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HRK, mis, BAE, FAF, sau", % g
(1 MBS B M S B 2520, 108 Bk 5370005 2. ] Pi4e /= WAL 5
AR E S E, P MK 537000 )

W E: B HEE 2/ (Porcine circovirus virus type 2, PCV2) J& 5| Wi W11 54 £ R % £ W 25 & 1iF ( Postweaning
multisystemic wasting syndrome, PMWS ) LI N Alh % A0 3¢ 5295 19 3 2099 J ik . & 1l % (Replicase, Rep) # M /&M
PCV2 ORF1 3 K 4 i iy T g PE E il sh & H1, 3L 5 ORF1 S i 55 — & Hil 4 5& 25 (1 Rep LM A/E = 5 PCV2 Y
DNA BRI il . Rep #E FAEN PCV2 B —Fh b T T REMEEE F1, 20 5% PCV2 HUR #EIR T I — ST = 1 . SR, H
HIA ¢ PCV2 BUR LI K B I BF R K2 AE Cap L, X T Rep & HHIE AL AT SR80 0 B, AR5
PAMNEAERT IR BE , X PCV2 Rep 25 AL PN BAE B VAT T R0 4T, JUHXT AT R BLAY 8 Fi it 3 BLAE 8 B 7E
PCV2 & il 2 7 v AT g & ¥ 1 3 BEAE FH R HLHEEAT T IR, Jf %t HAh vl fE 5 PCV2 Rep 2 A 7EAH BLAE I N 2 B
BEATH , LAy #E— 20 i B Rep 45 1 7E PCV2 Ui Y AU 4E HI $2 AL BB 4K 38

KHRIA: R 2 R Rep B HEHEA; WEEN

HFESHS: S853.65 MHEIRERB: A MEHRES: 1008-0384 (2023) 08-1004-07

Research Progress on Intracellular Proteins Interacting with PCV2 Rep

CHEN Yutong', TIAN Shujing', LU Chunxiu', SU Chunyu', LV Qizhuang">’, HUANG Wei'
(1. College of Biology & Pharmacy, Yulin Normal University, Yulin, Guangxi 537000, China; 2. Guangxi Key Laboratory of
Agricultural Resources Chemistry and Biotechnology, Yulin, Guangxi 537000, China)
Abstract: Porcine circovirus virus type 2 (PCV2) is a major pathogen that causes postweaning multisystemic wasting syndrome
(PMWS) and other swine-related diseases in piglets. Replicase (Rep) is a functional replication initiation protein encoded by the
ORF1 gene participating in the DNA rolling loop replication of PCV2 by interacting with Rep’, another replication-related protein
encoded by ORF. As an essential functional protein of PCV2, Rep could become a new target that can lead to breakthroughs in the
research on antiviral therapy for PCV2, as most of the existing studies on the pathogenesis of PCV2 and vaccine have focused on
Cap. This article reviewed the latest reports published in the world to systematically analyze Rep, especially, the critical roles and
mechanisms that 8 known kinds of intracellular proteins interacted with it may play in the replication of PCV2. Furthermore, other
cellular proteins that are possibly associated with the PCV2 Rep but not yet identified by the scientific communities are also
included in the discussion for future exploration on the PCV2 pathogenesis.

Key words: Porcine circovirus virus type 2; Rep protein; interacting protein; host proteins

~ 4 3% Wy 2% & ik ( Postweaning multisystemic wasting
0 515 syndrome, PMWS ) AU BN, 1 H i T HAEN &

F IR B9 88 2 B (Porcine circovirus virus type 2, KA, PRI B B A T2 RS, 5]
PCV2) & A7 T K1 04 J8% e 0t 2L 3 40 14 e /) TG 98 JE A8 FLA AR 5 B S g BB N, 3N TR B A R
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syndrome virus, PRRSV). %% 4l /) %5 # ( Porcine
parvovirus, PPV ) I {5 B 5l 4 G SR GL KUES , &
BRI S 5 R A 1 S PR A R P R
2007 4E LAk, RS B R B AL A — B LR
iR 7 PCV2 JRGL i R A=, (B THERER e, (L
AR, H PCV2 SRABF G, SEH AREE 2 M
Bij PCV2 &Gy, PCV2AH SC B A5 9K 75 4% 37 vh B 4
X4 E Y =2k SRR AR E L T AR R BT, ik
WY A 2B R H, 6T POV2 B ik —
At fe A, BET, R T 8MEN S PCV2
SHIREE N (Rep FE1) fEMNBATHEAEN, (HHE
AH AR AL B I T 268 980 04 A= ) 2 3 L R 58 2 T
. PCV2 Rep #1114 7] B -5 H AL 4 85 A7 75 AH B
YERT, B DG 26 j P BAT B 1 0% ol 288 KA/ AL
BAEMEREEMBEN ., KW, &A3C8E6ENM
i WF 5Tk JE X PCV2 Rep 25 11 19 i A ELAF 25 11 114 b
2. BAENLEI S T R 2R A ) 2 B LT R G
PEGrHT, LA E— BRI 5E PCV2 Rep 2 I 7ENR #E &
il R VR R 2%

1 Rep & & MR

HAT, Rep & A#IANZE PCV2 B (1 g% Ji
Erz—", BommdesrEn, o pcva &
PR 215 37 v 5 SR I8 3 ) 352 HE ORFL Gt A5 T ke,
34 MR, T EA N 358 kDa, TE5RREE H
(1) Z2 A 2o AR A B A T 09 G 928 vh B o DG R R A 1
FA™. [, Rep 2 T LIS 4274 Rep 81, —
FHRTE ST, TTRIALRZ 555 DNA IR H,
AR, Rep A FEEM TAMZT, HHE
TETER 3 HEFEALAL 1 (23~25 aa, 256~ 258 aa,
286~ 288 aa) P, i P A7 51 AT AR #E PCV2 Y
DNA & il , 55 3 40 3L Ak 7 5 286~ 288 aa M| &5
PCV2 DNA RIS I B VIAH G, KW Rep H I
B FEALTE PCV2 B A A= i JE ) RSO ATL B o ke 8 224
AT R BTG R W], Rep 2 (A0 AR p3s-
MAPK il j#% 3 58 PCV2J& 4 i £ 1 [ /v % -10
(Interleukin-10, IL-10) 2™, AL, &
WFFTUERA , PCV1 F1 PCV2 22 [8] () Rep F137% 7% & 1 (1
AR 4 (Origin of virus replication, Ori) J&5¢ 42 1]
TR, T 22 IA) R AL R A e ks o T R e R
TFEEE ( Modified liveattenuated vaccine, MLV ) FIfi#
] PCV2 I3 R 25 # A Th g e R ARt A i TR,

2 RepZa5HwEaguiazittm
PCV2 SR 2 /MR, HIE UL F o/, 2

1.7kb, HERMSARES855, WL A a6 852 2] 2 Fh
i E R R, R T E FE A A AR
dese . Hk, BF5E Rep & 115 HAL & (R
YEZSCE S, XuHHl PCv2 & il . B 1k PCV2 &
Yea] PMWS DL Ko HoAth 5% A OG5 i & Jre i J X4 1 o
HEHAT, LRI T AN EAF LIS Rep FHH
MEAEH, 16 PCV2 Bl B, sk 1 F
. Bk 2006 4F Timmusk 2" I FH GST pull-
down 141 T8 A2 A8 i B0 A BLAY Cap TEH . Rep’ &
. syncoilin 2. c-Myc Z5 [, 2009 4F Finsterbusch
AU R RS R EIETTTE (Co-IP ) k8 3
A BERR 2 1 ZNF265 . L8 A2 IR 1~ VGSQ i fik v
BE DNA BiRALEE ( Thymine-DNA Glycosylase, TDG ),
PAK 2020 4F BB R Co-IP 135 % BLAY 3-H55E-
3-H 3L TR BRTE 4 RE A 6 )R S (3-Hydroxy-3-
methyglutaryl-coenzyme A reductase, HMGCR ),

&1 PCV2Rep EBMAEEER
Table 1 Intracellular proteins interacting with PCV2 Rep

et i 54
protein Function Reference
Cap Z5pCvadl ¥ [12]
Rep’ % 5PCV2SLH [12]
Syncoilin A 39 FEDNAKLIZ T4 5 [12]
¢-Myc T4 it 43 54 [12]
ZNF265 A1 J0 P e s R B 4 [13]
VG5Q ek i A [13]
TDG RREASPSEIST [13]

HMGCR Z 580, [RERA R & FTAREERIPC V2 H] 1]

R T TN W R Rep 2R 15 HAM AR E G
ZIMER, B BEAERAITT GO HENI I
Bro HRE GO LW, MWEEMS Rep HIEAEHKY
EEHATIIAEN S, R GO Fh S & 4 4 I Se Pl iR
B E E AT A3 2 . A AR I S R 1 Y T BE
KB ACHE . mRNA AT . RNA 87 4% | JH & BEAR
B RNA T . ZEEmARH . KEEEAEY A . B
FEY AR IEEEAEY AR . BRI G EY A
B G A IR (B 1-a). RS, FIH STRING
10.0 48 EAGE T Rep 15 Bk 8 N0 %@ M il
WEHAEE A AR (K 1b), KRR
BT Rep 25 115 HoAh 54 88 1 22 18] 14 L4240 BLAE
KFR, WTEW AR T & HAE R A AT Y B
%, W5 Rep & F A HAE H 19 Cap Fl syncoilin 7K
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Z I WAFIERC &R, AR, XAPEE R WAFAE T VGSQ. Rep % H 7£ PCV2 & il #F F2 v 14 7F FH HIL il $2 486 T
ZNF265 Fll TDG % H Z 8] , X 263y it — 25 ) B¢ 2%,

(2)

GO 257 GO category

-1.5 -2.0 2.5 -3.0 -3.5
GO W&
The enrichment of GO

a: 15 Rep AHELAEFI M0 P9 8 1 (0 Th 00 28 o BB T 4T JLAT P AR 1Y) GO B AIME M bRv . X 2648 4 52 Hh 5 Rep AH B4 (M & 11 B GO 1)
WAELBIIEAT I b 5 Rep MEAET ML A & BAEM 2% B 35038 bR IC h Ho0 R A Rep, 2L =AMIBARCA S Rep & (A HLAF T
RPN, BB ARIC N 5 2 YU ER TR R 40 i R .

a: Functional classification of identified proteins interacting with Rep. All GO categories with a P value were chosen as criteria. The identified proteins
that interact with Rep were sorted by enrichment of GO categories. b: Rep—cellular protein interaction network. Central protein Rep is marked in yellow

diamond; identified proteins interacting with Rep, in red triangles; and host cell proteins related to identified proteins, in blue circles.
E1 BEXESRep HEEREANEYNEREDN

Fig. 1 Bioinformatics of identified proteins interacting with Rep

2.1 RepZEHS Cap BEH %o BRRER, T Cap 8 1Y K R,

Cap % 1 /& PCV2 M — &5/ R M, HRE IR HAFEPCVIMPCV2 T 2R BE, HAZE8M, &
DNA | K i 702 bp a8 705 bp #Y ORF2 4 it 4K 5¢ s PCV2 A E il B b B R EEAEH, X PCV2 1
TSR E RS AL, 41K 234 aa 5 235 aa, T gitgRaE A —E R FRE, TR
YR 27.8 kDa, [R]E R 5 5 R 1 3 e 1) 2 B [ AT PCV2 [ BRBHFFRAL, JE PCV2 ZEHT #4511
I, 596 800 A e 35 400 A & A o AR A TR, B, EFXF PCV2 W R P TR
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Wrg EE AP EZE A B MOIESE Cap 8 ATE
PCV2 & il ik B o] LS 11 g 9 2 A AR Y,
WE A WFFEUEH Cap 1T A5 gClqR & FAAH 5/ ok
P4 PI3K/Akt, p38MAPK Fil ERK {5538 %, Mt
M OIL-10 4 % 3k M b Ab,  Timmusk 25 UL 7R
2006 4E 5t B 4 UE 5L, 7E PCV2 & Hil it Cap 1 & 45
& % Rep % A Ml syncoilin fE A FAHEAEA, RS
H5&H, (HE %4 H Rep H15 Cap & 17E PCV2 &
il JE 40 e 2B AR ELAE T B BOR AN W R o SRl i A
FERW, 15 PCV2 IEGL R F 4, Rep i H Ml Cap HH
Y3 AT 3 3k A o) T B ER NN e/ (IFN-stimulated
response element, ISRE) Jii 2l + 09 ¥ I 1M 410 1 15 3=
I BT E (Type linterferon, IFN) {55, [H7E
Wl R e P 2 ) R AR B A AR TS SR R
FSIEN
2.2 Rep ®EAS Rep’&EH

Rep’ Fil Rep ¥k ORF1 4y () 52 HlAHCEH H, #B
& PCV2 T i ", Rep 4 12 ORF1 mRNA
SRS AL, KE N 178 aa, 73 FHZIN 20.4kDa,
75 PCV2 (¥ 42 il i F2 b % 4 o B4 1 207, R4
Rep’ 5 Rep & H ¥ i ORF1 4w, W% N ¥ ¥ 51 58
A, B Cu A ERIF I ER K., AR E
By, ARI[E-TF Cap H 1, Rep & 1M Rep’ & HA =
R PRsFME, FEPCV2 E I A LB d, Wi
DNA 7£ 15 & 20 M 4% N & i S5 DNA o Ja] 44
Rep £ 1 F1 Rep’ 2 115 Wi DNA [ {AZE &, 151
DI DNA FPA1, 3d i ¥R 36 07 sUBE AT 7 DNA B9
S RN E AR, Rep (ff B i 0 P
AR IEF A ( Covalently closed circular, ccc) 2 )3 3
HI5E & AL, I NFEA7 1) DNA 8 A= Bl B 65 211k
( Circular single-stranded, css) JE[K 2, Rep ¥ #|4:
£ P E A g, DO P A R cec 43 F, HI Rep Al
Rep’ 8 (1L [FVE HIHE 8 PCV2 Bl #EFE
2.3 Rep &H 5 syncoilin &R

syncoilin 8 FH Z& A L E @ — Ml £ & [,
PCV2 [ syncoilin 2 15 A 25 syncoilin £ 125, =
S5WEIZHEH (Desmin) WKL, 1 HEA N FH
% DNA Ha s ishie™ . F4E 2006 4%, Timmusk
2 120 5 B ) GST pulldown i 30 3F 52 7 Rep % 115
syncoilin 2 [ Z [ AHEAE T, DL KARHE syncoilin 25
FA] DL 5 50 2R 4 8 AL 2 2R R A AR
JH & A3t 48 Jf A & 57 R 40 Bf i 48 2 TR A R R, AT
PCV2 ] g 2 H Rep & 11 575 3= syncoilin 2 [1 2 [1]
HAH B AR HSR A3 PCV2 2R H BUB0R 78 1 A i

wifEH, Mk PCV2 DNA 5 il
24 RepZ‘EHBS c-Myc EH

J5 g 5L K c-Myc BEJE —Fh G SRl i, R
— ] i 240 A 3K TG B 3 E AR O 4 U L ) . B
1 (i 7 e € 87 1 7 N 5 e D &1
JEV 0T ) 2 AR b A A LAY AR e, (ELTE A P Y
Feakad BE G M A 5 Ak, An AR AR 22 i e i i v R
EREERBET W, oMyc EEBE BN KL
FERE KA TT P BRI LIS, ERB S TS
SRR . c-Myc 8 18 F 2006 4 5 9k (4 4h
ESCAE IS5 Rep & (A AR, (HY24 ik A
A i — GRS Z RAEZEAR A BAE T,
AT W55 1) B Al AT] =2 e A B A A A= 2 . A
S5 45 T A THRE 5T 450 c-Myce 5 Rep 2 [ #4941 B4
FTRES S 518 PCV2 B & Tl 72 .
2.5 Rep A5 ZNF265 &R

ZNF265 5 e BT 1997 45 K B B /N ER 55 40
b sE e, R DNA 254 8 H—— K kb
# A (Zinc finger protein, ZNF) ) —F, BEAFH
WIS CATIBHE R, M RARBEEX, — e
fifi =, —A° SREVEL, JZAPAE TR i
FHERFIESE, S b sy g sk s, ol
LI 5 DNA. RNA 58454, R P E ¢ mL 40 il 43 4k |
AR B SR 4G s, 2009 4F, Finsterbusch
260 s ) P e 2 0371 35 LT 0 L 97 38 0 P
TRE M ZNF265 feffil il 455 Rep AR C v 5 H i
TTMEER, BESARA#E L RHE R~ LA
PR EIVEIPLET, A REE 1 BUA 1B 55 B kL I — 2%
() EAE T RES 2 5 R A P 5% S RN B 42 A b
2.6 Rep ®H5S VG5Q &H

VG5Q & & — A &0 i 4 A s 7, T LA
HE I AR, A A A G R R AR B  VGSQ
FEER W LA, VGSQ At nl 5 N iz 41 i 45
A, PEUEAN MG A, H T DUHE T LT AR L B 4y
W7 R AEVER P SR, JRAE FCAE g i A AR A
R F I R _E 0 0 S At ok T Asfk, H o B
TR R AERE G ME A SRR, 5 R-=
Wiz 253 1E (Klippel-trenaunay syndrome, KTS) A%
A B BARSERY I, B A B R MG VGSQ Y
23K T P9 R 40 R A0 R Y, X iR
W T AR . Bk A, R
Finsterbusch 25" £ 7 2009 4E3iF B T PCV2 Rep & 14
5fs FE M VGSQ Z I BAE, SR H Firik A& WAT ¢
P BAE B AARAIL ) B e 2 AR W 2 3 ik — 25
it
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2.7 RepEHS TDG &H

TDG #H [ /2 PR W W 5 52 i 1Y) R 5 e DNA Fi 31k
fiff ( Uracil DNA glycosylase, UDG ) #ZiEHH)—51,
A B i 410 D LR R TR R R —Fh
DNA &M, nIS55 %00, (AFEEhESF
ZH R E A S EEN, RIRRE R LT 0
MR =9 . BLAh, B RN BIIE VI bR BUEE DNA
5-methylcytosine (5mC ) HJ%E k™4 5-carboxylcytosine
(5caC), 5 DNA =W A%, ARy, cA
FRW] TDG 5V 25 5 K1 G BT il Al
DNA HEH:#4R ( DNA methyltransferases, DNMTs )
ZIEWHMEAEM, WA 5 20 A IEE eSS T
TDG #E F17E DNA & HIEAL R A 2 30, REH
SR A s M AT ANV A, BRI R TDG 8 A
A LR s T REREDY . A FLTE 2009 4R L IE A
T Rep & 145 TDG & [ Z Wl A A1 T AR ™, (B EF
2019 4 Wu ™ A JE— 557 K B PCV2 Rep % [ 7]
i 3 O 75 T p38-MAPK 15 5 18 1% oK {2 #F NF-«B
pS0. Spl 5 il10Ja s+ 456, Mg IL-10 9%
ik, I HAEM PG TDG & H & — K HE
A, HRIFH BRI Y] TDG 2 A 7E M fe
() LR ML K 5 Rep 88 (1 UM B9 EARHLH]
2.8 Rep EHS5 HMGCR EH

HMGCR & A& H 4 BT8R 5, oT
DL s B R iRk 2 . RN, EXS5 TR
B, R A, &R, SRR E R YA
B 0 PR . BLAl, BRRES S Z MR ERA
T E AN SE R, o FE R AR MR E A &
g1, 20204, BB M@ i Co-IP i B0 3E B
HMGCR & HAEMS 5 PCV2 Rep HEHMEAEH, Ik
P HMGCR FE#Z 30 PCV2 ARG, {H PCV2 &
e )5 23 HMGCR 263, PN PCV2 SR YL )5 7T RE
23l ot H Rep 25 15 16 £ 85 1 HMGCR Z [8] 19 AH B
i I R 45 5t HMGCR 25 1% PCV2 & il i 310 i 1
HBAT =3 Z [ AH 5 A A BAR LT 2L & HMGCR
B e M PN ) B EE 78 O R 5 B — A AR
29 HbARES PCV2 Rep ERHFAHEEARNEA
E{=]

T A AR BRI VA 0 LR 2 AR s
5 Rep EAFEMEAEM, EAT S & Rep HEHAE
FAPLHIAF TR B — A8 7 W Flan, 2013 4F Tang £t 36]
W R BN A 1 A (CyclinA, CycA) A LAiE
1T {2 Rep & 1 H 2Kk P PCV2 DNA & #il . 53
HIF9EEW, HAE-2 (Interleukin-2, 1L-2) 1 A] {2
#EPCV2 &I T I, HEW CycA M IL2 K H 5

Rep & [EVFAEAT TAR D, (HZ H i RIE
Po WA, HIFTIEHPATLEH ( Heat shock protein,
Hsp) 7€ PCV2 (W E il B rh R HEEEAEH, LI
J& 55 Rep 2 UM BAEF B — A Fr i ) i, R
Hsp40 F1 Hsp90 ¥4 & 8% 3iE B 7F PCV2 B9 &2 il i B v &
HEHERZMEN, (e %A 5 PCV2 Rep & A B.1E
P R, EARTE R, A BT B Hsp70
AILAIE R PCV2 B H, Refg X PCV2 LR 4 E
i A R TR P AR R B SRAE T, HIRRIE A
Hsp40 5 PCV2 Cap & 112 A A0 B/ g E ™, 2
7~ Hsp70 HL4R 7] 583 1 5 Rep & M AH H.AFE FH R A 4%
PCV2 &2 1™ RS MBFSE KB, PCV2 iYL i 72
Hsp27 R LB LA B KR BRI, I
{& #f PCV2 DNA & il LA K 95 5 bL T 19 T8 i, 1
Rep & [ 3 B (i Ze A v ", DY e i 4
A% b Rep 8 115 Hsp27 8 14 % A2 AH B4R F 14 7 fig
PEIR K, (HIEA frik— RS0

3 BAFARER

Bl A AN, A% R R
R EEEHE AR Z . PCV2 AT LU
SR A — RN SRR, FE A ERIE FE N A R
b E R Bz e g L Eik, X PCV2 Bk AL
M IaIE AR, T PCV2 H B AYEE, H 51
= o F G A B AR T RE & PCV2 B0 Y EE AL
#1™. Cap & F11E N PCV2 [ME— S5 111, 4%t
PCV2 Cap S H MM EAERE AR L, HINEEE
B A ) 5 2 28 Cap B 1R TIT, XF Rep 2 11O BF
FER . SR, Rep & AFE PCV2 MR ANE il # b
W EEMAMG, 2 PCV2 T AN, H Rep &
M E MU 5 248 A EAE RS PCV2 1Y
SR, Hik, % Rep A5 HM AN EAEE A
VE R AL AT R HEA T 050Ky B PCV2 305 B R 2
e 2%, sF T s sl AR — S
Rep & [ 14 I 9 BAREE (145 6 0 Rep 28 11 5 LN R
F R EL AR T, DT SF 2K 1) 98 917 5 18 205 7 A O 9
R A E Y, RIRYT R R P8 1 AR DG Y —
By .
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