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Generation and Immunogenicity of a Recombinant Adenovirus
Expressing the E2 Protein of Classical Swine Fever Virus in
Rabbits
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Abstract: Classical swine fever (CSF), which is caused by classical swine fever virus (CSFV), causes significant losses in pig
industry in many countries in Asia and Europe. The E2 glycoprotein of CSFV is the main target for neutralizing antibodies. In this
study, a recombinant replication-defective human adenovirus expressing the CSFV E2 gene (rAdV-E2) was generated and evaluated
for the immunogenicity in rabbits. The results showed that the rabbits immunized with rAdV-E2 developed high-level CSFV-specific
antibodies. The rAdV-E2-immunized rabbits were all free of the regular fever and the viral replication in the spleen upon challenge
with C-strain, which were seen in the rabbits immunized with the parent adenovirus of rAdV-E2. This indicates that the recombinant
adenovirus can be an attractive candidate vaccine against CSF.
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¥& 95 (Classical swine fever, CSF)J/Z i &R K 77
(Classical swine fever virus, CSFV)5 |z i —fif = 5
15 IR 1 S KR AR LR o IR AE TR A
80%~90%, 1 FzhH T84 20 21 (OIE)¥4 41 A OIE 4
e 4 ok, R EKE LY — G Y% . CSFV
WAL IEBE RNA RN A KNSR
12.3 kb, &H — KBTI EHESL(ORF), Fifd—
H 3 898 MR A MM ZREN, 2R
E AW ME EAEENER, B 4 DB
LZ5HEE(C. E™. E1 M E2)UA R Z /D 7 AN ARG R
F1.E™ F1 E2 Wi 2R 12 CSFV 1Y 2R HEhT s, 15
REh B 5 LA AR AR, DRAP LR G 37 58
Fr® U E2 B ORF 4wt iy “°Arg & '"“Leu
Z A1) 370 DA FEFRIRFEA A, A T e 2 2% 1T,
Z 5 BE I B YL  AR  TER R AR T 1 P, E2
SRR ANRST B —FP R 1, H SRR B A 3SR
PR, RBYE S A R RIPUAR, B I AR
A B2 ¥ AN LR 2= 2 Wb e ). CSFV s 57
B E X4

Bl & 57 FAEY A ROR B R UL R, R R A
DNA HeAR M-, 15 4 Blops 15 FHAE 804 By 77
o T B U I 7 R 32 B 0 5 S
PR B MO Ve R AR A . b, BRI B AR DU
Gh . ER. BT BB AR ANE L H 68
JIBR B AL, B AR 3 SR i 3R S R R ER
7 . R e A Ty I FH I R A A L — Rl B 3k
AT I H R A T B R R AR, AR AETE 2
REE A AR T T N . X AR H
AR g kR T8 =R, h Tk TwREIES
SR X (EV/E3), {15 BRAEHE K v Beny SM IR LA,
M H R BEETER E A R B0 . D50k, iUk
RGLGIANT CMV Jash+, 85MEIERE AT LIS
KAy R,

W GEUESE, R 1 A A 07 2R A
B AR A B RCR . Wang ZEPI T 9 587 B 38
JEE 2 RIKFCER AR AN EE, KL EAN RS
PEN G, BRAE A DU 2 = KT MR bR, o s
B RE AR RS2 2R, Zhou SO T R A XS IS
R B AR 2 A1 I B T (MOMP) & [A] 119 75 241 i s
7, HEANRREEERZ SPF 4EXNY, AR5 ok % H bk
Beidi, 90%M ARG 3RAT T R, Wesley IR A

H3N2 S B 3t 8% 3 4% 2 I MM e R B A B 4L
PRRBEREFISE, 4 w a7 TR SRR HI Pk,
X o BE TR T S R . b T B o e
BEE TS AT DAME R i L DR TR 8 v 30, AP oty
TRk CSFV B2 LA MEA MW E, HAERX R L
WA T s Ik

1 A

1.1 FREL. #FRFAE LR

i s R NN AR . ST A= g U AN
pAdEasy-1 IR ZFR AR pShuttle-CMV . LK
KIGATH BI5S183 28I H Stratagene 23 ),
JFk; pCDST(& 4 CSFV E2 J [ i ki) o iy ZE 5 4
B AF 58 B i K AR RO B EOE, R AT B IM109 .
DHS o372 4 I A1 293T 20 it ph I 7R 155 25 R A 5%
BEAYFEAREZE SRR ZERIE. Pme 1A Pac 1
Y12 NEB BioLabs j”* it o $E9R AL 55 52218 (C £K)
H W IR B LE R A W HOAR S Fl A
1.2 HEBRFRSFREEIEE

FH B P9 11 Bgl 1T AT EcoR VXU 1) AR 9
B R AR pShuttle-CMV, 4l fk [ Ji§ 1) Ji5 1) 25
1A . Fl BamH I 11 EcoR V XL i ¥J] pCDST, #4fifk, [#]
WG R E2 JEIR . f H A SE R Y 28 0 A i
B, MW OO AL E IM109 B, 2RI
BRPUMETRE, PRIEVE M E 5 mL &4 R
BRI LB MR, Bk, SRR,
JE4T PCR. D) FIIN 3 % 5 o W) 0E 8 1 A 44 8
pSC-E2.
1.3 HHEBRFRERNEIIRSE

4 pSC-E2 FHFR I PE N I Pme I ZetAb, %
b 254 B 8 H 4238 K AdEasy-1 19 BJ5183 &3z
A4 (AdEasy-1-BJ5183) . 28 R EE 2 Pk i ik,
PEUTORL, F Pac 1 B Y1 %A, K BH A4 T 4 B 5
BTN, IEWMIM 4 A pAdV-E2,
1.4

¥ pAdV-E2 ¥4t DHSoSAZ A, AR
A TR, FH TR A e B G R G B I 4 A
ik, F Pac 1Y), CEEDIGEXME, Mg T/ERT
PR, G T 2l KV R DO UE R IR JBRE g vk
2 1~2 pg/ul, H Lipofectamine 2000 4% L5l i/t
T o HARERAEH UL B kAT .

Journals.im.ac.cn



1736 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

October 25, 2008 Vol.24 No.10

15 HERFENACELEE

H A0 i W) AU 2 IR 5 (A 44 0 rAdV-E2)
SRR, BOBCETE, R 293 A, #ELL 10
R, LA IR AR GO, B 6. 8 F1 10 fRykHEE, H&
Pl K 4b#E )5, i PCR &I H B9 LA o [FBFHC 6.
8 1 10 AR E AL AR B L 1Y 293 A, B IR &
B2 it 6E10°H HQOG6 ik 7 [ 42 i 5 i 56 K
Western blotting 4347, DA H A9 36K 1 B 15 0
1.5.1 /HREERRHAILE

293 AAEEE T 6 FLARH, 4K 3 80% 2T,
B 20MOI(Multiplicities of infection)rAdV-E2, 48 h
J5 K rtAdV-E2 JE&YL Y 293 4iAE A I [5 22 10 min,
AP CSFV E2 i L 5a BT A HQO6, 37°C /EH 2 h,
N FH PBS PG, A ZEEAR e R 1gG 37°C 7k
JH 30 min, PBS $E¥G, T, IIAZEMHH, T2
SRR T A
1.5.2  Western blotting

B RYE rAdV-E2 119 293 4 it FH 4H o i 7 24 it
Ja, W EiE, U7 SDS-PAGE(F# ik CSFV E2 &
F1 A B 2 AFIR 6 2% rAc-Shimen-E2 Vg4 () SF9 41 ity
VE R BHPE XS B, S A 78 1 B B BRI 19 293 4 fifg
VER XS R, 2 )5 e EN SIS TR 4T 4 2 ME 1, L
RRA-WE MG, IABL E2 9 5 5a BB A HQO6, 37°C
YEH 1 h, H PBS UEikJE, MnABHL L A b bric
LY IgG, 37°C 1E 45 min, ¥4 DAB 4
o, WA,
1.6 FLHRFSHIILIEHENE

4351 10° TCIDs, 2 20 B 9% 7 (rAd V-E2) F1 8 2
TR 2 (WtAdV, I FH IR 25 2R AR 3 AR 5 R 2
DA RN E LT, 6 293 40 PN £ 2% 1T B )% b
293 4Hf, S35 FHERS 12h, 24h, 36 h, 48h, 60h
A 72 h WCBUR EE AT BRI, EE ST FA R
SRR RN — B AR IME, SmE ALK
SN2 PR EAIEESR
1.7 EEMENS

PEHZ: ELISA J5 kil Ay ik I 14
Jals R R AR 15 H W A RV LD
—BENLAME 3 21, B 5 R, 81 A#-5HE)E
BRIP4 R 10° TCIDso(1 mL)FY 5 41 Jif 95 25
rAdV-E2, 552 21 (6#~10#)id 2 H-# ik 1 45 100 RIDs,
HYRE IR AL S BEE I (C AK), 28 3 dH(11#~15#) 3 A

Journals.im.ac.cn

wtAdV, FERE ARG 1 4. e f5 5 R X BT
ARGl HFCR L, W, 1T CSFV
E2 [T B sm PR R BHIBT ELISA U5 &
Vi B A S B HUAR(IDEXX A ) 3% )5 6 i,
100 RIDs, C i i B kRt BT a0 fe 14 12k
iy, YOBENE RER 6 hil e K B, E20E 3 d,
W R AR E B N o WRESS 3 d, #IA T
AR e, SRAEMME, N C R 2 00 52 9 O 2
RT-PCRU'WEHIH A C Hig # RNA 6t

2 %R
2.1 F4EEBFEE rAIV-E2 BiaEia R BRyE
E 7E 4R & B FRIE

AP rAdV-E2 (£ 55 S5, T 24~48h
DAL L 8 58 A (AR A K L AR TR L AR R A R
(& 1), B 6. 8 F1 10 [REAARWEE, ]l PCR
FIRER I 2] H A 5L (1.2 kb) (8] 2), FH Ml i 58k
I K Western blotting ¥JEEK: I 2] E2 & A7
rAdV-E2 JE&UL (1 293 2l i 2k (B 3 A 4),

1 FHRRFS rAdV-E2 7£ 293 iRt L 5|2 H AR T
Fig.1 CPEsin 293 cells induced by infection with rAdV-E2
(A) normal 293 cells; (B) 293 cells infected with rAdV-E2
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Fig. 2 Identification of rAdV-E2 by PCR
M: DL 2000 marker; 1~3: rAdV-E2 of passages 6, 8 and 10; 4: H,O control
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J-

3 AEERERAREENEHLHRFS rAdV-E2 B
F 293 ffh E2 ERKRIE
Fig. 3 Detection of E2 expression in 293 cells infected with
the recombinant adenovirus rAdV-E2 by indirect
immunofluorescence assay
(A) rAdV-E2 infected 293 cells; (B) wtAdV infected 293 cells

kD I 2 3 4 5
170
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35
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4 F Western blotting 24 E2 ERAEEAHRFS
rAdV-E2 &40 B B 3R iA
Fig. 4 Western blotting analysis of E2 protein expression in
rAdV-E2 infected 293 cells using anti-E2 monoclonal antibody
1: prestained protein marker; 2: rAdV-E2 infected 293 cells;
3: baculovirus expressed recombinant E2 protein %
4: normal 293 cells; 5: wild-type adenovirus infected 293 cells
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5 FEHRFE rAdV-E2 —F A Kl

Fig. 5 The one-step growth curve of the recombinant
adenovirus rAdV-E2

2.2 EIHRFE rAdV-E2 fi—H A sk
T R R A, RN E AR T rAdV-E2
5 AR B — 0 A Kl 2 (B JS E  E

] RNk, oW 8 A8 K S LA B B 22
S 5). B BN, FEALIR R RE R 293 4L
J& 24 h, APER B/ SRR R, KERIA
iR, 1TEGY )5 48 h JNEpki L2 dBd kw4,
o B T TR B A (L, I R U (45 SRR R )
2.3 EEREFS rAIV-E2 IESHGRENE

rAdV-E2 HE 4 T e )n 2 IR Uh 7 A i A
PR GURBLWT R KT 40%), b5 iR K %
WiTk e, TosElE 5 APUARSRIEE, IEWTE, C
PROGEA e 1 SRR ™ AR 5 v T B A s AR,
HFEE T BT S JH, 1 wtAdV Sext BRg]—
FLA 2 SRR SR (B 6).

;\3 1001

5 80t

= .

:u 60 F —&— (C-strain
£ ) —=— rAdV-E2
= 40¢ —— WtAdV

-g‘ 20}

=]

.E O 1 L ! L L 1 I

< 0 1 2\ 3 4 5 6

Weeks post-immunization

6 EHMRFS rAdV-E2 SRR EFEENIKEE
Fig. 6 Detection of serum antibody titers induced by
the recombinant adenovirus rAdV-E2 in rabbits
using blocking ELISA

2.4 ERIRFE rAdV-E2 X RE R {ER
WF i rAdV-E2 i ol C BR s a3 R B
FERIRI N, i wtAdV X BEZH 43R (5/5) B T
FE TIPS N (B 7), SERT 98 E 5 RT-PCR Kl 4%
4201 S

41.5 o =24
e s ——3#
410
=

—e—4#
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—_—fh
—=—Qy
—a—]0#
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s |38
w14

. |5#
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Hours post-challenge (h)
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Fig. 7 Fever reactions of the immunized rabbits following

challenge with C-strain
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B, M\ rAdV-E2 G G g a8 A K N E) C pk
G HE RNA, 1 MRl wtAdV XiF BE G g HE b 24 BEAG: I
FHE RNA, FRIEET 10° % 0/l YL EEE 1).
XULHA, AdV-E2 AJiF- AL ™ AL 08 0 R S e B AR,
T AR i 2 B0 A PR AP A

*1 BAEMNRAEERT-PCRENKERF %E MR
BREFE RNA 28
Table 1 Detection of the viral RNA in the spleens of the
immunized rabbits following challenge with C-strain by
real-time RT-PCR

Groups Numbering of Viral RNA loads of
rabbits C-strain (copies/pL)
1# _
24 _
rAdV-E2 I B
44 _
54 _
6# _
TH# _
C-strain 8# _
9# _
10# _
11# 3.83x10°
12# 7.20%x10*
wtAdV 13# 1.81x10°
14# 5.81x10°
15# 6.12x10°

—: not detectable
3 it

UEAER, E1 I E3 X i 2R 14 i 2 214 Ok A
FIFRENEF R, B RS L4
Gy THles . A AT BRI AN R Be . AT
YT AL . SFARCRE . B R E
S FaEsaife . REEA E1E F A 3L R gl At
FiAb, AR B AT R B Rk 2 AN, T ELE ]
RIS 3K 7 Wy 47 T 1 04 B0 I A0, 0L X el i
s B 2L 0 0 B RS R R e B
DNA B MG RO I, 1 BAE SR N A
FEN IR TEPUAR, A% IR A T e et

Hai, A MRS EIA#RIE CSFV F %
AP PR A F LR 94738 . Hammond MR T
#ik CSFV E2 FLIH %) 8 241 %% 7 B (Recombinant
porcine adenovirus, rPAdV), F1% 54 K5 S0 i
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J5 Bes 55 2 AT BOE & CSFV 30l . Hammond 2115
Wik B2 FEHN B R DNA X358 Rakf v, SR
Ji eIk B2 BE DR 1) = 408 AR 2 N s f e, X R
P2 W RE R HCHLBUE it CSFV i .

AHESE R T S R R A R G,
T AR B2 RN EANRRF rAdV-E2,
. FHl Western blotting % [H] 42 £ 33 ¢ 1 56 14 e Ao ]
PR TE E2 SRR . il A rAdV-E2 5
B A TR R TR I — 2P A R, R B A B
MOEBA R IX A T4 rtAdV-E2 BB HA R
JEJRPE, FERIR BHEAT T e a il . I g R
W, GIESE 2 8 B RT R B0 R R A S B
A, TERPESE 5 AP L 35 B MR G5 0 K ik
BELIBT %35 51 80% LA 1), X Ui B rAdV-E2 HA 547y
GagsE S . MPLIR IR R P o] &, rAdV-E2 fEd]
HIPUARIEAR TAE R C MR, B ]
AE 5P B S e ik e A O, T AR
N E1 R E3 KR B Bt s gk, s a A
FEARER T E1CRN E3 MBI, TR BE AR BT IA 3
B X AR (A S, T AR S i O S R
97 1 2 AR A % ) R, DR 0 AT L R S A i
AR BE rAdV-E2 ARG s, Ml sh ¥
IR B BT SRR

C MRBRTEZR R b I A A0S mAS 20— MR
oSS EEE T, X A R R R s A
R C BEXTAS [R) A 5 58 WA B0, 1B R F(Rel
RRKAR)E — & WBURYE, 8 B F kR R T
DAL= A s RIB AR THE 1°C DULE, $R2E 12 h DLE),
It HE R A e R R L 2Ly Tz &R, e g
e R R o IO, ORI E R kR R
R, TEILR IS BT R 6l 55 C MREEWFIEE .
PRl C MR R R GRAR S (R 3) F D C FRAT
DA B B A C RRAE R e B IX —HF A,
AT DATEAN S B 1 S e 300 o ARFIE LR G i Al
PEA T R 2 B 2 IR 7 rADV-E2 BISRERCH .
SeH rAdV-E2 #:R R A, SRIEH C BRETT L, 45
FWoR, R rAdV-E2 R R S5HF C MRIE f—
FE, TOREJa ¥R B B, o B R FRATTEE S i 5
B 2 Y65 B RT-PCR A LG v 259 A G 1 6 05 55
PEVE RNA, (30 EF A= 70 R0 75 0 5 I8 R S /e 0+
Je A B A, O HLAE FLRGE T A R R A
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UL H 55 3 RNA10® # D %/ul LA b)), X %5,
rAdV-E2 7] IR R Rt T C MRpy i .

J 9 A RS B rAdV-E2 TE Sk B BOR TR

I RER TS, 3K HAE AR b i S 1 PR 4R 3t
TR . AR, e e v R i N B D) S fR 3
HORA T T b — BBk . FAT, SRSy il
IEFEHE T
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