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[ Abstract ] Objective: To provide an efficeut protocol for constructing recombinant adenovirus, an in vitro ligation was
used instead of homologous recombination. Methods: Gene BMP-2 was ligated into pShuttle 2 vector ( pShuttle 2-BMP-2 )
and then fragment containing BMP-2 gene and promoter pcmvie excised by PI-SCe [ and I-Ceu [ endonuclease. The frag-
ment was further combined with adenovirus vector ( Adeno-X-BMP-2 ), which was finally linearized with Pac I and trans-
fered to HEK293 to package adenovirus particles. Results: Both PCR assay and restiction analysis showed that the recom-
bined rectors pShuttle2-BMP-2 and Adeno-X-BMP-2 contains the target BMP-2 gene. THe packaged adenovirus was also i-
dentified by PCR assay with specific primers for BMP-2. Conclusions: The BMP-2 incorporated recombinant adenovirus
was obtained and this laid a foundation for further study on BMP-2 mediated gene therapy. The in vitro ligation method de-
scinbed here for constructing recombined adenovirus was more efficient than traditional homologous recombination.
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1.1 FORCFIER PR

N BMP-2 21K cDNA 5Tk pSP65-BMP-2 Hi H
[ 75 2 2 Rl 2 B S R o T 2 UKL Adeno-X
HBh 4% K pShuttle2 . HEK293 4f Jifl Iy (1 BD 72 #l;
pMD18-T A& Wy [ K% 5 4E W2 Al 5 1 1 IM109 .
DHS o FH LR K24 5765 5 B I PR SE R AFF 5% T 243
1.2 k5]

BRI PE IS Xba T & Kpn 1 W A KA 9178
Al BRI V) PI-Sce T ,1-Ceu I } Pac I 14 H BD
NHE BRI EE S YW A BD 28w TADNA 3% $51 W A
Invitrogen N ) s DNA $EEURIGF & B KiEEAEY)
YN
1.3 51t

BMP-2 5| #): I ii#: 5 -TAATCTAGAATGGTGGC-
CGGGACCCGCTG-3"; F if%: 5'-TTGGTACCCTAGCGA-
CACCCACAACCCTC-3'
1.4 PCR ¥4 BMP-2 2 [X Jz pMD 18-T-BMP-2 21
AR

L pSP65-BMP-2 M 4% , PCR ¥4 BMP-2 £ A H
W, PCR 2544 95°C 5 min Ji5 94°C 1 min, 60°C 2 min,
72°C 2 min, % 30 MGG, 72°C LEMH 8 min, P 1
PCR J7¥)3i%E T pMD 18-T 8445 5% ALk AZ 2 DH5a, 2
PR SR PR YE L BMP-2 519 PCR fifi it
BEVIE T 7%, BR ) PN U B Xba T & Kpn T BV, # PCR
Qi) 468 7 TE B A SR B A BT R 6 RO AR A wI
J¥ o
1.5 A pShuttle2-BMP-2 [y 2

pMD 18-T-BMP-2 J pShuttle2 4 51| 25 B il 14 Py 411
fitf Xba 1 S Kpn [ XY, 19% {64 s 306 15 (=105 BMP-
2 [ I8 Je pShuttle 2 K B DL TADNA % H2 i 4
P FARIRZ A IM109, R AR S Z ik ik 15 %, Pk
AWV, UL BMP-2 ZE[H 51 %) PCR i 1 BH 1 74 V% , PCR
SRR Lo BRI UIEE Xba T B Kpn 1 EH) 2 Y%

S O H Ay BMP-2 25 PR iy BHPE R
1.6 FEHANIHTE Adeno-X-BMP-2 Y £

¥ pShuttle2-BMP-2 L) BR 1 A VIR PI-Sce T % 1-
Ceu T AUV 2 282 bp & Bmp-2 A Bt , ¥ H 5 [\
FEZE BRI N VI P1-Sce T K 1-Ceu [ XYY Ade-
no-X, L TADNA #5445 , i ALK Z 45 IM109, &%
R RPUELEE IR, PRBCE AT 43 0 DU 2251 )
J BMP-2 5%, PCR ¥l BMP-2 PCR £ 1F[A] I, %
J7E PCR 514 94°C 2 min J5,94°C 15 5,68°C 2 min
230 MEFRG 68°C 3 min. L 19% 5B Lk, Pk ik
PCR BHME V% , I LABR 14 P VI B PI-Sce T & 1-Ceu |
BT LA 1% SRR L Tk 2 YRS 5E , 07 06 PR Bk
1.7 EEYI RN EE ) 2l Ah B e e

W5 293 NIEFPT 6 FLEG IR, BEL 2 x 10°4/
FL, TR E 293 40 70% WA o K T 41 5 TR LA
FRGIPE N UIE Pac T B U, B 240 & L 23 U1 R IR 4k,
BT 7= LARR AR A 2% 2 e 293 I, 293 41 Jfd i B
7 R 53 P 40 G 78 i, LA S A 1 i i B 4 R
WEE. AR R B, TR 1T A R R R
293 L, K5 SR DS R AT

2 & R

2.1 pMD 18-T-BMP-2 ki) & PCR %52

K 1% BEAGWE 3K, PCR WL 1.2 kb Ab A, 5
BMP-2 R/NFFE 5 BRI PE N DI Xba T & Kpn T BiV)
BL1.2 kb &% 2.7 kb A& — 257, 5§ BMP-2 & pMD
18-T BUARPMFFECE T ).

E 1 pMD 18-T-BMP-2 RHIEETI R
PCR EEIRAEHERIKER
Fig.1 The electrophoresis of PCR and enzyme
of pMD 18-T-BMP-2
A: PCR products of pMD 18-T-BMP-2; B: 1 kb maker; C: The

result of recombinant enzyme digestion with Xba | and Kpn |
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2.2 pShuttle2-BMP-2 JFUHi Y] 2 PCR %52

1% BisMidL vk, PCR WL 1.2 kb b7, 5 BMP-2
KNEEA s BRAIE N BT Xba T &% Kpn T BEEIL 1.2 kb
K 4.1 kb kb4, 5 BMP-2 % pShuttle K/NFF4 ; BRI
P NV PT-Sce [ K& T-Ceu 1 XUV, LA 1% 55 4
KL 2.3 kb AbFH M, 5 & Pemvie ) BMP-2 K/NF A
(Kl2).

2 pShuttle2-BMP-2 RHIEFTI K PCR £ ERASHERIKLER
Fig.2 The electrophoresis of PCR and enzyme
of pShuttle2-BMP-2
A: The result of recombinant enzyme digestion with Xba [ and
Kpn I ; B: PCR products of pMD 18-T-BMP-2; C: 1 kb
maker; D: The result of recombinant enzyme digestion with

PI-Sce | and I-Ceu [

2.3 T Adeno-X-BMP-2 JiAi ] & PCR % 5E

PCR LA 1% BEEMEHLIK UL 1.2 kb % 287 bp kb A
W, 5 BMP-2 KIRSR# PCR 3445 S AHAT . BRI
VIl Xba 1T & Kpn T XY PI-Sce T f 1-Ceu T XLl
Y, 0L 1% BENs BEH Ik WL 1.2 kb A2 2.3 kb b4, 5
BMP-2 K/NE 4 Pemvie ) BMP-2 X/NGE(E 3 ),
2.4 HEHAMRYNEE PCR ¢

DA S vl vk R 293 40 i i) R 7L 40 )
LA BMP-2 514 KB 2 51 0 i PCR, DL 1% g B R
YK, UL 1.2 kb f 287 bp &bA5 45, 5 BMP-2 KRR EEY
R BEARAT, UE 2 M H BMP-2 3[R Y = 41 IR0
(F4).

3 i i

UTAEK , BEH AL N A5 H B IL I RERTSERI TR A
AT S BRI A TR BT 2, 5 LRI 7 AH 5% 5 T A
SRl 2 & R, Of ELE A A SE 24 i A RN
PR R HE RGBT AR AR | KSR AR IR B0
BB Uk 18 ], DR e BE DRIR 7 A AT AT R AE — - —
T2 A PR T 56 Y7 B T i o TR D 4 A

FRF T R PR —Fh THTF B, B
1 g o PR A 1) — o R G JR Y R 202, R S 1
O DR, A A4 0 T 200 M 94 B, LA 5 34 i T B
T, DR R R R A T R T A i — b T EL B
BB LIRS AN, R il , Jo s
)R, 5 R AR L e 4T R e S PR YT AT
)R R

B3 =28 Adeno-X-BMP-2 FHIEGH] K
PCR £ERASHERIKER
Fig.3 The electrophoresis of PCR and enzyme
of Adeno-X-BMP-2
A: PCR products of Adeno-X-BMP-2; B: 1 kb maker; C: The
result of recombinant enzyme digestion with Xba [ and Kpn [ ;

D: The result of recombinant enzyme digestion with PI-Sce [

and [-Ceu | ; E: PCR products of Adeno-X-BMP-2
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BhERAAR pShuttle2 ¥ 31 I 19 P1-Sce [ i Y] {7 £ ¥t —
M, 519 14 X K 4 287 bp, 01 M % 7% & 5 B
BARFF 3% 82 0 T, PCR BN Al Y, O 3k iy 2R, 4%
AT [R) VR H A AR HE ) Rk )y A A H
A R R B AR 00 5 0 o b Ak, BRI & 7 AR
HAES IR MEPAE RN . L BRI TR UE
AW AR 2 A0 e T (1) 7 2 f o b e
Wi, WY ORI R R EE AL EAD
T B R AR SR 7% R B tR T AE 3 S N A
MEARRRE. (2)5RAEW, WIhRmEm. £ H
FH PCR M, 22 H 9 3L RN R 9 B 34 35 0T,
PCR 3t 7] K 50 ok, B 32 7R © o 0 44 2 L 2, MUAR
A% b o IR AR FE AL RORAR T, MR R R R B AR
RN EE IS o

E4 HARRKS PCR ETEHAERKER
Fig.4 The electrophoresis of PCR of
recombinant adenovirus
A: 1 kb maker; B: PCR products of recombinant adenovirus;

C: PCR products of recombinant adenovirus
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BENCIEE @ U B B A 4 L N A BMP-2 1 K 38, 7R
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