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Abstract: Transient expression is the major method to express foot-and-mouth disease virus
(FMDV) capsid proteins in mammalian cells. To achieve stable expression of FMDV capsid
proteins and efficient assembly of virus like particles (VLPs) in cells, the plasmids of piggyBac
(PB) transposon-constitutive expression and PB transposon-tetracycline (Tet) inducible
expression vectors were constructed. The function of the plasmids was tested by fluorescent
proteins. By adding antibiotics, the constitutive cell pools (C-WT, C-L127P) expressing
P12A3C (WT/L127P) genes and the inducible cell pools (I-WT, I-L127P) expressing P12A3C
(WT/L127P) genes were generated. The genes of green fluorescent protein, 3C protease and
reverse tetracycline transactivator (rtTA) were integrated into chromosome, which was
confirmed by fluorescence observation and PCR testing. The cell pool I-L127P has a stronger
production capacity of capsid proteins and VLPs, which was confirmed by Western blotting and
enzyme linked immunosorbent assay (ELISA), respectively. In conclusion, inducing the
chromosomal expression of FMDV capsid proteins was firstly reported, which may facilitate the
technical process of mammalian production of FMDV VLPs vaccine and the construction of
mammalian inducible expression systems for other proteins.

Keywords: foot-and-mouth disease virus (FMDV); virus like particles (VLPs); plasmid
construction; cell pool; inducible expression
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DNA R4 1 DNA marker W H 522489 TR (K
A PR 2> Hl o Protein marker 14 H SMOBIO
Technology . R HRPGAF &M H Omega
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Table 1 Primers used in this study

pTet-On-Advanced itk , 5'Kpn I for rtTA i
3'BamH 1 for rtTA S5 | ¥, 9714 [ 1] DU 3R 4% 5%
# 35 Al F (reverse tetracycline transactivator,
rtTA), %% pPBBSD H Kpn Il BamH £ %,
WA 5 2 (B A 5 H B9 50k pPBBSD-1tTA

Primer name

Primer sequence (5'—3")

Fragment. FOR
Fragment. REV
Vector. FOR

Vector. REV

5'Kpn I for rtTA
3'BamH I for rtTA
5'EcoR I for mCherry
3'BamH I for mCherry
5'Not I for 3C
3'BamH I for 3C

TTATGAGGGACAGCCCCTATGGTGCACTCTCAGTAC
TATCAGGGACAGCCCCTGTGGATAACCGTATTACCGC
GGGCTGTCCCTGATATCTATAACAAG
GGCTGTCCCTCATAAAAGTTTTGT
ATATGGTACCGAATTCACCATGTCTAGAC
GTCTGGATCCTTACTTAGTTAC
AATTGAATTCGCCACCATGGTGAGCAAG
ATATGGATCCTCATTTGTACAGCTCGTCC
AATTGCGGCCGCAGCGGCGLCCCC
AATTGGATCCTCACTCGTGGTGG

A
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Diagram showing the construction of plasmids expressing P12A3C (WT/L127P) genes. A: PB

transposon-constitutive expression. B: PB transposon-Tet inducible expression.
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PLFE ) S50k pPBDP A JEARAEAR , 38 0 5 4
CMV B3l F+RE RN AKRRESHF
(SG/TRE), IfF Z il 5 FUF A £ K
R 2RI RACAE 5 I8 WU e -1 T BE AR Bk
pPBTet. LA pCS2+-mCherry M#itiz, 5S'EcoR I for
mCherry Fl 3'BamH I for mCherry 514, § 4%
mCherry 5K J-4f A & pPBTet H' EcoR I#l BamH I
E TR A =Wl I A s = a1 i A
pPBTet-mCherry . P12A3C (WT/L127P) % [H
EcoR Il BamH DY) pTT5-P12A3C (WT).
pTT5-P12A3C (L127P)3kA5%, H4fi A% pPBTet H
He TR pPBTet-P12A3C (WT). pPBTet-P12A3C
(L127P),
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(WT/L127P)JE K i EcoR 1Al BamH 1Y [ 4]
pTT5-P12A3C (WT). pTT5-P12A3C (L127P)3k
5, JFifAE pPBTet H1A4: Bk pDP-P12A3C
(WT). pDP-P12A3C (L127P).
1.6 EHIARIINEERN

X5 BETBE R KN, BTk pPBDP &
pTT5-chyPBase, pPBBSD-eGFP Y pTT5-chyPBase,
pPBTet 5 pTT5-chyPBase 435l LA 9:1 (Jf it Hb )54
Yu BHK-21 4006, %445 1 d iMA 10 pg/mL M5
8 R BORARR A R T OR E , B 2 K
THUER SR AL TRk 10-12 d 5 TYOE
AT T B AT sE A

XTSRS RERY AN, Bk pPBTet-
mCherry Fl pTet-On-Advanced, pPBTet-mCherry
M pPBBSD-rtTA 437l L 9:1 (i & Lb)§% 4
BHK-21 48, 12 h /LA 2 pg/mL Dox-HCI,
Y 36 h 5 TUOGRAMEE T WERLLA 5,

KK P12A3C (WT)JE K B IE A 3k , BokL
pPBTet-P12A3C (WT/L127P), pPBBSD-rtTA L)
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9:1 (JFitk bb)#E YL Expi293F 4iJifl, 4% 24 h 5 i
A 2 pg/mL Dox-HCl, 4 %¢ 48 h J5 SR A L i 4T
Western blotting # Wl . i ki pDP-P12A3C
(WT/L127P)% Y% Expi293F ZHfifl, %5 4x 48 h J5 Uk
RAMMIIEST Western blotting £, i O #Y
FMDV $&BHPE I/ —dt, HRP FRiciy i
# 1gG PUiffEh —9t, %% FMDV KcH .
1.7 BHK-21 it IE R £ E

¥ 44 i ki pDP-P12A3C (WT/L127P) X
BHK-21 7RG, 4 10 pg/mL LM 7 K i
1E 14 d, 13245 Al 44 4 C-WT . C-L127P,
4 Jfiki pPBTet-P12A3C (WT/L127P) .pPBBSD-
rtTA . pTTS5-chyPBase DA 8:1:1 (5 & tb) X
BHK-21 4 7% 0%, 24 10 pg/mL IERER
5 pg/mL AFHIE R L 14 d, 75 309 40 3
Sy I-WT ., 1-L127P,

Z R L i D R SR E AL 3 A, F
PG WA TSI, I LR [R] 4 A it 1Y)
PECIRGIFERE o M — 0 HR B A b 1) L PR 4
FEAHEFHE 14 5'Not 1 for 3C. 3’BamH 1 for 3C ¥
W 3C A4, 514 5’Kpn T for rtTA .
3'BamH I for rtTA #:il] rtTA FER 4K, 7E41
XA K010 ) F 4R B b T-WT A1 1-L127P Hom
A 2 pg/mL Dox-HC1, 24 h J5 %, I
3 ) WL AR s e AR L R IG J% AH BfL iEA T Western
blotting £l FMDV & 5%# 1. Western blotting
KA B[R] 1.6,

A 1-WT ., I-L127P 55 24 h J5 BUH A
B 20, AR A A SR A R
A ER, FOoRR B, BETERK
56 °C#'# 1 h, L VHH O7 MAugkhiik. 44
KFric) VHH 08 i — 4t . SEMZEARICH HRP
VEN BAAPURIEITX F3EHR I VLPs & aiifr
i

B<: cjb@im.ac.cn



4854 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

2 BER54

2.1 EEFAFIE

PB %% Jd5 72 55 RE Al AR 1 200 6t 17 A= AR
R, HINREM T2 PB 3 e Al & LR Y
DNA JUF!, PB #£J3:-Tet i SR IAMI AL R YL
JETE PB # R R G FEIA Tet B2 HRIAR
G R, HINRER SIS B i PB A% B
JBTKL | Zh5 rtTA 1) PB %% B SR & 45 Tet Ji
T PB B kil 23k P12A3C (WT)IERIAY
AR PB -4 N R A T PB 5 J8E-Tet i
FHIRIKML . PB % JE-2H A SR AL 5 pTTS-

2 EEBFHISTRIEE

chyPBase. pDP-P12A3C, P12A3C (WT/L127P)
B AL T A RS 3h 1 R, RS B
FMDV K7EHE FIHFEERIE . PB 55 E-Tet 155
%K pTT5-chyPBase . pPBBSD-rtTA .
pPBTet-P12A3C, P12A3C (WT/L127P)K:[Hiy % T
Tet J38h ¥ Fiff, pTT5-chyPBase. pDP-P12A3C,
pPBBSD-1tTA Hl pPBTet-P12A3C FY KL &3 Il
Kl 2
2.2 EEBAERITHEEREN

SCEL PB R HETHREMO T PB §% NG AN PB
e WEE AN A B, B, R R BTk
pTT5-chyPBase . pPBBSD-1tTA . pPBTet-P12A3C

A: pTT5-chyPBase. B: pDP-P12A3C (WT)HI pDP-P12A3C (L127P). C:

pPBBSD-1tTA. D: pPBTet-P12A3C (WT)Hl pPBTet-P12A3C (L127P)

Figure 2 Maps of recombinant plasmids. A: pTT5-chyPBase. B: pDP-P12A3C (WT) and pDP-P12A3C
(L127P). C: pPBBSD-1tTA. D: pPBTet-P12A3C (WT) and pPBTet-P12A3C (L127P).
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(WT/L127P)I¥) PB %% JEIIRESHATH . & Sext
PB % JAE il () e JE TG MEEA TR, RN PB %
JiE JFi ki pPBDP 5 pTTS-chyPBase d:4%, 44
aok v VAR R WA R 2R U O i A T PR v R A
B E S TR (K 3A), UERAF ALY PB %% AL il
HAREEME. BT rtTA ZEH . eGFP LR G A

A —chyPBase

+chyPBase

+chyPBase

FITC

FITC

8 —chyPBase

BF

FITC

E —-PBBSD-rtTA +PBBSD-rtTA

BF

TRITC

El3 PBIE-Tet FSRERGHITNEEWRN A
I4F. C: pPBTet S INRERIAGIN. D: pPBTet 54 B LIREMIIIE. E: pPBBSD-rtTA ik

B —chyPBase

TRITC

pPBBSD ' Jf A ok 4B B iy 41, B X
pPBBSD-eGFP 1 % J& J7 41| oy G i 17 4 I o

pPBBSD-eGFP 5 pTT5-chyPBase dbiE 2R
i TR 2 O e 5 30 174 BE I o P B (B v T X R
ZH (& 3B), Uil pPBBSD-rtTA HY%% 41 REHL
PB %% U U] . BT P12A3C (WT/L127P)

+chyPBase

BF

FITC

D —pTet-On-Advanced +pTet On- Advanced

BF

- L >
s
* > >
' 54 »
4 s

chyPBase 7 &G PERIKEI. B: pPBBSD 4 I RER)

rtTA 8 H K

Figure 3 Functional verification of the plasmids of PB transposon-Tet inducible expression system. A:
Transposase activity of chyPBase. B: Transposase proficiency of pPBBSD. C: Transposase proficiency of
pPBTet. D: Inducible-expression proficiency of pPBTet. E: Expression of rtTA in pPBBSD-rtTA.
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FEH . mCherry FE£[H4# A pPBTet H I AN el AR 5%
JEREA], X} pPBTet [%4 HE P 51 S RE A TAG:
. pPBTet 5 pTT5-chyPBase 4%, ZIE4%;
B0 5 7 A ) PR T R R i P TR R
(& 3C), Vil pPBTet-P12A3C (WT/L127P) 1%
JEJPHVRES PB %% BERAH B AR .

SEH Tet 15 5 2 T8 DI REHCR T 45175 5 AU
B rtTA Y5 Tet B FAHEAER, FHitk, &
PiX] pPBTet-P12A3C (WT/L127P)F1 pPBBSD-
rtTA W AH G e 474 0 . B T P12A3C
(WT/L127P)JE: A . mCherry K:[H4#i A pPBTet
AN Tet J7 3 F B9y A, Aot
pPBTet-mCherry 19 Tet J&i FHhfgifA il
pPBTet-mCherry 5 3Ri5 rtTA & [ A7 I Bk:
pTet-On-Advanced 4% 345 1Y 5 't 5 B2 178 5 T
Xt BEZ (] 3D), i H pPBTet-P12A3C (WT/L127P)
B Tet R ZhFHEYS rtTA & HAH B AR
pPBBSD-rtTA 5 pPBTet-mCherry 2554875175
S5 B e = T R ZH (& 3E), 15 pPBBSD-rtTA
REIEf R A rtTA &,

I, I R SCER A T pDP-P12A3C
(WT/L127P), pPBTet-P12A3C (WT/L127P)fE#

1ERfFR 15 P12A3C (WT/L127P)JE A . [ DP-WT-2
SERESL, HAR T NI FRIR T FMDV K5t
(& 4A), Vi pDP-P12A3C (WT/L127P)1Ef
Zik P12A3C (WT/L127P)E N, 5 S F R HAETR
il Dox-HC1 J5 B ¥l T FMDV K5E 8 IRk,
16 Bl pPBTet-P12A3C (WT/L127P) IE #f 5 ik
P12A3C (WT/L127P)JE [ (/] 4B).
2.3 BHK-21 4 piHIE R £ E

# pDP-P12A3C (WT).pDP-P12A3C (L127P)
435 pTTS5-chyPBase 444 T BHK-21 4ififl, 4
I MM FE R S35 2 Pl R A A 41
W C-WT #l C-L127P ¥ pPBBSD-rtTA Fil pTT5-
chyPBase 4375 pPBTet-P12A3C (WT)zY, pPBTet-
P12A3C (L127P)ILH%, 153075 A1 35 1Y 41 iy
W -WT Fl I-L127P, @i 28 SRR GFP
FEHRFR A T A gt (B SA. 5B). i
L 4 PCR il , R W] 3C G2
Fir A diff i, rtTA LS 2 -WT #l 1-L127P
(Bl 5C). ZIt, A 5%EFAEIE P12A3C
(WT/L127P) Ry 4 Mt I A s i oy o IS, FE15 S
IR, KP-WT BT ™8 6940 i 7%
M4 (K 5D).

A Nolod B
PSP I CAA AN

Qﬂ%ﬂ%ﬂﬁ, \g»g,\/@ PBTet-P12A3C (WT) PBTet-P12A3C (L127P)
1Dy MFTFFFFD e M -+ -+ — % -+ -3 -+
100 —¥ ° 100 —{T0w
2% P12A 75— | B pi2a
60 — VP0-VP3 60 — P : W = | VPO-VP3
45 — 45—
35 ™| VPO 35— . LI R YRV

- - VPI-2A/VPL/
25— }VP3/VP2 25— e b | NS

% 4

BT R SLIS 46N P12A3C (WT/L127P)E E g 3K iE

Figure 4 Detecting the expression of P12A3C (WT/L127P) genes by transient expression in Expi293F cells. A:
pDP-P12A3C (WT) and pDP-P12A3C (L127P), three recombinant clones of each plasmid were done. B:
pPBBSD-1tTA was cotransfected with pPBTet-P12A3C (WT) or pPBTet-P12A3C (L127P) at a 9:1 ratio,
followed by Dox-HCl added into the cells, three recombinant clones of each plasmid were done.
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2000

1 000
750
500
250

100

FITC0.95s

bp D I-WT

784
664

I-WT I-L127P

BF

I-L127P

—Dox ¥

+Dox §

5 BHK-21 ZBA@MEVERR A AUEIRA AN OIS, B: i R B RIR A Y 2O, C:
PCR #: 3C BN rtTA ZE[A. D 5 AL A 40 it i JE WL 5¢

Figure 5 Obtaining the BHK-21 cell pools. A: Cell pools C-WT and C-L127P were exposed on FITC channel
for 2.8 seconds. B: Cell pools I-WT and I-L127P were exposed on FITC channel for 0.95 seconds. C: Detection
of 3C gene and rtTA gene in cell pools via PCR. Lane 1-3 detected the full rtTA gene and lane 4-8 detected full
3C gene. Lane 1-3: Mock cells, I-WT, I-L127P. Lane 4-8: Mock cells, C-WT, C-L127P, I-WT, I-L127P. D:
Morphological observation of I-WT and I-L127P with or without Dox-HCI added to the cells.

XA A ith FMDV K588 1A VLPs (1)
FRFEOLHEATREM . C-WT A1 C-L127P K&K
FMDV KFEHE FIFIE(E 6A), 1HH X P4l
WOy A=A TS . -WT Al 1-L127P 553
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C-L127P. B: Western blotting ¥l 41t I-WT. I-L127P. 1: I-WT il Dox-HCI; 2: I-WT fill Dox-HCI (IIf;
BEJLAS400); 3: I-WT il Dox-HCl (B I2EA4iM); 4: I-L127P Kl Dox-HCl; 5: I-L127P Jill Dox-HCl
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Figure 6 Detection of the expression of FMDYV capsid proteins and VLPs in BHK-21 cell pools. A: Cell
pools C-WT and C-L127P were detected by Western blotting. B: Cell pools I-WT and I-L127P were
detected by Western blotting. 1: I-WT without Dox-HCI; 2: I-WT with Dox-HCI (adherent cells); 3: I-WT
with Dox-HCI (suspended cells); 4: I-L127P without Dox-HCI; 5: I-L127P with Dox-HCI (adherent cells);
6: I-L127P with Dox-HCI (suspended cells). C: Comparison of the expression level of FMDV capsid
proteins between I-WT and I-L127P, two-way ANOVA analysis was used. D: Relative quantification of
FMDV VLPs by ELISA, two-way ANOVA analysis was used. ****: P<(0.000 1; ns: No statistically
significant differences.
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