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Construction and transfection efficiency analysis of 5/11 chimeric adenovirus harboring RGD-4C
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[Abstract] Objective To construct a 5/11 chimeric adenovirus harboring RGD-4C, and observe its transfection efficiency after
transfecting it into hepatocarcinoma cell lines HepG2,BEL-7404 and BJ cells. Methods RGD-4C was inserted into the HI loop region of
5/11 chimeric adenovirus fiber gene and the insertion outcome was confirmed by enzyme digestion and PCR analysis. The confirmed
plasmid was co-transfected into E. coli BJ5183 together with adenoviral backbone plasmid pPE3 to produce recombinant plasmid by
homologous recombination. Recombinants were selected and co-transfected into 293 cell line with PDC328-EF1-EGFP to produce
recombinant adenovirus. The recombinant adenovirus production was confirmed by PCR analysis and was amplified and purified. The
virus titer of recombinant adenovirus was determined. AD11-RGD-4C-EGFP was used to infect HepG2,BEL-7404,and BJ cell lines,and
their transduction efficiency was determined by fluorescence microscope. Results A 1 123 bp target gene fragments was obtained by
PCR from the recombinant adenovirus; meanwhile, we prepared high titer recombinant adenovirus, with the titer being 1. 310" pfu/ml
after purification. At 10 MOI, the infection efficiency of recombinant adenovirus was much higher than control adenovirus( AD11-EGFP)
after 48 h infection. Conclusion We have successfully constructed a chimeric adenovirus harboring RGD-4C, which paves a way for
enhancing the infection efficiency of adenovirus in bio-therapy.
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il 988 1) 35 DR IR T ROk BB R AT E ML, B4
A K I R T AIF 5 R IGG PR 52 56 78 6 2% i 9 3% IR I
SERVE 7. Hvh oS B U R B A 2 0 T AR
P BRGNS ) YRR s B R L A
G il £ vE T BE R B 5 AN RS AN A S R AL 8 S BE
WA, e A VR U 5 B BB IR 43 24 300 o Rl ARk e 3 43 24 40
) R P i I N B TS RS RN NG Y E
B AB.C.D.E.F 6 ARG . & A716 1 3 40
[ 25 V8 T B0 M R S AN AR R, H AT R Y
IR T AR TN 5 R I 3 R R R R K 1Y
JIR 96 T 2R e AT A SR e R AN R, B F O R
B E A (fiber) H Y 2= 2 45 #4938 (knob domain) 7
S0 I 45 - 440 i 2 TR 1) AT 5% A RS 5 32 1K (coxsackie-
adenovirus receptor, CAR) , %X Ji 7 5 B T 4 {4 3L 35
) Arg-Gly-Asp(RGD) 3 ¥ 55 I 40 i 2 1H B & R M
HAEH AN S8R & N, I, fiber knob 5
CAR SZ R 45 A 02 25 28 A 40 1Y) 56 58 45 3% 181
J 97 B 19 fiber Bk fiff R oG 35 T CAR Z AR R AT
SR A R AR, H R — S J5UR IR B fF 4y 15 11 i
A CAR Z KR ik, s kA BARMK, X KK
B T 56 C g s 2 w10 V90 I 2 1) SRR e i
TR AE S, 11 RS FEIR T B RN AL B
W% B 2 8 0T fiber 540 i 3R 1 A9 CD46 A H
i BRI A AN 51 gy 5 B4R C AR
TR H A R 2240 5 3 R R R B P R
B 5 R A0 AN AR M CAR 3244, RE % 5 U e 2
ol 7 %) 0 i R AR i e A0 B R IUE B AR L B e
RIER /NS e, Jnee A 11 B ARAS 5 fiber 1Y)
knob il shaft # # f& 48 5 B R 9% 7 281K fiber )
knob I shaft, # # H A #% 5 % fiber B Ad5/11 &Y
FR 9 5 L BLJS MR 5 2 MAOKE 4k 7R Ad1T B IR e R
RS CAR RIEA LB Z R EZ A0, L2
i 988 240 Jf0 | i ot 200 6 % ) 7S S5 T 40 A A R K 3L
SRR ) FE 41

WA EE Y fiber J2& 28 Hh T IR 7 0RE 1Y — BRI
EH, EE 4R 3 A4 X 4. shaft, knob., tail, H #
knob A i #E URL 25 & 1 E AN AT 450 . B
AB.CD.DE.EG.GH . HIL.1J % 7 M4, H b HI
P2 BAE Y T A B 22 B A 4 AR, 1 HIT 3R
B LA TR H K Z R kS 2
A R AEZS (B PS5 H AR & e R T 5 Z R85 5
HW),.HI B35 knob B = Bk ; HBIX., %
Tl i 375 750 B 75 L FIT B A% 4 35 1R 4 3 25 H R A
AR, B HI B A2 15 knob 440 M 45 4 7 25 19 1B
B

RGD ik — 2 & A K& mR-H & R-K & 2R

)
)

(Arg-Gly-Asp) W IK )2 A7 TR W, ol
T 95 T 5 4G 1 I L DA T R R R 7 R IR Y
PR35 97 X6 b Jg 40 i A 1 % Y. RGD-4C B CD-
CRGDCFC & RGD £ K05 i — Bl 7] 55 850 45 A Wi
FLEh Y40 i 2w 2 R RS R L B e F A RGD-
AC 55 F 00 M A FH R £ 05 0 75 0T 20 i 1 Rk e
AE 1L X REI BB AN S AU T 4 B I | CAR 324k
P4 A7 T 40

BEF DAL o AR AR AR BIF 50K RGD-4C 1
A 5/11 di A AR 7 2R 19 HI loop . 7E itk A LR
s B AR A BEAE 1 A fiber A9 HI X4 A RGD £
JUKC £ 3807 280 R o B A A L O FH 2 s 7 Rk s I A L Ak
I IE 5 240 Ff A A DR e 5 8 L A 0 o X S AR R R
o P B A I B e AR O B R R T AR IR YT
RORIEATA 45 124K,
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1.1 £Z&MH AKX B pClon9-f11,PDC328-
EF1-EGFP FI06 8 1 22 B kL pPE3 ¥ H 28 — 4
KA J7 B AN RE B2 e 05 75 5 IR VA 7 52 00 25 1 4
DH5o JEZ A4 BJ5183 B2 5411 . AR 293
YA ffL R A0 HepG2  BEL-7404 DA J Bl 2F 4k 4
JtL BY ¥R 5 A R KA AR T I IR AR B G o o S
RG240 B AR A7 25 T s AR 293 48 AT 4
Ml HepG2 . BEL-7404 LA K %25 4 40 g B) 42 8 40
JRL AR 1% % 156 B, SR FH U BE 40 AR 3R kL FE 37°C L5 %
CO, MR N KEFE . Y45 Lipofectamine 2000 14
H Invitrogen 2\ ) , 2 F BR il 44 N DI 241 5 NEB
] ML R SR A Gibeo AT,

1.2 F#

2.1 5lamiit k4 gi9rsiE1.3%5h -
MR A Y HE ARG RAF A K.

1.2. 2 # 1k pClon9-f11-RGD-4C # # # LU
pClon9-f11 R ALAR , (514 P1 Fl P3 #47 PCR 1%
F 1096 bp KNS 3 LA pClon9-f11 A B, f#
5149 P4 Al P2 #E47 PCR 4 5] 490 bp K/NE &1 5
SRIG LA 2 Ik PCR =WIIIR &Y R IEY) . 519
P1 1 P2 #17 2 Ik PCR.15 % 1 586 bp K/ 451 .
H 5351 A Pac | WY 5.3 w51 A AL BV
M. B iZ PCR R B # # #| pClon9-{11. 74 #|
pClon9-f11-RGD-4C (& 1) , BV ¥ 4 72

1.2.3 @HWHNEBEEH pClond-f11-RGD-4C &
Aat 1l + Hind T B 7 51U K R Bt (5 957 bp) §
pPE3-F11 (£ Pac | Wi VI 2 % 1b) 7€ K W 4
BJ5183 N #E 47 4 1 P [F] I 5 20 , 45 B BT kL pPE3-
F11-RGD-4C, i Y] Jf PCR % & .
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W TREE R 2010 4E 2 LB 31 &

1.2.4 BmE=E4L FIH Lipofectamine 2000 &7
& ¥ ik pPE3-F11-RGD-4C 5 pDC328 -EF1-EG-
FP L6 YL 5 293 4, HLAAR I vk e i 00 & i B 43 45
B, BeYe)a 7~14 d 40 B0 3 25 5, 40 3 IR
Faspralifh 3R BUR E DNA, #5149 P1 #1 P5 ik
17 PCR %2, PCR FHE4L LA pClon9-f11-RGD -4C

SRR, 9T X B i A Al K 2H 0 A 4
ADI11-RGD-4C-EGFP, #4155 # 7 A E 293 4
JLrb 52 S AT 1 I ek SR Tk R R RO R Al AR
KB U SR I GL R 1 (50 % tissue culture in-
fectious dose, TCID50) ¥ il & H 41 i s 25 FE .

&1 AHSIUHFT

Tab 1 Sequences of primers

Name Sequences
P1 5'-CCG TTA ATT AAG ATC TTA TTC CCT TTA ACT AAT A-3'(included Pac [ digesting site)
P2 5'-AGC GCC CTT AAG TGA GCT GCC C-3'(included AfI 1 digesting site)
P3 5'-GAA ACA GTC TCC GCG GCA GTC ACA ATT TAT TGC TCT TCG GTT AAG CAT GAC AG-3'
P4 5'-GAC TGC CGC GGA GAC TGT TTC TGC GAC GAG ACA TCA TAT TG-3'
P5 5'-GCA GAA ACA GTC TCC GCG GCA-3'
it 5 TP AL RGD-4AC H - AR AR R e 71, DL 45
 Agel (403) N -
s i R B R AL A IE A
Pl (7515) Ecohl (584)
Sacl (8301 bp
S 21220
left arm 5148
pClon9-f1 1-RGD-4C el ey —_— 2027
Pl (6078 8131 bp Kpnl (2120) — : ;%:l
Hindsl (583) Pull (2170 — 47
564
Pl (5318) Matl (2843)
Kool (5267) < |

right arm | Hhol (3124)
Pouill (4794}
AN (4TTZ)

Pad {3196)
Agel{3483)
Spel (3018)

Spel (3938)

Fiber

Mol (4180)

Bl 1 pClon9-f11-RGD-4C &5 # R = B
Fig 1 Illustration of pClon9-f11-RGD-4C

1.2.5 mERLEMAME  BOTHA KB AR
A0 ML bk HepG2 . BEL-7404 L K 0F 18 2T 4 40 Jifg
BJ % 6 fLHr.5x10° /9L, 37°C 5% CO, B4 N
i g% 24 hs e IS 85 92 W, AD11-EGFP 5 AD11-
RGD-4C-EGFP 43 5 & 4 HepG2,BEL-7404,BJ 4fl
fil,MOI=10, T F %5 .2 h J54e 5% I 55 5%
W, 37°C 5% CO WEFH M B 55 70 0 TR UL J5 24 h,
48 h WLE Y K 4k 0 0 e TR B L

2 &5 R

2.1 Ji# pPE3-F11-RGD-4C # % & [ ) H1 Jk
gERANPE 2 Fis, iR pPE3-F11-RGD-4C 4 Hind
. Kpn1 .Xho | BYIZ )G 44 ¥ 1IER ., PCR HIk
WESERNE 3 ffas, L P1 A PS5 5 ¥k PCR
P3G BIPE R BT 3G AR o] SRl R v B S A
RGD-4C =4 1 123 bp B 44T, i pPE3-F11

B 2 JRHL pPE3-F11-RGD-4C MEEY] X TE
Fig 2 Enzymatic digestion analysis of
recombinant adenovirus plasmid
M:ADNA/EcoR | +Hindlll marker;1.2; The product digested by
Hind[ll 53,4: The product digested by Kpn | ;5,6: The product di-
gested by Xho [

bp Ml NI N2 | 2 M2 bp

1 375 —
947 —

—1 200
—1 000

B 3 JR#I pPE3-F11-RGD-4C ) PCR ¥ &
Fig 3 Identification of recombinant plasmid by PCR
M1:ADNA/EcoR | + Hind [l marker; M2:100 bp DNA ladder;
N1:Control; N2: pPE3-F11; 1, 2: The PCR product of pPE3-F11b-
RGD-4C plasmid

2.2 % #& ADI1-RGD4C-EGFP # PCR %= |l
200 pl 4B Qiagen DNA Blood Mini Kit 7
BRI TE ADI1-RGD-4C-EGFP 3 FH 4H DNA,
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LI P1 A P5 519, 558 % 3 i RGD-4C ¥ 41, i X R 4 95 3 AD11-EGFP & 3% 48 & 24 h i) 95 7
T % AD11-RGD-4C-EGFP ' & # RGD-4C ¥ 51, AD11-RGD-4C-EGFP %} HepG2 8 &5 % 15 %} #g
LAY 3 7= 42 1123 bp 7= FAMEXT YR AT 4D 8 0 B 225,

i 2641 pPE3-F11 t T A7 7E RGD-4C, A g H 7™ A= bp

M NI N2 P 1
AEHE S5 B 1S R 92 BE T AL R, 45 R L 4,

AD11-RGD-4C-EGFP 1E 293 4ii il f [z % 4" 34 4fi 1k,

TCID50 ¥4I 22 5 830 B 1. 3X10" pfu/ml,

2.3 i ADI1-RGD-4C-EGFP *F 4 it o9 B 3 4

A MOI=10 i}, ¥ 5% 8 AD11-EGFP 5 ADI1- { 50—

RGD-4C-EGFP 4y 31 & 4 JiF 9 40 8 HepG2 ., BEL- =

7404 DL RN LA 4E MM BT .24 h 48 h Ja HZOG R

ML WSS EGFP 13 ik, Al R gL fig . i 5
A LLE M .24 h %5 AD11-RGD-4C-EGFP % BEL- ) T _ ]

P N 3 4 — Fig 4 Identification of recombinant adenovirus by PCR
7404 I B 4 ML Pk () R ROR XS B4 EE ADLL- M:100 bp DNA ladder; N1: Control; N2 pPE3-F11; P; pPE3-F11-
EGFP B i 5 ;48 h % 5 AD11-RGD-4C-EGFP X} RGD-4C plasmid; 1 : The virus AD11-RGD-4C-EGFP
HepG2 ,BEL-7404 F1BJ 3 Fh 21 ik (9 8% G 5% K b

B 4 J% 3 AD11-RGD-4C-EGFP BJ PCR £ &

B 5 $%%F ADI1-EGFP 5 AD11-RGD-4C-EGFP %t RiAE R
Fig 5 Comparison of infection efficiencies between AD11-EGFP and AD11-RGD-4C-EGFP
A:HepG2 infected by AD11-EGFP(24 h) ; B: HepG2 infected by AD11-RGD-4C-EGFP(24 h) ; C: HepG2 infected by AD11-EGFP(48 h) ; D: HepG2 in-
fected by AD11-RGD-4C-EGFP(48 h) ; E: BEL-7404 infected by AD11-EGFP(24 h); F.BEL-7404 infected by AD11-RGD-4C-EGFP(24 h);G:BEL-
7404 infected by AD11-EGFP(48 h); H.BEL-7404 infected by AD11-RGD-4C-EGFP (48 h);1.BJ infected by ADI1-EGFP(24 h); J.BJ infected by
ADI11-RGD-4C-EGFP(24 h) ; K:BJ infected by AD11-EGFP(48 h);L.B]J infected by AD11-RGD-4C-EGFP(48 h). Original magnification: X 40

20 HE AR R, T 5 LIRS IR T AR
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SPGB Z — R R IR R R IR D R R RO R 04 R RCR AR T ROCR E 5 AT
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2T T — Rk Witlox M E A E1A
B 24 bp B9 Ad5-A24RGD XF B A 5 40 i bk A
AR 40 L 24 AR AT 3R 7 R . Wakayama 2560 #y gt
A AxdAdB3-F/RGD 7£ CAR FHM: #n B v a4 iH 4 9w
20 it v A2 R R 405 1 38 A T B s R
F AxdAdB3)  H7E 1E H 40 i & 8 08 55 , 40 e
FEEWE S . B, Tyler M E ) Ad5/3-RGD
LA PN A S 00 IE S 7 A T TG 44T A R A 2
HE A IR M RCR . R E AT R A R RGD-4C
ik &R ADS /11 AHZE A e F 17 5 IR 7 I 3R
£

AW RGD-AC i AF] AD5/11 i & # fiber
1 HI X6 g T #5417 22 e i 25 3L I EGFP 1 3E 3
B A R % AD11-RGD-4C-EGFP, il 1 W82 %¢
R IRAE B K B RGD-4C A3 A TT $2 555 117 96 25 X i
67 210 BRI I R A0 1 SR G 50R L 1T L RGD-4C 1 4
AT 4 v R 7 R A0 i R X AT R — 2B
(I 5 BE S T ARG 1 52 50 i

i g6 = 240 Jf 2 3 L AR SR AT 6 A A
HAEMOR R & e R R R PR E AR, (£5
AT 25 W) BIR 8 B8 T B 43 1 b g A i L {H el T
i 96 1 200 B 1) A7 L LT 24 AT 4 i R 1 B R
HAG A BCI T4, A GBI IG @ iR . Uk, i
o 22 11 25 3 4 1 MR A 9T NI BT 6 IR T 4
B e g A R A 4 /N L L F A 40 A 3 B g
AR bR R A 2R AR SR A5 R R IR AT
H A REE AD11-RGD-4C-EGFP ] 42 25 % 20 g A &
ek, 0 H T AR A I RGD-4C 55 41 i 3 mi
BEMEE AU 1T AR R AR A 2 Ak X A AR
JE 75 RE R 5 X P e T 4B A R R, TRk — 2B
P14 S 6 5 R 3R 12 W A s i 6F I R T 40 R e g
F1, R EN W 22 8] A O FR L I A R R R T
20, Ay bR 4 35 R SR T B A — OB Y vk T R
R HRRE AR, 38 3 81 4 filT 5 2 A b 6 200 L R ) 2 oA e
96 40 e e ke 48 P A A T 7R O R AN A PN 0 5 i B
ARG G B4 4 A BIRIT MR R A R,
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