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A PK15 cell line stably expressing prolyl oligopeptidase (POP)
and its effect on the proliferation of foot-and-mouth disease virus
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2 Gansu Province Research Center for Basic Discipline of Pathogen Biology, Lanzhou, Gansu, China
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Abstract: [Objective] To construct a PK15 cell line stably expressing the prolyl oligopeptidase
(POP) by using the PiggyBac transposon system and systematically investigate its regulatory role
in the proliferation of foot-and-mouth disease virus (FMDV).[Methods] A recombinant PiggyBac
vector carrying the POP gene was constructed and transfected into PK15 cells, and the expression
of the target protein was detected by Western blotting. The monoclonal cell line stably expressing
POP was isolated via the limiting dilution method. The stability of mRNA and protein levels of
POP was verified by RT-qPCR and Western blotting, respectively. The viability of the selected cell
line was assessed by the Cell Counting Kit-8 (CCK-8) assay. FMDYV replication kinetics in the
stable cell line were comprehensively analyzed by Western blotting, RT-qPCR, and the 50% tissue
culture infective dose (TCIDsy) assay. [Results] A PK15 cell line stably expressing POP was
established. No significant differences in cell viability were observed between the stable cell line
and the control cell line. The protein level of POP remained stable in the established cell line after
30 passages. The results of the viral infection assay demonstrated that the FMDV proliferation level
in the PK15 cell line stably expressing POP was significantly higher than that in the control group,
with this stimulatory effect being maintained across multiple passages. [Conclusion] We
successfully constructed a PK15 cell line stably expressing POP. The results reveal that POP
overexpression enhances FMDV replication in a passage-independent manner. These findings
provide a valuable experimental model for elucidating the molecular mechanism underlying the
role of POP in FMDYV replication.

Keywords: prolyl oligopeptidase (POP); PiggyBac transposition system; PKI15 cells; virus
proliferation
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(World Organisation for Animal Health, WOAH)¥
HH) o vk st i sh e, BT, FMD
TR . PARFE I, DL R 56 i
(g 35 4 o X0, FMDV J& F /I RNA 5 2 F
(Picornaviridae), H B V5 5 )E (Aphthovirus),
JE— P TCRE A BRI IE 4 RNA B8R, JREEkL T
HEE, fEi 7 WA T A ) A
XEFREEHITT, FMDV JE DK 41 4 5 4 B4 1 26 11
(VP1. VP2, VP3 il VP4)FI 8 FhE 4544 & 1
(LP°, 2A. 2B, 2C. 3A. 3B, 3CP™Fil 3DPHE
TER TR R T, T H R R 2 S 2 A
6 ENF LKA R EAER], XE F KT
e B (14 52 1) 1o 2 rp e 2 X a2 A ) ) X 9
EEAEHPL

i 22 ik 35 Ik J¥ (prolyl oligopeptidase, POP) &
— P LEFEAL b B R SY Y 22 AR 1, e d)
H1 Walter Z'OE N F B AU R, %I RENS
Fi e L Pro-Leu IRHE, BAT 8 S0 /K fiff il 176
M5 kA o AEM . POP & T/ 2 A~ EE g
SRR Y. — o BAT MY o/ B K A T e O
fegstty i, ST IR R PUNFMEA s 2Ry
(1) B-UR L A S L E DR B R B A, X
P B TOHEAL DI RE, (H7F 2 H I 0 2 R P 42 R
EME R E A NP, BRI POP 7E 22
RGPIR B R A K e MG T v AR ST EE .
T 2230 U o 4 3 DR 2 O e R ) RE S IE
T UCIEW] POP £ 1 REA UL #E FMDV 142 i,
RWIZEH SRFEEMEVML, X—KHN
AR RE-18 FAHEAE IR TR .

PiggyBac (PB)#% i 1~ 5 4t 7 — il i R0 2k
PR TR, REAE @ 85U R K v BO) DNA,
E RS HIYEER P8, 53 BRSNS R Y
BENLEE S AL 1 HAT MURR 9 O IR DI BRRF 1
REAS 5% e W EE N ZH ks i R B, R 2 Bt
FHA P, BT x4, PiggyBac % i
TRGECH) Z T 2050 g, 55
SN syl . BEPNAYT . A0 R DL
REWFIE S, R ml RAEM RGBT EHE N
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() Fe 8 40 i R A A5 ik B PR A2 AR T 4 i
(CAR-T)ZEJy 1 JR B HH o 22 (4 o F A (17, AR
5 HFIH PiggyBac 54+ &40, K17 POP H
AT P18 2t JAE o s TR 3 2K B T Tl ) s B Joi s e 2
Ye PKI15 M, 8L ik SR A5 A8 3R ik POP A
) POP-PK15 4liffi &=, FFXTHERBF e AL
REHEAT T RS HRUE, Moz 4l &= 4 FMDV 3
FAEZ, DU AIRSE POP {2 FMDV Jgk
YRS i 53 HL A AR T 52 %) 20 AR R

1 AR

1.1 ApE. /s, miE

Y& R 4 (porcine kidney-15 cells, PK15
cells). ' 4H fifl (baby hamster kidney-21 cells,
BHK-21 cells), pCMV-HA-POP Jiifi. PiggyBac
transposase (pPBT) %% K& Mif Jiz ki 1 PiggyBac-
EF10-GFP-puro 734 i AR SC 5 %= (A7 ; FMDV
O/GDBY/CHA/2010 F Fk i WOAH/[E 5 I B 2
SHELIEAE; BB HA ARZEH e PRI
P B-actin B yEBEPUASIIG A iGHE < KAV
R A BT s bt POP £ 5ibEdiik . FITC
FRICHI LI SEH % 1gG A Alexa-594 ARic 94/
IgG ¥ F Abcam 723 &) ; HRP #5ic 1 2E 9%
IgG F1 HRP #3 i 1 = 5t /D B 1gG ¥ 18 A
Immunoway A Fl .
1.2 FZEEHF

B A% R N U0 B Nhe T M1 BamH 1,
NEBuilder HiFi DNA Assembly Master Mix, NEB
23w s DNA JE R & . Plasmid DNA Mini
Kit, Omega /~Fl; PAGE #5055 & |
ECL sk, b ipHEf A=Y B 2R A BR A A
% F marker, ThermoFisher Scientific 2y &) ; $1
TR B . 4% Z W E W . CCK-8 i 7
&, BRI REWHARBMARLAA; One
Step PrimeScript RT-PCR Kit, 5 H &4 ¥4 &
AL AR F 5 Polyplus jetPRIME 4% 44 i,
Polyplus Transfection 2> w ; Jifi 4 Il 15 (fetal
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bovine serum, FBS), 75 M AKEL &AL PR 1y
B2 s 0.25% EDTA i Al DMEM 41 Jitg 1%
F23k, Gibco 4] ; DAPI Jeftik, db i RE=E
R TR A
1.3 EEFRERNABESSNEIT

DL ST 55 25 i A A 1Y) B A 3R 38 TURE pCM V-
HA-POP “M#5 4, i id PCR ¥ 343k HA-POP
F N . i Nhe 1 A1 BamH T XU 1) &b B
PiggyBac-EF10-GFP-puro #44 , F i i< By g b
I HL VK U e M A 3k AR B . PB4 1Y) HA-
POP FE K Bt 5 4 M b 48 A4 ok [W) P 2 4 7 ik
e, HHT WAL R KBTI DHSo 32 345
Y. S R TR A T A 100 mg/mL 24
FHBERD LB EARRE IR 1, 37 CHE R 3%
12-16 ho FRHCH L RERVE HEATY RIE R, $2H
JEORE % A T A ) TRR () ey AT PR w1
YOIE o 287 31 Eb X A DA L A ) T 4H BORL i 44
PB-EF1a-HA-POP-puro.

Wit POP B 1451 . FMDV 5| #F1%
k. INZSREIN GAPDH W51 . R &G % 5E 5]
Y, S9N A T A TR (L) B A FR
INEIE . FHOCFINE B UL 1.

1 AWRETRES|HFS

Table 1 Sequence of primers used in this study

1.4 POP EHMFRIAWIE
¥ PKI15 4 i F 5x10° A~/mL %5 & 32 Fh T
6 fLA T, &7 10% FBS ) DMEM £ 33
3, BT 37°C. 5% CO, 4 5% F- 48 b 55 5+ .
RrAnMi AR A F) 70%-80% i, 4218 jetPRIME

PR GRI I A T SO G
76 1.5 mL EP & H KK A 200 L #5 4
buffer. 1.0 ug Fipi(SLL:4H A PB-EF1a-HA-POP-
puro, Xt HRZL A AR 25 2149 i 2.0 pL jetPRIME”
reagent, IR E B IEE 10 min, FLiH 5%
MEEY .. BEERE S MBEREMA AT, &
BRSNS R UREEE S . LS 24 h WURAR AL o
K FH VA 1 S 7 0 (RIPA: 25 P I 1 550 VR & =
100: DFEATAH I 2L /# , 4 °C . 13 000 r/min &5 .0
15 min WCEE LVs . AR S S<&EH LA
S AR LEBNIR A, 100 °CEAE 10 min 6l £ 5
FEHMES . B2 10% SDS-PAGE 4 1,
MR RS E NC L, A& 5%
WIS TBST ¥ = B A 1 h, BEJ 2050
A BRIEPT HA bR —H0(1:2 000 i Be) A B IR
B-actin HL47T (1:2 000 #5i F%), 4 CW & L% o
TBST P 3 U5, A HRP Fric it =Edt/h i

Primers name Primer sequences (5'—3")

POP-F CCATTTCAGGTGTCGTGAAGGCCACCATGTACCCATACGATGTTCCAGATTACGCTC
POP-R ATGGCTGATTATGATCTAGATTACGGAATCCAGTCGATGTTCAGGCACC
POP-qF TTCAAAGGCACAGTCAAGGC

POP-gR ATCTCGCTCCTGGAAGATGG

FMD-SYBR-F TGGGACCATACAGGAGAAGT

FMD-SYBR-R GTAGCTTGGAATCTCGAAGAGG

sus-GAPDH-F ACTGAGGACCAGGTTGTGT

sus-GAPDH-R AGGAAATGAGCTTGACGAAGTG

FMDV-qF ACTGGGTTTTACAAACCTGTGA

FMDV-qR GCGAGTCCTGCCACGGA

FMDV-Prob FAM-TCCTTTGCACGCCGTGGGAC-TAMRA

PB-CF TTAACCCTAGAAAGATAATCATATTGTGACGTACG

PB CR GATAATCCTGGATGGCGGTCT

BHATEHUAIIREFES), FRULT B RHARE .

The italicized letters represent the homologous arm sequences, and the underlined letters represent the HA tag sequences.
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IgG —Hi(1:5 000 #i F%), ZERPEFE 1 ho I
ECL fb2= & CIRY A7 i 6, @4t 4 [ sl
RICNG R GRS
1.5 AR A SRR EMARRTFIREE
1.5.1 ¢RpEsESR

B PK1S 4 4FP T 6 LA, AR Kk
3| 70% B, H4E jetPRIME %5 Jui I #E 0] 6
AT BORIEE Y . SCG A . IR YL 3 pg POP &1k
JEORL AT 1 pg pPBT Jiikr; XfHRZH . JLFE4L 3 g
PiggyBac-EF1a.-GFP-puro Jii # fil 1 pg pPBT Jit
bio FYYJE 6 h TR R, T 37 °C. 5%
CO, B FRFE TP 4k 221597 24 h e, 26 A
BEWEERT FEZH AN MY GEP 63k, DITE
Ly &
1.5.2 BREMARATHEIE

BUL 24 h 5, ¥ PKIS 403 1:3 (9 HepilfE
RZE 6 fLbk, FEREFEIEP AWK N 5 ng/mL
IS B ZZIEAT IR, & T 37 °C. 5% CO, K%
FeAEh Ak sy FE . B 3 d TIRBITE TR R R AL
FRE AN MRS, R B X A0 it 52 4 80T
BFZbTiivE, S e ek st . RraiieRaE
WAE IR, F025% REHLAiE, RAA
PR B AR B 10 1Y/mL, K4Sl 100 uL
i M B AR T 96 fLAk P, BT 37 °C. 5%
CO, K F AR IR 2 e Bk A= KRS R Ar i 5
TR TP KB SR I AL R
1.53 BREMRANEE

UG 36 110 4 Bk B0 v B 41 i A X FR A0, 4
5] Western blotting, RT-qPCR £ RT-PCR J7i%
YRR IFRIN . BEPRIKCERTEH RSSO
1.6 ZHRFRRYEACTE SI4EM

B R SRAS ) POP-PK15 405 . KR
YL F GFP-PK 15 FCEAZNIE WT-PK15 FH 0.25%
BRI AL S T, R AN & 2% 10° 4Y/mL,
£l 100 pL $EF 2 96 fLAR, & T 37°C. 5%
CO, HiFFf TP i # . TARRIRAIAS (0, 12, 24,
36, 48 hy7E M fL i A CCK-8 ik 7] 10 uL/AL,
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UkSEAE 37 °C . 5% CO, Ki A Th R H 2 h
Jei . AR SO A2 BEFLIY ODaso, 114N AR
XPEE, AKX PR, BAEHE S E 34
AL, FTEEE 3K,
Y I AH R =S58 2H OD 450 fH -5 FAZH OD 50 fH)/

O5F BRZH OD450{H~ 25 A4 OD4so{E) < 100% (1)
1.7 BRREMRANENREBEMSH

¥ POP-PK 15 4 2 AN HRANIE AR GFP-PK 15
AT SALARKE TR, A IORES 1. 5. 10, 15,
20, 25. 30 fC¥R(P1-P30) AU IAE N, IR B
YA 2 B IR B 80%—90% i HEA TR REE . RH
Western blotting J7 32 K Il Wi £& 114 40 B A i v 1Y)
POP & HFRAEN . HIETTIES%H 1477, U
B-actin fENNZ, 1144 POP & HIAIX F ik,
Fe AR R Y 4 i b POP 25 1 Rk K-, F
Tl A R 3o AL R E M
1.8 B % [E 40 @ & X FMDV 1 78 1Y
Al

43 9 % POP-PKIS 4l il 2 A1 % A 41 il &=
GFP-PK15 i T 12 fLA, 4% E K=
70%, ¥ FMDV LUk 5E B g 52 % (multiplicity of
infection, MOI) 4 1.0 [ BE H2 AP Al it , R 401R
SISEAREEERFE . 12 h JE USCHR 2 ) 20 SRR S K 2
b W . HH — 03 40 AR T Western
blotting il FMDV VP1 & [1/KF, B ES
#1479 — A T RT-gPCR, A&
FMDV mRNA §% 5K P84k . $2 UK EE RNA,
FIH— 1 9¢GE B PCR % FMDV A4 D
Bitfr . RN AKFR : 2xOne Step RT-PCR
Buffer III 10 pL, TaKaRa Ex Tag HS 0.4 uL,
PrimeScript RT Enzyme Mix I1 0.4 pL, . T
519)(10 pmol/L)4% 0.4 uL, #4%EH(10 pmol/L) 0.8 uL,
Viral RNA 2 uL, RNase free H,O #h 75 2 B AT
20 puL, R%2J. PCR Jx b 45 : 42 °Cilfi % 5
5min, 95 °CHIAE 10 s; 95 °CAEME 55, 60 °C
Bk 20s, 72°CHEMH 30s, 40 MEH. Irf
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PRI E 3AER, RIEY W Co @R
PEOLEL,
1.9 J&3 TCIDs BN E

WA EEEYYS 12 h 94RR L3, F BHK-21
YRS T 96 fLAkH, HITJCINE DMEM 3557 5
Bk aE 15 10 fFELEM (12107 -1x107"7),
ANFRRBEEERES A 8 £, [R5 IE A0 Xt
M (NC), YL 48 h WAL IF i 53 H BN A A
A% 3 N (cytopathic effect, CPE) it FL %%, # &
Reed-Muench 5 1155 TCIDso, 4~ 56 & &
3, BOHLFMAE,
1.10 [EERRREHIE

BB KR B -9 POP-PK 15 Fil WT-PK15
s TR BT G RN, FHREERE
60% B 4Fh FMDV (MOI=0.1); ‘& T 37°C. 5%
CO, B34 3% 12 h, FEIRFEWOT A 1Y
1xPBS PEAHML 3 %K, IR 5 min; fIA 4% £ &
PR [T 40, == IR 112 10 min; 1 PBS $E4H
JfL 3 U, BER S ming A HHUARR B R B —4T
(1:300), 4 °CHFF R ; FH PBS 1B VRN 3 1K,
YK 5 min; ] PBS i B AH R 928 kR iC 9T
(1:1 000), 7EHEGAMF AT 1 h; H PBS
PEANM 3 Y%, EFK 5 ming S DAPI YLkl X4
Mzt r g, =M E 10 ming; H PBS 53
YA 3 R, BRR S ming i FHROEIER AR W
HEATMEEITRAR KA
1.11 A [E] MOI ¥y FMDV &% % POP-
PK15 ZHAaX] RS 1E7E R 220

% POP-PK 15 41 il 11 %+ 8 440 Jito 43 531] 25 o 3]
12 LA, Fo5 i %% B 3R 31 70% B 43 5 LAAS []
MOI (0, 0.1, 1.0, 2.0)f%) FMDV J& 4% 2 F 40
. JEYYJE 12 h WOHR 2 5 4R AR A B 4 i L T
W, 18 if Western blotting, RT-qPCR DA M
TCIDs, P A [A] MOI #) FMDV J#&#: POP-PK 15
YN R R A R R . BAR RS 1.4,
1.8 FII 1.9 797,

1.12 A [E A 8] & FMDV B 2 POP-
PK15 AP A% FMDV 1855 5200

¥ POP-PK15 4 fitd A1 %t B8 410 o 43 51 4 T
35 mm FEFRILP . R4S 5 LA MOI=0.1 4%
Ff FMDV, 43 %1F 0-24 h 7 [a] i ] A0 5 2 4y
2 BEAE i S B3 R . 35 Western blotting |
RT-qPCR D) K TCIDso PEAG AN [ s 1] 5 X609 1 3
BRI . BARTT 5% 1.4, 1.8 F1 1.9 75,
1.13  AEERREH POP-PKI1S ZHAf
A% FMDV E5E /95200

A3 59085 %t B 21 i A POP-PK15 40 il & 7
37°C. 5% CO, H IR G IR Rt AUk, IR
5510, 20, 30 fCHHML, R LR R] 6 fLiR T,
L) MOI=0.1 4%# FMDV, 7EJ&4L /5 12 h Ui e
2 17y 40 B RE S K 40 Bt b 3 W, il ik Western
blotting, RT-qPCR A K TCIDs, PEA A R 1Y
POP-PK 15 2 fifd 2 %5 B HE FE A 520 . ELAR 1%
Zx 14, 1.8 1.9,
1.14 HIELIE

AR AREHESZ 3K, WH
GraphPad Prism 8.0 ¥ fF #4741t 70 i, R H
Student’s ¢ ¥ 35 #1 one-way ANOVA J5 2 73 #7 .
Gt B EMZERFRIR N ns (P>0.05)FR TS
T2k, *P<0.05 Fon g HA gl i %
PEZEF, *P<0.01 FARBIE LA SERIT#E
FEER, #P<0.001 2R EE BA W B ES
2R

2 HERE5AM

2.1 BHERIERNWEE

X POP £ [ 8 4l iKUK £ 1T EcoR T
BamH AU VI S5 o B REMEE e v Uk 43 B 445
R 2 Z B DNA 445, 43908 6 600 bp 1)
AR R BEAT 2 500 bp (1) POP LR F B 1), 5
TS A 5 R B R/ INARL AT 5[] s 5 R 4 2R
WIEA] PB-EF1a-HA-POP-puro BURIAEE I .
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7500 6 600 bp

2500 2500 bp

1000

El FHRKNEEILE

Figure 1 Identification of the recombinant plasmid

through double restriction enzyme digestion. Lane M:
DL15000 DNA marker; Lane 1: Undigested
recombinant plasmid; Lane 2: Digested recombinant

plasmid.

22 BEFTIEFRNFELMBENERRIA
£

Western blotting FlEE 1457 KB 43 Hr 485 L
7N, POP #5 [ 3K 0k s YL 4 i 5 RE A% il ) 36
ik POP M, HEFHFS TR AU 2A.
2B). XFRIAARWFFAGEY POP FLAZ Rk ki i
e PKI1S 4t nT DLk o3k HEREE A .
2.3 FREMMRAMFIEFMERE

Western blotting Z5 54 s, ik (1) 4 BB
v [ 40 i 2 RE 2% 35 POP & 1 (1Al 3A); POP
mRNA 7K - f 25755 T B A= R0 848 it (1] 3B);
RT-PCR Ff s 1 4547 K W] POP BEH C AR %
A A0 I K 4 b (B 3C)5 99 BB WL B
7N, XTHRZAM 2R GFP-PK15 ZH i A IH S fy 4 £
POLEAFRIE(E 3D), LRGSR F H LA
CRvERS, HAMPN BirEAREI 5,
2.4  HHREIE IR

CCK-8 Krillgh S W7, i bE () POP HLoip&
£ 0 2R A 45 BT[] ) A R T g 55 0] BR 4 A AH L
o E 2 5 (Bl 4), X R PKI1S 4 MUt E Rk
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A WT-PK15 GFP-PK15 POP-PK15

" -—

B 50 o e

w ~
T T

(POP/B-actin)
N
T

ns

i

Normalized intensity of POP

5 5 5
‘5\ ‘5\ ‘&\

E2 XZEPOPEHEPKISAMHPHIRIA
Identification of the POP protein
expression in PK15 cells. A: Analysis of POP protein

Figure 2

expression in post-transfected PK15 cells by Western
blotting; B: Quantification of POP protein level
normalized to B-actin. ns: P>0.05; ***: P<0.001.

POP 25 G2 L HS 5E JCHE M)
2.5 POP-PKI5 A ZAIEKBEM
£E

¥ POP-PK15 4iififd 21 GFP-PK15 4l il R %
SEAEAREFR A 30 1R(P30), 4rBFEREE ISR A
AHHIAE S . Western blotting A1 F 338 JK B /Mt
ZiRBR, RO AR (L US POP M HKIL
KR KA AR R SA . 5B), W%
R LI ERIA POP &1,
2.6 POP-PKI15 A &% FMDV 1E5EHY
A

Western blotting S & [ FRIKk KB 43 B4 R 3k
W], POP-PKI15 #fiffi## FMDV J5 FMDV VPI
T A FRR KO B3 T 0 R (R 6A). 5 157
FE N GE A R R, 5O R AT L
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A B
a
S or
ay
'5'54-
WT GFP POP-1 POP-2 POP-3 POP-4 £ &
Ha B —— 2530
89,1
ﬁacm‘ ;81_
£
Z o0

GFP-PK15

B3 FRERIEPOPERAPOP-PKISHMRIERILE

Figure 3 Identification of the POP-PK15 cell clones stably expressing POP protein. A: Analysis of POP protein
expression in the screened monoclonal cell lines by Western blotting; B: Quantification of the POP mRNA levels
in the screened monoclonal cell lines by RT-qPCR (ns: P>0.05; ***: P<0.001); C: Identification of POP gene in
the screened monoclonal cell lines by RT-PCR (Lane M: DL5000 DNA marker); D: Detection of eGFP
expression in GFP-PK15 cells using fluorescence microscope.
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Figure 5 Analysis of passage stability of POP-PK15 cell line. A: Detection of POP protein expression in the

POP-PK15 cell lines at specific passages by Western blotting; B: Quantification of POP protein level normalized

to B-actin. ns: P>0.05; **: P<0.01.
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Figure 6 Analysis of FMDV proliferation in POP-PK15 cell lines. A: Detection of FMDV VP1 protein
expression by Western blotting (**: P<0.01); B: Detection of viral titers by TCIDs, assays in FMDV-infected
POP-PK15 cells and GFP-PK15 cells (**: P<0.01); C: Quantification of FMDV mRNA levels in FMD V-infected
POP-PK15 cells and GFP-PK15 cells by RT-qPCR (***: P<0.001); D: Immunofluorescence detection of FMDV-
infected foci in POP-PK15 cell and WT-PK15 cells monolayers.
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Figure 7 Viral proliferation at different time points after FMDYV inoculated POP-PK15 cells. A: Quantification
of VP1 protein levels normalized to B-actin (ns: P>0.05; ***: P<0.001); B: Analysis of FMDV VP1 protein
expression in POP-PK15 cells and GFP-PK15 cells by Western blotting; C: Detection of viral titers by TCIDsg
assays in FMDV-infected POP-PK15 cells and GFP-PK15 cells (***: P<0.001); D: Quantification of FMDV
mRNA levels in FMDV-infected POP-PK 15 cells and GFP-PK15 cells by RT-qPCR (ns: P>0.05; ***: P<0.001).
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Figure 9 Impact of FMDYV proliferation in POP-PK15 cell lines at different passages. A: Quantification of VP1

protein levels normalized to B-actin (***: P<0.001); B: Detection of FMDV VP1 protein expression by Western-
blotting in FMDV-infected POP-PK15 cell lines at different passages; C: Detection of viral titers in FMDV-
infected POP-PK15 cell lines at different passages (***: P<0.001); D: Quantification of FMDV mRNA levels in
FMDV-infected POP-PK15 cell lines at different passages by RT-qPCR (¥**: P<0.001).

H T/ RNA R ZHIR AT R E RS
EHE.

B
i o Al B2 B 2 55 BRI ST o

A5 2 2% LA S Uil X1 2138 Uil 25 A4S 1 ]
ISR 53 75 1 45 T I A8 B A SR

1B FTHR = A

THER . SRR L B0 o Hr A
GiEs R RS STRM . SRR
s B BRSNS BB AL
PN S50 B BAFRY; FE.
Byaicse; FWE. Bt S, JRfts
Wy VeARIL: RORR A R . FRIR

>4 actamicro@im.ac.cn, 7 010-64807516

B ARSI I WEIR S
fE# A sk RATFE W

YR i HAFAEAT o) T fE 252
& TARRME AT 1 o AR

M A% S 4l

LB

(1] XA, sKkam, SREZS . TREEE M. Eat: o E RO AR
#t, 2015.

LIU XT, ZHANG Q, GUO JH. Foot and Mouth
Disease[M]. Beijing: China Agriculture Press, 2015 (in
Chinese).

[2] JAMAL SM, BELSHAM GlJ. Foot-and-mouth disease:
past, present and future[J]. Veterinary Research, 2013,
44(1): 116.

[3] ALEXANDERSEN S, KITCHING RP, MANSLEY LM,
DONALDSON AL Clinical and laboratory investigations
of five outbreaks of foot-and-mouth disease during the
2001 epidemic in the United Kingdom[J]. Veterinary



Tz 5 | AR, 2025, 65(10)

4471

[10]

(1]

[12]

[13]

(14]

[15]

[16]

Record, 2003, 152(16): 489-496.

PERRY BD, RICH KM. Poverty impacts of foot-and-
mouth disease and the poverty reduction implications of
its control[J]. Veterinary Record, 2007, 160(7): 238-241.
KNIGHT-JONES TJD, RUSHTON J. The economic
impacts of foot and mouth disease-what are they, how big
are they and where do they occur? [J]. Preventive
Veterinary Medicine, 2013, 112(3/4): 161-173.

Woah. Foot and mouth disease[Z/OL]. 2024: https://www.
woah.org/en/disease/foot-and-mouth-disease/.

LOGAN G, NEWMAN J, WRIGHT CF, LASECKA-
DYKES L, HAYDON DT, COTTAM EM, TUTHILL TJ.
Deep sequencing of foot-and-mouth disease virus reveals
RNA sequences involved in genome packaging[J].
Journal of Virology, 2017, 92(1): e01159-17.

DOMINGO E, ESCARMIS C, BARANOWSKI E, RUIZ-
JARABO CM, CARRILLO E, NUNEZ JI, SOBRINO F.
Evolution of foot-and-mouth disease virus[J]. Virus
Research, 2003, 91(1): 47-63.

LI KL, WANG CC, YANG F, CAO WJ, ZHU ZX,
ZHENG HX. Virus-host interactions in foot-and-mouth
disease virus infection[J]. Frontiers in Immunology,
2021, 12: 5715009.

WALTER R, SHLANK H, GLASS JD, SCHWARTZ IL,
KERENYI TD. Leucylglycinamide released from
oxytocin by human uterine enzyme[J]. Science, 1971,
173(3999): 827-829.

TARASZKIEWICZ A, SINKIEWICZ I, SOMMER A,
STAROSZCZYK H. The biological role of prolyl
oligopeptidase and the procognitive potential of its
peptidic inhibitors from food proteins[J]. Critical
Reviews in Food Science and Nutrition, 2024, 64(19):
6567-6580.

REA DA, HAZELL C, ANDREWS NW, MORTY RE,
FULOP V. Expression, purification and preliminary
crystallographic analysis of oligopeptidase B from
Trypanosoma brucei[J]. Acta Crystallographica Section

F, Structural Biology and Crystallization
Communications, 2006, 62(Pt 8): 808-810.
FULOP V, BOCSKEI Z, POLGAR L. Prolyl

oligopeptidase: an unusual beta-propeller domain
regulates proteolysis[J]. Cell, 1998, 94(2): 161-170.
FH, AN, gk, N, T, BB, R,
I, VAR PL, TR . A SR N T 1 B 2 S i )
UIREAHT[I/OL). A=W T FE444R, 2025: 1-21. (2025-03-27).
https://link.cnki.net/doi/10.13345/j.cjb.240943.

WANG ZY, HAO RZ, RU Y, LU BZ, YANG Y, ZHAO
LH, LI YJ, MA K, LENG FF, ZHENG HX. Functional
analysis of prolyl oligopeptidase (POP) in foot-and-
mouth disease virus replication[J/OL]. Chinese Journal of
Biotechnology, 2025: 1-21. (2025-03-27). https://link.
cnki.net/doi/10.13345/j.¢jb.240943 (in Chinese).

ZHAO S, JIANG EZ, CHEN SS, GU Y, SHANGGUAN
Al, LV TF, LUO LG, YU ZH. PiggyBac transposon
vectors: the tools of the human gene encoding[J].
Translational Lung Cancer Research, 2016, 5(1): 120-125.
FESCHOTTE C. The piggyBac transposon holds promise

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24

—

[25]

[26]

[27]

for human gene therapy[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2006, 103(41): 14981-14982.

MATASCI M, BALDI L, HACKER DL, WURM FM.
The PiggyBac transposon enhances the frequency of
CHO stable cell line generation and yields recombinant
lines with superior productivity and stability[J].
Biotechnology and Bioengineering, 2011, 108(9):
2141-2150.

GRUBMAN MJ, BAXT B. Foot-and-mouth disease[J].
Clinical Microbiology Reviews, 2004, 17(2): 465-493.
ZHANG HJ, WANG XW, QU M, LI ZY, YIN XP, TANG
LJ, LIU XT, SUN YF. Foot-and-mouth disease virus
structural protein VP3 interacts with HDACS8 and
promotes its autophagic degradation to facilitate viral
replication[J]. Autophagy, 2023, 19(11): 2869-2883.

MA S, SHI S, XU BH, LIU MJ, XIE L, SU Y, LI JC,
LIANG QQ, YE S, WANG YX. Host serine protease
ACOT?2 assists DENV proliferation by hydrolyzing viral
polyproteins[J]. mSystems, 2024, 9(1): e0097323.

ZHU ZX, L1 WW, ZHANG XL, WANG CC, GAO LL,
YANG F, CAO WJ, LI KL, TIAN H, LIU XT, ZHANG
KS, ZHENG HX. Foot-and-mouth disease virus capsid
protein VP1 interacts with host ribosomal protein SA to
maintain activation of the MAPK signal pathway and
promote virus replication[J]. Journal of Virology, 2020,
94(3): €01350-19.

HASSAN N, GREVE B, ESPINOZA-SANCHEZ NA,
GOTTE M. Cell-surface heparan sulfate proteoglycans as
multifunctional integrators of signaling in cancer[J].
Cellular Signalling, 2021, 77: 109822.

GU JC, SUMER H, CROMER B. Efficient generation of
stable cell lines with inducible neuronal transgene
expression using the piggyBac transposon system[J].
Methods in Molecular Biology, 2022, 2495: 49-66.
BIGEE, TIUCRE, XU, W18, TE3E . JE T PiggyBac %
JAE 2 G K R e 7 UL 19 B PR Ay /DN BRUFL 8 48 il 3=
ATI[T]. A=W TAR2AHR, 2024, 40(11): 4138-4148.

ZHAO XT, WANG XY, LIU BL, HU H, WANG Y.
Construction of a stable 4T1 cell line expressing UL19 by
the PiggyBac transposon system[J]. Chinese Journal of
Biotechnology, 2024, 40(11): 4138-4148 (in Chinese).
JIANG DX, ZHANG JB, LI MT, LIN SZ, WANG YQ,
CHEN YW, FAN JG. Prolyl endopeptidase gene
disruption attenuates high fat diet-induced nonalcoholic
fatty liver disease in mice by improving hepatic steatosis
and inflammation[J]. Annals of Translational Medicine,
2020, 8(5): 218.

AGIRREGOITIA N, BIZET P, AGIRREGOITIA E,
BOUTELET I, PERALTA L, VAUDRY H, JEGOU 8.
Prolyl endopeptidase mRNA expression in the central
nervous system during rat development[J]. Journal of
Chemical Neuroanatomy, 2010, 40(1): 53-62.

HANNULA MJ, MANNISTO PT, MYOHANEN TT.
Sequential expression, activity and nuclear localization of
prolyl oligopeptidase protein in the developing rat brain[J].
Developmental Neuroscience, 2011, 33(1): 38-47.

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



