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Figure 1. Metabolomic analysis of glycolytic intermediates

|

in Has2-overexpressing and -deficient breast cancer cells.
Control mock (open bars) and Has2*N° (gray bars) cells;
Has2-overexpressing Has2 #4 (striped bars) and Has24N®°
(black bars) cells; Control Has2"¥'Flox (dotted bars) and
Has2-deficient Has2% (checkered bars) cells.

3. Research projects and annual reports

1-1. Elucidation of the Biosynthetic Process of
Hyaluronan and its Application to Anti-aging
Technologies

There are an increasing number of bedridden elderly
people in Japan with a loss of joint function due to
conditions like osteoarthritis. Hyaluronan (HA) acts as a
cushion and lubricant in articulating joints. It is an
integral component of the synovial fluid between joints,
but becomes reduced by age and thereby causes

functional disorders. HA is a high molecular-mass

polysaccharide found in the extracellular matrix,
especially of that of connective tissues, and is composed
of  repeating disaccharide  units in  which

N-acetylglucosamine (GlcNAc) and glucuronic acid
(GIcUA) are linked together by alternating B8-1,3 and
B-1,4 linkages (Figure 1). Our laboratory discovered the
first mammalian HA synthase (HAS) gene and has been
the of HA

Recently, we succeeded in

thoroughly investigating mechanism
biosynthesis ever since.

establishing an in vitro reconstitution system using a

Z DRk,
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recombinant HAS protein and developed a screening

system for compounds that have HAS activation
potential. Our future challenge is therefore to understand
the entire mechanism of HA biosynthesis and apply this
knowledge to innovative

developing anti-aging

technologies.

1-2. Studies on Cancer Microenvironment Formation and
the Establishment of Therapies Targeting Cancer Stem
Cell Niches

Cancer has become the leading cause of death in our
country due to increased longevity, and as such the
eradication of cancer has become a social mission.
Although it is well known that uncontrolled cell
proliferation leads to the development of cancers, the
precise mechanisms underlying metastatic tumor
progression and recurrence have not been fully resolved.
Cancer stem cells (CSCs) have recently been reported to
exist in many malignancies and have attracted
remarkable attention because they are believed to be the
only cells capable of initiating cancer growth. Because
CSCs

chemotherapy and radiotherapy, and because they are

are relatively resistant to conventional
closely associated with cancer metastasis and recurrence,
targeting them is now a primary goal in cancer therapy.

CSCs, like normal stem cells, reside and maintain their
stemness within a specialized microenvironment called a
stem cell niche. Thus, strategies to limit their stemness
the

and malignant transformation must focus on

importance of targeting this CSC niche. The main
purpose of our research in this domain is to identify the
cellular and molecular cues that govern the formation of
the

establish novel therapies to induce a state of cancer

specialized CSC niche microenvironment and

dormancy by controlling the niche.

2. Our previous studies using a HAS2 transgenic mouse
model demonstrated that HA overproduction caused
rapid development of aggressive breast carcinoma at
a high incidence. Because excess HA production
consumes large quantities of the cytosolic UDP-
N-acetylglucosamine and UDP- glucuronic acid as
substrates, overproduction of this polysaccharide
may alter networks for the cellular metabolism. In
this study, a metabolomics strategy was adopted to

comprehensively investigate the metabolic features of



HA-overproducing CSC-like cells. A metabolic shift
toward glycolysis and pentose phosphate pathway (PPP)
was evident by quantitative targeted metabolomics (Fig.
1). In accordance with the enhancement of PPP, the ratio
of NADPH to NADP, and reduced glutathione (GSH)
levels were significantly increased in HA overproducing
cells, suggesting higher oxidative stress resistance. To
further the

production and oxidative stress resistance, the ratios

elucidate relationship between HA
of apoptotic cells following exposure to hydrogen
peroxide were measured by flow cytometry analysis. HA
overproducing cells represented higher oxidative stress
resistance than control cells. We further elucidated the
metabolic reprogramming in HA-overproducing cells by
stable isotope-assisted tracing and mass spectrometry
profiling. These integrated approaches disclosed an
acceleration of metabolic flux in the hexosamine
biosynthetic pathway (HBP) (Fig. 2). Forced expression
of glutamine:fructose-6-phosphate amidotransferase 1
(GFAT1), an HBP rate-limiting enzyme, resembled the
results of HA overproduction with regard to metabolic
reprogramming and oxidative stress resistance, whereas
GFATI1 inhibition abrogated HA-driven metabolic shift
and increased hydrogen peroxide-induced apoptosis in
HA-overproducing cells. The action of cisplatin, an
anticancer drug, involves the induction of apoptosis by
oxidative stress. Therefore, the rates of apoptotic cells
in HA

overproducing and control cancer cells. We found that

after cisplatin treatment were compared
HA overproducing cells acquire resistance to high
concentrations of cisplatin. Taken together, our results
suggest that HA production regulates resistance of CSCs

to oxidative stress and anti-cancer drugs.

1 S GFAT Gw
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Figure 2. HA biosynthesis and HBP
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3. Research projects and annual reports

Eukaryotic cells are highly compartmentalized
into membrane-bounded organelles with distinct
functions. Mitochondria are essential organelles
that fulfill central functions in cellular energetics,
metabolism and signaling. We are studying the
molecular mechanisms of biogenesis and quality
control of mitochondria and other organelles from
the viewpoint of protein and lipid trafficking.

Most mitochondrial proteins are synthesized
in the cytosol and are transported to mitochondria
The TOM complex
in the outer membrane (OM) functions as a protein
through which over 90% of the
The TOM

complex consists of the channel-forming [-barrel

by dedicated import systems.

entry gate
mitochondrial proteome is imported.
six a-helical membrane

protein Tom40, and

proteins.  Structural analyses of the TOM complex
by site-specific photocrosslinking revealed that the
TOM complex exists in two distinct forms, a
three-channel form (the “trimer”) and two-channel
form (the “dimer”).

Here we discovered that Porl sequesters the

Tom22 molecule that is dissociated from the
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trimeric TOM complex upon its conversion to
the
voltage-dependent anion channel

dimeric complex. Porl is a yeast
(VDAC) and
mediates transport of small molecules and ions
across the OM. Absence of Porl shifts the
equilibrium of the TOM complex towards the
trimeric form and accelerates the assembly of
newly imported Tom22 into the mature trimeric
TOM complex.

trimeric TOM complex; the absence of Tom6 shifts

Tom6 is known to stabilize the

the equilibrium of the TOM complex towards the
dimeric form. What is the role of the minor
population of the dimeric TOM complex lacking
Tom?22? that the

proportion of the dimeric TOM complex by Porl

We observed minimizing
depletion selectively slowed the import of soluble
that the
This suggests that the

intermembrane-space
TIM40/MIA pathway.
dimeric TOM complex facilitates import of soluble

proteins use

proteins into the intermembrane space.

The MICOS complex mediates formation of
the crista junctions in mitochondria, which is
essential for mitochondrial respiration. Here we
analyzed the mitochondrial import pathways for the
six yeast MICOS
understanding of the assembly mechanisms of the
MICOS complex. Micl0, Micl2, Mic26, Mic27,

and Mic60 used the presequence pathway to reach

subunits as a step toward

the intermembrane space (IMS). In contrast,
Micl9 took the TIM40/MIA pathway, through its
CHCH domain, to reach the IMS. Unlike
canonical TIM40/MIA substrates, presence of the
N-terminal unfolded DUF domain impaired the
import efficiency of Micl9, yet N-terminal
myristoylation of Micl9 circumvented this effect.
The myristoyl group of Micl9 binds to Tom20 of
the TOM complex as well as the outer membrane,
which may lead to “entropy pushing” of the DUF
domain followed by the CHCH domain of Micl9
into the import channel, thereby achieving efficient

import.
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3. Research projects and annual reports

The homeostasis in gut is maintained by the balance of
proliferation and death of epithelial cells with the rigid
barrier function of epithelia. The impairment of either of
them causes various disease such as cancer,
inflammatory disease, and infection in gut. I focus on
two related phenomena, cell death and DNA degradation,
to decipher their molecular mechanism and role for gut
homeostasis. The insight obtained from the
project will contribute to understand disease in gut and
develop novel treatments against them.

This year I planned to perform the research aimed to
decipher the precise mechanism and physiological role
of cell extrusion. Through the analysis we identified the
phenomenon that the extruding cell carries out
fragmentation and the fragments are engulfed by
neighboring epithelial cell. The fragmentation occurs in
a part of a cell body and remaining part of extruding cell
undergoes delamination from the epithelial cell layer.
These processes are unexpected cellular dynamics and
are temporally well correlated with the timing of cell
movement for extruding out from cell layer. Accordingly
it is hypothesized that the processes are crucial steps
of cell extrusion as an essential interaction between

extruding cell and the neighboring cells.
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1. ARBE

KRG ~OBEBA MBS, A FHRR G5 S i
JED—2THY, FEHOEE L, W2 DX AT IS
N5, Fexld N-TBFAATT778I(GalNAC) L F# /3
Eotw)y, A =rEikoeRud v iL o ik
a5 O-ZUal FREE S (GalNAcal—Ser/Thr) & Hf >
PESHICIEH L, TNHOEITHMICB T DHERER T LT
D, ZOFEBIE, KSR ETHDLLTF U ICEL AL
BHZEMD, AT ORI IEENS.

LT BBE B o & Ak B A6 BCG 1X UDP-GalNAc:
polypeptide N-acetylgalactosaminyltransferase ( DL [&
GalNAc-T) lckvfitiftsnsg. Z O BRI EMNCE
W 20 I BN D K &R s 17 70— 2B 5.
ZORERT 7L, BERIETEICEDLET — T HIC
ERAERFD, in vitro OFESRIEERRIERMEN T, IE
RFEVEDATEIHD A —7 72T A/ YA 1 (GalNAC-TS, -
T9, -T17, -T18) WD, ZNHITHWIZHEMEEZAL, &
HEAMC D BEFENDT AP A LTHD, FxbITED
FD2oDT AV YA L(GalNAC-T9, ~TITZHEEL, Fh
DR BIGIZHRBL CWDIE, b4 oDA—T 7
HENET T 7402 THHELLTEY, GalNAC-TY, -
T17 2SRRI THDHZ L, GalNAC-TS, ~T18 HIMICE
WCEZEHL QWD EE RN ELT-.

GalNAc-T17 {5+ FE(galnt?) L, Kt EEH, MRS D4
AR E4 5 Williams—Beuren i {58 B 0D J5 R g A &
5D 1 DTHDHERRIITEY, Whbserl7 (Williams—
Beuren syndrome critical region 17) &HFEIEN TS, £
TebDFEDT VI ANA~—[, BLOAA I/ A=A XM
T Whserl? O—$EZRIBROLNDL. ZHHDIFHRIED,
MIRRICHBL A DA —T 7 T A A LD 2T,
INFETEE ROV RIZI T D LT B D
AP RE AR T D LN T REL B 2 DA,

Foxlx, O-ZVa NP, BILOEO A D E
W BT HEERERENT A2 B & LT, REEEIL, 7/ L
EHATTHS CRISPR/Cas9 AT L& T, 40D F —
T T AV WA LEAET galnt]7, galnt18 RIIEBARD
VERLA G 77z

2. REEOHERR
CNETICH & 1%, galntl 7OFRBEEETNR) )T o F
AAV T % WTHIH 3 2L, AW TN, FFI2k M
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RICRENECLIEERE Lz, 20 RENERKIC
BOTHLEIE CEDINEIDEMR T H72012, 7/ LiwE
Feffr T CRISPR Y 2T A& MW=, 7 ARED )R
% FIFA7=81Z, CRISPR single guide RNA(sgRNA) &%
1T 7P, akv a2 797 v 2k L
72 Cas9 mRNA 2B 7 77 4o v afifiiflc~vA 7Y =
sar Uiz, ZOFER, FO T galntl7 &5 DEEHIERAT
IZEBWT 80%LL LD T ) AFESNDLZEE R HL
7o, 20 FO EWAVMOFRRIMABELT-L25, %INE
BOIGRERE N RO, ZOFRBEFITENLR) 4
VA CHEBIH S LB RBRET ThH b, galntl7
MO IE R 72 AN EE R FIZ LI TNLIENE
2Bz, DEIL, 2O FO {16 galntl7 2R E2~Tn
TH Fl EEAZ#ESIL, F1 R L2858 T
galnt17 ELE AR (F2 (81{K) DT &7 7. TRICKL
T, galnt17 FWELEBKTIX, BAFR) )T F AT
IZEDHERERRLE R0, BTk oD FO RIS T RS- % BT e
B nBlaEsngh o7 (Fig. 1).

F;.‘ : 'l\- . TP
T17K0 Ik
Fig. 1 Morphology of galnt17 mutants

galnt17 FO mosaics and ga/ntl7 morphants had similarly
disorganized hindbrains. On the other hand, ga/nt/7
mutants were apparently normal.

Flt, B7 7742 allBWT, BARI T T VR
FVITZEHW BRI B EIC LD E UL R B L 2,
[F]— B n T DR T, B ERELFF o8 In T D
FBTUHEIC IV RSN AZ e mE ST, Fix OFER
IZBWTh, galnt9 BEO galntl7 €25 BARTHELLOM
AR T S EOFREN EFHLTNDHIENE LN
5. T, galnt17 REERBIZBNTHO galnt BIS T
DRBEZEBMMT LI2E2A, galnt9 ZHDRUY 7773
—ICET OB FORBITLENROONTZ. £ZT,
galntl17 WEEBIRIZESHIT galnt9 (T RAEALEZN,
B KRB OBITRO LIV T, SikI%, KBHEAE
TRRMICHEI L7955 FORE, SHITITRIR R
A BB DA DML AT U AEESE O N T D
B AR T 2.



3. Research projects and annual reports

We have been investigating roles of an O-linked sugar
chain with the carbohydrate-protein linkage structure,
GalNAcol—Ser(Thr), which
carbohydrate. Its biosynthesis is initiated by a group of

is called a mucin-type
enzymes, polypeptide N-acetylgalactosaminyltransferases
(GalNAc-Ts). GalNAc-Ts consist of a large gene family
with 20 isozymes in humans. Interestingly, ga/nt8, 9, 17,
and /8 consist of a wunique subfamily that have
characteristic amino acid substitutions in the catalytic
domains and they show almost no detectable in vitro
activity using typical mucin-type peptides as acceptor
substrate. Among them, we have isolated ga/nt9 and /7, and
demonstrated that they are brain-specific and biologically
important for the neural differentiation in mammals. Based
on these backgrounds, we have focused on the functions of
galnt genes, and obtained the following findings.

To investigate biological functions of four isozymes, we
first tried to produce galnt!7 mutants using CRISPR/Cas9.
For this purpose, single guide RNA and mRNA for Cas9
with a nuclear localization signal in the N-terminus were
injected into zebrafish embryos. Genome edition was so
efficient that ~80% of glant17 allele contained mutations
and the resultant FO mosaics exhibited altered hindbrain
as was

development found with galtnl7 zebrafish

morphants. We then generated F1 hetero, and F2
homomutants by crossing zebrafish. The F2 homomutants
showed apparently normal phenotype (Fig. 1). Recent
reports demonstrate that in some knockout organisms
functions of the mutated genes were compensated with
other family genes. In fact, expressions of other family
isozymes, galnt8, galnt9, and galnt18 were upregulated in
the galntl7 knockout zebrafish, demonstrating that they
may compensate for the ga/nt17 functions in the brain.

We then introduced galnt9 mutations into galntl7
knockout zebrafish, and obtained mutants lacking both
galnt9 and galnt17. The double mutants, however, were
apparently normal. We are now analyzing mechanism of
genetic compensation to rescue galntl7 phenotypes.

Thus, deletions of more than one isozyme would be

necessary to observe phenotypic alterations.

4. WX, EEGE

N. Nakamura, A. Kurosaka, Mucin-type glycosylation as a

regulatory factor of amyloid precursor protein processing.

Journal of Biochemistry (2019) 165(3) 205-208.
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R. Baker*, N. Nakamura*, I. Chandel*, B. Howell, D. Lyalin, V.M.
Panin, Protein O-mannosyltransferases affect sensory axon
wiring and dynamic chirality of body posture in the Drosophila

of Neuroscience (2018) 38(7) 1850-

embryo.  Journal

1865. *Equally contributed.
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Kurosaka: Phenotypic analysis of double mutants that lack
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2018. 11.28-30.

. Chandel, R. Baker, N. Nakamura, L. Melbern, B. Howell, V.

—

Panin, Function of protein O-mannosyltransferases 1/2 in
connectivity of sensory neurons and control of muscle
contractions in Drosophila. 2018 Annual Meeting of Society for

Glycobiology, New Orleans, LA. 2018. 11. 5-8.
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FAT=BIXE DOMEIZHEA TS,

TETTAMNPIOLEES AWM IR I &L AT DI
BRI L LTS, SOX2 ZIZLHETEN 20D
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EREMEL TS, (1) ENDDEMEN /7T Uk (il
J R B0 FE AL RE ] A TR E L2 1 KI5 ~ v A %
BT 528, (2) FTAMDTE T 5 ARG B HE ML L
7T IANSR MR ATE AL T, =87 TANNIZ A & H
SISV T IR E ORI SE I & g 3528, (3) =
V7 AN A DS | R TE O #E E SR B o wp f i & {E D
HUT, ZOHEZMAT 228, (4) W ILEE LR U2 R
HCTHHL=TNIR/TUXTREHNT, /—RNIZfREZN
LT T TAMER ORI O R AT 528, Z
NOEBEIE T iE O LI 2 DD, kR E THF 78
ZIEB LTS,

Fio, WA OIS E DM IR RS QBRI L RFE D
UK e RN e w e B o S Y PR SR RS i - e S o BN e )
WX, ZRETHESIN 2B G ThLE RS TE 4
{fbos e | OBREZ I THZENAF R THD, 208
Mo, B STE AL DK IREEBTELDD LN DB G
EHLLELT, FEE ORI AR L ST 5720 DR AR
BHAFEL TV D,
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(1) =T IANDFINCERIp >8R A R ST D FE NS,

SEZFEREMM R I 2 I ST DT D — B
Thd, TET TANOHFIZTEDLBEN. - T 18 1T
Node (IR THD, vV ADTE T ZAMRAINANG,
B5 B 4T C Node Bk ORI IEZAED | 2B
WIRIERTEA(FOXA2 Z 3BT 2) &4 LAED
FIZD DG ARG LT, Wit > 7 vl LizH
Z T M D F k4 T D Laminin @ matrix 233k
0% F ey IAMNGMa% 3R i & 75
L PNIREEZ A A H T Node IEf5 TO IR A%
kT 22N T, BT, cell sorter & H W T
FOXA2 JEBLAa ZAE R LT,
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Assist. Prof. Machiko TERAMOTO. Ph.D.
(2) EOMIRRIRFEDRANLIZB T AEE R T SOX2 &
Z1C2 OFErery 72 o FIE H

R B SOX2 1%, PR SRR I DL EHERFIZ U
THL I e B Z R 72323, SOX2 OEEIXmIRIL
TS = — RGN F IR FEL TODZEND, i
BARFIICB VLT SOX2 NEDIRER T2/ 38—~
—CTHONTEERBRECHDL, ZNEPLNICT
DI, Sox2BAR T DF& Bl A | PRIEAEDFEHND,
ZL TR 2R THIME T 5 D1 = =351
LU G| 48 A A28 LT,

440 HSF DO REESAE O D1 = v —&2 ADE
FETOSFHIRITI T T, ENEILHIM, HDHITHE A
b Tz —TEEERFI L, D OMHE K
% tkEGFP LK —4% — (2272 CT=URIRIZ
electroporation LC, ZILHOMEIE D A& H>H 2
Fox o —IEEAFI L 72, ZOFREHR ., Tl
fLE$ 5 CD BIROM A S DE D, #hik RIFIEICE
F5 DL o —OIEVEA S TNDZ LR Do
7

CD FHIBICER % 728 BAE AL Ty —iE 1k
~DOEBET T ER SOX [’ T7-#E A Bls & Z1C
FREBRANDOERN, o~ —1HPEEZF LUK
TEET, DI o —{EMEIL, SOX2 & ZIC2 @
oG DEICEsTHEMLEND, ZRHDZENDE,
SR JFIE O HIENT BV TIE, SOX2 1 ZIC2 & /3 —
FFr—RFELTHEREL TWDIE, F2NHDR
D HEDEN Sox2 BiaTOH CHIENZLE -
TWHIENRBESNT,

TRAZDAT—Y 4 DORO Node &, RIAT—YD=D
MIRIZEITBA T 5, ZIRIVZMAEREND, Z
O FRIZRBIT DM IR E N OEE % mCherry &5 81
FTHNI VA 2=y 7T XTD Node &, d AR LIz
SUNREE T IANEM A DY T, T/ T A AT
TIZE-> TR L, 2O EG RN 21T 572,

WIRZED B ITTEALE 238 A 3508, THILE Ok
WXL T, FE DR TR T 23 Bl 5, LB O
SHIRANIIR S K 1~ SOX2 2B L CRIENDH (20
T COWLE ~LHAET L, vTVAMDNIREET
Sox2 BB TH#IIESHLHE, NIRENLHETHR
B EEBKE EROWEEZRDIDCRLIEND
Mhodz, EBIT, ZHIHETIZSOX2 23 BLL TR
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3. Research projects and annual reports
All somatic cells of our body develop from the epiblast,
a sheet of cell group that are formed in post-implantation
embryos in mammals and in laid eggs in avians, both
belonging to the aminiotes. How a variety of somatic cell
lineages develop from initially homogeneous epiblast
cells is a fundamental problem in developmental biology.
We investigate the functions of major transcription
factors, e.g., SOX2 and signaling factors, e.g. Wats, in
epiblast cells and in the somatic cell lineages derived
from the epiblast. The strategies include: (1) Use of
conditional knockout mouse embryos that allow
inactivation of specific TFs in defined cell groups and/or
developmental stages; (2) Use of epiblast stem cell

(EpiSC) lines derived directly from mouse embryo

epiblasts to analyze in vitro the process of
regionalization of the epiblast cell population; (3)
Derivation of stem cell lines representing an

intermediate step of somatic development from the
epiblast stem cells, in order to investigate regulations
that take place in the early stages of the somatic lineage
development; and (4) Use of avian embryo epiblast to
investigate the effect of ectopic grafting of specific
epiblast regions such as node.

The occurrence of the developmental process that
gives rise to cell types that are usually not associated
with  the

“transdifferentiation.”

referred to
of

differentiation phenomena will provide new insights into

cell lineage is as

Investigation trans-

24

the mechanisms underlying cell lineage-dependent cell

differentiation.

(1) The first step in the specification of somatic cell
lineage is the regionalization of the epiblast cell
population. The most prominent structures caused
by the epiblast regionalization are the Node and the
primitive streak. From the epiblast surrounding the
node, mesendoderm develops. We sought for an
EpiSC culture condition that generate node and

FOXA2.

that are

mesendoderm precursors that express

Three dimensional EpiSC aggregates

cultured under Wnt signal inhibition and in a

laminin-rich  matrix  produced mesendoderm
precursors. These FOXA2-expressing cells were
successfully purified via fluorescence-activated cell
sorting.

(2) Possible functional cooperation between SOX2 and

ZIC2 in the establishment of embryonic neural

primordia

The transcription factor SOX2 plays a central role in

the

primordia. Because the function of SOX2 relies on

development and maintenance of neural
the interacting partner transcription factor, it is
important to determine which transcription factor
cooperate with SOX2 as the partner factor in the
neural primordia. To address this problem, we
investigated the D1 enhancer of the Sox2 gene,
which is activated at an early stage of neural
development, and in a pan-neural fasion.

We divided the D1 enhancer sequence of ~440
bp into the blocks A to E, and assessed the enhancer
activity of the blocks using ptkEGFP reporter, which
was electroporated into chicken embryos. We found
that the centrally located blocks C and D in
combination bear the major regulatory function of
the D1 enhancer.

Mutational analysis of the block C + D
sequence indicated that a SOX binding sequence
and a ZIC binding sequence are involved in the D1
enhancer activation. Further analysis indicated that
D1 enhancer is activated by the combination of
SOX2 and ZIC2, suggesting that the novel pair of
SOX2 and ZIC2 plays

important roles in the regulation of neural stem cells,

transcription  factors

including Sox2 autoregulation.



(3) The secondary brain tissues develop when an
exogenous node is grafted at an ectopic site of host
epiblast. Using mCherry-labeled quail donor and
EGFP-labeled chicken host epiblast, we investigated
the cellular processes involved in the secondary
brain tissue development via live imaging and
image analysis.

(4) The endoderm-derived alimentary tract epithelium

is regionalized with expression of the transcription

SOX2

stomach precursors. Inactivation of the Sox2 gene in

factors. is expressed in esophagus and

the endoderm resulted in transformation of the
into trachea/bronchus
the
tissues surrounding the epithelia tubes, which by
SOX2, were also
the

alimentary tract regionalization, the mesenchymal

esophagus epithelial tube

epithelial tube. Importantly, mesenchymal

themselves do not express

transformed concordantly. Concerning
effects on epithelial tubes have been emphasized,
but our results highlight the cellular influences in
the opposite direction.

(5) We investigated involvement hedgehog signaling in

the pituitary precursor development and in the lens

precursor potential of pituitary precursors, using a

hedgehog signaling-defective mutant Japanese quail

The

developed multiple pituitary precursor-like pouches

embryos. homozygous mutant embryos

expressing LHX3 from the oral ectoderm, in
addition to normally positioned Rathke’s pouch.
Some parts of these pituitary pouches activated
PROX1 with concomitant loss of LHX3 expression.
This was followed by the development of small lens
tissues. Thus, hedgehog signaling inhibits lens
of oral

potential ectoderm-derived  pituitary

precursor.

4. WX, BEGE
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Sugahara S, Fujimoto T, Kondoh H, Uchikawa M. (2018) Nasal
and otic placode specific regulation of Sox2 involves both
activation by Sox-Sall4 synergism and multiple repression
mechanisms. Dev Biol. 433(1):61-74.
doi: 10.1016/j.ydbio.2017.11.005.
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Kondoh H. (2018) Roles of ZIC2 in Regulation of Pluripotent
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3. Research projects and annual reports

Research in our laboratory primarily focuses on the
molecular and cellular mechanism of growth, maturation,
fertilization, and apoptosis in oocyte/egg of the African
clawed frog Xenopus laevis (Egg Project), and of
malignant functions such as anti-apoptotic proliferation
and drug-resistance in human bladder carcinoma cells
(Cancer Cell Project). In the Egg Project,
demonstrate that oocyte maturation and follicle rapture
can be recapitulated in vitro in the presence of
progesterone and low concentrations of the matrix
metalloproteinase (MMP). Inhibition of the MAPK
pathway suppresses both oocyte maturation and follicle
rapture, whereas inhibition of MMP activity only delays
follicular rapture.  Further nature of the in vitro
ovulation system is under investigation.

we

Hatenathon is a newly coined word. It is a
combination of a word 'hatena', which means a question

mark in Japanese, and a marathon. Hatenathon is a

concept of question-driven learning (QDL). Through
hatenathon, teachers develop and provide a brand-new
learning environment. The core process used in

hatenathon is based on Question Formulation Technique
(QFT) developed by Dan Rothstein and Luz Santana in
the Right Question Institute. Design and implementation
of hatenathon approaches was made in the class of
Developmental Biology in the Department of Molecular
Biosciences, Faculty of Life Sciences, Kyoto Sangyo
University in the 2017 Autumn semester, and the results
and discussion were reported in the 2018 issue of Kyoto
Sangyo University Higher Education Forum.
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3. Research projects and annual reports
1) The
VEGF-A/NRP1 signaling inhibits cancer invasiveness

cell-penetrating peptide blocking
and metastasis

Cancer invasiveness is one of the most important
processes of cancer progression. Many malignant tumors
express high levels of vascular endothelial growth
factor-A (VEGF-A) and its receptor neurolin-1 (NRP1),
but not VEGFR1, VEGFR2 and VEGFR3. Previously,
we have reported that VEGF-A stimulates cancer cell

proliferation and invasiveness in human skin cancer cells,



prostate cancer cells and glioblastoma through NRP1
Upon VEGF-A

binding to NRPI, it induces the interaction between the

signaling in an autocrine-manner.
intracellular domain of NRP1 and a scaffold protein,
GIPC1. GIPC1 forms a complex with Syx, a RhoGEF,
thus, leading to activating the small G protein RhoA. As
a result, active RhoA induces degradation of p27, CDK
inhibitor, to enhance cancer cell proliferation.
Diminished endogenous expression of VEGF-A, NRP1,
GIPC1, or Syx by siRNA in human cancer cells
VEGF-A-induced  RhoA

anchorage-independent proliferation, and invasiveness.

suppressed activation,
In this study, we examined the effect of the cell
penetrating peptide corresponding to the sequences of
eight amino acids of Syx C-terminus interfering with
GIPC1

invasiveness and metastasis.

interaction on cancer cell proliferation,
The targeting peptide
inhibited cancer cell proliferation and invasiveness. To
assess whether the targeting peptide suppress cancer
metastasis in vivo, we inoculated US7MG glioblastoma
cells into nude mice and the targeting peptide was
intraperitoneally injected every other day. The targeting
peptide inhibited metastasis to the distant lymph node
compared to the Scrambled peptide 41% less in vivo.
Taken together, strategies to inhibit the VEGF-A/NRP1
signaling are promising for the creation of new cancer
therapeutics.

2) Enhanced FGFR3IIlc expression is correlated with
poor prognosis in human esophageal cancer patients
and induces acquired resistance to cancer drugs.
5-year survival rate in esophageal cancer (EC) is 40%,
indicating that EC has poor prognosis. Our laboratory
has reported that the elevated expression of FGFR3 Illc
in EC patients is involved in the progression of
malignant EC. In this study, clinical significance of the
increased expression of FGFR3IIlc was examined by
analyzing the correlation between FGFR3IIIc expression
levels and clinical information of the EC patients. We
obtained ESCC tissues from Kitano Hospital (20 patients)
and performed the immunohistochemical (IHC) analysis
using FGFR3IIIc isoform-specific polyclonal antibody
(Yamasa Co., Cat#80131). We analyzed the relationship
between FGFR3IIIc expression in EC and recurrence
after surgery and overall survival of EC patients (n=20).
We further investigated whether the expression of

FGFR3IlIc in EC confers the increased resistance for
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anticancer drugs. We tested IC50 to Cisplatin,
Fluorouracil, or Docetaxel in EC cell line KYSE220
overexpressing FGFR3IIlc. Polyclonal anti-FGFR3Illc
antibody FGFR3Illc in

paraffin-embedded human ESCC from EC patients. The

specifically  recognized
FGFR3IIIc expression levels in the EC were higher than
those in the normal esophagus epithelium (p<0.01). In
addition, the ratio of FGFR3IlIc expression levels in the
EC patients was negatively correlated with overall
survival (OS) (r=-0.436). OS in the EC patients with
higher expression levels of FGFR3Illc was shorter than
that in those with lower expression levels of FGFR3IlIc
(P<0.01). KYSE220 cells expressing FGFR3Illc had
IC50 for
conclusion, FGFR3IIlc has the potential to be an

higher Fluorouracil and Docetaxel. In
important marker for the progression of malignant EC,
suggesting that FGFR3Illc is a molecular target for EC
therapy. Further studies should be required to clarify the
mechanism FGFR3IlIIc confers

why cancer

drug-resistance in EC.

4. /X, FEEGE
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B THET D,
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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM,
which monitors the activity of the YidC-mediated
membrane insertion pathway, we have been interested in
and studying this class of proteins called ‘regulatory
nascent chains’, which function while they are still in the
midst of the process of biosynthesis on the ribosome. A
remarkable property of this class of gene products is that
they interact cotranslationally with components of the
ribosome including those comprising the polypeptide
exit tunnel, and thereby arrest their own translation
clongation. The arrested state of translation elongation
affects translation of the downstream target gene either
positively (in the case of MifM) or negatively.
Importantly, these regulatory nascent chains serve as a
co-translational substrate of the protein localization
pathway to be monitored, such that the arrest can be
stabilized or canceled in response to changes in the
effectiveness of the localization machinery under given
conditions of the cell. Thus, these nascent chains
represent unique biological sensors that enable real-time
feedback regulation of the target machinery. In the MifM
regulatory system, its translation arrest is released when
the nascent MifM chain, as a monitoring substrate of
YidC (the regulatory the
YidC-mediated The

regulated elongation arrest of MifM enables cells to

target), engages in

insertion into the membrane.
maintain the capacity of membrane protein biogenesis.
As introduced above, our interests are also focused more
generally on the mechanisms of protein localization and
biogenesis,

the biological processes where nascent

substrates undergo dynamic interactions with the

machineries of translation, targeting and translocation.
We that should

ultimately lead to the development of a new research

envision our research activities
area that might be called “nascent chain biology”, which
aims at understanding the still hidden principle of the
central dogma of gene expression, where nascent chains

are likely to play key roles.

This year’s accomplishments
between MifM and

ribosome contribute to the elongation arrest

1) Extensive interactions the

MifM is a regulatory nascent chain that
monitors cellular activity of membrane protein insertase,

YidC, by a mechanism involving regulated translation
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elongation arrest. Our current analysis revealed that
of MifM

interactions between the MifM nascent polypeptide chain

elongation  arrest involves extensive
and the ribosomal components including those on the

ribosomal external surface (Fujiwara 2018 Sci. Rep.).

2) Identification of novel translation arrest peptides in

cubacteria

Three regulatory arrest peptides previously
found in eubacteria (SecM, MifM and VemP) function as
a cis-regulator of the protein translocation machinery.
They are encoded by a gene that resides upstream of the
gene that encodes possible target component of the
protein translocation machinery. We searched for novel
regulatory arrest peptides from more than 400 bacterial
genome sequences, resulting in the establishment of
three novel arrest peptides. We confirmed that they
were able to stall B. subtilis or E. coli ribosomes at a
single specific site of the coding sequence. Systematic
mutagenesis allowed us to identify amino acid residues
that are required for the arrest-provoking function of the
nascent peptides. Interestingly, they seem to illuminate

some common amino acid sequence features.

3) Identification of YidC substrates in B. subtilis
B. subtilis has two YidC homologs, SpolllJ
and YidC2, but their substrates have not been identified,

except for MifM, which is known to engage in either
To the

physiological roles and molecular mechanisms of the

insertase function. further understand
YidC pathways of membrane protein insertion in this
bacterium, we are attempting at identifying novel YidC
substrates. We use the translation arrest element of
MifM followed by LacZ as a cis sensor of membrane
insertion of membrane proteins predicted to span the
membrane once or twice. So far, we have identified

several putative YidC substrates.
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1. AEME
1-1 MUCT R OBE# & v R\ LA fEs v L

LF IR 2R TE bR AR e & O bR AR R
EEOFEHERS T ZED OV kb omE sy DiEs
YRIEThD, B EEGHB T, Fii s A k&
AT ATTEI—VNCERES D0, E R R o AL
LD HBRRIE DT ST, AT T 2 4R

LS ND I D, BDAMLRRB R BT, AL o
R 8 & E e E M TRk SN D, fEREL T,
FRRR NBRBE CIE, H BT M AR BRSO~k
Vo P ADMAEAERBNETHEBZ 26D, Fx i BRI
[ZWETBHYIZFE L T D MUCT A325 AR N B B 1A
TEToMkx 2L F U LM BEERT LR D D5 2
Too FHEEMPAMEBIEARIZB VT, MUCL BH LT
=3 RV Ly 9 LI RTET DI E AR FINTR LT,
W T, Fx IV F OB AR A ELE MUCT ik
DT F ARG TE LI O B IOV TRFZEL T T2, &
NHDOWFZEEFRIT BT, MUCL OFEHITHEIT LTI
BN LRI D208 % DNA ~A 70T ALV BRERL
77o TDOH T, Trop 2 NELGHEEINDZEND -T2,
Trop 2 (TACSTD2) IZAtRalslss L RIE T, ix 7 bR
MM ICE BEHL WD, Trop 2 1% GAT33
(Gastrointestinal tumor—associated antigen) 7 73U —I{Z
L. EpCAM L THIBND GAT33-2 & GAT33-1(Trop
D35725, Trop 2 1% EpCAM &K 49% DRty —03%
0. EOEEREEIE A S D, Trop 2 OFEBLINEE. K
IO UM B O LD 7 A 4 i D BEAE FE 0 1R R B L B
LC\%, EpCAM Ol IF Bid Z < Mg cLIELIE
BHISN N5,

Trop 2 OFEREICES#E L T, GDLD ( Gelatinous drop -
like dystrophy ; BARFEIRAR S Abr7 4 —) 12BN T
Trop 2 iDL BRNEBEAFRRESIL, BRA Trop 2
VA ERARRR DN — B RE A B E T 52N S
TS, LILZR G, FEIZHBWT Trop 2 OERTIAET
HESN TR, /T, Frex iV B L5728 Trop 2
DAEGH A PRI RB I BT 2 2B 2 7o,

Flag-tagged L Trop—2cDNA %t b K A5 Hi S il i
Bk, HCTI116 Mz AL (HCT116/WT ffa), Vv
f2{t Trop 2 EFEVEEAL Trop 2 Z[XHI42% HHIT, Trop
2 & N—27 U —E T4, phostag & Lo /L&l
7= SDS-PAGE #AT-7-LZA2 00D\ KRKHS, —
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HFRO Trop 2 MU IS TWBZENbI T, VAL
BN E 5 H YT, 303Ser 5V ME 322Ser & Ala
EHLUT Trop 2 %% Bl9 %5 HCT116/S303A #fia &
HCT116/S322A Mlaa{ER LTz, ZHHDOHMIfED Trop 2
DOV AL Z T 52 212 X0 ., U BREEBALIE 322Ser T
HDHZENDIoTZ, RNT, VUBRIE 322Ser DRATERN
THROEYFZHARCMEETLIEMEEL, Vi
322Ser #3307 T, Glu \IZZ R Trop 2 #%EH 45
HCT116/S322E Ml la & {F plc L 7= . HCT116/WT &
HCT116/S322F 134E<HKE AL, £ DL ITMMELEHIAE D
ARV EZL Tz, —J5, HCT116/S322A &
HCT116/Mock MEIFIREAL, —MROBREL T
Wz, SBIT, Trop 2 OFFEHEREOMENT &) IR L% SE D
[Fl & &7 A T2,

2. AEEOHERR
2-1 MUCI |Z&% Trop-2 OFFE

MUC TIZE D EB ML DA =X L5 BT 5 H
BTN R B ARE HCT116 M MUCT & As 14
AL7z MUCT i@ #IF B (HCT116/MUCT) ZER L7z,
HCT116/MUC1 & O Mock #ifid (HCT116/ Mock) & Fu>
T.DNA ~A 717 L A%4TV, ZAHD M TIHEL ~ L
DE2D mRNA ZRFE L, 2O H T Trop-2 X
HCT116/MUCT HIJEIZ 3 T Mock Ml & Fbile LC 47 fi%
® mRNA BEHLTWAZEN DT, LT =2F7—BT
v AITEo5 T, Trop-2 D7 uE—2—{E kL L Th
HCT116/MUC1 gz W EFR@Bo bz, £/2. 2
DOMPEBDOFIE LRI G L 5T HCT116/MUCT
JRIZBIT 28 LA PR E T, Fio, B e MEE
FLFRIZIB VT MUCT & Trop-2 2R et 95 L ROy
fizkmdTZENbI o, 5T, B NFLFE H R AL kR
MCF7 1ZWNTEMD MUC1L & Trop-2 &R ¥4 HZLa7n
— P A A—=H = A2 /T 0y N CHER L LT, AR
% MUC1siRNA LEE 422 T, MUCT ORBZK T SE
5HE Trop—2 OFRHAL L., Trop-2 OIEHN MUCL (12L&
STHIBEISN TWAZENRIBENTZ,

WIAZ, Trop-2 FEHBUZX T HFE % OHRE L FAIF - —
PIHER O REERFTLIZEZA, IFT~ A2 A(Spl B
EH) ORI RENRBOONT, IfTv AT A ITEEK
TFHIIZIT Trop-2 ORBEIFHILTIZ, - T, IEK+
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T )R T HZEICEY, Trop—2 DY UL ANTIE B4
Wl E iz,

3. Research projects and annual report

Mucins are major components covering the luminal
surfaces of the epithelial respiratory, gastrointestinal, and
reproductive  tracts,

and high molecular weight

glycoproteins with a number of O-glycans. Newly
synthesized mucins are transported into the apical surface
in normal epithelial cells. However, upon the loss of cell
polarity through malignant transformation,

the

they are

transported  to whole cell surface. Tumor

microenvironment is composed of tumor cells and stroma



cells including immune cells. Eventually, new cell-cell and

cell-matrix  interactions  occur in  the  tumor
microenvironment. MUCI1 is a membrane-bound mucin and
expressed commonly in epithelial cells. Thus we speculated
that MUCI1 possibly interacts with various lectins present
in the tumor microenvironment. In fact, we demonstrated
the colocalization of MUC!1 with galectin-3 or siglec-9
immunochemically in the various human cancer tissues.
Thus, we have studied on MUCI-mediated signaling
triggered by the binding of lectins and resultant tumor
progression. In the process of these studies, we performed
to detect which

expression is elevated associated with MUCI1 expression. It

DNA microarray analysis proteins
was revealed that among these proteins, Trop 2 was highly
induced. Trop2 (TACSTD?2) is a cell-surface glycoprotein
that is highly expressed in a variety of epithelial cancer
cells. Trop 2 is a part of the GA733 (gastrointestinal tumor-
associated antigen) family, which is composed of GA733-1
(Trop 2) and GA 733-2, which is also known as EpCAM.
Trop 2 has about 49 % homology with EpCAM. Thus, Trop
2 and EpCAM have a high structural similarity. The
expression of Trop 2 has been associated with biological
aggressiveness and poor prognosis of various cancer cells
such as pancreatic, colorectal and ovarian cancers.
Overexpression of EpCAM is also frequently observed in
many types of carcinomas.

In relation to the function of Trop 2, it is reported that
mutation of Trop 2 gene is directly linked to Gelatinous
drop-like dystrophy (GDLD) and the mutated Trop 2
impairs epithelial barrier function. However, there are no
known Trop 2 mutations that have been implicated in
cancers. Thus we speculate that modification of Trop 2 such
as phosphorylation may be related to its biological function.

Flag-tagged wild-type Trop 2 ¢cDNA was introduced into
line, HCTI116
(HCT116/WT cell). To distinguish phosphorylated Trop 2
from nonphosphorylated Trop 2, N-Glycanase-treated Trop

human colorectal cancer cell cells

2 was subjected to SDS-PAGE using phostag-containing
acrylamide gel, followed by western blotting. Two bands
were clearly detected, indicating the phosphorylation of
in HCT116/WT the
phosphorylation site, mutated Trop 2 with Ala instead of

Trop 2 cells. To determine
Ser’® or Ser’?? was generated using a site-directed
HCTI116

Analyses of mutated

mutagenesis, and in cells

(HCT116/S303A, HCT116/S322A).
Trop 2 reveled that Ser’?? residue was phosphorylated.

expressed
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Furthermore, we speculated that negative charge of the

phosphorylated Ser3??

residue might be relevant to the
downstream event. Thus, we prepared Trop 2 mutated with
Glu instead of Ser®?? residue in order to mimic Trop 2 with
negative charge on 322 amino acid (HCT116/S322E).
HCT116/WT and HCT116/S322E cells contacted loosely,
many of which showed fibroblastic-spindle shape, whereas
HCT116/S322A and HCT116/Mock cells showed tightly
associated sheet-like shape. Furthermore, we tried to
analyze the mechanism of Trop-2 induction and identify the

enzyme to phosphorylate Trop-2.

1) MUC1-dependent induction of Trop-2

To determine how MUCI induces tumor progression, we
by
human MUCI1cDNA into a human colon cancer cell line,
HCT116 cells (HCT116/MUC1), and performed microarray
analysis of mRNA using HCT116/MUC1 and HCTI116
Mock cells to identify the differently expressed mRNA in

generated MUCI1-overexpressing cells introducing

these cells. Among some genes that were differently
expressed in the two types of cells, we focused on that of
Trop-2, the expression of which was elevated about 47 -fold
HCT116/MUC1 compared with
HCT116/Mock cells. To confirm the induction of Trop-2 in
HCT116/MUCI cells, we performed luciferase assay. Trop-

in cells as in

2 transcriptional activity was enhanced in HCT116/MUCI1
cells as compared with in HCT116/Mock cells. Furthermore,
increased expression of Trop-2 in HCT116/MUCI cells was
observed by immunostaining.

To further investigate the distribution of Trop-2 and
MUCI1, human tumor tissues were immunostained with
anti-Trop-2 and anti-MUC1-ND antibodies. Expectedly, the
distribution of Trop-2 coincided with that of MUCI in
tumor tissues. Relationship between MUC1 and Trop-2 was
also investigated by using a human breast cancer cell line,
MCEF-7 cells.

Expression of endogenous MUC1 and Trop-2 in MCF-7
cells was confirmed by flow cytometry and Western
blotting. When MCF-7 cells were treated with MUCI
siRNA, expression of Trop-2 was down-modulated in
relation to the decrease of MUCI. These results indicate
that MUCI

expression. Next, to investigate what kind of transcription

is involved in the induction of Trop-2

factors and protein kinase are involved in the regulation of
Trop-2 expression, we tried to examine the effect of various

transcriptional inhibitors such as mithramycin (Spl



inhibitor), JSH(NF- < B inhibitor) and PNU-74654 ( 3 -
catenin inhibitor), and kinase inhibitors such as PP2 (Src
inhibitor) and LY294002 (PI3K inhibitor) on Trop-2
expression in HCT116/MUCI cells. HCT116/MUCI cells
were treated with these inhibitors, and the cell lysates were
subjected to SDS-PAGE, followed by Western blotting and
detection. These inhibitors except for mithramycin A
showed no effect on Trop-2 expression. Mithramycin A
reduced the expression of Trop-2 in a dose dependent
manner, suggesting that a transcriptional factor, specificity
protein 1(Spl), may be involved in the regulation of Trop-
2 transcription. Level of Spl in nuclear fraction was
compared between HCT116/MUC1 and HCT116/Mock
cells. Proteins in nuclear fraction were subjected to SDS-
PAGE, followed by Western blotting. Higher level of Spl
in the nuclear fraction of HCT116/MUCI cells was detected
compared with that of HCT116/Mock cells.
Trop-2 in MCF-7 cells was clearly decreased by the

Expression of

treatment with mithramycin A and knockdown of Sp1. Next,
to investigate the correlation between MUCI1 and Spl,
coimmunoprecipitation assay was performed. MUC1 was
immunoprecipitated from the lysate of MCF-7 cells, and
subjected to SDS-PAGE, followed by Western blotting and
of  MUCI-CD Spl.  Spl
coimmunoprecipitated with MUCI1, suggesting that Spl

detection and was
may be recruited to MUC1-CD. These results suggest that
complex formation of MUC1 and Sp1 may play a role in the
induction of Trop-2.

Trop-2 belongs to the tumor-associated calcium signal
transducer (7ACSTD) gene family that has a regulatory role
in cell-cell adhesion. Thus, we compared the level of Trop-
2 expressed in MCF-7 cells cultured under different cell
density conditions. Higher expression of Trop-2 protein and
mRNA in MCF-7 cells cultured under high cell density
condition was observed compared with that in MCF-7 cells
cultured under low cell density condition. Furthermore,
MUCI1 was immunoprecipitated from each cell lysate, and
subjected to SDS-PAGE, followed by Western blotting.
Coimmunoprecipitated Spl was also increased in a cell
density dependent manner, suggesting that Spl is a
transcriptional factor of Trop-2.

It has been reported that MUCI is a natural receptor for
endogenous galectin-3 and the binding of galectin-3 to
MUCI1 gives rise to some biological effects. Lysates of
MCF-7 cells were incubated with galectin-3-Sepharose and
bound proteins were subjected to SDS-PAGE, followed by
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Western blotting and detection. MUC1-ND and -CD were
detected in the proteins bound to galectin-3 in the absence
of lactose but not in those in the presence of lactose. MCF -
7 cells were incubated with galectin-3 for 30 and 60 min,
and then solubilized. MUC1 was immunoprecipitated from
the cell lysate with anti-MUC1-ND antibody, and subjected
to SDS-PAGE, followed by Western blotting and detection
of Spl and MUCI1-CD. Recruitment of Spl to MUCI
clearly increased at 30 min after the binding of galectin-3
to MUCI, indicating that galectin-3 initiates MUCI-
mediated signaling to lead the induction of Trop-2. We also
tried the silencing of galectin-3 in HCT116/MUCI cells by
using galectin-3 shRNA and established HCT116/MUCI -
Gal-3/Si cells. The level of Trop-2 in HCT116/MUC1-Gal-
3/Si cells was estimated by DNA microarray analysis and
SDS-PAGE. Trop-2 mRNA and protein were reduced by the
knockdown of galectin-3. Conversely, treatment of this cell
with galectin-3 increased the expression of Trop-2,
suggesting that galectin-3 up-regulates the expression of
Trop-2.

Thus, in tumor microenvironment, constitutive activation
of MUCI1-mediated signaling in an autocrine/paracrine
manner

caused by ligation of galectin-3 promotes

uncontrolled tumor cell malignancy.

2) Identification of enzymes to phosphorylate Trop-2

First, we prepared an anti-phosphorylated Trop-2 antibody
by using the phosphorylated peptide of the Trop-2
cytoplasmic domain as an immunogen. The specificity of
the antibodies was examined by immunoblotting and plate
assays. Wild-type Trop-2 prepared from HCT116/WT cells
was subjected to SDS-PAGE, followed by immunoblotting.
The anti-phosphorylated Trop-2 antibodies bound to the
phosphorylated Trop-2 but not to unphosphorylated Trop-2.
Furthermore, phosphorylated and unphosphorylated Trop-2
cytoplasmic peptides were adsorbed to the plate, and
incubated with the anti-phosphorylated Trop-2 antibodies.
The antibodies bound only to the phosphorylated Trop-2
peptide.

Next, we investigated which PKC and PKD isoforms are
expressed in HCT116/WT cells. DNA microarray analysis
revealed the presence of multiple isoforms including one
classical (PKCa), three novel (PKCS, e, 1m) and two
atypical (PKCC, 1) isoenzymes, and PKD2, 3. Furthermore,
PKC inhibitors with different subclass specificities and a
PKD inhibitor were used to determine which PKCs and/or



PKDs are responsible for Trop-2 phosphorylation. Elevated
phosphorylation of Trop-2 by treatment with PMA was
effectively inhibited by BIM-I and G66983, which are
inhibitors of both classical and novel PKCs, whereas other
PKC inhibitors, G66976, Hispidin, and HBDDE, and a PKD
CID755673, had no
phosphorylation. In addition, other kinase inhibitors,
LY294002 (phosphatidylinositol 3-kinase (PI3K) inhibitor),
SB203580 (p38 mitogen-activated protein kinase (p38
MAPK) inhibitor), PD98059 (MAPK kinase 1/2 (MEK1/2)
inhibitor), and SP600125 (c-Jun N-terminal kinase 1/2/3
(JNK1/2/3)  inhibitor), did not inhibit
phosphorylation at all.

inhibitor, effect on Trop-2

Trop-2

Based on the results of DNA microarray analysis and the
effects of pharmacological PKC and PKD inhibitors on
Trop-2 phosphorylation, knockdown of relevant PKCs and
PKDs which might phosphorylate Trop-2 in HCT116/WT
cells was performed by using PKC or PKD isoform-specific
siRNAs. It was revealed that knockdown of PKCa or PKCS
was most effective in reducing the phosphorylation of Trop-
2, but considerable activity of Trop-2 phosphorylation
remained even after the knockdown of individual PKCs,
suggesting that Trop-2 may be phosphorylated by multiple
PKCs, and that the activity may be retained due to
compensation by other PKCs. Furthermore, we tried to
examine the inhibitory effect on Trop-2 phosphorylation
with various combinations of PKC knockdown. It was
demonstrated that knockdown of both PKCa and PKCd
abolished the phosphorylation of Trop-2 almost completely.
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3. Research projects and annual reports

We have been focusing our research on the productive folding
of nascent polypeptides by molecular chaperones and protein
quality control mechanism for misfolded proteins within the
cells. Particularly, we have been devoted our activity on the

following three major research projects:

1: Functional analysis of collagen-specific molecular
chaperone Hsp47. A collagen-specific molecular chaperone
Hsp47 localizes in the endoplasmic reticulum (ER) and has
essential role for collagen synthesis in vertebrate. Recently,
several new binging partners of Hsp47 were identified, they
may co-work with Hsp47 in collagen synthesis in the ER. We
summarized such recent topics of Hsp47 as a mini-review in J
Biol Chem (Ito S and Nagata K J Biol Chem. in press).

Hsp47 could be a promising target for the management of
fibrosis. We screened small-molecule compounds that inhibit
the interaction of Hsp47 with collagen from chemical libraries
and found that a molecule Col003 competitively inhibited the
interaction and caused the inhibition of collagen secretion (Ito
S et al, J Biol Chem.2017).

We are developing new screening systems and are
searching for more effective Hsp47 inhibitor. Herein, we
established a bioluminescence resonance energy transfer

(BRET) system for assessing Hsp47-collagen interaction
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dynamics within the ER. After optimization and validation of
the method, inhibition of the interaction between Hsp47 and
collagen by a small molecule (Col003) was demonstrated for
the first time in the ER. Using the BRET system, we found
that Hsp47 interacts not only with (Gly-Pro-Arg) but also
weakly with (Gly-Pro-Hyp) motifs of triple helical collagen in
cells. This method can provide valuable information on PPIs
between Hsp47 and collagen, and the effects of PPI inhibitors
important for the treatment of fibrotic disorders (under
submission). We are searching for more promising compounds
by this method.

The project of Hsp47

collaborating research with pharmaceutical companies and the

inhibitor has developed into
National Institute of Advanced Industrial Science and
Technology (AIST), and was adopted by ACceleration
Transformative research for Medical Innovation (ACT-M) of
Japan Agency for Medical Research and Development
(AMED). Aiming for clinical application, our research on
Hsp47-collagen interaction also integrates in vitro structure-
activity relationship, in-cell inhibitory activity evaluation and

in vivo efficacy evaluation.

2: Maintenance of ER homeostasis through the crosstalk
among Protein Quality Control, Redox regulation, and Ca**
flux. We identified ERdj5 as a disulfide-reductase in the ER.
ERdj5 forms the supramolecular complex with EDEM and
BiP, and activates the degradation of proteins misfolded in the
ER by cleaving the disulfide bonds of misfolded proteins and
facilitating the retrograde transport of these proteins from the
ER lumen into the cytosol, where they are degraded by the
ubiquitin-proteasome system, which is called as ERAD (R.
Ushioda et al., Science 2008; M. Hagiwara et al. Mol. Cell
2011; R.Ushioda et al. Mol. Biol. Cell 2013) .

We found that ERdjS cleaves the disulfide bond of
SERCAZ2b, a Ca®" pump on the ER membrane, and regulates
its function. Additionally, ERdj5 senses the Ca’" concentration
in the ER and regulates the interaction with SERCA2b. It
suggests that redox activity of ERdj5 is involved not only in
protein quality control but also in Ca>* homeostasis in the ER
(R. Ushioda et al., PNAS 2016). Furthermore, Inaba group
(Tohoku Univ.) and we elucidated the structure of SERCA2b
(Inoue et al. Cell Rep. 2019). This information may help to
understand the activation mechanism of SERCA2b pump
through ERdj5. On the other hand, we have revealed the
mechanism of the electron transfer to ERdj5 from the nascent

chain.



3: Functional analysis of a novel protein, mysterin. We
demonstrated that mysterin participates in the physiological
angiogenesis during zebrafish embryogenesis (#Liu, #Morito
et al., PLOS ONE, 2011; Kotani, *Morito et al., Sci Rep,
2015) and that mysterin forms a huge toroidal oligomer and
changes its overall structure through ATP-binding and
hydrolysis (Morito et al., Sci Rep, 2014).

mysterin’s physiological and pathological functions in cells

However,

remain largely unclear. We explored mysterin binding proteins
expecting their functional correlation with mysterin, and found
that a deubiquitylating enzyme USP15 deubiquitylates and
stabilizes mysterin in an isoform specific manner (Kotani,
*Morito et al., Sci Rep, 2017). Moreover, we recently
identified its significant involvement in lipid metabolism in
cells. This function is largely impaired by moyamoya disease

mutations (Sugihara, *Morito et al., J Cell Biol, in press).
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Fig. 2 Three YIPF complexs and their localization
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3. Research projects and annual reports

Golgi apparatus is situated at the center of the secretory
pathway. There, newly synthesized secretory proteins are
modified with glycosylation, sulfation and the peptide
chain processing. The fully modified proteins are then
sorted and dispatched for their final destinations, such as
lysosome and plasma membrane. The Golgi apparatus is
conserved widely in eukaryota from monocellular fungi
and protozoa to multicellular plants and animals. The
Golgi apparatus has a cisternal structure. In most of
animals and plants, the Golgi cisternae are stacked in
several layers and these are further connected laterally to
form a ribbon like structure in vertebrate (Fig. 1). We are
trying to understand the supporting molecular mechanism
and physiological significance of this peculiar structure of
the Golgi apparatus.

Golgi apparatus is disassembled and equally inherited to
the daughter cells during the mitosis. We found that
disassembly is primed by the phosphorylation of GM130
(Nakamura et al., Cell 89 p445, 1997). We also found that
the disassembly is necessary for the onset of mitosis
(Yoshimura et al. J. Biol. Chem. 280 p23048). On the
other hand, the Golgi apparatus is closely bound to
centriole and surrounding microtubules in interphase.
Continuous reassembly of the Golgi apparatus is necessary
to re-orientate the centriole to the front of the cells, which
enables the directed movement of the cells. We found that
the phosphorylation of GRASP65 is important for this
reorganization of the Golgi apparatus (Bisel et. al. J. Cell
Biol. 182 p837).

Recently, it was reported that the disorganization of the
structure or function of the Golgi apparatus can cause
neurodegenerative disorders including Alzheimer’s disease
and ALS. It was also reported that some Golgi resident
proteins are involved in the control of cytoskeleton, cell
polarization and signal transduction and the disfunction of
these proteins can cause cancer. The diseases caused by
the structural and functional defects of the Golgi apparatus
are now called as “Golgipathy” and the research in these
subjects became important to understand the pathology
and find new targets to treat these diseases.

(1) The analysis of the function of YIPF proteins

We found YIPF proteins as a family of multi-span
transmembrane proteins localizing in the Golgi apparatus.
They are candidate target proteins for GM130 and
GRASP65 and supposed to function in the structural



maintenance of the Golgi apparatus. Saccharomyces
cerevisiae has four family members (Yiplp, Yiflp, Yip4p,
Yip5p) while human has nine family members (YIPF1~6,
YIPIB, YIF1A, YIF1B). A homologue of Yiplp binds a
Yiflp homologue as a pair and form a complex. There are
three distinct complexes (1~3) in human cells. Complex 1
localizes at early Golgi (ERGIC), complex 2 localizes at
middle (i-Golgi) and complex 3 localizes at late Golgi
(medial-, trans-Golgi, TGN) (Fig. 2).

All 4 orthologues corresponding to Saccharomyces
cerevisiae YIPFs were identified in virtually all eukaryotes
in protein sequence database. In addition, two more
orthologues corresponding to human YIPF3 and YIPF4,
YIPF5 were identified in holozoa including metazoa. No
orthologues for YIPF3 or YIPF4 was identified in
eukaryotes other than holozoa suggesting that evolution of
these proteins played some important role in multi
cellularization and evolution of metazoa, i.e. animals.

Nine orthologues were identified from Telesotomi to
mammals suggesting that the increase of the homologue
number played some role for ossification of vertebrate.

(2) The mechanism of small chorion phenotype of
GlcNAcTI—GFP transgenic zebrafish

We have found that some females of GlcNAcTI-GFP
transgenic zebrafish lay eggs with smaller chorion (70%
diameter). It was found that this phenotype was correlated
with stronger GFP florescence. Therefore, it was suggested
that the phenotype was caused by the higher expression
level of GIcNACTI-GFP, which is predicted to retain
enzymatic activity.

Until last year, we identified integration of transgene
(Tg) on 23rd chromosome in normal chorion fishes. This
year, we identified integration of transgene (Tg) on 25th
chromosome in small chorion fishes from the collaboration
with Dr. Sakamoto and Prof. Kimura (Dpt. Bioresource
and Environmental Sciences). This was confirmed by PCR
analysis. Surprisingly, many small chorion fishes showed
integration of Tg at both 23 and 25 chromosomes.
Therefore, it was suggested that the higher Tg expression
from two integration site caused the small chorion

phenotype.
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3. Research projects and annual reports

Research Project: How the brain expresses a variety
of neural function still remains enigmatic. We are
studying regulatory mechanisms underlying synapse
differentiation at molecular levels, and also try to
understand a genetic program that globally organizes
the neural circuits in the brain. To approach these
problems, we employ a small brain of Drosophila,
which comprises 10° neurons, only a millionth the size
of a human brain. Our research currently focuses
cleft

analyzing

matrix,
the

formation, and revealing roles for matrix in synapse

on the synaptic identifying its

components, process of matrix
differentiation and brain functions.

The hig (hikaru genki) gene, identified by a mutant
phenotype of reduced locomotor activity (Hoshino et
al., Neuron 1993), encodes a secretory protein with
CCP domains

domain. Hig protein localizes to the synaptic clefts,

multiple and an Immunoglobulin
forming matrix at cholinergic synapses, in the brain
(Hoshino et al., Development 1996; Nakayama et al.,
J. Neurosci. 2014, 2016). The goal of this project is to
identify new proteins that constitute synaptic matrix,
and also to reveal how these proteins are organized in
order to form functional matrix during synaptogenesis.
In addition, we are interested in building a new model

of synaptic structure because the current model lacks



the details of synaptic cleft that should be an essential
component of synapses.

Annual reports:

The synaptic cleft protein Hig prevents an inhibitory role
for the nAChR subunit Do5 in maintaining the receptor
levels.

Presentation of nicotinic acetylcholine receptors
(nAChR) on the postsynaptic membranes is a crucial step
for synaptic differentiation that leads to the generation of
brain functions. However, the molecular mechanisms
underlying the regulation of synaptic nAChR levels
remain to be revealed in the central synapses. A genetic
screening for suppressor mutations of Ahig, which
encodes a secretory protein specifically localized to
cholinergic synaptic clefts in Drosophila, resulted in
identifying two recessive mutations in the gene encoding
nAChR subunit Da5. The suppressor mutations as well
as null mutations of DaJ5 rescued the lethal phenotype of
hig mutants, whereas loss of functions of other nAChR
subunits did not as revealed in RNAi experiments. Thus,
Da5 notably causes a lethality in the animals that fail to
produce Hig. The synaptic levels of nAChR subunits
Da5, Da6 and Da7 were all decreased in hig mutants,
but the loss of Da5 in Aig mutants increased Da6 levels
and also upregulated both Da6 and Da7 levels in the
wild type. In addition, overexpression of Da5 caused a
decrease in Do6 and Da7 levels. These data indicate that
Da5 inhibitorily controls the synaptic levels of nAChR,
and the inhibition is enhanced by the loss of Hig that
anchors Da5 on the postsynaptic membranes.
Domain-swapping experiments among Da5, Da6 and
Da7 indicate that the extracellular domains of Da5 and
Da7 are able to interact with Hig and the succeeding
C-terminal domain of Da5 functions in reducing nAChR
levels, possibly through endocytosis. Da5, Da6 and Da7
subunits make a distinct contribution to the control of
nAChHR levels.
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Synaptic cleft protein Hig inhibits endocytosis of an

AchR subunit Da5 to regulate AchR clustering.
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3. Research projects and annual reports

Gene expression is regulated not

but

only by the
by the
post-transcriptional control of mRNAs. mRNA stability

transcriptional ~ mechanisms also
is a major determinant of both amount and timing of

protein expression, thereby essential for complex
biological processes such as development. By using
zebrafish embryos as a model system, we discovered that
codon composition determines mRNA stability after
fertilization. These codon effects on mRNA stability are
dependent on translation by the ribosome, indicating that
the codon effects stem from the decoding process by
tRNAs. In addition to this novel function of codons,
recent studies highlighted prevalent changes in tRNA
amount and modifications, ribosome and its binding

factors under different cellular environments.
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codon-mediated mRNA decay, we have performed PACE R4 mRNA HIE K- L 1L TD tRNA 1A 227 /3

in zebrafish 2znf598 mutant embryos. Our results WFFERERE B IE— RS, BUSAFEE H29-30 4 (2 4F)
indicated that codon-mediated mRNA decay occurs B8 24 B 4 - SR AFSE (B)

independently of Znf598 and NGD. MU CRNA A R A E MRS 7 F VIS A L il
(C) Establishment of a zebrafish mutant for tRNA ZFHERE mRNA 53 fif & O H A%

modification enzyme Qtrtl WFPEARFER BRI 2 M US4 | H28-30 4F (3 4F)

The codon-decoding process is affected not only by 2) HMHEE 72l

tRNA amounts but also their chemical modifications. To 3) FAMEE)

analyze the effect of tRNA modifications on ZURBE—BL: HAR RNA 25 v U7 /321y
codon-mediated mRNA decay, we focused on a F& FR7ul/I75%KE

queuosine modification, which is present at the first SUEHE—BR: AR EWY R RAY - E B

position in anticodons of tRNA Tyr, His, Asn, Asp. To 4) ZE% L

generate a zebrafish mutant lacking a queuosine 5) Zofh 7L

modification enzyme Qtrtl, we performed

genome-editing by CRISPR-Cas9 and obtained a mutant
line that cases frameshift within exon 4 of qtrtl.

4. X, EBLY W
Y. Fujino, K. Yamada, C. Sugaya, Y. Ooka, H. Ovara, H. Ban, K. e E DR (2018 4 9 H)
Akama, S. Otosaka, H. Kinoshita, K. Yamasu, Y. Mishima, A.
Kawamura: Deadenylation by the CCR4-NOT complex
FERERF DR SERLJE D 3 AR
(2018 9 1)

contributes to the turnover of hairy-related mRNAs in the
zebrafish segmentation clock. FEBS Letters. (2018) 592,
3388-3398.

Y. Mishima: PAINTing translation. Nat Chem Biol. (2018) 14,
832-833 (G AL
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3. Research projects and annual reports

We have been studying the bioenergetics which is a
biological field including the study of energy conversion in
living organisms and the cellular processes such as
metabolism, respiration, and ATP production. Our final goal is
to clarify and describe how living organism transform and use

energy to live.

Based on these points, we have carried out three themes;
(1) Molecular mechanism of rotary ATPase/synthases,
V-ATPase and FoF.
(2) ATP homeostais in living cells
(3) Structural biology using Cryo electron microscopy
Achievements in 2018

1)  CryoEM structure of V type ATP synthase
Vacuolar type ATPases (V-ATPase) are widely distributed in
organisms and function as a proton pump responsible for
acidification of intracellular compartments such as a lysosome,
Golgi apparatus, endosome so on. In our labo, we have
attempted to determine the structure of V-ATPase by single
particle analysis using cryo electron microscope. For imaging
of V-ATPase, LMNG was used for solubilization detergent to
reduce detergent concentration. Cryo-images of V-ATPase
particles were obtained by cryo-EM Titan krios(FEI). Single
particle images of V,Viwere picked up by RELION, then 2-D
averaged class images were reconstracted from the collected
images. Finally, we obtained three 3D averaged class images
from nearly ~220k particles at resolution of 5.0 A, 6.6 A, and
8.3 A, respectively. These structure revealed, (i) how the
surrouding stator parts move during rotation of central rotor,
(i) these strcutures are 2-ADP form corresponding to ADP
inhibited
embedded domain was visible, likely responsible for proton
This

Communication (2018). Furthermore,

structure, (iii) aqueous cavity in membrane

translocation. results were published in Nature

we improved the



resolution of cryoEM map by using gold grid and Falcon Hack
which allowed us to correct the beam induced motion of each

single particle of VoV1.

2)

General anesthetics are indispensable for effective clinical

Reduction of ATP levels in cells by general anesthesia

care. Although lipid bilayers and proteins have been discussed
as the target of general anesthetics, the action mechanism of
general anesthetics remains controversial. In this study, we
focused on the relationship between cellular ATP levels and
general anesthesia. The ATP levels of nematodes and cultured
mammalian cells were decreased by exposure to three general
anesthetics: isoflurane, pentobarbital, and
1-phenoxy-2-propanol. Furthermore, these general anesthetics
abolished mitochondrial membrane potential, resulting in the
inhibition of mitochondrial ATP synthesis. These results
suggest that this decrease of cellular ATP level is a common

phenomenon by general anesthetics.

4. ER, BEGE

*Corresponding author

1. Nakanishi A, Kishikawa J, Tamakoshi M, Mitsuoka K,
*Yokoyama K. Cryo EM structure of intact rotary
H*-ATPase/synthase from Thermus thermophilus. Nat
Commun. (2018) doi:10.1038/s41467-017-02553-6

2. Kishikawa J,
Nakanishi A, Tanabe T, Imamura H, *Yokoyama K.

Inoue Y, Fujikawa M, Nishimura K,

General anesthetics cause mitochondrial dysfunction and
reduction of intracellular ATP levels. PLoS One. (2018)
https://doi.org/10.1371/journal.pone.0190213
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3. Research projects and annual reports

Diversified microorganisms are able to colonize the
intercellular, and sometimes also intracellular, spaces of
plant tissues, without causing apparent damage to the host
plant. Rhizobia and bacterial endophytes have been isolated
from several tissues in numerous plant species. Such many
bacterial strains have beneficial effects on plant growth and
health. Since the addition of such characteristics to plants
by colonizing microorganisms is useful as a material for
agricultural production, some strains of them are studied in
terms of the molecular mechanisms of establishment inside
plants and their functions well. We have been studying the
genomes of environmental microorganisms, especially
plant-related bacteria, Mesorhizobiumi, Bradyrhizobium,
and Azospirillum. The genomic information provided
valuable insights into the life of the bacteria, including
information about interactions with host plants. The plant
interaction properties of bacteria that colonize plants often
do not correlate with the microbial lineage, and they vary
among closely related lineages, so the factors remain
largely unknown. Environmental genomic analysis also
shows that uncultured microorganisms may constitute a
majority of such microbial populations. Against this
background, we will study symbiotic systems based on
information obtained from genome research on plants and
symbiotic microorganisms, with the aim of clarifying how

plants and microorganisms can coexist.



(1) Among organelle genomes, plant mitochondrial DNA
(mtDNA) is characterized by a large number of different
repetitive sequences. Homologous recombination between
the repeated sequences appears to be responsible for the
intramolecular and intermolecular recombination that
generates DNA molecules of varying composition. It is also
known that such mtDNA recombination produces genes that
cause cytoplasmic male sterility (CMS). Onions can also
cause mtDNA CMS. Therefore, we analyzed mtDNA
differences among onion lines and onion mitochondrial
transcripts. The mtDNA composition was analyzed by NGS
and PFGE. In the onion variety "Momiji 3", mtDNA is
composed of 3 replication units. RNA editing positions
were identified from the transcript analysis. RNA editing
was detected in each 6 gene (nadl, nad4L, atp6, atp9,
cemFC, orf725). The RNA-edited orf725 is a candidate
gene for CMS.

(2) The nitrogen-fixing symbiosis of legumes and rhizobia
is established by a complex interaction between the two
symbionts. Host Fix- mutants form nodules but cannot
induce nitrogen fixation of rhizobia. Lotus japonicus apnl
is a Fix- mutant that shows typical premature senescence
when inoculated with the Mesorhizobium loti TONO strain
to form nodules, but the infected cells in the nodules
disintegrated and successively became necrotic. However,
when inoculated with M. /loti strain MAFF 303099,
effective nodules are formed. The identified causal gene of
apnl encodes nepentesin-type aspartate peptidase (LjAPN
1). Thus, the expression of a functional Arabidopsis
aspartate peptidase, CDR1, in apnl complements the strain
specific Fix- phenotype. LJAPNI1 is a typical late nodulin,
and its gene expression is induced during nodulation.
LjAPN1 is abundantly expressed in infected cells of
nodules. LjAPN1 is required for the development of
nodules and the persistence of functional symbiosis,
depending on the rhizobial strain. Thus, it is shown that the
loti is

compatibility between M. and L. japonicus

determined at the nitrogen fixation level.
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3. Research projects and annual reports
We focused on the maintenance mechanisms of DNA
variation in Plant species. We are interested in the

following four topics.

1) Evolutionary process of Centromere regions

Centromere is an important area for accurate
chromosome segregation but is also one of the fastest
evolving regions in the genome. By using Arabidopsis
relatives, we are analyzing evolutionary pattern of
centromeric sequences. We found novel repeat from
Turritis glabra with no homology to previously known

centromeric repeat from any species. T galbra also has
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very complicated repeat structure with chromosome

specificities.

2) Patterns of Transposable Element Evolution

Genomic organization of transposable elements were
analysed in Brassicaceae species. Intergenomic
transpositions were detected in several families of
transposons in  allopolyploid species suggesting
expansion of transposon copies and also influences of
genome shock during polyploidization process. Also,
some active transposons were determined by using wheat

background that can be used for tools for breeding

3) Effect of Epigenetic regulation on Evolution
Epigenetic regulation can affect evolution patterns
through change of chromatin structure. We focused on
imprinting genes to analyse divergence patterns. We
determined imprinted gene candidate in Brassica rapa
and found that the number of imprinted gene is much
than that We

imprinted gene

larger in other species. compare
conservation and variation of the
repertoire and possible causes of differences among
species. We also analysed patterns of DNA methylation
in chloroplast derived nuclear genomic regions. The
directions of DNA substitutions were highly biased
depending on the time of integration of chloroplast
genomic DNAs to nuclear genome. The biased mutation
might be related to cytosine methylation. We confirmed
that the DNA methylation was regulated only partly by
RNA dependent DNA methylation machinery but mainly

by chromatin remodeling mechanisms.

4) RNA editing evolution among Brassicaceae species
We

several Brassicaceae species to analyse RNA editing in

determined complete chloroplast genomes of

chloroplast genome. The presence-absence of RNA
editing are related to phylogenetic clustering indicating
conserved nature of RNA editing variations. We also
determined several genes associated with the RNA
editing by comparing the pattern of divergence of RNA
editing.
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3. Research projects and annual reports
We

environmental

are interested in plant development and

interactions. Currently, we have been
focusing on the following four major projects.
(1) Analysis of phenotypic plasticity of leaf shape

Plant can alter their development, physiology and life
history depending on environmental conditions, which is
called phenotypic plasticity. The North American lake
cress, Rorippa aquatica, shows heterophylly, phenotypic
plasticity on leaf shape. Submerged leaves are usually
deeply dissected and has needle-like blade, whereas
emergent leaves are generally entire with serrated or
smooth margins (Fig. 1). We investigate the mechanism of
the heterophylly of lake cress.

To understand the mechanism of heterophylly, we have
performed genomic analysis. To obtain chromosome level
assembly, clustering and scaffolding of draft assembly
sequences using 3D DNA pipeline with Hi-C (Chromatin
conformation  capture  sequencing) reads  was
performed.After computational and manual
15 like and 2043
scaffolds that is not grouped into chromosome cluster were

BUSCO

analysis

curation, chromosome sequences

obtained. To validate assembled sequences,
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(Benchmarking Universal Single-Copy Orthologs) analysis
was performed. In the results, 94.4% of orhtologs that
conserved among land plant species were found from R.
aquatica chromosome like sequences. It showed that
chromosome sequences covered almost all coding region.
And also, 49.4% of single copy genes were duplicated in R.
aquatica. It suggested that R. aquatica genome underwent
large scale chromosome duplication.

(2) The evolutionary-developmental study on leaf shape
Leaf shape is one of the most diverse character all in
biology and divarication patterns are key factors that
determine leaf shapes. We analyzed a variation in the
divarication patterns of leaves of Microsorum pteropus,
and its varieties.

a semi-aquatic fern, Time-lapse

imaging analysis revealed localized growths and
dissections of blades near leaf apex. Restricted cell
divisions responsible for the apical growths were
confirmed using a pulse-chase analysis using EdU
labeling assays.

(3) Molecular studies on the mechanisms of vegetative
propagation
Some plant species have an amazing regenerative
capacity and naturally regenerate entire individuals from
explants, while many other species require optimized
hormonal application. Although vegetative propagation by
regeneration is widely observed across various plant
species, the underlying regulatory mechanisms are mostly
unknown owing to the lack of suitable experimental
models. We have established a novel model system to
study these mechanisms using an amphibious plant,
which

undergoes vegetative propagation via regeneration from

Rorippa  aquatica  (Brassicaceae), naturally
leaf fragments. Time-series RNA-seq analysis revealed
that auxin and cytokinin responses were activated after
cutting the leaves, and the expression of genes related to
the regeneration pathway were upregulated at the proximal
side of the leaf fragments. The results of cultivating leaf
fragments on medium containing auxin, cytokinin,
gibberellin, and their inhibitors indicated that both auxin
and gibberellin are required for root regeneration, and
cytokinin is important for shoot regeneration in R.

aquatica.
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3. Research projects and annual reports

The draft genome sequence of the Japanese honey bee,
Apis cerana japonica (Hymenoptera: Apidae)

Honey bees are not only important for honey production
but also as pollinators of wild and cultivated plants. The
Eastern honeybee (Apis cerana) is more resistant to
several pathogens than the Western honeybee (Apis
mellifera),

nominotypical subspecies, A. cerana cerana, northern

and the genomes of two strains of the
(Korea) and southern (China) strains, have been
sequenced. Apis cerana japonica, another subspecies of
A. cerana, shows many specifi ¢ features (e.g. mildness,
low honey production and frequently absconds) and it is
important to study the molecular biological and genetic
aspects of these features. To accelerate the genetic
research on A. cerana japonica, we sequenced the
genome of this subspecies. The draft genome sequence of
A. cerana japonica presented here is of high quality in
terms of basic genome status (e.g. N50 is 180 kbp, total
length is 211 Mbp, and largest contig length is 1.31 Mbp)
and BUSCO results. The gene set of A. cerana japonica
was predicted using AUGUSTUS software and the set of
genes was annotated using Blastp and InterProScan, and
GO terms were added to each gene. The number of genes
is higher than in A. mellifera and in the two strains of A.
cerana cerana sequenced previously. A small number of
transposable elements and repetitive regions were found
in A. cerana japonica, which are also in the genomes of
A.mellifera and the northern and southern strains of A.
cerana cerana. Apis cerana is resistant to several
pathogens We
searched for 41 orthologs related to the IMD and Toll

pathways, which have key roles in the immune reaction

that seriously damage A. mellifera.

to invading pathogens. Some orthologs were not identifi
ed in the genome of the northern strain of A. cerana
cerana. This indicates that the Toll and IMD pathways
function in the same way as in A. mellifera and
Drosophila melanogaster. Use of the draft genome
sequence of A. cerana japonica provided herein and
those of the other Apis (sub)species may help to
accelerate comparative research on the genome of honey

bees.
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R B A H.2 5, ZO KIS Fr YL 2 O KOG OFEM
ZIHLMTT L, B2 72 ADP URY LA EE S () L2 D
FEEE G IR TOR &R 2 1D T D,
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ADP URI AL TS [a L2 AN ~BE T DT Aoy
Ib 25725, M Aray b O EHEREIZ %Y T
FeEHED TS,

2. REEOMERR
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o TR SN, BV T, A OB ATk}
LT EERm 2R T2 bMENED LN TEX,
Fex DTN —T Tl BTG A e LT/ Ok
® ADP DR AL 5 O e 2 FRICEE Z o)
TEEDBEERPEALICT D E R EIT > T D,
ZTOEERMICONWTEILRLERELE D DD,
DNA % ADP URIIUAL 3 5% 55 O Ik EFE BE | B vk %
HHMFRAEAT 572, AR E IS TSI 5 ScARP 28
FAET D, Bl ScARP DiEWE, B3
HOHHEAD DNA Z4F TR L . ScARP XK 53+ D7
TV K LR R EZ RS e Thole, 20T T =0
e FLAE DN THD TN EE 2 | SCARP & GDP o Jh 5
BEATVWEDOREEZ A SN LT, BN fE %2, BE
\ZH 2 DIHEIE Z I SN LTV A, RhoA @ Asn & ADP
URI AL T 5 C3 B xt b Lz, EHOBLEEFE D ARTT
N—7 L® GIn(Q)AS SCARP T/ 7T =%, 69— H D
C3 TIE Asn OFRFEREAT > T2, T O HE RHRERS 1.
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ScARP Cc3 Superimposed
GDP RhoA
NADH NADH
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WHNT AR ThHD, la T 7F D ADP VR 1l
FHEARI T 27201201 I AOKBEME T VLAY~
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5l(pro)e 75KDa @D 4 DDR AL U NEIRHRT A (Ib)IDH72
b, KIGHE CTHRIESHEZ GST-pro-Ib 2R 7L FEH
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T WOk AT 2 36 T o7z, BUIEZ OfRAT Okt &, Yo
TNRIEEEZDZET, VR WA REED T — 4% G
TERVDERFIZIMZTWD,
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LEEAFSTVDHEBZ R HILD, BN EIRR O R O/EH
KETEZ BB 2720 VopC DO Sh ST 21T 72,
BEIZ VopC L7 HE THLHRIGE D Cnfl OREEIZIGH
272> TCND0S, Z OB FF BRI S 72D | Cnfl TiL RhoA
BETHD, ZNHOPTIRILTEHE D Rho GTPase D
AR L SUSHERR 1T, IE 2 RE L O AIROREIE N
SN TARWZDIZE D> TR, Tz X HR D &L
72T T, Cded2 AR TOMEIEMNT L Bkt
DT D FE I BARE TRt 2 D TN D, £
DHEARDREIEPGOIL, ZOFRERE AL FITT 41— Ry
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3. Research projects and annual reports

We have been focusing our research on the structural biology of
infectious disease. Especially our target is macromolecular complex
and we would like to reveal the interaction between the infectious factor
protein and human protein. These basic researches were expected to
find a novel drug in infectious disease.

(1) ScARP is a member of the pierisin family of DNA-targeting
ADP-ribosyltransferases (ARTs). Pierisin group enzymes ADP-
ribosylate the N> amino groups of guanine residues in DNA to
yield N2-(ADP-ribos-1-yl)-2’-deoxyguanosine. Though the
structures of pierisin-1 and Scabin were revealed recently, the
mechanism of specific substrate recognition was poorly understood
because of a lack of substrate-binding structure. We revealed the

structure of SCARP bound to NADH and GDP (substrate). The structure
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showed that guanine of GDP was trapped between N-ribose of NADH
and Trp159. Interestingly, N> and N* of guanine form hydrogen bonds
with OE1 and NE2 of GIn162, respectively. We present the first direct
observation that the ADP-ribosylating toxin turn-turn (ARTT)-loop
including Trp159 and GInl62 plays a key role in the specificity of
DNA-targeting guanine specific ART as well as protein-targeting ART
such as C3 exoenzyme. We propose that the ARTT-loop recognition is
a common substrate recognition mechanism in the pierisin family.
Furthermore, this complex structure with minimum elements of ADP-
ribosylation sheds light on similarities and differences among two
major subclasses that are distinguished by conserved structural motifs:
H-Y-E in the ARTD subfamily and R-S-E in the ARTC subfamily. The
spatial arrangements of electrophile and nucleophile are same,
providing the first clear insight of the common reaction mechanism in
both ARTs. ARTC (ScARP) uses the ARTT-loop to recognize substrate
whereas ARTD (Arr) uses the C-terminal helix instead of the ARTT-
loop. These characterizations would facilitate to make better inhibitors

of ARTs.

(2) Iota-toxin from C. perfringens type E is a binary toxin composed of
an enzymatic component (Ia) and a pore-forming protein translocon (Ib).
Ia is an ADP-ribosylating toxin that ADP-ribosylates actin. ADP-
ribosylation of G-actin at arginine 177 causes the depolymerization of
the actin cytoskeleton and finally leads lethal and dermonecrotic in
mammal cells. On the other hand, Ib of binary toxin is important
machinery for protein translocation: la translates over the membrane to
the cytosol via Ib pore-foming translocon.

We would like to reveal the structure of pre-pore and pore of Ib using
cryoEM and crystallography. Our final purpose is to understand the

mechanism of Ia translocation via Ib.

(3) Effector of V. parahaemolyticus

Vivrio parahaemolyticus is a Gram-negative marine bacterium that
cuases acute gastroenteritis in humans. The virulence is dependent of a
type III secretion system and VopC is one effector which is homologue
of the catalytic domain of cytotoxic necrotizing factor (CNF). VopC
was reported to deamidate Racl and Cdc42 but not RhoA. To
understand the mechanism of recognition of Rho GTPase and ADP-
ribosylation, we are going to solve the structure of VopC together with

biochemical studies.
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3. Research projects and annual reports

We have proceeded with the following five projects:
1: Production of useful transplastomic plants.
2: Development of a new chloroplast transformation vector
that can replicate autonomously in chloroplast.
3: Comparative mitochondrial genomics of male-sterile
crops using NGS.
4: Studies on the molecular mechanism of the male-
sterility/fertility restoration system in radish.
5: Comparative mitochondrial genomics of Triticum and
Aegilops using alloplasmic lines of common wheat.

The first project aims at producing various transplastomic
plants that are useful for human beings. Currently, several
transplastomic plants (containing genes like apx, ferritin,
etc...) have been produced using tobacco as a model plant,
and experiments to produce transplastomic crops including
tomato, wheat and lettuce are underway. Transplastomic
lettuce containing either ferritin or gskh/ gene has been
produced.

The second project is inspired by the results of the first
project; we have accidentally obtained a variegated
that contains dipartite

transplastomic tobacco plant

chloroplast genome. Since this plant is expected to serve
as a unique resource to develop a new chloroplast
transformation vector, we are now conducting several
experiments related to this subject.

In the third project, mitochondrial genomes of several
crops such as barley, rye and onion have been analyzed.

The fourth project tries to reveal interaction between
mitochondrial and nuclear genomes using a male-sterility
and fertility restoration system found in radish. Genetic
variations in both mitochondrial orf138 and nuclear Rf

genes have been examined. Evolutionary aspect of the
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system is also drawing attention.

The fifth project concerns the mitochondrial genome of
Triticum and Aegilops species. It is well known that the
mitochondrial genome of some species in the genera
influences on the phenotype of alloplasmic lines of
common wheat. In order to reveal a mitochondrial gene(s)

the

alloplasmic and euplasmic lines of common wheat, their

responsible for phenotypic difference between
complete mitochondrial genome sequences have been

determined using the next-generation sequencer.
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3. Research projects and annual reports

Genetic diversity retained in populations is an essential
material for adaptive evolution and breeding of plants and
animals; species can adapt through natural selection to
changing environment, if they have sufficient genetic diversity.
Breeders of domesticated plants and animals can genetically
improve their materials by artificial selection on genetic
variability. Our laboratory is researching the methodology
for evaluation, maintenance and utilization of genetic diversity
in wild and domesticated animal populations. Our main
research projects and the annual reports are as following:
1:  Construction of selection criteria in guide dog breeding

Suitability for guide dog has been judged by evaluation



with 42 items. For the purpose of selective breeding, the
evaluation items should be condensed into a small number of
selection criteria. We applied principal component analysis
to result of the evaluation in Asia Guide dogs Breeding
Network (AGBN), and extracted four principal components.
With the factor loadings in the principal components, four
selection criteria were constructed.
2: Maximum avoidance of inbreeding in haplodiploid
populations
Extension of maximum avoidance of inbreeding (MAI) to

haplodiploid populations is considered. For a haplodiploid
population with a Fibonacci number of females, a set of
mating systems to avoid inbreeding to the maximum after the
practice of one cycle can be defined. But unlike MAI in
diploid populations, repetition of the practice cannot be MAI
in the global range of generations, with a trivial exception of a
population with 3 females. Numerical comparison with
random mating and circular half-sib mating showed that as in
diploid populations, MAI in haplodiploid populations attains a
lower inbreeding coefficient in early generations at the
expense of a higher asymptotic rate of inbreeding.
3: Development of statistical method for estimating colony
density in bumblebee populations using microsatellite markers

Bumblebees (Bombus spp.) are important pollinators of
both wildflowers and crops. In recent year, declines of
population size have been reported in many Bumblebee
species in various countries. In order to design effective
conservation plans, nest (colony) density in a habitat is an
essentially important information. We proposed a novel
method for estimating nest density using molecular genetic
markers, by extending the concept of neighborhood size in
population genetics. The obtained method will be applied to

an endangered bumblebee species in Hokkaido.
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3. Research projects and annual reports

We have been setting our research theme on the
functional regulation of higher plant chloroplast.

Plants have photosynthetic ability to convert carbon
dioxide into organic compounds, especially sugars, as
unique feature. The photosynthesis in higher plants
which of

multilayered membranes, and pushes forward carbon

occurs in chloroplasts are comprised

9

dioxide fixation. Chloroplasts have various regulation
mechanisms of photosynthesis that is an important
function for plants. Particularly, we focus on redox
regulation in modulation system of higher plant
chloroplast, and have major two research projects as
follows:
1: Functional analysis of stromal thioredoxin family
proteins in redox regulation system.

Thioredoxins regulate the activity of chloroplast
by disulfide

light-dependent Previous in

enzymes reducing bonds in a

manner. vitro studies
indicated that f~type thioredoxins are the most efficient
redox regulators; however, f-type thioredoxin mutants
did not show any obvious phenotypes. We used in vivo
studies to show that the more abundant m-type
thioredoxins are more important regulators of Calvin
Cycle enzymes. These results highlight the need for in
vivo studies. Furthermore, we recently started to research
functional relationship between light reaction and redox
regulation by thioredoxin.

2: Development of a simple and efficient tool for
molecular biology.

Recently, various restriction endonuclease cleavage
site-independent cloning methods that overcome the
limitations associated with the lack of unique restriction
enzyme sites have been described (the so-called
"seamless cloning" method). Seamless DNA assembly
kits

Overlapping sequences present at the 5’ - and 3’ -ends

have also become commercially available.
of DNA fragments are combined by these methods in
vitro. The Seamless ligation cloning extract (SLiCE)
method can use extracts from the commonly available
Escherichia coli laboratory strains as an alternative
seamless cloning method; these extracts can be easily
prepared in the laboratory. By using the SLiCE-method,
we constructed a novel series of high efficiency vectors
for TA cloning and blunt-end cloning of PCR products.
These three vectors for PCR cloning showed high
efficiency cloning rate and low cost for vector
preparation. Three pCRT, pCRZero, and pCRZeroT

plasmids are available from plasmid repository Addgene.
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3. Research projects and annual reports

In the field of plant breeding, F1 hybrids have many genetic
advantages and contribute to the increase of worldwide crop
production. For the efficient and stable F1 hybrid production,
cytoplasmic male sterility (CMS) is the most useful genetic
characteristic. Besides the practical importance of the CMS,
it is useful to study the interactions between nuclear genes
and mitochondrial ones from scientific view points,
especially for molecular and evolutional genetics. Thus, we
have been studying the CMS of various plants both in order
to know the evolutional processes and to exploit new
breeding materials.

1) Ogura CMS and its fertility restoring genes.

Ogura CMS found in a Japanese radish is the most
important one in Cruciferous plants, being used worldwide.
We have been studying the distributions and differentiations
of Ogura CMS gene, orf138. Whereas, we found that various
wild and cultivated radishes possess fertility restoring genes
for Ogura CMS. Hitherto, two fertility restoring genes were
known. One is orf687 in a Chinese variety, and another is Rft
distributed in Japanese wild radishes. We observed that a
European radish cultivar has a fertility restoring gene
different from both of orf687 and Rfi. We examined the
distribution of orf138 and its type in Fi varieties cultivated in
Japan. We also studied the differentiation of fertility restoring
genes in radish.

2) New male sterile plants derived from the cell fusion.

We obtained somatic hybrids showing male sterility
between Arabidopsis thaliana and cabbage varieties
(Brassica oleracea). Progenies of the somatic hybrids were
produced by successive back-crosses with B. oleracea. So
far, the pollen fertility was investigated in the BCs progenies.
The BCs progenies were segregated into completely male
sterile plants and partially fertile plants. However, all the BCs
progeny plants had the identical structure of mitochondrial
genome. Further back-crosses and observation of pollen
fertility are now undertaken.

3) CMS of radish and eggplant by cytoplasm substitutions.

With the purpose to enlarge the numbers of CMS material
plants, we are analyzing the molecular characteristics of

alloplasmic radishes and eggplants under the collaborative



projects with other institutions. We found unique orfs in male
sterile alloplasmic lines both in radishes and eggplants. By
the studies of their expressions, it was suggested that they are
promising candidates of causal genes of CMS. Furthermore,
we exploited DNA markers of fertility restorer genes of
eggplants. The markers would be useful to identify the
restorer genes and to clarify the mechanisms of CMS and

fertility restoration.
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a transcript analysis
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3. Research projects and annual reports
We investigate the mechanisms of developing
emotional

memory in the hippocampus-amygdala
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connections and the acquisition of neural plasticity in the
limbic system. Furthermore, we aim to develop diagnostic
methods and therapeutic drugs for the relief of epilepsy,
anxiety, and mood disorders based on the clarification of
the mechanism.

Epileptic model mice and stress-sensitive model mice
showing the anxiety, sleep disorder, and hormonal
homeostatic change were used. Our approach was to check
the symptoms of the models by behavioral and
physiological analyses and to clarify causal molecules by
histological and biochemical analyses. The topics of

research and the content were as follows.

1:Clarification of mechanism of epilepsy progression and
the comorbidity.

Amygdala-kindling model mice are analogous to
secondarily generalized complex partial seizures and a
model of temporal lobe epilepsy in humans, showing
abnormal neural plasticity. Using kindled mice, we have
found two molecules responsible for epileptogenesis, a
growth hormone and a sialyltransferase.

First, we found that the expression of growth hormone
was up-regulated along neural circuits during the
epileptogenesis. The administration of the hormone into the
hippocampus markedly enhanced the progression of
kindling. Furthermore, the infusion tests of growth
hormone and the receptor antagonist demonstrated that the
expression level of Arc mRNA was strongly correlated with
locomotor activity level and that the correlation was
completely discriminable among vehicle-, growth
hormone-, and the receptor antagonist-groups. In this year,
13 urinary volatile organic compounds (VOCs) exhibited
differential abundance between epileptic and control mice,
and the corresponding areas under the receiver operating
characteristic (ROC) curve were greater than 0.8. TLE
induced by amygdala stimulation could affect both
endogenous metabolites and the gut flora.

Second, we previously demonstrated that the
sialyltransferase ST3Gal4 was upregulated within the
neural circuits during epileptogenesis, in contrast, recently
that kindling stimulation failed to evoke epileptic seizures
in ST3Gal4-deficient mice. On the other hand, the deficient
mice showed anxiety, depression, REM sleep disorders.

Third, access numbers of sexually naive male mice to
female at stages of pro-estrus to early estrus (P/E) were low
in the ST3Gal4-deficient mice and showed high levels of -

farnesene and a-farnesene (pheromone) in urine before



encounters with female, which was different from wild-type
showing the high levels only after the encounters. It
suggested that St3gal4 was related to production of
pheromone (hydrocarbon) in the social behaviors. In this
year, 16 urinary VOCs exhibited differential abundance
between St3gal4-KO and the littermate wild-type mice, and
principal component analysis (PCA) and hierarchical
cluster analysis based on these VOCs classified four groups,
in which (1) 2 VOCs showing differences between St3gal4-
KO and WT aged mice; (2) 3VOCs showing differences
between before and after encounter of male with female at
estrus stage in both KO and WT; (3) 3VOCs showing high
urinary contents in KO before encounter of male with
female at estrus stage; (4) 6 VOCs showing differences
between KO and WT that were correlated with startle test.
Finally, we suggested that urinary VOCs were correlated
with several emotional behaviors and St3gal4 modulated

metabolic system related with several emotional behaviors.

2:Neuropsychiatric disorders induced by metabolic loading

and sialylation.

Oil-rich diets differentially modulate anxiety and
depression in normal and anxious ST3Gal4 deficient mice.
On the other hand, using the GWAS Catalog
(http://www.ebi. ac.uk/gwas/docs/about), human ST3Gal4
SNPs were found in the hypercholesterolemia and
atherosclerosis that are related to the lipid metabolism. In
this year, we found that common metabolites were related
with depression in both human and mouse accompanying
with the aging. Finally, these results reached three patent
application.

4. /X, EELGE

L
5 RFRERGE
CKEESEE, HEMP T, NS T MBEECANAET

N T AT DR E 1401R1BE PE F2ER BV IE
& 2018127  HEGEBEEEECE (15H)

LIPS R, JEE F B - Siriporn Tangsdjai, fik ¥R, Jng
T VT VBB EERSTIGad RIA A~ U A2 D
AEFHATED & ARG LI DWW T 140013 V6 SEER B4
i 2018.12.7  BEEEEEpECE (1N8H)

NBERE T ST VERIERS BE SR ST3GallV R~ 7 A D
WD TRV R IZ SOV T 161 AERE 2 2018.
9.12 S FEEREEY (H3H)

JNERRE - = U A9 DIC K DBREE, RAE, RO AT U —
=UT A N—va Yy Ry 2018.8.30-31 [HBRE
gy (K25 —)

—

S}

S8

[N

105

S HLEP S BRH BT, #kMEYRN, Paitoon Srimontri, I
B VT IVERERE AR STIGAA R « A A~ T ALK
2 AREATEY & ARETEY O BRENE ZE6s1R] B AR FEERENMY
K 2018.5.16 FINERASEH (RA4—)

6. NNRIE-, BEH, HIIEN 7 Btk iR
2 R R O FIE, el e T VBWISE T T v b T
F— LIRS 2018.1.24-25 FEEWIS TV (DHH)

6. TDMIFLEIE
D GnfHE A 2018233113 HiRA H (PR 30 4E 12 7 13 A1)
2) BLEEOTIEE: . BRERRORESE G 2F) 7V AL FRi& BRLTCH
PR RO IR IRIEE BAE OB FFEAER)
3) FRIGE)

HABRE AR R DA LA 2RTRE R B H S25RM)
WM RFRE  HARBESREmE LR
4) ~AFEHEFET 2 2 & 2018 TG ELEBNHE ] TR
B CFER 30427 H 12 H)
5) VRS0 EE S bYA= A2 A - T VT HFVESA
T AR (A BEAEA RS o — %) DB & B s
L7z, B T8 &R oA mBl e L ofld ) Y (OF
3047 H24 H~8 H2 A)
6) 7 — L ~— 7 http://www.kyoto-su.ac.jp/faculty/professors/
Is/kato-keiko.html
7. BREEMHNERAEARIELCIIEFNEDCEETN
ES

BRI (9 H) OfMEAL 3 4030 L7, Pk 29
HEFED 214, SR 30 4R 1 - O RFRF R 2 =Rk L7z,
R SUE, BT ESGETR R EAZL L H, S 61
2WMAEFACNER T CH D, HBICEHAL UL, AT

T.%#] [Modern Life Sciences in Our Life| Di#FIZS
mu, sEF oY, F MR O - KEERE
FE OSBRI, FERFFETRE I ELY T, S BT,
BEARIZZAOTHEE TR b, HA% - HEIC
A TEY, ZOENLIEZE OB MLAEENR, B
LT HEORNROBERE L LTE-TN5,




BMEBREFHEE

Laboratory of Animal Physiology and Neurobiology

1. BIRME
i LB RE 2 o0 B - B BB AF SRR TR, TARY
AN G- 2 % 5 B G T 2 S T T I O RE[RIAE | 22 3272

T LTI RRZ D T D,

ARBAR AR EZ T D e RN THRE T T &
k- BBl (HPA i) 2SS ML SN Db IT, RIS
HHTLIET D, ZORIRAN ARG ITFE # DIREEZLIC
KU THEZHEISSELRIETHLD, BHNZDIZD AR X
ARG, HOVITEEDAN 2 AR EZ T 5L, B
AT EFSOUE G DM/ NCAP R MR E WAL HZEBRMBNT
W,

W)L FL S RFSE R TIE, AR RIS LB D b e 25 M4
O BT80N OBREER R L, IMORRE s
FELOBIDY | U TE B R IC BT DRI B A 7s
EOFFHT 2D TN D,

ZNHOF R THELNDMEIL, AN AT EEZ T
D FFAE LR BRAE R IE DRSS IC DT TenEB 2T D,

= -Prsnntm?
P

mantmmt] !lil\

'w 5% <HpGL |
h mEE BN
I

'EfOR LRG| ““‘* L

1. AREFIE OB

2. AEEOHERE

1) MO ARL AR &b P e 7 B B

AP AR 8D HPA B OTEMEA IR, Z OFF TR B
3 DMAOMBRIEEI A JLES L2 BRI 5, Mo
PR AR D T R F —RITIE R L N T — 2 THDN, I

106

B EEHR Bz
Prof. Toshiyuki Saito, DVM, Ph.D.

OIS ATTHE T DRI O M s Bl 2 kL, — K
IR SR I L S B R SR DR L | 01T, PR SRR L 3D/
BRDBEBNECDHEHP L TND, 22T, KFEFE T 1 —
TERNT URKRYF v T A F(LPS) & G5 LI% D
Jibd PR DA% 35 BRIk 2 AT L7z, 2 O SR HPA il D #11
1B 5 L5 2 HIVHIESS O — IR CIRHE 2 1ZMa 5 R HE
PEAVRIZRS I,

2) ARVARUSEDIZm ) T B

Z v M LIPS 25352 LICk-T, M OFEIE
REFRNVEREN ERT D010, MoK E

TIEHEHDO % D Tha-1 GEGMEME (2707
V7)) b, —J5, —RERREEA h L AT
IREDD 72 Tha-1 IGPEMIBA A BIZ S (K 2) .
LrL, Iba- 1~/ v 77 —VICHHBELTNWDH 2 &
MWEL MANDOI 7 a s ) T OBEEZFHND D!
N7 ua s U TEADO~—T—IZ oW THRERA T
W, AIBUET DM ER B D, BUE. £ DT D TR
FEEHED TS,

W

T

2. ZyMEIZIT 2 Iba-1 %2 B MERIE (DAB 76 (4)

3) FRANALGNMEELL, MO V7 44k
BAR OBFIETIE, ARV ZAATTIZ Ko TR AN 5 7328

DHLIERHEESNTND, Fho, AN RIZI M5 N

DAV D 1 By 06 T B (2 5 B8 % RAF 3 AT REME 2SR

RSN TVD, ZZT, Ty MIEBB OB REARN ZT1~2



AT D EERZATV EE T O RGE D2 b E
AT LT, FIRARLAIZED | L= FaxTa T
—IS PRI TN U T, — 7 AR P oD 5 PR D
FEHTTIE, FIRARL AEZART 22 LICED, F7 R F v
AD HDLEENE T LT DT — 2o, 1272, 2
DI DAL BN DI 7 a 7 VT D2, M
BRI D WG F M O 25 b 3 LOME B i R R DR
BHORMERDAIBMRIZKETHEBIIRPAREETHD,
AT ERLSIRICRIT DA G D TRAEL TWT2d,
WA F 7 H N RARGET 2L LbIT, HOI7as)
TEREL DO BB A OMNICIL TOETL,

3. Research projects and annual reports
Background and purpose of research:

The physiological reaction to stressors involves activation
of the hypothalamic pituitary adrenal (HPA) axis and the
sympathetic nervous system. Intense or chronic activation
of both systems may increase a risk for anxiety and stress
disorders. We are examining neurobiological signs which
reflect influence by acute and chronic stress in the brain,
and how neurons are damaged by stress and are regenerated.
Morphological changes in microglia are also focused on in
this study, since microglia always monitor the situation of
neuronal cells and can eat the damaged neurons due to
cytokines and other chemical substances released in the
brain by stressors. The microglia is a kind of immune cells
in the brain, which is involved in neuro-inflammation.
neuro-inflammation affects

Stress-induced possibly

neuronal functions in the brain.

Research topics:
1) Development of detection methods of neuronal signals
related to degeneration of neurons by stressors in the brain
and involvement of microglia.

2) Chemical substances to dysregulate neural communication
released by exposure to

stressors, and to promote
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regeneration of the damaged neurons in the brain.

Annual reports:

1) Study on regulatory mechanisms for the HPA axis, and
contribution of microglia to pathogenesis in stress-induced
brain diseases

Using the anesthetized rats, we are examining how
influence of systemic administration of lypopolysaccharide
(LPS) has also been studied mechanisms to stimulate the
HPA axis and to cause neurodegeneration with activation of
microglia. Using antibody against Iba-1 (ionized
calcium-binding adapter molecule 1), the immune-reactive
Iba-1 positive cells (microglia; figure 1) were found in the
limbic system and other brain regions. Furthermore, we are
to analyze relationship between morphological and
immune-histochemical changes in microglia and neuronal
damages in the rat brain. In the brain from the restrained
rats for short period (1-2 hour), there were the Iba-1
immuno-positive cells with few branches than those in the
LPS-injected animals. To examine morphological changes
in microglia, we are now exploring any microglia specific
makers for the immune-histochemical study.

On the other hand, we are studying how morphological
changes occur in the brain when the animals are exposed to
stressors. In this study, we are analyzing changes in
composition of the intestinal flora using the feces. One
possibility has been suggested the Lactobacillacease

bacterium may be affected by the restraint stress to the

animal.

2) Piglets-new animal model for studying developmental
brain disorders in human infants

Pig is known to be sensitive to stressful stimuli. From the
viewpoint of translational research on stress, this animal is
valuable to examine influence of stress on the brain

development and disorders. Using preweaning piglets, we



are analyzing by histochemical techniques microglia and

other cells in the brain.
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3. Research projects and annual reports
left-right (L-R)

asymmetrically located in vertebrates. In embryonic

Several visceral organs are
development, the visceral organs are L-R symmetrically
initiated, and then their shape is asymmetrically changed.
We want to know the mechanism for the generation of

L-R asymmetry.



(MHow is the asymmetric expression of the genes
regulated?
(@How is the shape of the visceral organs changed?

We observe morphogenesis of each organs in detail
and analyze the role and transcriptional mechanism of
the genes that are asymmetrically expressed focusing on
the differences between left and right in cell migration,
cell proliferation, cell shape and cell death, using several
mutant and transgenic mice.

We also analyze the role of a factor, Pycr2, in amino
acid metabolic pathway. The Pycr2 KO mouse showed
the premature aging-like phenotype. We want to know
the mechanism for premature aging by abnormal amino

acid metabolism.

1) LRI KO mouse.
LR1

asymmetrically

is an extracellular matrix factor and is L-R
mouse We
backcrossed the LRI KO to B6 and analyzed the
phenotype of this KO mouse. The KO mice showed L-R

expressed in embryo.

defects at embryonic day 18 (E18), while some of the
KO mice were embryonic lethal. It was revealed that

these embryos die before E9.

2) L-R asymmetric morphogenesis in mouse visceral
organs.

We also analyzed the mechanism of L-R asymmetric
morphogenesis in kidney and liver. In the mouse, the
kidney is situated more caudally on the right side than
the left. We had known that the renal artery is initially
set L-R asymmetrically, and then kidney and renal vein
are subsequently arranged. Next, we observed the
midgestation mouse embryos and found out that the
asymmetric location of the renal artery is established at
E12.5~12.75.

The mouse liver is asymmetrically lobulated. We
observed the liver morphogenesis and saw that the liver
primordium shows L-R asymmetry at E9.75 and that the
caudal lobe of the liver is budded from the right lateral
lobe at E11.

3) Pycr2 KO mouse.

We analyzed the defects in the skin, the brain and
nervous system of the Pycr2 KO mouse. In the brain of
the Pycr2 KO mouse, we detected morphological

abnormalities at the hippocampus and the pons Varolii.
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Neural cell specific Pycr2 mutant mouse had been
generated and showed neural symptoms similar to those
in Pycr2 null KO mouse. We revealed that Pycr2 is
expressed at hair follicle dermal papilla cells in mouse
skin. Searching the hair cycle, we suggested that the
telogen in the Pycr2 KO is longer than that in wild type.
It was also suggested that the proline level in the anagen

is higher than that in the telogen.
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3. Research projects and annual reports

The microorganism exists in any places, and might
threaten human and animal health. Zoonotic and food
poisoning microorganism which can infect both animals
and humans cause concern for public health.

Arthropods can transmit zoonotic pathogens such as
spotted fever group rickettsiae. Rickettsia japonica, the
etiological agent of Japanese spotted fever is also

associated with arthropod vector, mainly ticks. Therefore,



the prevalence of ticks in Kyoto was investigated. Ticks
were collected weekly by flagging method and rickettsial
DNA was detected by PCR. The rate of rickettsial
infection depended on tick species.

The drug resistant bacterium in food processing can
spread the drug resistance to commensal microflora in
human. Therefore, susceptibility to antimicrobials in
Escherichia coli isolated from slaughterhouse was
investigated. E. coli isolated from the swab samples
obtained from the barn which pigs and cattle were tied
for slaughter were resistant to ampicillin, gentamicin,
streptomycin, chloramphenicol and tetracycline and

showed multidrug resistance.
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3. Research projects and annual reports

Currently, outbreaks of highly pathogenic avian
influenza and other emerging and re-emerging diseases
have caused serious economical and social disturbances
worldwide. Highly pathogenic avian influenza H5 virus

has spread across worldwide, and outbreaks are now
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endemic in several countries. To control these infections
is the most important. Our research is focused on:

1: The evolution and spread mechanism of pathogens
such as avian influenza virus in nature.

2: Studies on the host range determinant in pathogens,
mechanisms of pathogenesis and immune response of the
hosts through in vivo and in vitro analyses of the
host-parasite interactions.

3: Development of strategies for the prevention and
control of the infections.

Due to concerns that wild birds could possibly spread
subtype HS viruses, surveillance was conducted to
monitor the types of avian influenza viruses circulating
among the wild birds migrating to or inhabiting in
Vietnam and Japan. The highly pathogenic avian
influenza H5 viruses were isolated from wild birds in
Vietnam. Wild birds are considered to play a role in the
introduction and dissemination of avian influenza virus
in Vietnam and neighboring countries. In addition, we
isolated avian influenza virus containing low pathogenic
HSN1 virus from wild birds migrate to Japan in the
winter. Therefore, it was suggested that many avian
influenza viruses are being introduced continuously in
Japan.

Most HON2 influenza viruses are avirulent for mice.
However, the HIN2 virus recently isolated from wild
birds in Vietnam was found to be highly infective for
mice and to acquire high virulence by passaging by mice.
Genetic analysis suggested that PB2 or HA protein
mutations are important for the increased pathogenicity

in mammalian host.
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3. Research projects and annual reports

We are focusing on cigarette smoke, which is currently
attracting attentions as an environmental problem. The
World Health Organization (WHO) reports that mortality
from pulmonary diseases associated with exposure to
cigarette smoke including respiratory infections, chronic
obstructive pulmonary disease (COPD) and lung cancers,
has increased. It has been suggested that these diseases may
be at least partially related to cigarette smoke-induced
impairment of the pulmonary immune system. Cigarette
smoke is a major risk factor for pulmonary diseases.
Cigarette tobacco smoke particles are inhaled into the lung
and reach alveolar space, and then directly encounter

Alveolar Macrophages (AM). AM plays an important role
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as the first line of defense in immunological surveillance
for the lung. In the aim of our study, we are investigating
“making a science for smoking.” Since the fact that immune
functions are suppressed by smoking and tumor growth, we
are also investigating the mechanisms of inhibition and
restoration of suppressed immune functions by natural
products.

1: Study for tobacco smoke

Cigarette smoke is a major risk factor for pulmonary
diseases. Cigarette tobacco smoke particles are inhaled into
the lung and reach alveolar space, and then directly
encounter Alveolar Macrophages (AM). Smoking has been
shown to increase production of reactive oxygen by
alveolar macrophages, which induce DNA damage in these
cells, and it has also been demonstrated that their immune
functions such as antigen presentation and cytokine
production are impaired. Inclusion bodies of high density
appeared in the cytoplasm of AM by cigarette smoke.

2: Study for Natural products

(1) Honey

Natural products are known to have biological activity, and
we have previously investigated the effect of natural
products on immune function. Honey contains various
vitamins, minerals and amino acids as well as glucose and
fructose and is popular as a natural food. There is a wide
variety of honey and the varieties are due to components of
flower sources. Jungle honey is used as traditional medicine
for cold, skin inflammation and burn wound but not only
health care. JH enhanced antibody production through the
increase of CD19 positive cells and proliferation of spleen
cells by augmentation of IL-1p and IL-6 mRNA expressions.
Japanese honey enhanced IL-1p mRNA expressions in
alveolar macrophage.

(2) Agaricus Blazei Murill

Agaricus blazei Murill has been traditionally used as
medicine in Brazil. Agaricus blazei Murill has been
reported for anti-tumor activity and immune activity. It is
unclear how Agaricus blazei Murill hot water extract
activates the immune system and anti-tumor activity.
Therefore, we are focusing on the mechanism of activity of
immune functions in immune cells associated with anti-
tumor activity by Agaricus blazei Murill hot water extract
and its characterization of effective component. We have
demonstrated that extract of Agaricus blazei Murill
activated immune functions neutrophils and macrophages

in mice.
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3. Research projects and annual reports
Research Projects:
(1) Mechanisms of gastrointestinal motility.

Smooth muscle, which is located in the walls of the
visceral organs, plays an important role in several processes
in the body including modulating blood vessel tone,
controlling gastrointestinal and genitourinary tract motility,
and regulating airway resistance. Smooth muscle
contractility is regulated by intracellular Ca®*, which is
affected by various neurotransmitters and hormones that act
on its receptors, leading to change in activities of ion
channels (Figure 1). Structural and functional changes in
the smooth muscle can lead to disorders such as
hypertension, asthma, and irritable bowel syndrome. Our
laboratory focuses on understanding 1) the mechanisms that
regulate  smooth  muscle contractility, and 2)
pathophysiology of diseases associated with smooth muscle
abnormality.

(2) Physiological and pathophysiological roles of Ca?'-
permeable ion channels.

Under normal conditions, intracellular concentration of
Ca?" ([Ca?"];) is kept very low (less than 100 nM). When
cells are stimulated, the [Ca®"]; is increased, resulting in
various cellular responses such as contraction, proliferation,
migration, cell death and release of neurotransmitters etc..
The increase in [Ca®']; is induced by the Ca?" release from
internal Ca®" stores and Ca”" entry into the cell through
Ca’"-permeable ion channels including TRP channels,
piezo channels and Orai channels etc.. The aim of this study
is to characterize the channels and to -elucidate
physiological and pathophysiological roles of them. In this
study, we collaborate with Prof. David J Beech’s

Laboratory in University of Leeds.

Annual Reports:

(1) ATP-sensitive K* (Karp) channels are expressed in
gastrointestinal smooth muscles, and their activity is
regulated by muscarinic receptor stimulation. We
systematically investigated the physiological significance
and mechanisms of the regulation of Karp channels by

muscarinic receptors expressed on mouse ileal smooth
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muscles. Our results indicated that Karp channels are
constitutively active and contribute to the setting of resting
membrane potential in mouse ileal smooth muscles. M3
receptors inhibit the activity of these channels via a
Gq11/PLC-dependent but PKC independent pathways,
thereby contributing to membrane depolarization and
contraction of smooth muscles.

(2) ML204, a potent transient receptor potential canonical
4 (TRPC4) channel blocker, is often used to elucidate the
involvement of TRPC4 channels in receptor-operated
signaling processes in visceral smooth muscles. However,
it has been reported that ML204 also bound to G protein-
coupled receptors. In the present study, we investigated the
possible antagonistic actions of ML204 on muscarinic
receptors, which mediate contractions in mouse ileal and
detrusor smooth muscles. Our results suggested that ML204
might exhibit antagonistic actions on M2 and M3 muscarinic
receptors. Therefore, these effects should be considered
when ML204 is used as a TRPC4 channel blocker.
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T4z C5TBL/6N ~ 7 ADRAT (I 14 H) 7B
BHaIWHL, PCN #ERIL7-, 554 4 H HIZ, ~7 A
{b#:TH2 BoDV-CRNP5 A esw, H57% 8 H HIC
Dex (10uM) &5 ME CORT (10 uM) ZUSI L7z, RN
24 WS, 48 B, L 96 BEfi] T BoDV-P EHE R
FJOM RN Z g e e L, PCN 128175 BoDV i
RKEPELZ, ZOFES, BoDV &% PCN IZ Dex %
2L, W% 96 B2 BoDV LR/ A EIC L F-
L7, WRIZ, 5538 1 A BIZ Ara-C QLBRZAT720, ZU Tl
faZe L OIEMED B DM IR Z N2 722 A, FERIZ Dex 12
KDY EE R MRS T, 2, ZORFIZ 0.1, 1,
HDHNE 10 uM @ Dex DIRNMNCED BoDV Jikie =t
L7ztZ A, Dex (255 BoDV YR FH %513, Dex
DY FE A AFH) Tdho72, GR ~D Dex DA ZIETS
7= YARER SR 8 H BIZ Dex &5\ % CORT ¥
ATICALEE L7224, CORT BLV Dex 12L% BoDV J#
Y L AR HIH Sz,

Dex ORI T, BEYEN L/ ITHRKEHESLT-
DT, RN DT ANV AR[EE T T, TDORER . BoDV-
P & HE L, Dex ORI TEZT T7e<, flinE ~
DIy ARSIz,

LU EO#E H 6, Dex 1% CORT &REEIC PCN 281
% BoDV OEYeRE LR SEH8 R 1/HY, GR 2Lz
FG ChHZENRBEENTZ, K EL T Dex X CORT A
GR IZHiATHZL T, EBV LFRHEOEFETY AL A
mRNA DG RE Loz A REE D RIBENTZ, 2Dk
75, Dex (22D BoDV O HZh=R78 L30 | BECIFEIEL
TV ANAYARXZ LA B E (RNP) 23 E ~L0
KEICBEIL, #EHLEL T BoDV @ cell to cel &Y {x
TR DRSO RN L F L2 e SN D,

3. Research projects and annual reports

We are surrounded by a lot of microbes. Virus is one
of microbes and causes disease on animal and plant. Our
laboratory is focused to veterinary and zoonotic viral
disease, especially neurovirology. We are interested in
Borna disease virus (BoDV) that is etiological agent of
Borna disease. Borna disease has been known over 100
years as a fatal neurological disease of horses and sheep
in central Europe. At present, it is recognized as an
emerging disease in cats, dog, birds, and a broad host
range in warm-blooded animals, including humans. BDV
infection in experimental animals has been used to study
the pathogenesis of virus-induced central nervous system

damage and as a model for specific human diseases, e.g.,
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autism. Classical BD is in large part due to
immunopathogenic damage to the nervous system by
blood-borne inflammatory cells. Responses to BDV
infection vary according to differences in host-specific
factors, e.g., species, animal strain, or age of the host at
the time of infection. However, the definite mechanism
underlying disease outcome is not fully clarified yet. To
study disturbances of movement and behavior in BDV-
infected animals, we examined the following points: 1)
comparing pathogenesis in rats infected with several
viral strains, 2) contribution of gene expression of TGF-
B family in CNS and viral pathogenesis, and 3)
mechanism of changes in virus genome with adaptation
to host.

The precise mechanism underlying the BoDV-1-
induced onset of neurological disorders currently
remains unclear. Corticosterone (CORT) causes immune
suppression and neuronal damage in the brain due to long-
term hyper secretion. In addition, adrenocortical
hormone reactivates the herpes viruses. In this study we
report the influence of CORT on the onset of Borna
disease in detail.

A corticosteroid drug, dexamethasone (Dex) was
added to BoDV infected mouse primary cultured neurons
(PCN). As a result, Dex, like CORT, was effective in
increasing the infection rate of BoDV in PCN, suggesting
that this reaction was mediated by Dex binding to
glucocorticoid receptor, GR. Furthermore, Dex increased
the proportion of BoDV-P protein localized to the
cytoplasm rather than the nucleus. It was suggested
that Dex increases the replication efficiency of BoDV,
and the virus ribonucleoprotein (RNP) present in the
nucleus is transported to the cytoplasm in a larger amount,
and as a result, the transmission efficiency of BoDV, cell

to cell infection is enhanced.
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3. Research projects and annual reports

Many micro-organisms exist surrounding of natural
environment. Some of them infect to plants, and some do
to animals including human. They cause unique diseases
to their host, but the others do not. Some live in animal
intestine and help food-digestion of host animals. Or

some have a role for host evolution. Microbes interact



with their host and establish micro- and macro-cosmos in
nature. We are now studying on pathology, ecology, and
other basic researches of zoonotic micro-organisms.
Especially, we focus on viruses, which cause mosquito-
and tick-borne diseases. Recently, arthropod vectors are
spreading their living places due to global warming.
Therefore, the diseases become one of big concerns in
world-wide public health. Although some diseases are
not in Japan, it is also urgent to develop detection and
prevention system for the diseases. Our main research
themes are: 1) Epidemiological study on mosquito- and
tick-borne diseases in Kyoto city, and 2) Pathological
and molecular biological studies on mosquito- and

tick-borne pathogens.

Annual reports
1) Epidemiological study on mosquito- and tick-borne

diseases in Kyoto city

We continued to capture mosquitoes, which are the
vector of many mosquito-borne diseases, at several fixed
observation points in Kyoto city, Japan. We then tried to
detect pathogens within mosquitoes. As the results, no
evidence of existing of pathogens within mosquitoes
captured in Kyoto City, was obtained. We also conducted
surveillance of tick-borne pathogens at north part of
Kyoto city. We captured many ticks, and tried to detect
pathogens within ticks. We detected several viruses by
reverse transcription polymerase chain reaction. We also
developed new for
Hl-Kamigamo 25 strain of Thogoto virus (THOV), which

serological detecting protocols

we isolated in Kyoto City, 2013, using protein A/G.

2) Pathological and molecular biological studies on
mosquito- and tick-borne pathogens
In this year, we tested pathological effect of

THOV-infection in mice and golden hamster. Although
mice did not
THOV-infection,

hemorrhage and died within 3 to 4 days post infection.

show any pathological change in

golden hamster showed serious
Macroscopic pathological findings included ascites and

pleural effusion, and bleeding of various organs.
Histopathological findings showed marked congestion,
hemorrhage, necrosis, and apoptosis in the liver. As a
result of hematology and hematological analysis, it was
considered to be disseminated intravascular coagulation

(DIC).
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