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Expression of Target Gene in Eukaryotic Cells Driven by
Prokaryotic T7 Promoter and its RNA Polymerase
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Abstract To enhance the efficiency of the expression of target gene in eukaryotic cells, one of the strongest prokaryotic expres-
sion systems, the T7 RNA polymerase and T7 promoter, was introduced into eukaryotic cells. A duel-plasmid gene expression
system of T7 bacteriophage components was developed; one containing the T7 phage RNA polymerase gene under the control of
eukaryotic promoter CMV ( pCMV-T7pol) and the other { pT7IRES) containing the T7 promoter and T7 terminator as well as EM-
CV IRES. To test the feasibility of this plasmid system for eukaryotic expression, hepatitis B virus envelop HBV preS2/5 was
used to construct pT7TIRES-HBs. The target genes were expressed efficiently by the eukaryonized prokaryotic expression system in
a variety of the cells indicating C2CI12, SP2/0Q, NIH3T3 and BALB/c 3T3, suggesting the potential applications of the expression

svstem in gene therapy and gene immunization.
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£HPHHE S 0 T7 RNAP R B8 BIREZE T
RERANHABFRERS FHERLEBETNERE
1, T ELAZ 3% ik R0 AT0E o R IR A R, T S
FHBE RSB TR EZ MM RNA RS HE
REMERARE R ERERABRARE PSR
BERMNES TSERMBM G TREEREILN
SHEREMEN L FFIE T RNA SR, M
TR T&8 —B 23bp KK FH,EWHLST Y H
HPHBFA¥ESFHNSBL . REHRES5HE
BEivHEZFNHHRSE. B, EEERAE
FoANEEHK SRESENERTEEZART
M FEKE.

B2, E& 4 E g E S Ko A A
MEFHEENMHEEEXENS ARERZE
WEBERERGEIALBHNK, BATREFAT X
BOE: WA T7TRNA BEHME AEEH -
AL S T7 RNAP WIBE AN A KB H
B pCMV-T7pol 15 0 HHE R 00 . 2) fn o] & ¥ % R %
FEERGF M 608 {L" mRNA - 75 2L 4% 4 1 o
FIBR R %7 AFF0 %W M0 HL4E 9% # (Encephalo-
myocarditis Virus, EMCV)H] mRNA 585 4 K SR # ¢ E
BiLsH, s mE —REMEMFX(CTR) K
B — N AR A A 45 (Internal Ribosome Entry
Site, IRES), i fif s 237 "5 k" mRNA #1718
b 4E 1 #t £ 8 % ( Capping-independent translation ) .
@i e H RS H 69 L s il A EMCV 5°-UTR
# IRES Fr#l S REL E T7TRNAP/ RS TR HLF
BEE AR BE R

BAE i AR — & T7 W ks
GRS T T7 353 3 F @10 f T7 $F F &
[ % EMCV IRES F& ¥ 8 J8 &% JT 4% i5 &
pT7IRES. SRI5 5 pCMV-T7pol EE EFEA A (Z
FILE AR ERE T CMV BB T3 T7 RNA £
ERMERAMEE VAR LKA ERRTIATZMKE, L
WEZRAZEMNAEZL UESHENEHNERRK
M FEEKE. FLUHBY EEHEMEAN
Gt E N preS2/S BN HEWRZEREKELE
HEHERHRIBHER.

1 MR 57 iE

1.t ##

L1.1 R 5B M fR pCMV-T7pol B 3 & & 3
A% Dr. Eagles BB ; i ki pVAXI f1 % E FDA Dr.
Zhongming Li 288 ; Bk pTM1 & NIH Dr. Moss 28,

[ pVAXIA, pET-15b, PEHH, pCMV-HBs B 4 %
F 1% F 1A DH5a( Gibco BRL A7) .

1.1.2 5[89:T7 ter 55 25| 4. T7 terU:5'GC TCT
AGA GTC GAC GAT CCG GCTG 3', & Xba 1 BHI{u
&3 T7 terD: 5" TT GGG €CC TTG ATCTCG ATC CGG
3,7 Apa L BEYIU 4. T7 pro-IRES R 1518 . 17
proU: 5" CC CTT AAG TAA TAC GAC TCA CTA TAG
3,5 AN MY AL & T7 proD: 5 CG GGA TCC CCA
TGG TAT TAT CGT G 3', & BamH | B§¥1{i &, HBV
preS2/S Ff 7 5| 8 : pres2-sU: 5" CCG GAA TTC TGC
AGT CGA ACT CCA C3', % EcoR | B & ; pres2-
sD:5'CG CTG CAG TTA AAT GTA TAC CCA AA Y, &
Pst 1 BBHI00 55

1.1.3 74U TEBMER PRE B EoR 1
(MBI 47 ) . Xba 1 .Apa 1 ALl . BamH [ . Pst |
(TaKaRa 7: 7] ); T4 DNA £ # 8§ (MBI 2 &) }; Taq
DNA £ B 85 ( Biostar 23 5] ) ; INTP( Biostar %> 7] ) ; Lad-
der DNA marker( MBI 2 7] ) ; PCR 7 #7 4fi {k i 9] & .
fe T i 7 & (S R v wl ) -

1.1.4  AHHC2C12(C3H /DR VLA ML, ATCC %
51 CRI-1772) . SP2/0 { BALB/c /) B & 45 4% 40 31,
ATCC %% 5 : CRL-1646 ) . BALB/c3T3 ( BALB/c /) §E
HE R IR 2T HE B S B AR 4R BT, ATCC %R 5 : CCL-163)
I NIH3T3( NIH/Swiss /)» B BR 3K I8 59 £F 45 53 40 B
M, ATCC %45 : CRL-1658) ¥ i A & {R7F .

1.1.5 ML ¥k H. Lipotransfectamine J§ & {&
{Gibco BRL 23 7] ) ; 1640 52 £ B 35 ¥k . DMEM 1 5 ik
ka7 ol I

1.1.6 Sl fA RN BT A HBsAg 88 5T RE
LA (ELISA 2t 1:1000) ( Chemicon 4% 7] ) ; 2 #i 7>
R IgG-HRP( Southern Biotechnology 73 ] ) .

1.2 A&

1.2.1  [GRifY R 7 ¥ 3 . K B Lipotransfectamine 5%
3 i A5 R A AT

1.2.2  BES R S i 55 (DOT-EIA ) - 8% 5 e 4 B -
HUREEEMR T HMEAERERE L, 37CE A&
e+ 1h, 4 O. Imol/L Tris-HC 28 # i (0.05% Tween,
pH 7.4) FRi% 10min, LABH W1 #& (0. Imol/L Tris-HCl 48
M, 0.3% BSA) 37°C B K 60min, Tris-HCl 4% ol #
BRUE Smin, 3 K, N —41, E B, Tris-HCl 2 Wi
BEPE Smin, 3 W, N 24, 37C & ¥ F 60min, Tris-
HCI 2 i B ¥ Smin, 3 K, T DAB KR F 2
. A DOTs s 2530 B R 40 87 R 50 % o B FE S tt £
KER#E A
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1.2.3 ScitEmi. #H SPSS it kst

R,
2 % R
2.1 FEpHER

2.1.1 TTHERSFHEXLFFAIMOERR:FA
PCR 77 3, UL 4 5 ¥ 31 9 ( T7terU/TTterD ) M Ji KL
pET-15b Ry 1478 8] T7 K 1L FRF(T? ter) (B 1),

1 2

Bl 1 T7 ter PCR =R Bk E

Fig.1 Electrophoresis of PCR of T7 terminator
I: DNA marker {125bp): 2: T7 ter PCR products (149bp) .

2.1.2 T7 337 &% IRES FF3| f4KEL: Fl A PCR Uy
2, R 31 (T7proU/T7proD ) M B BE pTMI
P HE A T7 88+ & IRES 5 (T7pro-IRES) (&
2)e

2 PCR ¥ T7pro-IRES /¥ ¥l ] 8 3K 55 R
Fig.2 Electrophoresis of PCR of T7pro-IRES sequences
1. DNA marker {2 800bp, 2 400bp, 1 200bp, 1 000bp, 800bp, 700bp,
300bp, 180bp): 2: products of T7pro-1RES (635bp) .

2.1.3 JEHL pT7IRES MR % T7 J3 30 F \IRES ¥
B K T7 2 1k T4 A BB pVAXIA B2 P IR RRL
B 1% pT7IRES(E 3), 34 PCR RMIFF ¥ EEH .
2.1.4 % pT7IRES-HBs i) ¥ 8 : A Jfi ki pEHH
#5718 H p95 H HBv-preS2/S, 2 A8 EcoRT \Pst |
WA I 7ikE A pT7TIRES Bk , REBEARKLRBL
pT7IRES-HBs, 3 2 W 7 % & E# . Fit— £ &Y
K — A& IRES 3 i 4 B8 BUBL pT7-HBso

MCS

pT7IRES

— 863 bp

Kan®
B3 R pT7IRES i) % E
Fig.3 Verification of plasmid pT7IRES
A: pT7IRES plasmid diagram; B: PCR products of pT7IRES
1: DNA marker (2 000bp, 1 600bp, 1 200bp, 980bp, 800bp, 500bp,
300bp, 100bp) ; 2: PT7IRES PCR products.

2.2 RERERZENAEL

2.2.1 pCMV-T7pol/pT7IRES-HBs: X i ki 3L ¥ L K
B4 B Bk C2C12: L4 pCMV-T7pol/pT7IRES-HBs B K
BRI R IE R, AR B &L e B8 A Bk
C2C12; DAL FE 4L pT7TIRES-HBs fi b K AL 55 % pCMV-
T7pol/pT7-HBs XU ELAE Ky 4t B (B 4), 43 BIHE 24h,
48h.72h & | K4 ML 5 £, Ll DOT-EIA ik
B ® H A9 A HBsAg KR ILHF S, I A Dots B8R 5
WERGSHTKREAMSG LB (B S), GREH:
pCMV-T7pol/pT7IRES-HBs U HL4H A, iy 3k % 14 1K &
Bt TR B DM EMEREP R
=4, T {2 5% %% pT7IRES-HBs BB A 41 i £ X
HBsAg ) %3k, 3L 55 4 pCMV-T7pol/pT7-HBs by g
KAREFFILTFREAIE S AMEINERRY
XA, xEAEIRAENAUERB T
CMViH#E T7TRNA BEMMRZEMNETI BT T
PiE A EMCV IRES FFHI X FIf F REB R LH
BEEEREMEBL.

T7pro  TRES HBs

A pT7IRES-HBs
pT7-HBs
- At pCMV-T7 pol
CMV T7 pol poly A
T7pro  IRES HBs T7 ter
{ :<;<:<:-:‘:-:-:-:-." pT7IRES-HBs
C
pCMV-T7pol

4 FERFERAEEMRESK 2012 HHEREE
Fig.4 Strategies for in vitro transfection of the plasmids
A: C2C12 transfected with pT7IRES-HBs only; B: C2CI12 co-transfected
with pT7-HBs plus pCMY-pT7pal; C: C2CI2 co-transfected with
pTTIRES-HBs plus pCMV-T7pol.
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b
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24h 48h 72h
B 5 AREERE C2C12 41+ HBsAg HFiE
Fig.5 [Expression of HBsAg in the myoblast cell line C2C12

after transfection with different plasmids combinations

a: Detection of HBsAg in the supemalant of the transfected cells { 100uL
per dot) by dot blot analysis; b: The value of grayscale of the correspond-
ing dots. A: pT7IRES-HBs, B: pCMV-T7pol/pT7-HBs, C: pCMY-T7pol/
pT7IRES-HBs, D : non-transfected cells.

222 HEAMBEERARZRGETEARKEEDN
RPERERFANER : A#F S BETEBRENE
B ik £ % ——pCMV-T7pol/pT7IRES-HBs X JF ki 1t
RERREARBEEHARPHREBR, FHR %
# (C2C12,SP2/0 ,NIH3T3 , BALB/c3T3 PO # R 7] 3K &
MR B Bk D 3 R AT T WS . H pCMV-T7pol/
pT7IRES-HBs SRR R FIAG BT 4 7 B St % e & H B
Hikk, 3 L7 Y pCMV-T7pol/pT7IRES %3 Ji #1 41 Ml
FE Y R X B, 4 BITE 24h 48h 72h W 4E — K 40
MisEsR E7E, L DOT-EIA R B BRI XBEAF A
IR bR Kk, SR LI LY pCMV-T7pol/
pT7IRES-HBs XL 9 Fr A 4 R vk 09 |38 P 2R e &2
HMIHEMERNBERMNRE™Y, M BAHX
HBsAg M KE(E 6). XEBEBINIFERIER
4 pCMV-T7pol/pT7IRES-HBs XX i ki 3t % ik {4 & #
BENAFRMAEHRTE, E— RIFHMRAER
FREBENRERER.
3 3 #®

RS .ROMBT —& T7T BWHEEEREX
EAETH(TT BB T OI0 M T7HRHEIETF)R
EMCV IRES J- 5| (9 Jl ki KA B K pT7IRES. RiE 5
pCMV-T7pol AR5 R 4 I T7 RNAP/JS 3 F 3¢
FokER R 813t Bkl pCMV-T7pol 24 T7 RNA B
AM K H EMCV IRES KM EJE“H "4 mRNA £
FEAH o i B RS R X B R O B L % T7 RNAP/S
HTEBRRERGASIATEEARS., &3 — R
944 #h 328 iF B , pCMV-T7pol/pT7IRES-HBs XX i &
2 AR ) FE 3K 1 R BE B 1R 47 b 3 A B MR B

AYRFBEWER, HE— B IF 040 3 B HE K #
HIFREE R, EZ AR & R/NEORE (0 BALB/c,
C3H .NIH/Swiss /> B ) 00 H ¥ 41 B £k (SP2/0, C2C12,
NIBTH EFR—SF/PERWARA AR BEHAZH
bk (SP2/0 . BALB/c3T3) P 8B B & HEAER

a I
24h  48h  72h 24h  48h  72h

. 1

5 2

3 ey .

m 24h  48h  72h v 24h  48h  72h

1 1

2 2

3 3

Grey scale value
IR

%
&
%
%
E:
£

e
ARRNNANS

T ONHT
B 6 pCMV-T7pol/pT7IRES-HBs XX 4 4t 4% 4t
FZHEAMAMIES HBsAg B F X

Fig.6 Expression of HBsAg in various cell lines after
co-transfection with pCMV-T7pol/pT7IRES-HBs
a: delection of HBsAg in the supematant of the transfected cell lines
(100pL per dot) by dot blot analysis; [: SP2/0 cell line, [I : BALB/c
313 cell line, II: NIH3T3 cell lines, IV: C2C12 cell lines; 1: nen-
transfected medium, 2: pCMV-T7pol/pT7IRES, 3: pCMV-TTpol/
pT7IRES-HBs; b: the value of grayscale of the corresponding dots.

BOENEREN T TTRNA RSB AR
B, HRAA T SR 4 RA VLA, B
HEHBHF CMV ## T7 RNA BSR4, 3
mMEsl TTRaAFriFHMNEEMEE, RiTwiE
T7RNA REBRIEHAY) RNA BEM,HAEH
BENMESHKFES , B T7 RNA B4 8t iR pC-
MV-T7 pol % R REGE, L FEMERERK P,
B, KBHRFN BB DNA 8 £ 2 MMIA N T
A WEESHERE P, R —/#oaEE
WA MKE., B8 E T RNA REMATE

BALB/¢ c2C12
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) pCMV-T7 pol fiFRik. BT T7 RNAP S HE S TERMNSE R &

2 A %“)“‘”j}jéﬁ——m\\\ = poimerise IR 30 1 , pCMV-T7pol/pT7IRES-HBs — % BE7E HL #4
=8 - £y pT7-IRES-HBs e _ N
PR X y :5%\\\ MBEANE R REWREER, 7 £ R RN ., &
TL0R TR T ARG SR FA Y R T

O imimesr et AR e RERISTRL, HH B D R KT TR # 8

c_\loplasmO ) 3 % < 2-3f%. XFEWH T7 RNAP 5EHE R 77
. o~k T7 pol mRNA - EMBASMERTAEBRSFHANERNE

7 5 TN .2
s O Y — HBs Ag . ; . i .
P 24 . Cheng’ % EFE45 T7 RNA RHtESS /A B0, %
S mucleus ™. s 5 -
B/ R i P9 R R B HT T7 RNA B & B8 RO 4T
M7 pCMV-T7pol/pT7IRES-HBs XU #L FF F i T 8 ¢ P - PRI P SE RO R T B A5 AR RS IR R
4 pray > A 7
Fig.7 Presumptive mechanisms involved in the expression of BT 3 1 R 97 A 5 R T HE 22 SR B K Y 20 1
the target gene by pcMV-T7pol/pTIRES-HBs H.
in a eukarvotic environment
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