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APC ; adenomatous polyposis coli protein

GSK-3 3; glycogen synthase kinase-3 3

LRP ; low-density lipoprotein receptor-related protein
TCF ; T cell factor

HA ; hemagglutinin

GFP ; green fluorescent protein

SV40 ; simian virus 40

NLS ; nuclear localization signal (##17> 277 )b)
MBP ; maltose-binding protein

GST ; glutathione S-transferase

NPC ; nuclear pore complex (BEIRFLE )



Wnt <7 > b> EHERSTEN 4 TONWHEEAET, HHviay
DauNINSHABMICELETESRTFEINTSD, DHRESCHERRK
WEERZEZRZLTVS (1-6). Wit DA T ADHEBREICHILDS
BEET int-1 £33 PaINTIOET AL MRT Y F 4 —BET wingless &Y
BULTVS ZEIERT 5. -7 =V IMIRINEIT S ERE & U THlia:
HECHIEHZHET S, MBEESHENICOELEL T, Wit 27 F)UEER
BOBELREBRERTTHL ZENHSNITR>TVS (B 1). Wnat FIEARN
BE, B-H7T=>Id Axin, adenomatous polyposis coli protein (APC), glycogen
synthase kinase-3 (GSK-33), B protein phosphatase 2A EEEEEERL
(7-16), ZOREKRPT, GSK-3B1ELB-H157 =% Axin, APC ZFIREY >
Bib3 % (79, 12, 15, 17-19). U CBfLENZB-A7 223 EFF ) H—
EOYTLZy hTHS Fowl @ WD RAAS VICEBESNTLEFF ALE N,
TOF7—LTHEIND (20, 21). ZOHE, MREFTOR-ITZ0D
BEERILES N5, —F4, Wnt SHIBBLLED Frizzed &7 DSk
T 5 low-density lipoprotein receptor-related protein (LRP) IZHEA3 % & (22),
TFIVH DVl IZEEI N, GSK3B3DIEANHIHRIEING. TR, B-I7
SUREY VBRBREBRERD, aMINTICHREICERLENCETT S,
B-NT = 3N TEERT T cell factor (TCF) S#EAWRZERAKL, TCFE 2%
PALT 5. ZOREE, WALEY T c-mye, cjun, fra-1, 1 271 > D1 72 E (4-6),

M A FE Tl siamois, twin 72 & DIERBLAETFORBENEE I N, KEREESE 4



OFfEMEREN RIS NS (1-3).
—%, RKBEEFIZBWT, Wit 27 FIIVEERKOERS TFOBETE

1y

BPRDENTHBD, WIndB-ITFZ U0 MREANICERT S Z &8s
TWwd 4, 23-26). X7z, B, B, A5/ —XRE/BLXDBEMIZBENT
HB-ATZUBMBNICERBL TS EVWIBENRHHZ NS @), B-IT
ZYOWRBEDBAB LY 3-8 7 2 U ICEE T S KT ORI IR OHERE O fEE
ICHEFBICEETHDHEEZONS.

INETITPEANT Wnt T FHIVZHIBET 2842 ORFIAREINTNS.
Groucho, Creb-binding protein, C-terminal-binding protein, NEMO-like kinase,
Pontin52, Sox17 €L T ICAT 72ETHSH. WIiNb B-IF7, TCF IZEH
L, Wnt 7 FHIVEFIET S (27-34).

INHENTOELZ ORTOMIZ, B-I7= ;% I 5MNER'E Duplin

(axis duplication inhibitor) ASELHAE 17 (35). Duplin 13749 O I J B/ 5
IRAHENEHETYO, C RmANTEENEY I /BOV S A —@#EEZEL T
5. 7=, Duplin |2 C KB TBR-HF o D7) YOU E— b EEEHEL,
B-7157=2& TCF OEEHREREZHET S (K 2). Duplin ZREIHE/Z<Y
ABRHESF NG L M (L M) T, Wat IR 2HMIIBERO 8-157 = O&FMR
WEHIHlE 20, Wat KEME O TCF DEEFEORERIH I NS, £z,
77U AN DI O OERNT Duplin & mRNA ZFEAT D EHEHR
L, B~ —H—TdH 3 siamois (36, 37) OBELEFRESHH NS, 35
¢Z, Duplin I Xwnt-8 % -7 = MKEEO R ZHIHTS. 2ok

512, Duplin X B-HFZDFRT, Wnt 27 FIVRERRE 2 HIH] B



LTWwbEEZENS.
ZIT, Wnt—B-IrZURBBRICEERGEZREZLTWAEEZENS

Duplin DHEEZE & SIZRHT S 2 L2 AT 2fTo 2.



II. #EBXOGiE

1. 75 AXFR

DRIZRT TSR R2ERL, ERICHWE.

pBTM116HA/Duplin-(482-749) , pBJ-Myc/Duplin , pBJ-Myc/Duplin-(1-482) ,
pBJ-Myc/Duplin-(482-749), pBJ-Myc/Duplin * ¥ | pMALc-2/importin ¢ -P,
pGEX-GFP/Duplin-(500-584) , pGEX-GFP/Duplin-(500-565), pGEX-GFP/Duplin-
(565-668), pGEX/Duplin-(500-521)-GFP, pGEX/Duplin-(542-546)-GFP, pGEX-GFP,
pGEX/SV40NLS-GFP, pCGN/Duplin, pCGN/Duplin®**3%, pEF-BOS-HA/hTCF-4E,
pSP-Myc/Duplin, pSP-Myc/Duplin®*®**  pSP/GFP

TARTOTSAI ROBEIHIEBERIMICL ST, £LEFEALOER

DNA > —# > AT X > THEE L 7~

2. Duplin G EBEOKRR (BEH two-hybrid %)

B R} two-hybrid %13, B¥EE S.cerevisiae 140 (MATa trpl leu2 his3 ade2
LYS2::lexA-HIS3 URA3:lexA-lacZ) Z AW TITo7=. L40 [IREEM (2%
glucose, 2% Bacto-yeast extracts, 0.002%adenine sulfate) TH C/z. L40 "D TS
A ROBAIEEEE) FULIETIT >, BAKOD L4011, 2% glucose & 0.67%
yeast nitrogen base without amino acids (DIFCO) NH735 SD f%ﬂﬁ IZ, HEERFIZHE
LMY I/ BERMUETEFESE/~. 140 1T pBTMI116HA/Duplin-(482-
749)& pACT2 N Z —IZHARENTZI T ADID cDNA A4 TS50 —T5

A3 R%&#EA L. pBTMI116HA/Duplin-(482-749) X ADH 7O E—4 — 5 i



BHIER I N LexA @O DNA #E R A > & Duplin EOBEERE EUTHRRT
5. 20 ADIAT o= A Y-, MIT w7y, 142, k
AFTERNE SD T L—MNIHEE L. pACT2 X7 F—HIZHA I N
cDNA n5 OEHEH Duplin ERE SAHEIEMAT 5 &, LexA-HIS3 LAR—F—
BEFDOEATFVCARMBZERNFEIN, LAF DU ERSEMTERT
HIEMTES. LAFVUERLEWMTEET S 140 OO Z—1LB-
galactosidase B, b AF T AEkBEHE & FFRIC, Duplin & ¢cDNA NHOEHHE
BHEERTSZ LI THEBINRBIT S, B -galactosidase 1 1% 73 B %
(M@ﬁaymoﬂéfiziﬁé@WL,mmWWMmt;Uﬁ%%Hmm
CEAL, O 2ERS M9 FL—MZHEE L. HBI01 i leuB~TH D,
ZDRBIEpACT2 1 75U —T I A2 RO LER BFICKDHHEEINS.
47 5U—T7 5 A3 F%& HB101 5 EIUXL, pBTM116HA/Duplin-(482-749)%
BALZLOIKHERN S A7+ — 507, 2O L40 D LacZ' ZHER L7211,

DNA > —7 > A BTV 5 A3 ROWEEH ZRE L 7.

3. Duplin & importin @ O FE BN &R
mnMwﬂmmﬁﬁm%%ﬁéﬁtaEM%%wmmﬁmMmmMBWmn
pH 7.5, 150 mM NaCl, 1 mM dithiothreitol, 1% Nonidet P-40, 20 1 g/ml leupeptin, 20
(4 g/ml aprotinin, and 1 mM phenylmethylsulfonyl fluoride) THEMELT=. T DIEME
MEH Myc LA THREILEL, ZOREESIK%Z SDS-polyacrylamide gel
electrophoresis THBEL /=8, —hOIO—A 74 )5 —IZE&EL, Hi Myc

PIEB XU importin a AT LAY > 7054w > T &fFo7=. M, W



D importin @ 1IRKEL 3 DDV T 7y I U—Z L THD, I AITIEPQ,
SOHTT7IVN—DPEETDHIENS, RERTIE importina-P, -Q, -S T

TNERBT 2562 AW

4. RBEEH%HWZ Invitro 1ZBF% Duplin & importin ¢ DS ER
GST-GFP (1 M) E7z1d GST-GFP-Duplin-(500-584) (1 M) & MBP-importin
a-P (30 pmol) ZEFE L7 I O— XL T % reaction mixture (20mM Tris/HCl
pH7.5 and 1mM dithiothreitol ) H'"C 4°C, 1 Rfil( > FaX—tL7&H%, 73O
— AL T ERELE. ZOLEY % MBP HiAB KO GST FiETU A

705 4w I TENT L.

5. Duplin DJFTEHZE (RELREA)

L #i#2iz, pBJ-Myc-Duplin 35 & T8 pBJ-Myc-Duplin®*** ZFH &7z, HH
#ifi % phosphate-buffered saline 12 THMtE, 4% /3T RV LT IVT & R THEE
U7z, #WT, 0.1% Triton X-100 & 2 mg/ml FIE 7V T7T I 2T 1 BT O
vF T U, Bl Myc Sk, #E5NIVLEHIY U X 1gG TENETN 1K
B > F aX— kU7 #%1L confocal laser-scanning microscopy (Zeiss LSM510,

Jena, Germany) TfT—o7~.

6. XA ar
GST-GFP B4 Duplin &8 %, micromanipulator5171® X O transjector

5246® (Eppendorf-Netheler-Hinz GmbH, Hamburg, Germany) % FWT, L #ifgo



MRENICYI 701>y a VICTEALRZ. 30 9% 4%/85HRIVLT
VT RTHEE L%, GST-GFP Ri# Duplin EHEDOFIEAIRTEZ confocal

laser-scanning microscopy CTHAZLL /=, )

7. Duplin & 8- 57 =2 OBEEMANAE S ER

pBJ-Myc-Duplin 3 & X pBJ-Myc-Duplin®***% 2RI I B /= COS MLz lysis
buffer B (20 mM Tris/HCl pH 7.5, 150 mM NaCl, 1 mM dithiothreitol, 20 g/ml
leupeptin, 20 ( g/ml aprotinin, and 1 mM phenylmethylsulfonyl fluoride) TIHEfEL,
sonication £% 100,000g T/l L, EEZEINLZ. £ LEZH Myc HiA TR
B L, ZORBEAKRZI Myc FilEBRUORB- AT Hificis UL

AH > TOT 4w 2 TIWTENT L.

8. Wnt{KEMHD B-HT 22 DEM

L #HFSIC HA-Duplin, HA-Duplin®*®* Z{H¥ I HER /=M (L/Duplin
M, L/ Duplin®™ i) Z2MWw/z. 32k D‘;)l/é: LT Neo M¥EEFDH
ERB IS LUNeo HIK) 2z, L/Neo M (—)& L/Duplin A
(full)& L/ Duplin®*®** #iffid (A500-584) %2 Wnt-3a A>T 4 3 AT A T
(38)T 8 BRRARNM L 728, lysis buffer A TIAfRL 7=, TOBRMBHMERB-HT=

CHURICE AT A T a5 4w I TICTHEN L=,



L/Neo #ifl (—)& L/Duplin #HM (full) & L/Duplin®*®™ HHKL(A 500-584)17
pTOPFLASH, pEF-BOS-HA/hTcf-4E 3 XN pME18S/lacZ ZFE X 8T (17, 23,
39), 46 RFRIZ Wnt-3a O T 1 > a > AT 4 U LT 8 RfEIHIK b'f:. WU
x T — ¥ 5 ¥ & PicaGene (Toyo B-NET Co., Ltd., Tokyo, Japan) ¥ & 8

lumiphotometer TD4000 (Futaba Medical, Tokyo, Japan)Z W\ T{T o 7=.

10. 77URY AT OERBED T

pSP-Myc/Duplin, pSP-Myc/Duplin®**%* 3 X X pSP/GFPE T > 7L — k&L
T, SP6-mMESSAGE mMACHINE kit (Ambion, Texa, USA) % Y\ TmRNAZ{E
Bl 4RO 70 Y AHT)OZRBINOLEA 2 Bk LEMH 2 F)
ERICmRNAZZ BT DEAL, 3H%EOstage 40 NS4 DREFTTORELZE

=27~



V. #55%
AEIOWZE THW -4 O Duplin DERAZRT (Fig. 4).

1. EEF} two-hybrid {512 & % Duplin OFE S EHE DM

Duplin D55 EEHE Z B two-hybrid % W THRZER L7z, Duplin @ 482-749
D7 X/ Bt (Duplin-(482-749)) ICHEGT2EBEHEZ, YT ADHKD cDNA
FGATS)—OHETERERATZETS, 26 FVO—2DAZU—20 0

WS AEOBE O— 2 2BEEEL, £0550O—2A importin -Q2 TH o 7z.

2. Duplin & importin @ DFES

Duplin 7% importin ¢ & IRALEMEAN TEAGEREZBR T 2NENITDO VTR
L 7z. Myc-Duplin Z COS #fRICHIEIE, ZOMBETKZH Myc HiiFT
SN % &, Myc-Duplin & AHICNEEYED importin a-P 2B L7z (Fig.
5A, 1-4). %72, Myc-Duplin &4 12 AEFED importin ¢ -Q, - B L 7 (Fig.
5A, 5-12). ZNSOFEENS, Duplin 7Y importinag D 3 DOV T Ty I U —4
TEEBBRZERRT DI ENHShERD T,

Duplin @ EDFEEAY importin ¢ & DEEEBRICHETHL5DENITDNT
BRETL /2. Duplin O % BERAKZ COS Mgz =8 (Fig. 5B, 2-5), ¥
Myc i THIBILET 5 &,  importin @ 3 Duplin 253 & X Myc-Duplin-(482-
749) & 331 U, Myc-Duplin-(1-482) &3 HL Lia > 7= (Fig. 5B, 7-9). 73/

B 500-584 OFEBRIZIE 5 DOBEEMLTI VBB 5}9~7§W¥E?5 (35). TD
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WEMEY I ) BEE R I E D & (Duplin®>5), importin o & 1EFIL L A2
7= (Fig. 5B, 10) T &725, Duplin I3 500-584 DHENEY I / BE#HIR T importin
o CEERERRI EDHS N ETR 7.

2T, TOHBEET I BES) importine EEBEATHHU I EF
> hNEAREZRBWTHRE L. GST-GFP-Duplin-(500-584){% MBP-importin ¢ &
HIE L 72AY, GST-GFP I3k L el - 7= (Fig. 5C) Z &5, Duplin 14 500-584

DA T importin @ S HERSTDH I ENHG N ERH T2,

3. Duplin D¥FE4T 2 F )L (nuclear localization signal : NLS) D3R

Duplin @ 500-584 OFEIEIENRBTEICHLETH B0 EPKET L7=. Duplin &
£ (ful) &5 W3 Duplin®*®5%* (A500-584) ZRX 7~ L JILE2RERAL,
ZDJHIEEBZ L7, Duplin 2RIIZNIC,  Duplin® ™™ IZMIARE I /HIE U T
W7z (Fig. 6A). ZOFEEDN S, Duplin DENBTEITIE 500-584 DFENHET
HY, ZOREEN Duplin D NLS & UTHREL T 5B Z EAURBREI N7z,

F T, ZOEBRICEBITRND 208Kt L7z, B4 D GST-GFP-Duplin @
DarEF > MEHEZ, L filRoMaEIIY /701>y 3 ik tE
ATBE, 5DOETOEEETY I /B 5 A5 —%2ZE Duplin-(500-584) & Hi
¥0 37T AY—%FE Duplin-(500-564) ‘cmm« ERITLE. —FH, BED
205X =G0 Duplin-(565-668) WASERITIIERANEBfT LIsh - 72 (Fig.
6B, a-c). F/z, HiI¥D 277 5 AF—%ZZ Duplin-(500-521) L 3FBHDZ T A
% — %510 Duplin-(542-546) HEHNNEBITL 7 (Fig. 6B, dand e). NI T«

Jarbhno—JbEL GSTNLS(SV40)-GFP %, A4 70— &L T

11



GST-GFP Z i\ /= (Fig. 6B, fand g). Z O#EEMNS, Duplin DEBIT VT
HWTNOEEST I VB I AT —ICHHEET N, BICAPEO3 75 AF
—NEETHHZENRBEINZ. LEOERN S, Duplin 1& importina & C
KIBBIOEEMEY IV BEBTHA L TERABRINDS Z EHS MR-

7=.

4. Duplin OFEHNRBIEOEE

Duplin 1 XS AT EMEL, TDITFIVREEZRET LML (35),
B-NT =D T FIRZEIZRIZT Duplin ODRNBITOZEZ BT L 7=

9, HWNBIT LRV Duplin OZERK, Duplin®™®* RN B-HF AT
ELNENMET L2, COS HIfZiZ Duplin £5 (full), Duplin®*®* (A 500-584)
EFRBE I TH Myc k2 AW THRELELZEER, NEROB- 7=
mE &KL L 7= (Fig. 7A).

YRIZ, Duplin®*®* 2% Wnt-3a RFIEIC &K B B-H 5= OFEEZE I T 20 EHN
fEFTU7=. L/MNeo#lia (—) & L/Duplin I (full) & L/ Duplin®*®* iz (A
500-584) % Wnt-3a THIEIL, TNETNDOB-HF>DL RNV EAL/ Ty
TR LZ. ZORE. WTHOMIRIZBW TS Wnt3a KEED B-HF=
COBEICIIEERD Mo 7= (Fig. 7B).

RIZ, L/Neo i (—) & L/Duplin #ffg (ful) & L/ Duplin***** K@ ( A 500-584)

ERWT, Wnt-3a KEHED TCF M DWTHT Lz, ZO#E, Wat-3a
B L 7= L/Neo #ifd TIX TCF {&MIZ EH LU7z7%, L/Duplin ?ﬁmﬂ’ﬂ“ﬂiiﬁ'lﬁz@h%

IEflE Nz, —7, L/Duplin® ™ il TEIMHNIRD S hiah - 72 (Fig. 70).

12



L7=5-> T, Duplin i3 Wnt-3a {&FED TCF OIEMELZ LN THIRIT 2 Z &2
rEEnz (Fig. 70).

wnt 7 FIRERBEOERSTIE, 77U Y AN TIVRERR, £l
MEENE R & @ L T3 (40). Duplin 27 7 U Y AH LI OERNICEAT S
EEMEEN KRB L2 (Fig. 7D, a), BEHAREA TREERM OB DHIan
o7~ (Fig. 7D, b) (35). FZ T, Duplin DERBENT 7U Y AH IO
MR R OMBIER BT 0@ L2, 77U Y A TIVERNZ Duplin
AS0SH 2 AL THRIRBMOEIZTZDIRMN -7 (Fig. 1D, ¢). £z, BHNZH
WT® Duplin Z1EA U7 & RIERICRRB DO ZE/ILER O 72 - 7z (Fig. 7D, d) .
INS ORERMNS, Duplin IXEEEMBRZHHI L THWSA, TORKEITIE, &
NRENKHETH S T ENHENTE 7.

13



Duplin 3 B-HF VKB THHMNERE THS Z L3MEINTHEA
(35), TOBNBITOANZALTHENIZENTWEN>7=. 4, Duplin-
(482-TANDFEEERHE & LT importin a WEIE S N/=Z &M 5, Duplin DN
#ATH importin ¢ 27t U TITH NS Z ERRE Nz,

Importin @ 1, BN THET2EOEZMBEEN SKETHRET D 20ICH
SEFDIDT, 7IRIPOEF—TEWVWIBKIETY I JBICTEAR 42~43
BDY I ) BH57E510IR LB Z 75T DOH RIS D& 58,000 D5
FT, ZO7NWRIPOEF—TITERES 7TV (NLS) ZR#ET S @1).
HFED importin ¢ IIKEL 3DOH T 77y I U—2FELTHD, 3D0Y
TI77 I3 ENTNT I BL X TS0% L LOEREZ B> TS (42).
YUAZE P Q S OUYTITyIU—0EFEETS. importina-Q 7y IU—
3 Ql, QQD2DOWHD, FIJBLNILT 0% LA EOHENEZH > TNS.
Importin {3 NLS %839 % & importin 3, Ran SEEEKREZEMRL, KIKICHE
ET HEFEFLE AR (nuclear pore complex : NPC) ZREEIICTEIRT S (41, 43).
BTN S & importin B & fRHEL, BEEETTS (Fig.3).

Duplin I& importina D& TH 7 7 2 ) — EIHABYMIEN TEARER KT
%. SEORRT, importina 7’ Duplin-(482-749) M EHRZHM L, Duplin-(1-
482) BT RR Lisin o 7= Z &1, Duplin-(482-749) % MNIZ, Duplin-(1-482)74%#
FBIZREL TS EWIFRE—FHLTWDS (35).

HAIR/: NLS 13, BEMSEY I JEBIAREER > THEET 2 EME NLS -

14



THD (44). TOHEEM NLS BHREKRELS 2 DICETBEZENTES. 1
DX SV40 T ILAD T HiJf (126-PKKKRKV-132) iKfREINBH X H7, 1
DOEHENT I VB T RY—TEEEZRTHOT, EEMEXIENS. B
1D, X7 LF T X2 (155-KRPAATKKAGQAKKKK-170) i2fEF a3
LOBBEDY 2/ B%E 2DDEENY I /MY S A5 —HROB THEEL TW
D RIBE LI NAHDTHS. Duplin &7 I /B 500-584 DFEIKIC, 5 DD
WREETIBIISAI—FEFLTWS., TOEENMTYI VBV A5 —13
KKRRKK™, KPKK™, KKRKR*, KRR X KRKK™ T3 %(35). Duplin
i3 DR T importin @ S EIHHEA L, ZOEEERLLZERE (Duplin® ™
) A% importin @ EEEEKEHKTE T, BRICBIT TSR, £7=, Duplin-
(500-584) Z L HfEOMPRBEICEAT S EANEBITLE. 25 0OEEN
5, ZOHEMEY I /BESA Duplin @ NLS THEEEZLND. £/,
Duplin--(500-521), Duplin-(565-668), 3B &N Duplin-(542-546) b\ EBIT L
7= Z &5, KKRRKKSSGERLKEEKPKK® 3 X8 KRRSNRQVKRKK™® 133
MEAY, KKRKR™ [ZHMREID NLS & L THBEL TWB Z &Z R 5 N5,
Duplin OFWNBTEILX, TOHWEICBVWTHEETHSEE25N5. Duplin
DEEIL C FWTR-ANFoOTINIIOY P~ EEBEEL, B-HTFo
> & TCF DEAHERFRERET S I ETHS (35). L/Duplin ML TIX, Wnt &
D TCF OEFIEMEORENHNH E N 54%, L/Duplin®**** {ifa TIZHMHNZ
RBOEMmoT=. £z, 77 UVAVAAIINOEHEDOEMAIZ Duplin @ mRNA
ZEAT S EHEANKIET 574, Duplin®™ ™ ) mRNA ZEAL THZDOERH

RIERERDIEN -T2, ZOXDI, HEMY I/ BEEz kR U EEEAE

15



1%, Duplin 12X % Wat #kFHED TCF &5 1EM S LB IHaR RO BIHIER 2
REIRMol. Ele, BEMETY I BEBERRULERES B-HT72 &
BT Bz M5, Duplin 2D B-HT = AT HRAERE AL T,
B-717 =2 —TCEF EGHRDOEELEZIH L TWHAEEEDEZEAENS.

RFFITH 2T 7 U 7Y A H L)V ORI EAMEAREIE 5 A 2R T 2729
DEVWETFINVEYTHD, Wnt 7 FIURERBEOBEEFRITIC LW SIS,
RENE AR IEY DFIHIFREITBIT S TBED] ORDEERBREO—DTHD,
Wnt > 7 T IARERR RS ORERR D TI3ARBE R, R EEERREHIEL Th 5.
O, Wat IFEAUERFELU THEREL TWa 45). HIREI B DOIREN
5E B ICHBHER S NI, MBMORENERERS. TOK, &h
{ERTTH S Wnt 2 Dickkopf = Frzb IZHIHIE 115 Z &k, BEIEIERRS
NBHEZEZBND (46,47). Duplin ISR EHNICTHEEMICHESREEHLTHO,
BRI ZRET A RBRAMICEBEL TS 35). ZORRNRREH
V&, FABREIC BT S Duplin DNEYRSHE B TRBEL TWD I EERBL
TW5%. Duplin OEFERICHBIT L2 RBKK ESHOBEREEZHSNITTS
ZED, BMO TRED] ORHO—HERS EEX 5ND.

—%, EREETOERSRES EORENERMLTELS 2 LS I
20, BORERCHET S EEA5NBBETFIRLCFEEEINTWS. K
BAEBIIZBNT, TOH 80%1Z APC BT OER, K 10%I2B8- 1T =0 DHE
BFERMNEDLNTHY, WINbd B-I 72 VMIENICERET 5 2 &%
HEINTWD @, 23-26). £z, Bla, iE, A5/, REEBEREHELD

BIEFIICBWTH -T2 HIRNICERL TWAEVWSHENH D 4),

16



B-HF o BOREICEG L TNWS Z EIZPENTHS. Duplin 1EB8-77
Z O OMEENHIT 50T, BIHEET & U THERET S TEEMHEAYE <, Duplin
OVEFMECBRTERZHENT 2 Z E3RBEEORHDA7257F, Wnt—
8715 = SRR OBRA T 2B & U TRERIR ORISR & 10D 7es % &
EZHN5.

AIFZEDHE RN S, Duplin 13 importin e & C KM OBEMN:T I/ BEE T
HELUTERNRR SN, ZoEEMEY I ) BESH Duplin OBTY 7))
ELUTHEEL TWASZ ENBH S &80, Duplin OBNBIT O TS D —i
WRIFATE-. X512, BRICBITL Duplin BB-IF=EfET52 8
&V B-NF7 & TCF OBEGHRERZHEL, B-17=2—TCF BH5H4D
IMEJEMEILREZ G T 2 2 &, £z, ZOHEFRIICIL Duplin OBNBIENE
BTHHZENASMEIRS 7. 2D X DIZ, Duplin (3N D B-H17 = —TCF
BEROEBEEIREERIE L, SR Wnt— -1 7 2 2 REOEMERLT
OFEBEFREL, RET R4 OMEHEED K OHIR OB EHIE L T\ 3

EEZLNS.
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VI. #fE

1. Wnt Y7 FIEEREOERS T Duplin ICHET2EAE &L TENE
EEHE TH 5 importin ¢ Z [[E L 7~.

2. Duplin IZ importina @ 3 DD T 7 T J—FTRTEESEZEHEEK L, Duplin
D CRIMADEEENMET I/ BN Z OESERBRICHETH > 7=,

3. Duplin DERABITIZE C RinlOBENEY I /BEENKLETHD, £
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Fig. 1 Wnt Signaling Pathway

In the absence of Wnt, Axin forms a complex with GSK-3f , B-catenin, APC, and PP2A,
and regulates GSK-3B-dependent phosphorylation (P) of B-catenin. Phosphorylated -catenin
forms a complex with Fbwl1, resulting in the degradation of B-catenin by the ubiquitin (Ub) and

proteasome pathways . As a result, cytoplasmic B-catenin levels are low.
When Wnt acts on its cell-surface receptor Frizzled and LRP, the cytoplasmic protein Dvl

antagonizes the action of GSK-3f . Furthermore, it has been shown that Dvl inhibits GSK-3j3
dependent phosphorylation of B-catenin. Once the phosphorylation of -catenin is reduced, it
dissociates from the Axin complex, and B-catenin is no longer degraded, resulting in its

accumulation in the cytoplasm. Accumulated B-catenin is translocated to the nucleus where it
binds to TCF, transcription factors, and stimulates the expression of genes.
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Fig. 2 Function of Duplin
In the absence of Wnt , TCF dose not stimulate the expression of genes (A).

When Wnt acts, accumulated B-catenin is translocated into the nucleus where it binds to TCF,
a transcription factor, and stimulates the expression of genes (B).

Duplin forms a complex with B-catenin in the nucleus and represses the -catenin-dependent
TCF activation (C).
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Fig. 3 Function of Import o

Importin o contains the NLS-binding site, and importin B is responsible for the docking of
the importin-substrate complex to the cytoplasmic filaments of the nuclear pore complex and
its translocation through the pore.
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Fig. 4 Structure of Duplin

Schematic representations of Duplin constructs used in this study. The white and gray boxes

indicate basic amino acid clusters and B-catenin-binding region, respectively.

30



IP: 1P: IP:

Ex MycAb Ex MycAb Ex MycAb
I I | I . i I

Myc-Duplin (= |4|=|+| |=[+|=|+| |=|+|—|+

Myc Ab '<—Myc-Duplin

i <« Importin o
I12 34”5678"9101112"
Importin o-P Importin o-Q Importin o-S

Importin oo Ab

Fig. SA Interaction of Duplin with Importin o in Intact Cells

The lysates (20 pg of protein) of COS cells with (lanes 2, 6, and 10) or without (lanes 1, 5,
and 9) expression of Myc-Duplin were probed with the anti-Myc (lanes 1, 2, 5, 6, 9, and 10)

and anti-importin o-P (lanes 1 and 2), anti—impdrtin o-Q (lanes 5 and 6), or anti-importin ¢ -

S (lanes 9 and 10) antibodies. The lysates (200 pg of protein) described above were
immunoprecipitated with the anti-Myc antibody (lanes 3, 4, 7, 8, 11, and 12) and the
precipitates were probed with the anti-Myc (lanes 3, 4, 7, 8, 11, and 12) and anti-importin ¢ -
P (lanes 3 and 4), anti-importin o-Q (lanes 7 and 8), or anti-importin ¢t-S (lanes 11 and 12)

antibodies.

Ex, expression; [P,immunoprecipitation; Ab, antibody.

31



» »
D & Y &
¥ N I JRAE
_ . €t & Fo dart
Myc-Duplin &S &S g@\, g{,\'v@
Myc Ab
<Ig
Importin o Ab <¢Importin o

12345 678910

Fig. SB Interaction of Duplin Mutants with Importin ¢ in Intact Cells

The lysates (20 pg of protein) of COS cells (lane 1), COS cells expressing Myc-Duplin
(full- length)(lane 2), Myc-Duplin-(1-482) (lane 3), Myc-Duplin-(482-749) (lane 4), or Myc-
Duplin 500-584(lane 5) were probed with the anti-Myc and anti-importin o.-P antibodies. The

lysates (200 pg of protein) prepared in lanes 1 to 5 were immunoprecipitated with the anti-

Myc antibody and theprecipitates were probed with the anti-Myc and anti-importin o.-P
antibodies (lanes 6-10).

Ig,immunoglobulin.
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Fig. 5C Direct Interaction of Duplin with Importin o

GST Ab

MBP Ab

Purified proteins (0.5ug protein ) of GST-GFP and GST-GFP-Duplin-(500-584) were
subjected to SDS-PAGE followed by Coomasie brilliant blue staining (lanes 1 and 2). GST-

GFP and GST-GFP-Duplin-(500-584) (1 uM each) were incubated with MBP-importin o-P

(30 pmol) immobilized on amylose resin. MBP-importin o-P was precipitated by

centrifugation and the precipitates were probed with the anti-GST antibody (lanes 3 and 4)

(upper panel). 10% of MBP-importin o-P used in this assay is shown by the anti-MBP

antibody (lower panel).
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A500-584

Fig. 6A Nuclear Localization of Duplin
L cells expressing Myc-Duplin (full-length) (a) or Myc-Duplin 500-584 (b) were stained

with the anti-Myc antibody and viewed by confocal microscopy.
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Fig. 6B Active Import of Duplin into the Nuclei

Purified recombinant GST-GFP-Duplin-(500-584) (a), GST-GFP-Duplin-(500-565) (b),
GST-GFP-Duplin-(565-668) (¢), GST-Duplin-(500-521)-GFP (d), GST-Duplin-(542-546)-
GFP (e), GST-SV40NLS-GFP (f), and GST-GFP (g) were injected into the cytoplasm of L
cells. After incubation for 30 min at 37°C, the cells were fixed and the localization of GST-

GFP-fused proteins was detected by direct fluorescencemicroscopy.
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| ~” <¢— [3-catenin

Fig. 7A Complex Formation of Duplin Mutants with 3-catenin
The lysates (20 1g of protein) of COS cells expressing Myc-Duplin (full-length) (lane 2) or

Myc—DuplinASOO'5 84 (lane 3) were probed with the anti-Myc and anti-B-catenin antibodies.
The lysates prepared in lanes 2 and 3 were immunoprecipitated with the anti-Myc antibody
and the precipitates were probed with the anti-Myc and anti-B-catenin antibodies (lanes 5

and 6). COS cells transfected with the empty vector were used as a control (lanes 1 and 4).
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Fig. 7B Effect of Nuclear Localization of Duplin on B-catenin Signaling

Whnt-3a induced accumulation of B-catenin in L cells. Lcells constitutively expressing HA-

Duplin (full-length) (lanes 3 and 4) or HA-Duplin®390-584 (1anes5 and 6) were treated with

Wnt-3a conditioned medium (lanes 4 and 6) or control medium (lanes 3 and 5). L cells

transfected with empty vectors were used as a control (lanes 1 and 2). The lysates were

probed with the anti-HA (upper panel) and anti-B-catenin (lower panel) antibodies.
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Fig. 7C NLS-Dependent Inhibition of TCF Activation by Duplin
L cells used in Fig. 4B were transfected with pEF-BOS-HA/hTCF-4E and pTOPFLASH.

Luciferase activity was assayed and expressed as fold increase compared with the level
observed in L cells without Wnt-3a. Black bar, treatment with Wnt-3a conditioned medium;

White bar, treatment with control medium.
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Fig. 7D NLS-dependent ventralization activity of Duplin

Embryos were injected dorsally with mRNAs of Duplin (1 ng) (a) , DuplinASOO"5 84 (1 ng)

(c) or GFP (1 ng) (e) and ventrally with Duplin (1 ng) (b), Duplin®300-584 (1 n¢) (d) or
GFP (1 ng) ().
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