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Abstract: To construct human adenovirus type 5 vectored recombinant virus expressing S1 glyco-
protein gene of avian infectious bronchitis virus (IBV), S1 gene of IBV QS10 strain obtained
through RT-PCR was inserted into shuttle plasmid of the adenoviral expression system, forming
pacAd5 CMV-S1, as well as the backbone plasmid, which was linearized with Pac | and trans-
fected into 293AD cells. Detection with PCR revealed that the recombinant virus was successfully
packaged with a titer up to 10" TCIDs, « mL~'. Furthermore, The results of Western blotting and
indirect immunofluorescence assay (IFA) indicated that the S1 gene was significantly expressed.
Sera antibodies against IBV of the SPF chicken immunized with the recombinant virus were detec-
ted by enzyme-linked immunosorbent assay (ELISA). The recombinant adenovirus expressing S1
gene of IBV was successfully constructed with potent capacity to induce the specific antibodies in
chickens and had the good immunogenicity, which laid the foundation for further development of
recombinant avian infectious bronchitis vaccine.
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X A% ek 2 R 4 R (Avian Infectious Bronchi-
tis, IB) & A1 X9 1% Ye M & K 45 2 9K 8 (Avian infec-
tious bronchitis virus, IBV) 5| if 1y — Ff 55 B 42 fik
PSR IGE PR L 48 R 8 s R R R . R
GEr) 55 B i O N B 2 H AP IG 2OR 1 3 =
PR A 55 T v AT AR LR g R R i v AR
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SRR S JEHC IR AR i I 25 5 | 5™ 1 1Y) Jmg
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1BV J& 5k 35 B (Coronaviridae) AR 9% 75 &
(Coronavirus) , A % J& /) 28 % 1F 58 RNA JK 3. R
FEAL R A4S 3 A BB M S5 8 H 8 H (Nucle-
ocapsid protein) | i 8 H (Membrane glycoprotein)
N F T B 19 (Surface glycoprotein)™ , Hrf,S &
F1A S1 (92 k) Fll S2 (84 kw2 AN B # p . S1
HHE BV R EEMREREA . ZEARE S
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k. Wang 55" BF 58 & B R IK S1 2K 1 5 4139 5
I3 T BE 5 1 5 S e XS X 1BV 5 15 e oy i AR 4P 4R T .
Johnson &1 DL R 1 O 14 3 3K 09 4% Yk 30,
ERMEE ST EHA WA UL X E AL
X)L A0 S U5 bR 0 R AR B R e s 904 ~
100% . %F BRI Z% APFFERMA T Cell Bio-
labs v A AN 5 Y 7 A0 &R 48, LA QS10 #b7J7
GBS BRI ST R SR IR B T AR GR X AR e
SCRE AN TE ST HE 1A Y 2 I 3 L Ol i X SPF
XS ) HE AN R AR IR T R .
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SRR N 5 T AR HE 22k R 4 (RAPAd @

CMV Adenoviral Expression System) .293AD #f iy
¥ B Cell Biolabs 22 ] ; IBV QS10 3 £k i A 5256
F(EREE R TRATRE) 0 8 /- f7. DHSa
RIS S A A TaKaRa 24\ F40 5
P CFITO) 503G i A — HT (RPHD | BR 4l il
Hindlll .BamH | ¥jJ g TaKaRa,Pac | 4§ § NEB
Biol.abs,
1.2 EHABRFEFRRNMNEE

MRHEH 705 IBV QS10 #k 1% BRIF 51 . 3531 1
XPos S O AW 5l W. b5l B 5
CCCAAGCTTATGTTGGAACGACCGCTTTTAT -3/,
T4 :5'-CGGGATCC CTAACGCCTAGAACGACG
TGATCCA-3", i Kk T EW A A A . 16 1 F 5l
Wi 5 us s MBI A Hind [l #1 BamH 1 BG4 47 5,
i d RT-PCR 714t 4 % ST H I H cDNA J Bt
Hindll #1 BamH 1 XU Y] 40 # PCR 7= 47, 4 A I
F % 9 B B pacAd5 CMVK-NpA . i)
S IR ) B 4L BORL AR 45 0 pacAd5 CMV-ST,
1.3 EHABRRSHRE

Pac | £V 1 5 41 IR0 7 % 48 KL pacAddS
CMV-S1 K B3 Foki pacAd5 9. 2-100, 80 0.5 pg &
ZRORLFI 2 pg T4 IR B R BUORLAE 8 pl Fu-
GENE® Transfection Reagent 415 T3k YL 9. 4
em® ) 293AD 4If  FFEEIE IR 7~10 d, £ 40 B
TR L SRR R SR 3 IR WG A U B R
JEACE ARG 5 . A 4 8 rAdV-S1.38 8 Fo . Bt
FO 5 20 M i 75 4% Fh BT 19 293AD 40, 4k 29 K
L
1.4 EABRRENETE
L4, 1 E AR T Y i BT L ¢ O B 1 AR
SE I IR B R RV, 1 D0 B 4 TR A VRO U O L B
WLEE
L4.2 FEHPYKNER RT-PCR %7E I3 ALk F2
0. F4 {0 F9 18 F14 {8 rAdV-S1 J& 4t 293AD 4
J » Trizol Z&fif 1 2 UL 40 g 1) & RNALRT-PCR
AL Y ) 35 R A 2 SRR P B 30 Mt AR R g
MRS A sg BT I .
Lo4.3 [ S B ot B B 21 R 5 (rAdV-
S1) HIEF A= 5 B (WA, 105 5 25 11 28 M 214
G T B SR AE 293 AD 240 it P[] U T 21 4 2% 1 0O
E 100 5 R B Jo - 17 26 3 A 293AD 401 .37 C 5%
CO, FiFeffrh 3% 48 h, H 8020 N [ 5 KK 5
Gt IBV B I3 (A 52 56 2 il 4 9F A7) A1 FITC
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1.4.4 Western blot HCEE 2H I 0 B A0 B A A
Ji s 75 43 B e 293 AD 4l L SR YL J5 48 h 41 i
B A8 AH A B0 7% B 79 2 B L 240 40 i O iE 4T SDS-
PAGE #1 Western blot £ , — 41 k& H1 IBV [HH:
IV CA 52 56 28 i) 45 IR A7) » 3t HRP $rid i)
FHAG 1gG, TMB i (8, ER 45 L .

1.5 HhYRERE

1.5, 1 FE 219 B 0 B I P 1 d ¥ 293AD
A fE A 96 LA H . FRIC A BE AL E] 702 B m A
101 ~10 "B B BRI rADV-S1 41 0% 7% W . B
AR 8 NEE I —FIL o A IR R, RSy
72 5 dy W% I i ¢ 4 A AR 1 0. # B Reed-
Muench 31153055 25 1970 B

1.5.2 G ik 56 R L 3 40 1A 0 A ¥ 10 K1
H % SPF 445 (W5 - 0F 52 55 2 4 b 32 40 Bl AL 43
R2H A R, 81 HEPRFES 200 pL(107
TCID;, » mL™ ) rAdV-S1, 45 2 40 [ A J5 1 35 F Al
FFEA wtAdV., 14 d J5 R4 X9 Il . 35 15 — i
T8« SR 5 AR [ 70 62 A0 428 o e % — s R a
14 d FRUCR AN - 3RS A i i o B I iE % 1 ¢ 100 it
FTH6 B 8 BRI H2 ELISA £ IBV 4144,
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i Pac T V)8 22 kL pacAd5 9. 2-100, 13 £
33f12.0 kb 2 &4, H5HEIBLE G Hind [ A
BamH | Y] % & pacAd5 CMV-S1,15 %] 6. 2 Al
1.6 kb 2 447 5 HUHSE RAHST WE 1,
2.2 EABRKRENRE

7t FuGENE @ Transfection Reagent [y 4} &
T EEA AR JBOR RN i 48 kL 3 B L 2R KR AF Y
293AD 4 6 d J5 . 20 gt B0 B Rk L 1) 90 8B
B m AR HEAR . 8 d 5, 8 4l 5 A
7 IR LR 200 i % (CPED (] 2)
2.3 EABRRENETE
2.3.1 EAMYREFRENE IR 1R
Yt J5 TR T AT LR 2 A ML BURRE ST (B 3)
2.3.2 HEAMWEER RT-PCR %@ I3 AL F2
L F4 L F9 4. F14 48 rAdV-S1 J& Y 293AD 4
Jitl s Trizol 24 fff 2 32 USR YL 240 g 1) & RNA; F| A S1
FEHY 5195 RT-PCR ¢34 5 H By KK

INFE— S0 A BEC(L. 6 kb) L L wtAdV A g B %) g
B (B 4 2R B, f rAdV-ST A S H il 5
R BERE 7E 293AD 4 il £3 E e sk o %F RT-PCR J
B o [ I 00 1 25 1 o H I B A SR Y mR-
NA WH KA A2, U] rAdV-S1T B A [ 35 1%

1. B 2Rk pacAd5 9. 2-100; 2. Pac 1 §Y) pacAds
9.2-100 (~ 33 kb,2 kb); 3. T 4 ZF 2 i K. pacAd5
CMV-S1; 4. Hind [l \BamH 1 #§4] pacAd5 CMV-S1
(6.2 kb,1.6 kb); M. TaKaRa 250 bp DNA #f X} 4> &
HFRAE(4 500.3 000,2 250,1 500,1 000,750,500, 250
bp)

1. Backbone plasmid pacAd5 9. 2-100; 2. pacAd5 9. 2-
100 was digested with Pac ] (~33 kb,2 kb); 3. Re-
combinant shuttle plasmid pacAd5 CMV-S1; 4. pacAd5
CMV-S1 was digested with Hind [l and BamH 1 (6. 2
kb,1. 6 kb); M. TaKaRa 250 bp DNA ladder marker
(4 500, 3 000, 2 250, 1500, 1 000, 750, 500, 250 bp)
Bl BRERRNMNEATFRFNMEBIEE

Fig. 1 Restriction map of plasmids involved in transfec-
tion
2.3.3 HmFEHEMFEL Western blot 4% i

/R SrAdV-S1 YL ) 293AD A Al W 1 4544 90 ku
4 S PEEE 1 blot 2841, X BRSST (18] 5) . TFA 45
B E R rAdV-S1 &2y 293AD 4 48 h J5 Y @& A]
UL B S 1) 2 € 5 O 6 B ST (T 6D 3 1 i 4 2R
Fo4y W1, S1 I 7E rAdV-S1 L) 293AD 4 g
hakig Rk,
2.4 Y EERKE

WG Reed-Muench 3%, F5 {8 rAdV-S1 #) i &
4 10" TCID;, [E] 4% ELISA #6 I 45 5 ]
(F DR ALY )T 14 d, A K 2] — & K F 1)
IBV 55 5 ARG 058 f0 8 F o XS 1A N 1 T 14 7K 1
T s 0 X IR ZE SPF XS A N & A A T 3 AH N Bt
. 25 RULH, EALMRG & rAdV-S1 7] DLk 1BV
Fe S EBUA R 7 2R B — 8 W R

«mL !,
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A EEYe 6.8 d 19 293AD 4M I B CPE; B. #53% 6.8 d (MIEH 293AD 4l
A. Transfected cells. 6 days and 8 days after transfection, 293AD cells demonstrated CPE; B. Normal 293AD cells

cultivated 6 days and 8 days

B2 BRRNMEAFRRMLELRE 293AD AN ERKFHFEERL(X100)
Fig. 2 293AD cell afer transfected with backbone plasmid and recombinant shuttle plasmid, show CPE( X100)

3 BETHEARRBS rAdV-s1
Fig. 3 Identification of rAdV-S1 by electronmicroscope

M 1 2 3 4 5
bp

4500

2250
1500

1~4., rAdV-S1 RT-PCR F=#); 5. B 4= % i 55 2 Xof I8 s ML
TaKaRa 250 bp DNA X 43 i & 45 #E (4 5003 000,
2 250.1 500,1 000,750.,500,250 bp)

1-4. RT-PCR products of rAdV-S1; 5. Wild-type adeno-
virus control; M. TaKaRa 250 bp DNA ladder marker
(4 500, 3 000, 2 250, 1500, 1000, 750, 500, 250 bp)
4 FHRFS S1 EEK RT-PCR £E

Fig. 4 Identification of rAdV-S1 by RT-PCR targeted to

S1 glycoprotein gene

1. B AR RN TR YL 1 293AD i 2. 540 IR0 B AR
Ye ) 293 AD 41 Jiw

1. Wild-type adenovirus infected 293AD cells; 2. Re-
combinant adenovirus infected 293AD cells

5  Western blot 4 #7 S1 & B £ rAdV-S1 B i

293AD 40 ffl R B9 R &
Fig. 5 Western blot analysis of S1 protein expression in
rAdV-S1 infected 293AD cells
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A

A, AdV-ST YL 293AD il ; B. B AL B IR 3R YL 1) 293AD 4 it
A. AdV-SI infected 293AD cells; B. Wild-type adenovirus infected 293AD cells
6 IFA &I S1 & B 7E B SEAY 293AD 41 fE g R A

Fig. 6 Detection of S1 protein expression in rAdV-S1 infected 293AD cells by indirect immunofluorescence assay

F1 rAdV-S1 R EBFRERMEH ELISA MELER
Table 1 Results of OD,y,,alue of IBV antibody in immunized sera detected by ELISA

A X0 Gy 2 —4 The first immune %1 The second immune
The No. of chick #8441 Experiment group X} H4] Negative group ¥4 Experiment group XfHi#] Negative group
1 0.119 0.053 0.217 0.042
2 0.241 0. 041 0. 459 0.038
3 0.145 0. 039 0.575 0. 046
4 0.154 0.048 0.471 0.041
5 0.175 0. 084 0.439 0. 039
T s 0.1670.020 0.05320.008 0.432+0.058 0.0412£0.014
i F 9 293AD 2 g J2& M 38 293 20 B b 4 B Ay 1
RIS PR B 5 L AN T i - 2 TR K Y R O R A g, F

X A8 Y M S S R AE S XY BE b i AR B R
fdi154% 4t 2 B OE 72 3 K HLAE 1B B iR A A P AR
FHS 55 75 T AR 93 T 4 A AL i 1) F R M i e b
A [ AR TR L . PR I R R B A S S A
BT REE B IS I O B TR R 2 — R T AR A 2 gk
W0 R S T AR S E L ENA T P O N B — F
B RIRHAK L BEBE I S WU P A A W S 8 S g s S
REIZ T 400 B S g S e o RS ) SRR ROR
1o s L BB K o ) A R A o 1 2 i Y AR AR A

ABIEFE I 1Y B B 42 Cell Biolabs 23 7]
i 7= i RAPAJ® Adenoviral Expression System, %
22T VAAEAL G2 77 56 A 1 7K 7 b 1) (] 5 3 241 Bk 1)
i 1B B 1 K - b A 2 o R W B i A L T
Fa o — N BIERAS T ey i BE A4 3R Ak X0 1% Ye v 5 <V
R SL A MELALA 5 B EE, H A & 0952 6
SREEPER G TR R L ek, Sy — . i

— AR TR Y RN B A I ROR

TR IR SR EE ARRES T RATD
ARBL S I F LR G e 3R G0 7= A e e o 8 . [l
L T 225 00 2R P 7E R AN P RE A8 2R AT I A A
T i DT AT DL R SR BRI A I B A4 i AR
BN A A A MRS W rAdV-ST FE 4i i 3
KM S H BRI ATk A4l IBY 1%
g 2 ) il £ P IE . PR Y RE U S R R
IBV S1 & FIH A U 48K (. 356 R S Bt
IBV BH BT I 7 —$0, X% rAdV-S1 ) 293AD
20 B EE 1 2F 4T Western blot K55, 3L 75 S1 &
R/ B4 Sk 45 (~90 ku) , 6 BH L& 1l d5it
BRI\ 5 7R B O 2R R 235 11 IBV ST 2R 11 vl
XS4t IBV B H0 0 3 4 SR 00 . H e dt IBV FH
P 1M 3 A8 IFA IR 58 R FEIESE rAdV-S1 BEf#E A3 S1
EATEEAZMI N R
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