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Construction of sub-genomic replicon of foot-and-mouth disease
containing EGFP reporter gene

YUAN Hong' LIPing-Hua' YUAN Zi-Wen® BAI Xing-Wen' SUN Pu'
MA Xue-Qing' LIKun' XUN Guang-Jin' LU Zeng-Jun' BAO Hui-Fang'
CHEN Ying-Li' CAOYi-Mei' FU Yuan-Fang' ZHANG Jing' LIU Zai-Xin"

(1. State Key Laboratory of Veterinary Etiological Biology, Key Laboratory of Animal Virology of Ministry of Agriculture,
National Foot-and-Mouth Disease Reference Laboratory, Lanzhou Veterinary Research Institute of Chinese Academy of

Agricultural Sciences, Lanzhou, Gansu 730046, China)
(2. College of Veterinary Medicine, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: [Objective] To construct sub-genomic replicon system of foot-and-mouth disease containing
EGFP reporter gene. [Methods] Based on the infectious clone of serotype O FMDYV, the subgenomic
replicon FMDV-EGFP was constructed by replacing Lb and P1 gene of FMDV with EGFP reporter
gene using fusion PCR method. The stability of replicon was detected by a series of transformation and
sequencing. The replicon linearized with Not I was transfected into BSR/T7 cells expressing T7 RNA
polymerase using liposome mediation. EGFP expression of different time of transfected cells was
examined using fluorescence microscopy, the ability of self-replication and expression of protein of
replicon were detected by flow analysis, immunofluorescence assay, RT-PCR and Western blot.
[Results] The replicon vector was stable by a serious of transformation and sequencing. After 3 h
transfection, the EGFP fluorescence could be obviously observed under the fluorescence microscope,
the level of EGFP protein was increased gradually as transfection time went on. The result of flow
cytometry analysis showed that 6.0% transfected cells were able to generate fluorescence, indicating
the effective expression of EGFP protein of replicon vector. In addition, the results of
immunofluorescence, RT-PCR and Western blot assay demonstrated that the replicon could
autonomously replicate and express non-structural protein of FMDYV. [Conclusion] The construction of
sub-genomic replicon of FMDV expressing EGFP reporter gene provides a foundation to study viral
replication and translation mechanism and antiviral drugs.

Keywords: EGFP, FMDV, Replicon
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[ 155 % (Foot-and-mouth disease, FMD)J& .
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TR A 00 R TR R DI AL AN e g 2 . %
Fib, RFRACEHER O B FMDV 4Ky
P cDNA FEfpErysEal [, RS PCR M HkL,
¥ FMDV Héufihfi 4 M Lb FZ5tgd A P1 AEH
JH EGFP it JE R &4, #8554 EGFP 1) FMDV
K1l FMDV-EGFP, Ik il 8k A &
K HilHE I FMDV 2 3R T 0 IR & il 7284k
(IR EE TR ABFFE FMDV (192 i A EFAL R |
R JRFE B AR R e e FE 25 W SR TR
TH,

1 RS %
1.1 AL, HAeFn £ XTI R AR

FMDV O/HN/93 14K Bk pOZK-K 1234 Fl 7
R EEHEA 1-5 340 nt Y pOZK-K123 Bk ki E
b B2 e =2 N B B B 5 0T s g 5 e 2R
TR AR AER), ik T7 RNA BARY A0 R
BSR/T7 il BHK-21 4fiffiis iy v b Bl 27 fe == M
HBE TS EhURGL 5 e SRS S0 FE A
3A24 HUERERTIRH L = Hil 45 FITC 9 thRicny
WPEHL R 4T 1gG, HE M4/ 7 5 Lipofectamine™
2000 1 DMEM ZHfu3% 554, Invitrogen 2371, CO,
TEVR ARG 548, 35 Thermo AW]; PCR 1Y,
Biometra 2y Al 2GR EE, 5 Leica A A],
1.2 5|¥

M4 EGFP £[H 1 O %! FMDV O/HN/93 #k4:
IR BT PR 1), I LIS e AR
A FRAFA .

1.3 &% EGFP #HiEERMTERHAES I FHY
Mg

LI pOZK-K123 i ki Ry #5 H , OZ586(+)/
OZLaEGFP(-). OZEGFP2A(+)/0Z4817(-) 4514,
SIS A (612 bp). B (987 bp) A E% . LA pEGFP-N1
(Clontech) it #i K #% #z , OZEGFP2A(+)/
OZEGFP2A(-) A5 |4¥), 4744 EGFP [ (741 bp).
PLaifbiy A, B Al EGFP FE[N F BT, LU
0Z586(+)/0Z4817(—-) K5 MR &4 1447 2 300 bp
ML R B, 2R Bralifb )5 FH Xba 11 Sac 11 Xt
Yl J5i# A pOZK-K123 Fikir, 15 5 FH P ks
pOZK-K123-EGFP., iZK ki ] Spe 1 Fl Bgl 11 XX
VI 5 % A pOZK-K1234 i, 15 %) 4 K B ki
FMDV-EGFP., 5 ) 4 5 ¥ 51000 14 05 125
PR AR BURLI IE B PE A R R A 1R
14 TEREBEFHFRIFZEES

R T A EGFP 15 3 PR 7 B 37 36 PR 21 &2 i
TR e, R FAME Bk, FMDV-EGFP
FER WA DHSo JERSZ S A P IE LB AR, $RIGE
3. 6. 9 fUFKLEH RT-PCR 7759 1 EGFP #iti5
BN, ik RHESRJEAEYIEOR A FT .
1.5 3

W R i 2 7 ORLF Not 1 4ktEAbs, H
Lipofectamine™ 2000 £ S e K & 70%-80%H
BSR/T7 40f8, [RIAF5E pOZK-K123 [k (iz 5ok H
A% FMDV 3A., 3B, 3C. 3D F13'UTR) I X &,
YU BN S ET AT, FUE ShmA

%1 FTHERIE EGFP ) FMDV S| FHi ARSI
Table 1 Primer used in the construction of FMDYV replicon expressing EGFP

Primer Sequence (5'—3")
0Z586(+) ACGGTCTAAGCAGGTTTCCA
OZLaEGFP(-) TCCTCGCCCTTGCTCACCATTTTCCCTTGTGTTCGTGACA
OZLaEGFP(+) TGTCACGAACACAAGGGAAAATGGTGAGCAAGGGCGAGGA
OZEGFP2A(-) AGCTTGAGGAGGTCGAAGTTCTTGTACAGCTCGTCCATGC
OZEGFP2A(+) GCATGGACGAGCTGTACAAGAACTTCGACCTCCTCAAGCT
0Z4817(-) ATTGTAACCGTCGAAGTGGTCA
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FMDV-EGFP replicon %| 7B | 2C | 3A | ||| 3P | 3Dl IfAn
2A 3B1-3

1 FMDV TERHEEH FRINETREE

Figure 1 Diagram of the construction of sub-genomic replicon of FMDV

1 mL & 8%JiE4- IMLif A DMEM 5S¢ 215553k, & CO,
KRFRAE 37 °C dhEdiss . diffityes 3. 6. 12 M
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PR e AR 0 SR ek RS B [R], LUK
NES Sl & b 1] O RE B2 S v <N 518

1.6 FICZEARAG T

WiE gy 24 h B4R, HEA TR 40 MRS
F 55 52 ) T 2B AAR TR e %) 440 AR T R SR A U 11 20
L8 25 S8 55 7™ A G ) A B o
1.7 IEf1%E RNA &

W EEH Yt FMDV-EGFP fll pOZK-K123 Jiikr
48 h ) BSR/T7 Ziififd, $2&HUE RNA, £ DNase I {H
)5, WP R EGFP (¥ IE [l & [\ 51 9 k17
RT-PCR, #ill1E %% RNA, ik RNA FORI A5
A : LIE 5 [#) OZLaEGFP(+) AT [ s A9 51 4 18
Bit, HLASI4 OZLaEGFP(—)Hl OZLaEGFP(+)it
TP, IESE RNA PRIAEER . DI 514
OZLaEGFP(-) i 17 s 5%, #RJ5 LA OZLaEGFP(-)
H1 OZLaEGFP(+)ii47 RT-PCR 9" H4 ,

1.8 [EEREZERKIRLAFA)

Ry itk — 20 M e A i L A LS R TS A
BERESEPEER T, 24 h BPREAE Y 5 Fndt B SORLI
BSR/T7 2R 555 52 W 5 H A0 12 AB ) e i ¢
SeikE . —HiH 3A24, —HiSH FITC dric il F4i
/NI 1gG,  [RIE 8 1E & AT iR
1.9 Western blot &

] Western blot f¥) 777t 0] ARG 24 h Y £E /Y
PR G4 R o PR B R B R R AR

SR A — PR TS TFA 5286 i —2

2 AR50
2.1 &% EGFP i 5£E FMDV T EFHE I
T SN FEE

P EGFP 4225 2L K (1) FMDV IV 3[R 4
7 Nhe 1H1 Hind TII SEATEISEE , 45520
S TR B H 8 R Be (B ) o D) IR Y SOk
2P AN, 45 5 2 A Y A2 I O Y
e S5
22 RARMIEME EGFP ERFRIX

BSR/T7 Aifif% 45 3, 6. 12 Fll 24 h B9
e TSR, AR R R4 3 h R
BT, BEE R E R (WA E 48 h), &
HUOEHI I B 2, KRNI R U e AT Ak
POE(E 2), IESE THEAY FMDV & il T2k hgss
HRARIMNEE H EGFP,
23 TERAEHFHIBEED T

P45 5 5 2 4010 EGFP 45 LR (8 75 51 %F L
LA, 5530 6. 9 ARIEIE I il 7 Bk R 4

3h 6h 12h 24h

2 i EGFP # BSR/T7 #REHY S 46T
Figure 2  Fluorescent detection of the BSR/T7 cells
expressing EGFP
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FERBA L AR B s E AR, %
i AT LATE FMDV & i F 3 iR R e 47 7E .
TP WSS, Y A A i SR O AT
DIRRSLAFAE 6 d, RUITERFERIER T, BiiRA
(4 (65 R L RERS ] DL HLAEAE 6 d.o
2.4 iEC4HAEAS
24 h if, ¥4 FMDV-EGFP il pOZK-K123
L) BSR/TT7 ARAE#EA 7 A (K] 3), 4551 iR
FEUR. FMDV-EGFP #5424 A 6.0%H 21t
KPS, X BRI e A A 0.1% 1) 20 i &
HUOE(E 3), £ EGFP 315 T AL
2.5 RT-PCR ¥E FMDV £ #| FH K S HIKF
48 h B, ARG YL 52 ] 7RG BEORE Y BSR/T7
IS HRBUE RNA, SRS 4 EGFP (WiE | ik
11T RT-PCR, 455 8 /R Y 52 il 7 41 i i
RNA 94 1 5 AT EGFP i€ R B, T
FEYL T R FURL AN RNA R 1 H AT AT 41 (F]
4), FIE B THY BSR/TT A8 RNA FRE7E
EGFP ) 1E 5% Al 1 8 W 3L [N 4] RNA, &2 # T
FMDV-EGFP fig% [ & il .
2.6 IFA #&l FMDV £ ERRIRIA
FMDV-EGFP #l pOZK-K 123 Jfiki%% 4t BSR/T7
YL 24 h i5F, L FMDV 3A B4 3A24 —Hiidkfr
IFA 45 5 %5 Y FMDV-EGFP JFORi 419 7E 24 h
BRI SR s, Y pOZK-K123 it
L1 A L DU 1 B AT DL 1 €0 e S (I . 16 EH
FIEERY FMDV & il - FMDV-EGFP 1£ BSR/T7 4 /its
taf L3k FMDV FY3E45 & A .
2.7 Western blot #2ill FMDV JE£5 B QIR IE
Y 24 h )i, Y8 FMDV-EGFP #il pOZK-K 123
TR L) BSR/TT M, A0S T
Ko G, BHAUL—PT. PN E ERAS
T B E A AT (R S), R TR E A R Hl 7]
DATERE YL atiff h kA 7255

3 ZrEihe
UTSBAER , fEREA N T 2 E NN E IS
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Figure 3 Detection of flow cytometry of the BSR/T7 cells
transfected by plasmid FMDV-EGFP at 24 h
post-transfection

W A XFHR RIS YL 4RME(Q1+Q2=0.1%); B: FMDV-EGFP
YL ZHHE(Q1+Q2=6.0%).

Note: A: Cells transfected by control plasmid (Q1+Q2=0.1%); B:
Cells transfected by plasmid FMDV-EGFP (Q1+Q2=6.0%).

PGS . BHET, HREERC 2T &= 674 H
JEE. /N RNA . B . bR EE . RN
B UUBYRTESE RNA EEEME ST HrP T
R R R S I, HAE R EAZ SRR HAADE
T, LM TR AE™ ., iR T FEdkn
g g = T A i R B PR 2 7 5 R
IIRERIBITST ., AN Vander Veen 251N 58 7 B 745 1 ik
2 HA JEDRH A il Bl e 1 22 PN B 1 i 48 903 75
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Figure 4 Detection of replication of sub-genomic replicon
of FMDYV in the BSR/T7 cells by RT-PCR

F: 1: DL12000 DNA marker; 2, 4: X B Sk #4 Je 4l il EGFP
MIE. fABESI4 RT-PCR; 3, 5. EH| TH Y4 EGFP iy
iE. 555514 RT-PCR.

Note: 1: DL12000 DNA marker; 2, 4: RT-PCR product of EGFP in
the cells transfected by control plasmid; 3, 5: RT-PCR product of
EGFP in the cells transfected by replicon plasmid.

(VEEV)EIR R GeHh , /NI Y G i 45 SR FH i 71
WIZET R SYE , A5 VEBV HUE, &
PEZ S WA HBLRE SRR PR S . Ward 2577
EAYEEKUN)E §ilF3KiEH 74 HCV /) CTL 4L
JRFALHN 1 TR TR CTL R RNl 256
FIAY RNA , TESE T &2 i 758 i e i do e /N2
2RI S S8 SO Lia 250 FH B e 25 42 1l 1
55 NS2A F1 NS3 [IIfE, UESE T NS2A 7EARAE4l
EHINS3 76 RNA E il mfER, e T 2 ekt

1 2 3 kD

30

25

— 15

5 Western blot #1] FMDV JEL5#E& B A RIX
Figure 5 Detection of non-structural protein expression in

FMDYV by Western blot
e 1 SRR LA WB; 2. Sl TR WB;
3: #H Marker.

Note: 1: WB of cells transfected by control plasmid; 2: WB of cells
transfected by replicon plasmid; 3: Protein marker.
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