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#3 pGEX-HBX-EGFP-TLM #= pGEX-EGFP-TLM, T4 454 K MAF# BL21(DE3) A XA ML, idbd& A% IPTG #
Sk, KA AKTA™ Purifier & & 44k & % th b5+ 347 SDS-PAGE #= Western blotting 247, # 24 B 4% @ . ¥tk
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Abstract: Hepatitis B virus X protein (HBx) has various functions and plays a crucial role in the development of
hepatocellular carcinoma (HCC). However, due to different transfection efficiency levels and experimental approaches, it is
difficult to correlate the exact functions of HBx to HBV-associated HCC. In this study, we constructed two prokaryotic
expression vectors, pGEX-HBx-EGFP-TLM and pGEX-EGFP-TLM, which expressed HBx-EGFP-TLM and EGFP-TLM
fusion proteins respectively. Both vectors contained a coding sequence of TLM transduction motif derived from the
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PreS2-domain of Hepatitis B Virus surface antigens. In addition, EGFP was expressed as a reporter reflecting the transduction
efficiency of TLM. The fusion protein HBx-EGFP-TLM or EGFP-TLM purified from Escherichia coli BL21(DE3) by
AKTA™ Purifier system was incubated with AML12 and SMMC-7721 cells. Both Western blotting and laser confocal results
indicated that the translocation motif TLM could lead HBx-EGFP and EGFP into the cytoplasm. Dual-Luciferase Reporter
Assay revealed that the activity of mEZH2 promoter could be up-regulated by the recombinant HBx. In conclusion, we
expressed a cell-permeable HBx, which could provide a new method to study the functions of HBx.
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1.1 ##
111 HH. HHF A,

KIGFF I DH50 B2 40 M [ 4204 A Y+
RATE; KGFFE BL21(DE3) 240 A K
WAV ARAF; DNEIFAER AML12 410 F A
e 4 fife SMMC-7721 W9 5 ATCC, 35355 1%
10% a4 L% 79 DMEM-F12 5 55 58 (RIRF s 1
0.005 g/L i1 %, 0.005 g/L #:4kE M, 5 pg/L il
40 pg/L H1 ZEKA) FIH 10% i 4F LT B RPMI-1640
Wi b A% RIB K pGEX-4T-1 19 H GE
Healthcare A w]; WP E MK pGL3-Basic #l
pBind 1§ H Promega 2 7] ; mEZH2 J7 3 3G R
R4 344 pGL3-pmEZH2 (-2 406/+22) #il HBx H A%
F3A 484K pcDNA4.0/TO/ myc-His/EGFP-HBx J A 52
B FE R IRAT
1.1.2 T AME. #A ik

Prime STAR™ HS DNA R4l [ TaKaRa 2y
F); T4 DNA JE#EE M PRI DIRE (Sal [ -HF,EcoR
I - HF,Not I -HF) g { NEB /A ] ; B S AL ik DNA
[l 77 2 NucleoSpin® Extract 1116 [ MN A #] ;
J R /N B A K R & Plasmid Mini Kit | 1 4
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OMEGA BIO-TEK 2A#]; #Aifii%%Yeik5 FuGENE®
HD Transfection Reagent W) [ Roche 7\ ; Dual-
Luciferase® Reporter Assay System 4 |1 Promega 2%
F]; PVDF RN ECL & (4357 &) | GE Healthcare
Ny Bt EGFP S B st SR H MBL 22 W), HRP
PRICH I FEH5R 190G W A il G A R . HAa
[ oy B
12 A&k
1.2.1 @4 F HBx-EGFP-TLM #7 EGFP-TLM /%
AR EENI ) E

P HBx F % 3R ik # /& pcDNA4.0/TO/myc-
His/EGFP-HBx N #idi, i H]1Z 1 Ers514), 435
P14 HBx Fll EGFP AL X 5 51 -5 | A 534 114 BIR ] 1 il
P, WG EGFP FiifsI 45, 7E EGFP
BEAREmIIAK 8 MMM FENE linker
(GlyGlyGlySerGlyGlyGlyGly), HVii#H: EGFP I
TLM (ProlleSerSerlleSerSerArglleGlyAspPro) % &
JKJF5) ., HBx. EGFP-TLM J¥ %1 K J5#% 3 ik 28 4k
pPGEX-4T-1 V) J5 k47 = I Bti® ¥, EGFP-TLM J¥
HIH pGEX-4T-1 2 AKRG U J5 #4790 v B, 73l
P i A R R A AR pGEX-HBX-EGFP-TLM FiI
PGEX-EGFP-TLM. # ™= ¥%% k. DH50a J&3Z &4l
JitL, BRECBH M e R IR .
1.2.2 HBX-EGFP-TLM A/EGFP-TLM /& % 7 /915
A

) 7 TF Hff 1Y 2 20 ok pGEX-HBX-EGFP-TLM Fil
PGEX-EGFP-TLM %1k KA #T i BL21(DE3) &%
AU, PRECPHME R, T 30 CHEIRYR & 1 724018

% ODeoo fH M 0.8 ZE 47, IIAZYKEE N 1 mmol/L (1)
IPTG, T 16 Cifi'F%ik 15h, 4 CE.LIEREIK,
P B RS A SO T L RN RDTTE AT 8%
SDS-PAGE Hiik, [FIRIESINEEIL T pGEX-4T-1 %5
K1 BL21(DE3) A E AR, LA E Rl & 8 Y
Tk B AL,
1.2.3 HBX-EGFP-TLM A/EGFP-TLM il & % F1 192
1A

AR AT 80 mL FAEZE B (137 mmol/L
NaCl, 2.7 mmol/L KCI, 10 mmol/L Na,HPOQO,,
2 mmol/L KH,PO,, pH 8.0) Hk:, BT K L#r
f4E, 12 000 r/min B5.0> 15 min Y dE 13, 78 AKTA™
Purifier 544k &5 I, ¥ FiELL 0.8 mL/min ¥
WORE T GST B M4lifbi: GSTrap™ FF, ] GST ¥t
W ZE ik (50 mmol/L Tris-HCI, 10 mmol/L if 5%l
AWK, pH 8.0) VEME GST Ml AE M. KRS
H UV280 I A R B 2 i R ik e,
SDS-PAGE #1 Western blotting #4741l ,
1.2.4  HFIGEREETARI TLM G956-F 15 1

B AML12 4% 70% A AILA R, 43
A4 HBX-EGFP-TLM H1 EGFP-TLM Fil &2 1
URSLHTFR A h, 1xSDS | FE 57 v 1 42 4 210 i 42 B
MM, FEMPEFT 8% SDS-PAGE 4 If551E, N
APL EGFP HLyi A (11500 LLGiHFE) =il
A 4h, TBST M 3 U5, A HRP dRic i L4t
% 1gG (1 : 5 000 LLfilfs®f) =B E 2 h, HH ECL
BERKHE T REA, IR R,

%1 BAEB HBX-EGFP-TLM #1 EGFP-TLM FRE#F A HKMEFR AR EFT
Table 1  Primer sequences for the construction of HBx-EGFP-TLM and EGFP-TLM expression vectors

Primer name Primer sequence (5'-3")
HBXx-EcoR | F GGAATTCGCTGCTAGGCTGTGCTGCCAACTG
HBx-Sal I R ACGCGTCGACCGGCAGAGGTGAAAAAGTTG
EGFP-Sal | F ACGCGTCGACTCGTGAGCAAGGGCGAGGAG

EGFP-linker-TLM-Not I R

TTCCTTTTTTGCGGCCGCTTAAGGGTCCCCAATCCTCGAGGAGATTGACGATATGGGTCCTCCT

CCTCCACTTCCTCCTCCCTTGTACAGCTCGTCCAT

Restriction sites were underlined, the bold fonts were inserted to make sure the correctness of open reading frame.
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1.2.5  JOLIETRSAE MR I EE AR & 285 1T HELE (i

A3 AR AML12 F1 SMMC-7721 40 it & 303t
RAELIHMIGIM, HKFRMME 50% 74105
&, A K 3% & i) HBX-EGFP-TLM fil EGFP-TLM
A EOMEE 4~10 ho T8 09 HEE- 9 W [
(1:1 HBNRES) BaEM 15 min 5, ALK E
10 mg/L # Pl = iS4 A% 30 min, HOGILR A&
WA N SO TR AN P i o3 A
1.2.6 gL MR 7 2 AT 2 0 7 25 #2 1 mEZH2
I ) Fidg tE

Y 0.8 pg MEZH2 Jii 83 6 R M 5 2k
pGL3-pmEZH2 (-2 406/+22) j 0.025 ug pBind £
Ak E AMLL2 4iiid, [FEH% 9% pGL3-Basic iAf
BT R .24 h )5, 43 300 A 55 & 1) HBX-EGFP-TLM
F1 EGFP-TLM filt & 8 1, 4k2E55 5% 4 h IRk,
KU FR W R R AR R Gk il mEZH2 )5 3+
M, BES R R, B AES 31,

2 R

2.1 HBX-EGFP-TLM #1 EGFP-TLM EH &%k
B IRRI R
DL 7 pcDNA4.0/TO/myc-His/EGFP-HBx

Bt , 2% M PCR 1Y, 70l 3k45 K/l 462 bp
i) HBx H B:Al 798 bp B9 EGFP-TLM H B (/&
1A), % HIEH A pGEX-4T-1 #/k, Mty e &
# H HBX-EGFP-TLM 1 EGFP-TLM (& 1B) fYJ&
¥ ik # /K pGEX-HBX-EGFP-TLM #il pGEX-
EGFP-TLM,
2.2 A& EH HBX-EGFP-TLMF1EGFP-TLM &Y
FiE, GUREE

¥ K # R T i pGEX-HBX-EGFP-TLM i
pGEX-EGFP-TLM # 1k 43 4 % b K W #F &
BL21(DE3) /&% &4, IPTG SRk, XM
PRI EE 94T SDS-PAGE 23#T, 45 Exs, 5
PGEX-4T-1 %5 #AK M Ik, % 4k T & 4 i #
pGEX-HBX-EGFP-TLM Hl pGEX-EGFP-TLM [ B {A&
Ay SFEA XS4 T4k 72 kDa il 55 kDa &b 3575 B i
MFRBE AT, SEUNAR/MARE (8 2A, 1. 2
M5 UKIE) . Ay — D G A DU R R
ik, BRI TR RS TR R R, SO
ATV LV AL AR TTIE , 43l %t b i AT
#E17 8% SDS-PAGE |, Z5REH], B&HEHATE
BL21(DE3) H [w] iy LA A ik 14 R AT 5 1 25 1 e e
KFE (K 2A, 53, 4, 6 F1 7 JkiH).

A B

bp M 1 2

1200—
900— HBx-EGFP-TLM B e
700 —
2007 EGEP-TLM [ ——
300—
100—

I GstT [ ] HBx [ EGFP = Linker BE TLM

1 HBX-EGFP-TLM #1 EGFP-TLM Rt & E A RZRIEH ka2
Fig. 1 Construction of vectors which express the recombinant protein HBX-EGFP-TLM and EGFP-TLM. (A) Amplication of HBx
and EGFP-TLM fragments. M: DNA marker; 1: HBx, 462 bp; 2: EGFP-TLM, 798 bp. (B) Schematic representation of

HBx-EGFP-TLM and EGFP-TLM recombinant proteins.
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A B C
kDa M 1 2 3 4 5 6 7 kDa M 1 2 kDa M 1 2
170 — 170 —
97 — 130 — 130 —
e 100 — 100 —
66 —
70 — 70 —
e
55 — 55 —
45 —
40 — 40 —
2 Ft&ZEH EGFP-TLM #1 HBX-EGFP-TLM MIRIEG U B L E

Fig. 2 Expression, purification and analysis of HBx-EGFP-TLM and EGFP-TLM fusion proteins. (A) Soluble expression of
EGFP-TLM and HBx-EGFP-TLM proteins in E. coli BL21(DE3). M: protein marker; 1: lysate of E. coli BL21(DE3) transformed
with pGEX-4T-1; 2, 3, 4: lysate, supernatant and precipitation of E. coli BL21(DE3) transformed with pGEX-EGFP-TLM
respectively; 5, 6, 7: lysate, supernatant and precipitation of E. coli BL21(DE3) transformed with pGEX-HBx-EGFP-TLM
respectively. (B, C) 8% SDS-PAGE (B) and Western blotting (C) analysis the HBx-EGFP-TLM and EGFP-TLM recombinant proteins
which were purified by GST affinity chromatography GSTrap™ FF. M: protein marker; 1: purified HBx-EGFP-TLM; 2: purified

EGFP-TLM.

AL S 2508, F T e Rk &
A GST 2 fnalifbtt: GSTrap™ FF ikfr4lifl,
PATLEE R = Y GST MG H (8 2B). 78 L EE Al
I, FIH GFP BLmilEHiiRk Western blotting £ il 4fi
i E, e iR Yo BRyE A (B 2C),
23 TLM ¥%S2EEM% 7S HBX-EGFP #1 EGFP
N0 AR

RHfE TLM % 3 IRBE A A Sl G 8 i A2
L, W gL Rl A B INA AMLL2 4TI E 4 h,
FIFHA% GFP $if& Western blotting 5 Il fil & 2 1 &
HHEAHM . 25 R AM, SXTRAMML, FEMAT
HBX-EGFP-TLM #1 EGFP-TLM @ & & 1 %
AMLL2 2t b 7RG D0 28] 7 A L 04 e S M Akl (]

3A). NHE—HE TLM % 3K EE 4 & F 040
it S Hoe S )68, FRATTRH HOE 3E RAE
e o AR T Rl A B 1 M EGFP #E (H7E AML12 Al
SMMC-7721 AiffImy s34 . A2REW], 5§ AMLI2
MMALEE 4 h J5, WFPRELS B FE TLM 5 3K
F A 5 X35 S A L S A L, T A R

M) EGFP 2 H WA i A4 (&l 3B), it —2
£ SMMC-7721 4 i rfefe i & i [ 2B K & 10 h, 25
RN LA R AN, 7E R R
Ak i (K 3C).
24 H#ER TLM 15 HBx i
T

B A I8 W8 HBx HA T2 B9 5% S 0TS 1
PEP FRATHTINI S E i SE HBX 78 AML12 4 i
FIRRENE S TS mEZH2 o FiE (%Zi%%)
kLRI TLM e 3 ik 5 HBx ik A4 i 2
HAE®E WA EE, RO 5% & El
HBx-EGFP-TLM Ml EGFP-TLM i A & # Yt T
MEZH2 J& 3 T 2 Bl 5 A 1 AML12 i i
EE 4 h JFHATACOCR MBS ER . S5 R 4
fiios, SXIRAHEE, HBX-EGFP 3EA 405 Al LAA
W mEZH2 J5 35, $eos il A 2 A0 A
P BB & FE LG S d W M . I SRk — 2L U0
!ﬂé‘?rﬂit TLM Fl& 89 HBx 5 FH AT LAFEA R,

HLREAE I 4 L S B0 I 1

HENARERETH

Journals.im.ac.cn



1376 ISSN1000-3061 CN11-1998/Q Chin J Biotech September 25, 2011  Vol.27 No.9

A kDa 1 2 3
100 —
70 —
55 —
B EGFP PI Merged
EGFP-TLM

HBx-EGFP-TLM

EGFP

c EGEP PI Merged

EGFP-TLM

HBx-EGFP-TLM

EGFP

3 TLM #S5KkN S HBX-EGFP #1 EGFP Bt & E B # A\

Fig. 3 HBX-EGFP-TLM and EGFP-TLM proteins were translocated into AML12 and SMMC-7721 cells by TLM. (A) Western
blotting analysis of fusion proteins transducted into AML12 cells. 1: HBx-EGFP-TLM; 2: EGFP-TLM; 3: negative control. (B, C)
Determination of EGFP-TLM and HBx-EGFP-TLM fusion proteins which were translocated into the cytoplasm of AML12 (B) and
SMMC-7721 (C) cells by the laser confocal fluorescence microscope.

Journals.im.ac.cn



HGEAHES: HBX-EGFP-TLM fil & 25 F Rk s R mu it . 25 A 3Rl Ak 20 vead il 1377

0.50
<
0.40

0.30

0.20

0.10

Activity of firefly luciferase

0.00

pGL3--2 406/+22
pGL3-Basic -
HBx-EGFP-TLM +
EGFP-TLM -

+

4 HBx-EGFP-TLM gt &E B8 L8 mEZH2 BahFiE 4%

Fig. 4

The activity of mEZH2 promoter is up-regulated by HBx-EGFP-TLM in AML12 cells. pGL3-pmEZH2 (-2 406/+22) or

pGL3-Basic was co-transfected with pBind. 24 hours after transfection, AML12 was incubated with the fusion protein
HBx-EGFP-TLM or EGFP-TLM for four hours, and the luciferase activity was detected by Dual-Luciferase® Reporter Assay System.
The pGL3-Basic vector was used as a negative control. *P<0.05, evaluated by Student’s t-test.

3 ik

TERZ B IAGE T, HBX FE Al & HBV &
HE LR ENEZENEZ —, Hirt LW it
58 HBV MM & B WL AR S T il iy
HBX FLAZ AN M FRIB 4K, % e 4 M 5 B sl A ik
HBx M, & H R4 L = 78 HBx D REMF 58 i il
R F I SE 8 v o (R BORE A 5 HBX [ BRI
ik, HFERAKPEEARRE, X TR TR
AR 2SRz B s R, R
KK HBX 422 7 AN TR) 328 1 %o A =6 40 ) 5%
Wi AR C, Tarn 2551 Tet-off RGHIEA ] HBx %
IR 3pX-1 Al 4pX-1 i, K& B HBx BAKK -
IR HY 3pX-1 4 g A4S i HBx ik /K F- 1Y 4pX-1 4 Jifd
HA B AR A A 2R, HOBOS ARS TR 15 5 5%
SR mi g EIk (CPP) AT K4 T &
F12F 3k 40 e IS A 2 R, LA SR LT g ik B
100% , 1T ] A5 25k G PRI 157 Bt 2 e R AN [ T S 30
(8 2R A RE MY, N fE AR s, Tk
AT 2k R il A AZ R R TLM 5 ik S
HBx #EAT Rl A 235, LUHFE TLM /EH T S8 HBX

2R E A [FIES, FRATIFE HBX 25 Y N 2K Ui
fill G T GST A% LUME TRl& 8 Y AT Rk 5 4l
1k, 75 HBx 1 1Y C Kumfih & 1 EGFP & 1 LUl T
ARG T M ok . 25 RRW], RIS T
AR RS E N, JFHAE TLM B S IRERT,
Iy TRy 72 kDa 9 HBx e & 10 A RS A
AML12 il SMMC-7721 41 jifd .

[AEE, FRATIEE S5 e 5], HBx LUK EGFP
G HEELE TLM %@%E‘WEFQT&/\QEH@%IE
FENLTHIZE (K 3B), i — LA K& A ], 55 2l
BHE M A IR »Eh*wj\iﬁ (1 3C). X Al fiE
F 25 HBx Fll EGFP HEH A 1 GST bR A K, H
T GST MM M, DT Bml & 8 P17 4
R R T M Y K R L, R — 4
FEMK PG ED KA ERE, XS
RILRIAT, TEJG LM BESL 50 T T ZYIBR GST 5
ZRNBEREGIE EE IR, DIHER GST Fr&xt il &

HEHINRERZR . it — D E HBx flG E 21
HA RN AEY 7 hhe, BAITFHZOCREHR S R

iRl 1 HBx RGO mEZH2 JH 3 TiE PR
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Wi, 45N, RASA GST FRZEN & 11 E AL T 1
T, MK ARy HBx RlA 8 A A0S mEZH2
TR B FIENE, REEHIER AP

B2, AR ARH TLM % SIS HBx A
A, ATRLE AT HBxX @l A B AL, A
IEHRAEY) 7 IR . X PR UETRHE S L HBx 78 40 i
H o) oA XL R s 4R 4t oy TR, i
AT DL A Bk e, RBRZREG R, M
T4 2 R 2 1 ) AR A 2 0 T SRR
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