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v TR AR Y A VA TR (HTLV-1) Tax BEIC L 5
KRR HIRIE T c-fos DERBETEM{LEERE D AT

SRAFELHFNMEH=RE (EF0BE REED
R -
(PR 54 1 A19B%A)

e MfaEME Y 4 A A [ B (human T-cell leukemia virus type-], HTLV-D Itk o T2 — F&h 5 Tax EHZEAD
MBEBREFORBYEE VA THEETAERALRTWA, ¥z, ThOORAFELA L THILFOREEST5 4%
2 B5RTW5, Tax GEMBEETFO 5 BT cfos, egr-l, egr-2 12T, 7w — X —fFRFD CArG box 23 % DIERA %
MALTWB, 20 CArG box IiE serum responsive factor (SRF) # 4 LHEBOMBREFIEEST 5 Tax REEEA L
W, Tax RED L 512 LT CAIG box #r LIcEFEXERLT 202 B LT 5 BT SRF LERBOERERF GAL4 &E
B DNA R4 OfMAEE (GALSRF) % {EH LT, Tax & DHEFALMIA (in vivo) B X UEBRER (in vitro) T
87 L7-. Hela ffakkic, Tax 3 L0 GALSRF #&EH$T 575 R § V& GALLd BEARBARIC L »CVR—- 2 —HEFOD
RENIEENZF5RI PYEEFEATSZ L L ) Tax EHP GALSRF EA% N LTUEERFERET EL BV
L7-. GALSRF @4EH{®D SRF H4REEREL AT, Tax K L AEELICIZCREHRY (7 3 /7 B264%F D H508%) T
+4THYH, NEBACHELETS DNA B4, 2 BEEHES & O ternary complex factor (TCF) & DR/ ETH N AL v
BOHEE LW EARERE. ¥, ThALRBRAORMHES L OCRBEYACTFEM LA SRF EQ e Tax EQ LI
BTN CHERAL, *OHAKD SRF © CRMEENEE LT, 36K, BEFEE(LELHEL Lz Tax OEREHN
SRF tBWEFEE(CERLET5 VPI6 LOoMABEARK X VEEES(LEXEE T Z LR, ZOBRIZERA
THEWTH Tax & SRF EBAEABEHR TS L2 RET5. LEDORKRMS, Tax 12 SRF © CRMHSCEHERZSL,

CArG box kM c-fos, egr-l, egr2 BETFORBEXFEL T B LE21BNS.

Key words HTLV-], Tax, c-fos, CArG box, SRF

e MR EmE Y A A 1 # (human T-cell leukemia virus
type-1, HTLV-1) {2, e P TRERREIALENOV I YL 1
ATHA"™, HATMHEEA@RK (adult T cell leukemia,
ATL) BEOMBHIC Z D W A L AT 5 ERITE BT
Thszl, AEMFEMEOREE DNA WY £ LA DNA ©
HIAARE 7 v — vIICRHIhDZ L, SLIHEEMRRO
FBRREBWTIOY A VAREE TR HERRT S Z L
EhLFOREOEHEN FEREELLR TS,

HTLV- O&EEFEFINBEFE I, Vv A L RARIEEL
THhBIAHEF| gag, pol, env DZHIZH 1.6kb DHEE DEF|
X FERAFHE O L BELN L 7. AN BHRLA V
FrYvAALADOES, MRBRETFCERTZ2ERETFLHED
B, pX EECHRAM LR THREETIREE LT aLD,
%Ffz, HTLV-l Of&EF~ O AR LA NBEET & - T
BicAE,SY, BEOMBEGTFRYAI VAT B E -2 -
I o CEBIEIN D TEBZOVWTREBENTHS. T,
MR ETFCHAEE BRI I A ALY S VAT y— 3 v
YRTFOFEENPHES R, £0#%, pX At =—-F3h b
Tax BEASKEMAORRREC B WTT » P RIEFHR

(Rat-1, rat embrional fibroblast) ¥ Hi#E T 5F™, + 3 Vv R
Py JTTALBOTHERKEEYERT 5> FENRS
hY, TOEANENAKEE TS key RFLELZDIRD L)
g7z,

Tax 2R, VAV ABEFRAXEBEE VA TEELT S
RFELLTAZENED, TOHEHCEADY A P I 1Y
BETF [ &2 —ra %2 (interleukin 2, 1L2), R Ek—~ 7
v 75— ar=—f#KEF (granulocyte-macrophage
colony-stimulating factor, GM-CSF), 4 v % — = £ & /' 3
(interleukin 3, IL-3), transforming growth factor 8 (TGFB), [&
EFERTF (tumor necrosing factor o, TNFa)], #4 b H 1 v
SREBETF (1 v —uf+v 2%BEa (IL-2 receptor a
subunit, IL-2Ra)] B X OB K O Mk 2 EE FHE (c-fos,
fra-1, c-jun, jun-D, egr-l, egr-2) OREXFHETLHMAR I h
Fo - Tax 12 X AMREGETFORBFEEE L EHREMARD
EBRRIC BT AMEERE L VAEETAEN» S, Tax Mk
BEFORBFEL N L CAMFRRECESTLLELLRT
Wh,

B Tax GEUEETFEOWT, T2 E— & —FEPI,

Abbreviations : ATL, adult T-cell leukemia; bp, basepair; BSA, bovine serum albumin; DEPC, diethyl
pyrocarbonate ; DMEM, Dulbecco modified Eagle’s medium; DTT, dithiothreitol; EDTA, ethylene-diamine-
tetraacetic acid : FCS, fetal calf serum ; GM-CSF, granulocyte-macrophage colony-stimulating factor ; GST,
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Tax IGEMEART= Vv AV —~EIANEEIR . & il
HTLVI O 9 A v A=V w9 —DF AL long terminal
repeat (LTR) PID2135 25 (21 basepair, 21bp) EEFIH",
IL-2 & IL2-Ra D&HAWIX nuclear factor kB (NF-xB) EZIH
Tax WKHET R, L Lizdib, ZThbDvy vy 4—F
st LT Tax OEENBESEEIREEAZVERS,
JaE T2 Tax OBEELHFNATHLEXDATVS. T2
Tax LD DNA HAUEFRT GALL LOMAEERDD
GAL4 #EAEII A LCEFERERLT 2HE, T7bb Tax
DEFENCAR (GEOEREE K L Tl & 21T 5 HE)
PETAHERREINTVA", Tax i=v v —EIIC
BEELESLTVWEND, Tax RREEERTESAL, BS
BE O OEFEMLEBEY N L CEBEEEBZHENT B LW
SEENHEI N, €T, Tax OBEEL TN TIBEERT
DREER Tax BEBRELOFABEO TR Tax 24 LR
PABEYBBE TS L TRIEBRELLRED 1 2THS. Lrl
b, ThETDEIAFD IS AFREEIR TV
[

Tax DHNRFXEETH LT, Tax HMEOEHOEFEN
S THENCEEYERLT5 L EL NI EGTYERTS
HIINETHS. cfos gD &L Ll ol #ETFHIR
£ D Tax HERREFOHF TS Z OF&Mrii T %D
BLBVCEETFRTHH. e hid, 811 Tax ZHERAK
RE DL, BERBHCZALERTFHOREANFEIL
BEY, g2, ThoDEGETREIMFLRESSRN LY LHE
LT, TEXFRFBMEIE L CHEINDIENTTIWREIN
TWBLBETHBD.

c-fos BEF 72— & —HIZIZ 22D Tax [FESE=v v
F-NEHSC I TREBEEATLBY. ZhbHid vsis
conditioned medium inducible element (SIE) ¥ X U° serum
response element (SRE) ¥ FhFHEA Tz, ¥ HIC SRE
D aT7EITHSH CArG box 7' c-fos DAL HT egr-l BLOU
egr2 O Tax &M =v ~v o+ — & LTHBRETHEN
Alexandre HIC L » TRERNTHAH . T OH4E, Tax
CArG box WEER &R, Mt ERTF SRF (serum
responsive factor) MZ 5T _RTCICHKEATS.

SRF 13445 & 7'+ v D ANBID BIEFE WK HET D H#
BtEETHAHY. BIEY 75 4L SRF O DNA fE&EMER X
U#E LR E (L2 5 2T, ZThETOEIALAKLT
SRF Af~ 7+ Mc & 0iEk(b Sh, Ml EETFE
DEBAFYETH0ITB O TIRIWY.

DEDL > REERYSE LT, ARTRIMREEERT
SRF % Tax & & AU MR ETORFFELNN T2
FERTFELTHEE LB LY, 512 Tax KX % SRF OfFEH(k
DA H=RBCDWTHRE LRIV THRETS.

HRESVHE
I.HESR

HAEFET L RESHZOTHROLE N L DRTH L RS
(KBR) B SE%x A,

I. ERMA

b FEEBEHRK Hela Milax 10% 4B ME (fetal calf
serum, FCS) (Hyclone, Utah, USA) ing A~y afES — 70
¥4y (Dulbecco modified Eagle's medium, DMEM) (B K, &
) ITCITC, 5% COP FimTHsaE L.

M. LR—F—SFZ 3 FOBE

VR —%—735 A3 F pBCAT, pGI10BCAT, pL8BCAT,
CAIGCAT W IFh b SIRKBEEBHER & 1 v X OB
ERENLSEY ST, VE—&—75 A3 FpBCAT 117
BSGAT =2 —)VFTEFNFNFT VAT 25—+ (chloramp-
henicol acetyl transferase, CAT) EEFDOLWMIZ7 5/ 91 )\
A D Elb EEFD TATAbox #BAZINKLSFAI VT, &
O CAT REFOEERL O LD DNA EFIx M L CiEHEL
EhBLEIDTFAI Ve ERFEAIhLMIRAT CAT &
BAEBINERL, #8345 CAT 7 v &4 TLOEFEYE
PERTHIENTES, FOEEEMRIZ CAT BETF LEFKEO
YAV —FIEE IR E T IBEEERLET L BEER
RAFBITTh L DEREEFERLEBCKETS. LE-2-77F
2 3 F pGl0BCAT X pBCAT @ TATAbox iz GAL4 &
B ORET5 1T % 10[E# 0 & L7z DNA 7% GALL &
BEESO= Ay — L LTHRALEREAL, VR—%—
75 2 3 ¥ pL8BCAT 12 Lex BEEHDEATH188EFEN % 8@
BOEL Lex EAKEK D= ~v+—& LT pBCAT @
TATAbox EIZE@ALL. VE—2—73 A3 F CArGC-
AT i1 Elb BEFD TATAbox Ok hICEf~1~_R 71
NADF ISV FF—EBEFOIeE—2-2FRALTOL
e CArG box @ DNA E%| CACAGGATGTCCATATT-
AGGACATCTGCGT ##HA L7z,

V. 7208753 FOEE

75 A% ¥ pSG5 (PSS, KR v 4L A SV o=
- -OFETREZOTMICHLEEFX ASHMRANTRER
IRBED, ZOSFAIFERI L LTCTFHO=7 27
A—FF AR FRER L.

1. GAL4 &P DNA #4HE L SRF OREERKCOME
EBEARBSFAIF

GALY BEOT7 i /BD 1 B HUTRBIHFET S DNA &
SEARETAT 5 A T F GAL (1-147) 3 X 08 SRF % %8
F57 723 F pSGSRE 1XGIR AR v 1 /v 2 B
BB L 5% 5137, pSGSRF 7 HElBEFEIC T SRF
DT i/ EEI0ES D C R, 1052 H264%, 266FH b C Kk
Fa— FTHEEF LML, GALY (1-147) @ DNA #&H
Bxa—- F+28&ETD3 QiAo BEIbE CH
A L 7=® [GALSRF (10-508), GALSRF (10-264), GALSRF
(266-508)].

2. Lex H DNA H& M &L SRF ORRERB L
VP16 EHEEESE{LHEEE OBEEERR 7 A F

Lex ZEH O DNA BAHEBAYHRETE 752 3 Flex KLU
F7EHE DNA &K & VPIE EHD 7 § /BO4I3ENDL
ANBREFAET I REEERLLEEL2RER T A2 772 3 F
LexVP 3&IR KSR v 4 M A MEEREEL» b0 5

gulutathion-S-transferase ; HBS, HEPES-buffered saline; HTLV-], human T-cell leukemia virus type-l; IL-2,
interleukin 2; IL-2Re, interleukin 2 receptor a subunit ; IL-3, interleukin 3; IPTG, isopropyl-B-D-thiogalactopy-
ranoside ; LTR, long terminal repeat ; PBS, phosphate buffered saline ; PAGE, polyacrylamide gel ; SDS,
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2Tz, Lex © DNA f5&HE O CRIGM- SRF EQ 7 ¢
7 BR264F N H508F R 2 — FTHBETEHAL Wiy bbb
THEA L LexSRF (264-508) #fF# L7c. LexVP @ Lex &H
DNA #&HEERETF & VPI6 BEEEE(LEREEF oMK
SRF ©O7 3 /) B66FE N H484BH o~ N+ A BEFEFEL L
hed bbb THEA L LexSRF (266-484) VP % {E&l L 7.

3. Tax #H 7523 FB LV GAL4 EH DNA #S6EE
& Tax RRERGBLEOKEEBRARF TS A ¥

Tax BADORHR 75 2 3 ¥ pSGTax, Tax EHOXKALE R G
FET 5 A3 F pSGTaxM 8L U GAL4 i DNA #4485
& Tax BH, Tax BHCKHGRAERG L OMAEHRE ~
% A 1 F [GALTax (2-353), GALTax (2-337), GALTax
(2-322), GALTax (2-317), GALTax (2-312), GALTax (2-285)]
RERKEBART v I VW ARLBEREL I 0 HE2 2
7z,

4. GAL4 X DNA #EHEE L Tax REERHE VPI6
EFEEEILERE OMABRBARR S A I F

GAL4 B DNA #AHEB & Tax CRKMRAERE L
VPI6 BEOEFER(LEBE L OBAEBRER S 7 2 3 F
[GALTax (2-322) VP, GALTax (2-312) VP, GALTax (2-285)
VP] WA Y A LV AREREE X Y 552 FiT .

V. BIEFEA

CAT 7 v 1 3% Hela #8340 5.0X10° f/ml @
WETI0% FCS fn DMEM 4ml 12 T37TC24RFR s, Bifh
ANV MBI TRETFEALRTo. VE-2=FF5R 3 F
Spug &7 =27 F -3 A3 ¥0.5-3.0ug ¥0.26ME (LA
T4 2T6ul WREL, TOEAHY 2xXHEPES-bufferd
saline (2xHBS) [NaCl 280mM, HEPES # # # pH 7.9
50mM, NaHPO, 2.8mM] 288ul iZfE& LR IZT20458E Li-
#%, HeLa MR iz 6 FRERHIISEE L. O 10mM BEAEE
£ B AKX (phosphate buffered saline, PBS) dml T# & L
10% FCS jn DMEM 4ml T37°CIC T 48R fE s L1-.

Vi. CAT 7 vt4

BEFEA LEEEOMMEY PBS 1o T#% L, Trs NaCl
EDTA (TNE) [Tris-HClI pH 8.0 40mM, NaCl 150mM,
ethlene-diamine-tetraacetic acid (EDTA) ImM] 1mM = ¢ [H
4%, 10,000rpm 1080350 L LI 0.25mM Tris-HCI pH 8.0 %
1004 pnx , BBEW &€ 2+ 1 % — MODEL UR-20P ( F § —
T, BR) WTRAHDT S MMME LA L EE, 10,000
rpm 104080, B 50u & IM Tris-HCI pH 7.5 704,
dmg/ml 7 & ¥ CoA (acetyl coenzyme A) (Sigma, St.
Louis, USA) 204, "C-7 ® 547 = = = — st (D-threo- [dichl-
oroscetyl 1-"C] chloramphenicol) (7=~ 4+ &AL oSy, &
JR) 0.5pl, ZREEK0.95u 2% 3TCI204 1 v+ o<~} L
. TLTC, BEE=F v (Y3, WEB) 5004 2z L <ERM
L 10,000rpm 1 B MED, EBEER LEBRERR = 51
15 WHBRL, YV 25 AEBS L — b (242, Darmstadt,
FAP)RARy MEZERALA L A& -1 19 | BEE
PHRELLCRMELE. Tv— e BRET e F AL
RIA7 2 =3~ NbTwFMEERTWEWI RS AT 2 =

A-NDERERDAR g P DREFERERA A —STF 51
W= (7740, W) THY VLI,

VI. ZLEFA>S 52 A7 15—+ (gulutathion-

S-transferase, GST) @S EROHRBEEH S UIEE

77 A 3 ¥ pGEX-2T 2 isoprophyl-B-D-thiogalactopyranos-
ide (IPTG) DHFET T GST 2 AKBERIC KBICELETEBY,
ZDTFAIFD GST BETOEEDORY )V vh —Hic
Tax BETFELT7F /914120 EA BEFYHEALKBE
HBAL GST-Tax @MAEH & GST-EA MAZEQYREI R
fo. ZOKBEE 2xYT 54 (+ V) 7°+ v 16g, NaCl 15g, B
=+ 10g, 7> Y v 50mg/l, pH 7.6) 400ml 1237CT
BRL ODuo 2] .01 LB T IPTG % SR EE0. ImM &
2% k5K inz ¥ DI 20RFM25°CI CHEE L, 6,000rpm 1T
HOULEH L. Bd% PBS o TH#%, #OH 1 % TritonX
PBS WHEBHBEE TS A ¥ T 14X 5 @AE LA
REx ML 15,000rpm 5 45& 0 L EERXER L. 20 EEE
I NRFF /47 7 v —A (Pharmacia, Uppsala, Sweden) & 4
TIT200% - < HIREEFIL 1 % TritonX PBS & T¥¥,
BOLI., ZDIAEFF v 2T s 0 =R ) o — g v
2%y 7 5 [Tris-HCI pH 9.6 50mM #' /v 2 # + + (Sigma)
SmM] 5ml & prx & < EF# 3,000rpm W CEL L EFERE
IR, FBHHE (100mM BEERAKES + Y 7 A pHT.8)4.511C TI28E
T L7,

VI. S EFEAOEK

Bl L7772 3 ¥ pSG5 REBRENTRT T 7 rE— & —
DX TEEDTHOEREF% TTRNA YV A5 —€IZL D
BET&%. SRF, SRF (10-317), RB, GALVP #ETREAL
7z pSGS5 2ug & 5 XEEHE Ny 7 » (200mM Tris-HCl pH 7.5,
30mM MgCl,, 10mM spermidine, 50mM NaCl) (Promega,
Wisconsin, USA) 2041, 0.75M DTT (Promega) 1.3ul, 2.5mM
NTP (Promega) 20ul, T7T RNA £V 2 5 —+ (Promega) 24l
RNasin (Promega) 1ul, diethyl pyro carbonate (DEPC) 4LE 7
BK 5541 % n%37C 1 BRI IS DNase (Promega) 14l # /10
AITCISFUEL =2/ — LI Lic. BOEEME L RNA
% 50yl © DEPC MEARFE KA LT, B LA RNA 2.3
L 5 X E OB i ER e HH ¥ [reticulocyte lysate (Prome-
ga)] 32ul, ImM 7 3 7 BREA ¥ (Promega) 3ul, ¥S- 2 +# = v
(7= % & 4 -¢v) 3ul, RNasin 1.5ul, DEPC /LB 7§50 K
3.2ul N30T T 1 BEBIRIG L.

K. GST MEERLERERORAER

TNEFF /27 78— 10u % 50uM ZnCl, 1% TritonX
PBS 12T 3 [EIE#tk GST MAEE 2ug & 50uM ZnCl 1%
TritonX PBS 104 %20 % 4 C 1 B¥fEEFI, 506M ZnCl, PBS =
T 3 EEEHERES Yy 77 [HEPS pH 7.9 20mM, 7'V &= —
N (EFH{E%E, ) 20%, dithiothreitol (DTT) 2mM, ZnCl,
50u4M, bovine serum albumin (BSA) (Boehringer, Mannheim,
F4 ), KCl 30mM] =T 1 @%# L, 3,000rpm 1585&0 -5
EERERES 7y 154 LEHES 8ul AN 4CRT 1R
@ - < DERERF L. Z0%, ¥#-Sy 7 » (HEPES pH
7.9 20mM, 7'V £w —120%, DTT 2mM, ZnCl, 50uM,

sodium dodecylsufate ; SIE, v-sis conditioned medium inducible factor; SRE, serum response element; SRF,
serum responsive factor; TCF, ternary complex factor; TGFB, transforming growth factor B8; TNE, Tris

NaCl EDTA ; TNFa, tumor necrosing factor a

e
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NP40 1%, KC1 130mM) 20021 % T 3 [E% » £ D EEIEFM L T¥
%L 3,000rpm 1585&0 L EEXRE v 7Ly 7 5 [62.5
mM Tris-HCl (pH 6.8), 2% FF > /BB + VU ¥ & (sodium
dodecylsulfate, SDS), 5% 2-A LB 7 b= g s —, 0% 7V &
B, 0.1 7 e E7 =/ AT =] 15ukiNx 2 5EHBL
fo. BBtk 15,000rpm 1 5380 L EER 8% SDS- £y 72
A7 3 F&L (polyacrylamide gel, PAGE) i€ #5 100V TE&
SREBLERIRA AT FIAF I TAY FEERIZL
7.

B ®

I. Tax ZAI(X SRF 24 LTEE#EMLT 3

c-fos, egr-l BI O egr2 BEFIZ5' LHERCELET S
CAIG box 1T & » T Tax (REMICEMELIN A", Tax 132
OEFICEERS Licvw2 &h b, CAIG box ARFOEE
EHRLEEC/ AL TS LE26M5. 2T SRF LEER
F GAL4 o DNA #E&HE GAL (147 0o @A EH
GALSRF (10-508) #{Ef L Tax & DHEFEAE XTI, b L
Tax A% SRF OEEEW(LRELHEM T2 Z £ 2%, CArG box %
N LBECERLOFERETHIIE, ZOMEBEBREETT
GALY BARIEKFHCEENEELIhSEIHFIhD.
VR—%—-& LT, CAT BEFLERIET ¥/ v 142 Eb &
BEFLERETF Y141 A Eb EEZFD TATAbox B L O
GAL4 © DNA #&RFI%MARA I TS S5 2 1 ¥ pGlOBCA-
TREALE. VR—2—, Tax BET 52 FeMERE S
FAINELIHERE ANV Y LRI X D Hela Ml —@M%
BEFEAL, GALY REESIKFHOBEEEM(LEER CAT
DEFRER*IFEE LTHlE L7z, GALY @ DNA #4HEE
GAL4 (1-147), GALSRF (10-508) # %\ i Tax B THKIE
SR E, GALL BEEI 2N LEBEEOERLITR LAY
BEINLh -7 (K1), L Ligaih, GALSRF (10-508) %
Tax #IHICHH LWL & CAT BEFRBROZH L HENHE
Iht. ZOBEEFEME(LE GALL BARBARI LKy
K= —FAOCIHRCIBEI RV, ¥/ Tax &k
GAL (1-147) %3 SRF #HE L BT TLHE R

FEEHEEA ST, CAIG box A LIt EEEMLrEHD
AEBTHAIEINREI NI,

I. Tax BAIC LD SRF O CREEE % L-EEE ML

ZHETOWRMD, SRF sk 2 8tk & LT egrl,
egr-2 BX U c-fos O CArG box WA THENRIAT W
B0 ¥ cfos DA, SRF 2 BEBEARSEFERT p62
ternary complex facter (TCF) & 3 &k (Ternary complex) %
AL T c-fos @ CArG box IZ#EE T HEN ST BY,
ZD%E, CArG box 1B L7z c-fos BB ORFIA =BG
BICBELTHa", Thb0R/MEEERIKE LT, SRF 07
3 BR133FH H222F DRI DNA FEAFIRAD, 168555
2R2BOW|MT A TS 4 7 —HREEH™, & H193F M 5222
BORSC=ZBEHHCEETAEEAREISATV52.

1 264 508
[ SRF |
DNA binding ~«——»
p62TCF
Interaction
Effecter Tax1 CAT conversion (%)
5
= <01
- + <01
- 0.1
GALSRF(10500
+ B

GALSRF(10-264)

GALSRF(266-500)

Fig. 2. The C-terminal half of SRF mediates the activation
by Tax. Upper scheme shows the domain of SRF for
DNA binding and p62 TCF interaction. Plasmid pG10B-
CAT was transfected in to Hela cells together with
effector plasmids expressing GAL-SRF [GALSRF (10-508),
GALSRF (10-264), GALSRF (266-508)] and Tax. The CAT
activity (percent conversion) are presented.

NigWEnD, MEEAD SRF #4540 Lz, GALL &R
3 Reporter . LexSRF CAG
FIWCiRE LB EE 2 bRz, E512, CArG box 1235 GAL4 site + oo
N Effector LexA site
BEEELRER & - o Tax &£ (TaxM) TIRRID L 3 iz
- <0.1 12.6 3.1
GALTax(2-353) 75.3 47.4 21.8
GALTax(2-337) 775 52.6 21.7
Effecter g‘t’;l—s“ Tax1 CAT:;O"VEFSIW (:/;) GALTax(2-322) 0.3 13.1 5.1
- ALTax(2-317, ND 133 ND
Gcas [ + Ll GALTax(2-317)
+ |02 GALTax(2312) <0.1 8.5 ND
s | b e GALTax(2:215) <1 8.2 18
+ <0.1
o GALTax(2-322)VP 95.0 71.8 17.9
+ + O GALTax(2-312)VP 92.4 79.5 ND
T —
TaxM | 0.1 GALTax(2-285)VP 95.5 10.3 1.3
- -+ <0.1

Fig. 1. Tax activates transcriptional activation function of
GAL-SRF hybrid protein. Plasmids pGI0BCAT with
GAL4 binding sites or pBCAT without GAL4 binding
sites was transfected into Hela cells together with effector
plasmids [GAL (1-147), SRF, GALSRF (10-508), Tax,
TaxM]. CAT activity (percent conversion) are presented.

Fig. 3. The Tax domain responsible for the activation for
SRF of CArG box. Reporter plasmids used were pG10B-
CAT for GAL4 site, pL8CAT and LexSRF for SRF,
CArGCAT for CArG box. Reporter plasmids were
transfected with plasmids expressing series of GALTax
deletion mutants. The CAT activity (percent conversion)
are presented.
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CCRAEINACEERREZEDNKKRA (7 1 VBLOBENILS
264%&) LR ET0WCRMM (7 3 7 B266% 2 H508%) O h
Ehiz2onT GALA MAEAREHL, WThoBEoEaL
T Tax BEIMEERFEWL TR L. (R 2) NRESE
BoOAREYHTSH GALSRF (10-264) ¢ Tax ioihd A IGEM » 14
KL, —F, CERMBBEBDOALE TS GALSRF (266-508) D
BE, BT GALY RN LTEELEE{LT 5 L3t
1z, GALSRF (10-508) & A#k Tax IZ & - THDFEMEH A X
iz, €T, Tax iX SRF D CERREIE (7 3 7 BL266FH D
508%) M L TEEXERILT S LE LN S,

Il. SRF FEMLICES5T D Tax EHOHEEEREE

Wiz, SRF EM(bBET 2 Tax D F 4 1 VBT ERL
7z. Fujii %1% Tax & GAL4 © DNA 4 HEERE DMAEDY
EB L, Tax 2MREFEMLHEK (GALTax © GAL4 fE&E S
AT ABEERMELE, ThbbBEEoEAEBI LTBE
P BEDEFOLEZLATWLER) ¥ ETHE, b
ZOEMS HTLVI w4 AR v vd— QUEES) OEH
LS LTWAELYRBLL?, ZoFEKD SRF 8 XV
CArG box BEHAILK BT 2BEHL SR TR T A DI,
A0 GALTax FRUY BV TCRB YT -7, £0Od
SRF DA KBED DNA £EER LexA LOMAEHR &L
T, LexA #BEI 2N LEEEELEL LTRE L. (K

Fig.4. in vitro binding activity of Tax with SRF. The
glutathion-Sepharose binding with GST fusion protein was
incubated with isotope-labeled protein overnight. The
Sepharose was then washed, and the bound proteins to
the Sepharose were eluted in the SDS sample buffer and
analyzed by SDS-PAGE. (A) lane 1, GST and SRF; lane
2, GSTTax and SRF; lane 3, GSTTax and SRF (1-264);
lane 4, GSTTax and ElA; lane 5, GSTTax and GALVP;
lane 6, GSTTax (2-284) and SRF; lane 7, SRF; lane 8,
SRF (1-264); lane 9, ElA; lane 10, GALVP (B) lane 1,
GST and ElA; lane 2, GST and SRF; lane 3, GST and
GALVP; lane 4, GSTRB and ElA; lane 5, GSTRB and
SRF; lane 6, GSTRB and GALVP; lane 7, ElA; lane 8,
SRF; lane 9, GALVP. :

3) LexSRF (264-508) 12 GALSRF (264-508) & Rz Tax iz
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Rt BEIICKEETSH SRF OREAEARN L TEEYEMEL
T5. ZD®Eit Tax 44 SRF © DNA #ATEM S LT TR A
CEBEEMCECER T ELELKHHETS. GALTax &
RiEDF T, GALTax (2-353) 3 X 0¥ GALTax (2-337) D&t
GALY B EEI % N LTEFRFER(L LA, Zhbiiung
hd LexSRF ##EMA(L L1z, —H T, GALA &EEIC RT3
FEMRE - To TN TOERMEH LexSRF bt 5 154 4 Mk
Whote, b1, GALY BERIICRT A EEFEM LIS
4 7B GALTax (2-322) % £ U8 GALTax (2-312) iz~
B DEFEEEICERK (VP16 © CRBER) M+ 2 &
GAL4 BARINCHTBEMEDORIL ST, SRF i+ 51E%
FHEE L. ZhoDRRIX SRF 24 LBEFERLE 3
WTh, Tax OEEFENH(LEESEE LTV AEYHR S RET
% . GALTax (2-322), GALTax (2-312) & & iz By,
GALTax (2-285) D#-4121% VP16 20 LTH GALL 1w it+
BIEAORMER L, SRF i+ 2ERXEE Lich o7z, =
DEIX Tax 7 3 /B 2B LIBOARCEEEN(LER L
11R7cD SRF EH(LICHEASBENSTh TV AEYRET
5. RIZBWIz GALTax ZE{F1Zo\WT CArGbox x4 %
EEEELEYRE Uizl 25, LexSRF OfEM(LiEL £ —
HELTwik. T7bb, SRF kx4 2% Tax O BT
CArGbox %Mt LEEBEFERL2HATARETH 5 EHRE
Ins.

V. RBREARICEITS Tax BB & SRF LOKSEM

EdBD & 51z Tax 28 SRF # 4 LCEER EWLT A2 EIR
Ehiz, SERRRENOBERRETV, ZOFEME{LL
Tax ® SRF X3 2 EEMIER OB 5 X MENERT:
OERF L. 29 Tax BAL GSTER EOMEERRF
BL7 (GSTTax). ZOMABEALX /N EF+ Vv REEELE
INRFF V2T yr— RS IR, —FT, FRFRMER
OfHEEBWERRIC L 5T, SRF % *S- 2 #4 = v THZ
Ui E#HLASRFEHL GSTTax-+7 » v — 2 L %R
BFRTHASZE, 130mM O KCl 248y 7 » 10 THESHEI
LEAEAICHEES L TV ElER %Y SDS-PAGE I THHFL
72 (®4). #E# L7 SRF EH D GSTTax-+ 7 » v — A3
ARECTEENEEE NI, SRF 28 GST-2 7 » 7 — AIZITES
LigwZ Enh, ZOREESEIT Tax BB L-EST
BrLEZONI. &b, avie—LE LTHWEEASE
H(7F/ 74V ADEERT) 8L GAL VP &
(GAL4 @ DNA f#E&EIEKE VPI6 L D@AER) 12 GSTTa-
X277 8- ARREELT, Tax BHOFEROFESEWOT
ENRTEIh, Fic Tax W 5EM{bEELMELE
SRF ONRMEH (7 I /B 1 Bh H264%) OB4, Tax kot
TAHARAERE RS> TV AEIEALI . D&M
5, Tax 1% SRF D CHRMBPE L TR L CERENCEATH L
Exbhd. RCHERHLESEENT TREEIATV3
RB (MBBFMBRECRRE L X h 5B BEFEY) & EA %
AOTHRE LCEZ A, AIRCHERNESIBEI LY. ¥
o, TOREEE L B35 & Tax & SRF & ORES1EERD
OB CENELMI o7, Tax & SRF oS &I
CAIG box R\ L v 7 MED B ER B OH KR
WICHREBEEIZ L o THBE IR, ZOoBRRFELEY

S
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r#Ex bRk, Tibh, Tax & SRF & OREATFEMEIRRE
TR LNTOR/AERNHEILE L ELLRD.

V. Tax & SRF L OMBERICHITIEAEHBAEE
SE, MANTEEVESS LR TN LI A D0
<, UFD X577 » AR I DEE LAz (B 5). GALTax
(2-322) 1% GAL4 RAEFICH T 2BEFERLEL K- T 5
54 SRF 1o+ 58 R MERFERK LTV 5. LexSRF (266-484)
VP 1 SRF ® Tax #&&%EK, VP16 OBEEERHILBARRD
Lex BUDOKBITY 7+ r2EHLTWAS. b L LexSRF
(264-484) VP 2% GALTax (2-322) L fapac s\ - T AL
BT hiE, VP16 OEEIEH(LEC L v GALL ARFIHRTYE
WEEHNEN{LIhAESPEEN D . GALTax (2-322) %
i3 LexSRF (264-484) VP 18 T2 GALY #EEFIENML
TEERERIL LR -7 (R6). LrLizdis, AERFE
KRB EE S & GALL BABRTIREMIC CAT EETFORRSB
EREEZ S hi. SRF B9 x & ¥y LexVP 0%, FHH(L
REEINVEN L, ZOEM{LE SRF SHoTHRTR
ETHHEEL LRI, LexVP ¥ X U LexSRF (266-484)
VP BEABREBVLWTER LTV AEIOWTL, Lex &&
BFAN LTEERERLTAEN BRI hL. —HT,
SRF 1o+ 2R %% » 72 GALTax (2-285) DFET T
LexSRF (266-484) VP X ERIEM(L Lich » 7. kDT L
P Tax 12 SRF LM s W THAKEBRLTW5LE
zbhs.
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Fig.5. Schematic illustration of the experimental design.
GALTax (2-353) activates transcription through GALA4
site, but GALTax (2-322) loses the function of transactiva-
tion. LexSRF (266-484) VP binds to GALTax (2-322) in

vivo and recovers the function of transactivation.

Z =

Tax XZhE TR XFLFLNREETFORRLHFLETS
EARINTED, ZhHOERFEL N LTTHRRORTH
FICEETALELONTER, L Lizdis, Tax HNEEIC
COBRETFCEEFERLTWADD, bWk LTEET
EBYEETLEONMNIOWTRIAE TRETH . BT
Eir LT ES L LT, ERoEETFIm 2T Tax
IEEM = v~ v - DR NE RN ED bRt b hhdb b
T, ZhbD= v v —FINE Tax NEERKSET, DI
Tax OEEYHNTHARATFHRAE I T LWEIET

Reporter _ GAL4 LexA

Effecter slte slte
- ND <0.1 <0.1
GALTax(2-353) ND 75.3 ND
GALTax(2-322) ND 0.1 ND
GALTax(2-322) + LexSRFVP <0.1 20.2 95.8
GALTax(2-322) + LexVP ND 0.1 97.4
GALTax(2-285) ND <0.1 ND
GALTax(2-285) + LexSRFVP |  ND <01 ND

Fig.6. Evidence that Tax forms a complex with SRF in
vive. pBCAT, pGlOBCAT, pL8BCAT were transfected
into Hela cell together with effector plasmids [GALTax
(2-353), GALTax (2-322), GALTax (2-285), LexSRF
(266-484) VP, LexVP]l.  The CAT activity (percent
conversion) are presented.
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Fig.7. Model for Tax transactivation of the immediate
early genes through the CArG box. In normal cells, the
CArG box binding factor SRF was activated by mitogenic
signal, and then induces the expression of the immediate
early genes. In HTLV-1 infected cells, Tax interacts with
SRF and activates the transcription through CArG box
without mitogenic signals.
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AT, Tax 2AMMRMEEZERT SRF wEEFRAL (R
7), FORESEIITHSD CArG box i L CTHIMMEEE
FRORRELFETHELRLE. SRF oL T3 TIZHE
B2 F Ak LM R TR ORBH b 5T
WAHENRERTWAD. {-T, SRF #59 1 L ARYPIZFE -
THIE Y 7 &3 L TiEtbEh, THROREH
BEAFRINDITRENTREINS.

Alexandre 51 c-fos, egr-1, egr-2 BEFD Tax 12 & 5 HIHE
FEMR LD T vt~ X —FEEAD CArGbox /LT3
HERLEY™, Zh 5D CArG box KITEKOEERTF K
L3 AN, FOFRT=208EFD CArG box ILHBLTHESE
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GAL4 © DNA BERB L OMERHALFRL, Tax K2 OM
AFO% GALL RAWIURERES(LT5F 2R L. &
DREAEBD GALA A2 KBEDOEEETF LexA O DNA
BOHEREBERL 5 AR Lex BABRIEFED Tax I
IBESEINEEI N AE NS, Tax 12 SRF 92 RH L
T, SRF @ DNA &&1EY TIiX7e BEBMLET @ E 2T T
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13 SRF % % i Tax 2B B WML Z 0 T 5 THE
HRELDRS.
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RGTTC SRF T AEAk bkof. EHRIDFEYE
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T X hic {SRF iexid 54ERM % % - 7o Tax (2-285) i2#lia
DR S LB TI2E5L SRF FAEMRERLK) . BHREWE
=, =@ SRF T TARBRELHEETHIER (T s VB 2EN
£312%) i Fujii 5>ATTRBEL TS HTLVI VA v A=
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LT\ . SRF 22LEENEIIISEA L wErDL, <7
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Abstract

The Tax protein of Human T-cell leukemia virus type 1 (HTLV-1) has been shown to activate various cellular genes the
activation of which is thought to be involved in the leukemogenesis by this virus. Among the Tax-inducible genes, c-fos,
egr-1 and egr-2 were activated through the CArG boxes in their 5' franking regions. Tax does not bind to these CArG boxes,
whereas various cellular factors including serum response factor (SRF) does. Using a chimeric protein consisting of SRF and
a DNA binding domain of a yeast transcription factor GAL4, we show that Tax activated a transcriptional activity of SRF
through GAL4 binding site. The C-terminal portion in a SRF which lacks the domain for a CArG box binding, homo-dimer-
ization and the complex formation with p62 TCF was sufficient for activation by Tax to occur. SRF synthesized in a reticulo-
cyte lysate bind specifically to Tax produced in bacteria and the binding was abolished by the truncation of the C-terminal
portion of SRF. The complex formation in vivo was further indicated by the finding that a mutant GAL-Tax chimeric
protein, defective in the GALA4 binding site, recovered its activity by the coexpression of a SRF fused with the transcriptional
activation domain of VP16. Taken together, these data indicated that Tax directly interacts with SRF to activate, through the
CAIG boxes, the transcription of various cellular immediate early genes including c-fos.



