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Eukaryotic cells are distinguished from prokaryotic cells in many aspects, one of which is that
the genomic DNA is sequestered in the nucleus. The nucleus has a double membrane, the nuclear
envelope, that divides the cell into two parts, the nucleoplasm and the cytoplasm. Proteins that
act in the nucleus are synthesized in the cytoplasm and transported into the nucleus through the
nuclear pores. When nuclear profeins are introduced into the cytoplasm of the ceils, they migrate
rapidly into the nucleus, but it is not clear how the proteins are transported. One of the
best-characterized nuclear proteins is simian virus 40 (SV40) large T-antigen. Using an SV40
mutant defective in nuclear transport of this large T-antigen and a point mutation in the large
T-antigen gene generated by mixed cligonucleotide mutagenesis, it was found that the sequence
Pro-Lys-Lys-Lys-Arg-Lys-Val can act as a signal for nuclear localization.

We studied the mechanism of transport of proteins into the nucleus using synthetic peptides
containing the nuclear location signal sequence of SV40 large T-antigen. The synthetic peptide
was conjugated chemically with bovine serum albumin (BSA) and introduced into the cytoplasm
of cultured human cells by microinjection. The BSA-synthetic peptide conjugate was found
predominantly in the nucleus within 30 min after its introduction into the cells. Conjugates of the
synthetic peptide with IgG (M, about 150 kD) and with secretory IgA (M, about 380 kD) were both
found in the nucleus very shortly after their introduction into the cyioplasm. But, since a
conjugate of the synthetic peptide with IgM (M, about 940 kD} did not migrate into the nucleus,
there may be a size limit in nuclear transport of conjugated proteins. Conjugates of the synthetic
peptides containing the nuclear location signal sequence of polyoma virus large T-antigen or

" nucleoplasmin, a nuclear protein of Xenopus laevis, with BSA were transported into the nucleus.

Recently, it was found that a new type of glycoprotein, which contains O-linked N-
acetylglucosamine (GlcNAc) residues, is present in the nuclear envelope. The importance of
glycoproteins located in the nuclear envelope in nuclear transport was tested by microinjection of
karyophilic proteins into the cytoplasm of cultured human cells together with various lectins.
Wheat germ agglutinin (WGA), which recognizes GleNAc, blocked the nuclear transport of
nucleoplasmin and of nonnuclear proteins conjugatd with a synthetic peptide containing the
nuclear localization signal sequence for $V40 large T-antigen. WGA did not inhibit the passive
diffusion of fluorescein isothiocyanate-dextran (average M, 17,900) into the nucleus. Wistaria
Aoribunda agglutinin, concanavalin A and lentil lectin did not block nuciear transport.



In vitro association of Xenopus nucteoplasmin and mammalian nonhistone chromosomal high
mohility group 1 (HMG,) protein with nuclei isolated from rat liver was examined. Efficient
assaciation of nuclear proteins with izolated nuclei requires ATP, HCOy, and Ca®*. Association
occurred at 33°C but not at 4°C. ATP could be replaced by nonhydrolyzable ATP analog.
Competition studies showed that these associations were specific, More than 80 9§ of the bindings
of nuciear proteins to the nuclear surface were blocked by WGA.

The signal sequence of SV4§ large T-antigen for transiocation into the nucleus is composed
of positively charged amino acids Lys-Lys-Lys-Arg-Lys. “Receptors” that interact with the signal
sequence may have a negatively charged region electrostatically complementary to the positively
charged signal sequence. The putative signal sequence-binding site might contain either Asp-
Asp-Asp-Glu-Asp or Glu-Glu-Glu-Asp-Glu. Rabbit antibodies to synthetic peptides containing the
negatively charged amino aicd sequences were obtained. Indirect immunofluorescence of the
antigens recognized by the antibody to Asp-Asp-Asp-Glu-Asp was punctate at the nuclear rim or
the nuclear surface, depending on the plane of focus. The antibody blocked transport of nuclear
proteins into the nucleus. The antigens recognized by the antibody were predominantly localized
to the nuclear pores. Furthermore, a monoclonal antibody to Asp-Asp-Asp-Glu-Asp, which
inhibited the nuclear transport, was also obtained. Using these antibodies, we will be able to

determine and purify “receptors” that interact with the signal sequence.

BEBE®
B, Bl s R o, T ofilam s
s LicHEEONMNIERSPNTEY, EhTh
O/NEEHREEMEL, gk LTHR&
NPT EBEFRET AL CHEShTY
o COLINEEORTS, K, BEPHE
By LI & - TEELRIGOET 215TH
b, FEE Lidh 3 2 FolsE _EFic k- TH
WEHIRTONT WS, TOBRTE AR
E NV, MIPETARENIE BRCEETS
AL - TR S h b, RFfRE, #
EFORELEMcE L Tw AL AECHE
b, MIEE TERE N, L 0L D TEREE
Y, FOXANANZRAIE - THPICERES
NEHEPFLPITEILEBNET B, HicA
W CEOBNBITEMERShieT A &E,
JaRT v 7+ ED L S ifabah s v HHlla
AR EL M5 L THETH Y, T ok, R
Fosmlaosa{t, BRICBEY 5EA LT O
FOWIFIC L > CTHEBELEPHRT - LT IS
LEbN B,
B 7% %8

Btz A CHOEANBI TR ZHS hitd 51
Hicit, Zo0FH»P LD T T o —FBNETH
B, —2i3, HAEHEBEN b oNEWHIC

SWTHEELTWL T ETHYD, &5, %
Otz AL CEE BB LML EE T 280 GD
Jaf) OFEF>WTHET S &TH DB, A
w51, HrAZSEBERRETT A,
Wik, EOLINHEES D EMBBETHS
miZoOWTEAEHT, oL, TO® %
O i Ad B AR L TR AN 2 EAIET
oW THSLMIZL TV

1. #BEEby 7 vEFEECER~TTF

F A O TR

B A ESERBELL T A =X
AELT, SBBICEET 2HETLEE » TEEK
Buc k- THMIIIIVD, DNAPE=FY w2
Z 15 & ORI A T A Ef M T X - T
Mo & &2, BPRICERL T EWIELN
DR HFEL Tz, COEAATIE, ZFHE
HRTHARBITL > 29HORE sHHIEEXN
AMEFLOBERAEA 50 TRE b oAl
Hid, SEILAERT A, avIa—A—va
vATLEE BT Eick » TEBERREEIE S
DTV EHREEXI TV, Chicxdl, #
oAl CHIE, BERIETICEE S, BiRMIIEA
RSN A A K = X ABTEHET B O EMRAK
HohicanTEi, Thik, SV40D T4 AR
KA —-Fd2hAEED~2TH 2



=1 ¥Ry 7+ LER)

5V40 large T FiE
RYF—=94 A large T HiE
RIVvETSRALI v

TF/ 9402 Ela

e x kv oB

BB MATae2

Pro-Lys-Lys—Lys-Arg-Lys-Val-GEu-Asp
Asp-Pro-Pro-Arg—Thr-Pro-Val-Ser-Arg-Lys-Arg-Pro-Arg-Pro-Aia
Arg-Pro-Ala—Ala-Thr-Lys—Lys—Ala-Gly-Gln—Aia-Lys-Lys«Lys
Lys-Arg-Pro-Arg-Pro

Gly-Lys-Lys-Arg-Ser-Lys-Ala
Met-Asn-Lys-lle-Pro-lle-Lys-Asp-Leu-Leu-Asn-Pro-Gln

&me<mm&ﬁ<ﬁm,mmu@ﬁvanmu,&a%ﬁ@?sz@mwwﬁgfaé.cne@ﬁwm
TR OB R F TSN FEEREE TR e ST & /-,

large T FiFEAZFIH L#zb 0T, CORAEE
& MBS v R 74— —va viclE 43
BtcAE{ B TH 3, large T HESEAICHET
TEUEL ooy 1 LA DERRED, large T #
%o - P4 S8EF2 8T TENFERE BV
THERE - OEHWT, large T FIEAHA
~BITT B it idd 2EED T 3 BRIES L
ETha EMHIEN, BEELy &+ L L
ENBEIICH o, THE, VYT LE=
Y EO S ol T 2 2 BICEA SRR SR
ZLTWaT Ebfhot, COFEBAERICL
T, BB ARERVT, B1LIRT LI EE)Y
A—ROGALNR large THE, TF/ 94 VRE
lafcAE <, Xenopus Qocyte DA<
BTHdR7vA7323y, BEELabv2B
BEDOKETIL Y FF L bike LEES N TE
foo UL, TNOCOERRIT, o1 0XOLREHk
©, EHEFIER il & iz DNA offifalc
& transient experession ZH|[H L 7 EE» HHF
SMICTE - TE i b O TH 2 F bR ofse
iR TEL W, oF D, HIEEAOSZHRI
TEASTES U 7ciic, DNA A & ORI ST
#Hel, TEBEREOERAILEE LS
ATHEHEAE A Gk, F O THRMIE TR, 7
MRy 73 LTI S N 7 3/ BEER
EELA ) IRTF FEAKL, £hEFRIE
KBITLEWARCE A, v vimET v
Ty vRE{gmiciEas e, Bohi sy
F-fc A EESEWERIR LT, SRy 7
FABTIEODBERITY 7V TH B T & &R
Lie 20, BIAKRTLIERTF F-TtA
L BESDTETRAROMEE <A o1 v

Yz ¥a v, H5—EEE GEE 304) &8
#®, BEREL, WfhE MRk X -
THEMOMIBHBITERZEC A, H1BhS
HHOPIEE 3T, BRRTF FEidsdhiti
WCOHR, MEESRERRYT B L, Emhh
KRBT TS b ot, i, £
A=A N large THE, X7 L7523
v, BEEz v 2B OBBEL Y ¥ VRSO
BT F FEAOWTH~NREC A, BRER b
Y 2B EAD R F R d TR BN O B
T B W THBTEEOE B - Edbhhot, &
o, CREDEKSTFFIL-2TERSVLD
GFROZAECENERESRINS 50h%
Mz, v vIB7T VT v (T 68,000
Fb ) PAHCRES w 7Y v G (IgG: £
#1150,000 b v) RWMEIGRIES o7y v A
(slgA: DFRK 380,000 ¥ b ), B/ 0T
UM (IgM: 53358 950,000 0 b ) ofk
&&¥, BENlaoMEE AL, $5&,
IeM Bl OEEE&H I+~ TR #H e IC BT
L#e

0. N-Acetyiglucosamine (GlcNAc) #*3E5%

157 F v THB wheat germ aggluti-

nin (WGA) &, BEhAELBoBEABTA

fHES 5,

I THSMGE LS, EiA EHAERIE
FEaHIcE, HEFDT7 1 BEFASNE
T, TREEETY S Fas LTHWTWE T &
DGy oo, BT, K-S WT, £0 v
T NEREL, BAEEEBRICI%ET S
HAIETFORFcmiT ShTwh i,

RIVATIALI VETOA FERTIESS

e 1Q e



A:

){,-‘.‘-

{bEERYHLAE

Cys=-Pro-Lys-Lys-Lys-Arg-Lys-Val-Glu—-Asp-Pro

Cys Pro-Lys-Lys-Lys-Arg-Lys-Val-Glu-Asp-Pro

'745”34¢m/19./a/

l

&

R A

B1. #HEELy 7+ VRSO EM~7F FERV kA HOEARBT
ART LS IE, $V40 large T HEOBBELY 7+ AEREE0A Y I ~7F FEGRL, ABEHI
BIFLEOWEAE G, PAE s YmE7ALT v (BSA) {LEMNIEESE 5. BOhaR7F F-BSAHE
Sin, EENEOMEEIC v 2 o4 ¥ P22 v e v, —EEE GER 304 8Bk migEEEL, K
BSA Hildd H BB A X » THAOMIEPFRTAHEY 5 2, BIORT LK, HIRET

B LMD,

#TTEB4F% Xenopus Oocyte OAMEEIC
wA o0l rIdas g v i TORTFOM
MREEA BT CHET L &, BB EE
T AL EE - THRCEITLTVWA T &0
SICENT W, FH0E, S O-linked
N-acetylglucosamine (GleNAc) o7 A
CEMBEAET BRI EMWREN, TORAECED
BREAM T H 2 SEIROMER E L > T,
ZFICARETE, GleNAC (28T sL 75
v T# 5 wheat germ agglutinin (WGA) 2587
A BORBTICED L 3 UREBERET S
AP, R VAT SR R, BTV
NERD DB TF FE2ESS oy vIIET v
73vE, WGA Z[REIEERaomIaE I <
Ar04 Py va v, 5 —ERMEOE

AL HomaREEER &, 27 LF TS5
Zivd, BEATFIFOFELLY VYIIET Y
TivbebiRMRECRELLEETHD, #
S B OFABITIR, WGA Dk - TERES
NB LS hat, WEAILK B AL H
OGPIEEITIRE M, B2 IR & 5 ic WGA O
BEICRTELTHEIIN L, &> GleNAc DA oBigi+
FT L Ly F v TREEEShIVI LS
hoi, £1, WGA I, HFEH 20,000 F vk
YOFE AP T YOI EEHEELC X - THIT
T A5 ERAELRWT EpS, HETLEERY
KHST 2 Elc k> THELTLADTERLL
T EHEH o T,



-
(=]
(=

o
(=

% Inhibition of nuclear accumuiation

B T 3
0.1 05 i 2 2.5 3
Concentration of lectin injected (mg/mi)

B2 #HEhACEOBABTeRET vsF Y

DEH
FEXFHRTOLsF v MR LT

F AL vH B0 SV large T B OHBIT &
I VR ESUERNTF K (T <7F F) &
WAL CH 7432 Y 2 Y v (PE) OESH
(T-PE) R & £ EEBomagEic <4 s o
AvPadvavl, R2LA7523 vEflt
T-PE OFMBITHAEE WP EShFHEL

REEBRERLTWLA,

®—0: TPE+WGA

C—0! Z7LFFS5R I +WGA

O—1 272 v 7SR v4avhd
A
A—4O R LFTFAI v+ WFA

M RZ7vAFEZY Y8 (NTP) M AL
B OHPBITIRNETS 3,

I AL CEBEABITE 2 o b IC b B
KIF ORENTP, AEAEMNTIEITE T 50T,
AU ~ERECEAAE L, ENBRTT S i
vitro ROMFESNETH 5, AU THE, 5 b
D47 EE AU LT in vitro SRR ORAR ok
HL, TOREFFPTECERRL-TETFOHE
ZUH G Ui,

BeLTl, v rtHhoaLli-bozrH
WV, LA EE LT B CESRLAER Y LA
73 A vE RSO AT D —
Thd HMG-1 AW, A HoNE
iTid, EIGHERie HCOs, Cat™, ATP OFES 3
HETTEELS IBCIK LTRGBS KR
Tt 12 ATP I, GTPREDMODOR 2 LA
FFZY VERINTP) KB EhA B ENTE R,
S LI NTP OFE AW S hicd 5 b IKhks

Radioactivity (cpm>10™*/210° nuclei)

--------- i
O 1 4 1 : : 1
0 200 400 600

Nucieotide (zM)

B8 3. SrEEEERE O in vitro EBRR

Sy TR bAEEL 1o8%, Catt HCO; 51E
TTHLrs L7523 v ERYE, 383CTHE
BEEh, o, SEXFANBEDOATP L4
VWRHATPOTFaZ4NATEE, 2EHOK
GRS, B ER L PR Lt 752
Y@H Yy EREL R

®—®:. ATP

A——A. AMPPCP (ATP 75 o)

B—W: AMPCP (ADP 7+ o4

C—0 ATP, HLEEZS 50 U 1%

Triton X-100 (REELER) T

fEENBWTF+ o Tdhbd AMPPCP B &R
Tbd, BRAESHOERNBETREES A, C
DT &, ATPRZFALE—LLTHVLRE
DTIEHEL, ZY YBEOETHEST A I EMNE
ThHidEFEL LGN (H3), BEcRERGHRT
BAEEEL, Z{ELLBREThHLTS
& AMPPCP BirHis hicsds, BLEEZR LY
HCO; #7101 Ca*™ W iif& s 5 L ikl
TEIGE 115810 AMPPCP i h
Mot, TOT LS NTPRE~EETECE
I EDBEEEILL, A CEREATD A
LCEDTEBIRIEICTHZ EHBSMICH -
fzo #% AMPPCP &L RIGHR T—ERE
iR L, AMPPCP #4808 % 8, 4CTR/ L
A7SRIVELBHMG] ERGEHBEE, O
hoFh A BOB~ OSBRI S NLic s,
CDHE, HRLAS(HELESSE LRI LE
75 AL vERWTHENCERZE LB b
itk o, ACTRESEESIHORT



A

B

4. Al CEOMMBITIc RIEYH DDDED fifkoih$ R
Asp-Asp-Asp-Glu-Asp (DDDED) o4 57 7 « =7 + —Hilfif L, @Et/‘uii‘ < HORETE & T
DRI w4 704 ¥ V=7 v = v L, 305380, BEL, Aot Ad CHIRT SHRM0C & B

WARREEET- LD TH 5.
A EEOY X g+ R vdT5A L »
B SiDDDEDfifd+ R 7 LA T I A I v

C

C: 5i DDDED #if&+T-BSA (SV40 large T SR OHBIT > 7+ VERAIZSLARATF F & v Vi

FTAT I VICESSE D)

KHEAELTVWAEDTH->T, BPICRINDAZH
TV WT &0, B3COBREEIRBHE T &
Warin -ty 33 COBEEDHA~DIDAS S,
LCOESDHRE~OHEES, L5508
JEEE A EERRICMA Btk T
WAMEsNE I EhG, BRAOKEIETHEC
E B -

E LI, D invitro BT WGA OFR %~
% &, invive ERERRICHC A BOMABITIE
WGA It X »TES i, TOEEIR, WGA
Wk -»TATP BE~EET 2 L MHES LS
THRBEIALZENVAITZ ELIELMIIH -7,

V. BAE S HoBABETEHEEY 25k

D438 & E N F O R T

08X UNDHEH» S, BITEET S WGA
FEEEOR A 8, BhAEEouiREg
TERELRRI R L MRENDITH
B0, Bl AR CEoMicE, BRIcBiTT sk
DOV F NOFEENEMICE - fcbid TH B0
5, TNEBHA LA EHEETOBISTL
T A AR BEOhEET 2 THA S &
WEXNZ, TOAEBEREWE T 0,
BHLLT 70 ~F Itk o TR AL B0
BTS2 A B a5kt s
CEERHASI, o 0RLMBHEELNS SV
40 large T HEOEBTS 7+ 488 Lys-Lys

100

50

% inhibiticn of nuciear transpert

concentration of Ak injectad {mgsmi}

B 5. i DDDED ifkd & oSS o ks

1

E4 LBEHOHEREEZROT, ST& LB
OS2 AL HOMABTE & ORIl

BT 20ER~bOTH B,

@8 M DDDED &+ X 7 LA 735 %
v

O——CO: §i DDDED #ifh+T-BSA

A—a: HEEEDEH{E+X 7 1 d 73 R
ER

O JE EEEDE fifE 4 T-BSA

B—8& F#HoyFgGrr 247352

C—{:

— 00

3y
S 9 4 & 1gG+T-BSA



Lys-Arg-Lys & S IEHEM 7 3/ BB 8411 5
BAlZEf>C LicEEL, 2hamsl, S
kT B DI "SEELAT R &, WE
KN OERTE bW T 3 / B U» B
BOTRHEVPEFEL, T, Asp-Asp-
Asp-Glu-Asp (DDDED) & 5 gl & 4o ~ 7
F&, Glu-Glu-Glu-Asp-Glu (EEEDE) &t 582
FEbo~7F FE2AKL, ThFhi~ToT
SVIEREEYE, Y FITRET A LD
MR, BBV E<7F FERVET
TA4ET 40T T 0 — I kDRI
HFEMCT, SR kI L b i
@95 &, §i DDDED fifkid, #iaksBiskic
HBeh B C &4 5 o, T O DDDED Pk & =
JVATIRIHBVIL, SV40 large T HiE,
BU A —< o402 large T FHEOERFT v #
NOFEEELicy YT VT 1 v ORATES, B
ElaOMIEH iz~ 70 Yy va v it
ETAH, BI4IRENBZEIRZ I LA T 523
YHBEIERITY S DS Ly SIS T
VT DEEWEEFTE, § DDDED Hifkic & -
PHEXh, T/, HshoBohiikdic, &
12 AT E OMEEIT O E G BB IR TE L
T2 v, fi EEEDE ffifk & (3RRREIC K= h 3
T EHh B, E£7o, {7 DDDED $ifkid, RNA A
e SHIEE Il 4 2 DERET S T & i
Mot & 0iT, FIMEEIC X 2ESTFIE O
M~DOBEITIRE L HE LM -1,

& ¥ DDDED itk o iy 5 R £ FES
Sich, #Hild, FREEHe LSMmcHY, S0
D THUEDTEEDR & & CRINES N 51 AT~
el T8, BELEESFLATCHCEGSE
i, PilAOEEERING B A ERRELE L
EENTOBEBD -1, HERAECED
R, Mg OMBELEM LT, B
AEEERTHE I EMWHMIREENE DT TH
50

E 500, DDDED kg %€/ 7 o —F Afifk
SR b, FO3Bb0—o13, RIEEENE
Pfdikic & UGS L RIEE TR IC &
B, AL TOwF g v PEI K BHEATE

FEDf2 5 OFEERER I L THIETLE S e
TS 3 EATRE N, R 20—+ 1k

CEERIZ LT, # A HOMNBIT 2 nEY
SEEN S BHE I DERE T B, Pk
FLTHEFEN 2 b2 & 005 - 1o

PEY, AL BOEBIT Y S A
T5 BEERLAECE & bun S ~EIRT
3 CheRV 2 v—Fabilksloe), s o0—
FAGEOTEHRT AWESTFTHY, 7 0iEHh
L3, DDDED %53 Wd%&0—Th 5 & & 4545y
Mot
B %o Ak R

Bl A CHBBRICHBITE 2 -0 b ETsH
BRI A CBIOWE S LU Fh AT 245
MOEFBAL T, EIFD & 5 Bk EE o
iz,

(1) #EFIEARFEOAICShATE G
AEL BN ORBIEL Y 7 L, ToESD
T/ BE e AT F FEFE LT
25, HICHETIFIIC Ao Ph icBiTT 5729
ORBITV I FNTHEI LM at, SO
BT F FERBET ALY, TEOLAE
CHZMIEED SRR (MAT I C &0
TELLEERERRTE L,

(2} GlcNAc #5435 Lv 4 F v ThH 5 WGA
BRI AZCBOBRBITERET 5 L2 S
iU, BECFET Al AT omEE L%
R EMETES,

(3) WGA O3hEER A, HilAE<BEEL
T, R2VvATER I vEROKIES BT
TF VR DERARTF PSS Ei oAl
HEeBW/IEES, IFERICHEEESE o h
el Ehs, TREFNOELAEER, B0
Pigainh, 502 WCA OWs%d 2480
Bl A CEOME 2 RE LT 2h0 ot
BB A LAFRBT LS EMNTES,

(4} EAFRIERRITEEREIC T A, 5 v FFD
UG AT L fci i AL B OERBETO in
vitro ERRET L1,

(8) T invitro EEREFIALT, HrcA
CHOBRBITICR, X7 vd s P2 sEbs



ek, FRIOR7LAFRFDZ) VEREET A
LE-—ELTHOVLNEDTREL, Hickad
BT itk > TR LR YR T E
DS ST » Fo

(6) WGA &, T O in vitro EERFRTHIEE
Hadhb, X7uvdFFEY rBBECEETS
OEMAESTZC EICE > THLAE CHOBERE
TEHET B &AM sT,

(7) A ENGOBRITY /- 5V
40 large THBRISEE N b L5, HEET 3
J BRI E b EERL, Zov
7 VERMT B “FEKAECE O
DM, BEKMCEOBRE bofET ¥ /RO
Wb ol 2D TRE WA EREL, BELS
b, Asp-Asp-Asp-Glu-Asp (DDDED) 39 241
ki, BrAFCHOKABTEHEE L, O
ZEhd, B AR HOBBT Y P e
T3 “EEELAEE OFEPHLA LR,
# OiEtut s, Asp-Asp-Asp-Glu-Asp 2% %
Wi EO—E NS EE T 3 /BRI T 5 A
ZEDFFIRTE T,

(8) i DDDED ¥l 078s 2B AL
Hid, BEALEAEERIAECEDO—D2>TSH S
C AR TR E NI,

SHOFHALRE

(1) ERhAEER BPRIoEPhEBiTT S
OBy s o L EMBISMIcEN
fodi, FNEFROHALCET, ORI
LE08iEy, +~Ticdy@ L fo— e ma
FETEMEIDBINAICOMETH D, T
Db, HE—EOLBURMVBEFEET L, £
I L, BT AAIETF BT A
oS SEE S N, FIET BT 2T
e THEELEILNEDLOTH L, O
BTV METIESLERTF I E, IR
BRiRESod T Ak EEs s EhiE, £D
FEEYAENIRRE I EA T 210 THERIEITL,
Z OFERIE 2 E S e O Oh THREST 5 2
EATREL 3D, PIEOBEE SIKES» TWY
CEMFRENB, Ei, TNTOFRITYIF
NHEIEE OMBITIEEZ boDd, 2 F DR

Fo7 vy MEBEFOEXGTE2SBNICEITE
BBy FUBEET A O EW-TTEbIH
o OEBSERFTE 2,

2y chErTRHEshTELEBT Y+
BiAE<BEE LTARSWIE, 7400
BT T A CHIET 2 H0RMD T
H BN, FRRSHC B S AR ORlR I R
LT Lo THIAE» S~ BT 5L AECE
bbb, FNoORAE S HEOEETY S+ Ak
EOEHIBHEELSLOTHHOMEHBLL
d, ThETHIONTVWAERITY 7 F e oNt
o EeIEE i BIREGRETS 5.

(3) WGA it & - TR s h A BRI HLET
AT CED YD, FOrAEES, ik
AlE B OHNIBI T BEETREE R T OorE
BEd 5 & HHETH 5,

(4) AHIFETRAZE L 12 in vitro FEERZR TH, X
ZLAT IR TP HMG1 & - e AR ORISR
Wit AE CERBHIBRBLBIEET 5 EPHE
ahah, BRIy ST AERIEELERTF
FaRigEaseiy VBT T v EOEEY
i, HEBITEESEE TRV RS RoBE
Thb, CORIC, PIATHRELZATCEHEZER
NFaceicks-T, BRITY Y LVEFIEET
AR TF RS s kA HEEERICE
FFessLdcnid, MRECbEAECE
ORPEITICE 3 3 EEL LA CHMBFEY
5 EMRsh, FoRFOEEILCD in vilro
FERRIERE(HETE S L EbN, E{ENG
T E & S SROEBSIEETE S,

(5) $1DDDED Hifkic & - T, B AELCE
DOABITHHAZESWE I &hb, ERITY 7>
AR AR A CEREET S &N
AR s hiERIEIREL, ok ra—Fu
kB LT, 7 o—FadifEefvhid, it
A CHOBRBITICBEES R R T O
teAECERTORIECKEMERS b0 &N
HZEEbRE, £, & LIKUENES, A
Fot Al HrERHsh, EhEa—~FT38
EFHrao—=vrshTwidid, BrAEHE
OREPIRBITER X 58T L <A TORMTATE



LB T THES S,

(6) i DDDED fiifkZ AT i, BaEs
A LG TOINNIEE H» SHR~D & 7+
ERDSTFHRE Y TR L VERSR S 1
HbDOEEbN B, %, 4 DDDEDHifkic
£27T, 3HO Yy F AHEES ARG
SIEVEIBHEBMNBEINEI A LALTVDD
-Cc'b Z)o

Pbok3ic, AW TE, BrAE ok
MEITERIICEL T, Y90HETH 1220
A SO7 Fo—F, 2F kAl CEONH
SOT77e—Fb, HGHEFRECK DT 7
B —F &R Y, Bz A HOR
MEATZBHE 4 5400k (3 DDDED $if%) %M
LT, BRFH930E - BllEhTwidil, &5
IHFL_ATOfTsaiEsiy, 24E40
RS TFEE B,

REHX
1} Yoneda, Y., Arioka, T, Imamoto-Sonobe, N,
Sugawa, H, Shimonishi, Y. and Uchida, T:
Synthetic peptides containing a region of SV

2)

3

4)

8)
6)
7

8}

— 25

40 large T-antigen involved in nuclear locali-
zation direct the transport of proteins into the
nucleus. Exp. Cell Res., 170, 439-452 {1987).
Yoneda, Y., Imamoto-Sonobe, N., Yamaizumi,
M. and Uchida, T.: Reversible inhibition of
protein import into the nucleus by wheat
germ agglutinin injected into cultured cells.
Exp. Cell Res., 173, 586-595 (1987).
Imamoto-Sonobe, N., Yoneda, Y., Iwamoto, R.,
sugawa, H. and Uchida, T; ATP-dependent
association of nuclear proteins with isolated
rat liver nuclei. Proc. Natl. Acad. Sci. [/SA, 85,
3426-3430 (1988).

Yoneda, Y. Imamoto-Sonobe, N, Matsuoka,
Y., Iwamoto, R, Kiho, Y. and Uchida, T.: Anti-
bodigs to Asp-Asp-Glu-Asp can inhibit trans-
port of nuclear proteins into the nucleus. Sei-
ence, 242, 275-278 (1988).

MESRE, ME 8 BHELEORARBI Lo
vy, EEESE, 6, T15-T20 (1988).
£ - RSB T, M BE BEAToBRTE L
AL H{aoRlSE, 39, 570-574 (1988).

K HERAHOMBITY 7'+ 0. M, 21,
79-83 (1989).

PARRERG, ME B v vy BoBmBiTH
. M, 8, 107-115 (1989}

MRS, ME B RNA & BEE OIS
. EEREESE, 7, 500-505 (1989).



