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About Us

Department of Integrated Biosciences was established in April 1998 as a member of Graduate School of
Frontier Sciences, the University of Tokyo. It aims to tackle emerging urgent problems in life sciences, and to
creat the next generation of life sciences including health, biological diversity, bioresources, food security and
so on. To accomplish these goals, professors of various academic backgrounds have been gathered together
to our department, and have established research and studying environment that catches up with the rapidly
advancing life sciences.

The research policy of our faculty is “Innovative and Transdisciplinary Research”, which covers molecular,
cellular, organismal and population levels, and researches
from the most basic/pure to the most advanced/applied
areas.

The Core Laboratories are located in the Bioscience CancerBigioy hocchiagiedicine
o ) L - aEl &
Building on the Kashiwa campus, which is one of the s Cagome Stability
Biochemistry of

three campuses of the Tripolar Structure Concept of the Cell Responsiveness

Signal Transduction

University of Tokyo. The Inter-institutional Cooperative Isotope Ecology f;ff']‘r‘g‘g:;’gyy
Laboratories are at National Cancer Center, which Rt Pg‘f“fi‘?;e el et
is located next to the Kashiwa Campus, and National ~ Bioresource Technology Blology
Agriculture and Food Research Organization in Tsukuba Applied Bioresources InnovatiogEaBIcicay
City. The Intra-university Cooperative Laboratories are et B
located in University Museum on the Hongo Campus Advanced Marine e sology

Bioscience

and Atomosphere and Ocean Research Institute on the
Kashiwa Campus. Bioresource

Educational Policy

Our faculty members cultivate the three principles of the department, namely “evidence-based
critical thinking,” “discussion skills,” and “internationalization” under the spirit of emboldened curiosity,
interdisciplinarity, and professional skills and knowledge, through creative lectures and seminars. In addition,
since October 2013, all lectures for foreigners are delivered in English. Students from overseas can earn MS
or PhD degree using English only.

Students who graduated our department have
succeeded in the academic society, business community,

o© Z
. .. R 2%,
etc. Careers of graduated students range from universities @\6 RBLs b %
X . . . . . . Basic Biochemistry & Molecular Biology
and related research organizations/institutions, to jobs in Statistical Analysis for Biosciences
& 2 “ % 5 Lectures in Specific Research Fields
bioscience-related industry (medical, pharmaceutical, food,
zymolysis, biological production, industrial chemistry, etc). Breakthrough Frontiers in
. . L. Now & Then Life Science
Faculty members and students with a frontier spirit
Research,
gather at the Department of Integrated Biosciences, Seminars,
‘and Laborator_y Covurses
where you can find the forefront of life sciences as an By inIntegrated Biosiences
epate on
intellectual challenge of humankind. We are looking for T°;i§:cignf’ffg"yce ngisef;';;i‘c"r)’gggjsg
. . . . Practice in Oral ; ; =
like-minded people with the desire to open up new doors. 2. Presentation in English SRS
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[Core laboratory]

Laboratory of
Molecular Medicine

Associate Professor:
Naoki Matsumoto

+81-4-7136-3615
nmatsu@edu.k.u-tokyo.ac.jp

Investigation of recognition of self by innate immune cells.

Immune system, which consists of acquired immune system
and Innate immune system, is responsible for protecting our
bodies from invading pathogens and tumors. Acquired
immunity is carried out by T and B cells, while innate immunity
is by NK cells and myeloid cells. While exclusion of pathogens
and tumor cells from our bodies by immune system is beneficial
to us, the same system may target normal self, which may
cause autoimmune reactions. Therefore, immune system needs
to be equipped with mechanisms to prohibit immune system to
target normal self.

In acquired immune system, self-reactive T and B cells are
eliminated during their developments and regulatory T cells
are able to inhibit activation of self-reactive T cells in periphery.
By contrast, how innate immune cells avoid damages to normal
self remains elusive. Of the innate immune cells, NK cells use
inhibitory NK cell receptors to recognize MHC class I
molecules, which are markers of normal self, and to inhibit
activation of killing of target cells. We showed how NK cell
inhibitory receptors Ly49A and CD94/NKG2 recognize their
respective MHC class I ligands (Fig. 1). We also identified
E-cadherin, which is a cell adhesion molecule responsible for
homotypic adhesion of epithelial cells, as a ligand for KLRGI,
an inhibitory receptor expressed on subpopulations of NK and
T cells.

Beside NK cells, myeloid cells, which include monocytes,
macrophages, dendritic cells and granulocytes, such as
neutrophils and eosinophils, are large components of innate
immune cells. Similar to NK cells, myeloid cells also express
inhibitory receptors, which may regulate function of myeloid
cells. Of these myeloid cell inhibitory receptors, we focus on
DCIR family receptors with C-type lectin structures. Mouse
DCIR family consists of four inhibitory receptors (DCIR1~4)
and two activating receptors (DCARI and 2). We successfully

established a set of monoclonal antibodies that specifically

recognize each of the members of mouse DCIR family and
determined their distributions among myeloid cells. While
DCIRI1 is expressed widely among myeloid cells, the other
members are expressed on limited subpopulations of myeloid
cells. From the primary structures of DCIR family molecules,
they are predicted to have a capacity to bind carbohydrates.
Indeed, we found that DCIR2 recognizes unique N-glycans
with a bisecting GlcNAc residue (Fig. 2). However, our
understanding of the in vivo function of DCIR family molecules
are limited. We, therefore, seek to understand the function of
myeloid cell inhibitory receptors and to use those notions to
pave a new avenue to regulate functions of myeloid cells by

targeting myeloid cell inhibitory receptors.

Fig. 1 Recognition of a MHC class I molecule (surface model)
by the NK cell receptor Ly49A (ribbon model).
N2
~
¢ “ N-glycan with
../ __Bisecting GIcNAc

Fig. 2 Recognition of a glycan ligand (stick model) by the my-
eloid cell receptor DCIRZ2 (surface model).
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[Core laboratory]

Laboratory of
Molecular Recognition

Professor: Shinji Nagata

+81-4-7136-3625
shinjin@edu.k.u-tokyo.ac.jp

Most living organisms have their own ‘SURVIVAL
STRATEGY” by adapting their living environments.
Environmental cues affect successfully living processes via
chemical signals, such as hormones and bioactive compounds.
The stimulation of the signals by hormones and bioactive
compounds would eventually maintain their growth,
development, and their physiological and biological features.

Our research interests encompass physiology, biology,
chemistry, molecular biology, and ecology, focusing on the
systems and molecular mechanisms modulated by biologically
active compounds, including peptide hormones and steroid
hormones using insects. The following projects aim to provide
insights for elucidating mechanisms involved in outstanding
strategies used by insects to SURVIVE.

(1) Nutritionally selective feeding behavior in insects
Feeding is a behavior that compensates for lost energy as
observed in most animals. Interestingly, spontaneous foraging
behavior occurs to replenish decreased nutrients. To date, our
knowledge remains limited towards understanding the
regulatory system that triggers foraging behavior to search for
imbalanced nutrients. We aim to explore such intuitive nutrient
dependent behavior and to understand the feeding habitats
such as herbivores, carnivores, and omnivores using insects.

(2) Sterol requirement in arthropods

Arthropods including insects cannot synthesize cholesterol
de novo. Therefore, it is crucial for insects to acquire sterol
compounds from their diets and symbionts. This sterol
requirement seems to be a survival strategy depending on
their environments. We investigate the utilization and
metabolisms of sterols by insects.

(3)Biological dynamics modulated by environmental cues
via endocrine control

Physiological and biological processes in insects are regulated
by environmental factors via endocrine controls. We investigate
cannibalisms, conspecific recognition, and feeding behavior by
chemical ecological approaches.

Fig.1. The two-spotted cricket, Gryllus bimaculatus (Left). Crickets
after manipulating body-color related genes (Center, Right).
The cricket is the omnivorous species, which is applicable for
investigation on selective feeding. RNA interference
technique is effective to manipulate the genes of interest.

Fig2. Electron microscopy image of cricket wing. Substances on
the body surface are crucial for conspecific and interspecies
recognition.

(4) Regulatory mechanisms of insect cannibalism

Although cannibalism is often considered a primitive
behavior, it is often observed in many species. Meanwhile,
most animals do not eat conspecific members. In other words,
the phenomenon of cannibalism is thought to be due to a
breakdown in the recognition mechanism between different
species and the same species. What is the factor that triggers
cannibalism? Many exciting and interesting issues need to be
resolved in order to understand the regulatory mechanisms of
cannibalism, such as neural networks generated by central
nervous system allowing cannibalism in terms of the recognition
mechanism of the species.

G P

<
Fig. 3. Crickets engaging in cannibalism.
Cannibalism is an essential biological process observed in
many species. The two-spotted cricket has a characteristic
showing significant aggressiveness and cannibalistic
behavior. We are researching this species as a model animal
applicable for elucidating the mechanism of cannibalism.

In our laboratory, we aim to understand the underlying
survival strategies to maintain the life by various invertebrates
including insects. In animal diversity on the earth, insects and
arthropods flourish during the evolution. An ultimate goal of
our investigations is to clarify this exciting event on our planet.
A number of techniques and devices required for the
investigation are available in our laboratory, including the
purification of biologically active compounds through the
chemical aspects, and molecular cloning, intracellular signaling,
and bio-imaging. This must meet your research needs and
interests. Let us discover something new together

Recent publications: PLoS Biol, 18, 2020; Sci. Rep, 9, 2019; PLoS
One 14, 30219050; Steroids, 134, 110. 2018 ; Sci. Rep,, 8, 4737.
2018 ; PLoS ONE, 12, e0172951. 2017 ; Sci. Rep., 7, 41651. 2017 ;
Sci. Rep., 6, 22437. 2016 ; PLoS ONE, 11, e0146619. 2016 ; PLoS
ONE, 10, e124953. 2015 ; PLoS ONE, 9, €103239. 2014 ; J. Biol.
Chem., 289, 32166. 2014 ; PLoS ONE, 8, e60824. 2013

Lab HP:
https://sites.google.com/edu.k.u-tokyo.ac.jp/team-n/



[BErEE ]

il o AL 22 70 By

e AE KB

04-7136-3632 _
hisatsune@edu.k.u-tokyo.ac.jp La\-

HEFZEE TIE, TN E TIZEB RIS D 2 I DI &%
IZB5 BEE 24TV, ELE Cl3 s i B A F A ME 12 B W
Ty BEIC o TOH L Za—a r Al S, 2Bk
DLWHRMES Y T —shmaEsnbs I EE R L (K1,
Zi) . ZOFAE= 2 -0y 2 N LB, T4,
ERVPBOTHREL ., BEMEI ST IS LY T b0
L7z. BLfEIE. BEESNZBDOTIER L, 92505, #L
THIZENL TS, SLEIIZBEZELLEZOIZH D L)
EVRERREZFEOT-OOERICRY ., BAb0EEEZFT AT
Wk,

ZITAMIRETIE, YYAOFE =2 —a VERZELT
LD AT =X 5w SHITHR) T THL 2T A 9E % o
TWwo, FARWZTIRARL LT, #ETUEETF VYT A%
JNCTHE= 2 — 0 v OB 2 R RIIIEM L. SCEITEIAT
MRS S 1A 1 RE AR (12) R0 7K R BERERE) 2 ATV A = 2 —
Y OREA T Z XA B 2 HEDORAL DT D, ZD
Mg Wb o —n i3, HEEE 7 SO BRI E
G452 enggXikdi, X5 NEHEEFEAL, #HE
LA B OMIRTER) 7 NS & 3R12, RIS SR A
Z il (Off/On) TEBMAMZ v 7 A% Hv, BRI
BB F— X3 voa—aroidzs &2 ATV 5,

Nz <. REEpgE 555z R 2 AEOBEREL o -

TYVI9VIP pp
v
CA1 "y,

1 MBS & i —a > QY T ZADMMAIC BT 5 HEE
ORLE, (b)ifEE R & Frd = 2 — 1 > (R TER)

VS T T (R, MR EIENT 2 F V72 e b oF851HE
REMERIZBE 3~ 2 WF9E R0 FRAME O SSAEIR K 722 & TN 2 D AT
1k FRCES BHI5E%21To T b,

DRETIE, 2SI & 2 AERE OBINATK & 72
HAME L 2o TWD, ZI T HFRETIL. TV Y NA v —
JRETIV~ T R % v CREAE O HETTES 1B 12 B3 % i 2e
2o T&7z, Z LT, AGEBEOUE (52 - &F) - #Y)
Lo T7 304 FMEDORMEBEES T o, HiE=2—1
YOS EDPEET A LIZE Y EROETIBIMEN D
CERRDTEL (M3)o BIECOIERAA S Z XL %S 20
LT eSS, KT 274 TN X 20 KilBia #d T
Bo TIINAX—IHDETHIER FEHIZB T, EEEED
YWEPERTHD LWL HNTEZD, RIZIHED R HE
BELNTWLRroiz, B HEDTWDRT V7 1 TH%E
DFERIE, TOFEMII—HEHR LD LD TE S,

PlEo X1z, SWRETid, ofo.LsEewIiz b
59, TOMEROEEES 2 b F MO R L LCR#Es T
WP 2T =RIZDOWTYH, REUIHkE TV, SR FETIC
ZLORREBTCE, 7714 b oEELIIASH LI
TED TV EV, (FIENEOFMILL T OURLZ 2/ L T
T &\, http://park.itc.u-tokyo.ac.jp/hisatsune-lab)

o B+ REESTN —
Al 1HB M 'ﬁ?—_«b‘?b—'
RSO & % <~\Q\
0, T < HRIGEBE 12
208 ZMEEFR {
0 FTLARGEHEBEE .
© 3RE FERWETRb l———ﬁ"g'

2 P S RS D BT

M FICETS FCEREE DM
RIEBTFHEORT  3<aEEBEOME < 2REHMOH
[XI2. FRAIBERE & FHl 9 2 - Rl R R o 1T

B3 TV INA <=~ v ADUEE (- BAREER) & 20
BIDHT I 0 MERIIAEREEORS ()



[Core laboratory]

LLaboratory for
Biochemistry of Cell
Responsiveness

Associate Professor:
Tatsuhiro Hisatsune

+81-4-7136-3632

hisatsune@edu.k.u-tokyo.ac.jp

At the Laboratory of Cell Responsiveness, we carry out
research on cellular responses to internal and external
environmental changes. Aging, for instance, is a prime
example of a drastic internal environmental change. In recent
years, Japan has faced problems such as a low birth rate and
an aging society, which have become causes for concern. For
this reason, we have dedicated ourselves to research on
cognition and the elucidation of mechanisms responsible for
dementia and cognitive disorders.

Tt is well known that higher functions of the brain, such as
memory and learning, decline as we age. As hippocampal
networks play a prominent role in the processes of learning
and memory, we have postulated that changes in these
While it has been

discovered in recent years that new neurons are born in the

networks might start occurring with age.

adult hippocampus, it has also been seen that the number of
As such,

there is a possibility that this decrease in the number of

these newborn neurons tends to decrease as we age.

newborn neurons, which are intricately related to memory

formation and maintenance (Fig. 1), might be a cause for the

VOV ppp
CA1 "o,
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Fig. 1. Hippocampal networks and newborn neurons:
(a) Location of the hippocampus in adult mice
(b) Hippocampal network and newborn neurons (green)

cognitive decline associated with aging. For this reason, by
researching the properties of newborn neurons, we aim to
elucidate how hippocampal networks function. In practical
terms, concomitantly with elucidating the characteristics of
synaptic connections, we are carrying out research in order to
understand how deeply memory is reliant on hippocampal
networks by examining the cognitive capabilities of mice (Fig.
2) in which newborn neurons have been eliminated through
genetic manipulation.

As we get older, the prevalence of neurodegenerative
diseases such as Alzheimer’s Disease tends to increase. In our
laboratory, we have been developing methods to increase the
number of newborn neurons in order to maintain normal
cognitive functioning in aging animals by altering their lifestyle
(iLe. learning, exercise, and dietary habits). Changes in lifestyle
are capable of helping prevent Alzheimer’s, as evidenced by
immunological studies. Based on these studies, we aim to
understand why cognitive decline occurs as we age and why
lifestyle affects cognition, and by doing so, develop new
strategies to prevent Alzheimer's Disease. By utilizing
Alzheimer's Disease model animals, (Fig. 3) and new medical
imaging techniques (MRI), we are undertaking research aiming
to develop new strategies for the prevention and treatment of
cognitive disorders. (For more information, access http://park.

itc.u-tokyo.ac.jp/hisatsune-lab)
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Fig. 2. Example of a cognitive test

Fig. 3. Hippocampus of an Alzheimer’s Disease model mouse (Left: Senile
plaques) ; Hippocampal network activity after optical stimulation
(Right: OptofMRI analysis)
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Using budding yeast as a model organism for eukaryotic cells,
we are studying the dynamics of cellular organelles, especially the
autophagy system that is involved in the formation of new cellular
organelles, by using all available methods, including 2 vivo
analysis such as live imaging, in vitro analysis to reconstruct
biological phenomena, and 2 silico analysis such as machine
learning and molecular dynamics simulations. Our research
focuses on the dynamics of cellular organelles, with a particular
emphasis on the autophagy system, which is associated with the
formation of new cellular organelles.

In 2016, the Nobel Prize in Physiology or Medicine was awarded
to Dr. Yoshinori Ohsumi for his discovery of the molecular
mechanism of autophagy. The findings that Dr. Ohsumi discovered
in budding yeast have been applied to mammals, and it has
become clear that autophagy contributes significantly to our
health by suppressing brain degenerative diseases such as
Alzheimer's disease, cancer, and aging. On the other hand,
however, the basic molecular mechanisms underlying autophagy
have only just opened the door to a better understanding of the
process.

We are working to advance our understanding of autophagy
and open a new door by closely observing the process of
autophagosome formation, which plays a central role in autophagy,
under a microscope. Beyond the door we have opened, there is a
vast world of applied research, not only in medicine, but also in
drug discovery, health foods, cosmetics, and other fields. Let's go
and see the other side of the door together!

In our laboratory, our research is centered on the following
themes.

1. Molecular mechanism of autophagosome formation

Eukaryotic cells adapt to stresses such as nutrient starvation by
degrading cytoplasmic components through a system called
autophagy. Autophagy is centered on autophagosomes, which are
double-membrane organelles that contain materials to be degraded.
We are studying the molecular mechanisms of autophagosome
formation by live imaging and quantitative analysis of microscopic
images, focusing in particular on the phospholipid supply system
that constitutes autophagosomes (Fig. 1).

© Pas scaffold complex

© Atg1

. Ptdins 3-kinase complex |
Atg16-Atg5-Atg12 complex
O Atgs

Q Atg9 & Atg2-Atg18 complex

Autophagosome
membrane

Fig. 1. Model for the mechanism of autophagosome formation. Upon
induction of autophagy, the PAS (pre-autophagosomal structure)
scaffold complex is assembled. Subsequently, Atg proteins are
assembled to the scaffold, leading to the formation of the PAS.
Autophagosome formation is initiated; association of the PAS with
ER exit sites might trigger autophagosome membrane expansion.
The autophagosome membrane expands in an Atgl kinase activity-
dependent manner. The Atg2-Atgl8 complex is involved in the
transport of phospholipids from the ER to autophagosome membrane.

2. Molecular mechanism of autophagic body degradation

Autophagosomes, which consist of double membranes, become
autophagic bodies when the outer membrane fuses with the
membrane of the vacuole, the degradation compartment (Fig. 2).
The cytoplasmic components inside autophagic bodies are isolated
from the proteolytic enzymes in the vacuolar lumen by the
autophagic body membrane. This means that hydrolytic enzymes
must first degrade the autophagic body membrane in order to
access the components to be degraded. We are trying to elucidate
the molecular mechanism of autophagic body membrane
degradation by reconstructing the process in vitro.

Fig. 2. Autophagy of S. cerevisiae visualized by light microscopy. When
veast cells are faced with starvation, they induce autophagy, a bulk
degradation system of cytoplasmic components. Autophagy can be
monitored by emergence of the particles, termed autophagic bodies
(arrow), inside the vacuole. Bar represents 2 u m.

3. Search for novel membraneless organelles

The nucleolus is an organelle that has been known for a long
time, but is not enclosed in biological membranes. Such
intracellular organelles that are not sequestered by biological
membranes are called membraneless organelles. Recently, the
existence of membraneless organelles in the cytoplasm as well
as in the cell nucleus has become known, but a comprehensive
screening has not yet been conducted. We have conducted a
screening for novel membraneless organelles from a unique
perspective. We are currently conducting a detailed analysis of
the obtained candidates (Fig. 3).

Untreated 1,6-HD Recovery

GFP Nomarski GFP Nomarski GFP Nomarski

Candidate B

Candidate C

Candidate D

Candidate E

Candidate F

Candidate G i e

- :
Candidate H ”
5 pm

Fig. 3. Candidate strains for the novel membraneless organelles formed
by liquid-liquid phase separation. When 10% 1,6-hexanediol (1,6-
HD) was added to the culture medium (Untreated) and incubated
for 15 min, the dot localization of GFP disappeared. The dot
pattern recovered when 1,6-HD was washed out with new medium
(Recovery).

Website:
http://www.yeast-autophagy k.u-tokyo.ac.jp/index-e.html



[EapE]
BIn Y AT D0 Y

EHE B Rt

04-7136-3661
tkojima@edu.k.u-tokyo.ac.jp

EWNE, 0L - BERFEIIEHRICHEN S ETHE ) OBRIEITHE
IBLTCWET, BEVATLAEFFFETIE, [EDXHIZLT
T OBHRLEDBZON] TEDLHIZLT B OEVHEE
N0 [EDLHIIILT B LT 00] vioiz,
[EGDERER oY DAHZXL] #BET LI L% H
I E EOTVWET,

CNFTORA RN S, FEBBIIBNTENLELOM
TaDVEEASRE ENB A H = X HIZDWTIE, H7k ) BRAE
ATEE L7 Lo L, MEOMEIRESNE, BENIC
EO L) ITREN T PERT DL vozl EIZDWn
TlE, RZ2ITITE A EHEIEATHE S A

R0, 1005 oLy, 20 B 0Lkt
WCHTZIRATBY, TN OXAAZXLEWET L0
Il 2 TS, EOHTE, Y awday Nt fan
ML TP & 2 BEINIT & 2@ m T OWEEE I & 272002 LS &
HIENWTE, o, A RBETRY V3 BORBRRBE
REEZLFFVTVIALITHALTEZ Y — Vo T3
ZEnH, REOMEETIE, MORKHL DENE FLIEZ 725
LI RMAE LR T, Yavya N NmEfiiz, EIZUTo
L9 Blfge A D TV E T,

(1) FEEOF I DRFFAHZX L

RIMTIE, jox 3R UEREEZ L Tz mE, dsevo
TV A B A AL S T2 E L T/, BRI H)
FENZHEHLEN T E TS, FRBKOEED 2\ 3B AFEIC
LoT ENENFHOBRLTHEARS CEZY T3 FEIL,
TAT  ARX=—V YT ERPHEL T a vy a yNTORRED
T T ELN BT RERYIBET LI LT, 20 B
DY DRAHZZLIIZDVWTHIE L TV TS, RIEDOBITEL
R B ML T RTE S LTI, Ml TS OTERE
ZLERIL TR I &R, FEAOHEERRZE TSI L
HEWbPoTEE LI, Yavya yNTORREIEEE
OEYF 2B ETENO oKD" OHFAHZ AL ZBRL,
SHIT, TN EDRRIZEALT B 2 & TRIBERH R B iR T
DIEEDENELTZLTOPICOWTHHEHL, AP
N RO - ZEEORIEL Z L2 EIFL TV ET,

(2) MBS~ MUy 7 LB BEOEEHA H=X L
BRI ERZHEOEEY T, Z0KEsF7 5 ERENS
ML~ N ) v 7 AL o TEDRTVE S, 777 F13FEE

MR 5 W STz dF Vil 7 7277 - 4 VN7 B ERE

NBRA TRy VSV B R EOWHEDPSERINTVET, BH

DEIIH - Zdpo 7z Vil 272 ) LA TTH, FAEDRK
EDWENS, 7F7F - F T HIZL o TRESND 7 T
7 7 OWED, BROKIZ RO 2 DIZERREEH R/ LT
WAHIZENbroTEE L, TDL) BgEZE LT, Ml
ZDHDOTIZ R, MMM ENTZWEIZ L > T, En L
NAEYOESHEEN TR0 % BHL L) L LTwET,

(3) 7F U512 [UIRYR] 22K 3FFAH=ZX LA
BHAZZIULOETLHEHYWOERZEY 7 F 27 71, IME
e LT 2 TRl REaRiroFaEEd LTnET,
Z0H. 7F 7 AL LEEET L TCWET, Ll 2D
EXE DD, MELALDERLTOEEZERL)T5720I12
Z. BERTLE$ 5 2 LD ETT,, BESLTUEOBIZIE,
HLWorFr75%2 0, HFWorF 7 92REEBTEST, 20
B, W F 7S5 VAR AD TR R L, BT o
THHPRELET. 2F 0. 7 F 7 TIEBRERTULOBIC
[YIRLY #i] & 2 A EGDTHOL LNTVEDTT, 20 [H)
WO REDL LTS NLEDR, ZOMEIZED &
HCEF - TWED0, 252 [YHIYM] & LTHL 2o
DIF 7 TOHEEIEDL ) BRLDLRDD, R EIIDNTHSL
PZLEIELTVET T OB M) FRERZTTRL,
FTRTOMEHWIZE > T, o FERYTEFIZLEADD
DTHY, TNENOEHEHY T L I AMEICTES S
EMSL [YIHD ] 2oV TogEE@E LT BRZT A CE
JEEMERDOHALIZ O W TOEFERRD L) L LT E T,

aAn¥
SR

TITLY

2
\ 7

X4, > a2 ayNToJfb

3. KeAx 2 F 25 - 5 VN EOERE (B ARPEER)



[Core laboratory]
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Living organisms adapt to their environment by evolving their
shapes and forms in a wide variety of ways. In the Laboratory
of Innovational Biology, we are pursuing our goal to understand
“the mechanisms underlying the formation of various ‘shapes’
of life,” such as “how ‘shapes’ are formed,” “how differences in
‘shapes’ are generated,” and “how ‘shapes’ evolve’.

Based on a tremendous number of studies to date,
considerable progress in understanding the mechanisms by
which the properties of each cell are determined during the
developmental process has been made. However, how the final
“shape” is achieved after the cell properties are determined is
still largely unknown.

Insects boast more than one million species, and the diversity
of their “shapes” is outstanding, making them suitable
organisms for studying the mechanism of “shape-making.
Among these, a fruit fly Drosophila melanogaster is one of the
most ideal organisms because you can change the activity of
any gene at any time in any cell as you like, and there are tools
to visualize the expression and localization of various genes
and proteins in real-time while they are alive. In our laboratory,
we are mainly studying the following subjects using Drosophila
with an evolutionary perspective.

(1) Molecular Mechanisms of Adult Leg Shape Formation
Insects have evolved a variety of appendages such as legs,
antennae, and mouth parts, which originally had the same
morphology. In addition, appendages usually consist of several
segments along the proximodistal axis, and the number and
shape of the segments vary greatly depending on the type of
appendage or among insect species. We are studying the
“shaping” mechanism of the adult leg of Drosophila by using
live imaging to continuously observe the formation of the leg.
Recent our studies have revealed that surprising morphological
changes of cells and formation of unexpected structures occur
transiently during the formation of the final “shape.” Through
understanding the mechanism underlying the “shape”
formation of the adult leg in Drosophila, we aim to understand
the molecular mechanism of “shape-making” of organisms and
how it changes to produce differences in “shape” among
appendages and insect species, thereby challenging elucidate
the mysteries of the formation, diversification, and evolution of
“shapes.”

(2) Mechanism of Body Shape Regulation by Extracellular Matrix
Insects are organisms with exoskeletons, and their bodies are
covered by an extracellular matrix called the cuticle. The
cuticle is composed of chitin fibers and various proteins called

cuticular proteins, which are secreted from epidermal cells.
Insect body shapes varies greatly from round to highly
elongated, and our recent studies have revealed that the
properties of the cuticle, which are determined by cuticular
proteins, play an important role in determining insect body
shape. Through these studies, we will elucidate how the shape
of an organism is controlled by substances secreted outside the
cell, rather than by the cell itself.

(3) Molecular Mechanism Creating the “cut here line” on the Cuticle
The cuticle that covers the surface of arthropods, including
insects, not only serves as an exoskeleton but also protects the
body from environments. For this reason, the cuticle is a rigid
structure. However, because of the cuticle rigidity, arthropods
must molt or eclose to grow their body during the post-
their
metamorphosis, respectively. During molt or eclosion, a new

embryonic development or change shapes by
cuticle is formed and an old one is shed. At this time, the old
cuticle is not broken randomly but always cleaved in a pre-
defined line. In other words, some kind of “cut here line” is
formed during cuticle formation. We are trying to clarify how
the “cut here line” is formed, how its position is determined,
and what the structure of the cuticle is to function as a “cut
here line”. Because the “cut here line” on the cuticle is the
most basic and essential property for survival not only in
insects but also in all arthropods, and because each arthropod
has its own characteristic position of the “cut here line”, we are
trying to deepen our understanding of the evolution of not only
insects but also arthropods generally as a whole through the

study of the “cut here line.”
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Fig 2. Shaping process of an adult
leg observed by live imaging.
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Fig. 4. Eclosion of Drosophila

Fig 1. Legs of various insects.

Fig. 3. Various cuticular protein mutants (wild-type at the center).
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With tiny but respectable Medaka fish, we are conducting
research projects focused on the following two subjects to
understand “what is life” .

1. Elucidation of the effects of chronic and weak oxidative stress

on health of animal

Chronic irradiation of the cells with low dose/low dose rate
ionizing radiation (IR) applies chronic oxidative stress to the cells
via chronic generation of reactive oxygen species (ROS). Even
though the dose and dose rate is lower than to induce genetic
lesions, chronic irradiation can reduce the antioxidant capacity of
the cells and disturb the oxidation (redox) equilibrium in the cells,
resulting in the unhealthy of the individual animal. In this
laboratory, we are aiming to reveal the physiological impacts of
chronic application of weak oxidative stress, such as low dose/low
dose rate irradiation of IR, feeding of aged and oxidized diets, on
Japanese Medaka (Oryzias latipes), one of the most powerful

Fig. 1. The outdoor medaka breeding facility

Fig.2. A histological section of
the testis of irradiated male
medaka (HE stained)

L

Fig. 3. An embryo at stage 29
(3 days after fertilization)

Fig. 4. Analysis of eye movement
in medaka

model vertebrates. In addition, we also pursuing the impacts and
its underlying mechanism of weak ultrasound on the cells.

2. Motion/movement/behavior analysis to understand Medaka
By image processing of digital movies and motion analysis, we
are digitalizing and analyzing the motions/movements/behaviors
of Medaka fish: heart rate variability analysis to investigate
cardiac autonomic nervous activities, 24 hours analysis of Medaka
movements revealing the diurnal rhythm in their life, and motion
analysis of fins, eyes, personal relationship in a Medaka school.
To conduct these experiments, we are constructing experimental
devises, methods and collaborating with bioinformaticians to tackle
the huge data of digitalized motions and movements of Medaka.

In our laboratory, all of the members rear and breed Medaka
fish by themselves to use for each project. The members are
requested to develop and constract original research methods for
their unprecedented researches and enjoy to do so. Participation
of the students will be welcomed, who are willing to dive into the

frontiers of life science where nobody has gone.

Our website URL is as follows:
https://webpark1015.sakurane jp/TOP.html

Fig. 5. 24-hour analysis of medaka
activity
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Extant hominin (humans, Homo sapiens) originated as a species
of genus Homo about 200 thousand years ago in Africa and
dispersed “Out of Africa” about 50 thousand years ago to most of
the lands in the globe. This is contrasting to our closest relatives,
great apes, who are still restricted to live in tropical forests.
Considering evolutionary time scale, it is surprising that humans
attained phenotypic differentiation from great apes in only about
6 million years and further continued it among many local groups
(Africans, Europeans, Asians, and many more ethnic groups in
each) in only about 50 thousand years. While dispersing from
forests to savanna to diverse places with various climatic and
landscape conditions, humans have experienced radical changes
of life style, such as hunting-gathering to agriculture, free-ranging
to settlement, small community to big city, simple stone tool to
complicated technologies. Our lab studies the origin, process and
genomic underpinning of such human phenotypic differentiation
and diversification and evolutionary background behind it as
humans being primates, mammals, vertebrates, and so on. We

particularly focus on 1) sensory and 2) metabolism adaptation.

1)Sensory genetics and ecology
Sensory systems interface and monitor outer environments.
How have sensory systems adapted to the changing habitat and

We focus on sensors of color

life style in human evolution?

vision (opsins), olfaction (ORs), umami/sweet (TASIRs) and
bitter (TAS2Rs) tastes of which the genes are well studied and
their functional assay methods are well developed. We study
not only diverse human ethnic groups but also non-human
primates as references and models. In particular, we attend to
comparative study of monkeys of Americas and African/Asian
monkeys/apes We incorporate diverse approaches including
field works in Central-South America and Africa, genome
analysis, functional assays of sensory receptors using cultured
cells, and even zebrafish-transgenesis to study expression

regulations of sensory genes.

2)Evolution of the energy metabolism and lifestyle-related
diseases in humans
Brown adipose tissues (BAT) are specialized adipose tissues that
produce heat in the body through mitochondrial oxidative
phosphorylation. In modern humans, inter-individual variations in
BAT thermogenesis have been observed, and we consider that
adaptation to cold or starvation during modern human dispersal
was involved in shaping this variation. To clarify this, we are
investigating the genetic basis of BAT thermogenesis in Japanese
including infrared
thermography, expired gas analysis, PET-CT imaging, and

populations using multiple methods,
genome-wide association analysis. Furthermore, by performing
population genetic analyses of genome sequences from various
human populations, we aim to elucidate the evolutionary patterns
of genomic regions that contribute to individual differences in
BAT thermogenesis. This research will contribute to our
understanding of the evolutionary history of human adaptation to
different environments and the development of new strategies for
preventing and treating lifestyle-related diseases.

Additionally, we are working to elucidate the evolutionary
origins of common diseases with unclear etiology, such as myopia
and autism spectrum disorders, mainly using information obtained
from public databases. Furthermore, research focusing on
regulatory mechanisms of gene expression (DNA methylation, for
instance) is also ongoing to understand the molecular basis of

human physiological adaptability to extreme environments.
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Infrared thermography imaging of BAT activity under cold
exposure (197, 1.5 hours, left panel) and the effect of an adrenergic
receptor genotype on BAT activity in East Asian adults(right

panel).
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In general, the mechanisms involved in developmental
processes that are universal among organisms exhibit strong
conservation. “Sex” is also universally found in all multicellular
organisms, however, the sex-determining mechanism is full of
meaningless complexity, incredibly sloppy, totally crazy,
nothing more than waste from an individual standpoint.
(Cosmides & Tooby, 1981). The essence of sexuality cannot be
understood without clarifying why the sex-determing
mechanism exhibits tremendous diversity. To answer this
question, our laboratory is conducting the following four

projects.

(1)Diversity of sex determination mechanisms created by
the conflict between the host and parasites

It has been observed in human, birds, insects, and plants that
parasites such as symbiotic bacteria and pathogenic
microorganisms hijack the host's sex-determination mechanism,
bringing a bias to the sex ration of the host. Conflict between
the host and parasite may have contributed to the diversity of
sex-determination mechanism. To examine this possibility,
studies using regional populations of the gypsy moth, which
shows functional differences in sex-determining genes, are now

in progress (Fig. A and B).
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(2)Diversity of sex determination mechanisms created by
the conflict between males and females

While males and females cooperate with each other to leave
offspring, there is a conflict in how to prioritize their own genes
and inherit them to the next generation. This conflict creates a
unique sex determination system, such as the Paternal Genome
Elimination (PGE). In species that employ PGE, some maternal
factor induces paternally-derived whole-genome inactivation,
resulting in male determination. The paternal genome
discarded during spermatogenesis. We will try to elucidate the
molecular mechanism of PGE using booklices, Liposcelis sp

(Fig. C).

(3)Search for missing links in sex determination mechanisms
There is little in common with the sex determination mechanisms
Chelicerata (Arachnids) are

located between mammals and

of mammals and insects.

phylogenetically insects.
Elucidation of the sex determination mechanism of spiders may
lead to the discovery of the missing link that connects the sex
difference formation mechanism of mammals and insects.
Focusing on this point, we aim to elucidate the sex determination

mechanism of arachnids using the common house spider (Fig. D).

(4) To what extent are individual sex differences determined
cell-autonomously?

Sex differences in mammals are said to be formed by the
stimulation of sex hormones. However, recent studies have also
revealed that individual cells autonomously undergo sexual
differentiation depending on their own sex chromosomes. Such
a cell-autonomous sex differentiation is widely recognized in
insects. Then, to what extent are individual sex differences
determined cell-autonomously? Our laboratory reveals this
mystery by preparing cells from gynandromorphic silkworms

and performing single-cell sequence analysis (Fig. E and F).
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Fig. Local population-derived strains of the gypsy moth bred in our laboratory (A) and newly identified male-determining gene candidate (B). (C) A nymph of Liposcelis sp. bred in our
laboratory. (D) An adult female of the house spider, Parasteatoda tepidariorum. (F) Transcriptomic comparison between normal female, male, and gynandromorphic silkworms. (F) A
result of clustering analysis by t-SNE based on single-cell RNA-seq data (upper panel) and violin plots of sp-1, sp-2, and 30kDa protein gene expression in each cluster (lower panel).
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Creating useful bio-resources by using plant viruses.

We are studying plant diseases caused by viruses, which
are micropathogens of plants, by analyzing the responses of
the virus and the plant at the molecular level. In addition, we
use plant viruses for genome editing to remove plant genes
that are harmful to humans.

Plant viruses, which multiply only in living cells, have a
very simple structure consisting of a short genome encoding
a few genes, encapsulated by one to several coat proteins.
Among the viruses, cucumoviruses including cucumber
mosaic virus and peanut stunt virus, and tospoviruses
including tomato spotted wilt virus, have a very wide host
range, are easily transmitted by insects, and are important
pathogenic viruses causing crop damage worldwide.
Cucumoviruses have three segmented single stranded linear
RNAs as their genomes (Fig. 1). In our research, we have
constructed a system to resynthesize the cucumoviruses
genome 7 vitro. Using this system, we analyze symptom
expression mechanism infected by plant viruses. Plant viruses
cause various symptoms in infected plants. We will clarify
the viral and plant factors involved in symptom expression.
We have already identified the causal gene on peanut stunt
virus (Fig. 2), and are searching for peanut genes related to
stunting.

Peanuts have severe allergen proteins that often causes
anaphylactic shock. Peanut is a heterozygous tetraploid,
and multiple genes encode allergen proteins. Therefore,
the allergen protein gene cannot be easily knocked out by
genome editing. However, genome editing technology, which
uses plant viruses to express cas proteins and guide RNAs,
has increased the possibility of easily knocking out multiple
genes. Now, we are conducting research to knock out allergen
protein genes in peanut using tomato spotted wilt virus
vector and peanut stunt virus vector. As a preliminary step,
we infected Nicotiana benthamiana and peanut with tomato
spotted wilt virus vectors containing the GFP gene and

analyzed the expression of GFP (Fig. 4).
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Fig. 1. Genome structure of cucumovirus.
RNAs 1, 2, and 3 are the genome; RNAs 4A, 4, and 5
are not essential for infection but are transcribed from
the genome after infection.
Rectangles indicate ORFs. 1a; la protein (replication
enzyme component), 2a; 2a protein (replication enzyme
component), 2b; 2b protein (silencing suppressor), 3a; 3a

protein (movement protein), CP; coat protein.

Healthy (A) (B) (Q) (D)

Fig. 2. Peanut stunt disease caused by peanut stunt virus (PSV).
(A) Infection with PSV-P strain causes stunting, (B)
Infection with PSV-]J strain does not cause stunting,
(C) Replacement of coat protein (CP) of P strain with ]
strain does not induce stunting, (D) Replacement of CP

from ] strain with P strain induces stunting.

(A) (B)

Fig. 3. Plants infected with tomato spotted wilt virus
vector with inserted GFP gene (A) mosaic symptom
of Nicotiana benthamiana under visible light (B)
GFP fluorescence of N. benthamiana by blue light
irradiation, (C) mosaic symptom of peanut under visible
light (D) GFP fluorescence of peanut by blue light

irradiation.



ey
oA REE AR

B alll )

ishikawa@edu.k.u-tokyo.ac.jp

DFEREBEEFHH T, ST L ERZEN L, 2oEs
L2 ERE) HIR T 2 EBOMEE B L 4. R2bEHY
BCHREREIR, BT, BICEBLTuET, 2LTEDR
ZTOHEBBRIIE) O L )2, RIZEKATE. T8, HiEh
ZRLET. COEMOLRLIZ. EOL ) REEBICEIVEL
TeDTL R )P ? EARSE - EH - B OWZE», =0
ELZD20TDOTLLEI) D ? FOWEIR, WOD, LAL
BIEWERIZE 5T, ELZOTLEID? ENLOLRIZH
B0 FHEFIEH L TL 295 ? 20 LS RV OfEH
1 EISHELSE Z FTHB T, E2ETHIIEN TV 202,
ZO—HIEEZ QIRT 290 LT A 512, HESELD
JAH & 7% > 7o BRI EROARRRNTORSL B2 BN T5 2
ELHETT, A, AYOBICHELZT] EE 2 THEHER
HLLTOREENDDOHDLDD, TNHLPBEERINTED
EDIEEN, BP0 T DOh, FOEL DG o THFE+
Ao Tl ZOBRWNERD, FERMMHEERZ &N L T4
AFEMIERE LG22 MM IERS LTV E T, S, B
R CTHDERDPEZT N RS N A2 B 57201212,
ELZF &R LBENEROEE - 5F L ofkke s 4
2, ERANTOBESCEERNOEE, 2074 — ¥y 2
OB LLENH LI ERRLTVET, 23 TR
Tl I 7 aEWEs s~ o akWst £ ClEL VA5 O AT
FHEELEANT L LT, EMOERLE T &8 2 RIS HE %
e, oF EBOWHE2SHEL 2 LET,

[T —~] _

ARG H TR, EOEEE T BT 2 E 0TV E L
LThP YA P IRA SR T T 4 F T B
20077 4FLAPICHE A © & F S F R PokIgIER L, A2
fLLE L7z (1) /20 AFHIEHAZEGRT V7 CF
LOSHHEEREET, SROZEFTMIC, BRATSF ST
RIEDECE AR R EE TR EREROER ol
L. ZO0FHkRe. BISENORE, HEILEIE, EERA
DEEBEBERLET, TL T, FO—#ikzEI Ry LT,
AW OEISHEL % BB, HIR T 25T - LR ORI % H g
LET,

BE. BARMIEUTOMET —< IZBh AT F T,

(1) HBEEOSHLEEO BEHEE
% DEWE, FHi% EFUTRERBEORELLIZ A b
T BUR. BUE, BE) (HE-EY) LT, ZOEFROE

okl

K1 A b I OPKER

B3, BICE LA ERELLG L. 2OBOERMERL 2 EALE T,
T I CEIEMRRHE Y — Y OB D AN T - X HEFEH
W, COBEEEEL IR T E T,
(2) FHRBREANOELEEHZRD 5 EfEE

AP FLVEREANEL - BN L, SRl TE T L
AEROHRIZIZ, O XD HIFHBEEIME b EH T AN S
—HECERLZVEDWES, 22 TER ZBEBILEE (R
. OREE. RES) #FO/ PILEFMEFH . COEWEE
CEGEEEBEL TS,
(3) FIDRVUTb—LEE. 7OXFUBEDEVELE

CEEEEBE. TOFERERICHIT B1RE

NG YAT )T b AR s v F UREEOELD BISEIC
BELEHERTEEZONTVET, 22T, B o
WZERSTSA I - AT HEMEFRA. TNS5DECEEDE
EHE T A ZOBISEILIC B BIRE 2T L $ 9,

b/ L3toRE

g -~
hod

T 2 b
LS TES

PRE SN/ 25 LR/
TYEDIITEY e
2. W ot

!?ﬁﬁﬂ’
[(REDIEES ]

WEEBLET, B—0RTFoRMaclbny, K&z (B
) BT 2 FE B AMOBREBIRLET. 20
72012, B SADEERLE R EE L2055,

1. BOEEIMIEBRT 5L (FTRoTHS)

2 BIT-SICEBIIMEE) T L (L<{HEX2)

3. ZMeANEHERL, ATl (XEEL. X <CHQ)
z# L, (B0 ZH - WENICEZLH] & [HS50H
WEEHOED, B LEDDLEB ] 2 Hlco7s2 k%
ERLIT. COXIIILTHIELERZDNIE, HEICHT
O OEROBEBIIRBEEZTVET,




[Core laboratory]

Laboratory of Molecular
Ecological Genetics

Associate prpfessor:
Asano Ishikawa

ishikawa@edu k.u-tokyo.ac,jp

Our research interest is how and why phenotypic diversity
has evolved and has been maintained in nature. Organisms
exhibit great phenotypic variation that may adapt to complex
and fluctuating environments. What kinds of developmental,
physiological, and neural modifications underlie such
diversification? What specific genes have changed to produce
the different phenotypes? How many genetic changes have
controlled the variation of the traits? What kinds of mutations
have occurred in these genes? Do these mutations share any
molecular features? Such fundamental questions may help to
understand how predictable evolution is.

One of the crucial steps to address these questions is to
identify causative genes and mutations responsible for such
variation. Rapid advances in technologies will enable us
to find not only the genes and mutations, but also genome
structures, epigenetic features, and regulatory networks that
may promote or constrain phenotypic diversification.

It is also necessary to look into the evolutionary dynamics
of the causative genes and mutations in natural ecosystems.
Although recent studies have identified several genes and
mutations responsible for phenotypic diversification, how they
arise and spread in natural populations is largely unknown.
Furthermore, since evolution affects ecosystem functions
and vice versa, a mutation with a large ecological effect
may change the intensity or direction of selection on the
mutation itself. Thus, comprehensive approaches to reveal
the dynamics and functions of the genes and mutations
underlying phenotypic diversification can further increase the
predictability of evolution in nature.

[Research projects]

To understand the whole picture of the mechanisms
underlying phenotypic diversification from molecular to
ecological levels, we focused on stickleback fishes (genus
Gasterosteus and Pungitius) and medaka fishes (genus Oryzias)
as model systems. Three-spined stickleback (G. aculeatus) are
primarily marine, but colonized postglacial freshwater habitats
and radiated into diverse ecotypes (Fig. 1). The medaka fishes
also exhibit extensive phenotypic diversity in East Asia. We
have introduced a wide range of molecular genetic techniques
to them to identify the key genes and mutations responsible
for phenotypic diversification (Fig. 2). Our current research
topics are as follows.

(1)Genetic molecular mechanisms of life-history evolution
Evolution of life-history traits can directly influence
fitness and can drive further phenotypic diversification and

Freshwater

Fig. 1. Freshwater colonization and phenotypic diversification of
three-spined stickleback

speciation. However, in contrast to morphological divergence,
the molecular mechanisms underlying life-history evolution in
wild organisms are largely unknown. We have investigated
key genes or mutations responsible for different reproductive
seasonality, growth pattern, and migratory behavior by using
stickleback and medaka fishes.

(2) Genetic mechanisms underlying different ability to

colonize freshwater colonization

Colonization of new environments can trigger adaptive
radiation. Some lineages make use of such ecological
opportunities provided by new environments, but not all do so.
The genetic factors determining the ability to colonize novel
environments are largely unknown. We have investigated the
genetic and physiological mechanisms underlying the different
nutritional availability, osmoregulation, and temperature
tolerance between the three-spined stickleback and the closely
related Japan Sea stickleback (G. nipponicus), which may
enable or prohibit them to colonize freshwater environments
and provide an opportunity to radiate into diverse ecotypes.

(3) Genetic molecular mechanisms of transcriptome and
chromatin structure evolution
Differential gene expression and chromatin structure can
play an important role in phenotypic evolution and divergent
adaptation. We have revealed the genomic regions which
cause the different transcriptome or chromatin structure and
investigate its functions in adaptive evolution.
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[Core laboratory]

Laboratory of Parasite
Systems Biology

-

Professor: Taisei Kikuchi
taiseikikuchi@eduk.u-tokyo.ac.jp “

[Keywords] Genome Evolution, Parasites, Nematodes,
Organoids, Bioinformatics, Chromosome Dynamics,
Transposons

Understanding novel biomechanisms in unexplored areas of
biology

1) Developing new model platforms

C. elegans is an outstanding model organism, which has
led to multiple Nobel Prize-winning discoveries, such as
apoptosis and RNAI Based on the fundamental knowledge
of C. elegans, our study focuses on nematodes other than C.
elegans in order to explore fascinating biological phenomena
that cannot be studied in model organisms. Parasites,
in particular, have evolved in surprising ways to adapt
to the special environment within the host body. In the
case of mammal parasites, the host body is an extremely
specialised environment compared to the outside world, with
a constant temperature, rich nutrition and immune attack
from the host, and the parasites that have adapted to this
environment is the 'extreme environment organism' closest
to us. Parasitic nematodes, therefore, have various special
abilities that the model nematode C. elegans does not have.
For example, the research result like "C. elegans life span
extended from 20 to 30 days by calory restriction" is treated
as a clue to immortality, but some parasitic nematodes have
lifespans in the order of years. Moreover, whereas C. elegans
produces around 200 offspring in its lifetime, those parasites
continuously produce thousands of eggs per day. This is a
productive longevity we should be aiming for.

Parasites also have a variety of other surprising abilities
and are a treasure trove of research seeds. However, parasite
research has largely remained unexplored due to handling
difficulties. Using parasite models and C. elegans relatives, we
have been trying to elucidate the mechanisms of parasitism
and the biological phenomena specific to such parasites.
We use a variety of omics analyses (Dry) and phenotyping
(Wet) based on genomics to tackle the problems. Currently,
two groups of nematodes, in particular, are the main focus
of our research: 1) the animal parasites Strongyloides with

Systematic Understanding of
Parasitism, Evolution and New Biology

(s

Genomics

unique biological features including parasitism, longevity and
chromatin diminution, and 2) the sister species of C. elegans,
C. inopinata. We also use a wide range of other nematodes
and parasites, including insect parasitic and plant parasitic
nematodes, to expand our research into wider biological
problems.

2) Contribution to global health

Our research is also aiming at contributing to solving
global health problems. The history of humans is also the
history of the struggle against infectious diseases, and until
now humans have experienced many outbreaks of infectious
diseases, which have been turning points in history on various
occasions. The recent outbreak of Covid-19 is just one of
those, and we will continue to struggle against new infectious
diseases in the future. Although cases of parasite infection
in Japan are declining, it remains as a major problem on
a global scale. It is estimated that a quarter of the world's
population is infected with soil-transmitted parasites, and
parasitic diseases account for the majority of "neglected
tropical infectious diseases'. Through our research, we will
also contribute to overcoming these para51t1c dlseases
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Laboratory of Structural Biology

Professor: Umeharu Ohto
+81-4-7136-3614

umeji@g.ecc.u-tokyo.ac.jp

Our bodies are composed of biological macromolecules such as
proteins, DNA, RNA, and lipids. All life phenomena emerge as a
result of the activities of these molecules. Structural biology aims to
understand how biological molecules function based on their three-
dimensional structures. In biology, "form" and "function" are
inseparable; thus, understanding molecular structure is critically
important for understanding the role and function of molecules within

living organisms.

Seeing is believing

There is a well-known saying: "Seeing is believing." To truly
understand something, direct observation is often the most effective
way. Imagine a key and a keyhole. The shape of the keyhole
determines which key can unlock it. To create a key, one must first
know the shape of the keyhole. This relationship is very similar to that
between a protein (the keyhole) and a drug that binds to it (the key).
Developing a drug that inhibits a particular protein’s function greatly
benefits from knowledge of the protein’s structure. Interactions
between biological molecules are governed by physical and chemical
forces. Therefore, the shape of a molecule determines how it interacts
with other molecules and provides insights into the mechanisms by
which it functions. For example, structural biology enables us to
understand biological phenomena such as how enzymes catalyze
reactions, how viruses invade cells, and how antibodies neutralize
pathogens.

However, observing the shape of molecules is not easy. They cannot
be seen with the naked eye, nor even with optical microscopes. To
visualize biological macromolecules, we utilize powerful techniques
such as X-ray crystallography and cryo-electron microscopy. These
methods allow us to visualize molecules at near-atomic resolution,
providing invaluable information about their functions and dynamics.

The applications of structural biology are extremely broad, and it
has become indispensable across all fields of biology. Structural
biology accelerates drug discovery by enabling the rational design of
drugs against a wide variety of diseases. For instance, during the
COVID-19 pandemic, structural biology made significant
contributions to the development of vaccines and antiviral inhibitors.
Moreover, it drives advances in biotechnology, by facilitating the
engineering of highly efficient enzymes and the development of novel
enzymes with unprecedented properties.

In recent years, it has also become possible to predict three-

dimensional structures using computational methods. By combining

these approaches with traditional experimental techniques, research
can now be carried out with remarkable efficiency. Furthermore, with
techniques like cryo-electron tomography, it is becoming possible to
directly visualize the shapes of organelles and molecules inside cells.
This field is evolving rapidly, and breakthroughs once thought
impossible are now steadily becoming reality.

Seeing the invisible

The most fascinating aspect of structural biology is the ability to
"see the invisible™. To be the first in the world to observe the structure
of a molecule and to understand how it functions—this is a true
moment of discovery, one that is profoundly exciting. It is this pure
curiosity to see what cannot be seen, and the drive to explore the
unknown, that fuels our passion for continuing this research. We
believe that structural biology acts as a molecular lens that unveils the
intricate mechanisms of life, holding the potentials to fundamentally
transform our understanding of biology and medicine.

Our research field was newly launched in fiscal year 2025. Under
the motto "visualizing how molecules work," we aim to investigate
biologically and medically important molecules involved in essential
life phenomena, and to elucidate their molecular mechanisms using
structural biology techniques. Current projects include investigations
into receptors involved in immune responses and proteins associated
with viral infections. We hope to share with you the excitement of

these scientific discoveries.
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Data collection
and integration

[Core laboratory]

Laboratory of
Cancer Biology

Phone: +81-4-7133-1111
(Exploratory Oncology Research and Clinical Trial Center,
National Cancer Center)

Professor: Katsuya Tsuchihara, M.D., Ph.D.
(Chief, Division of Translational Informatics)
Ext. 5794, ktsuchih@east.ncc.go.jp

Professor: Genichiro Ishii, M.D., Ph.D.
(Chief, Dept. of Pathology and Clinical Laboratories)
Ext. 5343, gishii@east.ncc.gojp

Professor: Tetsuya Nakatsura, M.D., Ph.D.
(Chief, Division of Cancer Immunotherapy)
Ext. 5801, tnakatsu@east.ncc.go.jp

Professor: Masahiro Yasunaga, M.D., Ph.D.
(Chief, Division of Developmental Therapeutics)
Ext. 5406, mayasuna@east.ncc.go.jp

Associate Professor: Akihiko Ohashi, Ph.D.
(Head, Division of Collaborative Research and Development)
Ext. 5793, aohashi@east.ncc.go.jp

f £
Associate Professor: Hiroto Katoh, M.D., Ph.D. [z

(Division Head, Division of Pathology)
Ext. 5307, hkatou@east.ncc.go.jp

The main goal of the research in this laboratory is to develop
innovative strategies for cancer diagnosis and treatment based
on the better understanding of the physiology and biology of
tumor microenvironments and cancer-host interaction.

Research focus;

I) Development of therapeutics and diagnostics by
integrated analysis of clinical omics data to cancer
therapy (Tsuchihara Laboratory)

To develop cancer therapeutics and diagnostics, integration
of clinical information and multi-omics analysis data is
necessary. We are engaged in research and development of
data processing pipelines, database construction, optimization

techniques for efficient extraction of relevant information, and

visualization.

Extraction of medical

and biological relevance

Data collection and analysis Databases

Extracting information from large-scale clinico-omics data

Extraction of relevant information

2) Cancer biology based on the microenvironment context
(Ishii Laboratory)

- Generation of in vivo and in vitro models mimicking the
cancer microenvironment by using fluorescence imaging
and time-lapse imaging.

- Clarification of the novel biological mechanisms of
cancer progression and drug sensitivity based on the
microenvironment context.

- Validation of the obtained results by using human samples.

Tumor microenvironment (——ﬂ
v microenvironment
models
/_\ ECM synthesis and remodeling v clinical samples
SR
Other stromal cel]s

Extracellular matrix
K invasion (ECM) » Caner cells
ECM remodeling
» Stromal cells

@ » Progression
angiogenesis % : . » Drug sensitivity
immunosuppression
Cancer cells @ \ /

3) Antibody Drug Delivery Systems (DDS) and Next-Genera-
tion Cancer Therapeutics (Yasunaga Laboratory)

* Development of Next-Generation Antibody Therapeutics:
ADC, BsAb, and RIT / T-cell regulation to enhance BsAb-
based T cell engagers / Brain delivery to overcome the
blood-brain barrier / Innovative antibody DDS using the
shark immune system (Fig).

- Translational Applications: Molecular imaging-based visual-
ization of antibody and cell delivery / PK and PD analysis
via mass spectrometry, targeting antibodies, drugs, odor,

and exhaled breath components.

Antibody DDS: Spatiotemporal Control of Antibodies,
Anticancer Drugs, and the Immune Ce S.

2 7Cancer cell
Challenges in Shark Antibodies and the Immune
System, Brain Dellvery, and Novel T Cell Activation.

v/ (‘j’g‘? 5,

Anti-cancer S5}

Shark>Human @
N O @) _L
i glaeyond BBB Power!!!

Fig. Antibody Drug Delivery Systems and Next-Generation Cancer
Drug Discovery

4) Immunotherapy targeting cancer antigens: Development
of cancer vaccines and CAR/TCR-T cell therapy (Nakat-
sura Laboratory)

While mRNA vaccines have been a great success in de-
veloping COVID-19 vaccines, no cancer vaccines have been

approved, and there is currently a global race to develop

e 30



one. Clinical development of CAR/TCR-T cells is lagging
far behind the United States, China, and Europe. Still, no one
has demonstrated efficacy in solid tumors; this is also a global
competition. This method has many problems, including its
high cost, complexity, and safety concerns, and there are few
clinical trials in Japan, so it has not become widespread.

Our laboratory has selected 10 common cancer antigens
that cover a wide range of solid cancers. We aim to devel-
op a cancer mRNA vaccine that combines these molecules
and develop a low-cost, simple, and safe T cell therapy that
involves transiently expressing and administering multiple
CARs or TCRs that target these molecules in T cells. Our
goal is to provide recurrence prevention and treatment to all

cancer patients.

CAR/TCR-T cell therapy

Peptlde vaccine
Antibody therapy " -. .'.'
% a . \

mRNA vaccine therapy

5) Elucidation of Drug Resistance Mechanisms and Develop-
ment of Novel Therapeutics by Advanced Omics Tech-
nologies (Ohashi Laboratory)

Aiming to novel drug discovery based on cancer hallmarks
and vulnerabilities, we are conducting basic and translational
research programs with advanced-omics approaches: molecu-
lar and cellular biology, chemical biology, pharmacology, bioin-
formatics, and AI technologies. We are also driving collabora-
tion programs with academia, biotechs, and pharmaceuticals
in Japan and overseas.

High-Resolution Omics
Analyses for TME

,———xnm-nq-ﬂr

World-Class
Clinical Samples

Approaches to
Drug Discovery

Multi-layered Omics
Analyses

Hi

Profile TME com) ml; ;t
\ a single-¢ level / »
———sptRNA-seq

o

Mg i5ngans
s o paduts

Gene expression profile with
\ spatial iformation in TME /)
[ P
Tumor Biology

Conventional Omics Data

Gepomics O Target seeking
o

Fig. Multi-layered omics analyses aiming at the development of
novel cancer therapeutics (Ohashi s Lab)

6) Exploration of the Biological Mechanisms of Cancer and
Therapeutic Applications through Data-Driven Approach-
es (Katoh Laboratory)

Cancer progresses through highly intricate rules across
multiple levels, including tissue architecture, cellular biology,
and molecular pathways, from its initiation to progression
and therapeutic modulation. Decoding the “code” of cancer
demands profound insights into histopathology, combined with

O Drug resistance mechanism

O Al-driven drug discovery

Drug Discovery

cutting-edge, innovative technologies for precise analysis.

In our laboratory, we employ advanced approaches such as
spatial genomics, single-cell RNA sequencing, and functional
genomics screening using shRNA and CRISPR libraries to
gather and analyze vast amounts of data. Through this da-
ta-driven strategy, we are not only striving to unravel the
molecular mechanisms of cancer but are also pushing the
boundaries to identify groundbreaking therapeutic targets
and discover novel drug seeds that have yet to be explored.

sing cutting-edge technologies §
data-driven approaches
are employed to uncover
cancer mechanisms.

single cell RNA-seq
) - spatial genomics

CRISPR / lhR‘NA O
80

libraries

Challenging the discovery
of therapeutic targets
and drug seeds.

Fig: Using data-driven approaches to uncover novel cancer biology
and its clinical application.
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[Intra-university cooperative laboratory]

Laboratory of
Isotope Ecology

Professor: Minoru YONEDA

+81-3-5841-2483
(Hongo campus, The University Museum)
myoneda@um.u-tokyo.ac.jp

Our main research focus is applications of isotope research
in anthropology and archaeology. We analyze various kinds
of biological samples including ancient, recent and modern
human and animals to understand the interaction between
human and environments. Isotopic signature in fossil bones,
for example, will present interesting information on their life
and feeding ecology. As this is also true for ancient humans,
we are working with physical anthropologists who are
interested in nutritional stress markers and paleopathlogy,
and geochemists who are establishing new analytical methods.
By combining research field and experimental laboratory, we
are establishing a new field of isotope ecology to understand

history and evolution of human being.

(1) Dietary Reconstruction of Past Human Population:
Modern human is unique animal species which control
environments by themselves to adapt various kinds
of environmental settings. The history of expanding
distribution of modern human is a big challenging task for

human evolution research. For example, the Jomon Neolithic

population on the Japanese archipelago exploited native
wild resources as hunter-gatherer-fishers, which means they
shared a ecological niches in its local environment. The
isotope ecology will extract information based on isotopic
signature in carbon and nitrogen, for example, and that could
reflect their subsistence adaptation for omnivorous humans.
We are analyzing a series of human remains from all over
Japan, from Hokkaido to Ryukyu islands, which have showed
their intriguing variability in Jomonese ecological niches.
Jomon people must have exploited their subsistence finely

adapted to local environments.

(2) Domesticated Animals

Domesticated animals are also useful source of information
on human activities. A project on dental crown of horses
is on going in our lab. Their enamel record the geological
signature, such as ¥Sr/®Sr and ¢ "0, which reflect those in
ground where the animal grown up. We can detect animals

and humans who had migrated from lands with different

geology by using this approaches.

(3) The Evolution of Human Life History

The dietary change in an individual life history is
interesting to investigate the evolution of human unique life
history with a short breast-feeding period, a long childhood,
and extended longevity after reproduction. We are analyzing
infant and children from prehistoric sites to reconstruct the
period of breast-feeding and weaning among hunter-gatherers

and early farmers of ancient Japan.
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[Intra-university cooperative laboratory]

Laboratory of Advanced
Marine Bioscience

tsuda@aori.u-tokyo.ac.jp

Professor: Koji Hamasaki

+81-4-7136-6171
(Kashiwa campus, Atomosphere and (Ocean Research Institute)
hamasaki@aori.u-tokyo.ac.jp

Professor: Hiroaki Saito

+81-4-7136-6360
(Kashiwa campus, Atomosphere and Ocean Research Institute)
hsaito@aori.u-tokyo.ac.jp

Associate Professsor: Yoko lwata

+81-4-7136-6261
(Kashiwa campus, Atomosphere and Ocean Research Institute)
iwayou@aori.u-tokyo.ac.jp

Associate Professsor: Chuya Shinzato

+81-80-7122-3536
(Kashiwa campus, Atomosphere and Ocean Research Institute)
c.shinzato@aori.u-tokyo.ac.jp

Microbial Oceanography (Hamasaki)

Marine microbes are the key to understand currently
emerging issues in our society such as sustainability of natural
environments, global change of climate and human health.
They are also expected to be novel gene resources. Since
most of them have never been cultured, many challenging
scientific issues remain to be unexplored. Fundamental
questions are: what kinds of microbes are living in the ocean?
how are they working? how marine ecosystems are working
together with microbes and changing in the future? We
investigate the diversity and function of marine microbes as
well as structure and function of marine microbial food webs
and organic matter-microbe interactions in the ocean.

http://ecosystem.aori.u-tokyo.ac jp/microbiology-wp/

A fluorescent microscopy image of diatom cells (red)
surrounded by actively growing bacteria (green)

Plankton Ecology (Saito)

Phytoplankton is primary producer in marine ecosystem
fixed 50 giga ton carbon per year. Zooplankton transports
primary production to higher trophic levels and supports 90
million tons of world fisheries production. We are studying
phytoplankton and zooplankton to understand the genetic,
physiological and ecological characteristics and the role on
food web dynamics and global biogeochemical cycles. Our
studies are based on both field studies using coastal stations
and research vessels and also laboratory studies including
incubation experiment and various genetic and chemical
analyses. Our study fields are from coastal water around
Japan to arctic and tropical oceans.

https://www.aori-saitolaboratory.com/
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Recent sampling locations

Animal Ecology (Iwata)

Marine environments show great seasonal and geographical
variations, and such environmental conditions shape the
morphologies, behaviors, and life histories of marine animals.
How do the life histories of marine animals evolve? How
do environmental changes affect life history and population
dynamics of marine animals? To answer such questions,
we are studying the reproductive behavior and life history
of cephalopods. Cephalopods have conspicuous intra-
specific communications based on high cognitive ability and
characteristic mating-sperm storage-fertilization process.
Therefore, we are focusing our research on pre- and post-
copulatory sexual selections, and are doing fieldwork, captive
behavioral experiments, and morphological analysis.

http.// www:shigenseitai.aori.u—tokyo.ac.jp

A female pygmy squid attaching eggs on seagrass

Coral reef genomics (Shinzato)

Coral reefs are among the most biodiverse marine
ecosystems on the planet, and they are constructed by
reef-building (stony) corals (Cnidaria). Using whole genome
information on corals and their intracellular symbiotic algae
(zooxanthellae), we are comprehensively studying coral
reef ecosystems, identifying unique features of coral and
zooxanthella genomes, gene expression responses of corals to
environmental changes, evolution of coral adaptation to past
environmental changes, and molecular bases of symbiotic
mechanisms between corals and zooxanthellae. In addition
to basic genomic and molecular research, we conduct
population genome analysis, environmental DNA analysis,
and other research and technological development to support
conservation and restoration of coral reefs.

http://darwin.aori.u-tokyo.ac,jp/shinzato.html
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Organization Chart

*

g

Department of
Integrated Biosciences

Department of Computational
Biology and Medical Sciences

Department of
Advanced Material Sciences

Department of
Advanced Energy

L Department of
Complexity Science and Engineering

Department of Natural
Environmental Studies

Department of Ocean
Technology, Policy, and Environment

Department of
Environment Systems

Department of Human and
Engineered Environmental Studies

Department of Socio-Cultural
Environmental Studies

Department of
International Studies

Facilities

Core Laboratories Laboratory of Molecular Medicine
Laboratory of Molecular Recognition

Laboratory for Biochemistry of Cell Responsiveness

Laboratory of Signal Transduction
Laboratory of Innovational Biology

Laboratory of Genome Stability

Laboratory of Evolutionary Anthropology
Laboratory of Bio-resource Regulation
Laboratory of Bioresource Technology
Laboratory of Plant Functional Analyses

Laboratory of Integrated Biology

Laboratory of Molecular Ecological Genetics

Laboratory of Parasite Systems Biology

Inter-Institutional Cooperative Laboratories
Laboratory of Cancer Biology

Laboratory of Applied Bioresources

Intra-University Cooperative Laboratories

Laboratory of Isotope Ecology

(Bioscience Bldg 6F North)
(Bioscience Bldg 2F South)
(Bioscience Bldg 4F North)
(Bioscience Bldg 1F South)
(Bioscience Bldg 5F South)
(Bioscience Bldg 1F North)
(Bioscience Bldg 5F North)
(Bioscience Bldg 3F North)
(Bioscience Bldg 2F North)
(Bioscience Bldg 6F South)
(Bioscience Bldg 7F South)
(Bioscience Bldg 1F North)
(Bioscience Bldg 5F South)

(Exploratory Oncology Research and Clinical Trial
Center, National Cancer Center)

(National Agriculture and Food Research Organization)

(The University Museum)

Laboratory of Advanced Marine Biosciences (Atomosphere and Ocean Research Institute)
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List of Lectures

Compulsory
or non- Subject Objectives/Overview
compulsory
© | Breakthrough Now and | An overview is provided on what research takes place in every
%g Then I (Pre-School) laboratory in the Department of Integrated Biosciences as well as on the
<=3 code of conduct in scientific research at the University of Tokyo.
3 § Breakt*hrough Now and | Breakthrough Now and Then II is carried out in English for students
< | Then II who cannot understand Japanese.
© | Debate on Ethics in Science | For the purpose of upbringing of a researcher who can make an
%g and Technology appropriate decision with one’s opinion and proper sense of ethics, a
=3 — : lecture of the student participation type will be carried out.
& & | Debate on Topics in Science | Debate on Topics in Science and Technology is carried out in English
< | and Technology for students who cannot understand Japanese.
C 1 ) ) ' ; Invited lecturers introduce and discuss the diverse field of life science to
0mpulsory | Frontiers in Life Science I help students acquire a wide range of knowledge and develop their view
on life and inter-relation with society.
) ) ' ; In preparation for Master thesis, faculty members of each laboratory
Seminar in Integrated Biosciences will take charge in laboratory seminars and Instruct poster/oral
presentations and manuscript preparation for publication.
As a mid-term presentation of Master thesis research, students will
. — create research achievement reports/plans, create posters, and perform
Research Project Planning oral presentation to be reviewed/examined by faculty members from
other laboratories.
R*esearch of Integrated Biosciences | In preparation for Master thesis, faculty members of each laboratory
I will take charge in the selection of theme and conducting experiments.
Lessons in Writing Scientific . . ; - e " P
Papers in English Basic skills required for writing scientific papers in English is lectured.
ngll)ulsor ) | The purpose of this practice is to develop poster/ oral presentation skills
y Prac_ticg in Oral Presentation in | in English at academic meetings. Through practicing actual English
English presentations of a poster, points are instructed to make the presentation
understandable and attractive.
For those who did not major in biochemistry or molecular biology during
.o ; their undergraduate course, we teach the basics of biochemistry and
Efaosfoc Biochemistry and Molecular molecular biology which are required for a comprehensive understanding
gy of the wide range of biological phenomena covered in the Department of
Integrated Biosciences.
coor?lpulsor o ) Understand the statistics which is the base of life science research,
SOTY | Statistical Analysis for Biosciences | and learn an objective method of data analysis. Also learn how to use
different types of database.
) ) Invited lecturers introduce and discuss the diverse field of life science to
Frontiers in Life Science II help students acquire a wide range of knowledge and develop their view
on life and inter-relation with society.
. : . lecular D ics: iti i
Bio-Medicine, Drug Discovery™® Mo ecular Dynamics Recognition and Response in
Organisms
Biochemistry of Cell Responsiveness Animal Systems Biology ™
Non- Eucaryotic Cell Biology* Evolutionary Genetics *
compulsory

(specialized)

Microbe vs Non-Microbe Interactions

* Human Evolutionary Specificity ™

Frontiers in Cancer Science

Laboratory Course for Broadened Bioscience Skills

Internationalization Exercises (short-term global

Evolutionary Genomics”®

program) *
Compulsory
goctra)l Advanced Seminar in Integrated Biosciences™ Research of Integrated Biosciences 1I°*
ourse
University- Life Science Archive S eminar for Graduate Course I, II, IT
Wide Open
Courses Life Science Archive Common Lecture I, II, III
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Special Lecture on Frontier Science I, II, III, IV, V, VI
ggﬁg&ag% Special Lecture on Frontier Science VII, VIII, IX (Joint Seminar I, II, III)
gé‘grlltcig Special Lecture on Frontier Science X, XI *
gﬁﬁ}?ﬁ? Overseas Researches on Frontier Science I, IT, III, IV, V
Stress Management - to enjoy your student life and your social life
Workshop of Proactive Research Commons
System Architecture *
Seminar in Smart Health Design
GSFS Research Internship Through Specified Employment I, 11
Proactive Environmental Studies I, II*
Graduate Advanced UTSIP *
%ﬁggﬁ&f Overseas Exercise in Proactive Environmental Studies I, IT *
(S:%ﬁr;ggi Research Internship for Proactive Environmental Studies I, 1T
Subjects Transdisciplinary Skills and Theories I, II
Advanced Field Exercise
Critical Thinking Basics - Select concepts, tools and techniques I*
Critical Thinking Basics - Select concepts, tools and techniques II *
Critical Thinking Skills - Select applications & reflection I *
Critical Thinking Skills - Select applications & reflection 1T *

*indicates lectures held in English or lectures which can be taken in English. By taking these lectures, students
can earn credits required for the completion of a Master’s course without taking a lecture to be carried out in
Japanese.
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