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1-5340 nt  pOzK-z123!"
[3] [4]
[5-6] 7] T7 RNA BSR/T7
[8-9] Karl-Klaus Conzelmann BHK-21
FMDV VP1 G-H
[ FLAG(8aa) HA(9aa) 6HIS] FMDV 1.2
[10-13]
RNA QIAGEN
FMDV FMD
FMDV T4 AMV IM109
O FMDV
cDNA FMDV Lipofectamine™2000 DMEM Invitrogen
VP1 G-H
(V5 TCl12 KT3 3FLAG) 13
cDNA
O/HN/CHA/93
FMDV VP1
PCR (D
FMDV
FMDV
1.4
NN - PCR
| Y S S
pOZK-Z123 0Z72903(+)/
1.1 RKT3(-) 0Z2903(+)/RV5(-) 0Z2903(+)/R3FLAG(-)
FMDV O/HN/93 pOFS!¥! 0Z2903(+)/RTC12(-) 4 Al-A4
F1. HEEHEBRSHMASIY
Table 1. Primers used for the construction of the recombinant virus

Primer names

Primer sequences (5'—3")

0Z2903(+)
0Z3815(-)
RKT3(+)
RKT3(-)
RV5(+)
RV5(-)
RTCI12(+)
RTCI12(-)
R3FLAG(+)

R3FLAG(-)

CAACCTACACTTCATGTTCACAGG

TGCTTGTGTCTAGCGTCACTCG
AAGCCTCCAACTCCTCCACCTGAGCCTGAAACTAACGTGAGGGGTGACCTT
AGTTTCAGGCTCAGGTGGAGGAGTTGGAGGCTTGGCGTCACTGTACTTACA
GGTAAGCCTATCCCTAACCCTCTCCTCGGTCTCGATTCTACGAACGTGAGGGGTGACCTT
CGTAGAATCGAGACCGAGGAGAGGGTTAGGGATAGGCTTACCGGCGTCACTGTACTTACA
TTCCTCAATTGTTGTCCTGGCTGTTGTATGGAACCTCGCGTGAGCAACGTGAGG
AGGTTCCATACAACAGCCAGGACAACAATTGAGGAAGGCGTCACTGTACTTACA

GACTACAAAGACCACGACGGGGATTACAAAGATCACGACATCGATTACAAGGACGACGACG
ACAAGCGCGTGAGCAACGTGAGG
CTTGTCGTCGTCGTCCTTGTAATCGATGTCGTGATCTTTGTAATCCCCGTCGTGGTCTTTGTAG
TCGGCGTCACTGTACTTACA
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RKT3(+)/0Z3815(-) RV5(+)/0Z3815(-) ) 5h ImL 8%
R3FLAG(+)/0Z3815(-) RTCI12(+)/0Z3815(-) 4 DMEM 37 °C 5% CO,
B1-B4 0Z2903(+)/0Z3815(-) (Cytopathic effect
Al Bl A2 B2 A3 B3 CPE) 72 h 2-3
A4 B4 PCR Al+BI BHK-21
A2+B2 A3+B3 A4+B44 1.6
PCR BssH 1I/Xma | 1.6.1 RI-PCR
pOZK-Z123 0% () BHK-21
pOZK-Z123KT3 pOZK-Z123V5 pOZK-Z1233FLAG CPE ]
pOZK-Z123TC12 4 Bgl 11 RNA RT-PCR
Spe 1
Bgl II  Spel 5400 bp
pOFS 1.6.2
FMDV PFMDV-KT3 O/HN/93 70%-80%
pFMDV-V5 pFMDV-3FLAG pFMDV-TC12 BHK-21 6 h (PBS)
Bgl 1l Not 1 3 3.7% 20 min PBS
3 50 mmol/L
10 min PBS 3 (V5 KT3
) 37 °C 1 h PBS 3
! FITC 37°C 1h PBS 3
L5 Olympus
Not 1 3h 1.6.3 6
BSR/T7 10
( ) 70%—-80% BHK-21
Lipofectamine™ 2000 ( 00 uL/ 6 ) 37 °C CO,
& L [1A] IB]1C |1ID ZHA213 | 2Cc ] 3A3|1T\]\B3c \ 3 PR
O/HN/93 135KkvsDARVSNVRGDLQVI 50
pFMDV-V5  KYSDAGKPIPNPLLGLDSTNVRGDLQV
pFMDV-KT3  KYSDAKPPTPPPEPETNVRGDLQV
pFMDV-TC12 KYSDAFLNCCPGCCMEPRVSNVRGDLQV
pFMDV-3FLAG ~ KYSDADYKDHDGDYKDHDIDYKDDDDKRVSNVRRGDLQV
1. BENINEFRE OERZF S O/HN/93 #k 21 cDNA REMHEREE
Figure 1. Schematic diagram of the construction of FMDV O/HN/93 full-length cDNAs containing foreign tags.
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10 min 1 lh 2 mL
(1 2xMEM 1 1.2% 1% )
48 h
6 1
MOI BHK-21
(25 mL ) lh
MEM 2 5 mL MEM 37°C
CO, 4 8 12 16 20h)
( 3 )
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Figure 2. Identification of recombinant plasmid with
restriction enzyme digestion. M: DNA marker; lane
1-4: the plasmids pOZK-Z123KT3, pOZK-Z123V5,
pOZK-Z1233FLAG and pOZK-Z123TC digested with

Spe 1 and Bgl 1I.
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Figure 3. Identification of recombinant plasmid with
restriction enzyme digestion. Lane 1-4: the plasmids
pFMDV-KT3, pFMDV-V5, pFMDV-3FLAG and
pFMDV-TC12 digested with Bgl II and Not 1 ; M:

DNA marker.
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Figure 4. The cytopathic effect on the recombinant FMDV infected BHK-21. A: normal BHK-21; B: CPE

occurred on rescued virus infected BHK-21.
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Figure 5. Identification of the recombinant FMDVs by IFA.
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Figure 6. The plaque phenotype and one-step growth
curves of the recombinant viruses. A: the plaque
phenotype of the recombinant viruses; B: one-step

growth curves of the recombinant viruses.

2
(FMDV-V5 16 h )
FMDV
KT3 FMDV
V5 FMDV ( 6-B)
3 it
TC ( 6 12 )
2
RNA
[8-9,15]
FMDV FMDV

actamicro@im.ac.cn

TC
FMDV
FMDV FMDV TC12
FMDV
V5 KT3 3xFLAG
O/HN/93  FMDV VP1 V5  KT3
FMDV 3xFLAG
FMDV Vs
KT3 3 FLAG
( 1 FLAG )
V5  KT3 BHK-21
8 (P8)
V5
FMDV  BHK-21
KT3 FMDV  BHK-21
FMDV V5 KT3
FMD
FMDV
RNA

[1] Acharya R, Fry E, Stuart D, Fox G, Rowlands D, Brown F.
The three-dimensional structure of foot-and-mouth disease
virus at 2.9 A resolution. Nature, 1989, 337(6209): 709-716.

[2] Logan D, Abu-Ghazaleh R, Blakemore W, Curry S, Jackson T,
King A, Lea S, Lewis R, Newman J, Parry N, Rowlands D,

Stuart D, Fry E. Structure of a major immunogenic site on



,2017, 57(5)

665

(3]

(4]

(3]

(6]

(7]

(8]

(9]

foot-and-mouth disease virus. Nature, 1993, 362(6420):
566-568.

Merz A, Long G, Hiet MS, Briigger B, Chlanda P, Andre P,
Wieland F, Krijnse-Locker J, Bartenschlager R. Biochemical
and morphological properties of hepatitis C virus particles and
determination of their lipidome. The Journal of Biological
Chemistry, 2011, 286(286): 3018-3032.

Prentoe J, Bukh J. Hepatitis C virus expressing flag-tagged
envelope protein 2 has unaltered infectivity and density, is
specifically neutralized by flag antibodies and can be purified
by affinity chromatography. Virology, 2011, 409(2): 148-155.
Beach NM, Smith SM, Ramamoorthy S, Meng XJ. Chimeric
porcine circoviruses (PCV) containing amino acid epitope
tags in the C terminus of the capsid gene are infectious and
elicit both anti-epitope tag antibodies and anti-PCV type 2
neutralizing antibodies in pigs. Journal of Virology, 2011,
85(9): 4591-4595.

Holinka LG, Fernandez-Sainz I, O’Donnell V, Prarat MV,
Gladue DP, Lu Z, Risatti GR, Borca MV. Development of a
live attenuated antigenic marker classical swine fever vaccine.
Virology, 2009, 384(1): 106-113.

Teterina NL, Pinto Y, Weaver JD, Jensen KS, Ehrenfeld E.
Analysis of poliovirus protein 3A interactions with viral and
cellular proteins in infected cells. Journal of Virology, 2011,
85(9): 4284-4296.

Arhel NJ, Charneau P. Bisarsenical labeling of HIV-1 for
real-time fluorescence microscopy // Prasad VR, Kalpana GV.
HIV Protocols. Totowa, NJ: Humana Press, 2009: 151-159.
Das SC, Panda D, Nayak D, Pattnaik AK. Biarsenical labeling

of vesicular stomatitis virus encoding tetracysteine-tagged m

(10]

[11]

[12]

[13]

(14]

[15]

protein allows dynamic imaging of m protein and virus
uncoating in infected cells. Journal of Virology, 2009, 83(6):
2611-2622.

Seago J, Jackson T, Doel C, Fry E, Stuart D, Harmsen MM,
Charleston B, Juleff N. Characterization of epitope-tagged
foot-and-mouth disease virus. Journal of General Virology,
2012, 93(Pt 11): 2371-2381.

Rai DK, Segundo FDS, Schafer E, Burrage TG, Rodriguez LL,
de Los Santos T, Hoeprich PD, Rieder E. Novel 6xHis tagged
foot-and-mouth disease virus vaccine bound to nanolipoprotein
adjuvant via metal ions provides antigenic distinction and
effective protective immunity. Virology, 2016, 495: 136—147.
Yang B, Yang F, Zhang Y, Liu HN, Jin Y, Cao WJ, Zhu ZX,
Zheng HX, Yin H. The rescue and evaluation of FLAG and
HIS epitope-tagged Asia 1 type foot-and-mouth disease
viruses. Virus Research, 2016, 213: 246-254.

Wang HW, Xue M, Yang DC, Zhou GH, Wu DL, Yu L.
Insertion of type O-conserved neutralizing epitope into the
foot-and-mouth disease virus type Asial VP1 G-H loop: effect
on viral replication and neutralization phenotype. Journal of
General Virology, 2012, 93(Pt 7): 1442—1448.

Li PH, Bai XW, Sun P, Li D, Lu ZJ, Cao YM, Fu YF, Bao HF,
Chen YL, Xie BX, Liu ZX. Evaluation of a genetically
modified foot-and-mouth disease virus vaccine candidate
generated by reverse genetics. BMC Veterinary Research,
2012, 8: 57.

Rudner L, Nydegger S, Coren LV, Nagashima K, Thali M, Ott
DE. Dynamic fluorescent imaging of human immunodeficiency
virus type 1 gag in live cells by biarsenical labeling. Journal

of Virology, 2005, 79(7): 4055-4065.

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



666 Pinghua Li et al. | Acta Microbiologica Sinica, 2017, 57(5)

Capacity of the structural protein VP1 of foot-and-mouth
disease virus potentially accommodating insertion of different
foreign tags

Pinghua Li, Xueqing Ma, Guangjin Xun, Xingwen Bai, Pu Sun, Hong Yuan, 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

Abstract: [Objective] To identify the capacity that the structural protein VP1 of foot-and-mouth disease virus
potentially accommodate insertion of different foreign tags, we constructed recombinant FMDVs containing foreign
tags using FMDYV reverse genetics system. [Methods] Using overlap extension PCR method, we introduced V5,
TC12, KT3, 3xFLAG tag genes into G-H loop of VP1 capsid protein of FMDV. Linearized recombinant plasmids
were transfected into BSR/T7 cells expressing T7 RNA polymerase to rescue the recombinant viruses. The
recombinant viruses were analyzed by RT-PCR, indirect immunofluorescence, plaque phenotype and one-step
growth curves. [Results] We successfully rescued the recombinant FMDVs expressing V5 and KT3 tag but could
not rescue the recombinant FMDV containing TC12 and 3XFLAG tags. The introduction of V5 and KT3 tags both
affected the replication capacity of FMDV. [Conclusion] Our results will lay foundations to study marker vaccine
and FMDYV vector in future.
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