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., = VLI L MRS GBI R K,
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588 il G 8 2 B AN il FMID ) SR it , (H2 H
R 2 M FMDV K 3% i R R 4l b A 58
4, ZRGIENY) G AT REAEM N 7 A AH N 2
PR FABLARD ), X e E R T AR FMDV R4S
PR IBUIA R S bR e 1 S W 25 5, DT T4
TRERE A I 2= W AR A T R A R R
TF & —FhREREA L B, SRR HE X 2 A 2%
JEYL I B S BT FMD A RS 512 Wrae i
o VBRI AT . P 2 KB R
AR

ST, ALk R ERITH A R
FMDV A/Sea-97/CHA/2014 4 K& Yutt vale
H4, RS PCR HORMEE FMDV 3A k45
4 28 1 90 1 $ % 7 (AEKNPLE) Bl 2% (1) 42 K 5
B, PRV PR R A, E T A W R
R JEFMCEER T8 1, NI Ak FMD A kR
TOPE R SR B HERTHIA R
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1.1 FURLFI4EH

FMDV A/Sea-97/CHA/2014 4 KByt v
P& pQAHN PURIE %0 #5255 5340-8200 nt 14 T kr
pSK-A4PT DL Je 1% 4x K JFORL K R 1 3R AR 0 B
1-A/Sea-97/CHA/2014 (A SCH i 44 M 1-A/Sead97) N
22N BRI T A R 5 G A 2 T A
HEORAF . ik T7 RNA RA Y BSR/T7 o 4 il
Z M 7% [E Karl-Klaus Conzelmann #5321
1.2 FEEF Y

IM109 JEZ 25400 . DNA F BRIt £
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DNA Gel Extraction Kit. T4 M. %kl
AMV | WYJH . LA Tag 4" Y47 | BoRs 32 BOAH &
DNA marker i H§ Ki% TaKaRa A H], JElE. R
M5 (FBS) . 4 SEatiiE = I3EM H Gibco A Fl;
RNeasy mini Kit 5] &4 H Qiagen /A w]; FITC-
At/ 1gG 1 H BOSTER 23 #l; FMDV 455
AT 3A FAYT 3A24 R 3B (9 H.HT 3B4B1 AR
B ARAE ;s 60 H R AERE D) B % W A 5E VE HE
TR

1.3 5%

RIEE A A/Sea-97/CHA/2014 FR4eK ¥
5, %3t PCR 511G 1), th HigSRe YA A
PR vl 1o
14 3A EH 104-115 M EEREE FMDV 2K
cDNA FERERIHE

WL R FMDV 3A 85 11 109-115 v 2 FE R
(AEKNPLE) M L3410 B AR, AT
VERAL 5% X B (AL R 104115 VB k2R iy
Ao B AR pSK-A4 MBI, 25
A/HNS5321(+)/A/HN g4115(=)F1 A/HN gau115(+)/
A/HN6767(—)5 |95 51434715 8] C Bt D A Bt
aifb ey ¢ M D R BCERDR G AR, DL
0Z5321(+)/0Z6767(-) A5 191 CD B, CD
F Bt Hind 111/Bgl 11 BHE LS [BIILZ) 1450 bp 1Y
Fr B, pSK-A4 JiikifHl Not I/Hind 111 ME AL S 9]
% 1. PCR A3
Table 1. Primers used for PCR

Names Sequences (5'—3")
A/HN104-115(+) CAAACATCACCACAGATGACACTACC

GGTGCCAGCACCGT

A/HN104-115(-) ACGGTGCTGGCACCGGTAGTGTCATC
TGTGGTGATGTTTG

A/HNS5321(+) GTTCAGGAGGTGATTGATCG

A/HN6767(-) AACACGCCGTGTGCCACGGT
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2y 1500 bp 1 Bt, pSK-A1234 ff Not 1/Bgl 11
THALIE 12y 8400 bp 1Y B, SRJG = Brig %
WAk . BRIORL, HL KRN D) 4 A5 3 E AL R
PQAHN/3A 041150 W5 DI % 28 1E i 1) B 20 i
VOB A WA PR RIS E 36 UE AL 2
FA ORI IERTE . 3A BRI 104-115 {7 LRk
e FMDV R:H 4R ERILE 1.
15 JREFHITRE

i QIAGEN Plasmid Midi Kits i % & ki
PQAHN/3A 04115, Not 1 264k )5 i Lipofectamine™
2000 N FHEYLERKE 70%-90%i5 ) BSR/T7 4
Ml ¥EYLS 5 hiinA 1 mL GMEM S84 85558, &
CO, 55574 37 °C k2l , T2 hJrWiwss,
SRR 3 WA AE BHK-21 [FEEEAt, WiAiss .
PRI R LA BT 24 N 1-A/Sea97/3 Ajoar1so
1.6 PRICIRFEMIEE
1.6.1 RT-PCR FIfFFIRMIsE : B gLy 40 i |
1% 350 uL, J RNAasy Mini Kit $2 B4 RNA,
SRIG T 0Z5321(+)/0Z6767(=)5 | Pyt — 2 a3 44
T 3A FEHPRRE R B, gk DRSS R E
YA BRAS A HEA T 50U A
1.6.2 [H¥EAEDE: BHK-21 FZ40E6 LK
FBR) A 2 T0%1 43 BRI G i FIE AR A
WiEE. 8 h JFUMFTREFRI, FH PBS 0k 3 ¥k, WS¢
BRI, 3.7%2 WS IR E E 30 min; PBS P

5'UTR

3 YK, 1 0.5% Triton X-100 25 &/ 10 min; PBS
PRV 3 UK, T FMDV 3A Fidf 3A24 B 3B i
3B4B1, 37°CH¥#& 1 h; PBS Bk 3 ¥k, Jil FITC
PRI Pt/ B 1gG Hidk, 37 °C i E 1 h; PBS
Bk 3w, FH B AT Olympus 2% BAMEE T
PUE =S R
1.6.3 Western blotting SMF45 5% : BHK-21 #JZ
MPEBAA T 90%% M I HEFI SR A B FIAE e 11
J&YL 10 h J5 378555, 1 PBS (0.01 mol/L, pH {&
7.2)50E 2 W W AN, ] PBS HEL, S kRl
27, B0)E U T SDS-PAGE., 43 & I 114
BIFEENF] NC JBE, SRJ5 H FMDV $E5 0 4T 3A24
F13B4B1 #EATHREEENIC, R R A e
1.6.4 RBORFERRIZTRE DT : 4 r-A/Sead7/
3Aj04115 TN FEFE 10%IERN FE4ERD BHK-21 4iiff1, %
SRALAR, WA B B A0 i H 2 L TR S A s AR
FROIHE] o SR 5. 15, 20 AU IR BUE RNA J5
#E4T RT-PCR P HIME , - ArdkEom s 3A
A
1.7 PR ENERERBM— AR

B 6 RO FUR A 2240 BIE 10 5 R
GRS, ORJF K AN 6] R SR B 2 it 2 A il 110
2 BHK-21 49200 uL/AL, 6 fLik), BT CO,
BiFR46, B 10 min #2230 1 k. 1hJFMA 2 mL #%
KRS 6y 2x MEM, 1) 1.2%E R, 1%

3'UTR
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Figure 1.

Schematic diagram of the genome of FMDYV with deletion of 104—115 amino acids in 3A protein.
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MIE)FFIEREFR . 48 h G FEREFRI, ] PBS Ve
2 WK I T 22 T (50% 7 il +50% FF ) 2 L [ 5
30 min, ZJEZEAEYE 1 h, WK, WEG
BERYMEDERAY , FEIHS A 55 MR BEIE S B
(PFU). #5555 6 RbricimsefEAREE L) 54> MOI
(Multiplicity of infection, MOI) HJs 75k gy o 4%
R B9 52 BHK-21 400E(25 mL K5 5#00), W
1 h J5 38, Fl MEM ¥ 2 J5, il S mL MEM
BRI BT 37 °C CO, B AR St 3% . eI
4. 8. 12, 20 horaWcBcRE G, SO VRRR 3 UG
£ BHK-21 B2 F(96 FLAR )+ IE H B 5 kil
S BE TR FE (TCIDso) (LI H A 2 1K), &l #
) — R 2
1.8 YEH

VEH 60 H i3 2 0% 10 k(O AL %
WAHBHMT ELISA HUiA%Mh < 1:6, 3ABC Hiikl]
YY), 23 3 4. H—2H 4 3, WIS 2 mL 45 8
R r-A/Sead7/3A 04115 T EEB(F 107 TCIDso), 55
T 43, WLAEESS 2 mL A5 8 18 r-A/Sea97 Wi
(& 107 TCIDso), %H=# 2k, 14} 2 mL PBS
VE Rt HE . BRI 1442 10 d ISR T A IR 6 s
BB RAEAR A 00 o WACER K I Fg 2 A I
JE PRI RNA, RT-PCR FIFEH 404, #ilsh
Wy B BRI AR PR AP R BT 5 | R s
Fir 28 d JEoRIM, 4B, A B A A A
BEEPUA . ARG EEPUATIENXT 3A BB
SN S E IR E N OE walllE g S mwl ek D (SR A i e

2 ERFAM

2.1 3A FEH 104-115 M EEMELK FMDV &K
cDNA i[RI E

FHERE S Y153 505 3 H -5 BUH R/ MATT Y C.
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D 1 CD HI¥ Bt (&l 2). CD A Bt fil pSK-A4 i
e WUIBREALSS R B B, IF & AR
Mt 4 1k 19 pSK-A1234 . 45 %] BH M & ok
PQAHN/3A 04.1150 TR Bgl 11 1 Not 11 it 1] %
E, AR5 WU R/MART B H B9 5540 (B 3).
g V) 45 8 IE A 9 A K PR A T P B0 UE, 452 3R
AHFRAT AL IR T 7% 3A B5 104115 o 2 JE R Bl
B FMDV 4K cDNA 7%,

1 2 3 4 b

2000

1465 bp 1500

1110 bp 1000
500

355bp

2. BiE PCRER
Figure 2. The results of fusion PCR. Line 1: C
frangment; Line 2: CD  frangment; Line 3: D
frangment; Line 4: DNA marker.

1 M bp

8400 bp

3000 bp

3. FRABIEYIEE

Figure 3. Identification of plasmid with restriction
enzyme digestion. Lane 1: The plasmids pQAHN/3Ap4.115
digested with Bg/ II and Not I ; M: DNA marker.
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2.2 JRERRIERR

PQAHN/3A 4115 TR FE % BSR/T7 4iJifl 48 h
&, W IER MR, B K, i FMDV gL
BHK-21 il 5 B 0 i S5 40 B AR R4 , %o B 400 i
A R AT (B 4) o SRR FE 25 54w 44 K 1-A/Sea97/
3A104.1150
2.3 EBRTHEE
2.3.1 RT-PCR: XF5EYLly bl AR E 51 W kAT
RT-PCR FUFHIME, G5REHRIIE 75 3A
104-115 {7z LR kR R B 2H FMDV,
2.3.2  [HEBEETOCHIT: O B FEAR

R BHK-21 4iffl 8 h J5 43 Bl % b A )24
JEDOERIM , 25 R BN R Y ISR BHK-21
ML 3A BBTVEE A B A WA Sk asEE, M
3B HHLEHIREE BB R A] WA, TR AN B
SR 3A R 3B SAEUAE X AT E B AT LY
L G(E 5), RUIABFRIRRIARICH BN I
TENIOE e

2.3.3 Western blotting 2347 : Hric ko 00 Bl
SRTEE SRR L FIE A BHK-21 4ifiiE 5 3B
FPURNL, A5 3A RPN, TR R
BHK-21 #Hii¥6ES 3A Fl 3B HHUn . viEHEE

4. BrRiFe 3 BSR/TT 4AR/E 51 MBI MK T
Figure 4. The cytopathic effect induced by the plasmid transfection of BSR/T7 cell. A: Normal BSR/T7 cell; B:

BSR/T7 cell after transfection of the plasmid.

r-A/Sea97

3B Monoclonal antibody

3A Monoclonal antibody

r-A/Sea97/3A 4115 Mock

B 5 #tricHEMEZERRRAEEE
Identification of the marker FMDVs by IFA.

Figure 5.
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RO EE M IE R A, 3A BT 104-115 {23k
TR B IO T H 4] FMDV 5 3A BAHiY S0 fE
71, EGERR G Rk R R, R ILE 6,
234 WEPORFBRIETREEST: HIRREA
JREEE BHK-21 FIEZLALA, 20 22 I 1] 2
ik, PR ENAY, B 5 AR, AR
WERE L 95% A A AR AR IR Ry 10-12 ho %55 5
15 A1 20 fR41EEE RT-PCR FIM 404, 45 R0
FIAMBRFESTE, &SRR R RB PR Ic.
24 MRCRENBREREM—PAERKHML

SRS AR 10999 B 1 W BE SO0 25 SR R B
PRI s FR AV FE 4 P 7E BHK-21 4 FIE L
WEEE, HWEBER AP RN —2 A K ihgkd
2 WY o 20 B MR AN B A AL AR KRR
3A LR 1 B A B W R R B 1O B 1Y)
S ae (B 7).

r-A/Sea97
/ 3A104-115

r-A/Sea97 Mock

3B Monoclonal

antibody
Mock r-A/Sea97  r-A/Sea97
/3A104-1 15
3A Monoclonal
antibody

6. Western blotting DT EHFRSNERFS
Figure 6. Western blotting analyze the recombinant
virus and parental virus.
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r-A/Sea97/3A104.1 15

(A) r-A/Sea97

o

(B) - -®- r-A/Sea97 * r-A/Sea97/3A,0..115

(o)}
T

Log,, TCID50/mL
=~

N
T

(=}

4 8 12 16 20
Hour post-infection/h

7. FMDV BIREBERSFI— P KLk

Figure 7. The plaque phenotype and one-step growth
curves of the recombinant viruses. A: the plaque
phenotype of FMDV; B: one-step growth curves of
FMDVs.

2.5 YR ABTAARI

PRICe s R AR EEME 2 d 5, Ak
T 2 19 h P B R BRI T, S ARBGR , G
ERE. BRI 5 K, FrA shINTE 2 BRI
ST T AR, I X B S A S
aE R R BRI o R R B )
7K I I X H AT RT-PCR FIES RGN E , 2551
WIS K B A 14 5 IO o B — FE Y
F 0, U B sl H B K P i IR O e B R
FMDV 5& 1, 1 E AR 8 SR AR 8 Y65
ARGR P BORYE . T3 SMR IO B AR A BRI e
28 d WREE 7 A T S5 8 A HUAR (LPBE) MR
LEFER PR (BABC), #R B R 6 S 78 sh i 14
WHEAT T8 80 0 . (B R B R A & 1) 8h
PRI TR 3A RAIHPLA, TR IS
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TSR P2 AR AT 3A RGP, 568 AT

it Bk FMDV 3A 8 104-115 {7 2 5RO
K FMD A BIbRicEfy, T3 0B i A
BTHE(F 2)o

3 3tk

Fric % B (Marker vaccine)t X DIVA
(Differentiating infected from vaccinated animals)}%&
B, ERESYE T AERMPUAREE S Z HRE
ML 2 R vk S B AR s X 7y, 2

ITAER Sh PR WF A B, JUHOZRBEE RNA
W BE S B BRAE ORI AW K JE, %28 K3
W Bk DRl i e AR KA 2 v 0T o B H A
1k, WF5EE AR s AL B R B 2l kR
TR BT R TR B A
LR EVR T 3l ik ¢ 5 7 P4 1 DR S A 1 g

1 o Al ﬁﬁﬁk%mmv%lﬁ%ﬁﬂfm%
T 2010 47, Fowler Sl 1l MFk FMDV 2544 & 11
G-H IR J& T ARSI KIGREHT o BT R ix
PricyE i RERE 58 A PR3P AR X sl mE 9 Bty , SR

F2. EEMRS 28d EHVHIAKKT

Table 2. Antibody levels of swine inoculated viruses
after 28 days

Pig LPBE 3ABC 3A epitope

Virus number antibody antibody antibody
28d 0d 28d 0d 28d 0d

r-A/Sea97 1304 1:720 <1:6  + - + -
1340 1:512 <1:6  + - -

1366 1:256 <1:6  + - + -

1370 1:256 <1:6 + - + -
r-A/Sea97/ 1306 1:360 <1:6  + - - -
3A104.115 1319 1:256 <1:6  + - - -
1351 1:512 <1:6 + - - -

1388 1:128 <l:6  + - -

Control 1352 <l:6 <l1:6
(PBS) 1367 <l:6 <16
—: Negative; +: Positive.

% X 5> A SR Y R i e sh . HE
FMDV BZ5HEE A (135 G-H )2 85 FALIK
FEAR R RIPLIR R SN, L, R IR IO
(8 = S5 ol e R B A 45 4 2 ) B I 5
(e M, 4 2012 4, Uddowla %53 1+ fikt
2% FMDV 3B B 3D # FAL# R0 & T 8055 bR
Y, e s YIS RE N L 2 W
25 ARSI A X 5. (RS HREN AT K
AR, FET FMD R B 2R
2014 4, AL FEFLHL O B FMDV 3A 1
93143 L FEMR (6L 5 2 L1 AEKNPLE A7)
FEFE 9B RIF & T BN X 43 IR RN 1 G 028 sh )
() O 7 FMD #riceimt™, i 3A #E7 93-143
7 28 HE IR 1Y) i 2% oK i 2 R T A 10 e B 1 A2 A
2015 4EF1 2018 4F, BF9¢ 5 i 3 [A] I it 2R A ] 4 32
(1 3AB, W5 HIF R FMD ARicse i g ),
1B 22 0 s K Bk IR () e 2k 2 77 5% M 27
ST, AEGEEE R A

BE X ET AR 109 A AT B D 2 0 AR
PTAER A R B A TR AL e i g /oK,
AT FEF F S AT A9 A B FMDV [ ] 38t £%
BARNY-G, BIET & 3A HE 11 104-115 {5
BERR BRI (AR IR 15 o PRELOAG B 5 R A 1 2
A AR A KRR NS T RE T, 72 BHK-21 4H il

LA, RS EAMBRRREFE. H
3A ih(mﬁ%‘ﬂ AEKNPLE % {7 ) JF & ity B
ELISA J5 6898 B & X 20 B 109 B F1 5% A0 75
AL B

AW 5T 82 H 8 AR ad e 2 v] LA T T
& FMD A AUARicEE T, F T B 92 1) A 2L
B 445 o
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Construction of type A foot-and-mouth disease marker virus
with deletion of 104—115 amino acids of 3A protein

Pinghua Li'", Xueqing Ma', Hong Yuan', Ziwen Yuan®, Pu Sun', Xingwen Bai',
Zengjun Lu', Zaixin Liu"

"State Key Laboratory of Veterinary Etiological Biology, National Foot-and-Mouth Disease Reference Laboratory, Lanzhou
Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou 730046, Gansu Province, China
? College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, Gansu Province, China

Abstract: [Objective] To structure a type A foot-and-mouth disease (FMD) marker virus with deletion of 104—115
amino acids of the nonstructural protein 3A, then to analyze its biological characteristics and the potential of
developing marker vaccine. [Methods] Using overlap extension PCR method, we introduced the deletion of
104-115 amino acids of the nonstructural protein 3A into FMDV A/Sea-97/CHA/2014 full-length infectious clone
PQAHN to generate a recombinant full-length plasmid. The marker virus was rescued after transfecion linearized
recombinant plasmid into BSR/T7 cells expressing T7 RNA polymerase and identified by RT-PCR, sequencing
analysis, indirect immunofluorescence and Western blotting. The plaque and one-step growth curves were used to
analyze the biological characteristics of the marker virus. A developed block ELISA method targeting to the deleted
epitope of 3A was used to analyze the potential of differentiating animals infected with the marker virus and the
wild type virus. [Results] We rescued a type A FMD marker virus containing deletion of 104—115 amino acids of
3A protein. The deletion did not affect the plaque phenotype and one-step growth curve of the marker virus. A
developed block ELISA method targeted to the deleted epitope could clearly differentiate animals infected with the
marker virus and the wild type virus. [Conclusion] The marker virus containing deletion of the dominant epitope of
3A is suitable as a vaccine candidate strain of differentiating infected from vaccinated animals to effectively prevent

and control type A FMD in future.

Keywords: 3A protein, deletion of 104—115 amino acids, type A foot-and-mouth disease, marker virus, construction
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