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The construction and application of an adenovirus mediated dual-luciferase
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[ Abstract ] Objective:To construct anadenovirus mediated dual — luciferase reportersystemthat can be used for screen-
ing promoters with high activity in a broad of cells. Methods: The testing promoter controlled expressioncassette of Firefly
luciferase and CMV promoter controlled expressioncassette of Renilla luciferase were cloned into the E1 and E3 region of
adenoviral vector respectively. The capacity of the system was assessed in the following three aspects: the activities of each
promoter detected at different MOI, the variance within the same group, and the availability of the system for examining
the promoter activity in cell lines that were hard to be transfected. Finally, the activities of CAG, CASI and a new CCAU
promoters were examined by the system in 9 cell lines to find the promoter with high and broad-spectrum activity. Results:
The adenovirus mediated dual-luciferase reporters system was successfully constructed. The activities of Rluc and Flue of

individual promoter had no significant difference at different MOI conditions( P >0.05 ), and the variations in each test
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group were small. The system worked effectively in K562, Jurkat, and primary skin cells, which are hard to be transfect-
ed. We found that the CCAU promoter produced higher luciferase activity than the CAG and CASI promoters in 9 cell lines
tested ( P <0.05 and P <0.01 respectively ). Conclusion: The adenovirus mediated dual — luciferase reporters is an easy

—to — use and reliable assay system suitable for assessing promoter activity. The new designed promoter CCAU has broad-

spectrum strongactivity and can be used in transgenic over — expression.
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Fig. 1 Skematic of adenovirus mediated

dual-luciferase reporters assay system
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1.1 E£&MH5HA

Ji 75 B 2R K pPE3-CMV-Fluc 1% 25 2
¥ ik pDC315-Rluc . pDC315-CMV | pDC315-CAG .
pDC315-EF1a.pDC315-CASI % Jfi ki }2 HEK293 . He-
La.Hep3B . Huh7 . HepG2 .7404 . PLC . H460 . H1299 |
Jurkat K562 544 A S5 = AR A7, /N BRUEAUIL
P I MR R A /N B B R LA 4 %5 o Dual-Lucif-
erase® Reporter Assay System iR77 & [ Promega 2%
Al R PN VI EE A B NEB A F, Lipofectamine™
2 000 H Life Technologies 2 ], it M1 A 32 5] & 14
H MN 2 &l R & il 25 500 & W B Qiagen 2
A, Solution [ W4 [ TaKaRa 2\ 7], GeneRuler DNA
Ladder Mix W4 [ Fermentas 2~ &, H-DMEM . RPMI
1640 135 FBS ) A .DMEM/F12 I H Gibeo
AT, FIMEFCERBER LA G £ ),

#1 PCR3|Y
Tab.1 Primers for PCR
Primer Sequence
VT001 5'-CTGGCCAATACCAACCTTA-3’
VT002 5'-ATATGAGCTCACAATGCTTC-3’
RO1 5'-ACCGTTTACGTGGAGACTCG-3’
R0O2 5'- CCCATTTCATCAGGTGCAT-3’

1.2 Frtyd

FH Xba 1 + EcoR 1 43 51U B 75 25 42 STk
# & pDC315-Rluc. pDC315-CMV . pDC315-CAG .
pDC315-EF1a 1 pDC315-CASI, A1 P24 53 5 k47
DNA B HLIK i TS 0454 Rlue 318 1) 38 FH B
IR LI K CMV ,CAG \EFla CASI % 4 MH 81T
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ZIC L RS A A Fl S A ik A )R B 7
CCAU. ¥ 5 FiE 3743 il Al FH B 4R ak i, 74k
DHS o /235, PR 4L 7, JE DI 282 o K 1) 2
FE IER A EE L F- 36 AR DN, I8 DU 5 1 6 ) A N o
Hi Ay 44 4 pDC315-CMV-Rluc . pDC315-CAG-Rluc .
pDC315-EFla-Rluc. pDC315-CASI-Rluc. pDC315-
CCAU-Rluc, 43l Kl & LA L 5 Fhsok:
1.3 MR

¥ IR % % 9 B OB pDC315-CMV-Rluc
pDC315-CAG-Rluc., pDC315-EFla-Rluc, pDC315-
CASI-Rluc .pDC315-CCAU-Rluc 43 51| 5 I 55 5 B 42
#H K pPE3-CMV-Fluc i1 Lipofectamine™ 2 000 i
FIILHE e 25 HEK293 40, Je46 4k 9 ~ 14 d 3R
FEABE, 200 3 YK 7S BEAlAL 5 2 Bk 5 Ahk
SRR G . A 514 VI0O01 + VT002 A PCR
T4 BINE 5 Bl o 2% AL A7 B 5 28 5, R 5
¥ RO1 + RO2 #4780 T Pr + Rluc X5&., $AH)
(1) TG BT B2 19 P M S R AR BT 7 15 3 23 Sl 44 4
Ad-CMV-2luc , Ad-CAG-2luc , Ad-EF1a-2luc , Ad-CASI-
2luc I Ad-CCAU-2luc, FF#EATH 4G ik, FIH 50%
ZH S8 IR YL A B ( TCID, ) BE I R I T T
1.4 BT EHnE

RS2 Ad FH Promega fY Dual-Luciferase® Re-
porter Assay System JIE )00 & SCEEAE S TR L
HEK293 4fi ffl 4y {4, HeLa. Hep3B . Huh7 . HepG2 .
7404 \PLC \H460 \H1299 Jurkat K562 F1/]N AR L
TR 41 6L 20 R () B A T i 2

LB B A KORS B4 19 IR0 5 HEK293
YNHEHE 1 x 10*/FL4H 96 fLK, B 37 C 5% CO, W4
24 b (2 )RR « AS[R]AG FL A i A 522 B AN [R] A9 35
FEIHMAFRIC, 37 °C 5% CO, WE4H 24 h;( 3 )%
SR i A e A A R, R IR 5 ~ 10 min,
BEAL A TR AR 55 AL B 6T I 19 & F AR b5 (4 S
YT InAGEREY T RS, AE PR A Flue
HBEG R IGCIREE 10N Flue; (5 )MEY 1 - A&
WY I RS, AEAR ORI Rlue 199856 & ok
B 180 Rluc;( 6 )EHE 74T : Rlue/Flue B 4 H A9 )5
Sl A A X T P
1.5 %itzae

5 41 SPSS10. 0 HEdt /4, iH BRI LA « £5 R
7N AR USR5 2253 vl ¢ K, DL P < 0. 05 Y
P <0.01 Frdh 25 B AG 7= L.

2 FR

2.1 HEhHE

2.1.1 FARkahEEy S BEH EcoRI + Xbal,
EcoRI + PoullF1 Hind I + PouI = 2H FR 144 PN V) il %t
pDC315-CASI-Rluc #47HF VI 4 . #8 |, pDC315-
CASI-Rluc £ EcoR1AI Pou TR EE VI 77 A4 1 639 bp +
4 019 bp AR BL, BV ) 1Y) FaL Uk 25 SR 18] b /R 4%
STIAAT E 2 A );pDC315-CASI-Rluc 2 Hind T
Poul WY =42 2 597 bp +3 061 bp B4 F B, i)
FER ) HL Uk 2 R T R 5 RS TR AR 2B )
pDC315-CASI-Rluc 28 EcoRIF Xba X B 7= 421 061
bp +4 597 bp Wi A Bt W™ 1) 0 M UKk 45 2R 1] s
5 S ARS8 2C ).

pDC315-CMV-Rluc. pDC315-CAG-Rluc, pDC315-
EFla-Rluc . pDC315-CCAU-Rluc 55 J5i 7 2% 44 H [A) A
DRI S e B R IEM, AT IR SRS
2.1.2 BRHEEFEDTF Pr+Rluc WEE WK
TS5 7R, 2% S50 2 45 A I JC B 2 7 BH A e
B )RR BT FR B PCRF BER/ NS 2D ).
2.1.3 WmEHAEMNE IR EE Ad-CMV-Rluc,
Ad-CAG-Rluc. Ad-EFla-Rluc. Ad-CASI-Rluc. Ad-
CCAU-Rluc 3 B39 14 4k )5 TCID, 72 753
FE 20 1.9 x10°.3.2 x10° .1 x10°.2.7 x10° .
3.2 x10° PFU/ml.

M12345N MI12345N M1 23 4

A B C
D

M - +CMV+ CAG- M + CAS] - M + EFla

& 2 pDC315-CASI-Rluc #J EcoR 1 +Xba 1( A ).
EcoR1 +Pvu T(B) #A Hind Tl +Pvu 1 ( C) BEYl
EER4TMBRRSHENERLEE(D)

Fig. 2 Identification of pDC315-CASI-Rluc plasmid by
EcoR1 +Xbal (A) ,EcoR1 +Pvu 11 ( B) and
HindIll +Pyu 1 ( C) digestion and identification of
PCR production and corresponding positive controls ( D )
M:DNA marker;1-5:5 clones of pDC-CASI-Rluc plasmid;N :None
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T 55 M BGE M AT

2.2.1 FREFREREENEN B T HEEMEN 2
B BT Ad-CMV-Rluc . Ad-CAG-Rluc , Ad-

EFla-Rluc 23 %] PA MOI = 5.8 .12 /& HEK293 4H
JiiL, LA MOI =10 .15 .20 43 511/8% 4% HeLa 4fiJfd, YL 24
h J543 B HEK293 . HeLa H14% MOT {H X 1 #Y 4%
JA AR E M. A5 RCE 3) R A E MOT i
T, F—J8 s 7 B A XS P Rlue/Flue ¥4 JCH] g 25
5P >0.05 ), R0 W HZ AR E K TS R gt
AT E , Frfd FH A MOI {E XTI 45 A9 Rlue/Flue FHXF
T m, B s st S i AR R TG,

HEK293
201
W MOI=5 MOI=8 W MOI=12
13
=
=
510
=
o
5
0
CMV EFla CAG
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5 ~ EMOI=10 MOI=15 B MOI=20

i

Rlue/Flue

CMV EFla CAG

E3 A[E MO {EREEHESF CMV.EF1a.CAG H)iEHE
Fig. 3 Activities of CMV, EFla, CAG at different MOI
A: HEK293 cells were infected respectively by adenovirus

at MOI =5, MOI =8, MOI =12, after 24 h the activities of CMV,

EFla, CAG were detected. B:Hela cells were infected
respectively by adenovirus at MOl =10, MOI =15, MOI =20,
after 24 h the activities of CMV, EFla, CAG were detected

2.2.2 ANEFRLSNT RN Ad-CMV-Rluc, Ad-
CAG-Rluc ,Ad-EFla-Rluc /&% HEK293 , Hela 41 fifg
24 h J5, K0 CMV \EFla.CAG J3 81 T #3652
WA WoR, 3 N B3 F CMV . EFla,CAG 1)
TR R AT A R AR — 2T
3), Al AR E LI A T 22 RN (R 2 ). F

PR BE AT R T R GEHEAT 3 UM SL A 5
5,3 YA AR A B9[] R RS 3l FH 36 P 2 [ 9%
AREEZES (P>0.05 ) o DL ESCEE K.
A IR T A 5 XU I 2R T 15 28 L A A 2
H A VR 3 FH ARG DN U 31 A R v
IR

%2 CMV,.EF1a.CAG B31F7 HEK293,
HeLa AN E SR EFLEHF EE
Tab. 2 Activities of CMV, EFla, CAG promoters in
HEK?293 and HeLa and variances of repeats

Cell CMV EFla CAG
HEK293
Well 1 15.02 8.59 7.38
Well2  15.14 8.73 7.30
Well 3 15.67 8.63 7.19
Variance  0.346 0.072 0.095
Hela
Well 1 3.21 3.51 4.50
Well2  3.33 3. 44 4.57
Well 3 3.24 3.40 4.51
Variance  0.062 0.056 0.038
2.2.3 EEREEKT RS TERESGNE Kk

BV K AR 0 Jurkat \K562 40 )5 A4
JHL, SR 2 e BORAIG, T4 (9 2 S 28 il 4 X (B e LA K
FILEX ], L EE M2, AR kI
4A ), I9% 7 Ad-CMV-Rluc . Ad-CAG-Rluc . Ad-EF1a-
Rluc VA MOI =20 &3¢ Jurkat 400, 45 Rluc {HA]
K1 x10* ~1 x10°,Flue fHAJ35 1 x 10° ~1 x 10°( &
3); Lk MOI =15 &% K562 4 fits . MOI = 8 J& L /N i,
T A UL PR 0 LI 2 114 5 5 ) 28 R M 4 R HiE A T
1 x10% ~ 1 x 10°, & W 75 A8 5 AR TTRL e G4 1) e
TR R UG R AN, % R G IE A T MERG Y 40
U B A R E

[, % %8 CMV \EFla,CAG J& 3 F 7 Jurkat
K562 Al i Rpae R b ROk, 45 R (K 4B 4C) 1
TN FEJRYY 24 48 h I, WU 3R T (1) 9 i i 446 Xof
B S AEXHE Y S 3G a3 7RI YL 96 h B RS 3R
it 14 e it 3 e o 5 AR XHE 4 R 7E 48 h B[] 45
(R 7KF- B A R
2.3 BRI R R E RS A TR L RAF)
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& EM BT CCAU

(1 )7E Hep3B . H1299 L K /N FUSAC LA 20 g
H, CASLJE S T RGP 5 CAG JH 8+ 1% i
FEZEFR( P >0.05); 7£ Huh7 7404 . H460 41 fitg v
CASI Ji& 3 A3 P o BE Al H 8 25 s T CAG( P <
0.01,%15)., % B CASI 38l TR & —F itk
TGRS B 37, SC g a5 R A SCHkl 10 J 4 8 A0 —
o (2% T oGE A 3+ CCAU, HAE Hep3B.
Huh7 7404 .PLC .H460 .H1299 . Jurkat 1/} BUFAL L
TR 24 if b 3% P 58 B 29 )& CAG 196.1.2.6.15. 7,
1.7.1.8.3.8.1.3.1.1.1.9 §%; J& CASI IG PE8 1Y
7.7.1.3.1.3.1.7.2.6.1.9.1.3.1.5. 1. 75 K 5 ).

A B
90
70r W CMVDOEFla mCAG R0 F
60T 0  mosh
o 50t 5 60f
= = 50F
E@, 2 ot
é‘ 30 o 30t
20
10
0 Jurkat K562 Primary culture
u 0L ary < CMV

musele cells

=3 Jurkat ffarh 4 FFFE
24.48.96 h BEY Rluc/luc f&
Tab.3 Rluc/Fluc of every promoter at
24, 48, 96 h in Jurkat cells

Promotor 24 h 48 h 96 h

CMV 10 135/2 161 182 803/6 821 223 070/7 720
EFla 415 273/8 316 373 953/8 115 426 297/8 504

CAG 126 962/4 666 359 152/5 371 276 085/5 018

W 24h
O48h

W 24h

Rlue/Flue

EFla CAG CMV EFla  CAG

4 CMV.EFla,CAG 7E Jurkat K562 R /MRIR R A A ch I RILF S
Fig. 4 Activities of CMV, EFla, CAG in Jurkat, K562 and

primary culture muscle cells of mice

A:Activities of CMV, EFla, CAG in Jurkat, K562 and primary culture muscle cells of mice 24 h;
B: Activities of CMV, EFla, CAG in Jurkat at 24, 48, 96 h; C: Activities of CMV, EFla, CAG in
K562 at 24, 48, 96 h; Rluc/Fluc: The relative activity of promoter

501
ast B CAG AR
[ AT CASI
40 ** mocau A
*

Rluc/Fluc

B 5 CAG, CASI, CCAU Bzh T
0 248 B PR Y SR AT 1
Fig. 5 Activities in assayed cells of promoter
CAG, CASI and CCAU
"P<0.05,""P<0.01 v»s CAG
2P <0.05,%%P <0.01 vs CASI

5 CASI M b, CCAU MK B BARBG 1 341
bp (RGNS T W RS (P<0.05); 5
CAG I, CCAU KBNS KL T 310 bp |, [A] A%
PR T B ERE (P<0.058 P <0.01), A
W, )RR 35 3 2 Wl i 2 AR G T e 4R A T —
T 1S m G MG 8 T CCAUL

3 3 i

ARWETER A BRI TR T BB R AR &R
GAE B B RNSEBRI A B et

B, ARG AR TR AU T8 R Tk
W WOmEE B Y E FANM)T A AN
AR RIS, W v IR T 5 SR A 45 A
240 0P AR AR X AN S B Bl 1T PR B A . HL
FAXS T FORLEL D , I B REAE BRI ] A A 3 MR
FENFIE , DA ) 5 S A A ) B A 0 5 30
TARE, SR BT S SR A A I N %
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R KM T S 3 F CMV. EFla. CAG 7E Jurkat.
K562 . /IN BRUVL PR T AR 448 B v g 3, R4S T 3ARL Y
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LV, 430K R A4 1 35k PR 2 SR HE A A 4 38 ]
B ARG A R B TRl — 2t b H 98 3 P4 1119 Rlue
FIREN T RN TE E1 X /E NS CMV 7 3h 7
FERI) Flue FRIBHELERLETE E3 X, B AHEE 20 kb
DL ), Wikt e 1 ROk JE G Je i Rtk iR 22, A
B PTG ) — R A AT B 0 () SR HE Z T 1 T4, AR
WEFEME TR 3+ CMV EFla.CAG fE— &%
YR A TE M 25 AR ST AR AR AT, HAH N T 25
/N R R B, 7 — o By ity [, Rlue/Flue AH
XHIEPEASZ i MOT B A5, PR T 25 JC 7 18 1
BRI LlAL S5 D A IR, A R R E R
FEE (5 S0 45 ARG AR (9 [T, 1548 T sl g 3
LA . IFH., R SRR A ZE K, 4% 05 Bh 7 i 5
St AN ] S (LA A 200 i P ) R i P e T
AP R ), X R B8 e 7E B 1 B a] B Y
F6: I Ji 3l 16 P R Bh A AR A

CASIJ31TK 1 055 bp, &—MZEMLT CAG
A iR R AR 2 O AR R CMV R T
A B-actin 7 2 F-1Z ZIHT( K 6 ), ARWFFEA 5
3% — A PERT S 351 CCAUC 181 6 ), K 1 396 bp,
AL B CMV 38 T A CMV 55 138 B-actin J
T2 ZWR T, CCAU J3 3h T4 8 2 I 75
PN TR AL 3 R R Ge ) FH AU 2 4
FF ARG CAG (CASI CCAU TEIIA LK 9 #k
AR 3 SIESE CCAU &) i mid R s 7.

I
CAG: 1706 bp [hcMV Enh. | fractinPe { p-GlobIn |
V

I\
CASI:1055bp [ oMV Enh. | BactinPr. ) Ubi Enh. |
v N
CAG: 196 bp [mCMV Enh. [hCMV Enh.| BactinPe. f Ui Enh. |

174

Bl 6 CAG, CASI, CCAU BEhFHI%H
Fig. 6 Structure of CAG, CASI, CCAU
CAG promoter is composed of human CMV enhancer
and chicken B-actin promoter and rabbit B-globin intron;
CASI is composed of mouse CMV enhancer and chicken
B-actin promoter and ubiqutin enhancer; CCAU is composed
of mouse CMV enhancer and human CMV enhancer and chicken

B-actin promoter and ubiqutin enhancer
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AT AR B IR 2 5 B SO 2R I R
GEERPETRIE A2E vl A Ll IR , w4 S BT
PRI E B — Mg vk o LTI B XL R
Bl R G LA T —Fh BT m A 3h 7
CCAU,
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