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WE: [BM] 5T Epstein-Barr #i5 # A MEBEE 1 1 (LMPL) {40 i % Ak (1 35 2205 P30 07 S HAE
Bl (776 R PCR ik 4l LMPL J2 I AR bt ik, 3 ((aa232-aa351 ) X h % A~k 2k 58 A8 4%
(LMP12232735L ) | s S s o) | MP12232 7351 17 A 60 LMPL ( LMPLYT) 233311 5 A K A A ) B0 L Rz 240
f2 NP69 Hr, b —EH AN AL . R, MES JAKS 33 TSPt K B A TR
(PGL-2/JAK3-LUC), ¥ LMP12%2351 5 | MP1YT 2351l 55 A JAK3 JH 3 51 58 NF-xB 4543541 3
BT R 9O £k Bk L L e 293 40 (] pLNSX FURi/ERTIE ), Ho#g —# 6 4k JAKS J5 3 Pl
S F NF-xB BYIhBE . L4551 1( 1) LMP142%2- {1 NP69 4l i i 1L i BE e LMPIWT i 3 R4 ( n=3,
p<0.01), (2) LMPIVT fEHH B S W BRI TG AL JAK3 JE 801, 1 LMPLA%2 3 FifaE )y L2k . [4518)
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KA. BB ; WRPEIRE R BRRAM; NF-KB; JAK3 JH3h T

FESES. Q933  XEFRIRED: A
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K DNA I s, SAAER IR IR | S A 0 1 8
A N R A e, EBV MM T 1 (Latent
membrane protein-1, LMP1) 2 EBV # AR R R AL
TEERER 5T, HAE EBV /19 B Ik EL A M A Ak A=
el s A, SRR A I AN AE AR Y
Piker g™ (40 Ratl Fl Balb/C 3T3) FK LA |
RO G C R 7 I Y AWAN W N e e R B i)
FAHNERE R A A, SR AN 2 2R R e 11 2%,
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FHE SRS FH TR ( ELAM-Iuc) **%dy Dr.David
Goeddel HIB . 293 4], PA317 J5 B {35 41 g Ak
A= AP IR E A P AR S AR A, AR AR S b R 4
NP69 7 K% Dr.Tsao HI, F R4 550 F &
10%/N A s ) (I A BN ZEF 22w ) ) DMEM
( Gibco BRL %y #] ), RPM-1640(Gibco BRL) &, Ifil iff
B K-SFM (invitrogen Aw] ) RiFRFEEmEE3R, AARH
Ak T F JE 6 A1 EDTA 39 % Gibcol BRL 77 .

112 F2EUR . Lt N UIEGS y NEB 7 i,
B . M RERR A A R 2 (BM)AFE, AMV
Reverse Transcription i jfll & . PCR &% Je ¢ & il
K4 &% H Promega /A 1], G418 il Liperfect2000

BE BRI A invitrogen A w], HFCREHLIA (—HUM
F)W A Zymed Ltd, HAth k2= FA: kK514 Sigma
P
1.1.3 B9 Al LMPYT 551 C10R 2 i e ko
JAK3 JH 3 F X075, KA Primer5 5| ¥ i14K
7, A BIBET B8, A S|P 0 5 RT3 7= 4
w1, rA5IY¥YIH invitrogen A R A .
12 pLNSX-LMP1A%2l s pese ok gy B4R

PUFKRL pLNSX-LMP1IVT gty , P15 P2, P3
5 P4 HBIY, /R 50 uL RMIKRR, T PCR X
(eppendorf /A ) H 1 (94°C 5 min, 94°C 1 min,
58°C 1 min, 72°C 1 min, 30 MMEH ), F 1%EBifE 1

®1 31M5F7

Table1l Primersand their sequence.

Primers Sequence(5'—3') Production size/bp
P1: CTCGGCCTCTGAGCTATTCC P1 and P2: 793
cDNA of P2: GCCGCCATGGGCTCCACTCACGAGCAG P3 and P4: 1297
LMpp~223et P3: AGTGGAGCCCATGGCGGCGGTGACCCA P1 and P4: 506(Plasmid)

P4: CGAGAAGCGAACTGATTGGT

2450(LMP1*™) 2090(L M P17 %232

P5: CGCTCGAGGTGCCCAACTCACACATGCTACAGAT

critical domain of

(boldface type contains an Xho I enzyme site)

324

JAK3 promoter P6: CCCAAGCTTAGAGGAAAGTCCCACTCGGCTCCTT
(boldface type contains a Hind lll enzyme site)
B-actin P7: ACCGTGGAGAAGAGCTACGA 309

P8. GTACTTGCGCTCAGAAGGAG

L VK R B R . T DL R R R, PL
5 P4 /5947 PCR Y14 94°C 5min,94°C 1 min,
58°C 1 min, 72°C 1.5 min, 30 MEH ) 152 6%k
CTARs 1) LMPL Fr i, [, gifb)s, ARG M)
it HindIll 5 Xbal %} H: 5 pLNSX #5844 ks 40 51 0815 i
U1, Wcsife)s, #E17iEdE, BEJS R P i A
%75 DH50r, PRIBCH V& ) #5 BRLIS , ] PCR FIG) %
EFEAM, $FUR% invitrogen 23 Bl HEFT 4K B
SE, K pLNSX-LMP14232735 3 i g FFkir
1.3 pGL-2/JAK3-LUC ki (JAK3 BEFizlXiE)
R E LR

Fe . WO A, SREAMEE 4 DNA, X
100 ng ) gDNA Mk, LI P55 P6 l514y, 50 uL
RIWIAZTF PCR {UHHH4 (94°C 5 min, 94°C 30 s,
62°C 30s, 72°C 30s, 30MEX ), il itk Hayh
Wis . FHRREIEE YIRS Hind 5 Xho T 42531 H Y F 67
Y5 pGL-2 kit A T’EY], syl Wy, %z . S ek
ZA IM109, e PkEUETE, dil4 ok DNA. ] PCR.
U RN P 252, 3845 pGL-2/JAK 3-LUC JFki 5k .

14 FHEFEERKHIY

FH 200 ng 7 NF-xB 454 751 B shF o el AL
JEPR Tk 5 500 ng pLNSX-LMP1423235 ki 1L pLNSX
55 pLNSX-LMPIYT 235114 BAEFIBH{E X HE ) & 300 ng
pP-gal FLAEY 293 Aif, Scgdkik 34, Ak 31T
17fl. 48 h5, HOOERPE MR G, W%
fife . B0, WEAMEEAR 20 ul _EB3E40 5145 100 uL 765
KRRl A B TD-20/20 %A (bio-Rad ) Hiisk
B, FARCEE ({85 RbR A0 & B-gal ZUEZ R ) %
R SR F NF-xB BYAHXHEPE ( LSPATFLA S BRI R e
ZFIR ), ATHMSTIATT 31K

# 200 ng pGL-2/JAK3-LUC #i1 300 ng ppB-gal 43
S 5 Rl 9 pLNSX-LMP1YT (150 ng, 300 ng, 450
ng, 600 ng ) Fl pLNSX-LMP12%2-%1( 150 ng, 300 ng,
450 ng, 600 ng) FLA5YL 293 4 ff, ALY RN
1100 ng, A4 pLNSX vector #h5F . LB L5
94, HAHW 3NFATL. 48h 5, FHUVICHEHE VK
MR G EEETR R, 78 TD-20/20 %A 7
R, PR EAA (I 5 B AR {0 E B-gal i 2
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) FR JAK3 3 s FIG L AR XTI M ( LASEAT LAY
KRR RN ), AT AT T 3R
15 BRI RFESH EFRE

S ki T, B pLNSX . pLNSX-LMP1WVT
1 pLNSX-LMP14232735 ok 43 Bl s PA3L7 40,
600 pg/mL G418 ik 2 5, L& akEy KIGH, #i%
R = W BRI PASLY S s b AN 2R AR A 13
4°C, 10000 r/min &> 15 min, E4IEEH, 4°C,
30000 r/min > 90 min, 5 HURITIE A 10 100 {4
BT K-SFM RE 3R SRS M 00, L ERR T, 18
BV A 3000 BE W AR TR, —TOCABA7 45 o

+ NP69 4fifffiff A 6 FLAIEFR, 7 5IH RV-LNSX.,
RV-LMP1T il RV-LMP1%2 3Ll 8 mo/L BBk
37°CHFE (JRY ) NP69 41t 2 ¥k (3~4 h/ik, [k 8~12 W
K ), 400 pg/mL G418 ik 2-3 J&, LA TIkEy KIEFE,
R R R AR B 0L 4 s &= ( NPE9-pLN SX
NP69-LMP1"T il NP69-LMP1%2%58 ) %if R 4u 43 i
Figsedt . RT-PCR %58
16 HRKAIRKE

2 BSCER[10] il Amtune J, R . R (1 1)
5E L PEH . TS FIPT LMPL B S12 45ic 1h( 37°C ),
YR Ja F FITC hRid i Et R = Hibsit 1h (37°C), BEG
JEHE R, FoOLBMEE T, ik,
1.7 RT-PCR

WCAEANM, 4% Trizol 704V FE P 42 40 i 45
RNA, FISAM 366 B T FIEE I H Tk A I RNA (1
JE . SRR, SR URAFT-70°C, RT-PCR #i i
AMV 35 57 SR 45V A0 BRI AT 1 5% . SRS L RT
7R 3uL, LA PL 5 P4 5P FIN IR P7 5 P8 51453
14 1 uL (10 umol/L ) #% 30 uL PCR [ 4%, 7E PCR
XY (94°C 5 min, 94°C 1 min, 58°C 1 min, 72°C
1.5 min, 40 /MEFF, 72°C 10 min), JH 1% HREE
FLUKASHI B =4 (5 R AR BR Do
18 FHRFEFER LR

BOSBCE KSR AN, S, #1000 14
MAFLERD T 6 fLtloh, FrERER 2 8. BuhsRsRm, H
PBSUE 2 7k, HIELEE 15 min 5, 0.4%4% Ly,
PR O RER, s BB R THEORT 50 N4l
Msike . ARG, FnITE RS IR (%)
= ( VEMERUBERP NN ) x100%, ASSZEG M7 HHT T 39K,
19 HImAEEEIR

Fl K-SFM B3R . 0.6%Blahl (MR ) Fothil)E
ZEE0g, BU15 mL SEET 6 FLRkM, 4°CHE 10 min,

FANHEE Y NP69 4l (N 5x10° MNAMAL ).
K-SFM 3:775E . 0.3%ifeks (29K ) FoilTo)z=Bi0s
T2 B K U2 B sl T2 58 -, 37C,
5% CO2 AA NIELRT 77 2 )G, TR R, 280k 3
44 : NP69-pLNSX . NP69-L MP1"T I NP69-L MP1-232-351
R 3AFATAL, FIHEE AR THIE M U
ARV (=50 N LA ) BB E AR/, 11
T RALEE R, IR ARSI R (7%
ek =G5 BRI A HIEx100% ), ASERGIR T i
17 3.
110 HitFE o

FH SPSS11.0 ZEit B i AT t Kl . Bt LAYy
BabpifE 2 £R, p<0.05 FRAGFH¥E L.

2 %

2.1 FH pLNSX-LMP1A%*L ik =

ARSIV THRRM PCR 514 (P RHRT ),
PUEFAE R LMPL A BEARE T4 1 , #% T LMP1 232-351
ZILRITHIXT I CDNA ZERS T 28284, FA Pinsx-
LMP14%235 ok Hind A Xba I XU 4 &85 T
WESE, 2P 25 FUIESE P8 5E 2 10 (45 RA R ).
2.2 E4H pGL-2JAK3-LUC [RfvEE

SEHG L B95-8 il 3 [ 41 DNA Mtk #£1T PCR
i, e aide | BV E A E pGL-2 UL R iR
KRR, B pGL-2/JAK3-LUC, 4 k% Hind Il 1
Xho I AUEFDI%EE (i 1), KIFIEsEh JAKS %
K 8l X 3k (-289/+35 ),

bp M 1

2000

1000
750
500

<«——324 bp

250

100

1 #0454 pGL-2/JAK3-LUC fR#HI

Fig. 1 The pGL-2/JAK3-LUC plasmid digested by HindIll and
Xho I . M.marker; 1. pGL-2/JAK3-LUC recombinant plasmid
digested by the Xho I and HindIll restrictive enzyme.
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NF-kB G PERYHIXT 5t B . Z8AEH LMPLA2%23%t
TG AL I S R NF-xB 93 1 5 57 A4 7 LMPL BEA AR
(W& 2), BERAMER AR LMPLA 2323 HoAy )
SN, AT I DX S R B e ) S TR
NF-xB 9751k

£

Z 90000 [ A

= A

£ 80000 - T

5 70000 |

S 60000

£ 50000

£ 40000

230000 f

220000 [

= 10000 |

s oL H
NF-kB repprter 200 200 200
pLNSX 500 - —
PLNSX-LMP1 _ "— 500 -
PLNSX-LMP1“% %= - 500
(ngDNA)

2 LA LMPLATT 34 NF-kB 7 &5 5 E HE LER
Fig. 2 Mutant type LMP1°%%* transactivation of NF-kB reporte
rValues are means + standard deviations (SD ) . (n=3, “P <0.005, VS
pLNSX).

24 LMP13t JAK3 B FRYLEIRER

26 B2 FUBETF BRI E (AL 105 R LMPLYT S
JAK3 JE S PR AL AR T R B, B LMPLYT fiE
WS E R JAKS JE Bl 5 B R 1, O S R
Phs LMPLAZ2 3 g He gy F M AL 26 (| 3),
PR LMPIVTATRER 5 T JAK3 3 sh TG4k, CTAR,
J& LMPLYT % 4% 33— AE FH ) 5 B2 06 3 407
25 FaEESAY NP69 A0 G 1% 7 et

By LMPLYT R LMP1A%2-t 1y NP69 4Hiffl, 4
FREVE Y, DB P gL, LMPLA32 L R
LMPIVT YR 6k — 2, 35 S0 T 400 e S 4 it 2
P CInE 4), SEBAEE = AN PE IR 5, AR m AL
FE A 1 2R 8 5 A

ANP69-pINSX

A232-351 ;

Fig. 4 The proteins expression of LMP1

B:NP69-LMP1""
4 LMP12%%35l 72 NPeO fHREMI BT ikt

450000
400000
350000
300000 !
250000
200000
150000
100000

5000

Relative Luciferase Activity(JAK3)

-4 0
JAK3 reporter 200 200 200 200 200 200 200 200 200
pLNSX 5 150

600 450 300 150 — 450 300
pLNSX-LMP1 = — 150 300 450 600 — - — -
pLNSX-LMPI B - = 150 300 450 600
(ngDNA)

Bl 3 LMP13t JAK3 Bl FiEMHEMEN
Fig. 3 Wild type LMP1 effecting the activity of JAK3 pro-
moter. Values are means + standard deviations. (n=3,P<0.005,

VS PLNSX and pLNSX-LMP142%2-351) |
26 SRR M STFER AL AR

L NP69-pLNSX BB, NP69-LMP1VT iy
PHAEXT R, DAAEFL 1000 /> 4 4 [H) £k & #2 F NP69-
LMPLA%2 L i iy F 6 LA, 4B 3 M FAT4L,
ZER R (% 2), NP69-LMP1WT 2H%: NP69-pLNSX
1 NP69-LMP1°232 351 4 (i pi e ¥ %

%2 NP69-LMP14232-35L 4 s rfi 3 2 b 45
Table2 Statistics of NP69-LMP1°22 cel| forming colony number

Cells CFN(averagetSD)  Cloning efficiency/%
NP69-pLNSX 74+4 7.4
NP69-LMP1"T 484+17 48.4°

NP69-L M pP1/232:351 214+10 21.4

NP69-LMP1"T VS NP69-pLNSX and NPEI-LMP1 %2 4
p<0.05

27 IR LMPIAZEHL (R NP6 AR R IAAS R
TR BE T3

NP69-pLNSX . NP69-L MP1VT il NP69-L MP1/2%2-%51
MR e AR TR U R, R ER (R 3),
NP69-pLNSX 4 .NP69-LMP1°%231 4 5 NPe9-LMP 17
AT, FEIE B R, HAEBAR I 450
2ERA B EMEE L (P<0.01),

C:NP69-LMP1 77

in NP69 cells detection by immunofluorescence. A: NP69-pINSX;

B: NP69-LMPL"™ C: NP69-L MpPAZ32-351

O R ERFERMEDARFATIKSHELL http://journals. im. ac. cn



1312

Zhiwei Zhang et al. /Acta Microbiologica Snica (2008) 48(10)

# 3 NP69-LMP1A%2-35% o ffn pry £ % % . 66
Table3 The ability of NP69-LMP12%2-%5%¢el| forming colonyx

Groups CFN(average+SD)  Cloning efficiency/%
NP69-pLNSX 3+1 0.06
NP69-LMP1YT 256+14 5.124

NP69-L M p14232:351 887 1.78

NP69-LMP1YT VS NP69-pLNSX and NP69-LMP1-232-%5t
4p<0.01

3 Wik

EB J5 T I IR M A5 2 11 -1 cDNA 4K 1158 bp, J2
—/™FR 386 N SRR AR S AL A B IR A 1, R
IHREFBAOL A TR B s e M. HAT, LMPL#iA K
PR B AR R CD40 7, A S
REMI I T ESEFREuEEA™. & B
AR RSN LMPL o] LIS CDA0 R/EF, ifi
JAK3/STAT 15 5 A2 78 CDA0 {15 5% 5 vt B AR
FH . 181t X CD40 Fl LMPL g 3% BE 2 KL 7 41 (1) L A
KU, B CTAR,. CTAR, —H WA ¥4, LMP1
WA A — BUE & MR R 1Y AH LT 81 PXXPXP
Box1, DA '5481Y Box2, TIfES Boxl & BNEiE A
X IR S IZ W X CTARS ., Hammerschmidt
U8 B 4 F 293 41 i 9 B 55 A LMPL AT Ll
P G JAK KA S JAK3, i 1zumi
285 S LMPL 1) CTAR; X 5 JAK3 15 2 A B
SR, JAK/STAT 1553 48 J2 40 M P51 T %) o 23
o MAEMBF ST R B, 400 R 75 HAE Y 2 RS A
ST JAKISTAT (55, S5 540 . /i
T T-HIC R Z R RE DR 2k innie M % D1 eyclin
D1) Fl Bol-XLM%:, AHf5E 5% 1zumi ZEa93E1, 1A
LMPL J B A v 232-351aa JHl i A8 T 232-351 {14,
FERRBIK AR ) LMPL, e LI EAG I b & PR 2 A5 Y
LMP14%2350 504 | MPL i A% s 7 NF-xB FShBE
LA 2), 5 1zumi S 45 R IEA 509 SERAHTST
PR AR LMPLAZ2 350 s fAlsy, mIEAT R — 400
5T NF-xB {5 5l A G 5 LMPL ) CTAR, il CTAR;
Z 5PV R R A EY], ARSI R LMPLA2 St
5¥4E LMPL RE[FIFEA S0E L SR NF-«B, 168
LMP1 ) CTAR; (232-351aa) 478 5% CTAR, I
CTAR, XIS RESZIH/)N , [RIIF AT LIHEN CTARs FFA
2 545 NF-xB {5 Sl TG AL 5848 7 LM P22 3%t
SR LMPL A HCRE2R T % JAKS 3G Ly siE
(FEl 3), 4578 CTAR FIES 51T JAK3 M
ik, #E—HAIFSE T Hammerschmidt 2542 1 CTAR; 2 5

JAT JAK3 S IHGE, 2T H LMPL ISR & %
WA R — 2B

EB 5 #: 2 A% 1) LMPL 2 1 D5 L RE S0 145 2 41 4k
iR Ratl,Balb/ c3T3 MM Ak Mk AN B e
fRUIBERRE R T, VP2 R B/R T LMPL X 4t 3
BEI A ) X o e 33 A P e 5 i B
TR, (HXT LMPLAE b R 40 i 5% AL RO HLI 30—
W A B B o AR 9T 2Rk 28 AF LMPL 1 232-351 fv 4 I
WS G, #2EA LMPLA22 %t G A B 1 i 41
NP69 1, 3 YRl ST i1 F- i v B AN AR In S 4 74 i 30
&AL AR A B A R LMPL B AR (3R 2, 3)
HEM LMPL X NP69 4l Jifd (19 4% 1k 7T g 5 8 5 JAK3
BHMFEXRAE L, N LMPL #ALVERBLE LK% EBV
TG IR &9 v B A DL AR AL T Ik g . 4R,
XFPEEARAE AT JAK3 (55 iR 2 16 Ak i i, FiAth 5.
PRAE A o 75 i — 25 IS, CTARG FIri 1y 1945 5
W45 AR HG R TRATT T — 21 T AR,

5 % X #
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Construction and function analysis of the Epstein-Barr Virus-encoded latent
membrane protein-1 of CTARz region

Zhiwei Zhang?', Qiong Zhang®, Yanhui Yu', Yongmei Ouyang®, Zhimin He"’
(* Cancer Research Institute of Xiangya Medical College, Central South University, Changsha 410078, China)
(% Cancer Research Institute of Medical College, Nanhua University, Hengyang 421001, China)

Abstract: [Objective] The role of carboxyl terminal activating region of latent membrane proteinl (LMP1) in Ep-
stein-Barr virus infection and oncogenesis is unclear. In this study, we investigated the activating sites and functionary
mechanism of LMP1. [Methods] We recombined a deletion mutant type LMP1 (LMP1“%2%%) deleted the amino acid
residues including 232-351 codons in carboxyl terminal activating region-3 by PCR. Then we compared mutant type
LMP142327351 with wild type LMP1 (LMP1"T) to alter biological effect in Nasopharyngeal Epithelial Cell line NP69.
Moreover, we constructed a Janus Kinase 3 (JKA3) promoter luciferase reporter system (pGL-2/JAK3-LUC). We respec-
tively cotransfected the LMP1°%*2%%! and LMP1"" with promoter including NF-xB binding sequence or JAK3 promoter
luciferase reporter into 293 cells (controlled with pLNSX vector), and compared their actions to activating promoters by
results of luciferase activity assay. [Results] (1) The colony forming number (CFN) of NP69-LMP1°%%3! cells signifi-
cantly decreased to compare with CFN of NP69-LMP1"" (n=3, p<0.01). (2) LMP1"" was able to up-regulate the tran-
scription activity of JAK3 promoter and the level of up-regulation was correlated with its concentration in Human em-
bryonic kidney 293 cell line; while LMP1°%*2*5! was almost defective ability to activate the promoter. [Conclusion] The
carboxy! terminal activating region-3 may be one of the most important function sites of LMPL1, which involved in acti-
vating the JAK3 promoter and regulating the expression of JAK 3 protein.

Keywords: Epstein-Barr virus; LMP1; deletion mutant; NF-xB; JAK3 promoter

Supported by the National Natural Science Foundation of China (30470668) and the Health Department Scientific Research Foundation

of Hunan Province (B2006-100)

"Corresponding author. Tel: +86-734-8281075; E-mail: zhangzhiweichina@yahoo.com.cn

Received: 21 May 2008/Revised: 21 June 2008 © P ER M R EATITE S 45828 htt://journals. im. ac. cn



