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Construction of recombinant adenovirus expressing capsid
protein of serotype O foot-and-mouth disease virus and
analysis of its immunogenicity
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Abstract: In order to construct a recombinant replication deficient human type 5 adenovirus (Ad5)
expressing a foot-and-mouth disease virus (FMDV) capsid protein, specific primers for P/24 and 3B3C
genes of FMDV-OZK93 were synthesized. The P/24 and 3B3C genes were then amplified and
connected by fusion PCR, and a recombinant shuttle plasmid pDC316-mCMV-EGFP-P12A3B3C
expressing the FMDV-0OZK93 capsid protein precursor P12A and 3B3C protease were obtained by
inserting the P1243B3C gene into the pDC316-mCMV-EGFP plasmid. The recombinant adenovirus
rAdv-P12A3B3C-0ZK93 was subsequently packaged, characterized and amplified using AdMax™
adenovirus packaging system, and the expression was verified by infecting human embryonic kidney
cell HEK-293. The humoral and cellular immunity levels of well-expressed and purified recombinant
adenovirus immunized mice were evaluated. The results showed that rAdv-P12A3B3C-0ZK93 could be
stably passaged and the maximum virus titer reached 1x10°' TCIDs,/mL. Western blotting and indirect
immunofluorescence showed that rAdv-P12A3B3C-OZK93 expressed the FMDV-specific proteins
P12A and VP1 in HEK-293 cells. In addition, the PK cell infection experiment confirmed that
rAdv-P12A3B3C-OZK93 could infect porcine cells, which is essential for vaccination in pigs.
Comparing with the inactivated vaccine group, the recombinant adenovirus could induce higher
FMDV-specific IgG antibodies, y-IFN and IL-10. This indicates that the recombinant adenovirus has
good immunity for animal, which is very important for the subsequent development of foot-and-mouth

disease vaccine.
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HIEgE, Hrp 3¢ AR (3C™) 7€ FMDV %%
FEE IR R E T EENER .
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Az TS R R R i A R E1 A E3 ik
R AIS T S e HE R T BB ABIF ST DAAS
S5 2 DR AT B 1 N S SR PR B Y O B FMDV
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ik O FMDV K76 8 R4 P12A F13B3C
7 1A T 1 4 I 7 rAdv-P12A3B3C-0ZK93,
I ELIEAT Bl 5 8 S0 141 B 20 I B 1 S0 0%
JR, S O B FMDV 5 41 R 752 v O AF T B4
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1 HH57%

1.1 [REI. EHk. A, fmEMzY

iR BB 2R ek pBHGlox (delta) E1, 3Cre
FIIR I B ZE 4R kL pDC316-mCMV-EGFP, Il H
Jb ot 2R PR A P S R A BRA R IRz
stbl3, AR X EEMHEAARAR; A
G B 4 M 293 (HEK-293) HH A S2 56 38 {547 ;
TR (WtAdv) FARUIRE H 3R 15 ; T i
4= O B FMDV K i 5 H F 1 9% [ K 807 52 5
ZRAFE - BALB/c /N A BRI B2 B 22 M B
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ot iRt A 4E e N R R E S e
FRAE P MVE A TAL B, ST AR AR T RO
FleEbe = B BT sh e i Z i 2 (5 -
LVRIAEC2017003) .
1.2 EFERF

PrimeSTAR® GXL DNA Polymerase. Not |
oA TR il ¥ ) BT . Adeno-X™ Maxi
Purification Kit ¥4 H TaKaRa A #]; T4 DNA
R A NEB A #]; Bonid BOA G B
Omega /A f; Lipofectamine 3000 g H 3£ %]
Thermo Fisher Science 2\ 7 ;O % FMDV #i VP1
HEEREBUR (MAb) ARSI %= il & ; TRITC
PR EPi R IgG (TRITC-1gG) MR 1k
YIl HRP tricilFEdife 1gG (HRP-IgG) 4 H
Abcam A F]; DNA $#&BUAM & H Omega
Bio-Tek “Zifife (Aba) AWRHHEARA A /)
Fl IL-10 ELISA . IFN-y ELISA 7 &l [ Jik 1
BEA YRR BR AN /] 5 O 78 T B T A BHL B it
F & LVRI 2 W44t
1.3 EHHRFESHREE

NCBI | HXF FMDV-0ZK93 2k 5 type O
isolate WFL (GenBank: EF175732.1) ##k VPI1
Fe 90 % BRFF SUARRIPE IS 99% LA |, b2 R
type O isolate WFL itk P12A . 3B3C J¥ 41 Lt
A FMDV-OZK93 SEH 41 (1) P124 . 3B3C 3EH
F B, {fi ] Primer Premier 6.0 5115141, it

x1 XHFRASIYFS

5'% A Not 1 W Ul & & Kozak J¥ 4
5'-GCCGCCACC-3", 3'sig A Af1 11 B YA 55
FIFAIINER 1 R, mATAY TR (BE)
e A BR A F & B . DA K. pEASY®-Blunt
Zero-FMDV-OZK93 A #l , PCR 435l ¥ 4
OZK93 [ P12A4.3B3C $:[H i Bt , M@l & PCR
Jrdfd 2 AR B G R P1243B3C JEFHRAZ
pDC316 I, MEFRIRGEIIEE (enhanced
green fluorescent protein, EGFP) f) FMDV H 4]
IR 9% % ZF KB JE B pDC316-mCMV-EGFP-
P12A3B3C-OZK93, #£: Not 1 fl Af1 11 XU Y]
S E R B ) 1 PP ORI AR T AR
TR A BRAA /AT 0 I
14 FHRFEHER

FIF AdMax ™ [ 88 £ 56 R G E1 T B ALAR
R TE AL O 4 1 pg ZEAR BURL pDC316-mCM V-
EGFP-P12A3B3C-0ZK93 5 4 ug M58 B 28k
ki (pBHGlox (delta) E1,3Cre) 4% 4L 2 %50
i) HEK-293 ZHfl, 382k 4 Sk A o H 20 50 il
ZH R 2 0% . FMDV 35 41 B 25 044 2 4
B 1R 552 B8 Lipofectamine 3000 %% 4%,
MEVH R, ZJFET 5% CO,. 37 CH
JLR FEA R R R SR 57 d, WAL R 40 i B
BRI G AZ AN (cytopathic effect, CPE) &
PRy P A 2 B ZH IR 2 rAdv-P12A3B3C-
0ZK93,

Table 1  Primer sequences in this study

Primer name Primer sequence (5'—3") Size (bp)
P12A-F ATGCGGCCGCGCCGCCACCATGGGCGCCGGGCAATCCAGCCCGACC 46
P12A-R AGTGGCCCAGCGTACCCAGGGTTGGACTCAAC 32
3BC-F TGAGTCCAACCCTGGGTACGCTGGGCCACT 30
3BC-R AAGCTTAAGTCACTCGTGGTGTGGTTCGGGGTCG 34

: 010-64807509
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Figure 1
foot-and-mouth disease virus.

1.5 EHBFRFSETE
151 PCREZE

fdi 1 DNA $2HULH & 820 P3PS, P7 1€
rAdv-P12A3B3C-OZK93 f) DNA, WtAdv /FN
FHMH:XT B, pDC316 #5149 (pDC316-F:5'-AC
GTGGGTATAAGAGGCG-3' #l pDC316-R :
5'-CGATGCTAGACGATCCAG-3") #" 1% rAdv-
P12A3B3C-OZK93 H#EIE[R P1243B3C, Failll
ZHINTE rAdv-P12A3B3C-0ZK93 Hifa g

1.5.2  Western blotting 45 I
% P3.P5.P7 1t rAdv-P12A3B3C-0ZK93

YL ) HEK-293 40 il 25 (1, % R 5L R AT
SDS-PAGE Hi7k, 2% (90 V, 1.5 h) ZEHhYHRLF
AR E (NC B, S%BLIEY K EA 2 h, LU
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Schematic diagram of the recombinant adenovirus expressing capsid protein of serotype O

MAb O-BY-VP1 h—%$i (1 :1000) ¥ % 2 h,
PBST VMR, PAIL=EHif HRP-1gG b —Ht (1 :
10 000) %% 1 h, PBST #MEJG A ECL &
W AE 2R B AR AL 54T Western blotting
I3 o TRIBSBESE A4 I FMDV 45 2% 8 11 7E 4 B
PEXTRE, WtAdv JE& YL HEK-293 4 A /F b BH 1
XF R
1.53 J&EMA (PK 4RAE) Bkttt

B 5 AT YL RE S P7 A4 rAdv-P12A3B3C-
0ZK93 Ll MOI=10 /T PK 4iffd, 24 h )7,
T o o (G R 1 R D W L B AR
1.54 VPl ERRIZLEE-HEREZRAIRE

(IFA)
¥5 FUAT R RE J19 P7 1K rAdv-P12A3B3C-
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0ZK93 LA MOI=10 #: T 85 32 7E 7S FLAR 1) 5222
PK 41, 43378 12, 24, 36 h WekE, (A 4%
YU E R 4 Cal e R Al . UL MADb
O-BY-VP1 J—#i (1 :1 000), PLiliZFdife
TRITC-IgG (1 : 1 000) & —$Hrit4T IFA K& .
1.6 EHRFHEANREENE

AR Adeno-X™ Maxi Purification
Kit $iz BB B b T4l , 4lifb 5 id B 24 i 5
AP FHFR7E 96 fLARAY HEK-293 4, fifiH
50%ZH 2L A iR e (TCIDso) 58 ¥: 1 52 95 5
TR
1.7 DRIA%E

W5 20 H 6 JE MM BALB/c /N BUBEHL 23 1k
441 (45 H): Gl 41 (). G241 (FH
PEXTHRR) (G3 41 (BAMEXTAR) G4 4l (S EAXTIR),
P REER 2 Tk i T e . IR T s 14 d
128 d FHAH R 2 o S . ek A e KR
LRSS 100 uL/ 2, FRd 9% f5 4 7 KR
HEE ok MR I 943 285 1M 335 J5 i A7 7E 80 “C vk 48
g
1.7.1 pRAFFM 1gG BN 5 1L-10. y-IFN
M ZE

ffi ]l O % FMDV Y& AHBH W ELISA 71 £
(LPB-ELISA) & Il %2 %% /N BRI H () FMDV
Bt sk E 1 G (1gG) Fitk, /MR y-IFN
A IL-10 I 5E AR B y-IFN ELISA . IL-10 ELISA
6 TPl 1 R SRR AT, B SRR T AR I

F2 NRREAE

(AN S 5E BORR 1E B R 22 ), 2 5 I 45
WG, MR 22 i B bR o R AR AR
i) y-TFN/IL-10 BOHRJE .
1.7.2 HBEMEES S SEEIRE

INEEE 1 R 42 d e, KETEBRIRER R
M5 ALFE o B /NERIE R, B R R T
A 1 mL PBS iAW M5 1L (35 mm? dish) H.,
TG TR 1 S 2 0T 5 )5 D A B L 0 PR R A B
i LV VR J ol T b T 4 A 3 25 51) 8 o b 12
M55 B CMTT SEH AT T 96k B2 248 e 39 ZE 4G I
BBk E e EEE A 10% FBS Al 1%
75 £/ E 1 RPMI 1640 K533, &40
MI%CE 1x10°4~/mL, LA 50 pL/ALEF] 96 FLik
o SRAIJIGEREN A (FIMEHEG) . KGR O
% FMDV 1468 $LJE A58 4 RPMI 1640 #5557 4
(BAPEAIEL) 50 pL/AL o3 R EC A A, 46l 3 A
5, BRI ZREE N 10 pg/mL, 37 C . 5%
CO % 72 hJa, MEALH OD . HIHTE %L
FE A2 FIPE A 5 AR AZ RIS AHAE 490 nm K AR
OD fHZ It
1.7.3 St o

TE SPSS Statistics 26 H1, XA T
ANECXT Y ¢ K55 . BRI ER 5 22 43 7 A1 Bonferroni
posttes (JPIEEIJE (Bonferroni) = J5 K5 & /A 56
%o WEZEFHE LN P<0.05, Hi*RR
0.01<P<0.05; **%E /K8 0.001<P<0.01; ***FE /R
0.0001<P=<0.001,

Table 2 Immunization programs of mice

Groups® Treatments Dose First vaccination days Second vaccination days Third vaccination days
Gl rAdv-P12A3B3C-0ZK93 1x10°° TCIDs," 0 14 28

G2 Inactivated vaccine® 100 pL 0 14 28

G3 WtAdv 1x10%° TCIDs, 0 14 28

G4 PBS 100 L 0 14 28

2. group of immunized mice; °: tissue culture infectious dose 50; °: commercial inactivated type O FMDV vaccine.
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2 HERE504

21 EHERFEHERBEEENEBILERE

IR RS9, PCR ¥ 3G 5R1G K
INZ)J5 2 278 bp I 846 bp HIBHAEA, X5
FMDV-OZK93 ) P124 . 3B3C 3:[H A Bt K /h—
., FIHmA PCR Jrik w4 i Bl &
P1243B3C (Kl 2A), ZJaHi A% pDC316. N T
WESCAY ) FMDV T 41 B9 55 28 1R iy op
PI1243B3C B EHHE A, ] Not I F1 Af1 11
REL il P PN D70 g RSl 17 32 46 7 FH A e pDC316-
mCMV-EGFP-P12A3B3C-0ZK93 (& 2B). J¥4l
72 25 JL S R 100%45F 4, R i g T
FMDV-OZK93 [ P1243B3C T 40 IR 5 3044
2.2 ELHBRFSE rAdv-P12A3B3C-0ZK93
FORIES

BYe 5d 17 h J5 W $] HEK-293 41 ffd ) BE
B CPE H¥E (AMRBUNAS K. AR . B
%), E B oh oAl E O R W R
rAdv-P12A3B3C-OZK93 . F -80 C vk 4 Al

bp
5000
3000
2 000
1 500
1 000
750
500

250
100

37 COKIEER R R R 3 A ICEE , X E AR
FREEN POAL, KUK MOI=10 348%CE P10 1R,
BT 3 6T, M AR E 1
i, PemEEEE (K 3A). MEHAMKELE
HEK-293 4f i b4 3G e, 5 2 1% B2 il & 6 2 1Y
AR 1074 38 2] 1™, UF B #5444 mT 35
YTy (Kl 3B). MR 5 U, BEAER
AR, ZOEHmbEZ AR, 52X 12 h,
24 h, 36 h CPE WLk, 2 i 75 42 Fhois
)5 24-36 h 524 YL CPE 5 WtAdv X} PR 41 {3
F—3, 2 (R 4] HEK-293 4i 0 sg 4%, B
BHN, T (K 4).
2.3 ELHBRFS rAdv-P12A3B3C-0ZK93
% E
23.1 HBEFEREMEIE

Wik P3. P5. P7 ALY rAdv-P12A3B3C-
OZK93 =B AHN DNA J5, #H47 PCR Y1, 4%
R FEAS TR AR Uk A FE A R B L R AL 3y
P20 3 114 bp BY PCR 77 (K] 5), SHEAE
PI1243B3C W BOR/MRFE—3, FR&d iy

PDC316
P12A3B3C

2 FLAHK pDC316-mCMV-EGFP-P12A3B3C-0ZK93 HIiE (A) URWEEILZE (B)

Figure 2 Construction and identification of the recombinant plasmid pDC316-mCMV-EGFP-P12A3B3C-
0ZK93. (A) M was 5 000 bp ladder Marker. Lane 1: the PCR product of FMDV-OZK93-P12A (2 278 bp).
Lane 2: the PCR product of FMDV-0OZK93-3B3C (846 bp); Lane 3: the fusion PCR product P12A3B3C
(3 114 bp). (B) The recombinant plasmid pDC316-mCMV-EGFP-P12A3B3C-OZK93 were identified by

restriction enzyme digestion (pDC316 was 5 879 bp).

http://journals.im.ac.cn/cjben
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= L.
3 AmMESERENAEBETL (P1. P2, P3. P4 ) (A) EAXRRERKX

ERFENHREHENE (B)

B
15
.g —— rAdv-P12A3B3C-0ZK93
= -2 WitAdv
8 L
3 10
PI»-.
£
=
z T
=
5]
<
E 0 1 1 1 1
P3 P5 P7 P10

Passage

(P3. P5. P7. P10 %) E

Figure 3 Changes of the fluorescence intensity in 1, 2, 3 and 4 passages (A) and the viral titers dentification

in 3,5, 7 and 10 passages (B).

rAdv-P12A3B3C-OZK93 WitAdv
: -
| -

36h 4N

Normal

rAdv PI2A3B3C- OZK93 Wi/\dv Normal

E 4 P5 1& rAdv-P12A3B3C 0ZK93 B HEK-293 QHEH@TI_JHTIEHJLJ'EE’EV g N CPE ﬂt

Figure 4 The fluorescence intensity and CPE of the P5 rAdv-P12A3B3C-0OZK93 infected HEK-293 cells.
WtAdv was used as a positive control; normal HEK-293 cell was used as a negative control.

(HATAY TR (RE) BhaRRA R FiE
JPETERY) s SHIEFE T 100%/F 6, X%k
WH#RL R P1243B3C #5524 B 12 Fa 5 184
232 HBHHEHREBEMEE

JTHIN P1243B3C LN IERG A,
F P3. P5. P71 rAdv-P12A3B3C-OZK93 Jikx
HEK-293 44 36 h 5 W FIAE i, T Western
YR HEEE AW IEMFE L, O BRI
FMDV 146S # FEFHPEXT B, 255 IR . A
3| T 5KiE ) FMDV 146S 1 VP1/VP3 FH: %t

blotting %%

: 010-64807509

M —30 %y 23/27 kDa 254 L%y 82 kDa
P12A 254 (&l 6).
233 OFKREAERFS PK MEREEIL
REERRAKNAERE

rAdv-P12A3B3C-0ZK93 #1151 PK 40 il 5
24 h WEHIA KR E2OCE RIS, IFA 4551
78, rAdv-P12A3B3C-0ZK93 /&YL iy PK 41 jits
WINFRIE VPL &, T XS B WtAdv ARk
(Kl 7). %] rAdv-P12A3B3C-0ZK93 A DLk
YU U520 MO e D 2Rk .
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bp
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3 000
2000
1500
1 000
750
500
250
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.~ J
L—

g

&5 PCREZEARETAIrAdv-P12A3B3C-0ZK93
PEMERBERFE

Figure 5 Stable existence of the target gene in
different generations of rAdv-P12A3B3C-0OZK93
identified by PCR. M was 5 000 bp ladder marker.
Lane 1-3: the PCR product of the 3th, 5th, 7th
passage of the rAdv-P12A3B3C-OZK93-P12A3B3C
(3 114 bp); lane 4: WtAdv were used as a negative
control; lane 5: normal HEK-293 cell were used as a
blank control.

DAPI EGFP
’ . ®
rAdv-
P12A3B3C-
0ZK93 ;
h .

VPI
||||||||||||| :
||||||||||||| |

B 6 Western blotting 4#T rAdv-P12A3B3C-
0ZK93 %3 HEK-293 42 36 h F HMEBRI %R
EER

Figure 6 Expression of target protein in
rAdv-P12A3B3C-0ZK93 infected HEK-293 cells
were analyzed by Western blotting. M was 180 kDa
ladder marker. Lane 1-3: the HEK-293 cells
infected with 3th, 5th, 7th passage of the
rAdv-P12A3B3C-0OZK93; lane 4: FMDV (146S)
used as a positive control; lane 5: WtAdv used as a
negative control; lane 6: normal HEK-293 cell used
as a blank control.

MERGE

B 7 IFA %N EHRRFE S rAdv-P12A3B3C-0ZK93 B 1) PK 4 AR
Figure 7 The recombinant adenovirus rAdv-P12A3B3C-0OZK93 infected PK cells were detected by IFA.
Upper panel: PK cells infected with rAdv-P12A3B3C-0OZK93; lower panel: PK cells infected with WtAdv.
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Figure 8 Specific anti-FMDV humoral and cellular immune responses of the rAdv-P12A3C-OZK93
vaccinated mice. (A) The antibodies against serotype O FMDV were measured with LPB-ELISA. (B) Mean
stimulation index (SI) of mice immunized with PBS, WtAdv, inactivated FMDV vaccine,
rAdv-P12A3CWT-OZK93 after 42 dpi. Results are presented as means SD (n=3). (C) Levels of mouse
cytokine IL-10. (D) Levels of mouse y-IFN.
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