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Abstract: [Objective] To construct a recombinant food-and-mouth disease virus (FMDV)
strain carrying the genes encoding three topotypes of immunodominant structural proteins of
serotype O FMDV by reverse genetic manipulation and evaluate the potential of the
recombinant strain serving as a vaccine candidate for porcine food-and-mouth disease (FMD)
type O. [Methods] Based on the gene of the recombinant FMDV with the replacement of the
VPI1 structural protein of O/NXYCh/CHA/2018 epidemic strain, the recombinant full-length
plasmid featuring substitution of G-H loop genes of the structural protein VP1 of
O/TUR/5/2009 vaccine strain was constructed by gene synthesis. The recombinant virus was
rescued after transfection of the linearized recombinant plasmid into BSR/T7 cells expressing
T7 RNA polymerase, and then identified by RT-PCR, sequencing, and indirect
immunofluorescence. The plaque assay and one-step growth curve building were employed to
characterize the recombinant virus. Pigs were vaccinated with the vaccines prepared from the
recombinant virus and the parental virus, and then virus neutralization tests were carried out to
examine the cross-reactive responses against the epidemic serotype O FMDYV isolates of three
topotypes. [Results] The recombinant FMDV strain carrying the structural protein genes of
three topotypes was successful rescued. The recombinant strain showed similar biological
properties to the parental virus. Pigs vaccinated with the vaccines prepared from the
recombinant virus and the parental virus produced protective neutralizing antibodies with the
mean titer of >1.65log;o against the viruses of the Middle East-South Asia (ME-SA) and
South-East Asia (SEA) topotypes. The pigs did not produce protective neutralizing antibodies
against the Cathay topotype (<1.65log;o). The substitution of O/TUR/5/2009 G-H loop gene
improved the cross-reactivity against the viruses of ME-SA and SEA topotypes compared with
the parental virus (P<0.05). [Conclusion] This study has guiding significance for the design of
FMD vaccines in the future.
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[ B %% (foot-and-mouth disease, FMD)J& 1%
T PR RS R FUE AL G . O
PRV | ALYV . Rk, SRS
TPHHZY(World Organization for Animal Health,
WOAH)# H A Ry b e sh ¥ s, T 51y
—RPME YN Z T o FMD 52 & Fljid 1™ 5
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&, TAEESRE, EaKE POk A" 27 #
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1 1% % 9% 8 (foot-and-mouth disease virus,
FMDV)J&/)» RNA %45 #}(Picornaviridae) . I
J3 9% 7 J& (Aphthovirus) %, 51 . FMDV i1 45
FZE 1 VP4, VP2, VP3 Fil VP1 45 60 4 F 41k
B AR S 5 B E S RNA 4%, Horp 4
W E VP4 AL T AGEMNES, VP2 VP3 Hil VPI
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Brh R IR REEMEAEYS), HG, FMDV G-H
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1 #eE5FiE

1.1 JREL. AARfimE

FMDV % i #k O/HN/CHA/93 (Cathay #i M%)
E A R I AR N A S
O/NXYCh/CHA/2018 (SEA #i#h#l) VP1 2L AY
4 K i ki pOFS/NXVPI 1 ¢ K i K
pSK-Z123/NXVP 115 Sy v [ A sl Bk 2 g 2% M
MEMRIEIAE . FiX T7 RNA REBH
BSR/T7 4 F BHK-21 4 48 5256 25 {5
##. FMDV O/GXCX/CHA/2018 (MH791316.1).
O/HB/HK/99 . O/XJ/CHA/2017 (MF461724.1).,
O/NXYCh/CHA/2018 (MH791315.1)¥ i1 [E % 1
WS 25 S 3 S B IR A
1.2 EFERF

Ul EE I DNA TG & . DNA F B
51 v | SN 1 VA 111 7 W11 | NG 177 & o
(Escherichia coli) JIM109 J&Z &40 . A~
DNA R4 . BRI VEZER N UIEE(Bgl 11, Spel.
Not I. Pst 1), SA4¥ TR(KE)VERAF; %
Yei® 7| Lipofectamine™ 2000, MEM %5545
2xMEM H;553E, Invitrogen /A7) ; RNA #2HL
A&, QIAGEN A+l KiGH = & M W e
hydrobromide, BEI)

fi 12k

(2-bromoethylamine
Sigma-Aldrich 23 A] .

http://journals.im.ac.cn/actamicrocn



2496

HUANG Shulun et al. | Acta Microbiologica Sinica, 2024, 64(7)

1.3 G-HEFEHRELHFMDV 2K RAAY
My

Pl pSK-Z123/NXVP1 N5, ik FMDV
JEHi Bk O/TUR/5/2009 (KP202878.1, ME-SA #H
FNEDNK 2 30 A2 BER G-H IR IR 12K ik
pSK-Z123/NXVP1/TURG-H, 75 4 MER 4= )
B R A A . pSK-Z123/NXVP1/TURG-H
&4 K ok pOFS/NXVP1 £ Spe 1 71 Bgl 11
XMV 5 4y % B2y 5 400 bp (pSK-Z123/
NXVPI/TURG-H)H 2 R/NHEE 3 000 bp
(pOFS/NXVP1)) DNA F B, #XJ5H T4 DNA
EEMEE . Ak, MEEA S KRN
pOFS/NXVP1/TURG-H. 4K ik Pst 1 #471if
YISE, HAF5 P I BORLE 75 4 ME R A= Tkt
FABRA Al I 30 0F . EEAL R FMDV [
FERARE WK 1A, G-H REILRR 2 55 WLIA 1B,
1.4 EH FMDV B3R

4 ki pOFS/NXVP1/TURG-H £ Not 1
WYIEE 37 °CIH1L 3 h )5, A DNA A Bk
A, HAA L B2 BRI S vl B 5 B 2 g
[l i) pOFS/NXVP1/TURG-H £ 41k DNA Bk

A Structural proteins

FH Lipofectamine™ 2000 /M 4L % 80%—90%
BSR/T7 4ilfil, F&T 37°C. 5% CO, {538, #%
Y 4-5h )5, EFLI0 1 mL ) MEM B35
B 12 h LSS MDIRAS , %% G 4 At o B0 I S 1
U BfL% AR 30UV (cytopathogenic effect, CPE)J5 ,
W L 52 VR RS B R BHK-21 4 i i
e, FRWEN TR
1.5 =i FMDV LT
1.5.1 RT-PCR #FAFFE

BUL AN M FI5 W, I RNA $2 8GR S48
BUE RNA, il —#7 RT-PCR i{F &9 1
# VP1EMHIR, Fik. 4ifk HFx PCR F=¥))5
TR A MER AR R A FR A Wl AT e 51 D AE
PCR §" 307510 VP1-F (5-AGATAACA
CAGGGAAAGCC-3")l VP1-R (5-CTGATGGC
CTTCACTCCAGT-3"),
1.5.2 (8% % & K X iX 3 (immunofluorescence
assay, IFA)

N G AN LB 3 T R SR A B 3 Aol
70%—80%# )2 BHK-21 4. 37 °CH¥ & 6 h
JE A 4% 2 R 4 °C[EE 20 min, PBS

Non-structural proteins

5'UTR VP4

VP12A 3B 3'UTR

pOFS/NXVPI

—_— L | [vP2]|VP3] [[2B] 2cC

[3alllf3c] 3D —

VPI2A 3B

pOFS/NXVP1/TURG-H

— L | |vP2[VP3 ]

Li28] 2¢c [3afllfsc| 30 =

O/NXYCh/CHA/2018 (SEA/Mya98)

B 130 140

B O/TUR/5/2009 (ME-SA/PanAsia)

150 160

ONXYCh/CHA2018 - NGNCKYTGGPLPNVRGDLQVLA PKAARPLP

O/TUR/5/2009

1 =B FMDV EAFETEE
R IR 1Y L X
Figure 1

-NGNCKYGESHTTNVRGDLOQVLA QKAARTLP

A T FMDV FEH A kKR EK. B: 4 VP1 45#&EH G-H

Schematic diagram of the construction of recombinant FMDV. A: Schematic diagram of genome

of recombinant FMDV full-length plasmid. B: Comparison amino acids of G-H loop of VP1 structural

proteins between two FMDV.
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Ve 3 ¥k, A Triton X-100 ZEJEi# 1% 10 min,
PBS Wtk 3 W MIA/NRBT FMDV 3A Hidg
(1:200 f5#i BE), 37 °CH¥H 1 h, PBS ¥t 3 K;
A el 240/l 1gG-FITC H B L 114
1:400), 37 °CYEH 1 h, PEFEE —His HPOE
A MR A IR A2 B Ao

1.6 FLHFMDV EHRE L EFE KT
M ZE

¥ 10 5 R BRE 6 {RE4 FMDV
FEAR R 200 pL/AL, 2 5HEF R T 6 fL
M i) BHK-21 200, AE 37 °CHRAMFTIFE ,
10 min 82528280 1 R, 1hJGIIA 2 mL # KR
RAWA By 2xMEM, 113 1.2%E K. 41
FRE ISR 48 h i, AR E (B N R =1:1,
RFLEL) 22 30 min, 28 0.1%%5 5448 37 °cCefn,
2 h JE ST R BET ARG BE EAR I &, A
BEMEBEIE B (PFU/mL)

W26 6 1CEE 4] FMDV FI 35 A6 7% H 75 75 1
JERBE R 5%10° PFU/mL, 43 %35 BHK-21 24
MEF 37 °CHFH 1 he FFEREBWER, b
fn5 mL MEM B3 3R AR S5 9% . B 4 h Ui
FEGRZE 16 h, VRELRE S5 1 W TR A
SE AN [F)E [B] A5 0955 220 B (PFU/mL) - 3Ff L —
KRR
1.7 RiEEBEAGHE

R 6 FOEAR B M E AR #4100 mL,
2 A 2-3 ¥ ,4 °C .6 000 r/min %.0> 30 min,
LBRANARE o WA YRR 23 B I 5 mmol
BEI F 28 °CKi& 30 ho ik i fs B¢ 2 b
BHK-21 4 fl A 72 PR B0, 40 30 548 1 55
PRI BEH RO alifl | VR4S, TR R
PRF FUBC T2 1 (146S PURLHE R 6 pg/mL),
PEV A E T 4-8 °CIRAEE .

1.8 RHI%RZ
e FMDV S5k 8 /AR 4549 & A bk 9]

PERY 3 H IR ARG ST 12 3% BEAL R 2 41,
T 6 Sk, o mil R o A BE S v AN E 2 B
PEVE , RN 2 mLskfy . fE 28 d AR
ML, AFESIMLE, —20 °CIRAF% .
1.9 FERMKE

WU I 28 d Y e IV R A T R s 1 R
ARSI A %F 3 AN HRFNLAY 4 %R FMDV
#k (O/GXCX/CHA/2018 . O/HB/HK/99 ., O/XIJ/
CHA/2017 #1 O/NXYCh/CHA/2018)f5¢ X Fil
PR . R R T AR IR .
MIETE 96 FLAR P HEAT 2 £ LB S BERR RS s A
50 uL SEEER BRI BN 200 51 21 57 s g
5| (tissue culture infective dose, TCIDs()/0.1 mL],
[i] FF 5 805 25 (11 16 B (100 TCIDso. 10 TCIDsy .
1 TCIDso, 0.1 TCIDso)FI4HAEXTRE . Fo5 0 1L 375 A1
TR R BRIRIR 215, 37 °C¥F 1h, HIA 100 uL
WeREZ) SN 1x10°4~/mL () BHK-21 4108 . £
7% 72 h J5WEE CPE, ##% Karber 315 ML Al
PUATHEE o

2 ERSHM

21 HHRNHWERERE

BB R YK X O IE MR R O 41 ROk
pOFS/NXVP1/TURG-H H Pst 1 #H1TREVISE &, #E
IEHL RSS2 A T4 591, 3282, 7200 bp
PSR, SR /MEAE . P 45 R R A
JORL A U A G-H FRIEA
2.2 E4H FMDV RUIR K

4 Fiki pOFS/NXVP1/TURG-H 4 Not I
ML MEAL, #5Y: BSR/T7 400 2 d Ji, 50400
Al JLBL R FMDV SR M A8 00, T A e
M DNA 4R B CPE. 242 80%—90%
(A5G Y 20 it HH B CPE MR AL, i 2 Rl e
Yk2iAE BHK-21 4 bk (%18
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2.3 FLHFMDV HEE
2.3.1 RT-PCR

WCAE B YL RE S DL VPI-F Fil VP1-R M5
¥, RT-PCR §"3# VP1 25 I H . BIRWE
8 15 LUK S s R AT U ORI S AR
o X% PCR P77 40 4307, 45K W=
%7 tHN/NXVPI/TURG-H &4 &4 it 3 [F
RB, LB I T B4 FMDV,
232 HERARRE

B v R I 2 FioR, B 4%

rHN/NXVPI1

-

2 E4H FMDV B IFA £F

BRI BHK-21 4 ififiE 5 FMDV 3A 42
N, FTULRE SR, Tkt IS FMDV 3A
BPLE AR WA, RIRK A E A5 N
FMDV.,
24 EiH FMDV WIEHFELEEMEK
iiiE53

H2 FMDV HUEEAR R A MERER BN E 3 By
7%, tHN/NXVPI [(4.27+1.44) nm]# rtHN/NXVP1/
TURG-H [(4.111.39) nm]¥ R T sE S A
R HARMIE RS, — PR LRI EA

rHN/NXVP1/TURG-H Mock

400 pm

400 pm

Figure 2 Identification of the recombinant FMDV by IFA.
A B 8.0

75

&)

E

5

E:; 7.0

%

=
6.5 -8 rHN/NXVPI

-¢- rTHN/NXVP1/TURG-H

E3 FMDV BB ASM—SE K A: FMDV EBFEA. B: FMDV —# 4K 4k

Figure 3 The plaque phenotype and one-step growth curves of FMDV. A: The plaque phenotype of FMDV.
B: One-step growth curves of FMDV. Data show mean+SD of viral PFU.
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FMDV W5 il 8 1 5o A AL, (B2
FMDV [ 75 1% BE B AR T (P>0.05) K A% B¢
Vi) FMD £ 80k G-H PR35 R A &k B g
S B 7E BHK-21 40 1 1 5 il
2.5 mEPMIKE

PSRN 28 d B I IE B v A e Aer T
%} ME-SA. SEA Fl Cathay 3t 3 NufMHAY
4 A5 R I TR R R RIBUAK S . dniE 4 BR,
ZEE R LW EANFE rHN/NXVPL A 410
# rHN/NXVP1/TURG-H % #3477 4 7 & %t
ME-SA . SEA #i b 78 355 8 £ 3 Pk A0 4t 1k
(WOAH FLE h FIBTIA>1.6510g,0 AR, Hr
SEARNGE rHN/NXVPL B f s i85 (5/6)7% 1k
T %1%} O/NXYCh/CHA/2018 F1 O/XJ/CHA/2017
WG B AR ME R RN BUAR, 3/6 s PR AR T AR
O/HB/HK/99 ¥ B¢ fR 47 P () rh AT 44, (R A 7™ A=
E1 %} O/GXCX/CHA/2018 -4 Fh R4 1 =
ZH9% 7 tHN/NXVP1/TURG-H % i Sz s 7 e
THI% O/NXYCh/CHA/2018 . O/XJ/CHA/2017 FlI
O/HB/HK/99 gt PRIFPER R AILIA, H A
1/6 B3 771 T 4% O/GXCX/CHA/2018 i 744
P BT, SRV, FEH K G-H 3
SRR 0 AR T AU R S TR AT
i) O %Y SEA Fl ME-SA #i#ME FMDV 38 3L
N (P<0.05).

3 W54 ®

AR, st BV EROR I & & RNA
W EE R TP RE . BOWALHIALEE LR B 1 A
il 55 5 T R A SR PR L TR A S ) st AR
VEHOR A RNA Ji 8¢ A [A] I35 AL | 7 AL 8 bk
S B LD AL, REAE TR S % bk
SATEERRI A S OWAE RN EE BT
i Kim 55 VL& 189N 5 (avian influenza viruses,

&2 Homologous virus

&= O/HBCZ/CHA/2019 (SEA/Mya98)
2 O/XJ/CHA/2017 (ME-SA/Ind2001)
mm O/HB/HK/99 (ME-SA/PanAsia)
O/GXCX/CHA/2018 (Cathay)

Pigs (28 d)

250

2.00 -

_H
[T

S W

1.00

log,, (antibody titers)

0.50

0.00

El 4 FMDV &8 &R MEFFRITERETE
HHAR M

Figure 4  Mean antibody titer of the serum
collected from vaccinated pig with FMDYV vaccines
against the circulating strains. Data show mean+SD.
* indicates P<0.05; ** indicates P<0.01; ns indicates
not significant.

AIV) Apdm09 #R(HINT W73 B 28, a1 ik
4 HON2 WA ATV fi) HAL [X I A1 HSNS V. %!
ATV 1y HA2 KIS HI B ATV, 1255 B il % 19 K
TG T S S RE A T A R K SE4T HO Al HS
RS ATV B RISTR, I RBAZ PR3 /N B Ao 1l X
2 MR ATV 8, Liao SF7EME IR
(classic swine fever virus, CSFV) (C ¥, JL[K 1 #Y)
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SRR TR LR |, A EE TS CSFV UidTe;
FRGEIAY 2) E2 2 N 3nhilm 28X 1 (90 bp)
[ E 205 7 RecC-HAR1, %05 2 940 I35 REAR
T P AL 1 YR 2 B CSFV, KA
CSFV m7Hiax, $&m TARFZEEE R CSFV Z
] 4 58 U i D), Rieder 28 & B4 O FIE]
C % A12 FMDV G-H # i i R I3 6 [F] g
1A HUF O Rl A BRI C Y FMDV, Tiiié C
I G-H 28 A12 FMDV & 1 S 5 g ™ 4 58 X
P, BBSE S IRYHE Sl A B FMDV ()%
i, BRI 4l C B FMDV 13k, %
F b, A58 A E &7 FMDV (Y5
Be, WS 3 A (Cathay+ME-SA+SEA)
ARG E N, BRI MRS FMDV,
ARG 24T I = 280 T 1540 e 1) FMID J5 1 fie i
B

FMD ¥ B bk 1 i 16 7 3 25 2 e AR
I A ARSMAIR !, HA R PRI FERT | 287,
11 HL 75 SN B B 04 30 50 ) R s GO A il 4
FIRE, MRS LI RAE R, AR, T
Hh, FMD $£ i1 75 LA™ A o Rk 17k F 5
RIENY R UIAC ., —RIE T, 3
AP , PRAPEERE  I, ACBE
B AR S M v R A N 2 B R
SEAHE BESE T S ILIE X 3 N4 FMDV (1)
LEXCHHIBETT, WIETEMHAE MR O B FMD
PEVRIEAR IV ] o ABEREE B, HEA
W EEE T —FF 2 R S R Y RE A
HEHT SEA Fil ME-SA M B 47 PR 158 X
HRIHLAIK (> 1.6510g10) , ANAEXT Cathay 1% R
ARG ol VS el i O Ol 3 B I 7T N R
(<1.65logyo), fH O/TUR/5/2009 % fi bk G-H FF X
) B o S 25 R T A0S R SRR AT Y
SEA Fll ME-SA #i#MEl FMDV #9583
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