The Mechanism of Epstain-Barr Virus(EBV)
Promotor-specific Transactivation by Z Protein
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Epstein-Barr v 1 /L2 (EBV) BERERFHRFZ & v o227 D
EBV 7' v % — & — K- BAYEM{LEERE O T

SRALEFHT BRERFHRE CEE & W&
W w5 X

Epstein-Barr ¥ 4 /LA (Epstein-Barr virus, EBV) #I##&{EF BZLFl E{EFIc = — FEh B Z & v-o0 3, BEMBEA
CEREY: L EBV BBy 4 2 A BET 2BEEAMERTCHS. IDZF vk, MRREFHRNRTCTHS AP
753V =t bt Fos 2 v A2 LOBIFEDT7 3 /BEFNICECTECHEREYETS. Z2 V7L AP1 7730 -2
VAR DNA AR S A TA bbb T 28 w8243, Mifat AP-1 77 1V -2 v 2 X 0HIHZh
ARERRETF 7 r T — 2 — BN T B I ENTERG., AFRTIRZ 2 Vo227 EBV 07 v 2 — 2 ~RIOEE(LEEY
BT Aoz, Fos £ vty L OFE £ o2 %F8 L, EBV © BMRF-1 % X0 BHRF-1 #{&F 7' = & — % — L iR
® 92kDa-4 Bl = 5 4 —+ (92kDa-typeN collagenase) & I UOHBIERM~ YV v 7 A2 20 e T+~ LHEHE (tissue
inhibitor of matrix mettalloproteinase 1, Timp) S#{EF 7 = & — Z = SOEEFEM{LEX Z £ v 7 L HEBE L. 24 v
SRPIEB EBV T re— & —{EM(LIZIZ, F0 100110 7 3 7 BREEE, & hioid 102, 104, 105, 108 HEH D ABO 7L & 3
URLETHD, ERIBBEDOI AR I VEBRTHAILICIDZ R v Ay OFEKELTERD o 92kDad 27 5 F — &,
Timp BEFF et — 2 —#EWLTER L 5o, —H Z O DNA REAEEON KGN HET S 162-169 7 £/ ikl
WA Fos 2 v 7 ORIETAEMEBRT LI LRI - TLED T o 2~ —HRUPE(LIRLZENTER. 2287
DEBEEMLER IO T r t— 2 — BRI, 22V 2L “HheURLEBIRIERBORIAC L > THERTHZ LA

HZEVARIOTHiEE LTOTHEEC I DREINTCVB T ENTREINT.

Key words Epstein-Barr virus, BZLF1, c-fos, AP-1, TPA responsive element

Epstein-Barr 7 4 /L & (Epstein-Barr virus, EBV) 13, 19644
= Epstein 212k » TRREINFANLRATANVRT, BHHE
MEBECREGETHD, A—Fy bV v ER LU LIRS
DEECLHELBEE LT,

EBV BRBREWNTB Y v ARCER LA HIT TR
(immortalization) T2 4%, Z0 X 312 EBV i X h ANFELIH
fo U voERRMRARK T2 EBV RIEBRBEIRECHD, v
AR FOELITRI DTV A0 2 DBREIRBICLE—
DY A NABEFOANFEE LTS, 20 EBV BREREM
K% 12-0-7 b5 FH /A0 7 A #FE-13-EiEE (12-0-tetra-
decanoyl-phorbol-13-acetate, TPA), B&EE, 14/ 7 + 7, Hitk
Bre7 ) vkl K TAUBTAZ itk ), ¥4 P3HRL B
HUME NPC-KTHIIAM bDO I A LW AR ERPTHZ L LD,
EBV H#l+ 1 7 A BETH I ENTERL,

EBV #Elv 4 7 LV BFERICITRMICHIF £ v 07, &
Bz vy, Bz v BNFEEADL". WIFEHE v
WEB#EAD T &4 BZLFL 3 L 0° BMRF1 B FEHO =B
DEEVERILTED, ZhbizuwThd EBV BEFLEO
o7 ee—x - fEALCRETRREYFEHNTHEERFT

PR S 4R 9 A24H %A, FREFIZAUBRZHE

D, HArr~FUIF, Tavef vl 2 v s8R
FREFIGETCHEMY I 2 L2 FHE LB, 2055
BZLFI1, BRLF| BEFEHDOAAEHEINE™Y, Linl, T
REDOBETYEEFEACL D EBV BRERMRAICER
BRBA, BT EBV HEY 1 70 A FERELOR
BZLFl B#EZEFDATHE. ZhbHDZ &b BZLF EEFH
B EBV A 2 AFBEDI G LlcoTVBEELDRT
L BB

BZLF1 {EFIC 3 — NERDZ X v 2132457 3/ bty
75 D IR E MK FCH B APl 72 U —& Dbt cfos
E(ETEY Fos & w37 MR R FED, #3610 FR &
DNA #&4ir 4t 153196 HEEHOFEHIC R T7 3 /B
DERMAE G (K1), Fos &2 v 27i2fid AP-1 7 » 3
V—TH5 Jun 2 vy LRETEERVE L TPAIRERS
(TPA responsive element, TRE) IZ&&T5 Z 12 X D 53R
WafT, 22 v R7RRABEZEFYER LT TRE 810Z
ISEBEF) (Z responsive element, ZRE) IKFEATHZ L2 L h Z
heOBRFAPETII e E—F —hbOEFEYIEELT
B

Abbreviations : bp, base pair; CAT, chloramphenicol acetyl transferase ; DMEM, Dulbecco modified Eagle's

medium; DTT, dithiothreitol; EA,

early antigen;

EBNA, EBV-determined nuclear antigen; EBV,

Epstein-Barr virus; EDTA, ethylene-diamine-tetraacetic acid 2Na; FCS, fetal calf serum ; PBS, phosphate
buffer saline; PCR, polymerase chain reaction ; SDS, sodium dodecyl sulfate; TE, Tris EDTA; Timp, tissue
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EEESIXZ 2 v OBEFEERILIZI, T rE—F —fICHE
KDZ2 v _28EAEFITHS TRE HB L ZRE ALET
BB ERZNELIY, MABD 92-kDad M= 5 ¥ —t%
JURMBEREN~ Y v 27 A2 275+ — CHEHE
(tissue inhibitor of matrix metalloproteinase 1, Timp) EZEF 7
BE—%—|3 1Mo TRE #& %, %7 EBV o BMRFI,
BHRF1 % L 0" BZLF] BEF 7= £~ & — 128D ZRE %4
ATWS, AFETRZAVAAIDTrE— 2 —HREPHE
THEEEY Fos 2 vy LO@E L v 7 BERT A Z LT
X hEELk.

HEH LU HE
. FERER
b MEfERESER D HT1080 fife, v BH¥k cos-1 AT

5 9% 4 B4 IR & (Fetal calf serum, FCS, Hyclone, Utah,
USA) n& <Xy aka4 — 7 A58 (Dulbecco modified

BZLF1l  HM--DPNSTS ‘-‘D——V’KF‘I‘PD PYQVPFVQAF DQATRVYQDL36

Fos MMFSGFNADY EAESSRCSSA SPAGDSLSYY HSPADSFSSM4o

BZLF! GGPSQAPLEC VLWPVLPEPL PQGALTAYHV s'rmnwss‘-n-‘s76

Fos GSPVNAOD’C TDAAVSS—-- ANFIPTVTAI STSPDLQWLV77

BZLFl APQPAPENAY QAYAAPQLFP VSDITQNQQT NQAGGEAPQPL16

Fos QPALVSSVAP SQTRAPHPFG VPAPSAGAYS R-AG-=-w--

BZLFl GDMSTVQTAA AVVFACPGAN QGQQLADIGV PQPAPVAAPALSE

FOS =-m-cmmcme cemmemme—n s VVK TMTGGRAQSI]23

BZLF1 R.RTRKPQQPE su:zcnsm.z IWME
Fos GRRGKVEQ L SPEEEEK RR IWSI

BZLFl LQHYREVAAA KSSENDRLRL LLRQMCPSLD VDSIIPRTPD236

!
Fos TDTLQAETDQ LEDERSALQT EIANLLRKERE RKLEFILARKRy0]

BZLFl VLHEDLLNF245

FOS PACRIPDDLyjq ==-=r==mmw==nn (390)
B TFID
BZLF1 ' 3 86 "o 1 Z ’::_;‘5

(N T (T N

Fos F——————e ——+ o5 HLLLLLLL

o (110) (1 210) (380

(138) [463)

Fig. 1. Structures of Z and c-Fos proteins. (A) Amino acid
sequences of Z and c-Fos proteins. Conserved amino
acids are marked by the dots. Basic regions are underli-
ned. (B) Schematic representation of Z and c-Fos
proteins. Fine lines show the Z protein and bold lines
show the c¢-Fos protein. Each open box indicates the
basic region of Z or c-Fos proteins.

Eagle’s medium. DMEM) (B, BRE) CT3TCTHEE L.

I. 7523 kOB

l. VE-Z2—-73x3F

EBV o BMRFI, BHRF1 % X F 92kDa-4 ®l = 5 #' 5 —+,
Timp BEF7rE— 2 —EEOER T/ RS AT c 2o
NT eFN L F VAT 2T — 4 (chloramphenicol acetyl]
transferase, CAT) & {5 F % # 4 A A 72 BMRFI-CAT,
BHRF1-CAT, 92kDa-4 # = 5 " — + CAT (92kDa-typelV
collagenase CAT, 92k-CAT) & Timp-CAT #F\ . 5=
PSR RENAWRMY A L ABEEEELL LS53R
7.

2. ZEVRIEZBEVAIDREBRERBE S A IV

BZLFl BETFEB 752 ¥, clos BEFF 2 3 Fizg4
DAY AL ATEE BECEIVCEHREESLI NS5
nle. T7A 3K pSGE (RER, KR) % _22—~+ LT&4
DTFAIFRERL:. ZREEREKIZ, BZLFI B 75
A Fa— FEEOBCHELEIKD DNA BFl%, £V 2
5 — ¥ HEKIE (polymerase chain reaction, PCR) 1= T HE L
7z. PCR RIGIZLI T O&ETIT -, g, Tag RV 2
S — ¥ ZE ¥ (x10 Taq polymerase buffer, Promega,
Wisconsin, USA) 10x1, 1.25mM deoxy nucleotide triphosph-
ates (ANTP) 164l 20mM 3" 754 =— 5ul, 20mM 5’ 75 1
~— 5ul, Taq £V 25—+ 0.6u, ZEEK 644, c-fos FEF
DNA 10ng #94C 14, 456C 1%, 72C 1%, DIEFT
2094 7 ART LI, ZZTHWAETSA v —INKKKE
EcoRI C Figiz BamHI DFEE % &2 D% DNA S5
(Mode!l 391 DNA Synthesizer, ABl < % ¢V, BH) I TIER,
RIEEHT T 260nm ORFEEABIE L, 20uM 1TFRE LK
Bl ZoX 21 L THEIEIREZETF% EcoRl, BamHl T
LN 27523 VIZBALCZREERERIERL
fo. AR, "7 % -5 A F& EcoRl, BamHI Tk,
BREEXS DT ANV 7 2 27 7 2 — ¥ (ZlEE, BH)
0.25M Tris-HCI pH8.0 f2 i iz T56°C 1 BEREJALEE L Y0¥
RV VEMEET =/ - BB IO 2 0 — AR T,
~7 &2— DNA BIUBAREIET DNA #£& « 150ng ¥ 51
F—vavEy b (REE AR SU BRIy 2 AL THS
LTfT-te.

3. 22V L Fos2v R LtoglEs vy rRESSA
N

BZLF] #EFRAS7 A ¢ Vo - FEKOBMEKCLER
B E FDRELBEECHIET D c-fos EEF D DNA EF
%, FERR2WKRLAZEL PCRICTHIE L TR L.

4. 22V RAI2DOERBRESS ATV

BZLFl BEFOEN L THMARERLEL T L OH
BTG T % cfos BEFDT 3 VBREFIR =~ V57541
=AW LLER2IFLAZTEL PCR ICTHEIE L.

5. Gald x 27 DNA BEREE Z8 LV Fos # vo7
LOME LV RIRFTFAIY

Gald # %7 DNAREEFERER T 7 A I FIRBAFH VA
ARBEHABEEE L2 EEhic, ZOFFR PO Gald

inhibitor of matrix metalloproteinase 1; TNE, Tris NaCl EDTA; TRE, TPA responsive element; TPA,
12-0-tetradecanoyl-phorbol-13-acetate.;- VCA, viral capsid antigen; ZRE, Z responsive element; 92k-CAT,

92-kDa typeWV collagenase CAT
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DNA ®&HERY = — FTHEETFO 3 UOFELE Vv b
2T BZLFl B L UF c-fos BEFOREZREBEHFEA LK.
0. 75X 3 ROKXEBHAE
FREOI S LTELALTSA I FCHEER L AXBE
HB 101 ®k%x 2XYT B (r VS b v 16g, 1 — A b=FA L
57 + 10g, NaCl 5g, 7 v ¥~ U v 50mg/l, pH 7.6) 250ml IZ
COARSRERER Lic. &R, BEEBIAD Y8 RM%K 34me/
m7RrRSA7z=2a—AD=X ) - VERYRERREDD
1.25ml ¥opnx fo. $EEKRTH, 5000rpm 105w & H 2
B L7, EE% 10ml ©25% 27w *, 50mM Tris-HCI £
Gy pHT.S WEREH®K. V) Vo — 4 10mg Nz, 500 RE
ALt 5 KR iE, 025M =F LV 7 I v AEEE 2
bV % & (0.25M ethylene-diamine-tetraacetic acid 2Na,
EDTA) Im ik 159k ic#E, 03% b 54 b v, 02M
EDTA, 0.15M NaCl 10ml fnz 159 kR Ic#E L&k,
30,000rpm 40 £3&0 L. £ 5M NaCl 2.5ml, 10% F7
AHEEE b Y 7 A (sodium dodecyl sulfate, SDS) 0.25ml, 7 =
J—zuamEkRNLAL YT IAT N3 =L (chioroform-
ispamylalchol, CIAA) 25ml %, 7 = / — v fhli s L =%
J =ik AR T 7. W% 3ml © 1ImM EDTA fn 10mM
Tris-HC! (Tris-EDTA, TE) & #%% 150ug DV AR I VT —
+ (Sigma, St. Louis, USA) %% 37C304RILEE, &kt >
¥ & (CsCl) (BRL, Gaithersburg, USA)4.2g, =F v AT v =
4 Fdpug wink, 74 v 2 ¥ =5 2 —7 (quick seal) (N » 7
2OV, RE)CEABRALE. <y 77V VTi6h BE
B — (R 2T VY V) IRT20C, 60,000rpm 10 BEEIER
BOE, 7523 POV FREMSECER LA, 11g/ml &
by s, 054mg/ml =Fv v a7w=<A4 FEEL TERT
5.2ml W& R4%, F0O20C 65,000rpm S E@EL L. 79
ZIFDOAVFERERLY7 =/ — /A, =27 —LEEE
TE 12T Img/ml OEEWER L.
V. BEFEA
CAT 7 v 24 CERT ALK 1.0X10° f/ml DRE T
5% FCS fn DMEM 4ml = T37°C24F5 5% %, Chen &
Okayama 5@ 0V vERH LY 7 AEEECCEETEALT
ot Thbb, FET R E- 2 —FEOZE T CAT &R
FREIAALELVA—F—TF A3V lug—2ug &, Z& VX
2, Jun 2 w27, Fos 2 v 2 BIUEN b DRKERE X
VRIDPEME R VANRIDRBETIAI N ED=T 27 8T
52 % F 3ug—8ug %, 0.26M ik H vy 4 240u IRE
L, #OEAHEIC 2xBES £ AZE K (2xBES buffered
saline, BBS) (NaCI280mM, N, N-¥' & [2~4 FmF v mF ]
27 1 )= X UH AT =y 7T Vo F 50mM, Na2PO4,
2.8mM, pH 7.9) (N, N-bis[2-hydroxyethyl]-2-amino-ethane-sulf-
onic-acid, BES) 250ul % fn% , SEIZTISHHE L&, F&E
BEEMPNCIN % 37T, CO, JED 3 % D4 Tic T 6 RelE &
Lz, 0, »~ v 27 A¥ (Hanks balanced salt solution,
HBSS) iz C##E L, 5% FCS o DMEM 4ml T37C 24RE RS &
L.
V. CAT 7v+t4
V. 0T BETFEA LMY 0.8% EkrrVva,
002% kA VY v akat 10mM U vEREEEK pHT.2
(phosphate-buffered saline, PBS) T¥t# L TNE (Tris-HC
pH8.0 40mM, NaCl 150mM, EDTA 1mM) Iml & TEIY,

10,000rpm 10 & 3&.O L i B 0.25M Tris-HCl pH8.0 #%
1504 %, BERAESHAF — CTHBLEE, 0T
10,000rpm 10 430 Uict®, b 754 1 1M Tris-HCl pH7.5
154], 4mg/ml 7 4+ F 1 CoA (acethyl-coenzyme A, Sigma)
20ul, “C-7 m 5 A 7 = = =2 — L D-threo-[dichloroscetyl 1-“C]
chloramphenicol, 7<% + A2 v %V, BHE) 0.254, BHEK
40u] HINZITCTO0LA v 2 ~— b+ Liz. £LT, Bilg=5 1
(e, FUR) 500u kB L | FL, 10,000rpm 1 53&L,
e = - A BREIN, BB IR, BEY 12, OF#=+
NMCTER, YV XV BRI V- MNZARy bEIZ v aRL
Al2ax/ =019 ] BAEEREBHLE LCRART-. 1
AT FIFAVF W TCT 2FA{LE kIS AT =22 —
AMOHRPEEL, avir—AD72FA{LEhirnF A
7223 ADORRY | LLEBEOKEADT £F{LDOHEY
REEHEE L.

VI. I b7 vt

TRE DNA 7= — 7% GATCTTCTAGACCGGATGAGT-
CATAGCTTG @ 30bp & DNA % DNA 4B TAHRL
7-. DNA OXBMERIILITO L 31T 7. T H DNA
20ng, 50mM Tris-HCl pH7.6, 10mM MgCl12, 5mM <5+ A L
} — U (dithiothreitol, DTT), 0.ImM =< 3 ¥ v, 0.1lmM
EDTA, 100xCi P-32 #Z58 r-ATP, 20unit T4 RV X 7 L+ F ¥
*F—HEEURIGHE 504 #37C | BEKIGHT v — A Y
LEFKEIC X h P-32 £k DNA » o ERgs L.

REAB N mRNA SFIE 75 % § FAD TTRNA #Y 25—
EYroz—2—%FAL, RNA 8% v b (Promega) R XD

Relative CAT
Activity

G10B-CAT 0.5 1

P8G5
Galz (133)
Galz (110)

GalZ(85)
GalZ(66)

Galz(50)

GalFos(110)

GalFos(85)

GalFos ( 66)

GalFos(44).

Fig. 2. Transcriptional activation by chimeras of the Gald
DNA binding region and Z and c-Fos deletion mutants.
pG10B-CAT plasmids were cotransfected as a reporter
with expression vectors ericoding various chimeras of the
Gald DNA binding region and Z and c-Fos deletion
mutants into cos-1 cells. The cells were harvested, and
CAT activity was analyzed 24 hour after transfection.
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BREFT . Tiebb, BB 52 1 ¥ DNA 2pg ¥HH &
LTRA*y MZTITC 1 BERIGH, 7=/ —rdlii=s/ —
AVBIT X D fESL L7z, 2 RNA lug % 204 © v +FRAKR
MMmES A £~ b (Promega) $BSL30C IBHRIEI® 2 v
NIERE T 1. 27 SRR THD v v FREKRKMOEK
A ¥— 1+ 1y, P-32 £z DNA 7 = —7 (10,000cpm) % DNA
*EEE K (20mM HEPES &E#iiw pH7.9, 40mM KCI, 0.2M
EDTA, 8mM MgCl,, 10% 2’V tmr—Jb, 2% H£IVIE=17
Aa—, ImMDTT) pCBEBDREE, 4% E V72700
7 I FFLVERKE), TLTA—- IO IF T 4L Dy
Hixffoiz.

53 &

. Z&& Fos 211Ny OEEFMLERO LHEREFE

Z & Fos # v2 7 ONFRUBEEEE(L IR % e
2DCEEEERET Gal 4 2220 DNA 458K E O
B2V RIRIERL Gald 2 vt 784 DNA BFl2 A L1zt
BEEMELERYIE L (K2).

ZR VR TIINKMROBLALED 7 3 7 Be S LEAe 2 vt
7 GalZ (133), GalZ (110), GalZ (85), GalZ (66) I35 B /e E&ETE
HAbBERR L2, Thi v EVEEEYST GalZ (50) 1 1FEE
EME T 2R LA, Fos % vt 7 TIINKBE6L LD T 3
i & LAla & %2 GalFos (110), GalFos (85), GalFos (66)
BEELEEER{LEELR LD, ThinEVvEEYSL
GalFos (44) XEELLEMETEZRLL. ULORKRI D ZE
LU Fos # v DWFhHNKMELU LD T s VBYETL
A2 v A2 IRERRETERLELTRL, Thi hEVHE
FEUDLORBEELERETER LI END, ZE IV
Fos # v 7 DNEKMB67 I / BRERZVWTHIBEEMELIC
BELREAXZRELTWAI EAREBINT.

I. FosZ M&RNIICL PEEEM{LEEORT

1. EBV BEF 7 rE—2 -2 b0EEHE

Gald 2V 2 L DRER VR I ABIMDZ R VY
DNKMRE67 I/ BERIEEFERLCEE LY R+
ENTREEIN. FILT, ZEAVARZOIOFEHEEYRELLE

Relative CAT Relative CAY

iy Aotdyit Jwi
BMRF1-CAT  jetivitr | BHRFI-CAT etiviey,

Fou{66)% (66~245)

Fon (88) 2(8B-245)
Fop(99)% (995245

Fos (110)X (111 +245)
’1("5-—2’;5)

Fig.3. Transcriptional activation of BMRF1 and BHRFI
viral genes by chimeras of Z deletion mutants and c-Fos
deletion mutants. BMRF1-CAT or BHRF1-CAT plasmids
were cotransfected as a reporter with expression vectors
encoding various chimeras of Z deletion mutants and
c-Fos deletion mutants into HT 1080 cells.

[

RBRFHLEZOBEFERLELIIE L (K 3).

ZAVRRIDONKMESB LULI097 3 VBE2RELE Z
(66—245) 3 LU Z (110—245) REERME L, wTFThiv,ia
A7 8% —4%—~ BMRF] 3 X0 BHRFI 6 ODEFRER{LT
BLERTERN o, WIT, Z& v 2 ONFRBBERCHE
3% Fos 2 V7 ONFRMELD 2 £ v % 7 ARESERL
WEELRRE Y RITZEDRTBINCDOT, Z2 V70K
KLREBCNIETS Fos # v DR FEHAEE Z22m
& # vt Fos (86) Z (66—245), Fos (88) Z (88—245), Fos
(99) Z (99—245) ¥ L 1f Fos (110) Z (110—245) B 75 A 3 F
IEE L EOBREENLELHIE L (K 3).

Fos (66) Z (66—245), Fos (88) Z (88—245) % L U° Fos (99)
Z(99—-245) BB X VNI RBEEL T4 AAT R E— 2 -0k
DEERTEMIL LD LT Fos (110) Z (110~—245) i2EH:
kT2 ERnTEIEh o, FhZ AV AIDNRKEEST 7
% Fos #2277 D1107 3 /B TE#H L Fos (110) Z
(66 —245) M EREFEIEME(LEER R L.

LEDFERL D Z 27 ODNEKHII7 $ /BT EBV 7'm
% — % — BMRFI1 % X ¢ BHRFI DiEM(LIC 8T Fos & v
NI DORIETHFEMEBRAETH A, 1107 3V BIIER
TERWZ LM LR T,

ETCERLARE S S A § FEEBIC DNA BAEKEDCHS
BEE v RRETHILAHRTELEDIE, ZhbORH

NS

Free

Fig. 4. Gel mobility shift assay for TRE binding of chime-
ras of Z protein deletion mutants and c-Fos deletion
mutants. Chimeric proteins of Z deletion mutants and
c-Fos deletion mutants are synthesized in vitro translation
in a rabbit reticulocyte lysate. NS, Nonspecific binding
activity.
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S5 %3 FOLRBRENT RNA 285 L, 285D RNA %
AUWTRBREABFRRGIC L D 2 v 7 FRET 1. Thb
D7 DNA EEEROHAZ LNV T T v g
I hHERLE (K4). WThORISED LRI LEBEE
D TRE 77— 7 L DEAEEHR LI E0bWThOFER
F5 A3 Fd DNA RAEMEETAZ V7 REETH L
NI I NI

9. Z& VR IUEOERGOMABMERET 92kDa-d B
258+ —4, Timp DT aE—2—2bOBEFELIETE
2
92kDa-4 B = 3 ¥+ —+, Timp BEF 7 =x—% -2
Jun 8L Fos 2 vz igED AP-1 77 3 ) -2 v X7 IT &
DREFEFLHEY ST EBNBRTVE, ZE VIR
FOFOLERBII N ZhLDEEF I rE—2 -0 bOEE
TR IIETESYRASLLDILIhS T rE— 2 ~BEOXAE
Tizgx CAT BEFEXEIRAARSFA I FEVEA-—Z -7
SA3 FELTHEALE (K5).

Tun # VAP EEFSAI KL, ChbOFat—2—hb
DEEYRELEOKFLTZ 2 VA7 BIULOEREIT
Fos (110) Z (110—245) #B & W Fh s Zh b OMRERET Y

Relative CAT Relative CRT

92]‘-“1. ;a'*:slvitz q Timp-—»(:)\tl: n;gstvixy

Fos (66)% (66-245
Fos (B8)% (B8-245
Fon{99)3(99-245
For(110)Y2{111-245
: :(sstzs;)'
g{im#:«ﬁ

¥ox (110) 2 {66245

Fig.5. Transcriptional activation of cellular 92k-Da type v
collagenase and Timp genes by chimeras of Z deletion
mutants and c-Fos deletion mutants. 92k-Da type N
collagenase CAT (92k-CAT) or Timp-CAT plasmids were
cotransfected as a reporter with expression vectors
encoding various chimeras of Z deletion mutants and
c-Fos deletion mutants into HT 1080 cells.

110

ITONQOQOTNOAG
——A-AY—————
——A-AY--R—-

————————R——

10

Z
Zml
Zm2
Zm3

110

Fos: PSAGAYS-RAG

Fig.6.. Amino acid sequences of Z, c-Fos and Z point
mutants. Conserved amino acids are marked by the dots.

ot —X-nhOEEYEERERL Lo, —h, V4
NATEE— 2 —RIEW{LTE oA o7 Fos (110) Z (110~
245) A VAIVRERCHEIAE S vt -2 — b 0EEY
EMEL L.

7, % v 27 DN K66, 883 L 0997 ¢ / EABIE % Fos & v
REDORETAEREBRLI-BMEE v 7 RWThbZ 2 Y
Nk W EEEfAYZT 5 EBV 7= £ — % — BMRF],
BHRF1 7 b DEFRIEE(L LA, Mk AP1 77,3V —
BERTFIC L EEEh AR EET 92kDad B =55
F—+%, Timp D7 rE— & —LEMLLith %, ~FNK
w1107 3 7 B4R 2 B# L7 Fos (110) Z (110—245) @& % v
NI EBV e — & —%{EE{LTEI ) 5> b
92kDa-4 =3 ¥+ —+, Timp 7 rE— & —2EMLLE.

DRI D ZxvrD EBV 7'm®— % —ERIENK
{biz, 100—110 7 3 VBRI X DREI ATV 5 Z & AR
Wi,

3. Zxvz0 100—-110 7 3 2 BEROKE

ZEURIDTRE— 2 —EREPRETHHEELT I /B

)ulxt..ivc CAT
Ackivity
0.5 3

Relative CAT

1

L BMRRI-CAT

Fos(110)2(111-24;
2133

2

w3

Fig. 7. Transcriptional activation of EBV viral genes by Z
point mutants. BMRFI-CAT or BHRF1-CAT plasmids
were cotransfected as a reporter with expression vectors
encoding various Z point mutants into HT 1080 cells.
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Fig. 8. Transcriptional activation of cellular genes by Z
point mutants. 92k-CAT or Timp-CAT plasmids were
cotransfected as a reporter with expression vectors
encoding various Z point mutants into HT 1080 cells.
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Fo VBB LK Zm3 RBF5A I F2ERL, Thb0iE
BEiEtbaE R i L (K 7, 8).

Zml, Zm3 1% 4 A+ A 7w E— % — BMRF], BHRF1 %%
fELiety Zm2 B lishotz. —0, flAK T r® — % — 12
Zme, Zm3 Wk YV BRICEENGEH(L S hi.

UEDRERID, ZEVvARIZR T4 AATRE— 2 —DER
b2 Z &2 vtz 100—110 73 VBHADLBED ZA 2 3 v
ETERTHLELOEWRELEERTHE L, Ak r 2 — 5 —
DOERLITIIIBBED A 2 I v TAF = VBB T D
T TEDOBEUXEETHZLBE b7,

. Fos (110) Z (110—245) MAZ >NV &L LE LV EFDX

KREREI N7 EOHEMER

1. Fos (110) Z (110—245) @& 2 v <2 D —B{EHEEE

ZrvRzbFee——HREYREWCTSH Fos (110) Z
(110—245) @& 2 w2z pt, DNA #44 - —BHEREC

Fos (110)2(110-245)

Fos (110)4(110-245)7
(110-245)

AZ(110-245)

Fig.9. Formation of heterodimers of Z (110—245) and Fos
(110) Z (110—245). Z (110-—245) and Fos (110) Z (110—
245) proteins were synthesized in vitro translation in a
rabbit reticulocyte lysate. NS, Nonspesific binding
activity. .
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BRI W Z LR TIRDES AT T VT o 21 B ffnt
(K9) BEHEDCENRG-LHELL/D X 5K Fos (110) 2
(110—245) & Z (110—245) X A\ 1o, AERF—F o —FHT
RREABRCTER LAY T LT o 21 otk 25, Fos
(110) Z (110—245) & X O° Z (110—245) A L FHOBEE
R TEHAGAHR I, AENRE-BEHhYHRT2 2 La
RENhT,

2. Fos(110) Z(110—245) @ 2 v 2 & 22 v RZ B L
FTORKER G EDHBEEH

L2 RIBIOLTORKERELE Fos (110) Z (110—245)
bz v 7 LOREFRYBETA DI IR 5% Ak S
BRI XOMEMEREHEE L (K 10, 11).

Fos (110) Z (110—245) @& & v -2 7 BEBIEM(LT 5 2 L i
TE&LVWBMRFl e — 2 -1 LT Z % vt 7 & AIRRE
ERDBLEZ AV NIBEBICH LT 2 EDOEMR(LETR L. &
7o, BEEMLEEREA L Z (B6—245), Z (110—245) R4&%

Relative CAT

BMRF1-CA ~ etivity

Fos (110)7(110-

Fig. 10. Transcripitonal activation of viral genes by heterod-
imers of Z deletion mutants and Fos (110) Z (110—245).
BMRF1-CAT plasmids were cotransfected as a reporter
with expression vectors encoding various Z deletion
mutants and Fos (110) Z (110—245) into HT 1080 cells.

Relative CAT
Activity
92k-CAT 6.8 1

pSGE
Fos(110)2(110-245)

4
" Fos(110)2(110-245) + 2
%(86-245)
ros(!'10)z(i10~245) + % (66-245)
, £(110-245) |
yds(ilo;zuw-zgs) + Z(1105245) ]
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Jun ¥ g

Fig. 11. Transcriptional activation of 92k-Da type N collage-
nase genes by heterodimers of Z deletion mutants and Fos
(110) Z (110—245). 92k-CAT plasmids were cotransfected
as a reporter with expression vectors encoding various Z
protein deletion mutants and Fos (110) Z (110—245) into
HT 1080 cells.




7.8 vt 7 DRERE & BERERRT 863

Rtk L ORMERRTLHEEIC BMRFL 7 rt— 2 -hb0EF
%M L. —7, Fos (110) Z (110—245) @ & v 5 7 T
(TR 92kDad Ha Sy r—€7 rE— 2 —IKH LT
rpTEE— R —RIEELT A LR TERLZE Y RIED
FEsZEE T Fos (110) Z (110—245) Bz b L TR 3 fE O
BEM(LE TR L. LB LZE v A2 LRBIOT -
3 —EEEMLEY ol W RAERE 2 (66—245) XUV Z
(110—245) i Fos (110) Z (110—245) & X 2 EBEEH(LEHE
I Lis, ¥, Jun 2V A2 EBIDTRE— X —DK
TER(LEY Z & V7 BERCIGE L.

V. ZA2IN70 111—-143 7 3 /BRI OKRE

ZRVARIDT I BERFIIINEDHH1BFDICHELTLH
i3 Fos 2 2 TRRELTVWD. FZTREZEVRID
144F%d 5 168FH D7 § / BEE%Y Fos % v 47 DHIET
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14).
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ZFosZl W Z L AW Y 4 VA T v £ — &% — BMRFI,
BHRF1 75 OEERTER{LTH &L T ZAERET B Z &
RNTEh-Tefifa S rE— & — 92kDad B2 547+ —+,
Timp ZEW{LT B Z LN TE. ZFosZl @& & v 7D
Fos # v S 7&K 111—134 7 1 /8D 5 & ¥ OFEEI Mt
Fex— 2 —OEMREEb > TWBDOhEEH DD
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-2 T ARDEYEE LB T - —H T
DEERA RS LTz, ZFosZ3, ZFosZ4 XY 4 A AT mE— & —
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ZFosZl 1B LTV i b L EE LTk,

2., ZFosZl @B 2 v R L LEVRIBIVTDORRER
EEDOMEIER

ZFosZl B 2 v 213, ZEVARIBIVCEOREERKE
e B, Tich bl s e = - —EELERESL
T\, 2 2C ZFosZl £ ZR LU EFDREERE L DY
#3252 BINTZE L OFOREERE ZFosZl OHfAK 7 =

140 172

Z :QLADIGVPQPAPVAAPARRTRKPOOPESLEECD
Fos :SRAGVVKTMTGGRAQSIGRRGKVEQ—LSPEEEE
107 138

ZFOSZ\:QLADVVKTMTGGRAQSIGRRGKVEQ—LSPEECD
2(143)Fos{111-134)2(169-245)

2Fo0sZ2:QLADVVKTMTGGRAQSIRRTRKPQQPESLEECDO
2(143)Fos(111-123)2(157-245)

ZF0sZ3:QLADIGVPQPAPVAAPAGRRGKVEQ-LSPEECD
2(156)Fos(124-134)2(169-245)

ZF0524:QLAD1GVPQPAPVAAPARRTRKVEQ—LSPEECD
Z(161)Fos(129-134)2(169-245)

Fig. 12. Amino acid sequences of Z, c-Fos and chimeras of
Z and c-Fos deletion mutants. Conserved amino acids are
marked by the dots:

2— 4% — 92kDa-4 a5y — T 2EEERILCS L
BEHRAHBRE LIz (K 15).

7L FDOREIERME 7 (66—245) 3 LU Z (110—245) 13§
HALBBTIIMAE T R — 2 - REEL T EIeh o2,
ZFosZl Ot 7 r £ — % ~ IR T A RAE L LA S ¥
tr. BIZREERBDOHRIIKE» 2.

3. ZFosZl @& % v 7 D EHEHRRE

ZFosZ1 & ZR&AZRIE 2 (110—245) & OEENCHALIER
BHRDEDICRBEREREIGIC L D EE Lic sz vz 2B
THENT T VT v AEfFoiz (B 16). ZFosZl 3LV Z
(110—245) 12 Fhd DNA KEA LT, 2 v 7 DKRESIZ
WIEL TR ABEED DNA L OBEABYER L. ML
A—RBRESHNTRBICBR LD T, £+ BBOHEAHKE
HIZFNLOREOBBEL R THEABRER I L. Thb
DRERD B ZFosZl 2 Z2(110—245) L RE - B M T5Z

’nﬁn;ativ- car sRedative AT

BMRFl-cAT N5, mmmei-car  baU,
.pseﬁ 4
Hun
zrPoszl
ZFos12
xF;wxi
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Fig. 13. Transcriptional activation of viral genes by chimeras
of Z deletion mutants and c¢-Fos deletion mutants.
BMRF1-CAT or BHRFI1-CAT plasmids were cotransfected
as a reporter with expression vectors encoding various
chimeras of Z deletion mutants and c-Fos deletion
mutants into HT 1080 cells.
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Fig. 14. Transcriptional activation of cellular genes by
chimeras of Z deletion mutants and c¢-Fos deletion
mutants. 92k-CAT or Timp-CAT plasmids were cotrans-
fected as a reporter with. expression vectors encoding
various chimeras of Z deletion mutants and c-Fos deletion
mutants into HT 1080 -cells.
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: Relative CAT
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Fig. 15. Transcriptional activation of cellular genes by
heterodimers of Z deletion mutants and ZFosZl. 92
k-CAT plasmids were cotransfected as a reporter’ with
expression vectors encoding various Z deletion mutants
and ZFosZ1-into HT 1080 cells. )
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THRRENESBD, TOL I RHRIELOND. Z2 Vs

ZFosZl

ZFosZ1/Z(110-245)%
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Fig.16. Formation of heterodimers of Z (110—245) and
ZFosZl. Z (110—245) and ZFosZ] proteins were synthes-
ized in vitro translation in a rabbit reticulocyte lysate.
NS, Nonspesific binding activity.
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Abstract

Epstein-Barr virus (EBV) immediate early gene BZFL1 encodes a transcription factor Z protein which induces EBV lytic
cycle in latently infected cells. The Z protein shows an amino acid sequence homology with the members of cellular AP-1
family transcription factors, especially Fos proteins. Both Z proteins and AP-1 family members recognize and bind to the
same DNA sequence, but Z cannot activate transcription from promotors of cellular genes which are stimulated by cellular
AP-1 family members. In an attempt to analyze the mechanism of EBV promotor-specific transactivation by Z, chimeric
proteins of Z and Fos were constructed and examined for their transactivation ability using EBV BMRF1, BHRF1, cellular
92-kDa typelV collagenase and Timp gene promotors as reporters. The region from amino acid 100 to 110 of Z, especially 4
gulutamine residues G1n 102, 104, 105 and 108 in this region, is essential for activation of viral promotors. Furthermore, Z
proteins which had amino acid substitution of G1n 108 activated the transcription from 92-kDa type IV collagenase and
Timp promotors which cannot be stimulated by the wild type Z. The promotor specificity of Z was also altered by substitu-
tion of the region from amino acid 162 to 169 adjacent to DNA binding domains with the corresponding region of Fos pro-
teins. Formations of heterodimers of the wild type Z and chimeric proteins of deletion mutants affected transactivation abili-
ty and promotor specificity of them. These results suggest that the structure of dimer forms of Z proteins decides the transac-
itivation ability and promotor specificity.



