longicornis

Matrix (M)

Glycoprotein
(@GP)

Paguma larvata

Thogotovirus, HI-Kamigamo-25 strain




W, A —HEBRREOHRENBARAZESCHFARMTRELLG>TNS, IA-bORAEICERT ST
F(ERMDBEMENZERELTLBAREELHY. ThERAE - HELTHELCLEHENHRANSHLE
BETHD, RMEEXRFRBICERTEIIINMMBRETIVMILRIZOVWTIRELES A, FAMNTFIS
= (Haemaphysalis longicornis) hn. CNETIZBARTOHFEENERSATULVEN-FFIMILR
(Thogotovirus)Z 5 BEL. Hl-Kamigamo-25 #k(Thogotovirus, HI-Kamigamo-25 strain) &4 {141, IRTE.
AL IR DEFEERN - REREN -7 FEYFENBFTZ1ToTLV S (0kamoto, N., Someya, A., Maeda, A. ef al.
J.Gen.Virol. 2015 Aug;96(8):2099-103. doi: 10.1099/vir.0.000177.),



H K
BROHS o o ¢ o o o o o o e s e et e e e e e e e e e e s e e e e e e e e e e e 1
TR AL N s HEE AR T« L TEBOTE T o o o o o o o o e e e 9
2 0 1 6 4EEB)RLEH
s AT LR s AT DR OBERFIZIET) o« 0 o 0 0 o 0o . 5
AT S SNE - PO 9
wOE Et # FF oo v e e e e e e e e e e 13
AR i HE B AR e e e e e e e 18
B oo H & CEE) e e e e e e 20
rOE OF N BEHEEE - - o e e e e e e e e e 23
el B S S - S 97
R R 30
S R Y = - 33
1:|:| FH J@ g& ;[c)gf .............. 37
K OH O B RBEHEIR - - e e e e e e e e e 0 41
e I/ § T 48
e T = & & @EIERIEE e e e e e 51
B BB 8% CERIEM) e e e e e e 54
M TR B B AR R O BE IR+« - - o v e e e e 57
& T B B CEREM e e e e 61
I W2 W BB o v e e e e e e e e e e 63
NI A A S T 66
B O — UE B FE e e e e e e e e e e e e 71
O O3 OB % N 75
FEHh ﬁﬁ( e R RS S SRS 78
BoA B H &R @R e e e e e e 81
X IE VS - 84
= o &% @EREER e e e e 88
b ER R W AEMER R OBERIEE) -« - 0 o 0 000 e e 91
I OHE TR T B OBE e e e e e e e e e e e e 95
WOBE Bz % % CERED) - - e e e - 98
H & F =H # e 101
FATN FE HE BUET o e e e e e e e e e e e e 103
% ;7"% GIN *E{T %{ I R I TR S P 105
oW e S S 107
M W AT ME B ER e e e e e e e e e 110
OB LD OHE B e e e e e e 112
MWK Z & R EPEREM - e e 114
KO S HE B OB - e e e e e e e e e e e e 116
2016 -1 B EBRABFE L LOBEES - - - - 118
201 64FE RAEMEEI MFZZRE D 7 A o o o o o e e e e e e e e e e e e e 119



3
i
)

ORI
FH it

D FETHIE LV FBTIND LB 720 F LI2D, T TISFER28FEE O A L m B 4 4 36 i
Wi LEd, BoRNFF o4 iz, ARFHEEZHFEG LT Er ADNTEbE L, &illll/e>TX
IR KERFIHEROFEVHEBBIEAT RN O A TEILLZATT, ZOERIT, ABFHBELZOE
DNTHhHDRAIOFERE LY TN, MIRFHEOKBMERR., —RAFBEOBIOCERICI Y
iz, TREAMBIFHOWANEFITIEICA =T L) FHOGREHEST Z L TcE
L, FTIEFECEWERWET, HMO X S IEMBITFONEIL, TOESFEREBEL, ERTHED
NET =20 T CICHIFTTCLEVE T, TOEKRTT v 7Y —F— R EFW xR0y HEHR) 28
NI OMIED S DD E VI EimITdH D & HNWETR, ZOFERITIZZNENONEEOHESCHITEA.
KPS AETR EN . BEKEADO—FH], HRICHITIIHEAE Z N OEONTEERE > TV E
T, Flo. FREBENGIAIZI - THD & IO EE R (525 WITIEM L7IERR) 23,
Az lfiztiahTnET,

2010 (FAk22) FICBIR SN CLURRGEMBIFAMTIE, <04 DB I%EH T, F4 71 =R
DIREIR Z AR 2 DR BE Z1T> TEE Lt BICARZIICBWTIX, BIEEEOH 2 BAN, BFFEIC
HATF SINTZEHEEITH 2 LT, FEOHNEFOLERD LD B &I TWET, 2o &1, K¢
KFEFE (MBI ERD) ~ORmWEFERICKM I TS EBbhET, 2R, firHEOE
hEE I DRED T, 2014 (FRR26) 4 4 HIZAMB AT ERHE LR, 2016 (Fpk28) ££4 HIZR
WFERHE LRI OBIRRICE D . ZHUIC R EMBEROEE - MBI & LT, fRFAITHIT 2D
ZEDRWERIZES N TERLE, HBE-FRBAALTVWET,

MRV TIE, BHEE < OEBEEMFEICHR OB I, FEEERTFRFCoFEHLHY . 4H
TIERA MBI OMRIL, ZNENDO G TEHWVIHMEZ S TWE T, FRCZ X7 BRI LT,
FERBRRR LASK . [EBRA A K HEDRIFFE & kit L C & £ L7z, 2016 (CFRk28) 4F4 HiZix, MIVERETH D
KHEAEZFIR LT D2 7 EBEEF AR S L. 2 o7 BEOMBBNIAOERBIZE R LIcREdH
LA S BICHBIEDKRGHNTEE L,

ZOEICKRFEDOTA TIA T AL, HE - FROMHEICE N TRES BB L TEELED, ZoOk
P1E1989 CERlIT) TR S i LA LFRHCE Tl £3, A LFRIEINA AT 7 /nd—IiC
Fb L7 B e LTid, 2EORERFPICERT THERINTZHDOTHY . HiFL LTI IFAD D
LR C LIz, BAAMmEBET IR, AW THEROQUERICOEZTE#HE L LI, T 7V A T A~D
O MR FEB L~V E TR LE Lic, FxlES HICRROZBILOEFFICHIE LT, ZAETORD
MAESBICRESE, 2P HaeRET 22 2B LT, HAIREREZED TOET,

ZOTH LR DBEEMBFIIL, 4 F TULICAHMRAERN W Gbht, BRI BTy LY L,
P EER A S DICRBESE TR 4, FrLOFEMICHEFL W L b, RAEEMBLE
A~ Lo ZHRL TR AEBEOVE L EIFET,



ReLaHFRBERRE—F

ARV IERE
#H & OB B 4 K E4
E 0 MR RE - BREHA FAMRA URET - RAMA KREFRE
B B (R B E # RN K Fwaahs) Theerawut Chanmee (3 B%T) ;zwggzmms'vwm)
i N %
2 il ;— TEB g ﬁ*g fog & F
B B &E B IEH BN 34 " ﬁ‘f | q: = 1’& & 9\”"*(1”%\%) = #R RHO
R £ &F fEG4A»>)
B Bh E(4AND)
F (4 Amne)
P = W B E Aw@Ans) =
HEHE R A @ o3 E(azT fH EZEM)
B ® #(3AFET)
= " i ] .
FER % B’ (B W S f H B AN B OE % EGEE0 A& BEM)
fRE XA (D3)
N A # R MGAFT
FAZER (B B F A z - N O FBeeaEo it Fig M)
F T BEF(10AHNB) =k mEM)
% % B & BB - MR27-A-TUIHSE - # R OB 2Rk
;1\ t %z g %
2 = | A KB B =
5> B B (B E X8 . B BEEGANS) ne EFM)
B * BH % @A)
EHER T E X & B R £ F F ¥ B %£(ARzT B B -3
A % E ¥
% & |+ @ # EE W T E F & ok B(BAFT) B RAD2)
Xk B F B(4ALDL)
RS 5T
— TE
EBHZE |k B M B B | = ®E XN DenisseSepulvedaAlvarado |JIl W 38 A(3g%< LiE BEM)
BB E X (3% RE RER M)
F E E EG@AH) [y nE'E‘E(MZ)
E B & F
SNECEE B~ K 0D
e g = 5 = BB Hx M)
RZREE % #& & 2 FIE  EARR ()
= BT M)
FREE % & |[# W E BEONE - B FaAMS) f B OR F (BAFO MR RRM)
- 51§ HIFEM2)
FREE x B & F B — 3 B3 wmE WEM)
EHB A2 R o o’ ox S
X% BE01)
Cesar Ivan Ojeda Linares JIBE  3— (D3)
H R (A M A& N R A E B |5 # (4ANB) (4ANBESAET) B3 =DM
@ B FGAFT wa sz M)
=5 BREM2)
o
y - _ B 1
EHBR B B hiE =4 (1)
g HiE #—M2)
5 S
b Fi N NI .
% 4 B 2 FE® & H 1 @ W % BaAm: ',:,?Ephin Tonity 03)
B # & # ABGREO g K R HEaAnS) HE BE M)
Pt A B HaAND) "
& F 8 ﬁﬁ I_E__)\(m(:llz)
PN T E g A
% &’ F # B & HE K W X B #£ X & BBT Hjngﬁ E)
PR BKM2)
a8 x B B N B B NROEOE
FMF mAM)
% B’ (X B 2 w IR F ROFH # B % Z(4AN5) HF FEM)
BE #EthM2)
EEHEE % 8 W 1 & & % Eg gﬁgﬂ)
Bl#H 3 =3 I =
: LEE fiE A M)
. a4 0D
= T B(sANS) . N I ()]
L R BESAF B B & Zears &2 BT @
& EHM)
i Raoo
FREE B B |FE B B Z E B\ A F Fo o oAs )
AT FRFM)
% B BB F =
i H H(eAnn)
f % # FGAN)
EHER (& 8 # B O BKF(8AND)
N R A(8AMB)
E)] El H B(s8AND)
g % B B % 5h o# 4 I & #eanry) mH BEEM2)
E " B B #
b ;b % g @(mma)
i (4 AHB)
&FH FEM)
% B mm = A S5 EéZ W)
4 I & #GEAFO i =T 0D
# A E BGAED = =
T & # ®WGAzo
B B B FGAFD
EHR (W B FE T
HHEERE BB £ U F R R OB At EEEM2)
7 RAH
oK #H =(sAns) S (1D
BlEREE % #& (a1 B WM B BN B E£0oAh®) ERAR RIFM2)
& & & BEanrd HFE @®M2)
T & H #H(sAnrs)
» RO N B E i




RELEGHIBEBER I LS

& B & % E &
PR BEERHLHERE # £ B K
0t HpvL s —REME (RALRREHES Bk pnY
st s —BA (BEEBBLHEL) (10AND) K % HA%
st s —BA (B EERBLHES) M @ L
Song Ji Yao (245 P D) #PvL S —RHBMA (RELREEHEAY o) BETF
OB # F(ERRPD) HWEEL S —RPMA (BAEDHFHIEYS) " 5 #
? * & gﬁ;ggg; v s ROMA (BAEDHEHES) A m OB ®
RAPAPORT Doron (3R EAIBEERFZE | (BT~ 2 —RMMA (REEGHPEHEL) (/ML) B o A F
#) BE LS —BEMA (EPMEFEREL) (AAND) noR EW
HvL s —WERA RALHBPHEL) (1AND) BRI
Bt s —WERA (R1EBEN oW RATF
Bt s —BERA (BRLPREN  RREEBHHI) B oE OB B
Bt s —BEBA (RBHHA) ® E B B
B s —BERA (RRABHR) I
#rt 4 —EEBA (REABEA) mom RET
#rt L s —EEMA (REWABEA) AT
#pt L s —EEMA (REWHEA) "R B F
#rtL s —EEMA (REWAHEA) LN
#pt L s —EEMA (REHBEA) o oW R
Het s —BEBA (RBHHA) EE
HEeL s —BERA (RRABHA) (10ANSE) # o ERE
B s —BERR (RRABA) (10ANS) # R & &
B s —BERR (RREBHA) (3AFT) # F OB F
B s —BERR (RRABHA) (9AFT) wom B &
X R OB BKERERE) (3AFT)
3 1B LoInzie (anns) LFZREFTREN
f oM B (KERERE) (4AHD)
z B = % & B Err s
ZEAREAS o s
HEIFLF—ERERAR )
HEAR - BEEEEAR (RALEGHTH) T i B R
HEAR - HEEEEAR (EBHY - TEHEH) ® @ L
ERTAET2 BT T Y T rEED
HALEHEME L S —EREAS 2 8 *
$E8 FD / SD¥#EI—FLTIT)L—T F oA B O
K¥BE FD  SD##EI—FTTL—T F oA B M
S—— UaELXBEEAS wOm oM —
GSC (/A—/NLYATYRA—R) T—F2F5L—T B g R
HBEEAR L
BT K/ F i [
& B 8 @EewReD) FEHERS G- WPEEEEAR) R
FERBTRE v T E #
o oW 4 LemeD) A LPERIEEA F R B
& B (&P D-3RET) AERBREASR B W
ARGIERTE AR LR
W MEBEELL S —EEEAR rEEI
mHRAREEERS L ]
FybI—sEFaUT RS L]
KeRERS & OB At
HEMEAS L] ES
S UARS P BHEAS ] E
SpHEH Y ¥ S LAREEAS 5 & % B
ABBEEAEH Y $25 L8 LI
wmREgTLL s —EEEAR rm "
BB AEEAR W L]
HERERIERS & F 8
UTIVLA T4 REUERS B R X &
Ao s —EEERS R
AEEAS L
At Y5 —BOMEKA CEERI













£ AT LEH

[wF7E]

KERHIFAREE (Fd211, WBIZ2) 13 L5+ 5.

WIRDOF T, SRR EMOE Ik, 531 L~V OE MBI I - A - AR O 4
LV DEMBIRLE PRI AE DWW GV AT A (BT AT L) O L Tebx,
FELTCWDRTHD. FHEONFET —~I1L, TRITRTIOZ, o1 ML~ L CiliEs
T ORRGFHIR, 2oV E B ETEEEOE R - WEE, Thoolmk &, L
T, DVIIREEOHERE, SN RUT IR S AR T R VX —FEAE, VORI 7e
DOFRER L AE A, MRS BRI~ N > 7 2% BN D 7 F AREER Y,
LT %. Fiz, KOmR (k- R ~v) OEMBIGY, 8, 34, ikl Zik
Thb. LTI, BEIILDET DL ONOENFE, HRES T DRF LD LMV AT LD
WHEL L DX TAFFEBATIR> TNV,

8 1 tUS S

(8% : SRARABR0OS TRRL EIHERNN) (R : FRNE HRBRC SN B LY+ LER)

BRS | (468 - PIBREBBVCEI BT AER)

e

:nww [E (1R : BIEORR)

(m :A.Jsomolm
(0 : FMETO - R 4 70T R

® (¥ : ')MI—b.tmmN7¥-thi ®)
& s 73‘ (& §OROIKRVBRMRE AT )
[ [e=]
(BUE * PESBOBROSKELRE)
LF -
(P8 : BREROEHLE ;;,:

(88 ° P VI(ORDEE, WE)

(v 7AEREBBAR Y Y 22)

(#7H]

B (RAA—) 13, SEBE Y THRER B OVANTHD. 1FFEOFAEERN 45
A TCHOIRTFRNE, NFDOAEEFTREL2D NEEE L FEL TS, FICLFERETH
DTy — A I T —E3FER AL AR D LB L OISR RIIE T, BE 14 BT



DFEZAERIT 2~44Thb.

VxR 2T DERORERITIROIEY TS, FIFIRDE2EIRIINT TEB LA O FEAE
Zamae it B CEY i@, (bydim) SRR B (LR, A7 ER) TF5. 1 R
FHING 2 FEWRITINT T FNRR O IE A& LI )% 5160 D70\ W7 A7 B B B I BAR
T2, ZLTC, 2HERETITEMILT:, 0 FAWT, MIaEWT, £ b5 ERIRE O HAE
HHEHZ, £0%, JOHEMEOESWEERH (BaF L%, BEAWT, HRAEDT, %
JEF, SRPAER L), ISR FEEREL B (BT AT LFEE) 7L R E O, SR LT

JEIT oy /U CHZEMNIEICIOAMTe. E2, MR H L TORGE (A AT AJEEER )
R ENTH LD ARINTWD. R SHREL TR, RFEF MBI P ER ~DE Y4
FRSHERE T 5 — T, B REFEBED 23 & T R Ok AR 723 v VT TR SR A
T =L OBEEIZ IV ERL TS, A FFEIEE 4 81248 CERL 25- P58 2013 4 AN F4E) O
R THD.

BEA RL%eE | EL4HE
. B, Rk, IR, BIR. AR, £, BE. TE. fHA.
EMFERA. B 1 JIAR
fLF@MHA. B 1 L {10]
WEEYILE 1 iR, &
NFEME 2 HE. TE
BIZFIF 2 FiE
RBtEMILE 2 =gk, FHE
MR 2 i, KH
REEYZE 2 by N
INA A FRITRLZ 3 REF
2Ry ERE 3 JKH. #l
REZ 3 I H
HIREY R 3 K. BiR
fE5 Ha £ YF 3 EB. BE
BEEHE 3 NIAR, &R
iR 3 wE. GEEENE)
EHORATLEEI, I, IT 1,2 i, BiR. A, BB
LamBEEEI, I, I, V, V 1 NIER. %P, 2R, B, FE, P&
EWMURATLRBERI. I, I 2,3 R, kBR. =R, BE. PH. TE. E
EYFEER 2 REF. 1EBE. . E
I B, =Bk, IR, . ERE. . EBE. TE. PH.
£GURFLREI. T I L
7. EEE. JIMR. Bk, ARk, k. HE. . FRH.
R 3 ii‘;§~g?ﬁmﬁ k. kR, BRE. FTE. &
B, OEE. IR, . ERE. . EBE. TE. PH.

GE : L2REBRIIFEEHEMICL > TITHh T S.)



MEILEFHAEE

Laboratory of Anti—Aging Medicine

1. AEBE
E bt O RHRHEIT 2 R EL T, il ik~

TeME ORI N BB O Lo TWA, BIFRED
BT, ZILICE S R 2R Bl AL, BHD
B (ERICEHEEZ TEXHRME) 2R T 57200 H
BN 2 e St T2 TH D, PLEILIEFZMIRET
. 2O BRIOT=D, 3 TEMS MlaAY S, Eb5E,
ZLTC, BT L0 kemiii L T, LU O
TR AEIZ A TN,

1—LeT7vasBAes ORI LT Fo AT
ke~ J2 B

BT BE O T RN TR -EVIZRD mE & 23
ZTCNDH, ZOBEKEL T, BEHTryarOMig ok
Ba o7 An BORD RHD, T TRIE N-
TEF T Tt (GleNAe)EZ V7 g (GleA) 73,
B-1,3LB -1, 4 K6 CRAIZHEFELZ 2 =y i
VIRUAEIE)NS2D &5y T2 B CHY | R ALk D
RSt~ B2 2Ry EU TR AFEL TVD, FTIIES
DO~N I A e T a2/ EEZNLUCESEL, M
e P9 A AR 1 R 2 TR ML L O B A o B O 8
(B EEND (K1), FAEE, HFIERT <. 3o
TR ERG ER A L e T v a8 A R A
OO A TEIZ, LT, A R 5 1
2B EERHWERBREAE T LVa B AR AT
LOFRRICHR L, RAIEA T Db G OTESE %
LD TS, A4 BT L a4 B BB 042 75 fif ]
WCHOM A, ZDOIGEEMEL T, T T AT ~DH
AT,

1—2 @MU NBRIBE R O 5y 1B & 3 AU Al = > T
AR S LT IR O AR5

mEi b2 OB RICk> T, N E T BN TR
R &7 D RS EFE L Te> T D, I,
MY AT LORE fea ha— L i L LRI A3
AT HIETRIET D2 FOMER 5, BB O
TEZREAE IZ DWW TR, R+ 3 eSS Tz,
VAR, 2 OB WT, T A OFF RN RE S
NTHEY, ZOMIRNEOIR THHEND B 2T H 234
Fo TND, DAL, 06 A DAL 150U ##
TRIRICIRPIIE 2 R 280D I CHE A5 & 2T

Bz HRE EH
Prof. Naoki Itano, Ph.D.
MR R K=

Assist. Prof. Tomomi Izumikawa, Ph.D.

HROEREZ 2 B, IR O &L CHEER
STV,

23 AU I VXA B AN L R ART REER 7o TN BR B
A=y )N THELEL , ZO@mAMIaMEZ ERFL T
HEEZLIVTNAD, 1o T, M ATHIE O a4
MRS MR E iR A B AL 92721 2VE, A
=y FEIENETHIENEETHL, AWF5EOEHR
F VL I = 5 O Bl A 3L LT 25 i B
KOGy FaREEL, ZORREa hr— L3 52 81TX
D EARIRICE L2 O IR IE A ML T 528 T
b5,

2. REEOHMERRE

2 IZTNFETIC, BTV A T pE AT S R
FHIEET N~ ARERL | AIE BT o7 v
FE/EDIEINAS, AT 2 B R ITRIE ST D2 L% W
HINILTE Tz, BT /b a g O il e pE £ Ot 5L A
B D UDP-N-T7t®F NI atIv s UDP-Z v o i
DEEELTERICHBESINDT-O  MENIEX 7L
FRRBDEALTHEE ZDND, T2 TH LT, ZER
ARG By Hr & B LC, b7 Ve kit e A e
I DXV A F RGO LI OV THFZEL
= BRI ORE R BT a8 BE A LR L
BT, ATV I A AGR I (HBP)DET T RS E L
<L TWDEWOI T R FEEA DAL, HBP (X, fif
B R ORE R A B B LU THEARETT DR hT — 2%
REEEL | Pt 5K UDP-N-7 &F L7 a3 oft
MEBUTHEEHARZHEL TWD, AR — AR
DOFER, eT7 a4 PR AL T, ~
A RS O NN BT iR R A L ST DR
R T 07T AN EICHE S TONDIENRH BN
72X 1), T2, AF VAR OBSEEEE Th D
GFAT1 %3838l 5L (KRR ERF ThD HIF-1a
DERL ., R UE L 72, — 7, GFAT1 DO¥Bl%E /)
DB AR XD BB b £ L A T
AIAEIZ 33U NT HIF-1o S EFRHERAME T L, EAUIZHE )
LT AN ES LT, DL Eof Bix, b7 e
VIR G R E LB LT A ORI 28 P b
R DL T BT — 277 38 TS At I A o il 8 1 2
BL<ZEEREBLTHA(K 2),



] Mock B Hasze [ Hagzrese
B onaszws B e BB pggooe

E158P

Gép (5]
Glg = = = an™ll] . e ‘
= | = -
ol el Lol
Laciatls

Pyruvate
- o -
) a
-
.
v ¥

ol

iE

g

B EFHE

EEP

JEEEEY
§E

el

Figure 1. Metabolomic analysis of glycolytic intermediates

B H ¥

in Has2-overexpressing and -deficient breast cancer cells.

Control mock (open bars) and Has2 ™ (

gray bars) cells;
Has2-overexpressing Has2 #4 (striped bars) and Has2*N®
(black bars) cells; Control Has2"*/1°* (dotted bars) and

Has2-deficient Has2*'* (checkered bars) cells.

3. Research projects and annual reports
1-1.

Hyaluronan

Elucidation of the Biosynthetic Process of

and its Application to Anti-aging
Technologies

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

functional disorders. HA is a high molecular-mass

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

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

biosynthesis ever since. Recently, we succeeded in

thoroughly investigating mechanism
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 innovative

developing anti-aging

technologies.
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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

is well known that uncontrolled cell

precise mechanisms underlying metastatic tumor
progression and recurrence have not been fully resolved.
Cancer stem cells (CSCs) have recently been reported to
exist in many malignancies and have attracted
remarkable attention because they are believed to be the
only cells capable of initiating cancer growth. Because
CSCs

chemotherapy and radiotherapy, and because they are

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

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

importance of targeting this CSC niche. The main

and malignant transformation must focus on
purpose of our research in this domain is to identify the
cellular and molecular cues that govern the formation of
the

establish novel therapies to induce a state of cancer

specialized CSC niche microenvironment and

dormancy by controlling the niche.

2. Our previous studies using a HAS2 transgenic mouse
model demonstrated that HA overproduction caused
rapid development of aggressive breast carcinoma at a
high incidence. Because excess HA production consumes
the UDP-

N-acetylglucosamine and UDP- glucuronic acid as

large quantities of cytosolic
substrates, overproduction of this polysaccharide may
alter networks for the nucleotide sugar metabolism,
which in turn affects cellular glycosylation status and the
dynamics of the extracellular matrix. In this study, we
adopted stable and mass

isotope-assisted tracing

spectrometry profiling to elucidate the metabolic
features of HA-overproducing breast cancer cells. These
integrated approaches disclosed an acceleration of
metabolic flux in the hexosamine biosynthetic pathway
(HBP). A metabolic shift toward glycolysis was also

evident by quantitative targeted metabolomics, which



was validated by the expression profiles of key

glycolytic enzymes (Fig. 1). Forced expression of
glutamine:fructose- 6-phosphate amidotransferase 1
(GFAT1), an HBP ratelimiting enzyme, resembled the
results of HA overproduction with regard to HIF-la
accumulation and glycolytic program, whereas GFAT1
inhibition significantly decreased HIF-1a protein level in
HA-overproducing cancer cells. Moreover, inhibition of
the HBP-HIF-1 axis abrogated HA-driven glycolytic
enhancement and reduced the CSC-like subpopulation
(Fig. 1). Taken together, our results provide compelling
evidence that HA production regulates the metabolic and
CSC-like properties cancer

HBP-coupled HIF-1 signaling (Fig. 2).

of breast cells via
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Figure 2. A proposed model for metabolic

reprogramming driven by HA overproduction.
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3. Research projects and annual reports
Eukaryotic cells are highly compartmentalized
into membrane-bounded organelles with distinct
functions. Mitochondria are essential organelles
that fulfill central functions in cellular energetics,
metabolism and signaling. We are studying the
molecular mechanisms of biogenesis and quality
control of mitochondria and other organelles from
the viewpoint of protein and lipid trafficking.
Proteins are under the elaborate surveillance
mRNA

lacking an in-frame stop codon called “nonstop

to maintain cellular protein homeostasis.

mRNA” would generate aberrant “nonstop (NS)
as accumulation of stalled
(RNC)
Although degradation of nonstop cytosolic proteins

proteins” as well

ribosome-nascent  chain complexes.
has been extensively studied, fate of NS proteins
targeted to organelles such as the endoplasmic
reticulum (ER) and mitochondria was characterized
only in a few studies. Among them, we found that,
when degradation of NS mRNAs does not work
efficiently, NS proteins targeted to the ER or
mitochondria occupy not only translating
ribosomes but also translocons (translocators) in
The Dom34-Hbsl

complex therefore acts on the stalled ribosomes to

the organellar membranes.

release stuck nonstop proteins into the organelle
lumen, otherwise the protein flux into the organelle
is blocked, resulting in defective cell growth.
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Here we asked which of the pathways, the
Ltnl
degradation and

cytosolic and  proteasome-dependent
the Dom34-Hbsl
release into the ER Iumen, NS-ER membrane
We thus followed the

fate of NS-membrane proteins at the ER membrane

dependent

proteins can be targeted to.

with different membrane topologies, and found that
Ltnl-dependent degradation differed for membrane
proteins with different topologies and its failure did
On
the other hand, failure in the Dom34-dependent
release of the nascent polypeptide from the
ribosome led to the block of the Sec61 channel and
resultant inhibition of other protein import into the
Therefore, the
the
instrumental in

not affect ER protein import or cell growth.

ER caused cell growth defects.

nascent membrane protein release from

translation apparatus is more
clearance of the clogged ER translocon channel and
thus maintenance of normal cellular functions.

the

How

Organelle functions strictly rely on

organelle-specific lipid compositions.
hydrophobic phospholipid molecules can traverse
aqueous compartments to shuttle between different
membranes is a critical question concerning the
We

structure of

mechanism of membrane biogenesis.
previously determined the X-ray
Ups1-Mdm35 the

mechanism of Ups1-Mdm35 mediated phosphatidic

and revealed molecular
acid (PA) transfer between the mitochondrial outer
membrane (OM) and inner membrane (IM). Here
we asked if Ups2, an Upsl homolog, can transfer
phosphatidylserine (PS) between the OM and IM in
with Mdm35
phosphatidulethanolamine (PE) synthesis at the IM
by Psdl.

the mitochondrial PE synthetic pathway is in

cooperation for

In the genetic background, where only

operation, deletion of the UPS2 gene significantly
reduced the level of PE, especially upon diauxic
shift. In addition, by using recombinant Ups2 and
Mdm35, that Ups2-Mdm35
efficiently transfers PS between liposomes in vitro

we could show
in a similar manner that Ups1-Mdm35 transfer PA
between liposomes. Therefore we concuded that
Ups2 transfer PS between the OM and IM for PE

synthesis at the IM.
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3. Research projects and annual reports

The homeostasis in gut is maintained by the
balance of proliferation and death of epithelial
cells with the rigid barrier function of epithelia.
The impairment of either of them causes various
disease such as cancer, inflammatory disease,
and infection in gut. 1 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 wunderstand the
diseases in gut and develop novel treatments
against them.

This year, (A) we identified several genes
which increase their expression level at the tip
of mouse intestinal villi by in situ hybridization.
These genes are considered to be candidate
genes involved in cell extrusion. (B) We started
the first screening step of RNAi screening by
using Drosophila midgut to indentify the
responsible genes for cell extrusion. (3) We
revealed that adherens junction and tight
junction behave differently during cell extrusion
of epithelial cultured cells by quantitative
imaging analysis. This mechanism seems to
enable the epithelial tissue to both execute cell
extrusion effectively and maintain its barrier
function.

4. X, BEEGE

1. Horiguchi H, Endo M, Kawane K, Kadomatsu T, Terada K,
Morinaga J, Araki K, Miyata K, Oike Y: ANGPTL2
expression in the intestinal stem cell niche controls epithelial
regeneration and homeostasis. EMBO J. 36: 409-424, Feb.
2017
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Laboratory of Neuroglycobiology
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Fig. 1. Altered hindbrain observed for galnt!7 FO mosaic

embryos.
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7=. galnt18a, gaint18b I DZE BARIIIEFIZHRELE
DIZxIL, HEZE AR TR, PIHIIRIEE A SR
BETEEFETLIN, JAETESLOIZRP 7.

3. Research projects and annual reports

We have been investigating roles of an O-linked sugar
chain with the carbohydrate-protein linkage structure,
GalNAcol~Ser(Thr), which 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, galnt8, 9, 17, and 18 consist of a unique
subfamily that have characteristic amino acid
substitutions in the catalytic domains and they show
almost no detectable in vitro catalytic activity using
typical mucin-type peptides as acceptor substrate.
Among them, we have isolated galnt9 and 17, and
demonstrated that they are brain-specific and
biologically important for the neural differentiation in
mammals. Based on these backgrounds, we have focused
on the functions of galnt genes, and obtained the
following findings.
1) Production of galnt FO mosaic zebrafish embryos
We thus far demonstrated that suppression of galntl7
with morpholino antisense oligos generates embryos
We then tried to

generate galntl7 mutant zebrafish to elucidate its roles

with altered hindbrain structure.
in the brain. CRISPR/Cas9 was employed to introduce
mutations in the galntl7 genome; sgRNA was designed
to edit the DNA sequence coding for a galntl7 catalytic
domain. For the expression of cas9, mRNA, codons of
which were optimized to zebrafish, was used to enhance
the genome editing activity. With injection of sgRNA
and cas9 mRNA, FO mosaic embryos were obtained.
Genome analysis showed that approximately 80 % of the
galntl7 target sequence was edited, and the FO mosaic
The

phenotype was highly similar to that of the galntl7

demonstrated disorganized hindbrain (Fig. 1).
morphants. This indicates important roles of galnt17 in
hindbrain development.
2) Production of galnt 18 deficient zebrafish

Zebrafish have two paralogue genes for galntl$
(galntl8a and -18b). The highly homologous DNA
sequence coding for the N-terminus of GalNAc-T18 was
chosen as the target sequence so that the single
complementary sgRNA can modify both galntl8a and
-18b simultaneously. The genome edition with this
sgRNA, and mating of mutated zebrafish generated
galntl8a KO, galnti8b KO, and galntl8a/b double KO
zebrafish. While single mutants with either galntl8a or
the double KO
mutants, although born with Mendelian ratio, failed to
Thus,

and galnt18b may be necessary for the normal growth of

glant18b were apparently normal,
grow adults.

concurrent expression of galntl8a

zebrafish.
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Shifting transcriptional machinery is required for long-term
memory maintenance and modification in Drosophila
mushroom bodies. Y. Hirano, K. Thara, T. Masuda, T.
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Communications (2016) 14(7) 13471.
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3. Research projects and annual reports
All somatic cells of our body develop from the epiblast,
a sheet of cell group that are formed in post-implantation
embryos in mammals and in laid eggs in avians, both
belonging to the aminiotes. How a variety of somatic cell
lineages develop from initially homogeneous epiblast
cells is a fundamental problem in developmental biology.

We investigate the functions of major transcription
factors (TFs), e.g., SOX2 and signaling factors, e.g.
Whats, in epiblast cells and in the derivations of somatic
cell lineages from the epiblast. The strategies include:
(1) Use of conditional knockout mouse embryos that
allow inactivation of specific TFs in defined cell groups
and/or developmental stages; (2) Use of epiblast stem
cell lines derived directly from mouse embryo epiblasts
to analyze the process of regionalization of the epiblast
cell sheet in vitro; (3) Derivation of stem cell lines
of

development from the epiblast stem cells, in order to

representing an  intermediate  step somatic
investigate the somatic lineage regulations; and (4) Use
of avian embryo epiblast to investigate the effect of
ectopic grafting of specific epiblast regions such as node.

The infrequent occurrence of the developmental
process that gives rise to cell types that are usually not
associated with the cell lineage is collectively referred to
of

differentiation phenomena will provide new insights into

as  “transdifferentiation”. Investigation trans-
the mechanisms underlying cell lineage-dependent cell
differentiation. Therefore, developmental processes of
“transdifferentiation” that give rise to the lens tissue are

also investigated.

(1) The first step in the specification of somatic cell
lineage is the regionalization of the epiblast cell
sheet. The most prominent regional structures are
the Node and the primitive streak. Starting from the
epiblast stem cells in culture, we investigated the

which

representing Node-streak structures are formed and

conditions  under cell  organization

endoderm tissues are derived. We found that the
three-dimentional culture of epiblast stem cells, low
Wnt signaling, and high Nodal signaling are the
minimal requirement for the formation of such cell
organization.

(2) We investigated the developmental process of the

secondary embryonic structures formed upon
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Q)
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grafting of the second (quail) node at ectopic sites
of the chicken epiblast, marking the quail tissue by
mCherry transgene expression. Expression of Otx2
in the node-engrafted area was required for the
development of secondary head structures, whereas
the absence of Otx2 expression was required for the
trunk structure development.

The endoderm that is derived from the node is
regionalized with expression of the transcription
factors Sox2 (esophagus and stomach precursor),
Cdx2 (gut precursor) and Nkx2.1 (trachea and lung
precursor). Conditional knockout of Sox2 in the
the

esophagus into trachea-like tissue, whereas gut

endoderm resulted in transformation of
development was not affected.

We established NSC lines from EpiSCs via passages
in a serum-free culture condition. The NSC lines
thus established produced neurons, astrocytes, and
oligodendrocytes under differentiation conditions.
We also established NSC lines with addition of
either Wnt antagonist or Wnt agonist to the culture
medium.  Microarray  analyses focusing on
transcription factor transcripts indicated that NSC
established and high-Wnt

conditions of anterior

lines under low-

had characteristics and
posterior CNS, marked by the expression of Otx2
and Hox genes, respectively. Our results suggest
that the manipulation of extracellular signals during
the NSC derivation allows the establishment of NSC
lines harboring various regional specificities.

Embryonic neural retinas of avians produce lenses
which s

in culture, a paradigm of trans-

differentiation. Retina-to-lens transdifferentiation

occurs in spreading cultures, suggesting it is
triggered by altered cell-cell interactions. Addition
of Notch signal inhibitors strongly promoted lens
development from the neural retina. After Notch
signal inhibition, transcription factor genes that
regulate the early stage of eye development, Prox/
and Pitx3, were sequentially activated. These
observations indicate that the lens differentiation
potential is intrinsic to the neural retina, and this
potential is repressed by Notch signaling during

normal embryogenesis.



4. X, EERGE
[

lida H, Ishii Y, Kondoh H. Intrinsic lens potential of neural

-4

retina inhibited by Notch signaling as the cause of lens
transdifferentiation. Dev Biol. doi: 10.1016/j.ydbio.2016.11.
004. Epub 2016 Nov 11.

Iida H, Yang T, Yasugi S, Ishii Y. Temporal dissociation of
developmental events in the chick eye under low temperature
conditions. Dev Growth Differ. 58, 41-749 (2016).

Menuchin-Lasowski Y, Oren-Giladi P, Xie Q, Ezra-Elia R, Ofri
R, Peled-Hajaj S, Farhy C, Higashi Y, Van de Putte T,
Kondoh H, Huylebroeck D, Cvekl A, Ashery-Padan R. Sipl
regulates the generation of the inner nuclear layer retinal cell
lineages in mammals. Development 143, 2829-2841 (2016).

Teramoto M, Kudome-Takamatsu T, Nishimura O, An Y,
Kashima M, Shibata N, Agata K. Molecular markers for
X-ray-insensitive differentiated cells in the Inner and outer
regions of the mesenchymal space in planarian Dugesia
japonica. Dev Growth Differ. 58, 609-619 (2016).

Kondoh H, Takada S, Takemoto T. Axial level-dependent
molecular and cellular mechanisms underlying the genesis of
the embryonic neural plate. Dev Growth Differ. 58, 427-436
(2016). (Fa &)

Takemoto T, Abe T, Kiyonari H, Nakao K, Furuta Y, Suzuki H,
Takada S, Fujimori T, Kondoh H. R26-WntVis reporter mice
showing graded response to Wnt signal levels. Genes Cells.
21, 661-669 (2016).

Yasumi T, Inoue M, Maruhashi M, Kamachi Y, Higashi Y,
Kondoh H, Uchikawa M. Regulation of trunk neural crest
delamination by SEF1 and Sipl in the chicken embryo. Dev
Growth Differ. 58, 205-214 (2016).

e

Uchikawa M, Nishimura N, Iwafuchi-Doi M, Kondoh H.
Enhancer analyses using chicken embryo electroporation. In
“Methods in Molecular Biology — Avian and Reptilian
Developmental Biology” (Sheng G, eds) Springer (in press).

5 FRERGLE

Kondoh H et al. Functional genomics of peri- and

post-implantation stage stem cells. The 39" Annual Meeting
of Molecular Biology Society Japan. Yokohama, 12.2 (2016).

lida T, Ishii Y, Kondoh H. Intrinsic lens potential of neural

retina inhibited by Notch signaling as the cause of lens
transdifferentiation. The 39" Annual Meeting of Molecular
Biology Society Japan. Yokohama, 12.1 (2016).

25

ETE N~ B U AR D F8 A RE D R R B OASE
HEEMFERKEL RV A =BT 10.20 (2016).

AR DEBT MR VE RIS NAE T DK d IR oy AL RE 2 Bl 2
Notch 7 F )V & DREFED K S K ~D [ o3 {L it | 24725
T.ORAREEEWFRKFI ORI L BT 1019
(2016)

Kondoh H. Functional genomics of peri- and post-implantation
stage stem cells. JRM Distinguished Lecture, University of
Pennsylvania Institute for Regenerative Medicine. 6.29
(2016). (R A7)

Kondoh H, Matsuda K, Mikami T, Oki S, Shigenobu S.
Genome-wide functional interactions of five major
transcriptional factors in mouse epiblast stem cells.Cell
Symposia: Transcriptional Regulation in Development and
Disease. Chicago, 6.26-28, 2016

lida H, Ishii Y, Kondoh H. Simultaneous promotion of neuronal

and lens development from chicken embryonic neural retina.
%549 Bl A R AL 2T HULHED 6.2 (2016).

Yoshihi K, Ishii Y. Kondoh H. Reinvestigation of the

developmental potentioal of grafted Hensen’s node. # 49 [f]

AARFE ALY T 22 HOLH 6.2 (2016).
Nakamura K, Boitet C, Satake S, Yoshihi K, Ishii Y, Kondoh H.

Direct derivation of embryonic neural progenitor cell lines
from epiblast stem cells. 2§ 49 [A] H KW ELEY FRFR.
KA 6.2 (2016).

Kondoh H. Molecular and cellular mechanisms underlying lens
transdifferentiation from embryonic neural retina. Avian
Model Systems 9. Taipei, Taiwan, 2016.3.28-31. (A %55
1)

6. TOMIFTLEE
1) AEES
LR e B4 FBRAFIE(A)
BEA T T AN D SRR A R B A A A
AR T HH R N T — 2 OfEAT
FPRAREH ORI N U AR L 1 H26-28 4 (347)
2) MmMHESE 2L
3) AL E

Development Growth and Differentiation
Bl i £

AR MR

International Society of Differentiation, Board of Directors

AT EiEsE BAEEMFOREZEAR

AARCET IR B Brpr it Z B HMER

Fra LAY — AT a2 N =T RN - XT B EE

b

Genes to Cells Associate Editor



BALSEAFZEET M AT A EFSE | v & —
M EER

KBRS KRB A MR 7e 8 i~ VEdR

4) =H%E 7L

5) Z=ofth 7zl

7. MAEERRFHMEETRAERE M ERE
DHEMR

PR 28 4 3 H ETEBE IR MHEAL B HIE LD
BF 52 B) 8% & T A0 FE R IS B 2 - R B R sl Al
R L2 8 ZOHIEELTHEE T E 128 9
AZHFIE B & LT, SFEIL, in situ hybridization
ZIILH &L, BRI ZR AR R M AT O =% 2 X— T #%
MAICHIT A MSE L C, e REE RS-, FF
W2, v AR EAE S TR SR 2 Y LT D, H /R Bl A
ZE7R 5 ONT IS F R BIAF S8 O F AR TR LT E B R E
DY SCEROFEFT N2 HE T, IBIAS FINEE A B2
R, FRELR N R ERBRIE TS, o, EH
B H O SESEFnl-b T REEaRFETO
BETFFRIEBICE L TOD, 20— 8OTSRS
WREIhD,

26



REFRBRARE

Laboratory of Cell Signaling and Development

1. ARPE

FHEEET VDT 7V AH )V (Xenopus laevis)
OEFEMI, Z K0, B I ORI O £ 1) 21 # he
FH1OT—~ELTHIEEZ B IR >TWD, 77UV AT
TV O YB3 5 18K oy AT T IR
15 1R RBAZ 3 D A B A IR R ALK 23 A A AR LB R 3 720
BF MU EFTET 5, 2R IFRERM I, 2o
A Mz F Tl Rk R (OB 25473 5, +0Ic Kk

SRR LI AR BRI REAR L 23 A Vil 2 DL

SRR JE 203 T CIN RS IR & FE1T 75, Ejzﬁiwtﬁﬂ
REH X I B SRR (BRI L ClaiON F 2@l L, <
DT E DS D AR S ~J e (EDN) Shvd, RS
TR AR RE A (R S A8 9F) 1A AR AR D B i S 47
e Bl () L, S INE > TR AL IR T 2,
ﬂ\f:"'b I, IO —HOBRIZBNT, PN B LI E
TR T 2465 71 (A1) BED X7l &%
EFEO“CI/‘Z)O)Z’) \ZDWT, FRIZH L RTETFay ) g
{LEEE THD Src(V—2)CREY S ALA = DR
{LEESRE MAP (o) X F— B D@ &I 852 H TR
LTS,

FL7=H1XFE, Sre ° MAP 7 — B[ U< E
REHTTEMNERS AL 5637 BR& W2 A3 A
DOEMERERE I T 28R $O1 DD T —~ L THL
FHATWD, DSAFBREIC T — M I E A M fa & kel LT
KOMDEEEMRHHZENMBNT WD, TDOHTRTZH
VRS B AR 2o 0 N il & DRI E D [a] 8 | &) 2

DIZHEBLTWA, 5637 MRS MLIE HLARERBE T CReE
OEERT2HA oW, JLTRN— AR OB %2
PESTE CHRINEES I 2 Rt S D, ZOH TR — AMED
RS HERE 1L Sre G TV OMDZ LRI EFr )
UIRALEESE OTEMEITIRF L CODIEDN D> TEY, %

DFME LT HIEERFEL TS,

2. AEEOHERER

T VIV AFT I D A IR I A3 AL i B
Z2F CHRRR A SE (FEAT & 4E : MAP %) — B DU iR
b /1E AL, Mila 2 g O EA L., I germinal
vesicle ORFEEEE) 2L 23L& I2i%, MR AR HE (BE =
AR A3 D DE8HE ) 2 DL o P4 3 3 & 4% CfR
S T DB O ) X 3 R R AT TR 25, HEEEL 7251
B0 T R e A e A5 & o0 A iz s DR R R e kel 2

27

8% k% B
Prof. Ken-ichi SATO, Ph. D.

B w37 FLOYUE—

Assist. Prof. Alexander A. TOKMAKOYV, Ph. D.

UL AR L7 AR A7 B BLGR D)3 B (91 i 2
OB NG o BB ) o BB E B A K (in vitro
ovulation VA7 L) BRIz, TORER, TasAarar
(22 I B PN A BRI R A i oD B i A & I B 70~ 15 0D e
it DFEHE RS AT RE T DT | AP RN B 13 L2
JEM RN SEER L TWAHZ L, 2 LE D FEITH I
0% LT CThHDHZE, ERYSNnERo7 (T, K3

#)o
MmO BEERERE
A LR ] \.
oV R \«Q
i L Lo lar L]
EarE o & L ZHCORRBA
mHR ..~ REBHSLGN

IAHOZEE, N AR G 73 IR B BE 2 S N o Tl
2%, MAP ¥ —EIEMHLIRFELIZBIG ThHZ L%
IRIBLTCWD, BTE, ar2gar Ust oI pk i,/ Bk
UNFEEME A MEL. £/2 MAP S —BiEM Lo A
MEZ AR EA O A ICEVREIL T,

FE IR S AT B DR AR A (R 32 RS IR 1, Z R L7
FE-ERFE U BRI THETR— RAE R TZEN
Do TNA (T,

ESLRA

El
AEE7 a0

BEEOWMBORE: RO/ AMOHR » HAYR - FESR-8W0GE

ZOEERFFICHDVIET R — ARG O i F ik
T <M NS OREREZ B DT AZEERHELT
WSOMDEFRBAIT o7, TINHIIEL ’iﬁ“é'\?%ﬁmﬂﬂf
BT — % fl o 7o R IR 72 IR B B D ) 7RIS
HIBE PN mRNA O7 Rh—3 PP %%‘FL#RE'J@(&)
DUDNIT T — NV R) FREED IS Z > TWDZERH LM E
7ol G CHRER) . Tlod 7 a—7 %o 7= £ e
ARA—=V U TN ZOIG YRR RO FE LR T R —
AEITINCTEFLTWDIELHLMNICLIZ (R R E
#) o BAEZNOOHRE DA EZEMRIEL TN,



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 attempted to reconstitute
hormone-dependent ovulation and maturation of immature
oocytes in the ovary (in vitro ovulation system). Results so
far obtained demonstrate that progesterone-induced
maturation of ovarian, follicle cell-layered oocytes, is
always accompanied by their release from the follicle cells.
The results suggest that oocyte maturation, as assessed by
the appearance of white spot on the cell surface, is a
prerequisite event for ovulation. We are now investigating
the use of other compounds for in vitro ovulation and the
effect of specific inhibitors on the in vitro maturation and
ovulation processes. We also attempted to demonstrate
cellular phenomenon that is associated with the occurrence
of hormone-induced senescence and apoptosis of oocytes
and eggs. We found that numerous cytoplasmic mRNAs,
coding for proteins classified in different functional
types, are robustly degraded in apoptotic Xenopus eggs,
but not in aging oocytes. mRNA degradation becomes
evident in the eggs after meiotic exit at the time of
cytochrome c release. Our preliminary experiments also
demonstrated that production of reactive oxygen species was
up-regulated in apoptotic, but not in non-apoptotic, oocytes,
as judged by the live-cell imaging analyses using a specific
fluorescent probe DCFDA. Its physiological importance
for maintenance of cell viability and the onset of apoptosis is

under investigation.

4. /X, EEGE

K. Sato. Practical Approaches, Achievements, and Perspectives
in the Study on Signal Transduction in Oocyte Maturation and
Fertilization: Focusing on the African Clawed Frog Xenopus
Laevis as an Animal Model. In Animal Models and Human
Reproduction (Schatten and Constantinescu eds. Wiley)
pp-383-400.

AA. Tokmakov, Iwasaki, K. Sato, S. Kamada. Reprogramming of
somatic cells and nuclei by Xenopus oocyte and egg extracts.
Int. J. Dev. Biol. 2016, 60, 289-296

AA. Tokmakov, S. Iguchi, Iwasaki, Y. Fukami, K. Sato. Global
decay of mRNA is a hallmark of apoptosis in aging Xenopus
eggs. RNA Biol. In press.
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Laboratory of Vascular and Neuronal Biology
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3. Research projects and annual reports
1) An axonal guidance molecule Anosmin-1 enhances
angiogenesis via VEGFR2 signaling in endothelial
cells.
Anosmin-1 is a 100 kDa-secreted glycoprotein,
which is encoded by the Kallmann syndrome (KS)
causative gene termed KAL-1. Anosmin-1 is an axon
guidance molecule, which induces olfactory nerve from
olfactory epithelium and forms the olfactory bulbs (OBs).
KS is a congenital disease, which is characterized by
hypogonadism due to gonadotropin-releasing hormone
(GnRH) deficiency, and a defective sense of smell
related to the defective development of the olfactory
bulbs (OB) and olfactory tracts. Many axon guidance
molecules have physiological activities on endothelial
cells (ECs). However, it is not yet known whether
Anosmin-1 has physiological function with endothelial
cells. We examined whether Anosmin-1 affect ECs
function by using HUVEC, bEnd3 cells and chick
embryo (E10) OBs. In this study, we showed that
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Anosmin-1 induced tube formation in the ECs and
activated VEGFR2 and PLC-PKC signaling pathway.
The VEGFR2 inhibitor SU5614 or knockdown of PLCyl
inhibited the Anosmin-1-induced tube formation of ECs.
Furthermore, in the tissue culture, Anosmin-1 induced
angiogenesis in the OBs and lung aortic vessels of chick
embryos. In addition, using Porcine aortic endothelial
cells (PAE) and PAE overexpressing VEGFR2
(PAE/KDR) we that
migration of PAE/KDR but not PAE, and phosphorylated
VEGFR2. Studies with Surface Plasmon Resonance

showed Anosmin-1 induced

analysis showed that Full size anosmin-1 interacts with
soluble VEGFR2 (sVEGFR2) with Kd 32nM. The
truncated form of Anosmin-1 which lacks the N-terminal
second to forth Fnlll domains had lower affinity to
VEGFR2 and lost almost activity to enhance PAE/KDR
migration, and induced less phosphorylation of VEGFR2
compared to Full size Anosmin-1. These results suggest
interacts with VEGFR2 through its

second and third Fnlll domains

that Anosmin-1
to activate it’s
downstream signaling inducing endothelial migration. In
conclusion, these results shed light on the understanding
the mechanism of the hypoplasia of OB in KS that may
be caused by an angiogenesis disorder due to the
mutation of Anosmin-1.

inhibits the

interaction between GIPC-1 and Syx suppressed

2) A cell-penetrating peptide that

cancer cell proliferation and metastasis.

types
expression was correlated with tumor aggressiveness,

In many of cancer patients, Neuropilin-1
advanced disease stage and poor prognosis. Therefore, it
is intriguing to develop the inhibitor of VEGF-A/NRP1
signaling for molecular target cancer drug therapies. We
have previously shown that VEGF-A binding to NRP1
induces the binding of GIPC-1 and Syx to activate RhoA,
thereby promoting degradation of p27kip1, CDK inhibitor.
Thus, it promotes G1 to S-phase transition in cancer cells.
the

sequences of eight amino acids of Syx C-terminus

The cell-penetrating peptide corresponding to

competitively interfered with GIPC-1 interaction with
inhibited RhoA activation,
Further

Syx. The peptide cell
proliferation and invasion of cancer cells.
modifications of the cell-penetrating peptide for higher
affinity to GIPC-1 and longer half-life may contribute to
of

progression. These findings provide strong evidence for

increase effectiveness on inhibition cancer
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Laboratory of Protein Biogenesis
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ZOAMMERE L DDV AR IC O THHF 2 3 B S
FHEL TS, ZNHDAFEABE LT, THIE R EgH -
BeaH LA MmBRR ) Z M T 52 B, [HR®
LSOOG T AW TF | DD BT SR 4 B OBl k&5 R
WCEBRLTCWEE 2 TD, ks, TIEMFIEEIL2014 4
4 BIZRBEL R, KFy =TI —F 70— ChiHE
EHEIE R EOW NBEKRD T BFEEZZEITLTND, 2D
e L OB MEEEEL, AFER T, FREMEE =
TIY—=F 7 za—DIETHDH | YR EDOTETICHE
W HHOL 0 THE 35,

2. REEOHERE
(1) RIGEBF S LS OMBH T a7 7Y 7
BFR& Loz 78 1E C RIS RNA LA FEAL
72T F UL tRNA OIRFEICH D, E DT tRNA DF
WA ARDZELT, BN E T Licx o ~7 B ERIFE |
HEERX BT HZENTED, LT, ¥WF5E7 v —T 1%,
C R tRNA OF &I R LA G alss T84

33

HEHIR TE EE
Associate Prof. Shinobu Chiba, Ph.D.

BH BR £F y 7 4

Assist. Prof. Keigo Fujiwara, Ph.D.

LERUKE ECXMT L EEEAEL, LK, MR

IR ITAEIER & L8 DM (nascentome &Y 4L ) Z [H. 82
HICBI T Bt T&, 4, T T¥ KT
H O3 sE = Lo L RFE ¢ KIBE O ~ O
TEDDHERINDEIFRE L% in vivo BED in
vitro CREAFEIIIZAEANT LTz, 1o DE s A CSFER
B EHIIZFOMEDR ETIEEZERT A XN 5E
FCdhd, IR E NS —E#E CHEITT27b1E., FE
DY AXOFRE LEHOBENERF T2 81370, —F,
TR LR E OEAL T RG2S — & L3585
BT, FFEOREOFARE LR RAISE L.,

BEIKEITL OOV RELTHRIHENDZENEIF SR
%, Alal, KIGHEAZ D05 1,038 AR 122\ T
IV ATG ROV EBRBITHT-EZ A in vivo, in vitro EH 12,
SENLL ED# L 7 E 1R EL EO R £ DR — XM
EZAZEERTHRERDGEONTZ, ZDOZEIT, EEDOH
RBZLDOGEHREEA DR EM>TETTHLD
THDHILERLTNS, Fo, Pa—a<w A @z ki
BRos, B EOR — XN Ll cle bz 4%
AT L RBELNT,

(2)FEEE MitM-UAR Y — AR AAEH O BB
DAe
B MitM 12, IR 0% LT, A& E2A KT HURY

—LLHEERTA2ZETHLOFREEELZT L AN S,
ZO MitM O FF D= — 772 I1E, MitM (2854 "7

H AR A B YidC OiFo'=4) 7tz nE A Lz

YidC #REEICLDH 2 /ST B B IA 36 Pk O T8 5 1 e

FRHZMETH D, ZOFRT L AMEL, MifM @ C Rt

I ET DR E DT/ EEELS (T LV ARET —7) 3

R —BDORKY T 2=y MZH DT FREPEH b RV

DWNEERYR Y — L& o0 AT D % 4y & 48 BAE 9
prlThlEiRIEhg, 4B EHIC N KM E 5

BRE B~ D28 BB AT o Th MifM DOFIER 7L AR2VR

REAINDZED RS, KR BIRR R 2 H

WIZSEAT THZOMEIR DA BB in vivo ERIERIZHEL

BENTZEND, MREBZOLOREDLE R THY
Bl ZIXZ DI AE VR — AL AEA$THZLT

MR 7LV AL ELSETWDLIERE ZOND, 20D

FEIIE ., T/ E S B ORI RUE 1L AL E 0D O E B




12 B L ORESERAT OFE NS, URY — ADOF R 3 H
LCWBEH M C&ES, MitM EURY —AEDHE AR X,
R RV DORNFIZEEEST  URY —2ORMmMEE DT
FEFIINHFA DD L TR IAZENRIBEENT,

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
called which

function while they are still in the midst of the process of

proteins ‘regulatory nascent chains’,
biosynthesis. A remarkable property of this class of
nascent chains is that they interact cotranslationally with
components of the ribosome including those of the
polypeptide exit tunnel, and thereby arrest their own
translation elongation. The arrested state of translation
elongation affects translation of the target gene either
the of MifM) or

Importantly, the arrest can be stabilized or canceled in

positively (in case negatively.
response to changes in the cellular physiology that is
executed by the target gene function, allowing each
nascent chain to serve as a unique biological sensor to
feedback-regulate the target gene expression. In the
MifM regulatory system, its translation arrest is released
when the nascent MifM chain, as a monitoring substrate
of YidC (the in the
YidC-mediated The

regulated elongation arrest of MifM enables cells to

regulatory target), engages

insertion into the membrane.
maintain the cellular capacity of membrane protein
Our

generally on the mechanisms of protein localization and

biogenesis. interests are also focused more
where nascent

the

biogenesis, the biological processes

substrates undergo dynamic interactions with
machineries of translation, targeting and translocation.
We envision that our research activities outlined above
may ultimately lead to the development of a new
research area that might be called “nascent chain
biology”, which aims at understanding the still hidden
principle of the central dogma of gene expression, where

nascent chains are likely to play key roles.

This year’s accomplishments

1) Integrated in vivo and in vitro nascent chain profiling.

Translation is a key biological process where

genetic information is converted into functional
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bio-molecules. Several recent studies have revealed that
translation elongation sometimes undergoes transient
pausing, which could possibly affect efficiency of
cotranslational localization

folding or of newly

synthesized proteins. To understand whether and how
generally the elongation pausing takes place during
proteome biogenesis, we carried out systematic profiling
of translation elongation of total 1,038 E. coli genes both
in vivo and in vitro. Our results revealed that
translation elongation of more than 80% of tested genes
underwent transient pausing in vitro, in vivo, or both in
vivo and in vitro. Our puromycin sensitivity tests
suggest that there are several distinct mechanistic modes
to induce elongation pause. Our data reveal that

elongation pausing is a widespread event during

proteome biogenesis.

2) Interactions between MifM and the ribosome for the

elongation arrest
MifM is a regulatory nascent chain that

monitors cellular activity of membrane protein insertase,
YidC, by a mechanism involving regulated translation
elongation arrest. The elongation arrest requires
cotranslational interactions between a specific amino
acid motif (arrest motif) near the C-terminus of the
MifM the

components in the region from the peptidyl transferase

nascent polypeptide and ribosomal
center through the polypeptide exit tunnel of the large
ribosomal subunit. Our analysis currently under way
revealed that mutations in the region N-terminal to the
previously determined arrest motif of MifM caused
destabilization of the elongation arrest. We reproduced
the mutational effects in in vitro translation reactions
reconstituted with purified translation components.
These results suggest that the region N-terminal to the
"arrest motif" also contributes to the stable elongation
arrest most likely by directly interacting with the
data of the
MifM-ribosome complex as well as the primary structure

that

ribosome components.  Structural

information suggests such interactions occur

probably on the surface of the ribosome rather than
within the exit tunnel. Our analyses reveal that the
of MifM

interactions between the nascent chain and the ribosome.

elongation  arrest involves  extensive
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BT, MUCL OFBTTHEIZ > THELD B H 3252
RIG % DNA ~A7a7 L AIZLVBE LIz, £OH T,
Trop 2 NHEILLFEINLZEN DI -T=, Trop 2
(TACSTD2) Xl fop 222 =0T K & 70 1 J e
MlEIiIcEBEHEL WD, Trop 2 1 GAT33
(Gastrointestinal tumor—associated antigen) 7 730 —I{Z
J& L. EpCAM L THIBHD GAT33-2 & GAT33-1(Trop
D)MB725, Trop 21X EpCAM L5 49% DAERY —03%
D, EWEE R ELEEZS D, Trop 2 O3 BUIERE . K
5 O IR B D LS 7o bk 2 I OB E O TR AR E
BIH LTV %, EpCAM Ol Rl BlE, 2 < O EMJEE C

LiIFLiE ST,
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2. AEEOHMERE

1) Trop 2 OV AL EZ DAY F I E

Trop 2 OEEREIZEIE L T, GDLD ( Gelatinous drop -
like dystrophy; BERRIRA B AMET 4—) ITBWT
Trop 2 Bfn T O BN E BN FE R &S, 28 88 Trop
2 XA LR DN — R A B T S D S
SITWD, LU A G, FEIZIWT Trop 2 O F %
LSECTHEIN TRV, fE-T, Fx TV B{ED XD
72 Trop 2 OIEREDSEY EHIBEREICBIE T 545 2 72,
Trop 2 OFIZEMNZIE 3 DFTOV WA S5 R RENE
DBT I BIRFENAFIET 5 (303Ser,306Tyr,322Ser) .
Frag # 7' &85 47 Trop 2cDNA Z b K 5 fl ik o
HCT116 MRICE AL, Trop 2 ®¥HIZ7a—H Ak
A==l 2L Ty NCHER LTz, Trop 2 1XBZ5
SHESHDO AL —PEDT=DIZ, 4y 1 & 45kDa 75 70kDa
DIEIEVANCREL TR E N7z, R a7/t —
RO PEETRE L7 Trop 2 & N-Z Vb —VBALEE# I
BRIKENTHEH 40kDa D4y F- O/ R3 6
HENT, VB b &I Trop 2 LV LS LT RN
Trop 2 % B35 572912, Trop 2 & N-7' V1 —BALE
Uitk RAX T G te 7 7V T IR VEHWZER
VKB ZATV, D AX 7T ay NCENT LTz, 2 DO/NUR
DMK H SN, Ser HDWDIE Tyr OWTD 1 7%
ENV B SNDZENRIBI N, o, VAKX T
=N NE TN X (A= N N AN GNDNT [ 3l =
VUERRH LI LIS B TELL L THY, VR L
HEALIE Tyr FEIETIE7R<, 303, 322Ser FEE O W)
THHIENTRBINT, ZI T, 303 E/ix 322Ser %
JEZ Ala FEEEICE B LTz Trop 2 A58 B L 7=/ la
(HCT116/303S/A Trop 2, HCT116/322S/ATrop 2) %
ER LTz, 2 E 400D Trop 2 28 HLiK K0 o A i ik 2
YERCL., Trop 2 B L7z, FARIC N-7 Ul —E et
BICBKIKE), VAL T ay NCRITLIZEZ A, 303
Ser % Ala [CZHLL7= Trop 2 Tik, B4 Trop 2 &[A
BRIZ 2 DO R ESNIZOIZRE L, 322 Ser % Ala
LU 7= Trop 2 TIX 2 KON RDON RS F DR
ROBZBIHEI T2, /E->T, 303 Ser IFV LS T,
322 Ser MUV BLENABZEN DT,



2) Wy A K OV BRI Trop 2 88 HCT116 fifjupan=
—FE Rk

T ZROOE AT K OE A Trop 2 FEBLML DR
BE OENT DWW T2, HCT116Mock il B T
A E OB WK —aRlan=—%F R T 5D1Cx L, B4
Al Trop 2 28 ALZAIIE Tl Ebhan=—%2 5k
L7=, HCT116/303S/A Trop 2 ffa X B4 Trop 2 &
B LAk Dar=—% kK L7z2 HCT116/322S/A
AKX Mock AUIEE[RIER ICHIIGE & D @WK — A8 an
=—%JER LTz, 20T, 322 Ser DULEELA T ik D
FLAEUCHIEES B L TWDHEE R, EbIT,
322 Ser OVUTELIZHEIAOEBEMMNEE THHETHL
TUVEEAL 322 Ser #IIv7 3 HHMT, 322 Ser % Glu
ICZEH 7= HCT116/S322ETrop 2 Mz ERk L=, R
DL LD ER Trop 2 D3 B % FACS THER L=, F
FEBY, HCT116/S322ETrop 2 A @ IXEF 47 Trop 2 %
BUHIR L RER DRESHE A LTzan=—% kL=, iE-> T,
Trop 2 @ 322 & H D Ser OV b 2N B BRI T it O
BTN MR E O ELT2b T A REEL T
N

3) B AT R OV BT Trop 2 %8 B A 0> B 70 2 i £ Bh
He

WIT, 2O/ OB B REZ T AT =LA
THIE LTz, B2/ & ENs TALZIEY  BE)bE
WIHEWVR LT, T2, 322 Ser & Ala (T2 #1L |
FEVERAL Trop 2 Z#F8HL 95 HCT116 AHATIZISN T, it
? 322 Ser \ZHOE A DM & FLE LT LU AL
Baae DD B R bivie, 723 TS O M E T
BEISEWIT AL 722 805 BEI LMtk o
UWIEZ L ORI OB HEAY — R OE MK HH O Tl
W2 EZARL TG,

4) Trop 2 & claudin—7 OFA A A{EH

Trop 2 Z#2/37& 1% claudin-1,7 2> /X7 E L E B0 12HH
HIERL, ENODZ L RIB O REE | L eI
B CTHLIENHEINTND, 2T, AR K OE R
B Trop 2 & claudin—7 OFH AAEH &~ 7z, BpAR K Y
ZERAL Trop 2 258192 HCT116 Mila DT A —h&b
Trop 2 A bR L, EERUKENR, VAKX Ty N T
Tpolz, b B T claudin-7 2NFROBIL. ERD
WAELE—H L7z, Trop 2 LILPEREL7Z claudin-7 O~
X HCT116/S322A fila Theb i<, HCT116/S322E T
HIRWZER D)=, ZOFERIL. Trop 2 @ 322Ser DY
UEEAEN claudin=7 EDOFH AAEMIZREEL TWDHIEER
L TWD,
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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 high molecular weight

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

the

they are

transported  to whole cell surface. Tumor
microenvironment is composed of tumor cells and stroma
cells including immune cells. Eventually, new cell-cell and
cell-matrix  interactions  occur in  the  tumor
microenvironment. MUC1 is a membrane-bound mucin
and expressed commonly in epithelial cells. Thus we
speculated that MUC1 possibly interacts with various
lectins present in the tumor microenvironment. In fact, we
demonstrated the colocalization of MUC1 with galectin-3
or siglec-9 immunochemically in the various human cancer
Thus, studied on MUCI-mediated

signaling triggered by the binding of lectins and resultant

tissues. we have
tumor progression. In the process of these studies, we
performed DNA microarray analysis to detect proteins
which expression is elevated associated with MUCI
expression. It was revealed that among these proteins, Trop
2 was highly induced. Trop2 (TACSTD?2) is a cell-surface
glycoprotein that is highly expressed in a variety of
epithelial cancer cells. Trop 2 is part of the GA733
(gastrointestinal tumor-associated antigen) family, which is
composed of GA733-1 (Trop 2) and GA 733-2, which is
also known as EpCAM. Trop 2 has about 49 % homology
with EpCAM. Thus, Trop 2 and EpCAM have a high
structural similarity. The expression of Trop 2 has been
associated with Dbiological aggressiveness and poor
prognosis of various cancer cells such as pancreatic,
colorectal and ovarian cancers. Overexpression of EpCAM

is also frequently observed in many types of carcinomas.

1)

significance

Phosphorylation of Trop 2 and its biological

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

as phosphorylation may be related to biological function.



There are three possible phosphorylation sites within the
cytoplasmic tail of Trop 2 (303Ser, 306Tyr and 322Ser).
Flag tagged wild type Trop 2 ¢cDNA was introduced into
colorectal cancer cell line, HCT116 cells (HCT116/wTrop
2). Expression of the wild type Trop 2 was confirmed by
cytometer of
HCT116/wTrop 2 cells was subjected to SDS-PAGE
followed by Western blotting. A broad band with a

flow and Western blotting. Lysate

molecular weight from 45 to 70 kDa was detected, probably
due to heterogeneity of glycosylation. In fact, after
treatment with N-glycanase, immunoprecipitated Trop 2
showed a clear band with a molecular weight of about
40kDa.
unphosphorylated one, N-glycanase-treated Trop 2 was
SDS-PAGE

acrylamide, followed by Western blotting. Two bands were

To distinguish phosphorylated Trop 2 from

subjected  to using phostag-containing
clearly detected, suggesting that a Ser or Tyr residue is
phosphorylated. After Western blotting, phosphotyrosine
was also detected using anti-phosphotyrosine antibody.
Level of phosphotyrosine was negligible, suggesting that
303 or 322 Ser

Therefore, two types of mutated Trop 2 with Ala instead of

but not Tyr may be phosphorylated.
Ser at residue 303 or 322 were generated using a site-
directed mutagenesis and HCT116 cells expressing these
Trop 2 (HCT116/303S/ATrop 2
HCTI116/322S/ATrop 2
phosphorylation of mutated Trop 2 was analyzed using
phostag-containing described
Mutated Trop 2 with 303 Ala instead of Ser showed two
bands like those of wild type Trop 2. On the other hand,

mutated cell,

cell were produced and

acrylamide as above.

single band with a lower molecular weight was detected in
mutated Trop 2 with 322Ala instead of Ser, suggesting that
322 Ser but not 303 Ser was phosphorylated.

2) Colony formation of wild-and mutated Trop 2-expressing
HCT116 cells

First, we examined the phenotypic difference between these
wild and mutated Trop 2 expressing HCT116 cells. Mock
HCT116 cells formed tight dome-shaped colonies, whereas
introduction of wild type Trop 2 caused slight flattering of
colonies. It is noted that while HCT116/S303A Trop 2 cells
showed a similar colony to that of HCT116/wTrop 2 cells,
HCT116/S322A Trop 2 cells formed tight shaped colonies
like mock HCT116 cells. Thus, we speculated that negative
charge of phosphorylated 322 Ser residue is related to cell

adhesion through the down-stream event. So, we prepared
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mutated Trop 2 with 322 Glu instead of Ser in order to
mimic Trop 2 with phosphorylated 322 Ser residues.
Similar level of expression of mutated Triop 2 in
HCT116/S322E cells was confirmed by FACS analyses.
Expectedly, HCT116/S322E cells formed a loosely adhered
colony like that of HCT116/wTrop2 cells, suggesting that
322 amino acid of Trop 2 is involved indirectly in cell
adhesion and its negative charge is related to the down-

stream events leading to reduce the cell adhesion.

3) Different migration of mutated Trop 2 expressing cells.
Next we performed migration assay using Transwell. After
incubation for 24 h, migrated cells were counted. As
expected from the different adhesiveness, they migrated
differently, with the HCT116 cells expressing 322Ala Trop
2 being significantly less motile than the other Trop 2
expressing cells which more or less possess negative
charges in 322 amino acid. In addition, no difference in
rates of cell proliferation was observed among these cells,
indicating that different number of migrated cells has no

relation to the growth rate of these cells .

4) Interaction of claudin 7 with Trop 2.

It has been reported that Trop 2 protein directly binds to
claudin 1 and 7 proteins and the interaction is required for
claudin 1 and 7 to be stabilized or to prevent their
degradation. Thus, we investigated the interaction of wild
and mutated Trop 2 with claudin 7. Trop 2 was
immunoprecipitated from the cell lysates of wild and
mutated Trop 2 introduced HCT116 cells and subjected to
SDS-PAGE, followed by Western blotting. Claudin 7 but
not occluding and E-cadherin was co-immunoprecipitated
with Trop 2, indicating the interaction of Trop 2 with
claudin 7 as described previously. HA-tagged claudin 7
cDNA was further introduced to HCT116/S322A and
HCT116/S322E cells and stable transfectants were obtained.
From the both cell lysates, HA tagged claudin 7 was
immunoprecipitated and subjected to SDS-PAGE followed
by Western blotting. It was Flag tagged Trop 2 from
HCT116/S322A cells but not from HCT116/S322E cells
that was coimmunoprecipitated with claudin 7. Levels of
immunoprecipitated claudin 7 with various Flag tagged
Trop 2 were highest in HCT116/S322A Trop 2 expressing
cells and lowest in HCT116/S322E Trop 2 expressing cells .
These results strongly suggest that phosphorylation of 322

Ser affect the interaction of Trop 2 with claudin 7.
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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. Osteogenesis imperfecta (Ol) is a genetic
disorder characterized by fragile bones. Mutations in collagen
specific molecular chaperone Hsp47, specifically L78P and
L326P, lead to OI,

characterized. We found that both Hsp47 mutants were

yet these mutants are not fully

structurally unstable and the collagen-binding ability of the
mutants was significantly lower than that of the wild type.
Thus, the molecular mechanism causing OI might not alone be
a decrease in the amount of soluble Hsp47 in the ER but also a
loss in the ability of Hsp47 to bind collagen and in
chaperoning the procollagen folding (S.Ito, K.Nagata
Biochem Biophys Res Commun. 2016).

Secretory proteins are biosynthesized in the ER and
transported via the Golgi apparatus. The coat protein complex
II (COPII) transport vesicles are about 60 — 90 nm in diameter.
However, collagen molecules are much larger, up to several
hundreds of nm. Therefore, special COPII vesicles are
The

loading of

required to coat and transport these molecules.
transmembrane protein TANGO1 facilitates
collagens into special vesicles. Our collaborators and we
identify Hsp47 as a guide molecule directing collagens to
special vesicles by interacting with TANGO1 (Y. Ishikawa et
al, Proc Natl Acad Sci U S A. 2016).

role of Hsp47 in collagen folding in cells, the importance of

And we reviewed the

Hsp47 in mouse development, and the clinical relevance of
Hsp47 in various collagen-related diseases such as fibrosis

(S.Ito, K.Nagata Semin Cell Dev Biol. in press).

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).
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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 SERCA2. It suggests
that redox activity of ERdj5 is involved not only in protein
quality control but also in Ca®" homeostasis in the ER (R.
Ushioda et al., PNAS 2016). Furthermore, we screened the
interaction partner of ERdj5 to declare redox source of ERdj5.
We focused on novel ER resident Thioredoxin interacting with
ERdj5. We declared its new function and unique regulatory

mechanism for ER redox homeostasis.

3. ERdj8 regulates the size of autophagosomes to degrade
large autophagyic targets
the

degradation of several size of autophagyic targets, and are also

Non-selective and  selective-autophagy  promote
closely linked to several human diseases. Isolation membrane,
which is a source of autophagosome, promotes the engulfment
of autophagic targets of different sizes, from small protein
aggregates to large organelles, by regulating the extension of
its own membrane. However, the underlying regulatory
mechanisms remain unexplained. Here we show that an
ER-localized membrane protein, ERdj8, controls the size of
autophagosomes through the regulation of isolation membrane
extension as to allow engulfment of large autophagic targets.
We show in mammalian cells that downregulation of ERdj8
generates small autophagosomes that fail to engulf the large
autophagic targets such as 3 um latex beads (Lysophagy) and
damaged mitochondria (Mitophagy), even though small
autophagic targets such as 1 um latex beads and p62 were not
affected. Consistently, knockdown of dnj-8 (Caenorhabditis
elegans ERdj8 homologue) in worm causes the accumulation
of mitochondria in muscle, despite the complete elimination of
the small sperm-derived paternal mitochondria. To conclude,
the regulation of the autophagosomal size via ERdj8 is
essential for the degradation of large autophagic targets and

control the intracellular homeostasis.

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

physiological function in cells remains largely unclear. We

However, mysterin’s

explored mysterin binding proteins expecting their functional



correlation with mysterin, and found that a deubiquitylating
enzyme USP15 deubiquitylates and stabilizes mysterin in an

isoform specific manner (Kotani, Morito et al, Sci Rep, 2017).
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PR BRI X D/NER Y Ry 7 ZHIE A SIS S 2R
TEAOERF HIFEAEE - sE, UL - H27-28 4 (2 4F)

FREART IR ARB A « AU i RS )
AL« NORIG T LA MRS I 2 BRHT AR 81 o FHAIH i |
WIIEREEE AP KIT, BUHEE © H27-28 4F (24F)

Bl e i b4 - JHBRIFZEC
PREA  BEYEVIRY T E I AT U OMIENEERE.
REFH BRI, BUSFEE - H27-28 FF (2 4F)

e

ESTEARAITERT [IRRIAFTEB))
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REMREEYMEHARE

Laboratory for Cell and Developmental Biology

1. HESRE

AR ORI B, S e 23 Ak oD R TR A 203 AR
ZRE O AR HE A R - SO IR LR - 72 & A il e oD 4R E D
MBI ETDIENNETHD, £, ML E O
(i, AT T AR & 1% T R O MR A SRS D LB D
%o ZOMBBOMEALIZI, SWREE LTy 37
EONRE ORI S RS OE TR RIZLTWD, &5
\Z, PR ELATOIATDITIE, /WK o
THEIINVVEROBREL TN EZ X DTNV VEROEE S
AN AL E N EETH D,

— 05, MR SEANE AL T AT, SRR O
FEREDIEMEL T2 ENR DD, EERIC, FAEOWFTND,
=L R A i AR B R o> 7 AR EE D
FERY &720, 43 AR I OFERE A i O L L CHEREL T
LTEMNH BN/ TET, ANTVEIE, ERK 24T L72
B 7 =0, CDK (K DHIM & HIHI s o)
NEZE L TG EEZLSED, Wi, IR
DS A 5 - R E R E D> S AR R O R L
RBHTET, ANTVIKOERRIREBOE®RY, 2hbov s
TR RIZT 4 — Ry 7L TOWDATREME DN RIB SIS
(Nakamura, N et al., Curr Opin Cell Biol, 24, p.467,
2012),

DO EINT, VDR O i & HE 1 IR o A 1 T B
M EE O EICH B e R B A Rl 0D
EZBNDH, Z ORI HEHERE XL TRV, T TR
BT, SR G LS EEOF B EHOMIZLT,
VRN S 2 R S i - S - B 5 D o) AR A A 2 B A
THIEEBEL TR A D TD, FFIZITHEE, O
GM130 DOEEZELEEE, QBT 77 v az Vi
GM130 DOFAEWFHIEREMENT, @YIPF 773U —%
VR IE OBEREMRAT IZ E S I A TVD,

GM130 1%, H#F2% 1995 41T F AL &S Uiz a L IR g
OMBERNCBIESTDE L RIE (INY < Ny I AF
L RUE) ThD, GM130 13, pl15 =2 GRASP65 72 & Dk
BH U RTEREE LB R O B A 1E O HEFF IR
HE9 % (Nakamura, N et al., J Cell Biol, 131, pl1715,
1995), YIPF # L /37’ EREIT AT O 2003 FFIZ[FIE LT
ANVERICRET 2B @YV BRETHY,
GM130 <> GRASP65 72 & LHRFHL TRk~ H L3
B RECHE S HERF ICHREL TV D ATREE B D, i
BOX L R B REIEIE WTIR 7 8 i <0 i e )
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W EORESICLBEEREHERLLTND,
GM130 X YIPF #8302 DRER X BT DR
REAEATICED, IR oG L RE O TR ETFEAE 0, =
TV ARIT 1% M N B RE B B A A B DN TEH LN
MFEhs,

2. AEEOHERR

AAEJE L YIPFL, YIPF2, YIPF6 OFSREMENT, £/=%
DY — N ELTHWDLI LUK E GFP EZ# LI hT Ay
T=y BT T T4V aDFTICER N RO6NT-D T,
UTIZHmE T2,

(1) HeLa #i}2o> YIPF1, YIPF2, YIPF6 % siRNA #LEE
ko T/ o B LI A, il OREESME T Tk
TNV OREE A BEREITBIESN eh o7,
Ji% Brefeldin A THLBELLIZEZA, BTCOEMT, I
CEPEN B SO TR ICLS T, 1FEAEDT L
K~ — T —Z o BN R ICER RS, VK
IR LA E IS L, /oo F o ORI EHRS
Nipinot, avha— Ll T Brefeldin A 2365 bR
BT DLANVIREZNTE DN RAENOR IS4, T
NARDSEAE SN R AR O EE R LT, — 7,
YIPF1, YIPF2 O /v 7 F U Ml Tk, SR~ —h
— X XY E O NSRS O AL LE B &R L,
YRR ~ O TR D B 1B IE 3 52 L3 Bl 22
iz, LInU7e BN AR BiEMRZE, YIPF6 O /v o Xy
AT, v ha— VI S RAR OV PR O P4 AL
DEEINT, TNETOERRND, YIPFL, YIPF2 1
YIPF6 LB RETER L TWBIE, YIPF6 & /v X
T 5&, YIPFL & YIPF2 BNEBIZBEF IS TH2E, &6
12, YIPF1 &5 YIPF2 2 /v 27X 7 LCh YIPF6 1%
INPRICE ESTWDIEZEBHLNER->TND, 2
NoOFERMNMD, YIPFL 50T YIPF2 O K A
Brefeldin A FREH% OI VIR EHE R OIETEE 5| L 2
LCWAD T, 73—k —TH5 YIPF1 R YIPF2 %
Ko7z YIPF6 BRI NVUIRICIREE 52818k~ T, Gy
RO FRER OBRIEN S| &SN TWD A RETE D /R IR
Ehiz, LR, YIPFL, YIPF2, YIPF6 O# &K%,
SAVEOMAE ARG LTI CEDOUR R DO
FRICHERE L CW D AT REME SR IB &5 (Soonthornsit, T
et al, Exp Cell Res, 353, p100, 2017),

(2) MAEEFETIS, BB TI LI ERO~v—T—L



LCTHWHILTUWD N-acetylgluocasminyltransferase [ &
eGFP Ol A #2378 (MAGT-eGFP) 2R B4 57
AP 2=y I BT T 74 aDEpETE T LTS, 54
BV, B LI N IV A 2=y 7 BT T T 4y 2 TORT
VAV = DYAEAR DA T IA BERAL D [E E A DT,
Inverse PCRIEICE > TR T AY — L DFE IR IA B ERAL D
FINM R Brn—=0 7 LA, 10 BiRl, 23
FYREARD 2 O R BHEBIT, NI AY— A4l
ORI LT2EZA, 10 FYAEKOW 1L, T2
D= OFEBEFEICH W hseT0 BIRFOFrE—4
—ZDLDTHAZENHLNERY, NV AT — O
TR IR BRERAL TIEIRNWZER A LT, L2 - T, T
AV —=0% 23 FYAARITHAGA FN TWATENRR
W2 ST, BLTE, $LAGA BN E ORI EEHED TN D,

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,
the

structure, function and

play
polarization of the cells.

location of the Golgi

apparatus essential roles to support proper

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 (Nakamura, N 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.
Under this circumstance, we are trying to elucidate the

regulatory mechanism of the structure and the function
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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
(Nakamura, N 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.
YIPF are multi-span membrane proteins localizing in the
Golgi apparatus first reported by Nakamura et al. on
2003. YIPF proteins are expected to function as anchors
for Golgi proteins together with GM130 and GRASP65
to retain Golgi localized proteins.

Under these circumstances, we have been analyzing the
function of GM130 and its binding proteins and also
YIPF proteins to obtain key information for
understanding the regulatory mechanism of the Golgi
structure and function and also the mechanism for the
regulation of cellular functions by the Golgi apparatus.

We are now focusing on (1) the relationship of the
structural and function of GM130, (2) the developmental
analysis of GM130 functions using zebrafish as a model
organism and (3) analysis of the function of YIPF
proteins. This year, we report following two topics.

(1) Analysis of the functions of YIPFs: Knockdown of
YIPF1 or YIPF2 but not that of YIPF6 was found to
delay the Golgi reassembly after the Brefeldin A wash
Because YIPF1, YIPF2 and YIPF6 form complexes
and YIPF6 knockdown caused striking reduction of
YIPF1 and YIPF2, the remaining YIPF6 in the Golgi was
suggested to cause the delay. These results suggested
that YIPF1, YIPF2 and YIPF6 function in the reassembly
of the Golgi apparatus, possibly promoting cisternal
fusion (Soonthornsit, J et al, Exp Cell Res, 353, p100,
2017).

(2) Production of transgenic zebrafish expressing
N-acetylgluocasminyltransferase I — eGFP fusion
protein (MAGT-eGFP) : The integration site of the
transgene was analyzed. Fragments of chromosome 10
and 23 were detected by inverse PCR method. The

out.

sequence analyses indicated that chromosome 23 is the

true integration site while chromosome 10 was

endogenous hsc70 promoter that has the same sequence
with the promoter used for transgene expression. The

detailed analysis for the integration site is underway.
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Laboratory of Neural Development

1. ARBE

bitbh™Ez#hnL, FEx, ZLTE@RZEZLOIEN
TEDLDOE, MOBEMESO P ICHRIED M EB A3k L
MESREENFIETDINLTHD, TL T, Z0%
BOMNCTHZETIRMELZMIIERI 2R T 28R
T&5, KWFFEETIE, MICAETHIE OH R %
T LV THLMNZT AT, AR D% £ Z i
MT 2B R TR TLAOMHEBRRL TS, ZOLH7%
BT P a—F 457012, 1077 H OIS
RO ERF OV ay Va7 VBN ELCHF
FIZHWTWA,

JM A RE A D7D I Id MMl ] O B2 fee 56 T d
LT TARP L REREZE S TWD, bivbiix,
s FEROMFTEBEIT, T T AR E N LMK
DS HEFE B DB E A IO W THFZE 21T > TW5, &
F AR, T RETE L EICEE =N 20 nm
DIEZH D2 T, IITHE SR B L 7= i {5 5
WENZ BEICHEAS T8I0 IEEN TR
Do T ARMIBRIL, R BRE OB T TEZy
FTAD—EHTHORNE, TCE D XIS F M
FEL TN I REZHERELTHDION, o< w7 AD
WL T 7 AR IZB T HEENT OV TIER )
MR L ELNTW W, REFJEETIE, F XD
FFAMBICIFEET DL N7 EEL TR THID T
FE ST Hig Zo "7 G &M O ELL T, v
T AR R E R AR 2 72 T T AD LR DR A %
HigL T3,

a) YT ABBR N I AEBR T DL NI EEED
7 & L1 5B O i P

EEMEDOIR T 2R TERDORKERFELTRHE
Sz hikaru genki (hig) {5 (Hoshino et al., 1993
Neuron) Wa—RJ 54 /X7 Hig 14, a2V AF@h M
FTAOBRIZRIET D, 20 Hig # L/ 3 0B & fRHT D
MR RELT, T AMB ~ Ny 7 22 M i3 28 B
DTEREL, ENLOVFT A5 e IR T %
a5 (¥1),
b) VT TR EE O T T ABEOF LNET L

CFTAMB YNy IR BE T DL F O E
EAT L. D5+ MBIRIETHHEKET 7747 —
RN TIT 4T = EOBREER SN T D, FF
(2. Hig & Hasp 2/R 8RR 550 Far/R—hrArb
(Nakayama et al., 2016, J. Neurosci.) & F 7 24 i&
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LOREREHIEIZT D, ZD BT, T AWK A S
DI T T AEEDH LNET Va5,

2. AEEOHERR

a) HaspZ U OB aY T 7 AMBRICEE D253
BHoRE

Hig 2> "B Za) AR@kE s 7 A0 v F 7 A
CRERICREL, VT AR LT e Fral %
BIR(AchR) D FE & il L T\ 5 (Nakayama et al.,
2014, J. Neurosci.), F7=. Wt Hig X7 & RNy
F 7 ZAM BRI /AR LT 5729121 AchR Ol Hasp #
%27 (Hig—anchoring scaffold protein) DIFE{E DN A ZH
Td 5 (Nakayama et al., 2016, J. Neurosci.), ZZTC.
Hasp & Hig SFBRICHMIEDZ L NIE ThHDHIZD,
Hasp &3 7 ABRICEE LD DH 272 L 7 E D
FAEN T RSN D, £ZC, Hasp Z 5 LM SH72RF 2
LS D2 VAR EBHTLICEZA 2HOF T
TR S NG DA E STz (44 i B R P = PR SE R
HMBFZEELDILFMITE) . TONDOIFE X F 78
(HDIZDWTC, BB TFORRKEREIFERLIZEDA,
Hasp % /30 DY 7 AZEBITDRIENAE BT
LCWBIENFERINT, 72750, ZDERIC Hasp M5
BITHKT BT TIERNIEND, flLIZh Hasp O FIE
I B2 2 RTERTFIE T HIEN T I, SHIC
B2 R T DR EEZRHDLENDD,

EMRETRREEINELZ2VNIH

v+ 7 R

J

Hasp Hig

.
I o+ 7 2R

Dab5
|
Ll
X Protein

AchR ’
(Dal-7, Dp1-3) Y37 2em

b) Hig LM EEA T2 7B OBERFENFRE
HEMER L OEMERIEIC higEROY T Ly —%

RO MR T L A ML 2FE DA FAR AR E S

e ZDOHITRIZONWTEY / ARFIREEIT o7&



A, TEF AV ZFERACR) DY 7 2=y hD—>
T2 Dob (Z7 IR HAZE F 34 U Tz (B i
ZEPT, SR
Lo ILFEBITE) , 70
D1IFEIZOWNTSH Dab
T AR - O HE FLBE 1
EEAT-T2EZ A, [H
AR F DB DR
TR B B
LWz (®2),
Z T, B DasiE s
T OFSRE KB R
CRISPR/Cas9 #£1Z
EOIERL ., hig &
BRIZEA LD
A IEEME RS L OFEM R ARV RIEEZR L, 2
DZENS, Dab o/ 0EG 1x Hig SA AR T 5280
RIBENTC, IHIZ, Dab Zil I T 5L 7 A/
FRIZHE1T D Hig DENEE 25— )5, AchR DRIIOY 7 =
=y FC&5D Dab il BB IEHL, Dab & Hig 234EIT
FTATRHA T HZENHB LT, D WL<DDHE
BrRost | Dab (ISR AL T Hig CHAAERA L2035
AchR DU F T A% ME~D FIEIZ BN TH O 22 EE %
R e RB SNz (BOR R, Pl o3t
RAFIE) . 2O XS, AchR 2k 57 2=y e
ENNZEEROHEICBEL CTRARDEE ZFFOLVHE
BRI GEHNTETND,

Intracellularloop

H2 Dab#2/\JEIZELT: hig
Iy —% R

3. Research projects and annual reports
Research Project: How the brain expresses a variety
of neural function still remains enigmatic. We are
studying regulatory mechanisms underlying synapse
differentiation at molecular levels, and also try to
understand a genetic program that globally organizes
the neural 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
the cleft

identifying its components, analyzing the process of

currently focuses on synaptic matrix,
matrix formation, and revealing roles for matrix in
synapse differentiation and brain functions.

The hig (hikaru genki) gene, identified by a mutant
phenotype of reduced locomotor activity (Hoshino et
al., Neuron 1993), encodes a secretory protein with
multiple CCP domains. Hig protein localizes to the
synaptic clefts, forming matrix at cholinergic synapses,

in the brain (Hoshino et al., Development 1996;
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Nakayama et al., J. Neurosci. 2014). The goal of this
project is to identify new proteins that constitute
synaptic matrix, and also to reveal how these proteins
are organized in order to form functional matrix
during synaptogenesis. In addition, we are interested
in building a new model of synaptic structure because
the current model lacks the details of synaptic cleft

that should be an essential component of synapses.

Annual reports:

Identification of membrane proteins that anchor Hasp in
the synaptic clefts of cholinergic synapses.

We which
contains WAP and multiple CCP domains. Molecular
that diffuses

extracellularly and is captured predominantly at synaptic

identified another matrix protein Hasp,

genetic  analysis  revealed Hasp
clefts of cholinergic synapses. Hasp is required for
trapping of Hig, which is also secreted and diffused in
the brain; however, Hig is dispensable for localization of
Hasp at synaptic clefts. In addition, in the brains of triple
mutants for the nAchR subunits Da5, Da6, and Da7, the
level of Hig, but not Hasp, was markedly reduced in
synaptic regions. Therefore, both Hig and these nAchR
subunits are not required to anchor Hasp at synaptic
clefts. To find Hasp-anchoring proteins, we have
conducted interactome analysis by preparing protein
fractions co-immunoprecipitated with Hasp and using
mass spectrometry to measure the characteristics of
individual proteins in the fraction. As a consequence, we
identified that

abundantly present in the brain. We have mutated one of

have two membrane proteins are
the genes and found that Hasp was significantly reduced
at synapses of the mutant brains. However, as Hasp does
not completely disappear, another unidentified protein

should function in anchoring Hasp.

Identification of suppressor mutations of hig

EMS mutagenesis of 4ig null mutants generated flies that
showed locomotor activities and longevity recovered to
the wild-type level. The whole genome sequencing
that
occurred in the Da5 gene. We further created a DaS

revealed an amino-acid substitution mutation
mutation, using CRISPR/Cas9, and combined it to a hig
mutation, confirming that the hig mutant phenotypes
were suppressed. This and other data suggest that Da5
has a specific function in the localization of nAchR on
the postsynaptic membrane by interacting Hig. Among
10 subunits constituting AchR, Da5 and some other
subunits appear to play a differential role in nAchR

accumulation.



4. X, BEEGE

M. Nakayama, E. Suzuki, S. Tsunoda, C. Hama: The matrix
proteins Hig and Hasp exhibit segregated distribution within
synaptic clefts and play distinct roles in synaptogenesis. The

Journal of Neuroscience. 2016. 36, 590-606

5. ZRRRGE

TS VAT B, TR BAREAC, IR TS T ETF LAY
RN RER BRI T D0 Wy AR B 2 R Hig.
5 39 | A Ay TAYFRAER, #ilkl, 2016.12.2

K H B, Thomas Senard, Dennis Kruk, $iARKZF 54, H11L15E, &
T, GRHEA > avav /= Hikaru genkiZ > /X7 E D
T ARG RN F S DI AR R R R 2 R B A S5391R] B
Aoy TAEYFERAE R, Mk, 2016.12.2

6. TOHIFILEE

1) SHBE 4

B A BIF T2 2 Al B 4 - FARATE (C)
A T T AR~ Ny 7 A& D3 R = A MERLE
TG RE
WREAREE i T=%, WG H2T-29 4 (3 4)

2) FINEH)
AARSAITRILS Rl A SEFEERZA

3) O
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Laboratory of membrane bioenergetics and metabolism

1. HRBE

AR OMEFHIIZ =RV X —NBETH D, EmBnTR
X —EY IR A AT D DR, ARZ R LT —
% (Bioenergetics) T®H D, EMOT R LF—EHTH
% ATPORE 31X, MERIZ KA Y i kic L 0 %&b
RESIELND, Fox OERTIE, MIANBETHSHI b
Y RUTIAEET SRR SRR R DS & D H &40 - T
W5, ATPERRIESR T, FEREHEE SRR L > TIEb e
o b RERAR & BEMN (e N BRE ) Z [
ZHL, FHEIC LT ADP 2 U UER{E LT ATP %24
Y%, —J5 T, V-ATPase °% < O —RI@EMAKIT ATP
ZflioCTA A RO IEE 2 kT 5 ATPRIZ & 2 (8]
R RAE O AT, BEEMZEE 1 DBV T
BIZE 0 EMREA TSR EHN TP THDEELE
W, Za h CERE ) CEIER T DA, [BEE ) A RE
T HMEAAA, BRI BRAET DA DN T HRET
D, HBolET 2 Z U RTBENSIRD RN E 50
S TEFVF—ZEECHEII AR LB 2, & Th
BLERIRWRETH 0 | R N E EmflroifEo—-o
Thd,

—H T EMPZRINX—2EH L CRIAT 20T
%m%%m’%éﬁrkﬁw@ﬁﬁ&é Fin e BbE
BGF O, = RF—EHBR OB SR I
%D\IX”%~§W%%@%@W%@%EE?5;&
bWMEINTWND, Fxld, =3 F—RFHOT.LWE
ThbH ATP OMIFLNIRE & FHfm & ORRE, o F A A—
T NS FETHRIAT HRICETF Lz, EORR.
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3 . Research projects and annual reports

1. Vacuolar type ATPases (V,V;) are widely distributed in
organisms and function as a proton pump responsible for
acidification of intracellular compartments such as a lysosome,
Golgi apparatus, endosome so on. In this study we have
attempted to determine the structure of V,V; by single particle
analysis using cryo electron microscope. For imaging of V,V,,
LMNG was used for solubilization detergent to reduce
detergent concentration. Over a couple of thousands imaged of

cryo-grid containing V,V; were obtained by cryo-EM Titan
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krios(FEI). Single particle images of V,V;were picked up by
RELION ,single particle analysis software, then 2-D averaged
class images were reconstracted from the collected images.
Finally, we obtained 3D averaged class images from nearly
100k particles at resolution of 7.5 Aestimated by Fourier shell

corelation.
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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
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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) Methylobacterium inhabits the phyllosphere of
plants. Methylobacterium is the most dominant genus
among bacteria inhabiting soybean stems. They are
classified into Groups I, II, and III, based on 16S rRNA
gene sequences. Group I members were clarified to be
dominant in the soybean-associated Methylobacterium.
All members of them possess a complete set of genes for
the

utilization. Therefore,

N-methylglutamate pathway for methylamine
they are able to grow in the
medium with methylamine as a sole carbon source.
Group I members also possess genes for urea
degradation. They are possible to be utilized urea or

allantoin as a sole nitrogen source.

4. /X, FEEGE

T.Minami, M.Anda, H.Mitsui, M.Sugawara, T.Kaneko, S.Sato,
S.Ikeda, T.Okubo, H.Tsurumaru, K.Minamisawa: Metagenomic
Analysis Revealed Methylamine and Ureide Utilization of
Soybean-Associated Methylobacterium. Microbes Environ.,

2016. 31, 268-278

"““%%iﬁf
ZRAME, @R -8 EREL SR, & R
ARBIEE Bradyrhizobium diazoefficiens DFE N LLIE 7 7 NRAT .
B10ml HARY /A E R 2, HRIX, 2016.3.4-5



P 5 Bt RRGE R T — | R IE

FMFT 2 . == MRTE: A S L
Methylobactrium J& N D A% 7 7 Aig#t. #1008 H A S 7 254
AW afa BRI, 2016.3.4-5

A AT, &1 85— ZHEFF =R, g, ek
EE: IVvas ooy /4 —F 8k RS E k8T 5
Bradyrhizobium elkanii USDA6 1 ¥R DL 3 Wbt 7 = 7 2 — 0
fiRAT. S5TINRL A A B A AR 2 B T 2016.3.18-20

WA ZRAME, @R —H, R, &7 85— i
H H XA XKL Bradyrhizobium diazoefficiens USDA110%!
WRRICIIT 27 /2 EO LM, BAR LMY 2
201645 K2 | IR, 2016.6.11-12

WA AR AT, B, &7 8 — MAEMBERT 7T
FRKANY) =2 — %7 (Rorippa aquatica) \ZFTHHED
JERETE R BT 35288, R E R ge 2 B526[R1 5838
iz e, 2016.9.7-9

Ve & OB % ERRIETE & 1 & —: Bradyrhizobium
elkaniizR BT AT RO IR L. T IR A5
= el s a AR T, 2016.9.7-9

PEDM BRI BT RS &R — T, B R
M EE ., R E ST, & PR XA IR
Bradyrhizobium diazoefficiens USDAT110%! B R IZ 35 1T D I
MRy F—EBOL RN, EYMAEMIIES 52605
e AR, 2016.9.7-9

A A, & — ZHER . =M, e ih 2k
EIE: Ivas Lo AR IS 9 2 Bradyrhizobium
elkanii USDA 6 1¥k D3Ry Wh 7 =27 52— DFRAT . HEHRAE
MWt H26mIMF It A, 2016.9.7-9

SRR, ZEER - W E ST & WERELE . IR
i ARBLEE DT 274 —1C LB a7 YR B Ol 5.
T A e 2 BE26MIMFEAC 2 Al T 2016.9.7-9

6. TDMFREER
7L

7. HERREFRLEXEFNECHETNR
7L

62



SHEGRFHRE

Laboratory of Population Genetics

1. RME

SEEAR 5B Tl i % FH T DNA 28 B o Je
B oM 2 K&l s L TifgE2 B 2> T
%, DNA ZEMNED X HICTHEBL L, VAR THEMR
FCOMELZEDOXLIICEIEIE TV ONERL
IS D2 EIFERMBERFOEEAZHMNTHY ., @
BITEZ o HkFEZHEN T 5 2 & THIEE TR O
HEALLPF RIS E D L S ICHAL S Z % D& T
THIENTED,

AR5y By TIEAF ISR AR E OBV E N E b
O TN E DX 512 DNA BERICHE L 5 2 5
EV) RICERERK > TIIEZ R Z o TWD, &
J AZIEZL OBBTHRTFEEL, T BARE%
WoOxGe L 7p o TEMOEALDOER L 72> T 5,
L LA TOEMEIZFEEIC AREIROE B L 1)
L0 TIE A< L O REE 0 Ye A R E D E VT
Lo THAREROEH S EHWITR2-TL 5, Bl
72 b O Tk, fEIKE T X ENE D LEH O &
IZZENEL, BARRRODENFEIKIC L > TREL
WD Litx 2, ROKREMIKT 2EETH L)
FIRRLTaATRhE, £~ Tusu~F 2K
THMBRTFRE, TR T v 7 R70<F
UHEE DAL E L IREL IR O AL S — v ik
ET D ECHFICEERLOTH D, HICRIED
A b & BRI OB HCw IS ko 42 4 5
LOTEZRLS, b ZHHARBROEELRED LS

RERIZE > TET 200 EHENT H 2 L IE.

WHEDT ) MMERE S LIS LR FORE LI E
2 CEBRMENEZT 5 9 A TIERMERNL DI
ST B EEDLNS,

ARHFTE 43 B TIE BARICIR O 3 R DWW Tt %
HEDHTND,
1) 5 R BRI 0D AL B A

5 SR VI AR 3 2 oD B U e £ (R % I T (2 A0 e
BT 270 MEOLDTHY, BEEFHO
EMERRZEIZIFIARATATROLEDOTH S, LnL, &
DEEMEIZ S XS TEFRAERSIZS 2P TR
B+ EEab TS, YA XFXFD
AR AR 2 FO CENFRELSI A & D K 9 I EH# LT

63

HHIR 2

Assoc. Prof. KAWABE, Akira.
BRI JIBEX

Res. Assoc. KAWANABE, Takahiro.

WA O BYFRELF 018 A FEERIC YR o 4y
HEC B E B2 DO EIF LT 5D,
2) IR 1 DL S 2 — 2 D ff#T

HRBIKIEZ < OEYHTY ) LOKE D% ED
L7 EREROEEEE XD ECIEFICEE
XThHDH, BEBRFNESF EEERERICHEA
THZETAEMCAEERDIREZ LT LA
D, %< OEYTEBR T %2 RIET D Bk i
kLT3, BE, vaA XX FTHRITHEL»
W27 o TeisBIE M 2 R DB R - lc>nT, 77
TR OB TOWENSY — BT TE
DEHZaE—HEEL L AN LE i’ Tn
LDMMIEIZHOVWTHIBNZLE Y E LTS,
3) TV e RT 4y 7 IR A O I

5 2 % B O

TV X7 oy 7 IRl XY AR
B/ F UMEOENRI L LERmbi
TWh, TEY =7 1 v 7 IRHl#EIEE S OE
WELTRABICERZ LT ENARTH
BN, va~wTF UoEEOEIC XD N F—
WCHBE G2 EBbhd, xRV X7
4 vV HIEERE D S LRI ) A4 T T
CTIWEA LTI REEZED TWDL, AT T
g TN = DB A TN T 4 T
BT A LI L DML ~DEB S Y AL T
W5,

2. AEEOHERER
BTN OMATICBE LT, v A X+ X
T CHEBIGE 2N MEE ST I R (Terminal
Inverted Repeat) D72V MULE THAHVAND A
L77 IV —DuEBEBEOMAELE o7z, VA
NDALZ 7 IV —iFBHFDOAF LUV EKT
SHLZ LI HEELET D2 BN
oo TOFIEMEMITESIFRMICEZ o TnD 2 &
BRI, ZOHEEEOMAZ DI L TVND,
Fio, T T FBICBWTHIZ L > CTIE b En b
ONSEN 7 7 X U — O #A{bfifir 2 3 27 o7z,
TTTFRBICBNC ATV T 7 s 1 O R
R REE BTz, ATV T 7 AL T O 5 A



DI OFE & L U THEE 2 WD ER AN S ) L E
BEORE I RIBS L, @i FEEEA TV T4 T
DR ICEI U TIRAT 23D TV B, ET-454 ) DITIEAE
T A NIRRT ) LE KBS DAL S — 2 D fifEHT %
BIR AT RT B RELH D R R TE I AT L
fLENATTREME A2 RIE L TW5, HAE, ZOHEZiE 2
FTIRENZOWTHT 2 HE D TN D,

Fio, BRSNS R TEEL TS E
DHIDINTOANZFA DT MBI DR E A I T2,
WG &2 R S DN kT, 5% ~NZY A
D ) W TE D EAL L AL R F — 2 D BALR E R AN A
WL TV ZETH AL IC LT Y @ A& D2k
DR PELNDEZENMFEEND,

saal

)

4§
X

-

1 WP CTHEIEE T OANZYFF (Turritis glabra)

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

64

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

centromeric repeat from any species.

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
transposon and analyse its mechanisms in various
members of the groups. We also analysed heat activated
ONSEN family transposon in Brasicaceae species for
and heat activation

their evolutionary histories

mechanisms.

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

imprinted gene

larger than in other species. compare
conservation and variation of the
repertoire and possible causes of differences among

species.

4) Whole genome sequencing of Turritis glabra

We determined whole genome sequences of 7. glabra
whose chromosome number decreased from 8 to 6 by
chromosome fusions. By whole genome sequencing, the
break points were determined. We are analyzing the
patterns of chromosome structure changes and its

relation to genome evolution.

4. FX, BEGE

A. Kosugi, C. Nishizawa, A. Kawabe, E. Harada: Zinc
accumulation and vegetation ecology in the allotetraploid,
Arabidopsis kamchatica ssp. kawasakiana. Plant
Biotechnology 33, 33-37 (2016)

HY. Furihata, K. Suenaga, T. Kawanabe, T. Yoshida, A.

Kawabe: Gene duplication, silencing and expression



alteration govern the molecular evolution of PRC2 genes in
plants. Genes Genet. Syst. 91, 85-95 (2016)

S. Masuda, K. Nozawa, W. Matsunaga, Y. Masuda, A. Kawabe,
A. Kato, H. Ito: Characterization of a heat-activated
retrotransposon in natural accessions of Arabidopsis thaliana.
Genes Genet. Syst., in printing

T. Yoshida, A. Kawabe: Analysis of nuclear mitochondrial

DNAs and the factors affecting patterns of integration in

plant species. Genes Genet. Syst., in printing

CRRERGE
M, FLBIE ., 77 7B A ZF A O 5 ) LMighr . °
ARG RE 88 [MIRe.  AARZERE AR = 55
bR Fe 2016 42 9 7 H~10 A
= HERE, EO, WDRIE, 77T FHEY Brassica rapa |2
BILT )AL TV T4 AARET S5 18 BIRE,
FURE T3 R KR L5732, 2016 45 8 4 25 H~28 H
ANKZ AT, PR T, P8 IE, DR DR SE - EEE MM RIS
BT DA SGALTE S F AR 1 D4 JBEFTME 3 L O
FT7IE B AKBRE PR SGHMEERS KIRT ¥R
FIDEIF LYV Z— 2016 4F 12 H 2 A
SRR S 3E 7 M AY PR T & AR BRI
IBHE . MG IR RE &4 F AR 17 (Arabidopsis kamchatica
ssp. kawasakiana) OO T & J& SR LA AR SR AL B ARED
ESS AR VNEIPNESINE 7 2 &/ NN ULE (= POV P 2 S
2016.9.16-19

o

6. TOMFILEIER

1) FHNED)
Genetica:fifEZ 8

2) Zofft el

=6

7. KA E MR O W SEIE AL SCE B E O BB 2 R
B L TNBME R RBE IZdTzo> T D, FFFED)
B DOFELE LD I A O EBROMAT I L CEA D B A E
MRV AR — T HZEN AR RS> CN D, o FER T
JIE O fi 7 S T2 S D RERR & LV B I 2R T E M AT RELS
20 R OBE RS OWRIEREBIIFIZBIRA TN D,
FEE BB TRV TS TA L& FEI B N2 THFZEBh B3
BHTETELDFAICIVNIRE/E TR -1 E AT/ TN RE
2725 TD, FRICH M LI WN R DO FEBRICIHB W TH Y
B LMD E# A R o CO DI SE Bh B o R RIS A Lo e
STOWERE B TnbEE 2 HND,

65

(2016 4 11 H)

543334




EYMDFREEVFRARE

Laboratory of Plant Developmental Biology

1. HRME

WO O SEENE DM A%, T3 4E | TH#E1L)
TREE | O3 OOBLE NI LD LT 2D ERE (L5
¥ ThHD, RIFRETIX, PO OL I H k%
Fib | ERBMEL R AP AR E U2 D TG, BR
AIZIZ LA T D42 DI Z BB L T2,

(1) FEDTEZHE DK B AT M OB 5E

Ko 40 T2 K LM W) Rorippa aquaticald, £ E
REICS B L CHEOEAZ (LS 2R B /] M 4R
T ZOMMIL, KETDEHEY BEHROFFXF P OREL
FAETDH I B ETIIAEBTRREIKTFL TAWVELD
XFYXPOREETHE LRI ORELIEET D, ZOXHRE
Bid, KOBWPEZRIL LY 2B LA REIT RO
DI >TNDEE R BV, FEAELEREEOM EAEH %2 1
T 200K BEOET VERD, TZTREIT., R
aquaticaD KB ] HVE DI 2 HED TN D,

(2) HEDIERE DL ERVE DHEIL I A F 5T

BARRICIISES SR OB BN D, TOH THHED
TRIEREREACITE B W DT E RO ThD o
TEV, AHFZER TlE, 2O X7 BEDTERE D LA 23 it
(LDOBFETEDIITAEBLHINTNDDNE FEEAT
ZRXLDENICEB THIETHLNIZLEIEL TN,
FRICH e L ORIBFEBL SR MOH L REICIEHR L,
HAEZNBLOEBFEN RN 2D N5,
(3) M4 D 2§ 4% BEFHFEE DI 5T

O OEARENIEDOLMONTEY, Z<DOH
WK AR ETEIZ LT T 5, R, aquatical®, K3 RIS
ZWY THNIE, EOWRICEHEOREHF 2R L TH
A5, REEIHDOS T A=A LDV TUT R A
N FFICEDBE NSO F A O TTIZEA EHFFE
NINTZAenolz, 22T, ZOMMEET MIZL T, %
FETHMAEZ O T D720 O R EED TV D,
4) W7 ) 2HSFHLL B DOHFSE
DNAEECH A M OF = VRA L NI, 7 ) DR TE
WCHERFL . RIS IEfE B 2 DT DI H D 7 ' AT
BB, WD ITIE K DT DRI RE S T K2 O
DMENHDLTD, TOF ) AT IR EEZITTWDHE
EZOND, RUFFETIL AT ) L OB RS E B,
AR DOF = 7 RA L MEMEZ R 22T, Y2
BRI RS ) D FH L A EHLCLEYE
LT3,

66

BiR AW B
Prof. Seisuke Kimura, Ph. D.

% RA E0 |
Assist. Prof. Tomoaki Sakamoto, Ph. D.

| Rorippa aquatica

K ELORRE

2. AEEOHERR

(1) FEDFHRE DR B v ¥ PE D42

AKX, RaquaticaD 7 ) LB ff 5t & S A7, R
aquatica ® 77 7 . DNA % Illumina @ NextSeq500 3 L O
MiSeq T —2 = AL, 100GbpFe E DB HI 1 #4215 7=,
FIRHEV—FEHL72DIT, PacBioThYy —/ = 2% 8
T2, 12Gbp R E DO ELFIME AT, o) —RE
JAUWWTMaSuRCA ver3.2.11ICEB ATV R 77V %
1Tole, TORBR LTI ROEIN NI DT ) A AX
440MbpD R Z 7 N7 ) LG BT, RT 78T ADNsold
1.3Mbp. % F B2 41138.9Mbp T - 7=, k-mer#fi J& 55 77>
LHEE SNDT ) 2P A X 13450Mb{# TV, BUSCOfiE
B O#E R0 Dh . 5% Ot 7e 7 ) AEHIE A
BN W CE L, AXTTV RO FEAR YA R E1T8
(2n=16) TH 5, R. aquaticaDY ALK B = 2T A,
30K ThoTe e O Y B ARBE AL TWDATREPE S R IE S
Nico R 7/ LBHIEBRPOLZLOBIBTHEEL
TWDHIENRENT, Fz, MREAR FRIZRENT D | Yo
BARPEM U= E, —EOYRGERREA T HIETI0AR
272> TNBZEEMEND T (2n = 4x-2 = 30), R.aquatica
D7) IERNEENTZZE T, 4% ChIP-seqiBIC L BEA
FAEHT DRI, mRAPF N T 7 AR — I 2 AT LD
DNAAF AT 72 8 I3RS R o7,

(2) FEDIERE DL ERME DHEL I A F 4T

EEFRSNTEEEZEOTITE, EboBoiE%
FEObONFET D, Bl20E, mEFEOIXF (kIR niE
I FXFY T IT7F (AR OFEIT I, IXFEIT T
W EORREPOITESTSBEABRRWEY DO LIICR 2D
23, 18004 ARICIRF O AR L L CTEAM G THET I
LD DNRIT F Vbt Tna, 1T R STk
EHRLELE SR EZIT TR X7 T L0 RN
FEAELTZDIE 1700 FAROE PEH T, HREDIT 138

Ik KFPOFRE



NIABLDBDLIEEZFA L TN =EE b=, $72, 1850 4F
TAHPLIER N CREMALLZb O T LI NA
. AIEDOITFNFAELEZDOIL 1870 FEETHHIEMN
binolz, QTLERATICEVIA T EIT T OEDOFDOEWIC
XD 72 Ebd D DBAR T HEN > TV ENH LML
2o TRY, BELDOILWELFOD T HOREUCEIVED
FENEAL LD TRV EE 2 TW5,
(3) M4 D 5 4% BEFHBEE DI 5T

HEWE OO FAEBBIZ OV THRIEN RN 27T
h—AfENTZAT 72572, R. aquaticalZ. TEDOW i O FLERHI
OB HE LD A TFAEL, MM NASITTFAELRN, HEH
R LSS TR T AT T N — WA 2 B 2R T
LZA M TORTFAICEDLLES TREOR BN T
BN TV, ZHUSIE, BEO LD~ A4 —%
VUMM E A S L TCWHEE X A=K RE DA
B EA 2 EEZRMT AEBE RS IRo72L2h, FEOY)
Wi 1% | AR PR 26 IS R0 A — S U DS 0 ZE RN B A
THZENHAEICHE THLZ LN BN T,

@) W7 ) B 5p DL DR FE

DNA#ELZ L. DNAFE R E 0 B 5 284 L Tl kg
A A IS0, M2 E 5 ThD, FLE
&, SOGIE WO HEH I B DOF = 7R A MAF 23, Fi4
ODNABBIGE DAL —L X 2l —F—LL T T
HTE%FNEL, SOG1 DB RE T A 1 D T2, SOGI
WZIXSE FTAETE DV BRALER AL (SQEE A1) AETEL TWD
B, ZNHDY AL DR BAREAERL L FT ATV
h—AMEATIZEDE R TR DI B EMAT LA, Vv
WAV ERAL AN 2 512 o, DNATEHE & {5 TS0/ a5
B BR T DG PR A BB THZEEB BN LT,

3. Research projects and annual reports
We

environmental

are interested in plant development and

interactions. Currently, we have been
focusing on the following four major projects.
(1) Analysis of Phenotypic Plasticity of Leaf shape of
Lake cress

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

mechanism of heterophylly, we have sequenced the

heterophylly of lake cress. To understand
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genome of R. aquatica using illumina and PacBio
platforms. To obtain draft genome sequence, hybrid
assembly was performed using the reads. Total number of
contigs of the draft genome is 1,797 and N50 is 1.3Mbp.
Total length of the draft genome is 440 Mbp, which is
close to the estimated genome size by K-mer counting.
Gene prediction analysis using RNA-seq data identified
49,599 gene loci on the draft genome.
(2) The evolutionary-developmental study on leaf shape
Cultivated vegetables show remarkable variation in leaf
morphology and we are interested in genetic basis of this
leaf shape variation. Mizuna and Mibuna (Brassica rapa
var. nipposinica) are traditional leafy vegetables in Kyoto.
Though they are closely related varieties, their leaf shape
are completely different. We surveyed historical literature,
including agricultural text and picture books, which were
written in the 18th and 19th centuries, to reveal the
evolutionary history of the differences in leaf shape found
between Mizuna and Mibuna. We determined that the
spatulate leaf of Mibuna emerged around 1870, and we
suggest that the leaf shape evolved from an outcross of
Mizuna with turnips.
(3) Molecular studies on the mechanisms of vegetative
propagation of Lake cress

R. aquatica can produce plantlets from leaf fragments
that are striped off their stems without any external
We

relationship between phytohormone and plantlet formation

application of plant hormones. investigated the
and found that polar auxin transport has some important
role in the process. To reveal the molecular basis of R.
aquatica vegetative propagation, we performed time-series
gene expression analyses by RNA-seq. These analyses
identified the genes that might play important roles in
vegetative propagation.
(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
previously reported that phosphorylation of five
serine-glutamine (SQ) motifs in the C-terminal of SOGI
We

and

are required to activate downstream pathways.

introduced mutations in these five SQ motifs
examined the effects on DNA damage responses. We
found that the expression level of the most of the genes
involved in DNA repair and cell-cycle progression
gradually changed dependent on the number of SOGI

phosphorylation sites.
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3. Research projects and annual reports

Complete mitochondrial DNA sequence of the invasive
hornet Vespa velutina (Insecta, Hymenoptera) found in
Japan

We analyzed the complete mitochondrial genome of the
invasive Asian hornet Vespa velutina from Japan. The
mitochondrial genome of V. velutina was identified as a
circular molecule of 16,765 bp, similar to that in other
hornet species. It was predicted to contain 13
protein-coding, 20 tRNA, and two rRNA genes, along
with one A p T-rich control region. The initiation codons
ATC was found in one, ATG in four, ATT in five, and
ATA in three genes, while TAA was the termination
codon in all these genes. The average AT content of 13

protein-coding was 82%.

The of

cavity-nesting honeybee, Apis koschevnikovi (Insecta:

complete  mitochondrial genome the
Hymenoptera: Apidae)

We analyzed the complete mitochondrial genome of the
The

mitochondrial genome of A. koschevnikovi was observed

cavity-nesting honeybee, A. koschevnikovi.
to be a circular molecule of 15,278 bp and was similar to
that of the other cavity-nesting honeybee species. The
AT the A.

mitochondrial genome was 84%. It was predicted to

average content in koschevnikovi
contain 13 protein-coding, 24 tRNA and two rRNA genes,
along with one A p T-rich control region, besides three

tRNA-Met repeats.

Complete mitochondrial genome of the Japanese
bumblebee, Bombus hypocrita hypocrita (Insecta:
Hymenoptera: Apidae)

We describe the complete mitochondrial genome of the
common bumblebee, Bombus hypocrita hypocrita, from
the Otome Plateau, in Yamanashi Prefecture, Japan. The
mitochondrial genome of B. h. hypocrita is a circular
molecule of 15,795 bp. It contains 13 protein-coding, 22
tRNA and two rDNA genes. The protein-coding genes
had ATA, ATG or ATT as the initiation codon and were
terminated by the typical stop codon TAA, except for
ND4 and Cytb. All the tRNA genes typically formed a

cloverleaf secondary structure, except for trnE and trnS1.

72

The complete mitochondrial genome of Mnais costalis
Selys (Odonata:Calopterygidae) assembled from next
generation sequencing data

We describe the complete mitochondrial genome of the
damselfly Mnais costalis (Odonata: Calopterygidae)
from Shiga Prefecture, which is sympatric region where
closely related species show loss of their wing-color
polymorphism. The mitochondrial genome of M. costalis
was determined to be a circular molecule of 15,484 bp. It
was predicted to contain 13 protein-coding, 22 tRNA and
two rRNA genes, and a non-coding control region. The
organization of the genome is similar to that in the other
Odonata species, including M. costalis (KU871065). The
frequencies for occurrence of A, T, C and G nucleotides
were 40.02, 26.25, 19.53 and 14.17%, respectively, with
an average AT content of 66.27%. Four start codons
(ATG, ATC, ATT, and TTG) and four stop codons (TAA,
TAG and an incomplete TA and T) were observed in the
13 protein-coding genes. Twenty-two tRNAs were

predicted to form the cloverleaf secondary structures.

The complete mitochondrial genome of the Japanese

honeybee, Apis cerana  japonica (Insecta:
Hymenoptera: Apidae)

In this study, we analyzed the complete mitochondrial
genome of the Japanese honeybee Apis cerana japonica.
The mitochondrial genome of 4. c. japonica is a circular
molecule of 15 917 bp and is similar to that of A. c.
cerana. It contains 13 protein-coding genes, 22 tRNA
genes, two rRNA genes and one AT-rich control region.
All protein-coding genes are initiated by ATT and ATG
codons and are terminated by the typical stop codon TAA
or TAG, except for the start codon of ATP8 which ends
with C. All tRNA genes typically form a cloverleaf

secondary structure, except for tRNA-Ser (AGN).

Complete mitochondrial genome of the Japanese
bumblebee, Bombus hypocrita sapporensis (Insecta:
Hymenoptera: Apidae)

We describe the complete mitochondrial genome of the
bumblebee, Bombus hypocrita sapporensis from the
Rebun Island, in Hokkaido, Japan. The mitochondrial
genome of B. hypocrita sapporensis includes a circular
molecule of 15 700 bp. It contains 13 protein-coding
genes, 22 tRNA genes, two rDNA genes and an AT-rich

control region. All protein-coding genes are initiated by
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ATA, ATG, and ATT codons and are terminated by the
typical stop codon TAA or T, except for ND4L, which
ends with TA. All tRNA genes typically form a

cloverleaf secondary structure.
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1. IREE
T EDOEEIROREE R T by L RIE LS
RTERDDAHE R HLIBR AR S | FIEERAT o T
%o FRICRYUEIC RO AR T O E A F 2D T,
22 R DOREIE LA S0 Ay O F R ERAR (BN W] R 7
HOLIRNDDB DL, o Id X MG S S AT 2 2 T B
LT Fo N TEEEIR, FIOEGIER 1 LBRANTHLER
DRI BEOMEAERE RI2NEB 2 TD, 20 HEMET
ZEDDIF RN & TR oT6 T~ o B 7= /2 BIZE D 7]
REMENEEND, BIELL FTOMRET —~&filb LU Cifsea it
HTWD, ADP VR U bEEREZE DEMER) 5 TG IR D

HEIE AW 5 kR & TR R A 1T ADP VAR v Vb 3SR
(ADPRT)Z 43 WAL T, IRARDH L G HAESR L, IRAR DY
TFIARERICEEE 525, ZO SO FEMA S
ST L, B & 22 SOEAR BE T OfE S S AR AT 2 6D T
Do

2. REEOHERR
(1) FFEEARCTHEZIZETEHT, VoLV 2 @O T aR

v (CPERHURD B G2 5E DAL, B0 e P i i B “% h% o

HEiiz, 2D 1L Clostridium perfringens iota-like toxin
(CPILE)&fin 44 Sui=, CPILE 1X CPILE-a, CPILE-b @ 2 -5
DAL TR—FR N2 binary # Thd, V=LY 2B O
Tota #3E(la,Ib)EDOAHFEIMEIL 50%FLE CTHDHM, TDOHEMEIC
HEONHDHIENREESNTZ, lota HHTIE la X7 7F 45
Ry7e ADP VR LR, —F Db ITMifaE L T4V~
—ZfEY, la BT DRI AR—Z—LEZ LN TV,
CPILE OBHHFNFZEREL COT AT abbGEx A
V7= Fluid accumulating {&:1%. CPILE-b DA THHY,
CPILE-a THITRTAIEIRENTND, Fox 1, B Hw
FOVERBERSEAR O 7= CPILE-a O EHEREMRIT 21T -
7= (PLoS ONE 2017),

CPILE-a Offidhi PEG Z LA L TRV, HIIALF X
KER% V- MAD {5 CEbIZ, Z0t%, fER Bl . &
HMEEE T2, A ESLNTAIEIT 3 FETHY, EZL,
NAD" AR (REDOIKE THL NAD'BFHEALIZH D),
NADH &R TH D, la LREIEZ LT DL, [a lTIFRN2D
@ Extra Protruding Loop (PT-1 & PT-II) BAfEETHIEND
Moo (X 1), T TICH A DZ NV —TFTHIEREA TVS,
la LB RIDTIF L EOBEKREDREEREEND,
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(2)7 7F % ADP VRIS 28 HRIT LD TND A,
Fox OWFRETIL, ZOFAT DEFZLLMNEBE L VB HE
BEOEEL LOHEOKIEEH B2 TETZ(PNAS 2008,
PNAS 2013), %7z 2015 5, &< #7025 H'E RhoA % ADP UK



VLT % C3 exoenzyme &% DFE (RhoA)E A IRDRE M
REE AT ISR LI L7=(JBC 2015), RhoA ¢ 54H) ADP ViR /L
{LBEF C3 1% RhoA @ Asndl ZFFHEIIZ ADP YR L9
LA THY, 1989 FI R &7z, RAFKAYZ2 Rho 773U —
23 FIZiE RhoA, Racl, Cdc42 & 5705, C3 1% RhoA D&%
ADP YR /LALT %, Rho GTPase 1% GTP #& &% & GDP
FEORIT, ENBEL., YT IREAL Y F LTI,
C3 exoenzyme &% D H'E RhoA AR D i d il & b O FE
B o leZBIFRO S THD, (1)RhoA DOV TFVnEE
ALy F LU THERE 92 FI S i (switch T & switch 1I) 1
RhoA(GDP)& RhoA(GTP) TR EHEE N R LT EMMBN
TV, LU, C3 BEALEE G B E CiIX
C3-RhoA(GDP)FB LT} C3-RhoA(GTP)IZE H5 [F U AT ZE 8
WO Z LS (switch T IXHARD RhoA(GDP)E[FIL, switch
I IXHARD RhoAGTP)EFIL), 372bh, C3 OfEEICLY
RS2 B2, LDk R . RhoA(GDP)& RhoA(GTP)IZY
HHOIRHETE ADP Ui k&g, (2)C3 3B3LU RhoA
DORBFREAE D CTHOLDNI IR 5T, FRIZLL T O S Lk
B, Ta & C3 IZELLLEHEE RS ADP VR LL T
R THDHN, TOFEEIXT 7T D ArglT7 & RhoA @ Asn4l
Thb, B ICIZIEE L7 ADP-ribosylation turn turn loop
(ARTT loop)3dV | T DF — AATAFAE T DERAK AR EH
FE RhoA DFRkAE L. IRDZ—NIFET D QXE DL
SUBMERTSILD RhoA Asndl DFRFRICEDAETHIENT
W, —J7 la Tit EXE THY, A DO 7 NAIEEDMERGS
NDTIF D Argl7T OFBF#IZEDLS, T7bb BT
JEEOZBRNL, ZOIATOILTWDETRISIVTWED,
ZOEBRMLFER TS TVl o7, C3-RhoA DEAK
HExEIE,  GIn(QXE)2S RhoA Asndl E/KFEFEBETALL T,
B AR L. SBIT, 2032 NADH 0 NC1 AMFEAE
LTCWDBIEBRH BN/ oTz, ZOBRIZ ADP VR kI
Lo THBHZRBHR THEHLEE 2 BND,
|2, RhoA 7 F VI % ADP UR U AL DS B % i at
95725, ADP UL LT RhoA }: GDI L DA R
EHEDH TWD, £, HOFEOME %1% RhoA, Racl,
Cdcd2 O 7 FNERTIF M%ﬁfﬁa“zo LTcEOVT IV
BRELEITY. ZOBTINLIZEED LR R LD EH A
DORERRI % B, Z DR EED TS,

3. Research projects and annual reports

We have been focusing our research on the structural biology of
infectious disease. Especially our target is macromolecular complex
and we would like to reveal the interaction between the infectious
factor protein and human protein.

(1) Unusual outbreaks of food poisoning in Japan were reported in

which Clostridium perfringens was strongly suspected to be the cause
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based on epidemiological information and fingerprinting of isolates.
The isolated strains lack the typical C. perfringens enterotoxin (CPE)
but secrete a new enterotoxin consisting of two components: C.
perfringens iota-like enterotoxin-a (CPILE-a), which acts as an
enzymatic ADP-ribosyltransferase, and CPILE-b, a membrane binding
component. Here we present the crystal structures of apo-CPILE-a,
NAD'-CPILE-a and NADH-CPILE-a. Though CPILE-a structure has
high similarity with known iota toxin-a (Ta) with NAD"
two extra-long protruding loops from G262-S269 and E402-K408 that

, it possesses

are distinct from Ia. Based on the Ia-actin complex structure, we
focused on actin-binding interface regions (I-V) including two
protruding loops (PT) and examined how mutations in these regions
affect the ADP-ribosylation activity of CPILE-a. Though some
site-directed mutagenesis studies have already been conducted on the
actin binding site of Ia, in the present study, mutagenesis studies were
conducted against both o- and p/y-actin in CPILE-a and Ia.
Interestingly, CPILE-a ADP-ribosylates both a- and B/y-actin, but its
sensitivity towards P/y-actin is 36% compared with o-actin. Our
results contrast to that only C2-1 ADP-ribosylates B/y-actin. We also
showed that PT-I and two convex-concave interactions in CPILE-a are
important for actin binding. The current study is the first detailed
analysis of site-directed mutagenesis in the actin binding region of Ia
and CPILE-a against both a- and p/y-actin.

(2) We have been analyzed la (actin specific ADP-ribosyltransferase)
with actin. Recently we also revealed C3 exoenzyme (RhoA specific
ADP-ribosyltransferase) with Rho GTPases (JBC 2015). C3 has long
been used to study the diverse regulatory functions of Rho GTPases.
How C3 recognizes its substrate and ADP-ribosylation proceeds are
still poorly understood. Crystal structures of C3-RhoA complex reveal
that C3 recognizes RhoA via switch I, switch II and interswitch
regions. In C3-RhoA(GTP) and C3-RhoA(GDP), switch I and II adopt
the GDP and GTP conformations, respectively, which explains why
C3 can ADP-ribosylate both nucleotide forms. Based on structural
information, we successfully changed Cdc42 to active substrate with
combined mutations in the C3-Rho GTPase interface. Moreover, the
structure reflects the close relationship among GInl83 in the
QXE-motif (C3), a modified Asn4l residue (RhoA) and NC1 of
NAD(H), which suggests C3 is the prototype ART. The structures
show directly for the first time that the ARTT-loop is the key to target
protein recognition and also serve to bridge the gaps among
independent studies of Rho GTPases and C3. Now we are trying to
reveal the complex structure of ADP-ribosylated RhoA with GDI to
understand the effect of ADP-ribosylation on Rho signalling.
Furthermore we are trying to reveal the complex structure of Rho

family deamidase with Rho GTPase.
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3. Research projects and annual reports

We have performed the following five major research
projects that are all related to plant organelle genomes:
1: Production of useful plants on the basis of organelle
genome studies.
2: Studies

male-sterility/fertility restoration system in radish.

on the molecular mechanism of the
3: Comparative mitochondrial genomics of Triticum and
Aegilops using alloplasmic lines of common wheat.

4: Comprehensive studies on the plant mitochondrial
genome using NGS.

5: Molecular analysis on the replication mechanism of a
of

transplastomic tobacco and development a new vector

mini-circle  molecule found in chloroplast
for chloroplast transformation.
The

transplastomic plants that will be useful for human

first project aims at producing various

beings. Currently several transplastomic plants

(containing genes like apx, ferritin, etc...) have been

produced using tobacco as a model plant, and

experiments to produce transplastomic crops including
tomato, wheat and lettuce are underway.
Transplastomic lettuce containing either ferritin or gshl
gene have been produced.

The second project tries to reveal interaction between
mitochondrial and nuclear genomes using a
male-sterility and fertility restoration system found in
radish.

and

Genetic variations in both mitochondrial orf138

nuclear Rf genes have been examined.

Evolutionary aspect of the system is also drawing
attention.
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)
between alloplasmic and euplasmic lines of common

responsible for the phenotypic difference
wheat, their complete mitochondrial genome sequences

have been determined wusing the next-generation
sequencer.

Inspired by the interesting results obtained in the
second and the third projects, we have started the fourth
project. In the project, mitochondrial genomes of
several crops such as barley, rye and onion have been
We

have accidentally obtained a variegated transplastomic

analyzed. The fifth project is completely new.
tobacco plant that contains dipartite chloroplast genome.
Since this plant is expected to serve as a unique resource
to study chloroplast DNA replication and to develop a
new chloroplast transformation vector, we are now

conducting several experiments related to the subjects.
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H. Hisano, M. Tsujimura, H. Yoshida, T. Terachi, K. Sato:

Mitochondrial genome sequences from wild and cultivated

barley (Hordeum vulgare). 2016. BMC Genomics. 17, 824
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3. Research projects and annual reports
Genetic diversity retained in populations is an essential
material for adaptive evolution and breeding of plants and

animals; species can adapt through natural selection to

changing environment, if they have sufficient genetic diversity.
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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: Maximum avoidance of inbreeding in haplodiploid
populations
Extension of maximum avoidance of inbreeding (MAI) to

haplodiploid populations is considered. For a haplodiploid
population with a Fibonacci number of females, a set of
mating systems to avoid inbreeding to the maximum after the
practice of one cycle can be defined. But unlike MAI in
diploid populations, repetition of the practice cannot be MAI
in the global range of generations, with a trivial exception of a
population with 3 females.
2: Investigation of preliminary selection criteria for
development of strains of a native bumblebee species (Bombus
hypocrita sapporoensis) available for pollination in Hokkaido

In Hokkaido, a foreign species of bumblebee, Bombus
terrestris, has been used for pollination of Tomato in
glasshouses. However, the escaped bees from glasshouses
have widely distributed in wild, and become a thread for
native bumblebees and ecological network maintained by
them. Using the technique of selective breeding, the authors
intend to develop a strain of native bumblebees that could be
an alternative pollinator to the foreign bumblebee. In this
report, we investigated preliminary selection criteria for
development of strains of a native bumblebee species (Bombus
hypocrita sapporoensis) available for pollination in Hokkaido.
It was suggested that body size of queen and the number of
workers emerged from first brood are promising criteria for
the preliminary selection.
3: Studies on population structure and genetic diversity in the
breeding population of Asia Guidedog Breeding Network

Population structure and genetic diversity of breeding
population of Asia Guidedog Breeding Network (AGBN)
were investigated by means of pedigree analysis. It is shown
that the effective population size is larger than other
domesticated animal populations, and genetic diversity
sufficient for efficient genetic improvement by artificial

selection is retained.
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(2017)  Complete mitochondorial genome of the Japanese



bumblebee, Bombus hypocrita hypocrita (Insecta: Hymenoptera:
Apidae) Mitochondrial Data Part 8: Resouces 2:19-20.
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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 chloroplasts which are comprised of
multilayered membranes, and pushes forward carbon
dioxide fixation. Chloroplasts have various regulation
mechanisms of photosynthesis that is an important
function for plants. Particularly, we focus on redox
regulation in modulation system of higher plant
chloroplast, and have major two research projects as
follows:

1: Functional analysis of stromal thioredoxin family
proteins in redox regulation system.

Thioredoxins regulate the activity of chloroplast
enzymes by reducing disulfide bonds in a
light-dependent manner. Previous in vitro studies
indicated that f~type thioredoxins are the most efficient
redox regulators; however, f-type thioredoxin mutants
did not show any obvious phenotypes. We used in vivo
studies to show that the more abundant m-type
thioredoxins are more important regulators of Calvin
Cycle enzymes. These results highlight the need for in
vivo studies. Furthermore, we developed and analyzed
overexpressor of m-type thioredoxins.

2: Development of a simple and efficient seamless DNA
cloning method using the cell extracts from Escherichia
coli laboratory strains.

Recently, various restriction endonuclease cleavage
site-independent cloning methods that overcome the
limitations associated with the lack of unique restriction
enzyme sites have been described (the so-called
"seamless cloning" method). Seamless DNA assembly
kits have also become commercially available.
Overlapping sequences present at the 5’ - and 3’ -ends
of DNA fragments are combined by these methods in
vitro. The Seamless ligation cloning extract (SLiCE)



method can use extracts from the commonly available
Escherichia coli laboratory strains as an alternative
seamless cloning method; these extracts can be easily
prepared in the laboratory. The SLiCE method greatly
reduces the costs associated with DNA manipulation. In
vivo Escherichia coli cloning (iVEC) can directly
transform a mixture of insert and vector DNA fragments
into E. coli, which are ligated by endogenous
homologous recombination activity in the cells. An
evaluation of the efficiency and utility of these methods
is important in deciding the adoption of a seamless
cloning method as a useful tool. Both seamless cloning
methods were compared with the efficiency. As a result,
SLiCE cloning provides both higher efficiency and better
utility than the iVEC method for seamless DNA cloning.
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3. Research projects and annual reports

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

1) Ogura CMS and its fertility restoring genes.

Ogura CMS found in a Japanese radish is the most
important one in Cruciferous plants, being used worldwide.
We have been studying the distributions and differentiations
of Ogura CMS gene, orf138. Whereas, we found that various
wild and cultivated radishes possess fertility restoring genes
for Ogura CMS. Hitherto, two fertility restoring genes were
known. One is orf687 in a Chinese variety, and another is Rft
distributed in Japanese wild radishes. We observed that a
European radish cultivar has a fertility restoring gene
different from both of 07687 and Rfi. We examined the
distribution of orf138 and its type in F; varieties cultivated in
Japan. We also studied the differentiation of fertility restoring
genes in radish.

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

We obtained somatic hybrids showing male sterility
between Arabidopsis thaliana and cabbage varieties
(Brassica oleracea). Progenies of the somatic hybrids were
produced by successive back-crosses with B. oleracea. So
far, the pollen fertility was investigated in the BC4 progenies.
The BCy progenies were segregated into completely male
sterile plants and partially fertile plants. However, all the BCy
progeny plants had the identical structure of mitochondrial
genome. Further back-crosses and observation of pollen
fertility are now undertaken.

3) CMS of radish and eggplant by cytoplasm substitutions.

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

alloplasmic radishes and eggplants under the collaborative



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

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

research and the content were as follows.

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

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

First, we found that the expression of growth hormone
was up-regulated along neural circuits during the
epileptogenesis. The administration of the hormone into
the hippocampus markedly enhanced the progression of
kindling. Furthermore, the infusion tests of growth
hormone and the receptor antagonist demonstrated that the
expression level of 4rc mRNA was strongly correlated
with locomotor activity level and that the correlation was
completely discriminable among vehicle-, growth
hormone-, and the receptor antagonist-groups.

Second, we previously demonstrated that the
sialyltransferase ST3Gal4 was upregulated within the
neural circuits during epilepstogenesis, in contrast,
recently that kindling stimulation failed to evoke epileptic
seizures in ST3Gal4-deficient mice. On the other hand, the
deficient mice showed anxiety, depression, REM sleep
disorders. In 2016, it was found that the deficient mice
also showed negative symptom of schizophrenia, presently
we aim to analyze the mechanism. Using GWAS Catalog
(http://www.ebi.ac.uk/gwas/docs/about), human ST3Gal4
SNPs were found in the attention deficit hyperactivity
disorder (ADHD) and intellectual disability, on the other
hand, in the hypercholesterolemia and atherosclerosis that
are related to the lipid metabolism. The ST3gal4 deficient
mice is a useful model animal for elucidating molecular
bases of neuropsychiatric disorders, such as epilepsy,
depression, anxiety, and schizophrenia. Present our
approach is also to find the acceptor substrate that receives
sialylation by ST3Gal4 and investigate molecular
mechanisms in development of emotional side effect of

epilepsy via ST3Gal4 and the acceptor substrate.



2:  Neuropsychiatric disorders induced by metabolic
loading and sialylation.

Oil-rich diets differentially modulate anxiety and
depression in normal and anxious ST3Gal4 deficient mice.
Results of human ST3GAL4 SNPs that written in the
above “1” and of lipid metabolism in ST3gal4 deficient
mice provide involvements of lipid metabolism in
neuropsychiatric disorders via ST3gal4. Therefore, we
continue to investigate lipid metabolic mechanisms that
were generated from food and correlation of the

metabolism with emotional behaviors.

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

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 neuronal signals

related to degeneration of neurons by stressors in the brain.
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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 stria terminals (BNST) regulates activity of the HPA axis
to secrete corticosteroids. In the anesthetized rats, we are
examining how glutamate in the BNST may stimulate
glucocorticoid  secretion.  Influence  of  systemic
administration of Lypopolysaccharide has also been studied
mechanisms to stimulate the HPA axis and to cause

neurodegeneration with activation of microglia.

2) Influence of glucocorticoids on the primary cultured
neurons

We have used the primary neuronal culture from the fetal
brain of rats to investigate influence of stress hormones such
as glucocorticoids and mechanisms of neuronal
degeneration by the stress hormones at the cellular level.
Dexamethasone (1 pPM) caused apoptosis in the cultured
neurons. However, high dose of dexamethasone had no

apparent effect on the cultured neurons.

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

Pig is known to be sensitive to stressful stimuli. From the
viewpoint of translational research on stress, this animal is
valuable to examine influence of stress on the brain
development. Using preweaning piglets, we are analyzing

the MRI and histochemical data of the brain.

4. ERHX. BELGLE
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3. Research projects and annual reports
left-right (L-R)

asymmetrically located in vertebrates. In embryonic

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

(DHow is the asymmetric expression of the genes
regulated?

@How is the shape of the visceral organs changed?

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

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

I arrived in this university in April. I first set up our
laboratory and bred the KO and transgenic mice.

LRI is L-R
asymmetrically We
backcrossed the LR1 KO to B6 and analyzed the

phenotype of this KO mouse. The KO mice showed

extracellular matrix factor and is

expressed in mouse embryo.

abnormal gut-looping, blood vessels and lobation of liver.
Moreover, we did the rescue experiment using the

transgenic mouse expressing LR1 only on left side.



We also analyzed the KO mouse of a factor in amino
acid metabolic pathway. We observed the morphology
and behavior in KO mice and measured the free amino
acid in several organs and blood.

I published the papers in the collaboration with RIKEN
CDB or University Hospital Muenster.
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3. Research projects and annual reports

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

Arthropods can transmit zoonotic pathogens such as
spotted fever group rickettsiae. Rickettsia japonica, the
etiological agent of Japanese spotted fever is also
associated with arthropod vector, mainly ticks. Therefore,
the prevalence of ticks in Kyoto was investigated. Ticks
were collected weekly by flagging method and rickettsial
DNA was detected by PCR. The rate of rickettsial
infection depended on tick species.

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

showed multidrug resistance.
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3. Research projects and annual reports

Currently, outbreaks of highly pathogenic avian
influenza and other emerging and re-emerging diseases
have caused serious economical and social disturbances
worldwide. To control these infections is the most
important. Our research is focused on:

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

2: Studies on the host range determinant in pathogens,

mechanisms of pathogenesis and immune response of the
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hosts through in vivo and in vitro analyses of the
host-parasite interactions.

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

Due to concerns that wild birds could possibly spread
subtype HS5 viruses, surveillance was conducted to
monitor the types of avian influenza viruses circulating
among the wild birds migrating to or inhabiting in
Vietnam and Japan. An H5N6 highly pathogenic avian
influenza viruses (HPAIVs) was isolated from a fecal
sample of a northern pintail collected at an overwintering
site of migratory birds in Tottori Prefecture. H5N6
HPAIV were concurrently introduced into several distant
regions of Japan. These viruses were classified into the
genetic clade 2.3.4.4c and were genetically closely
related to H5N6 HPAIVs recently isolated in South
Korea and China. In addition, these HPAIVs showed
further antigenic drift.

The avian influenza viruses derived from wild birds has
low viral RNA polymerase activity in human cells, and it
is shown that NP protein is related to activity and may be

important for human infection of avian influenza virus.
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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-1f and IL-6 mRNA expressions.
Japanese honey enhanced IL-13 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 smooth muscle contractility by

cholinergic nerves
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3. Research projects and annual reports
(1) Mechanisms of gastrointestinal motility.

Smooth muscle, which is located in the walls of the
visceral organs, plays an important role in several processes
in the body including modulating blood vessel tone,
controlling gastrointestinal and genitourinary tract motility,
and regulating airway resistance. Smooth muscle
contractility is regulated by intracellular Ca?*, which is
affected by various neurotransmitters and hormones that act
on its receptors, leading to change in activities of ion
channels (Figure 1). Structural and functional changes in
the smooth muscle can lead to disorders such as

hypertension, asthma, and irritable bowel syndrome. Our



laboratory focuses on understanding 1) the mechanisms that

regulate  smooth  muscle contractility, and 2)
pathophysiology of diseases associated with smooth muscle
abnormality.

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

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

Piezo proteins have been recently identified as novel
mechanosensitve ion channels. Its pharmacological
properties and physiological roles are not fully understood.
In this year, we analyzed the current evoked by Yodal,
which has been newly developed as a Piezol activator, in
Piezol-overexpressed human embryonic kidney cells to
characterize its channel properties such as 50% effective
of Yodal,

voltage relationship, and the sensitivity to non-selective

concentration values (ECso) the current-

cationic channel blockers Gd*" and ruthenium red.
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Cholinergic contraction mediated via the M2 muscarinic
receptor is predominant in mouse colonic circular muscles.
XVth International Symposium on Cholinergic Mechanisms.
Marseille, Paris, 15-21 Oct 2017 Poster
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3. Research projects and annual reports
Borna disease virus-1 (BoDV-1) is a non-segmented

negative-strand RNA  virus  belonging to  the



family Bornaviridae. BoDV-1 infection induces severe

signs of neurological disease, including behavioral

abnormalities. Responses to virus infection vary according
to differences in the species, animal strain, age of the host
at the time of infection, or viral strain, indicating that host-
dependent factors as well as virus-specific factors
determine the onset of Borna disease. However, the precise
the BDV-induced of

behavioral disorders currently remains unclear. A previous

mechanism underlying onset
study revealed that the cell function might be modulated by
infection with BoDV-1.

To evaluate the functional modulation of BoDV-1-
infected neurons, we examined effects of corticosterone
(CORT) or kainic acid (KA) in mouse primary cultured
cerebral cortex neurons infected with BoDV-1.

CORT degenerated the PCN infected with BoDV-1. KA
degenerated the PCN infected with BoDV-1. CORT
upregulated the infection rates of BoDV-1 in PCN.
Mifepristone (Mif) inhibited the effect of CORT that
upregulated the infection rates of BoDV-1 in PCN.

Our results show that responsiveness to CORT or KA
changes to be more sensitive by BoDV-CRNPS infection in
PCN; it may be more susceptible to functional abnormality.
The study also suggests that stimulatory
transmission of BoDV-1 by CORT is mediated by GR in

neurons.
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3. Research projects and annual reports

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

some have a role for host evolution. Microbes interact



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

on mosquito-

pathogens.

Annual reports
1) Epidemiological study on mosquito- and tick-borne
diseases in Kyoto city

We continued to capture mosquitoes, which are the
vector of many mosquito-borne diseases, at several fixed
observation points in Kyoto city, Japan. We then tried to
detect pathogens within mosquitoes. As the results, no
evidence of existing of pathogens within mosquitoes
captured in Kyoto city, was obtained. We also conducted
surveillance of tick-borne pathogens at north part of
Kyoto city. We captured many ticks, and tried to detect
pathogens within ticks. We detected several viruses by
reverse transcription polymerase chain reaction. We also
developed new for
Kamigamo HI-25 strain of Thogoto virus (THOV), which
we isolated in Kyoto City, 2013, using protein A/G.

serological detecting protocols

2) Molecular biological studies on mosquito- and
tick-borne pathogens
In this year, we completed the sequence of the virus.
And we characterized the mechanism of THOV infection
to Vero E6 cells. In early stage of infection of THOV, the

viral polymerase proteins and replication-related proteins,

NP, were produced and located within the cell nucleus.
In the late stage of THOV infection, viral structural
proteins were produced and located within the cell
cytoplasm. These results clearly showed the process of
THOV replication in cultured cells. And also, we
established the THOV Mini-genome RNA, which
contains a reporter gene flanked by 5’ and 3’ non-cording
region of THOV genome RNA.
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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 mouse podocytes:

No substantial experiments on this theme have been
carried out this year.
2: Development of a melamine screening method

A tentative method to evaluate the presence of
melamine in milk was proposed. The method seems to be
able to detect the substance at concentrations as low as 3
ppm, by only using high-speed centrifuge and light
microscopy. However, further improvement is required
to make this test more stable, reliable and comparable to

the authorized melamine detection methods.
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