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Laboratory of Anti—Aging Medicine
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3. Research projects and annual reports

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

There are an increasing number of bedridden elderly

and its

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 matrix,
especially of that of connective tissues, and is composed
of  repeating which
N-acetylglucosamine (GIcNAc) and glucuronic acid
(GIcUA) are linked together by alternating R-1,3 and

R-1,4 linkages (Figure 1). Our laboratory discovered the

the extracellular

disaccharide units in

first mammalian HA synthase (HAS) gene and has been
thoroughly investigating the HA
biosynthesis ever since. Recently, we succeeded in
establishing an in vitro reconstitution system using a
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 developing anti-aging
technologies.

mechanism  of

innovative

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
proliferation leads to the development of cancers, the
precise underlying metastatic
progression and recurrence have not been fully resolved.

is well known that uncontrolled cell

mechanisms tumor
Cancer stem cells (CSCs) have recently been reported to
many malignancies and have attracted
remarkable attention because they are believed to be the

exist in

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.

10

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
and malignant transformation must focus on the
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 specialized CSC niche microenvironment and
establish novel therapies to induce a state of cancer

dormancy by controlling the niche.

2. Our previous studies using a hyaluronan synthase 2
(Has2) transgenic mouse model demonstrated that
hyaluronan overproduction by cancer cells caused rapid
development of aggressive breast carcinoma at a high
Thus, hypothesize  that Has2
overexpression and hyaluronan overproduction may
accelerate cancer progression by expanding CSC
subpopulations during cancer development. Primary
cancer cells were established from mammary tumors
developed in transgenic mice and subjected to the flow
cytometric  analysis. cytometric  analysis
demonstrated the enrichment of CD44"9"/CD24""
CSC-like cells in Has2-overexpressing cancer cells. In
this year, we found the down-regulation of E-cadherin
and up-regulation of the epithelial-to-mesenchymal
transition (EMT)-related molecules such as transforming
growth beta (TGF-p) Snail/Twist
transcriptional factors in hyaluronan-overproducing
cancer cells. Taken together, our findings suggest that
excess hyaluronan production induces the EMT in breast
cancer cells.

incidence.

we
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activity and seizures via reduction in brain extracellular space.
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Laboratory of Biochemistry
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U T, R ATP BEA & & b ICEE~ 22 R -
B ELZHY, TR = RCHEDbS, HFE
by R U THERE & O RE, PR MR R A 1T
U LT 2k~ R OBMBRLER SN TV D,

R har R T OEFRESE EBEZHERET 720
i, REI b R T 2RET D LIS, B

Sha R TEHRZICEYHTLER DL, I B
ay R TR~ 3EL T, BFEOI Py
RUT &R, D&, pET5Z&THEAx5, I b
Yy RUTEIERT A0, I hary N7
WEpcd 5 & 78 (FEERETIX 800 fl,, & T
X 1500 fll) & RFEHROIRE %, SE» HBEF R b
a2 RUTICERK « B2t L ide by, fll
WIZIZZH Lz har RUTEAROTZD DX
RIBFEREOAR - Bk, TR MEEES
ANHF T HOMEFTIEEZX D550 xy hU—2
BHERINTWD, EEANVH 3T ITEEITMST L
THET DO TIERL, AH 37 M CHEEHEEER
WEEE LT S 2 &R0 ERD TND N, I ha
Y RUTH ER RN E ORIC 3 Z7 NEML R
ONY, FRHAIEE@WEIZE D D W REMEA TR S
nNTnsd, YFE=ETE, I ha>r R 7a2F.0IC
ANHFTHEEDNHANTED L HIc>2 bR, £

DOREE LB ED X I IZHEFRF SN D DI HONT,

IR, L%, MRaEWMZ, MEEMTe Efkx
RFEELEZHNTHIZEL TV D,

2. XEEOHERR
1) BERFEBRUD SR ASNDH BN 7 A — R4}

W5 2 23 DREAT 1R I DR AT

SR RYTZ T E O RBTEALIRIE IS OV TIENRD
FEAMZREAT SSITWDN, SMED oYy 7 2 5
NIB DAL OWTUE, EEAHRIENSZ N
N 72 —BUSN G X8 Omds I, A N LIS
FeE O BH AT N G5 E s (TM) BR AN J0 sk s
TUH—ENDHEE Z LT, LsLA A, Oma5 A3 E
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T TOMA0 B & KA L COMEA @B L, fi\ TR
MBI ASNDZE, ZORIKIZAIE TIM23 18
BRENBEOIRE 2L EETHEE ALz, N Ui
> TM EEH1E Tom70 @ TM FE4 & AN 2 T [A]
URETHMEINLIDOT, ZORKIINT - H—H
SR R IBEOT 74V R EEZOND, —
5T, C R AL BRENSTZD T+ — L RLTWNDE,

Tom40 F ¥ /L OB HBG F HiL, BELLTTTNIY
—ZUITEVABEITHEASND, ZOFER, N 7o —H 4t
f 5 B DRRR Y — R T 55 L0,

2) AN T 2w lr— 4% TOM4A0 4 IR O & bE
fEHT

TOM40 EAMIZI har RY THAETIZEE A ET
RCOI bary KNI THRIEDI har KT
~DAYHAR—F DAYV O ERDB NT AR —HT
b B, Al EALRFRMICEREMEIERART X B
BPA Z# A L7 Tomd0 % FERFAHEA THRELL C,

Tom40 & filid> TOM40 EEEHERY 7 2= M & D
WINEEY 1T, Z OFEFRIZES T, Tomd0 &
oYy 7=y hEOEMMEEL~ vy 7 LT,
ZOFER, Tomd0-Tom22 |% =&k %EZ>5< 52 L2vsy
Mo 7278, —75 T Tomd0-Tom40 D 244G # R (Pfanner
5 & OFEFIE) OfEEIL Tom22 & T "Bk TF
ExTRE L THY, Tom22 Z4 ¢ Tomdd = &K% —
WS Tom22 % 4 & 72\ Tomd0 ik & B T Ic &
DT EDNIRMEE TS, RICEALRFEAYIZ BPA 435 A
L7 Tom40 Z# BB T 26 k= KU T
FHEEL, BT IVRIBRME Y X B VT invitro
A VAR — FEBRICHE L7z, AR O IR A 1 1k S
O EEPREEZ S, UV BEFLZ LT,
HIBR A & AH B AR 9% Tomd0 & F v R IVINE L & <
BT A ENTE D, 7 UVESIE RO RTERK
TF ¥ RNV NOEBOBEE T 2V BEEDO Sy F L
FHEERL, ZVENOEERMMNT v RN TELE
fbEnooEFEilE L T\ ZERbholz, 7L
Bl % £ 72 72 WRETEAR L T v R VN O D BRI T
R BEREO Sy F EFAEER L, BUKYE TM B
DT ¥ FIVNTLEENLSNOOBESER L TV Z &
Wboholz, mESn=%7 2=y FEMHAEIEHR,

HEELEOMAEERICEE 2RI REZEAL, H#
HEMERT 21T > T D,




3) T har KU T7NTCEEEELZIH S Upsl > AT
I DA SRR BE AR AT
Ko, T b= KU T 04N R T

Upsl-Mdm35 7238 2 7 7 F ¥ i (PA) Z RIS
Tt 9 5T L AEME S iz, Upsl O iR B W6k e %
a9 272912, Upsl Z KIHHE N T Mdm35 & $E5&
W4 5% %S L, Mdm35, Upsl-Mdm35,

Upsl-Mdm35-PA (PA [ZE) OREIETREITRT) LT,
UpsL iZMBBEED R 7~ R &2 F D, A7 v PNICIE
WRMET R VBN E o7, b OHIEET I
MeOEMEEZD L) REWREITO &, invitro THE
BHETE N2 oo, SHICARTZFy hOAY O
WZIEQL—70RH0, ZHaRESEDL LR in
vitro THREMIEIEER e < Ip o i, QA —T IR
v MCASTEREBRMBEL 72X 5, 7 X ET D1k
BRboLrOTCERonEEZLND, £z
Upsl-Mdm35 [XIEEEICHE ST 28, MEE 2 &%
ZHITWDR, X BEGEICHESNT, fREEL 20
X 5 CysZHEIKH-> Upsl-Mdm35 fh & % > /37 %
WTYRALT 4 RIEGTHE LTI E A, Dk
HBlECEx Rl oo, IBEREEET T2
HLOD) 5'3%0(1/\7‘:0 L7=23- 7, Upsl-Mdm35 @
BT E S I IS ATIE R W E R bho 7o,

3. Research projects and annual reports

Most mitochondrial proteins are synthesized in the
cytosol, and are subsequently imported into mitochondria.
Much is known about the pathways/components for the
protein transport to the matrix, inner membrane (IM) , and
intermembrane space (IMS), yet little is known for the
insertion of outer membrane (OM) proteins with a single
a-helical TM  segment.
abundant proteins in the OM of yeast mitochondria and

Om45 is one of the most

was thought to be inserted into the OM from the cytosolic
side as an N-anchor protein. We now revealed that Om45
is anchored to the OM from the IMS by its N-terminal
hydrophobic segment.
proteins, Om45 import requires the TIM23 complex in the

Unlike any of the known OM

inner membrane, a translocator for presequence-containing
proteins, and the membrane potential (AW). Therefore,
Om45 is anchored to the OM via the IMS by a novel
import pathway. Interestingly, the length and folding of
the C-terminal segment appear to block the Omd45
transport through the Tom40 channel, thereby switching

the membrane topology of Om45 in the OM.
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The TOM40 complex functions as the protein entry
gate into mitochondria. We systematically mapped the
interactions of the Tom40 p-barrel with
translocating preproteins and a-helical subunits of the
TOMA40 complex by in vivo and in organello site-specific

channel

crosslinking. The paths of presequence-containing and
presequence-less proteins were defined, demonstrating
translocation through the interior of the Tom40 B-barrel.
The presegquence the
presequence-containing protein follows an acidic patch
cluster on the inner wall of the Tom40 pore to be funneled

positively  charged of

toward the trans presequence binding site of the TOM40
complex in the IMS for subsequent transfer to the TIM23
complex. Presequence-less carrier proteins interact with
distinct residues lining the Tom40 pore, most of which are
hydrophobic, to be funnelled toward the N-terminal
domain of Tom40 and its attendant small TIM chaperones
for the IM translocator. Analysis of the contacts between
Tom40 and Tom22 revealed that Tom40-Tom22 trimers
form the architectural core of the native TOM40 complex.
In addition, the TOM40 complex was found to be in a
dynamic equilibrium between the native major 440 kDa
complex containing a Tom40-Tom22 trimer and a less
abundant 100 kDa complex containing Tom40 dimers but
lacking Tom22. Such an exchange may be important not
only for continuous assembly of new subunits through
their exchange for old subunits, but also for the function of
the TOM40 complex.

Organelle functions rely on lipid trafficking to
achieve membrane-specific compositions of lipids, yet its
mechanisms are unclear. We focused on the
Upsl/Mdm35 system, which mediates phosphatidic acid
(PA) transfer between the OM and IM, and determined the
X-ray structures of Mdm35 and Upsl-Mdm35 with and
without PA. The Upsl-Mdm35 complex constitutes a
single domain that has a deep pocket and flexible Q-loop
lid. Structure-based mutational analyses revealed that a
basic residue at the pocket bottom and the Q-loop lid are
important for PA extraction from the membrane after Upsl
binding to the membrane. Basic residues around the
pocket entrance are important for Upsl binding to the
Upsl binding to the
membrane is enhanced by dissociation of Mdm35. These

membrane for PA extraction.

results provide a structural basis for understanding of the
mechanism of PA transfer between the mitochondrial
membranes.
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6. TOFELEIR
1) A& 4
B SE BN R LB - CREST
R4 IRV R T E T LT SRR Ry T — 2
R RS s, B4R - H24-29 4R (6 4F)
B T8 2 4l B 4 - BB HFTE (S)
PREA IR RUT EE B L LT 2 L 7B O 2858 A il i
i O figt B
FFPEAN A S A, B ARRE DH22-26 RE (5 4F)
BT e 4l Bh 4 - 5 T0F9E (B)
AR IR R T/ e R R 8 A R AR - Mmm1 &
Mdm12 OO i B RE fi A
WFTRAR R I HP AR, A4 E 1 25-27 R fE (3 4F)
A 52 2 4l B 4 - AR BRI 92 58 2
LA, I R TR 0 U L S R L RS O R 3 AR
A fifE B
WFFRARERE  JEB A AL, HUSAF EE - H26-28 1R (3 4F)

2648 H HFIE= GUEK+4K) VN —h(CE )

2) RS

3) FIMEE

M AAEAER YRR E
LA UM KRR B R

BSR4 BRI A

AR QORI B e R A
EEESEE B A AE S EALRER R
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Laboratory of Cell Death
1. ARBE

ABFIENL IBE & ONGE oI OIE P OB R % H 1Y
EL. ZORBEIC, IBE ERMROY— A — =12k
oM SE G b 28) B OV & T D DNA 43 fifg > — -
OME OB ENLHEDILOTHD, MAIBLTE I, LK
A7 & B 25 MR 232 D& A 2 DB IR D H#
B, BEBL T 2BR T, TARM—V AL X7 B— VAL
HpHk B ThD, 38 TD DNA 53 #RILIE
MM KD DNA O AR5 I NHE A Y i ko
DNA 72 E IR N LI ] 55 SN T D, AT AV E
NTWAINHLDHLIZHE B THRMEICL-T, 2D
e & o B AN T AR S AL D 0 . RIEIR D el D
BFRER R~ 2 M E PO EHLZEEZ BT
(B 1),

ZOHWORD  ETEE I HH A% & O DNA
ROy T H R E | ~ U AR R ay varu T O A K
W ERGHLWTREENG EREEER Pl /A%
WTHABIZT D, FEWVTHLEE R DNA S |55 4k
TV ADMHTICED , TS DOHEFE &P B o B8 % fig
75,

1. IBE COHMEIEL DNA 43 i

2. XEEDOHERE
A MBI Z 7 D8R T REDTZD DT ayvay Az
EMWIAZ) == 7 RO L EAT 5Tz,

FTbb | LRIV T, B BRI B R 9o
Fru— R RISHEET DR REZRE L,

B e 7% 0O 24T 8 R OB OFRNT D72 D~ A4
W AR E W= TR R ORI S 21T 72,

16

IR IR OH#
Associate Prof. Kohki KAWANE, Ph. D.

b bIFA AT /ARDORETLbF (K 2), Ml
W DTATARA—V L 7T LTz (K 3), ZOWR, il
TAEETEERBEL VD LE R T A AV TR %
17, T ORI RO R FLL <0 B GRS B 52
B FRE)D FBBAMNT T DI, ThEhE s
WL RITEDOFRE S R EET DAV AR
BRISLUTz, i AT /ARSI 5 MK v 0 72 B
ROWRIZEFLI,

2. U ARKEIVH AR E T TR R O T

3. MURAWLIE DTAT A A= T

3. Research projects and annual reports
The homeostasis in gut is maintained by the balance of
proliferation and death of epithelial cells with the barrier

function of epithelia. The impairment of them causes various



disease such as cancer, inflammatory disease, and infection in
gut. | 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 the disease in gut and develop novel
treatments against them.

A. We have done the optimization of a novel RNAi screening
system in Drosophila to identify involving genes in cell death
(extrusion).

B. We established a system, in which live imaging analysis of
cell extrusion can be performed by using mouse intestinal
organoid (mini-gut) and found that the cells are delaminated

from epithelial layer as they are still alive.
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Laboratory of Neuroglycobiology

1. ARBE

BB O AN SRS 1 B B A AR A (B i S s O — D T
D, ZOREEIL, W<ODPDAALTITEEND. Fox ik
N-7tF N Z 7 3 (GalNAe), v /—A(Man), H
DM N=-7T 8 F T ayhI(GleNAe) X X7
DBV, "NeFd=v o ReX o VL ORMITE R S
nsb 0-7 U=y R A A (GalNAcal—Ser/Thr,
Manal—Ser/Thr, GlecNAcBl—Ser/Thr)% £f > ## 4 (2
HEHL, ZNHOEIHICBIT DM GEE T L TD. =
DO H T GalNAcol—Ser/Thr OFEEIL, kiPEL L RIH
THDHLT UNZELALNDIENE, AT U RIFEH LG
XD, AT BRSSO 6 Rl BR b BOS I 3E EsB i SR
UDP-GalNAc: polypeptide N-acetylgalactosaminyl—
transferase (LLFE GalNAc-T) [ZXvfiti-snsg. Zofi%
FITEMZBWTIE 20 FEFH DD K ERBAR 7 7Y
— T D, A LT ETIS, MR AR RIS S
% GalNAc-T9, ~T17T Z#HEEL7-. 2D 2 >DOT AV A L
WX, BERIG IR ET — 7 NICE BA2FD, in vitro
TOMFEEDNZEAE R TERWY T 77V —I2)8
T5. HxlE, O-ZVas REEES, BLOZ DA Al
FROFEIMKIZB T DM 2 LT, RDEH7%
PRI A TN,
1) GalNAc-T17 DESREREMT

T 2 13 GalNAC-TL7 28, FAKDIKIZ IV TS <°
TAER, /NI O R R 12 sR < BLL, Mok BEb
BHZE, Flole BRI E - 3B TIE GalNAC-T17
ME R A= AR AT EIL TOD RS e
L7z, REEPEIL, GalNAC-T17T D/ VT IR/ M A =
=T ARERILC, ZOBRERfRAT L.
2) B7 5749 2% AV GalNAC-T 773 —DiEEE
FRAT

P SR UG D3RR HH O X AR SR B A SR AT 23 R e
Ty =% Ele A — LT, BT Ty 2k AN
THRBURAT, BLOBEREILE R AT > T& 7. R
X, FEBARAT R ATV ELD, SHIC7 ) ARERT
&b TALEN {£X° CRISPR/Cas VAT L& AWT, AR
IRVERLZ R AT
3) P19 RHEEEMAEZ AW ZFRsRMLET VO
i RYA

IR AL OEEREC L DT I VB ND, 257
{LREZ A T 5~ AR IE S Bk PLO M, LT /A
VEETFAE T ORISR TH2L T, MR, BEIOUT
FR~E LT 5. LLZOHETIE, JEMEE R
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DT HZ &, R LT R A~ o o3 (kS R 31
DREBEDVLETHLIEORBE RN T, B2k, #E
B R IR L ICB b AR T2 N2 T 452
T, P19 Alla A E I TSR K<k M i ~ oy b s
LI,

2. KEEOHMEMRRE
1) GalNAc-T17 D REARHT

Fk %1% GalNAc-T17 OBEREMEIH D7, GalNAc-T17
I TR, BIOMNI VA 2w /v AR ERL, b
WRRRT LT, B2, /v TR AORE AL,
ZORTANRERRERT L, FTERIKFIERLVES
ThHOREFRNVESDGMBKRTL, Tu77F Dby
WNTCHET B2 (Fig. 1A), 707 0F L O4y TN
PR T3 = RN DO R — <y o Ml E > 7 L o
ETFICERKT52E (Fig. 1B), K& O~ 2734y it 5
WERTIEERLHL WD, 2RO I, Galntl7
DR FTEIC BT A4 WA T & U CRE B
T LR REME AR T Db D THORED THLIIZE .

A Western-blo=_ng-with- B B - OHaloperidol
ituitary-extracts =
WT KO .
— oo
I
]
8
q.
g 50
GH 5
)
Gapdh
Haloperidol:-
Dopamin-D2-receptor-
Fig. 1. Secretion of prolactin and growth hormone is
affected by decreased dopamine signal in the galntl7 KO
mice.

2) ¥7'57 4932 GalNAc-T 773U — DR
GalNAc-T TAYHFALDIL T, FHLCHERE DS B &
NTELT, A OTI /B ERE RO DR RIE D
BHS TR Y 7770 — LRI — RO T A
VWA L(GalNAC-TS, -T9, —~T17, ~T18)DIE FMEMT 24T
7= (Nakayama, Y. et al. (2014) Gene Expr. Patt). =®
R, INOHOTAY YA MINTRHINICEL, 5 AR
I ZVREH DR B Y — %
IRTZEN DT (Fig. 2).
Fig. 2. Expression of galntl7

in the brain. Di; diencephalon,
Hb; hindbrain, Re; retina



iz, 7 MREFMHT THS TALEN, CRISPR/Cas ¥/ A
T LEHWT, GalNAe-T #fs & KB T 54 BIRER
LA, galnt9 RIPETT7 40 2D ERICR T LTz,
PIORMEREEREZAVEITABERI(LET NV
DHEST.

P19l ia O #h &Ml e ~ D o3 {bicid, LT /A BT AE
TCMEEL LR ST HFENSH LN TE.
T L, BEBREAZEALLZEHE THERO B W
I b R A2 RMESL L, G SCELTAZ L7z (Nakayama,
Y., et al. (2014) J. Neurosci. Meth.).

3. Research projects and annual reports

We have been investigating roles of an O-linked sugar
chain with the carbohydrate-protein linkage structure,
GalNAcal~Ser(Thr), which is called a mucin-type
carbohydrate. Its biosynthesis is initiated by a group of
enzymes, UDP-GalNAc: polypeptide N-acetylgalactos-
aminyltransferases (GalNAc-Ts). GalNAc-Ts consist of
a large gene family with 20 isozymes in humans.
Interestingly, GaINAc-T8, -T9, -T17, and -T18 consist of
a unique subfamily that have characteristic amino acid
substitutions in the catalytic domains and they show
almost no detectable catalytic activity. Among them, we
have isolated GalNAc-T9 and -T17, and demonstrated
that they are brain-specific and biologically important
the
backgrounds, we have focused on the functions of

for neural differentiation. Based on these
glycosyltransferases to make mucin-type carbohydrates,
and obtained the following findings.
1) Analysis of galnt17 knockout mice

Analysis of galntl7”" mice exhibited no obvious
defects in the brain structures and their memory, but
showed reduction in body size and food intake, and
defect in reproduction (female KO mice). We performed
Western blot analysis of pituitary extracts from 8 weeks
old WT and KO male mice using anti-prolactin (Prl),
anti-growth hormone (GH), and anti-GAPDH antibodies,
and found that the serum growth hormone level is
downregulated, but that of prolactin is upregulated (Fig.
1A). We then determined serum Prl levels in WT and KO
females that were intraperitoneally administered with
saline (-) or haloperidol, a dopamine receptor antagonist.
Haloperidol upregulated WT serum Prl as high as that of
KO mice (Fig. 1B), indicating that the inhibitory signal

of dopamine was decreased in the KO mice. This
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suggests that galntl7 regulates serum levels of pituitary
gland hormones by regulating the dopamine signal.

2) Analysis of zebrafish galnt genes during embryonic
development

We have isolated zebrafish Y-subfamily galnt genes,
and determined their spatial and temporal expressions
during the early development of zebrafish (Nakayama, et
al. (2014) GEP). Our study demonstrated that galnt8 was
expressed in the cephalic mesoderm and hatching gland
during early developmental stages, and differently
expressed in the head, somatic muscles, and liver in the
later stages. The other three orthologs (galnt9, 17, and
18) also exhibited the characteristic expression patterns,
although their expressions were generally strong in the
nervous systems (Fig. 2).

To produce zebrafish mutants that are defective of
galnt genes, we employed recently developed
genome-editing technology, TALEN and CRISPR/Cas
systems. We have successfully generated galnt9 mutant
zebrafish.

3) A rapid and efficient method for neuronal
induction of P19 embryonic carcinoma cell line

We have developed a novel method for the rapid and
efficient neurogenesis of P19 cells, without aggregate
formation in a suspension culture. The new approach is
serum-free culture in a

based on an adherent

laminin-coated dish in the presence of FGF8, «
-secretase inhibitor, and cytosine arabinoside. The new
method efficiently induced P19 cells to differentiate into
neurons within 4 days, and subsequently into mature
that
neurotransmitters, giving spontaneous neuronal network
activity within 6 days (Nakayama, Y., et al. (2014) J.

Neurosci. Meth.).

neurons were responsive to several
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3. Research projects and annual reports

All somatic cells of our body develop from epiblast, a
cell population that develops in post-implantation
embryos in the case of mammals. How a variety of
somatic cell lineages develop from initially
homogeneous epiblast is a fundamental problem of
developmental biology, which we are investigating.

The approach we are taking is to investigate
the regulation of cell lineage specification by SOX2 and
other transcription factors, and the effects of intercellular
signaling on the action of transcription factors. To this
end, we analyze conditional knockout mouse embryos,
where particular transcription factor genes are
inactivated in developmental stage/cell lineage-specific
manner. We also utilize epiblast stem cell lines and
chicken embryos to manipulate epiblast cells with
exogenous factors.

Epiblast stem cells are also used to investigate
the interaction of transcription factors, e.g., SOX2, with
their regulatory target sites in the entire genome, using

ChlP-seq and other technologies.



Among the somatic cell lineages, we are
interested in those leading to neural, sensory, cardiac,
somitic and digestive tract development. Concerning
heart development, we also investigate how cells derived
from multiple cell lineages are organized to form a single
organ.

In 2014, we started crossing conditional
knockout mouse lines for various transcription factor
genes and Cre- recombinase transgenic mouse lines that
are activated by tamoxifen treatment.

We established a new epiblast stem cell line
C57BL/6
characteristics with another line derived from the 129

from a embryo, and compared its
mouse line. Taking advantage of epiblast stem cells, we
investigated the binding site distribution of transcription
factors and their complexes in the whole mouse genome
using ChIP-seq. The results were compared with those
using ES cells, human ES cells, and mouse neural stem
cells. We further investigated the conditions for epiblast
stem cells to develop into limited somatic cell lineages.
To investigate specify
developmental developmental

processes that do not follow ordinary developmental

mechanisms  to
particular pathways,
pathways (e.g., lens transdifferentiation from neural
retina) can provide essential clues. Investigations along
this line are also ongoing.

The epicardium of the embryonic heart
contributes to coronary vessels. We showed that vascular
endothelial growth factor (VEGF)-A activates mobility
of epicardium-derived cells and promotes formation of
vascular structures.
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3. Research projects and annual reports

Research in our laboratory focuses on the molecular
and cellular mechanism of oocyte maturation and
fertilization in oocyte/egg of the African clawed frog
Xenopus laevis

(Egg Project), and anti-apoptotic

proliferation and drug-resistance in human bladder
carcinoma cells (Cancer Cell Project).
In the Egg Project, we have employed albino oocytes

to analyze intracellular ATP concentration ([ATP];) in

the course of progesterone (PG)-induced oocyte
maturation. The live cell-imaging experiments
demonstrated that [ATP], increased until GVBD

(germinal vesicle breakdown), then decreased a while
and shifted to a moderate increase. These [ATP]; changes
are similar to those reported in the mouse oocytes.
Oligomycin A, an inhibitor of ATP synthase, was found
to cause a delay in the timing of the PG-dependent
[ATP]; increase and the appearance of white spot, a
hallmark of oocyte maturation, on the animal surface of
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oocytes. These results suggest a functional relationship
between ATP metabolism and oocyte maturation.

In the Cancer Cell Project, we have been interested in
addressing the Src-dependent mechanism of serum-
independent survival, proliferation, and tyrosine
phosphorylation in human bladder carcinoma cell line
5637. PP2, a Src inhibitor,

serum-starved 5637 cells that is accompanied by an

induces cell death in

increase in the caspase activity. In this fiscal year, we
succeeded in identifying and characterizing a novel Src
substrate in serum-starved 5637 bladder carcinoma cells.
Immunoblotting showed that serum starvation promoted
an increase in PP2-sensitive tyrosine phosphorylation of
not only known substrates such as EGFR, Src and c-Met,
but also a unknown protein of 125 kDa, in 5637 cells.
Further experiments demonstrated that the 125-kDa
protein was focal adhesion kinase (FAK). We are in the
process of determining the phosphorylation site(s) in
FAK by phospho-specific antibodies and the roles played
by FAK using knock down and/or pharmacological
approaches.
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3. Research projects and annual reports
Nanobiology is a biology in which physiological changes
are described in terms of the movements of biological
molecules. We push nanobiology in the fields of
transcription and survival strategy of bacteria.
1) Development of Modern and simple construction of
plasmid
In any field of biology, cloning a gene as well as its
controlling sites has been one of the time—consuming
and intelligence—demanding tasks. Now, it recently
became more than 10 times quicker without increased
cost, no need for broad and deep knowledge, and even
becomes easier in some sense than washing lab
instruments, which requires a certain amount of care.
Therefore, cloning is no longer the rate—limiting step of
a project, and this revolution is now changing the
schedules and strategies adopted not only in a
bacteriology lab, but also in most experimental biology
labs. In this review, at first, we briefly summarize the
historical background of the recent major advances in

the recombination technique. We then concentrate this
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review on introducing three new or revived techniques
for the routine construction of plasmids of ordinary
lengths, rather than the high technologies used in
synthetic biology and systems biology, which deal with
DNAs of genome sizes. The three methods are PCR
cloning, Gibson assembly, and SLiCE. We have provided
our lab protocol in the publication (1).

2) Role of 100S ribosome in terms of protein turnover
The degradation of proteins is essential for maintaining
the protein homeostasis, and the generated amino acids
are used to synthesize new proteins. This recycling,
protein turnover, is found in the bacteria growth as a
dynamic equilibrium. When bacteria have consumed
amino acids in a culture, only protein turnover can
support translation of new proteins. Therefore, in the
decay period following the steady state, where CFU
decreases, protein turnover becomes critical for
viability.

As an amino—acid source, ribosome has the largest
size among proteins or proteinous particles, and
occupies up to 28% of dry mass of E. coli. During the
steady state phase, the level of ribosome is maintained
approximately constant, although rRNA is kept cleaved
and synthesized as quality control. The translating 70S
ribosome is stable against degradation, and free 30S and
50S subunits are the best substrates for degradation
triggered by carbon starvation. Consistently, starvation
of various nutrients and Mg®'ion are known to induce
ribosome degradation. In the degradation induced by
phosphate depletion, the acid—insoluble fractions of the
incorporated [*H]uridine, RNA, decreased to two third
during the decay period. However, the correlation with
the protein turnover was not yet clear.

A universal form of inactivation of proteins is
inclusion body, which is a loose aggregate of proteins
with secondary structure retained and tertiary structure
disturbed. Inclusion body exists even in healthy E. coli
cells, and many ribosomal proteins in aberrant form are
included, suggesting that inclusion body is a temporary
trash organelle.

Bacterial ribosome has a specific inactive form,
100S ribosome, which is essentially dimeric 70S
ribosome. In E. coli, transcription of rmfis activated by
ppGpp, and RMF dimerizes 70S to initiate the following
two—step reaction.

two 70S-> 90S->100S

Two more factors with 40% sequence

(1

homology with each other, HPF and YfiA, enhance or

impair 100S formation, respectively.
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3. Research projects and annual reports

1) VEGF-A induces VEGFR-independent signaling,

Neuropilin dependent Tumorigenesis.
Neuropilin-1 (NRP1) has been

VEGF-A receptor. DJM-1, a human skin cancer cell line,

endogenous VEGF-A and NRP1. RNA

identified as a

expresses
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interferences of VEGF-A or NRP1 suppressed DIM-1
cell proliferation. Overexpression of NRP1 wild type
restored shNRP1-treated DJM-1 cell proliferation, but
NRP1 cytoplasmic deletion mutants failed to restore
proliferation. Co-immunoprecipitation analysis showed
that VEGF-A induced interactions between the NRP1
and GIPC1, a scaffold protein, and complex formation
between GIPCl and Syx, a RhoGEF. Knockdown of
GIPC1 or Syx reduced active RhoA and DJM-1 cell
proliferation without affecting either MAPK or Akt
pathway. C3 Y27632 inhibited
VEGF-A-induced DIM-1
Conversely, overexpression of the constitutively active
form of RhoA restored proliferation in
SIVEGF-A-treated DIM-1 cells. Furthermore, inhibition
of the VEGF-A/NRP1 signaling upregulated p27, CDK
inhibitor. A cell-penetrating oligopeptide that targets to
GIPC1/Syx complex formation and inhibited the
VEGF-A-induced RhoA activation and suppressed
DJM-1 cell proliferation. In conclusion,
signaling pathway of VEGF-A/NRP1 induces cancer cell
proliferation by forming a GIPC1/Syx complex that

exoenzyme  or

proliferation  of cells.

this new

activates RhoA to degrade the p27 protein.

2: Enhanced Expression of Fibroblast Growth
Factor Receptor 3 Illc Promotes Human Esophageal
Cancer Malignant Progression.

Fibroblast growth factor receptor 3 (FGFR3) is a
tyrosine kinase receptor that harbors oncogenic activity
in several types of cancers. Two alternatively spliced
isoforms of FGFR3 exist, FGFR3IIlb and FGFR3lllc.
We investigated the gene expression of FGFR3IIIb and
FGFR3Illc in esophageal squamous cell carcinoma
(ESCC) patients by RT-PCR, and found that the
incidence of FGFR3Illc was higher in ESCC (12/16,
75%) than in normal esophageal epithelia (6/16, 38%).
Moreover, a semi-quantitative RT-PCR analysis revealed
that FGFR3IlIc expression levels were higher in ESCC
than in the normal esophagus. On the other hand, no
significant difference was observed in the incidences or
levels of FGFR3IlIb between ESCC and the normal
esophagus. An immunohistochemical analysis of early
stage-ESCC showed that carcinoma cells with the
squamous cell carcinoma marker SCC-112 expressed
FGFR3Illc, and ESCC expressing FGFR3Illlc were
stained with Ki67, a cell proliferation marker. The
function of FGFR3Illic was evaluated by treating the



representative esophageal carcinoma cell line EC-GI-10
with FGF2, a specific ligand for FGFR3Illlc, and/or
siRNA for FGFR3. The knockdown of endogenous
FGFR3 by the siRNA treatment significantly abrogated
cell proliferation. The overexpression of FGFR3IlIc in
cells enhanced cell proliferation due to the endogenous
expression of FGF2, whereas that of FGFR3I11b did not.
In conclusion, the strong expression of FGFR3Illc may
promote malignant progression in ESCC. FGFR3lllc
may have the potential to be an early stage-tumor marker
and molecular target for ESCC therapy.
3: Anosmin-1 inhibits Netrin-1-induced growth cone
collapse.

Kallmann's syndrome (KS) is known as a congenital
disease associated with hypogonadotropin hypogonadism,
impaired sense of smell, loss of secondary sexual
characteristics. Patient of KS is impaired in axon
outgrowth of olfactory neuron, formation of olfactory
bulb, migration of gonadotrophin rereleasing hormone
(GnRH) neuron. Eight causal genes including KALZ,
encoding Anosmin-1(Anosl), have been isolated. Anosl
is known as an extracellular secretion protein. The
function of Anosl is thought to attract guidance cue, but
its molecular mechanism has not been elucidated yet. By
comparison of Anol protein homology to the database of
NCBI protein blast, Anosl have high homology to DCC
and Neogenin, receptors of Netrin-1 (NTN1). NTN1
signaling has regulate olfactory
development and migration of GnRH neuron. Here we
show that Anosl directly binds to NTN1 to modulate the
NTNL1 signaling.

a key role to

Co-immunoprecipitation analysis between
recombinant Anosl and NTN1 showed that Anosl
directly bound to NTNL1. The affinity was analyzed by
Biacore T-100. Soluble Anosl bound to immobilized
NTN-1 with the affinity, KD 3.6 nM. NTN1 induced
growth cone collapse in PC12 cells. Anosl inhibited
NTN1-induced growth Next, to
investigate the signal transduction of growth cone

cone collapse.
collapse, we examined dephosphorylation of cofilin that
regulates actin polymerization. NTN1 induced cofilin
Anosl inhibited NTNZ2-induced
cofilin dephophorylation. NTN1 binds to its receptor
UNCS5B to induce repulsive signaling in growth cone.
Anosl inhibited NTN1 binding to UNC5B. These results

dephosphorylation.

32

suggest that Anosl act as an attractive guidance cue by
inhibiting NTN1-induced repulsive signaling.
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3. Research projects and annual reports

Since our discovery of Bacillus subtilis MifM
as a regulatory nascent chain that monitors the activity of
the YidC-mediated membrane insertion pathway, we
have been interested in and studying on a class of
which

proteins called ‘regulatory nascent chains’,

function while they are still in the process of
biosynthesis. A remarkable property of this class of
nascent chains is that they interact cotranslationally with
of the

ribosome and thereby arrest their own translation

components of the polypeptide exit tunnel
elongation. The arrested state of translation elongation
can be stabilized or canceled in response to changes in
the cellular physiology, allowing each nascent chain to
serve as a unique biological sensor to feedback-regulate
gene expression. For instance, translation arrest of
nascent MifM chain is released when it is inserted into
Because
elongation arrest of MifM ultimately leads to the
elevation of the synthesis level of YidC2, one of the two
B. subtilis YidC paralogs (SpolllJ and YidC2), the
regulated elongation arrest of MifM enables cells to
maintain the capacity of membrane protein biogenesis

the membrane in a YidC-dependent manner.

under  ever-changing intra- and  extracellular

environments.  Our interests are also focused more
generally on the mechanisms of protein localization and
the biological

biogenesis, processes where nascent
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substrates undergoes dynamic interactions with the
machineries of translation, targeting and translocation.
Through our research activities outlined above, we
would like to develop a new research area that might be
biology”,

understanding the still hidden principle of the central

called “nascent chain which aims at
dogma of gene expression, where nascent chain might

play key roles.

This year’s accomplishments
1) YidC as a channel-independent membrane protein

insertase.

YidC has an "insertase" activity that mediates
membrane protein insertion.  Previous studies had
suggested that YidC forms a dimeric channel-like
structure. However, crystal structures of YidC solved
by collaboration with Nureki (University of Tokyo) and
Tsukazaki (Nara institute of Science and Technology)
laboratories have revealed that YidC forms a hydrophilic
cavity that opens toward the cytoplasmic but not
extracytoplasmic side of the membrane, arguing against
MifM-based lacz

reporter assay system that can measure YidC-mediated

the channel model. Using our
membrane protein insertion activity, we carried out
mutational analyses of SpolllJ (a B. subtilis YidC
homolog) and MifM (a substrate of YidC) and found that
the positive charge of an arginine on the concave surface
of the YidC cavity facilitates membrane insertion of
MifM by electrostatically attracting the negatively
charged moieties of substrates. Our results, together
with those of the structural and other biochemical
analyses, suggest that YidC is a channel-independent
insertase and its electrostatic interaction with a substrate
plays a crucial role to drive the membrane insertion

reaction.

2) ldentification of the arrest release-promoting element
of SecM

E. coli SecM is a regulatory nascent chain that
monitors protein secretion pathway and modulates
expression level of secretion motor ATPase, SecA. The
C-terminally located arrest element of SecM interacts
with the ribosomal components in the exit tunnel to halt
its own translation elongation. The elongation arrest is
released upon the engagement of its N-terminal region,

carrying the export signal sequence, in the Sec secretion



reaction. Through a series of systematic mutational
analysis, we now identified a sequence of 10 amino acids
that resides just outside of the exit of the ribosome
that the

secretion-dependent release of the arrest.

tunnel as an element participates in
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3. Research projects and annual reports

Mucins are major components covering the luminal
surfaces of the epithelial respiratory, gastrointestinal,
and reproductive tracts, and are high molecular weight
glycoproteins with a number of O-glycans.

Since normal epithelial cells exhibit a clear polarity,
synthesized mucins are transported to be the apical cell
surface and become secretory or membrane-bound
glycoproteins. Upon malignant transformation, mucins
are transported to whole cell surface, and then some
secreted into tumor tissues and/or

mucins are



bloodstream of cancer patients because of loss of the cell
polarity of epithelial tissues.

In tumor microenvironments, soluble lectins and
mucins may be ligands for membrane-bound mucins and
lectins, respectively. Membrane bound mucins may be
counter receptors for membrane-bound lectins. Binding
of lectins to membrane bound mucins expressed on
tumor cells is expected to start signaling and play a role
in tumor progression. In addition, binding of mucins to
siglec family expressed on immune cells may lead to
down-modulation of immune cells because many siglecs
These

interactions may facilitate the tumor progression.

possess immune-regulatory  motif. mutual

1: Transcriptional induction of urokinase-type
plasminogen activator (uPA) by forming a complex of
MUC1 and NF-xB p65 transcription factor and binding
to the uPA promoter in MUC1 expressing cells. Mucin 1
(MUC1) is overexpressed in various human malignant
tumors and its expression is correlated with a poor
prognosis. Microarray analysis revealed that expression of
urokinase-type plasminogen activator (UPA) was elevated
up-
down-modulation of MUC1 expression was clearly
An

immunochemical study showed that the distribution of

in MUC1-overexpressing cells. Furthermore, and

correlated with the change of uPA expression.

UPA coincided with that of MUC1in various human cancer
tissues. The MUC1 C-terminal domain (MUC1-CD) was
factor-xB (NF-xB) p65 in
MUC1-expressing cells. ChIP assays demonstrated that
MUC1-CD existed with NF-xB p65 on the uPA promoter.
Luciferase assays indicated that the uPA transcriptional

associated with nuclear

activity was correlated with the level of MUC1 expression
that this MUC1-enhancing effect on the uPA
transcription was abolished by introduction of mutations

and

into the NF-kB binding sites on the uPA promoter. These
results indicate that formation of the MUC1-CD and
NF-xB p65 complex enhanced nuclear translocation of
NF-xB p65 and subsequent occupancy of NF-kB binding
region on the uPA promoter, leading to elevated
transcription of uPA. We also demonstrated that uPA
induced by MUC1 enhanced the matrix metalloproteinase
(MMP)-2 and -9 activities, and consequently promoted

cancer cell invasion.
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2: Recruitment of B-catenin by binding of galectin-3 to
MUC1-N-terminal domain in MUC1-expressing mouse
3T3 cells. Galectin-3 is expressed in a variety of tumors
and its expression level is related with tumor progression.
It has been reported that MUC1 is a natural ligand of
galectin-3. A stable MUC1 transfectant was produced by
introducing MUC1 cDNA into mouse 3T3 fibroblasts
(MUC1/3T3 cells). Galectin-3 present on the cell surface
increased with the expression of MUC1 and is colocalized
with MUC1. We found that galectin-3 bound to the
N-terminal domain of MUC1(MUC1-ND) but not to the
C-terminal one. (MUC1-CD). After ligation of galectin-3
to 3T3/MUCL cells, MUC1-CD was immunoprecipitated
from the cell
immunoprecipitate with anti-MUC1-CD Ab from a lysate
of galectin-3-treated 3T3/MUC1 cells. These results
demonstrate that galectin-3 binds to MUC1-ND and
triggers MUC1-mediated signaling in 3T3/MUC1 cells,
leading to recruitment of p-catenin to MUC1-CD.

lysate. p-Catenin was detected in the

3: Difference in mesothelin-binding ability of serum
CA125 between with
epithelial ovarian cancer. CA125 is the most commonly

patients endometriosis and
used serum marker for epithelial ovarian carcinoma (EOC),
but shows a high-false-positive rate for several benign
diseases such as endometriosis. In our study, using two
different CA125-binding molecules,

mesothelin and an anti-CA125 monoclonal antibody, a

i.e.,, recombinant
novel sandwich ELISA for determining the serum levels of
CA125 with mesothelin-binding ability (CA125™%°) was
developed, and tested for patients with endometriosis
(n=59) and EOC (n=36). We found that both the serum
CA125™° |evel and the ratio of the serum CA125™° to
CA125 levels (CA125M°/CA125) were significantly
higher in patients with EOC than in patients with
endometriosis (p<0.00005 and p<0.000001, respectively).
Thus, mesothelin-binding ability may be a useful indicator
for discriminating CA125 obtained from patients with
endometriosis and ovarian cancer.
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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 four major research projects:

1: Functional analysis of collagen-specific molecular
chaperone Hsp47.  Liver fibrosis is characterized by
abnormal collagen accumulation in the extracellular matrix of
liver. In liver fibrosis, hepatic stellate cells (HSCs) are
activated and transformed into myofibroblasts which produce
collagen actively. Here, we succeeded in knocking out of
collagen specific molecular chaperone hsp47 gene by
Cre-LoxP system in HSCs isolated from hsp47 floxed mice. In



hsp47-KO HSCs, we confirmed that immature type 1 collagen
is accumulated in the endoplasmic reticulum (ER) resulting in
causing apoptosis in HSCs. These results suggest that Hsp47
could be potential therapeutic targets for fibrosis (K.
Kawasaki et al., J. Biol. Chem., 2015).

We already found that a small molecule compound inhibits
the interaction between collagen and Hsp47. We investigated
the inhibitor binding site in Hsp47 and revealed that this
compound competitively inhibited the binding of procollagen
to Hsp47 using NMR methods. Structural information of the
interaction of the compound with Hsp47 enables us to design
more effective therapeutic drugs for fibrosis.

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 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
by facilitating the retrograde transport of these proteins from
the ER lumen into the cytosol, where they are degraded by
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 ERdj5 cleaves the disulfide bond of
SERCA2, a Ca?" pump on ER membrane, and regulates its
function. Additionally, ERdj5 senses the Ca®* concentration in
the ER and regulates the interaction with SERCAZ2. It suggests
that redox activity of ERdj5 is involved not only in protein
quality control but also in Ca®" homeostasis in the ER. As
ERGd)5 is an oxidoreductase in the ER, it is strongly suggested
that three important homeostasis in the ER, protein, redox and
Ca homeostasis, are cross-talking each other.

Furthermore, we tried the screening of interaction partner of
ERd)5 to declare redox source of ERdj5. We expect to resolve
the detail molecular mechanism of ERdj5.

3. A novel ER membrane protein negatively regulates
autophagy at
degradation system s

ER-mitochondria contact site. Protein
the
homeostasis. Macro-autophagy (hereafter autophagy) is one of
the intracellular degradation systems. At the steady state,

autophagy constitutively degrades abnormal organelle and

important  for intracellular

proteins, hence intracellular homeostasis is retained.

Autophagosome is originated by isolation membranes which
occur on the endoplasmic reticulum (ER) and mitochondria
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contact site in mammalian cell. Autophagy is dominated by
many autophagic genes. Although positive regulators have
been well studied, negative regulator of autophagy is poorly
understood. Here we have discovered a novel ER membrane
protein that negatively regulates autophagic degradation
process, and we are now performing the characterization of
this molecule..

4. Functional analysis of a novel protein, mysterin. We
isolated a novel gene encoding a huge protein, which we
named mysterin, as a susceptibility gene for human
cerebrovascular disease (moyamoya disease). Mysterin with a
size of 591kDa contains RING finger ubiquitin ligase domain
and two AAA+ ATPase domains. Mysterin forms a huge
toroidal oligomer the size of which is comparable to known
macromolecules such as the ribosome and is supposed to

exhibit mechanical activity in the cell (D. Morito et al., Sci.

Rep. 2014). Knockdown experiments using zebrafish
demonstrated that mysterin has essential roles for
physiological angiogenesis and myogenesis through its

enzymatic activities. Further studies on intracellular function
of mysterin and the pathological mechanism are warranted.
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Fig. 1. Golgi appoints as a platform of signal transduction
The Golgi apparatus changes its structure and localization in
response to the cell growth signal and the cell cycle control
signal. Conversely, the information of the structure and the
function of the Golgi apparatus feedback to the signal
transduction pathway.
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Fig. 2. Structure of GM130

GM130 is proposed to function in maintaining the Golgi
structure and also tethering vesicles to the Golgi
membrane for fusion. We found that GM130 is a parallel
homo-tetramer in a flexible rod-like structure with open
(Y-shaped) or closed (I shaped) N-terminal conformations.
The interaction of controller molecules may affect the
N-terminal conformation and the function.

3. Research projects and annual reports

During the development of embryo or tissues, and
cellular differentiation, the cell has to acquire polarity to
deliver cell adhesion molecules and inducing factors to
specific directions. The cell also has to acquire front and
rear polarity when it moves to a proper direction.
Secretory pathway plays important roles to enable the
polarization of cells by regulating the delivery of
proteins and lipids. The Golgi apparatus is especially
important core organelle in the secretory pathway. Thus,
function and

the structure, location of the Golgi

apparatus play essential roles to support proper
polarization of the cells.

The secretory pathway has to be activated to support
active cell growth. In fact, we have shown that the Golgi
apparatus functions as a platform of the growth signal
transduction and cell cycle control and controls the
activity of the secretory pathway in response to the
growth signal. Golgi apparatus receives the growth
signal via ERK pathway and also the cell cycle control
signal via CDK pathway, and changes its shape and
location in the cell. Conversely, the information of the
activity of the Golgi apparatus may provide feedback to
the signal transduction pathways (Fig. 1: N. Nakamura,
et al., Curr. Opin. Cell Biol., 2012).

As described above, the structure and the function of
the Golgi apparatus are suggested to play active roles for
the regulation of the cell polarization and cell growth.

However, the regulatory mechanism remains obscure.
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Under this circumstance, we are trying to elucidate the
regulatory mechanism of the structure and the function
of the Golgi
apparatus control cellular polarization and movement.

apparatus to understand how Golgi

GM130 is a cytoplasmic peripheral membrane protein
(a Golgi matrix protein) localized at the Golgi apparatus
that was found and reported by Nakamura et al. on 1995
(N. Nakamura et al. J Cell Biol, 131, p1715 1995). It
binds to p115 and GRASP65 and plays essential role for
the cisternal stacking. It also plays an important role in
the regulation of cell growth, motility and polarization.
Under these circumstances, we have been analyzing the
function of GM130 and its binding proteins to obtain key
information for understanding the regulatory mechanism
of the Golgi
mechanism for the regulation of cellular functions by the

structure and function and also the

Golgi apparatus.

We are now focusing on (1) the structural analysis of
GM130 molecule, (2) the developmental analysis of
GM130 functions using zebrafish as a model organism,
(3) analysis of the molecular mechanism of the Golgi
disassembly by low pH treatment and (4) analysis of the
function of YIPF proteins.

This year, we have mainly focused on the first subject
(Fig. 2). GM130 is a cytoplasmic peripheral membrane
protein localizing on the cis-side of the Golgi apparatus.
GM130 is proposed to function as a membrane skeleton
maintaining the structure of the Golgi apparatus and as a
vesicle tether that facilitates vesicle fusion to the Golgi
membrane. More than 60% of the GM130 molecule is
believed to exist as coiled-coil structures with a
probability above 90%, according to its primary amino
acid sequence. The predicted coiled-coil regions were
similar to pl115 and Usolp, both of which form a
coiled-coil homo-dimer. Therefore, GM130 has long
been thought to form a homo-dimer in a rod-like shape.
However, our biochemical and electron microscopical
analyses that GM130 is a parallel
homo-tetramer in a flexible rod-like structure with I- and

revealed

Y-shaped conformations. The structure of the N-terminal
region may interchange between open (branched or
Y-shaped) and closed (non-branched or I-shaped)
conformations, possibly with the help of associated
molecules. This conformational change may alter the

oligomeric state of the GM130 molecules and the



function of GM130 in vesicle tethering and maintenance
of the Golgi structure.
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3. Research projects and annual reports

How the brain executes a variety of neural function
still remains enigmatic. We are studying molecular
mechanisms by which neuronal events occur during
nervous system development, and also trying to
understand a genetic program that globally organizes
the circuit formation 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 on
the mechanisms underlying synaptic differentiation,
analyzing the mutants that show reduced locomotor
behaviors.

Research Project:
Identification and function of novel synaptic matrix
proteins.

ol

The hig (hikaru geneki) gene, identified by a mutant
phenotype of reduced locomotor activity (Hoshino et
al., Neuron 1993), encodes a secretory protein with
multiple CCP domains. This Hig protein localizes to
the synaptic clefts in the brain (Hoshino et al.,
Development 1996). The goal of this project is to
identify proteins that constitute synaptic matrix, and
to reveal how those proteins are organized in the
matrix.

Annual reports:

A matrix protein Hikaru genki localizes to the cholinergic
synaptic clefts and regulates the postsynaptic organization
in the Drosophila brain

The synaptic cleft is a narrow but crucial space for
neurotransmission and serves as an interface involved in
the differentiation or maintenance of presynaptic and
postsynaptic terminals. Albeit a number of molecules
that constitute either terminals have been studied, little is
known about the proteins that are present in the synaptic
cleft matrix, especially in the central nervous system
(CNS). We report that Hikaru genki (Hig),
specifically to the synaptic clefts of cholinergic synapses
in the Drosophila CNS. Our data indicate that this
specific localization of Hig is achieved by capture of

localizes

secreted and diffused Hig to the synaptic clefts even
when it is ectopically expressed in non-cholinergic
neurons and glia. Notably, in the absence of Hig, an
intracellular scaffold protein DLG was abnormally
accumulated in the cholinergic postsynapses, while the
synaptic distribution of acetylcholine receptor (AchR)
subunits Da6 and Da7 were significantly decreased.
Consistently, the hig mutant flies showed resistance to
an AchR agonist, spinosad, which causes lethality by
activating specifically Da6 among AchR subunits,
suggesting that the loss of Hig compromises the synaptic
activity mediated by Da6. These results indicate that
Hig is a specific component of synaptic cleft matrix for
cholinergic synapses and regulates the postsynaptic
organization in the CNS.

In addition to Hig, we have identified another
component of synaptic cleft matrix, Hasp (Hig-anchoring
scaffold protein). The loss of this protein causes reduced
locomotor activity as do hig mutations, and notably Hasp
is required for Hig to localizes to synaptic clefts. Thus,
Hasp as well as AchR subunits function in capturing Hig,
suggesting sequential processes of synaptic matrix

formation.
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The matrix protein Hikaru genki localizes to cholinergic
synaptic clefts and regulates postsynaptic organization in
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3. Research projects and annual reports

1.Molecular basis of ADP inhibition of VV-ATPase

Reduction of ATP hydrolysis activity of vacuolar-type
ATPase/synthase (V,V;) as a result of ADP inhibition occurs
as part of the normal mechanism of V,V; of Thermus
thermophilus but not V,V; of Enterococcus hirae or
eukaryotes. To investigate the molecular basis for this
difference, domain-swapped chimeric V; consisting of both T.
thermophilus and E. hirae enzymes were generated, and their
function was analyzed. The data showed that the interaction
between the nucleotide binding and C-terminal domains of the
catalytic A subunit from E. hirae V; is central to increasing
binding affinity of the chimeric V, for phosphate, resulting in
reduction of the ADP inhibition. These findings together with
a comparison of the crystal structures of T. thermophilus V;
with E. hirae V strongly suggest that the A subunit adopts a
conformation in T. thermophilus V, different from that in E.

o4

hirae V;. This key difference results in ADP inhibition of T.
thermophilus V; by abolishing the binding affinity for
phosphate during ATP hydrolysis.

2. ATP sensing system in whole nematode

Using a single-molecule technique, we observed the motion of
the rotary motors. To obtain the torque values, we then
analyzed the measured motion trajectories based on the
fluctuation theorem, which states that the law of entropy
production in non-equilibrium conditions and has been
suggested as a novel and effective method for measuring
torque. The measured torque of A3B3;D was half that of the
wild-type V4, and full torque was recovered in the mutant V,
in which the F-subunit was genetically fused with the
D-subunit, indicating that the globular-shaped F-subunit
reinforces torque generation in V.
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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. Some strains of them are
studied in terms of the molecular mechanisms of
establishment inside plants and their functions well.
We reported the full genome sequences of such bacteria,
Mesorhizobiumi, Bradyrhizobium, and Azospirillum. The
genomic information provided valuable insights into the
life of the bacteria, including information about
interactions with host plants. We examine the nucleotide
sequences of the other related endophytic bacterial
strains genomes and deduce the symbiotic functional
gene repertoire in their genomes. Comparative genomics
of naturally occurring plant-associated bacteria have a
potential for providing information that can be used to
develop enhanced plant-microbe interaction.

(1) The
contains a large number of defense genes. Thus, it is a

cyanobacterium, Microcystis aeruginosa,

good model to study the co-evolution of phage and



bacteria. Here, we isolated and characterized two
phage-resistant M. aeruginosa mutants that came from a
phage intermediate-sensitive culture. To determine the
mutation conferring resistance, a protein expression
pattern analysis was performed comparing
phage-sensitive and -resistant sub-strains. There were no
apparent differences in expression patterns in the soluble
fraction; however, a 90kDa protein in the hydrophobic
the

observed. Using PCR, the entire sequence encoding the

fraction from phage-sensitive sub-strain  was
protein was determined. 1SP90 contained no conserved
domains and was predicted to be a membrane-associated
protein. No mutations were detected in the nucleotide
sequences coding ISP90 and diversification of ISP90
this

Diversification of ISP90 regions within this species

regions  within species  were  observed.
suggests a possible genomic island that may be subjected
to selective pressures from phages.

(2) To understand closely examined genomes of some
related bacteria, wusing comprehensively curated
reference databases are important. We have developed
CyanoBase for cyanobacterial genomic research, and
Both

databases focus on the representation and reusability of

RhizoBase for Rhizobia/endophytic bacteria.
reference genome annotations, which are continuously
updated by manual curation. Domain experts have
extracted names, products and functions of each gene
reported in the literature. To ensure effectiveness of this
procedure, we developed the TogoAnnotation system
offering a web-based user interface and a uniform
storage of annotations for the curators of the CyanoBase
and RhizoBase databases. The results of these intensive
annotations are displayed on the GeneView pages of
each database. The number of references investigated for
CyanoBase increased from 2260 in our previous report to

5285, and for RhizoBase, we perused 1216 references.
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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
effect of different
centromeric sequences on the segregation ratio. We made
F2 plants with different centromere organization patterns

to analyse transmission rate of each chromosome.

relatives, we are analyzing

2) Patterns of Transposable Element Evolution

In Arabidopsis thaliana, several transposable element
families were identified to have active transposability.
We analysed evolution of VANDAL family transposons.
We found antisilencing factor in VANDAL family
in various

transposon and analyse its mechanisms

members of the groups.
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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
detected differences in duplication numbers and
conservation of gene structure between epigenetically
regulated and non-epigenetically regulated loci. We are
determining imprinted gene candidate in different
Brassicaceae species to compare conservation and

variation of the inprinted gene repertoire.

4) Evolution of nuclear transferred cytoplasmic genome
DNAs

We analysed patterns of
fragments plant species. We found age
dependent methylation that could be regulated by RNAI
The findings will contribute

organelle originated DNA
in several
independent manner.
understanding of general mechanisms about genome
defense against invasive DNA fragments.
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3. Research projects and annual reports

We plant
environmental Currently, we have been

are interested in development and
interactions.
focusing on the following four major projects.

(1) Analysis of Phenotypic Plasticity of Leaf shape of
Lake cress

Plant can alter their development, physiology and life
This

fundamental property is called phenotypic plasticity. The

history depending on environmental conditions.

North American lake cress, Rorippa aquatica, shows
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heterophylly, phenotypic leaf shape.

Submerged leaves are usually deeply dissected and has

plasticity on

needle-like blade, whereas emergent leaves are generally
entire with serrated or smooth margins. We investigate the
To
understand global transcriptional alternations associated

mechanism of the heterophylly of lake cress.

with heterophylly, we have performed transcriptome
analysis. RNA was extracted from shoot apices from
plants grown various environmental condition and used for
mMRNA-seq analysis. We identified the genes which
expression levels are correlated with leaf shape changes
and are trying to reveal the function of these genes.

(2) The evolutionary-developmental study on leaf shape
Cultivated vegetables show remarkable variation in leaf
morphology. For example, Mizuna (Brassia rapa var.
nipponsinica) has deeply lobed leaves, while Mibuna,
which is developed from Mizuna by breeding in 19th
century, has entire leaves with smooth margin. We are
interested in genetic basis of this leaf shape variation.

We have developed 83 CAPS markers and performed
QTL (quantitative trait loci) analysis for leaf shape
variation. The results suggested that the leaf shape
variation is controlled by four QTLs. One of the major
QTLs was detected on chromosome 10 and synteny
analysis revealed that homolog of GA200x3 gene, which is
involved in gibberellin biosynthesis, is located near this
QTL. Application of gibberellin to Mizuna made the
leaves simplified, suggesting that GA200x3 is responsible
for leaf shape variation between Mizuna and Mibuna.

3) the
vegetative propagation of Lake cress

Developmental studies on mechanisms  of
R. aquatica can produce plantlets from leaf fragments
that are striped off their stems without any external
application of plant hormones. To reveal the mechanism of
vegetative propagation in R. aquatica, we performed
developmental and molecular analysis. SEM observation
suggested that calli form on the surface of section around
midrib in about 7 days after cutting of the leaves and the
calli might originate from vasculature tissues.
(4) Analysis of genome maintenance mechanisms of plants
Arabidopsis SOG1, which is unique to plants, is a master
transcriptional regulator of the DNA damage response. We
showed that SOG1 is activated by AtATM through
post-translational phosphorylation. Also we found that
phosphorylation of at least two sites of SOGL1 is required

for its function.
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syriana SHRALTZEZA, BEAIUIY ARFNTOINT
YRUT DNA DR A IE X R E B O EMB B
272 o7z,



FIBICRA LT~ T GRXANF LY ZEMEIZE 2
SHEEE(EHBE— 4 FX4E)

W TV TICIESARSAMALTND
VT AR AT (Vespa velutina) i,
2000 EACHTEICH ENDT—my /30
FEENR AL, SYARF O, A~D
il . EAE OB E TR RO Lo 75 5
5 2 TWD, 2012 AFITIE, AR OB X 1% 03 R g Ukt
BT THESN TV, SYRFORBTHDH A
ZANF OIFAGIE B E T T MDA R
ERR L CODE Tk, M S RE~ORBLRES
N5, RIFFETIE, VT HARANRNF O BICBITH4E
TGS IRABIR L R AR OHEE | TER DIV AT RA
ARANRF ~DEBERHEL  AEOIRALICL DR BT

AR AT G 24T 7, BN TOSAMREIZED,

2013 A1 44% ., 2014 A1 68% D F AL Hh gL CASTE 23 fe
AEH, O AIEALEIZE LT, 2013 AFICARFED
21 B OHALRE 3 LT A IR IR 2 2o
TZEMBLEEICENTER L WA LRSI, 1%
AR HFTE T DT EE 77 O 13 4 it L vk [H - %t
B 84 HADIN =2 RU7 DNA & CO1 M n+ & fig
L72E2 5, 16 HOANTaHA TP Do -T2, %f B4
FEDONTREAT VL, fGEEREPIE ONT A T7L
FERNZ LI ZENE, PENOEEZRH L TRA
L2 e E Sz, ARICL BB EL2 R TS
O EITHOBE L2, IYARFOHRDIREEIC
X0 3 FHDOFETHAEL TN, SYAFOE L
HeE 9758, KFEDOB1ISHIZVER 1,000 EAELL Ea
AT HIOIVANT RN T DR KT/ DZENR
W ENTZ, ETo, FATRAXANRTF I Lk DZHE RN K T

DNA ZfigHT 5L KFEL DO DY 33%MEFRE A,

M B TR ERENTZ, OO RN, A
FEDOXIE TOJAbIL, Bl HELEW LMD %
SlEE T A REMENE NI END, R A FIEORFE L
BIRBIBRIT A DML L E TH D,

IF2FY7 DNA BEHFIZL B AN FANFALEZE =D R
AREBEDHTE (RHLF 7 4 FXLE)

IV RFAX ALK =(Varroa destructor)it, 7T I
DATTHRT YIS Fa G T A E O X =
ThD, BAITIY AT R, 20 HRICEERELTTY
THUBIEASND IO DL WOV ATy
IVANFUIE F AT 5197 o0 AR i o
T2 D FF AR IT N AL R BT T AL & o T2 R 724
F O, IV AT O E OB 24TV BEF
ENTRDEBAITIYANFRUIIEIR T 5, AT,
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bOHERHEESN TS, BN T, RO R AEBFERE T
DT HIE, FEBLH THIEICE W TERRR
eI I ESN TV, AR, B3Iy ANFITRIL
THIFEEOMBI N RS 2 SORMNMOENTND, i
R M TRERPFEELFE ST TOLHIER O R HIL,
BAIUIV AT O AR ENOHEE T8, AR,
H, FEOWTINICHEKRTLHEZ 20 TND, 5E,
HREHCEERNELZLZOL TNDIYNT AT A
=D ORI AHEE T D7D, IV AT RO
ERPLEINTRYT DNA O TR BE SR o
TR &S5 BRI OHETE AT -T2,

3. Research projects and annual reports

Genetic structure of apicultural honeybee Apis
mellifera in Japan

The apicultural honeybee Apis mellifera L. has been
introduced for about hundred years in Japan. We
sequenced the non-coding intergenic region between COI
and COIl mitochondrial genes from 12 populations
collected through Japan. About 50 different haplotypes
have been reported for the non-coding region of A.
melliefra. This study detected A. mellifera ligstica type
in Japan, which we consisted haplotype C1. These results
suggested that PCR product only was distinguished from
addition PCR-RFLP
sequencing of the non-coding region increased the
reliability of diagnostic when found other haplotype

from Japan.

African haplotype. In and

A preliminary report on the genetic diversity of a highly
endangered dragonfly, Libellula angelina Selys, 1883,
in the Okegaya-numa Pond, Shizuoka, Japan

Libellula angelina is one of the most endangered
To
conservation genetic study, the genomic DNA extracted

dragonfly species in Japan. conduct some
from exuviae, not from tissues of living individuals,
seems to be useful because the effect on the fitness of
individual is as small as possible. In this study, we
observed the genetic diversity of L. angelina in the
Okegaya-numa Pond population based on the sequence
of mitochondrial DNA fragment (829 bps). Eleven
haplotypes were obtained from 20 samples. Thus, as
much as 11 maternal lineages in the pond were
succeeded to the adults of the year 2008. This is rather

large number in consideration of the sample size.
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1. ARBE

VA DL RN UNIY 1 St/ et WA ST AL R 4
VST NDDNTFE OOl D | F5EE1T o T
Do FEIBYLEIZBD DN T- O A Y F A 1D T,

BB OREIE LA R A O SR BR AR I 0 B R Al R

REDOEIRNDOB D, B2 1 X B s E AT 2 2 T
Bl L XU EEA I FROEMER - EFRANTHD
EhDEL RIE O EAEM%E RiZ0EB 2 Thb, 20 FHE
TFFED DR ANV I R YE 2 T B 010l T2 97272 A3 o
TTREME N £ 5, BIELL T O T — <&l L Tifse %
HDTND,
(1) ADP VR UL FEFZ LZE DL MER S A ROREE A
Wyt kR 2 TR R AR T ADP VR UL FE S (ADPRT) %
DUWL T, RANDZ U N TEEEMIL, FANDT T F R

BRISEEE G20, ZORISHEMEOFEMEZ LM~

£k % 22 RS IR BE T O B EART 2 1D TV D,

(2) A2 7N F 7 )L A RNA IR AT —F O E M
AL TN AT AVAIZEST 1918 FFITRAE LT AL
OB R RAT (S TRy Y) 51X ZL, 1000 J7 LA
FOREEH LT, BITERELIZT VAL R L Teh~D
LN ZDHEB 2 HND, ORI TN
B DE> RNA RYAT—F DN DD T IO B E
FETHLHFEN DN TE, RNA RUAT—BHEIK (PB2,
PB1, PA) D &K IE DA B L L THFEAED TV
Do

(3) DD EAR DI A ) F ST

2. REEOHERR

(1) Fex OBFZE=RIT, ME DS WT D ADP U R b
REMROFEE LTRLIMME LT TE I, 44X
BER—T 7 TFUEAGRERMEEIL. COX A TOEHRT
BHIHDTOE NEEE VR BEAIRTH D (PNAS 2008,
PNAS 2013), & 5 (ZBIfE C3 exoenzyme O i i & gt %
HEH TN D, C3 1L RhoA DT AT X 0 & FEBAIZ ADP
YR T H T ERFMB TN D, 1987 FFIZH A I
72 C31%, TR EMH S Rho GTPase DIEHEA R D Y —
Nl LTEL AT OMIEE THEPDIL. RhoA, Racl,
Cdcd2 DOIERESH N hv-> T & 7=, Rho GTPase [ZZ D
GTP f&M & GDP fE &R T, MENEIL L, v 7 s
AL v T L LT, HFEED4RIE (TH) 23, C
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3 HMESG L7- ADP U 7R 3Lk RhoA O db A AT 217
VN F ORI S-S A2 m WS RRE T B M L (1
1) . ZOMRIE., AMEREESR O LEFRBRS
THEFEEZE L (Fk2642H) . £72, 540
FR=ERE O 4 114 (FH) 12XV, C3-RhoA EHEKD
FEREE AT S EED LT WA, a U PRk
26 45 12 B ) OBERAEERR UL ADP YRS AL T & O
FICBNW TV AN A=V R EERWETHD, ZhbIZ
WIEIE, 7 ey =7 N OB B IOt B O & RO TR )
7P R =N TIThIL TS,

A

1 (A) ADPURYILE NIcGTPIEEEIRhoADIESR

(B) ADP U R L & 1 7=GDPHEAERhoAD &

(2) EBA 7N TP )L X RNA RY AT —B DOREIERF
e TE, 54, B3SOV T 2=y M bR b
T AITTAIVAH KD PB2 H /0B DORERE LR A B H7)s
2T D7D, ZOFRBLROHEL 7 R EZIT-
7= (44 PN RH),

(3) kLD ILFEMZEIZLY, Aeromonas sobria HED
‘UL ETFT—F ASP 1T OWTIFZE A -, BEA DY
»7aT 7 —RIESTED N KT mfi S EF S 2
T aBEF AR e <R AA > DT 4 — T (2 TN WE
DOEENZHSTND, ZDO—J57C ASP (X7 afid S & =3,



ZDRIOVIT ORF2 EWVIRDZ L RIENT — VT 4
(CHIH THDHZEDNRIBEN T, ZOFEMIZR T 4+ — L
TATHERE I o T hotn, T THAITET.
ASP & ORF2 O G RDOHE % X B S E MEATIC L0k
ELT (X 2AB) . DGR, ORF2 & ASP O G4k =X BE
HMOEV 7 a7 T —BET aflFORE & FERICIER I
WADZENRBAGLMNIT 25Tz, SHIZALFEFEBRIZED, ORF2 D
N K, C Kimd|Z ASP DT 4 — VT 4 T\ RE I B
FIELTWDIEEHLNIT LT, BT, ASP & ORF2 O
FHTAMER A1 &7 OBl FNTFE S T DR AL DRI D Z 3
JELLTRBASNS Y T ur 7 —Y37 7 LRMEE IS
SHEEL FiTlele7 73 —%2 R L TWHIZEE R LT (K
2C) . B LT 0GR SUISGTH THD CFRk 26 4212 A ),

fth KL DIRBFFEICLD, T /T TUT HED LA
X —1 DyP DAEFLREEF L AT > TN D, fiRFE
DOIFRFFEIC LY T EFRFEOZA O Toniti 12XV, 7 /3
Z77V7 Mk Glutamine & RklER D12 BAROREEFIEL
Z DO IE N EA TS, IDHIT, VAT LDIEA
tr L e LRIMFSE T, B GFP DR L RE DT )3
ATUND,

A B

K2 (A) ASP-ORF2EEHDIESR
C)eY>r7OT7—E DR

(B) ASP-ORF2E & AR DS

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
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and we would like to reveal the interaction between the infectious
factor protein and human protein.

(1) We have been studying Actin ADP-ribosylating toxin (ADPRT)
such as iota toxin from C.perfringens which ADP-ribosylates Arg-177
of o-Actin for many years. In 2013, we revealed high-resolution
structures of NAD™-la-actin and la-ADPR-actin obtained by soaking
apo-la-actin crystal with NAD" under different conditions and
proposed the strain-alleviation model for the reaction. In this family,
this complex is only available structure. Now we are trying to study
another ADP-ribosylating toxin C3 which modifies RhoA. C3 has
long been used to study the diverse regulatory functions of Rho
GTPases. how C3
ADP-ribosylation proceeds is still poorly understood. We are trying to

However, recognizes its substrate and
reveal the complex structure of C3-RhoA.

(2) Influenza pandemics with human-to-human transmission of the

virus are of great public concern. It is now recognized that a number
of factors are necessary for human transmission and virulence,
including several key mutations within the PB2 subunit of
RNA-dependent RNA polymerase. Though we have been revealed
structures of PB2 domain (PB2 middle (PLoS One 2013) and
C-terminal (JBC 2009)), we furthermore would like to reveal the
function and structure of whole RNA-polymerase complex. Now we
are trying to study the similar RNA-polymerase complex in sake
anemia virus.
(3) The main syndrome caused by infection with Aeromonas is
gastroenteritis, though in severe cases sepsis may occur. One of the
toxic factor expressed by Aeromonas is serine proteinase. We have
identified the novel serine protease from Aeromonas sobria (ASP),
which lacks a propeptide. Instead, ORF2, a protein encoded just
downstream of asp, appears essential for proper ASP folding. The
mechanism by which ORF2 functions remains an open question, as it
shares no sequence homology with any known intramolecular
propeptide or other protein. We revealed the crystal structure of the
ORF2-ASP complex. Furthermore we found that ASP and its
homologs form a novel family of subtilases having an external
chaperone. Together with biochemical data, we are trying to publish in
2015.
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*Tsurumura T, Qiu H, Yoshida T, Tsumori Y, Tsuge H.
Crystallization and preliminary X-ray diffraction studies of a surface
mutant of the middle domain of PB2 from human influenza A (H1N1)
virus. Acta Crystallogr F Struct Biol Commun. 70(Pt 1):72-5.(2014)

= Tsurumura T, Tsuge H.

Substrate selectivity of bacterial monoacylglycerol lipase based on
crystal structure. J Struct Funct Genomics. 15(3):83-9.(2014)



+ Tsuge H, Tsurumura T.

Reaction Mechanism of Mono-ADP-Ribosyltransferase Based on
Structures of the Complex of Enzyme and Substrate Protein. Curr Top
Microbiol Immunol. 384:69-87. (2014)
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APX, MDAR & " DHAR) D& fnF & B, HDHW\ A
N LU TEREKS MCE AL, 7 ERIEERE D
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Fi2)BEO4) 07 e/ T, HEMER R R
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J7.GS R TIHEF AR L N TRERFEVITH SRS
N ERR ISR T VAT A A T GSHI 23 HE
2722 TWAZENRIBRE LTz,

COFRADEREREZ T T, SEEZ IV A ADLE
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3. Research projects and annual reports

We have performed the following three major research
projects relating to the organelle genomes in higher
plants:
1: Production of transplastomic plants.
2: Comprehensive studies on the molecular mechanism
of the male-sterility/fertility restoration system in radish.

3: Comparative mitochondrial genome analysis of

Triticum and Aegilops using alloplasmic lines of
common wheat.
The first project aims at producing various

transplastomic plants that will be useful for human

beings. Currently several transplastomic lines
(containing genes like apx, ferritin, etc...) have been
produced using tobacco as a model plant, and

experiments producing transplastomic crops such as
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As the
result on this, transplastomic lettuce containing ferritin

tomato, wheat and lettuce have been conducted.

and gsh1 gene have been successfully produced.

The second 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 to reveal
evolutionary aspect of the system.

The third project concerns the mitochondrial genome of
Triticum and Aegilops species. It is 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) responsible for the phenotypic difference
between alloplasmic and euplasmic lines of common
wheat, their complete mitochondrial genome sequences
have been determined using the next-generation
sequencer.

Inspired by the interesting results obtained from the
second and the third projects, we have planned to do the
fourth project named “Comprehensive studies on the
plant mitochondrial genome using the next-generation
sequencer”. In this project, mitochondrial genomes of
several crops such as barley, rye and onion have been

analyzed.
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(2014): The complete mitochondrial genome sequence of
Brassica oleracea and analysis of coexisting mitotypes.
Current Genetics 60, 277-284
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development. Plant Mol Biol Rep. DOI
10.1007/s11105-014-0758-5.

5. FRERGE

SEHL M BERMAROBL A XD, GO PEZE K EAINL50)E
ERRHEEITY U F T AR R L B, 5T,
2014.7.12

W ez, ROR FHRE, R OEA, LA B, SEH e BER
RO 2B OBBETHLNIZBE AR D
FRATL. BEADOWREE RS M. S512600] B AR B i E a2,
B3k i, 2014.9.26-27



R, mA #|AT, P e 27 (Brassica nigra)ic s
FBINaRYT S AR IEELS. H126]5 A AR E i FS
AR, T, 2014.9.26-27

W EAR, B FEAE, (LR 1, SFH fl: Brasicca maurorum
DRI L 2R SHEME AR e F A2 DINa RUT 5 ) LOfRF:.
¥126[0] A A F -2, #IRTT, 2014.9.26-27

AR —iG, SEH ff, LR 1l A rar R IC R A E S
T-mshlOH FEELFI. F5126[0] A AR E M FifiEms, Wi,
2014.9.26-27

SRR S O U TS o G e e WA PR e g
RUT 7 ) bDBAT % B R D87 ) LA OREE . 55126[0]
AABH SRS, #3RT, 2014.9.26-27

A FRE, M2, W OEA, LA Ei, FH f BER
ROBE T2 L 2 fEHOBRE THONBE AR D
FRATIL. FERLRDNALY T- DMK, H5126[0] B AR F R 23 5 i
%, Bk, 2014.9.26-27

SEHL B W OT ) M H LIRSS B H HIERER T
A+—7 52014 (FEF5EE), TUM X, 2014.10.2

6. TDMIFEEEE
1) A& 4
B 2E B 7T e B g 2 - BRI A T 3R FJE
AR . BERRR OB AR TR KD AN R it S A
FOHF KL
WFFEAREE : Sl i, BUSEE: H24-26 4 (3 4F)
B 2L BT e B kg - FRARAE ST (B)
ML T MRS E R T O EMYINa LRI T S
LD EFERIFTE
WRFER R E : Sl i, BUSEE: H26-28 2 (3 4F)
B 2L BIF 5 e ) kg - FEARAIFSE(C)
RIS A ARES A2 DERRIEICR I B (2 Ol
{x By 2 O fF
WEFEsy#03 Sp Ml i, B4R EE . H26-28 4 (3 4F)
FHR Y W e 2 — JLIRIAFSE
ML ERREEERRRICE LRIV AR R T A=
LG BRGRAE D B JE
WESES 4 St M, MUSAEE: H26-27 4F (2 4F)
2) oA
AN RS Btk AZ R (Sri)
Gene & Genetic Systems editor (F#f1, & 15)
Breeding Science editor (3 #)
b R 2 B -
RSN ST R R B T A A AT 2 7 a s —dm ) (55 #1)
U R AL A BREE S AR S T B AR AR 7 ) (A

80



BMECEREFHRE

Laboratory of Animal Genetics and Breeding

1. IRHE
EEFINITRA SNBSS LT, P

TR O SRS R (BH) 1L TR RZ2EHM T

D, TEZ X, TR 2 R BR BRI LR L

TV DIIE, TN OBREICHE L= S8k

B PEMNICHFETZUNERD S, £iz, B

DERIZBNTH, BEENUR LI ETDEHN

IR SIVOBIBI SR E T, BELWE

15F% N2 PRUC Lo THRIET D203 AR L2 D,

s LB FE R Clk, i OB

LEEPEDHERF R FIZ W T AR ESBLOE

FE DB S DAFIEEHE D TN D, BRICIE, »

XDIHRMFeT —~ CHIREIRL Q5

1) B4 [F O BARRI Z AR DO FFAR 7 1E DB % &2
DI
PR B IOV T FEEL® DNA 548

Z RO CHEANOBBIN S I FHE 5720 D
FEIZOWT, BRI 2251 T > T D, E7o, B
LT EE AR OB SRR O -
DISEHL TN,

2) MR SN A B AE B OMEFFEM B L OF
S D RN BT DBARI LRI DO MERF I 1k
DT
S B R AE S TR AR T AL XD,

EDIH B REBRELTIEL, EDLIM B AR
T IE AR B DS R R HERF CE 2
[ZDWTHFEZHED TS,

BB IR BEMIZ BT DB LEEMEDOH
#
AARCTEIBICAOND T IT U Ry R0z DUk

DB S 3 28 5 T O MR 53 47 12 B
THME, FE O M ska i s 2R
DREEIT> TN,

2. XEEOHERR
1) DNA [FHREH Ve BEFIFED RS D
e

BEMEIZIS VTR, DR NI 1 hE
HHANER T HILICEoT, MmN OBEEMN S

81

iz BH =

Prof. Tetsuro Nomura, Ph.D

PEDR L CODZEDBERHREN TS, BIRZEE
P2 HER - [ E S B 5720 12, AN ISR AT
UL %% BT 22N A D ThHES b
TWD, 2T SNP A W CRIFEPNIC R iFEA
WS D7D O FIEAFR LT, AR LI FIEIL, £
TERTOT LI HEEREA R E L, B el
TEIARIE SNP & A H =B Br i k> Tl i) 2
RRIZHIVIRDS D Th D, ZOFEERMALT, B
EFNFE O RHE A EE D ATREME AR LT,

ERE2 OFLRIcETh-REMERERELS
@ SNP [E$8 0 5 1 5 @D 3 7 H it (S1—-S15)
EFRELIz, 2FIC, T2 1ELURICE
Fhi-TBHFEZHAITICLY 37 RHIC
SELE, BiF, 2EOEEZRLH
1=, STICRESh-EF#Z, S2-S15I12/8
TRRERLZEMIC. S1 ICBT SR
ISL=Y3571c7ay FLERRTH S,

2) DNA [g#R& /0 VT EFIFELE ] D EAFT

REAR R CHRIZ SN WA BRI O S 144
SHO SNP1E# ($950, 000JEE) % AV VT, EH D E s
WM E DR, RIS ORI % H F8LC. WF9E
EHEDTND, SR, N7 ad AT OREE, HEH
A DT HAT o720



HESNI-E 1 REHEONTOZ A TEHIZLE
BEMEREN S 144 EHOHERERF

3) Al RFEEI L7 X 2 NT B L OV~
T NFDEY B FE

SEEEE, RNFERICRREE S N B T3
FAONTFHEOBEEEOZEZ | TR ERL LW
BRI R O D B AT L 7z, Bl FE OREH.
W DOFREER L 80%IREE R & | 45 72 s
M EENED D Z L INREN, ~NTFEOBM
(BT Dt B EO RISV T H B
YeEh i,

NIZAFEOZMARL LTEASH, LiEET
RHBERKLTVEHEED A I VA4
NFNRF (E) &L A2FATINFNRFIZR
DEFAZPMERL LTEEShIEREDOT
JHFTINFIRF (B)

BRERBICKY TVAATINFTNRFOEZHEE
NRBOEHZEEBLTWLS,

82

4) EHERDEIE = 2 =—DRIAIGHERFIZFT S
B FHIIE

HEROEI = v =— 2 RYIMICHERF T 5720
Diid e AR, AR SeRE L, 4
%, BNOEEROBFREIZOWT, £EBHTO
PG O A HIEL T, RE2ED D TET
HD,

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: Development of method for re-establishing strains
in the Japanese Black cattle population, using DNA
information

In the Japanese Black population, intensive use of
popular sires for reproduction has led to a drastic
decline of genetic diversity within the breed. It has
been proven that re-establishment of genetically
divergent strains is effective for recovering and
maintaining the genetic diversity in the Japanese Black
cattle.  We developed a method for establishing
strains in the breed, using SNP information. In the
method, animals representative of a strain are first
selected as a ‘core’ group of the strain.  Assignment
of a candidate animal to the group is judged by a



discriminant function with SNP markers.  The
effectiveness was verified with actual SNP data of the
Japanese Black cattle.

2: Studies on population structure in Japanese Brown
cattle using a whole genome SNP panel.

Population structure of Japanese Brown cattle was
studied using SNP information. In the study, 144
cows were genotyped using the Illumina
BovineSNP50 beadchip. We estimated haplotypes of
the cows taking the half-sib family structure into
account. The extent of linkage disequilibrium was
estimated over whole genome. We will extend the
study to estimating the effective population size and
genetic diversity.

3: Application of statistical genetics to honeybee and
bumblebee breeding

Efficiency of selective breeding in a partially
isolated bee yard was theoretically evaluated, in terms
of the inbreeding coefficient and genetic gain by
selection. Numerical computation showed that even
in a bee yard with the isolation coefficient of 80%, a
remarkable genetic gain will be obtained by an
appropriate  selection  program. Theoretical
background of prediction equation of genetic gain in a
bee population was also given by extending the
theories shown in the present study.

4: Studies on long-term management of guide dog
breeding colonies

Long-term maintenance of guide dog breeding
colonies is required for stable production of dogs with
high guide performance. We estimated an optimum
breeding structure to maintain a guide dog colony
using population genetic theories.

4. HX-EBLE
Takeuchi, T., Takahashi, J., Kiyoshi, T., Nomura, T., Tsubaki,
Y. (2015) Genetic differentiation in the endangered

myrmecophilous butterfly Niphanda fuca: a comparison of
natural and secondary habitats. Conservation Genetics (in
press)
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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
occurs in which are

chloroplasts comprised of

multilayered membranes, and pushes forward carbon
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dioxide fixation. Chloroplasts have various regulation
mechanisms of photosynthesis that is an important
function for plants. Particularly, we focus on redox
plant
chloroplast, and have major two research projects as

regulation in modulation system of higher
follows:
1: Functional analysis of stromal thioredoxin family
proteins in redox regulation system.
The redox state of higher plant chloroplasts fluctuates
widely under light and dark conditions. In the light,
reducing equivalents are produced from photosystem and
used to produce the reductant NADPH. NADPH is
further used for the reduction of CO, in the chloroplast
stroma. A portion of the reducing equivalents is also
utilized for reduction of stroma thioredoxins.
Thioredoxins transfer reducing equivalents for regulation
of thiol-enzymes, scavenging for reactive oxygen species,
or reducing equivalents transfer system across thylakoid
membranes. How stromal thioredoxins recognize various
target proteins in stroma, without being confused?
Arabidopsis thaliana have five groups of stromal
thioredoxins. We have focused m-type thioredoxin, a
member of stromal thioredoxin family proteins. T-DNA
insertion lines of m-type thioredoxin in A. thaliana were
screened. The trxm124 mutant showed the growth defect
and the decreased chlorophyll content, compared with
the wild type. Deficiency of Trx m impaired plant growth

through decrease in the CO, assimilation rate.

role and molecular mechanism of
thylakoid

2: Physiological
reducing equivalent transfer system on
membranes in chloroplasts.

In contrast to redox state control in stroma side,
knowledge pertaining to redox regulation on the lumenal
side of the thylakoid membrane remains very limited. We
previously demonstrated that a thioredoxin-like protein
is located in the thylakoid lumen and can function as a
reducing equivalent carrier to protein targets located in
the lumen. In order to function as a carrier of reducing
equivalents in the thylakoid lumen, a thioredoxin-like
protein in thylakoid lumen side in turn must receive
reducing equivalents. These results suggest that higher
plant chloroplasts possess a reducing equivalent transfer
system which operates across the thylakoid membrane
from the stroma to the lumenal side. We analyze the

physiological role and molecular mechanism of the



reducing equivalent transfer system across the 2) Zofh BIREALNN—DFRE
membrane.

4. WX, BEEGE
K. Motohashi, Y. Okegawa: Method for enhancement of plant

redox-related protein expression and its application for in vitro
reduction of chloroplastic thioredoxins. Protein Expr. Purif.
101, 152-156 (2014)

5. RRRERGE

WK Z, AKGHE: v uAXFXFOTrx mZ BRI e 3
A7 IVEES OWIEPEALZ L S8 O R BLE 25| &
29 GE56[RI H AR A R Sy, BRI 4R X, 2015.
3.16-18

ARREHE, ) AT RNV Ry 7 AR X RV B 3B R DL
B EIEREF AL RFR vin vitrodE T 2T A~OIG 4586
Bl B A A2, HERTH, 2014.10.15-18

WA Z, KER: > afXFAFomBlF A LRy 2 or 8
TIRRICBIT DT A — VEEFE DL Ry 7 ZRREOfRHT 5586(H]
A AR5, T, 2014.10.15-18

WK Z, BB >aAXF A FICB T o5mBTxOER &
SRIBEOFENT H5EI A AR KA RFRFES, KRR, 2014.
5.30-31

WK ZE, KGR Al XFXFOLR Y7 2N 5 m
TrxO B 550 H AfEM A2 SES, &L, 2014,
3.18-20

6. TOMMAFELEE

1) S b

B2 70 0 A6 B 4 - Bk W 2E AT 2
A B R T UL D720 DR T — T B %
BRI ARG, BUSE B H25-26 R (2 4F)

ST ZE 4R BT 4 (1AL 3L A iR B - 3t 9 R 36 )
ML AT O A KA ST DA =X LOSEH
WRE R EE AR, BASFEL H26 5 (14F)

W - 7 A AL R AP ZE LT (— R BESE)
R R OB RE B A O LR o 7 A K 7 O
REIR AT
DREREH AR, BASFEL H26 5 (14F)

86



WEMEEZDE

Lab. Plant Breeding

1. BAEEEE

O BERZINTIL, TR, @VAEE S EE B
i L7z FEBEREOEEMENGEIERK L QN D, ok
ZIE 20 titfdg ot RA7e Tk Fdy ) ZHetE L7 5
HAD1OMF, MUERAUIBTD FSFEOSEHE K
Tholz, ZORIREVEENIREATDH F,EHEICEH
WL, I ORI F BT 25085 2 & 2R
CTHERBEWERO, 207 F % ATREIC T DY
DOBABIFEE & UCHITEREEATRER H Y | BRI Z o
BERZ < OO FERECHHA SN TS, HiiE it
PEARRRMEIZI hay R T4 A EOBB L~ T
HEND, Z0O—J7T, %< OBFERNIC Z OREERFRNIC
%9 DR T OMFAE L, HEMERRRS BT & LT
FAENHTT 20 E 9 00%, S har R T O#EE &
KRR = O A/EIC L > TRE S5,

D78, MMEREERRE AN O F BRI R
WHTD7-012E, 2 har RUTH ) ABXOES ) A
DR T OBEREZ 1E L <R T 2 MR H D, T L [FlF
12, ZOREEAT MR ORI, I DL R
Far RU 7070 A b= O E BRI 5
T OOENT- R L7 5,

DX BHEMND Fox TR OB - BEL A 2
WZOWTC, X hay RU T ORBEEATRRE T & Zhuskt
LI ORNMERITIRAR - O30 & RIAE R A Fid LT
Too FOFRER. 4 HETITHROREE XA 3 A0 <o)
DBELA 2D STINCHRAL L L T&E 22 & &
LM Uz, E4A a v @B ARICA Ul 7 8
ARG 23, FED N~ H A 2 AN CERE L
LCELZEZPMRIC L, EBIT, Nvd A arO—H
DERENZBWTHE A A a2 L LT LT 2 & 28R
SEHRRHUZ ST BN LT,

DX IR A E 2 T, & DI R —ARE
[FHERIZHT DG 7Ok &k, FfEDEAES L O
R AT 2 2 38T L AR D S T O BR & D i i “CHJF
TeaEb TN D,

1) ZA 2B DA 7 TRREEATE 5 1 L RelEnliE

s T O3k

Fex O—BOMIUZ L > T, T7 7T RHEHOBRICE
WTEWERAM 2 o4 7 7 B R RS o1 ORIR &
B SN E T, —T7, ZAUTKRT DRt RS

87

R WE B
Prof. Hiroshi Y amagishi, Dr. Agr

Tb. WA, LA 2 AZBNTEHEIEL TS T
EWREINODH D, BUE, T DRRMERHEGE ST Hilf
LA BROMEI 2D TN D,

2) A XA AT HIERLAC L D8 L I
HEMARR OB

BREA S TR R R SO ERME RO, TS
FEHEHOBRRIZ BN TR Z OB T ICHHANER LT
W5, ZDOX D RBEHIMEIEE FI T H7-012E, Hrl
WEMEARRRZ BT T 2 Z a8 Th D, £ 2T, vaA
XF RS L Xy O CHIMIRMEREAEH L, 217
DEIR DTSR E 2 Jht T2, ZNHEHWTE v
AHEDO R ERTS R ORI D 5 & & BT,
RHRMERED 2 Fa v RU T4 ) AofE&E 25 2
LICEY | HEERRRD A D= AL A BN L LS E LT
Wwa,

3) NV L 5 2 A = KO R OHEEAR R B
e

FAE R, B REER KOS & o JLE R
T, XA & T 7 TR AR & o8 MR N
A L AFEOF A BB AR & OFERMERRIZ fok 9~ 2 e
AESRAUZ O T, IR B K D HEPEREM koD A 7 =
AR LEFFL TN D, E DR EAFMEAR CRERAYIC
FHETDI har N TEETFEHLNNITLZEITL
V. HEHEAROFRBEFZRHELEL ) ELT0D, &5
AR [ K D M B R AR RT3 D Rkl i
G a L, ZOBETFOERBELZHONCTLZ L
& HITHZE 2D TN D,

2. XEEOHERR
1) A7 TRIEEARRR & AU DR s 1
HA 2 DA 7T RN E AR ) 2 R RIfE
BIAIE, < OHES - WX A 2 AT 52 &
LIRS TND, £DH 5 HEIOFRGZ A a2 b
orf687 N7 v—=1 7 SIS, T IR R DEeMEEE
BIRT VN HEARICALET DN H A T UNFETH N
O/ Rt E4DTF 6, —J, Zhb 250
BT 2R e bomb b7, FelkeiEkie a3 5
TA PG SN, 205 b, I—1 v 0k
KA arThh [7ak g ar) PEORRERIE S SO
R Z OV CREIZ IR e Stz ZOfEE, Z oiEfx



TFAHEF L~ Tla | BRIV CHEE R RRIB S D%
BT 2 Z LAVRS IV, £z, ZuX A 3okt
S s T3, ppra, orf687, pprC HME(ET a1
DAL TSR DB Z o TR, AU
DTHDHZ ENHLN T2,

—J7. #HEE - WA A AR TR, A7 T
EEDT, ZREBMIVE DS EHAET 5 Z LR B
TW5, ZOMIE Db EEDEFEEZHSMNITHZ &
ZHPE LT, 2 hay RUTH ) AOREREFIOfT
iD=, TDOH, Lo [/aXfar) O hav
RUT7HREIQ TRU+H] O 2 RYTIZo0nT4a
7 AOEHEBNE T, ENHORERNL, XA 3T
B 5 72 AN E O OHEL EOF AR A fiEH L X

HELTND,
2) A XFRXF L F XY OHERLAIC L D H Lk
PEAFRDOBA%E

v A XF R LK XY O TTEH LA R
DOUSHIIRHEREZ VT, R LACHESR 6 it (BCs) ET%
A LTz, MRS Z20% A0 har R T OEER
FACONWTH P AT ZAT T2 & T A, 9 s ) iEfE
DN R po"Z— %R L, TS DM
MR D8 KR — U BR LN, SBIZZDE D
72X bay R TEEFOREIRE LM R T, &
L CRRIUBESN TN D Z ERH LN STz, TD—
J7C, BCs AR OWTHEfaE A B LT & 2 A, &/E
U CHEMEAE A I EIAR & | IRt A (e HE T S (A
ERRBOONT, ZD XS, Eo kbR Z TR
e LB, SOICRE LAHEAED T, ERAMZRMEEAR TR
FHEFRLLEL D & LTWD,

E72. ERLOMHINMRE L ZO%MNIHED I Fav K
VT ) AORSEE, o7 7T RO Far R
T LT BT, 2L DT TI TR T bar R
VT ) AOEEFEGNERTE Uiz, T70bh, (SHluE
FO—FHFOBTHHX VNI T, NI A, 7al
FTUCONWTCR b2 RUTOF ) Mtz {Tol=, £0
FER Xy XY OI har R T A A1X219,952bp Th
D, koL (Changetal 2011) & (357225 Z L 725W
ST, F-HARATOISD T a7 Y (Brassica
nigra) DI bz RYTA5 7 A (232,145bp) AIRE L
oo 2OV AT OI hay RY T 5 ORI iRT
MNH, a7 B IOENEMIEER & U TR LT
2{EARFED T ¥ =T HZ Y (Brassica carinata) (21,
RN RUTH ) AOFENENFET D 2 & & Rl
L7z, ZD3E RIS E | B. carinata DRI 2 DD R%)
ERCEI 722 EZHBMI LT,

88

3) FMEERAC &2 2 A 2B L O 2O ERFR OB
#

T ANV REEAFRD 5 B, FERIERAERIOHEEA
Tl Zsel 3 B ARt mHE 5700 DNA ~— 7 —%B%E L=,
FOFER, AT 165 (BRI IV TA < K 2 (ER ) e
SN DNA ~—H—NERS -,

—J7. BUEE COMIET, T ADHEFER L OUFARIC
BNTE I by RY TBETOMTICE T, 344
TOMBVED G STz, & BIZ, atpl s 10O LRI,
INENORMVENFFA D orf HMFAET D Z & DER ST
o INBDH L FERIERAEEIOREEATE LT 5
FHREIZDOWT, orf OFBLE AEMTRIED R & O3S
R LT, FOMRICH LOE | MR SRIEEAR
FeDFIKEIZ T3, atpl O_LFICHET D8H D orf TH
5T EEE SN,

NS, T ADOHEERRRMEC B D —EH ORISR R A1
sed LT, FAOIEK R S+ OBl HIE L 95
WFZe TS, BIFEE TS, FeliEiE s s 7-A R4
LT ADYLERBI SN2 Y | D oYea iR O
VIAENDODOH D,

3. Research projects and annual reports
In the fidd of plant breeding, F; hybrids have many genetic
advantages and contribute to the increase of worldwide crop
production. For the efficient and steble F; hybrid production,
cytoplasmic mae gerility (CMS) is the most ussful genetic
characteridic. Besides the practicd importance of the CMS, it
is useful to study the interactions between nudear genes and
mitochondrial ones from scientific view points, especidly for
molecular and evolutional genetics.  Thus, we have been
studying the CMS of various plants both in order to know the
evolutiond processes and to exploit new bresding materids
For the establishments of new mde derile maerids, we ae
utilizing organdle genome engineering methods such as cdl
fusion, and cytoplasm subdtitution.

1) OguraCM S and itsfertility restoring genes.

Ogura CMS found in a Jgpanese radish is the most important
one in Cruciferous plants, being used worldwide. We have
been dudying the digributions and differentiations of Ogura
CMS gene, orf138. Wheress, we found that various wild and
cultivated radishes possess fertility restoring genes for Ogura
CMS. Hitherto, two fertility restoring genes were known.
Oneisorf687 in a Chinese variety, and another is Rft distributed
in Japanese wild radishes We observed that a European radish
cultivar, ‘Kurodaikon', has a fertility restoring gene different
from both of orf687 and Rfi. We, thus, determined the DNA



sequence of this new gene. From the results we estimated the
genetic processes in which the fertility restoring gene of
‘Kurodaikon’ was produced.

2) New male gerile plants derived from the cell fuson.

We obtained somatic hybrids showing mae derility between
Arabidopsis thaliana and cabbage varieties (Brassica oleracea).
It was found by the molecular analyses of their mitochondria
genomes that the male sterile hybrids contain the various novel
genome dructures of mitochondria  Progenies of the somatic
hybrids were obtained by successve back-crosses with B.
So far, the pollen fertility was investigated in the BCs
progenies.  The BC;s progenies were segregated into completely
mae gerile plants and patidly fertile plants.  However, dl the
BC;s progeny plants had the identical structure of mitochondria
genome.  Further back-crosses and observation of pollen fertility
arenow undertaken.

oleracea.

In order to compare the mitochondria genome of the sometic
hybrids, we determined whole sequences of mitochondrid
genomes of Brassica oleracea (cabbage) and Brassica nigra
(black mustard). Both the findings that the mitochondria genome
of B. oleracea possesses 219,952bp and that the genome of B.
nigra is assembled into a 232,145bp circular sequence are the
first reportsin theworld.

3) CMSof radish and eggplant by cytoplasm substitutions.

With the purpose to enlarge the numbers of CMS meterid
plants, we ae andyzing the molecular characterigtics of
dloplasmic radishes and eggplants under the collaboretive
projects with other inditutions.  We found unique orfs in mae
gerile dloplasmic lines both in radishes and eggplants. By the
studies of thelr expressons, it was suggested that they are
promising candidates of causal genesof CMS.  Furthermore, we
exploited DNA markers of fertility restorer genes of eggplants.
The markers would be useful to identify the reorer genes and to
clarify the mechanisms of CM S and fertility restoration.

4. RRWX

H. Yamagishi, S. R. Bhat: Cytoplasmic male serility in Brassicacese
Crops Breeding Science 64, 38-47

s s 2o O R~ A AR ANDBREDHIE & 5t
SN A AT 7 ) v =~ ILPEEA AR (R
2B5FH) 109127 (ki)

Y .Taneka, M. Tsuda, K. Yasumoto, T. Terachi, H. Yamagishi: The
complete mitochondrial genome sequence of Brassica oleracea and
andysisof coexisting mitotypes. Current Genetics 60, 277-284

H. Yamegishi, Y. Tanaka T. Terachi: Complete mitochondrid genome
sequence of black mudtard (Brassica nigra; BB) and comparison with

89
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3. Research projects and annual reports

We investigate the mechanisms of developing
emotional memory in the hippocampus-amygdala
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.

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.  Then, we investigated whether there is a
growth hormone signal system in the brain, and this signal
system is deeply related to the development of
neuropsychiatric disorders. Finally, 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-,
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growth hormone-, and the receptor antagonist-groups. It
was reported in Experimental Brain Research for
evaluating the presence of brain growth hormone signal
system in emotional behaviors.

Second, we previously demonstrated that the
sialyltransferase ST3Gal IV was upregulated within the
neural circuits during epilepstogenesis, in contrast,
recently that kindling stimulation failed to evoke epileptic
seizures in ST3Gal IV-deficient mice. Approximately
80% of these mice failed to show tonic-clonic seizures
with stimulation, whereas all littermate wild-type mice
showed tonic-clonic seizures. This indicates that the loss
of ST3Gal IV does not cause epilepsy in mice. It was
reported in Journal of Neurochemistry.

2: Clarification of the neural network function based on
emotions that sialylation controls.

Epilepsy patients are at a greater risk for developing
anxiety, depression, psychosis, and learning disorders.
The sialyltransferase ST3Gal IV gene-deficient mice
showed emotional symptoms including an anxiety disorder,
an environmental adjustment disorder, sleep disturbance,
and hormonal homeostatic disorder. Furthermore,
growth hormone and Igf1 mRNAs were down-regulated in
the brain of the deficient mice, in contrast with
tremendous up-regulation of growth hormone following
epileptic seizures. These data indicate that ST3Gal IV
modulates side effect of epilepsy and is associated with
growth hormone signaling. These were included in the
above Journal of Neurochemistry. Present our approach
is to find the acceptor substrate that receives sialylation by
ST3Gal IV and investigate molecular mechanisms in
development of emotional side effect of epilepsy via
ST3Gal IV and the acceptor substrate.

3: Effect of food intake on stress-sensitive model mice.

It has long been known that dietary fatty acids
improve some limbic and cortical functions in humans.
However, the mechanisms underlying their influence on
brain function and metabolism remain unknown. Presently,
mice were fed pellets made from control feed AIN93G
powder containing 18% fish oil, soybean oil, or a mixture
of 1-palmitoyl-2-oleoyl-3-palmitoyl glycerol (POP) and
1-stearoyl-2-oleoyl-3-stearoyl glycerol (SOS), plus 2%
soybean oil from 4 weeks old. After reaching adulthood,
they were subjected to fear conditioning test to measure



cognitive anxiety. Contextual fear memory decreased in
wild-type mice fed the POP-SOS diet but increased in
ST3Gal IV-deficient mice fed the fish oil diet. These
findings indicate that response to contextual fear was
different between wild-type and the deficient mice. The
fear memory was improved in WT mice that consumed
POP-SOS but was aggravated in the deficient mice that
consumed fish oils. Oil-rich diets differentially modulate
anxiety and depression in normal and anxious mice. We
applied for a patent in August, 2013 and reported in the
PLOS ONE in March, 2015. Next, we aim to investigate
lipid metabolic mechanisms that were generated from food
and correlation of the metabolism with emotional
behaviors.

4: Clarification of inhibitory mechanism of epileptic
seizures with botulinum neurotoxin.

We investigated the delivery of botulinum
neurotoxins directly into the seizure focus of the brain to
prevent epileptic seizures using a model of temporal lobe
epilepsy. As a result, administration of the neurotoxin
into the hippocampus make seizures disappear in 50% of
mice with kindled seizures. We aim to investigate the
mechanisms about how the neurotoxin abolishes the
abnormal neural plasticity of epilepsy.
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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.

Research topics:

1) Development of detection methods of neurona signals
related to degeneration of neurons by stressorsin the brain.
2) Neuromodulators to dysregulate neural communication
by exposure to stressors, and to promote regeneration of the
damaged neurons in the brain.

Annual reports:
1) Study on regulatory mechanisms by bed nucleus of stria
terminals of the HPA axis

The purpose of this study is to examine how bed nucleus
of striaterminals (BNST) regulates activity of the HPA axis
to secrete corticosteroids. In the anesthetized rats, we are
examining spatial differences within the BNST to stimulate
or inhibit corticosteroid secretion.

2) Investigation of influence of stress hormones on
primary cultured neuronal and glial cells

We have used the primary culture of neuronal and glial
cells from the fetal brain of mouse in order to investigate
influence of such stress hormones as glucocorticoids and
mechanisms of neuronal degeneration by stress hormones at
the cellular level. It is well-known that glial cells have an
important role for supporting activity of neuronal cells. To
understand how stress induces neurological disorders such
as depression, we are examining influence of corticosterone
on cultured astrocytes as well as neuronal cells.

3) Direct cortical hemodynamics measurement using a

functional Near-infrared Cortical Imaging (fNCI)
technique

Using miniature pigs, we validated the fNCI system in a
direct cortical measurement. By comparing functional
mapping with somatosensory-evoked potential (SEP)
measurements in the brain cortex, our study shows the fNCI

system realized a direct cortical hemodynamic measurement
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with a spatial resolution compared to that of SEP mapping
on the rostral region of the pig brain. (Joint research with
Jichi Medical University and Chuo University).
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3. Research projects and annual reports

The microorganism exists in all 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 (Fig. 3).
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 tied pigs and cattle for slaughter
were resistant to ampicillin, gentamicin, streptomycin,
chloramphenicol and tetracycline and showed multidrug
resistance.

Fig. 3 Tick on the plant.
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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. 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.
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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
H5N1 viruses, surveillance was conducted to monitor the
types of avian influenza viruses circulating among the
wild birds migrating to or inhabiting in Vietnam. An The
H5N6 virus was isolated in 2014 from a Spot-billed
Duck that is resident in the southern part of its range
from Pakistan and India to southern Japan.
Phylogenetic analyses revealed that HA genes of almost
the H5 virus was classified into clade 2.3.4.6. This
isolate had a close phylogenetic relationship to H5N6
viruses isolated in South China in 2014. These findings
suggest that these H5N6 viruses are circulating and are
being maintained in the East, South East and South Asia
regions including Vietnam and China. In November 2014,
a highly pathogenic H5N8 virus was isolated from tundra
swan in Japan. The HA genes were more closely related
to H5N8 viruses in Europe and Asia. These H5N6 and
H5N8 virus showed high pathogenicity to chickens while
moderate pathogenicity to domestic ducks. Taken
together, these results also support that wild ducks such
are playing a significant role in the spread and
maintenance of avian influenza in the Asia regions
including Vietnam.
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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-1B 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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Figure 1. Regulation of gut motility by cholinergic nerves
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3. Research projects and annual reports

It is well known that the motility of gastrointestinal tract
is released from
cholinergic nerves, which act on the muscarinic receptors.
The receptors have been classified into five subtypes

regulated by acetylcholine (ACh)

including My, M2, M3z, Ms and Ms. In gastrointestinal
smooth muscles, two subtypes of muscarinic receptor, M2
and Ms, are found with no measurable quantities of other
subtypes. As shown in Figure 1, stimulation of M2 and M3
receptors by ACh the
concentration of Ca?* [Ca?*];, resulting in the smooth

increases in intracellular
muscle contractions. The increase in [Ca?*]; results from
Ca?* release from internal stores and Ca?* entry into the cell
through L-type voltage-gated Ca?* channels achieved by
depolarization due to activation of non-selective cationic
channels. Recently, it has been suggested that interstitial
cells of Cajal (ICC), which exist in the myenteric and deep
muscular plexus and express muscarinic receptors, are
involved in the regulation of gut motility. However, roles of
M2 and M3 receptors and ICC in regulating the gut motility
by ACh remain to be elucidated in detail. Therefore, we are
addressing the above issue using the M2 or Ms muscarinic
receptor knockout (KO) mice and ICC deficient mice.

(1) Mechanisms of gastrointestinal motility.

Our previous studies suggested that muscarinic receptors
can inhibit the activity of ATP sensitive K* (Karp) channels,
which can contribute to the membrane depolarization. Karp
channels are composed of Kir6 and SUR subunits. Although
two Kir6 genes (Kir6.1 and Kir6.2) and two SUR genes
(SUR1 and SUR2) have been identified, little is known
about the molecular identity of subunits which can be
responsible for Karp channels in intestinal smooth muscle
cells. Thus, we tried to identify the Kir6 and the SUR
isoforms expressed in mouse small intestinal smooth
muscle cells by RT-PCR and immunofluorescent staining.
In addition, we investigated effects of the non-selective
cationic channel blocker SKF96365 (SKF) on the current
through Karp channels, voltage-gated K* channels (Kv),
and Ca?*-activated K* channels in mouse small intestinal
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smooth muscles. Our results indicate that SKF can inhibit
the Karp channels as well as the Kv channels.

(2) Effects of cigarette smoke exposure on contractility of
bronchial smooth muscles

The World Health Organization (WHO) reported that 22 %
of the world's population aged over 15 are smokers, and
nearly 6 million people die from exposure to cigarette
smoke each year. It is well known that cigarette smoke is
an important factor for chronic obstructive pulmonary
disease (COPD) and asthma. It has been suggested that
cigarette smoke exposure can cause airway hyperreactivity,
which is involved in airway narrowing in patients with the
diseases. little is known about underlying
mechanisms of the hyperreactivity induced by cigarette

However,

smoke. Therefore, we are addressing the above issue using
the mice which are exposed to cigarette smoke. Our studies
useful information to elucidate the
conditions of COPD and asthma
induced by cigarette smoking, leading to development of a

may provide
pathophysiological

novel effective medicine for the diseases. In this study, we
collaborated with Laboratory of Immunopathology in
Kyoto Sangyo University.

In this year, we tried to record changes of mechanical
activity in response to electrical field stimulation (EFS) of
mouse bronchial ring preparations. We successfully
recorded EFS-induced cholinergic contractions. Now, we
investigate effects of cigarette smoke exposure on the EFS-

induced cholinergic contractions.
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3. Research projects and annual reports

Recently, number of patients tends to increase suffering
from such neuronal dysfunction as major depression, and
(PTSD).
repeated-stress possibly causes the brain malfunction

post-traumatic stress syndrome Severe or
possibly due neuronal degeneration and atrophy in the
prefrontal cortex and hippocampus caused by prolonged
secretion of glucocorticoid. However, factors remain to be
unevaluated yet to cause the neuronal dysfunction under
stressful condition. One possibility may be viral infection
in the brain, which is inapparent infection and does not
cause any disease in individuals yet. The purpose of this
study is to examine and to evaluate whether viral infection
may cause apparent damage in zinc-containing neurons in
the brain of the animals that are exposed to stress
hormone.



Borna disease virus (BDV) is a neurotropic virus that
infects persistently ; BDV infection induces behavioral
abnormality and movement disorders. Inapparent infection
has been reported in many species of animals, but precise
mechanism underlying onset of neurological disorders is
not known vyet. BDV infection may modulate
stress-induced encephalopathy. Thus, the present study
examined effects of corticosterone or kainic acid in mouse
primary cerebral cortex neurons infected with BDV.
Treatment with corticosterone increased invasion of BDV
into neurons, and kainic acid increased the ratio of
neuronal damage in infected with BDV. These results
suggest that corticosterone upregulates transmission
efficiency of BDV in neurons and that kainic acid
exposure enhances neuronal excitotoxicity induced by
BDV infection. High amount of corticosterone during
stress may widespread BDV replication in the brain, and
enhance signal transduction mediated by kainic acid
receptor and AMPA receptor.
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3. Research projects and annual reports
Research projects

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 zoonses. Especially, we focus
on 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. In Japan, it is
also urgent to establish a detection and prevention
system for these diseases.

Now, we are doing research on;

(1) Epidemiological study on mosquito- and tick-borne
diseases in Kyoto city, and development of new
diagnostic and vaccine protocols for these vector-borne
diseases

(2) Molecular biology of mosquito- and tick-borne
pathogens

Annual reports
(1) Epidemiological study on mosquito- and tick-borne
diseases in Kyoto city, and development of new
diagnostic and vaccine protocols for these vector-borne
diseases

We collected 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 the arthropods. As the results
showed no evidence 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 collected many
species of ticks, and examined pathogens within ticks.
We detected several viruses by reverse
transcription-polymerase reaction. We also isolated
THOV from a tick captured in the studying area. It is a
first case of THOV isolation in Japan. We also made
anti-THOV antibodies for serological diagnostic tool for
THOV.

(2) Molecular biology of mosquito- and tick-borne

pathogens

We newly isolated THOV in Japan, 2013. In this year,
we characterized the mechanism of THOV infection to
Vero E6 cells. In early infection of THOV, the viral
polymerase proteins were produced in the cells. In the
late of THOV infection, viral structural proteins were
produced. These results clearly showed the process of
THOV replication in cultured cells.
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3. Research projects and annual reports
Diabetes mellitus is considered one of the main threats to
human health in both developed and developing world.
Common diseases such as type 2 diabetes mellitus result



from complex interplay among multiple genes, signaling
pathways and environmental factors. There are genetic
analyses in human on genes extrapolated from the
functional studies in vitro or in rodents in order to confirm
the significance in the development of human diseases. Yet
causative polymorphisms were still largely elusive. An
alternative to the gene knockout model is the use of
spontaneous animal models. The OLETF rat is such a
model of obesity-based type 2 diabetes. Subsequently
produced congenic strains showed that most of the loci
examined were shown to contribute to the increased glucose
levels in 30 week-old males. Interestingly, the phenotypic
features observed in single congenic strain, low fat weight
and low leptin levels for Nidd1/of and high fat weight for
Nidd2/of, were masked
hyperglycemia were further aggravated than either single

in the double congenic, yet

congenic strain. In order to investigate an affect of obesity
to these loci, we have also generated a congenic strain
introgressed obesity gene (Ipr deficiency). We have
produced a double congenic line with a hyperglycemic gene
(Nidd2, Nidd4, and Nidd6) under obesity condition by
crossing both strains, so that it would be possible to define a
gene specifically affecting hyperglycemia under obesity
condition.
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3. Research projects and annual reports

As well as humans, all human-associated animals, including
livestock, companion and experimental animals, have the
same right to acquire safe aliment to maintain their healthy
conditions, thereby contributing to humans. As researchers in
veterinary medical science, we have been interested in
detecting and reducing feed contaminants that could harm
animal health. Our present research purpose is to (1) elucidate
the adverse effects of melamine, a toxic chemical that could
cause kidney stones and kidney failure when ingested, through
in vivo and in vitro studies, and (2) establish a rapid, easy and
cheap melamine screening method.

The results obtained this year are summarized as follows:

1: On the effects of melamine, cyanuric acid and
melamine-cyanurate on expression of nephrin and podocin by
mouse podocytes:

Treatments with melamine or cyanuric acid alone did not
induce any significant difference on the levels of nephrin and
podcin expression between the treatment and control groups.
In contrast, melamine-cyanurate (needle type)
supplementation significantly reduced the level of both filter
proteins. However, no morphologic abnormalities of
podocytes were evident after any of the treatments.

2: Development of a melamine screening method

No substantial experiments on this theme have been carried

out this year.
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