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Porcinetranscription factor AP-26 promotes porcine
circovirustype 2 replication through enhancing the activity of
the rep gene promoter

Yue Wang?, Dongfeng Song', Cui Lin?, Jiarong Li*, Shengnan Wang', Jinyan Gu?,
and Jiyong Zhou?

1 Institute of Immunology, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

2 Key Laboratory of Animal Virology of Ministry of Agriculture, Zhejiang University, Hangzhou 310058, Zhejiang, China

Abstract: Several putative transcription factor binding sites (TFBSs) exist in the PCV2 rep gene promoter. To explore if
porcine circovirus type 2 (PCV2) could regulate the viral replication by using these TFBSs, we conducted electrophoretic
mobility shift assay (EMSA), DNA-pull down and liquid chromatography-tandem mass spectrometric (LC-MS/MS) assays.
EMSA confirmed the binding activity of the rep gene promoter with nuclear proteins of host cells. DNA-pull down and
LC-MS/MS identified the porcine transcription factor AP-25 (poTFAP23) could bind the PCV2 rep gene promoter.
Dual-luciferase reporter assay, quantitative real-time PCR, Western blotting and indirect immunofluorescent assay
demonstrated that poTFAP23 could not only promote the activity of the rep gene promoter, but also enhance the
transcription/translation activity of the rep/cap gene and the virus titer of PCV2 during the entire life cycle of PCV2 infection.
This study revealed the molecular mechanism of PCV2 using host proteins to enhance the viral replication, provided a new
perspective for studying the pathogenic mechanism of PCV2 from virus and host interactions, and provided a theoretical basis
for developing highly effective PCV 2 vaccines.

Keywords: porcine circovirus type 2, rep gene promoter, transcription factor binding sites, porcine transcription factor AP-25
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Tablel Oligonucleotide primersand probesused in this study

Primer name Primer sequence (5'-3') Application
cap-s TGTAGTATTCAAAGGGCACAGAGC gPCR for cap mRNA
cap-a CGGATATACTATCAAGCGAACCAC

rep-s TGATGACTTTTATGGCTGGCT gPCR for rep mRNA
rep-a TCCTCCGTGGATTGTTCTGT

B-actin-s TCATCACCATCGGCAACG gPCR for B-actin mMRNA
B-actin-a TTGAAGGTGGTCTCGTGGAT

pli9biotin-s  Biotin-GGCGGGGGTGGAGGAGCCAGGGGCGGCGGCGGAGGATCTGG  Biotin labeled probe for

CCAAGATGGCTGCGGGGGCGGTGTCTTCTTCTCCGGTAACGCCTCCT

EMSA

TGGATACGTCATATCTGAAAACGAAAGAAGT

p119biotin-a

Biotin-ACTTCTTTCGTTTTCAGATATGACGTATCCAAGGAGGCGTTACC

GGAGAAGAAGACACCGCCCCCGCAGCCATCTTGGCCAGATCCTCCGC

CGCCGCCCCTGGCTCCTCCACCCCCGCC

1.5 DNA-pull down BX& LC-MSIMS ¥ EZ5

CEA=

PCV2 rep
DNA-pull down
LC-MSIMS 5 ug
pl19biotin 500 ug PK15
30 min
4 C 3
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)
1.6 EFHRKALE
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(GenBank

C )

NCBI
XM_003356639)

pCMV-N-
Myc-poTFAP25 (Myc-poTFAP25) PCV2rep
pGL3-Basic-p193 (p193)

1.7 WA REREER KK
PK15 24 24 h
75% Lipofectamine 3000

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

Basic/pRL-TK  p193/pRL-TK Myc-EV
Myc-poTFAP25 PK15 24 h

poTFAP25  rep

1.8 SERTRJEESE PCR (Quantitative real-time
PCR, qPCR)
PK15 12 24 h
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Myc-EV  Myc-poTFAP23 PK 15

24h (Multiplicity of infection,
MOIl) =1 PCV2 HzZ0201

24 48 72 h trizol
RNA 10 ng cDNA
(SYBR ) rep cap MRNA

1 gPCR

Green Master Mix

gPCR
gPCR
SYBR

1.9 HIZENEIRLE (Western blotting, WB)

Myc-EV ~ Myc-poTFAP2S  PK15
PCV2 HZ0201 (MOI=1)
1.8 24 48 72 h
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PCV2 rep gene promoler

-193
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GCGGTAACGGTGGCGGGGGTGGAGGAGCCAGGGGCGGCGGCGGAGUATC
ZNF263
TEAPZ/EGRI/EGR2Z/EGR4/KLF16

EGRI

TGGCCAAGATGOGCTGCOGGGGGCGGTGTCTTCTTCTCCGGTAACGCCTCC

YYI
-15
TTGGATACGTCATATCTGAAAACGAAAGAAGTGCGCTGTAAGTAT T-ori-3"
XBP1/Cren/Atf /AN IRF7

1 PCV2rep £EE BN FXEEE TFBSs FUM E

Fig. 1 Prediction of putative TFBSs in the PCV2 rep gene promoter. Sequence between —193 nt and the ori is the
PCV 2 rep gene promoter, the marked sites are the high score (score>10) putative TFBSs predicted by JASPAR database.
The probe used in EMSA, sequence between —133 nt and —15 nt, contains all the high score sites.
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p119biotin + + +
pl19 - - +
Nuclear protein =~ — + +

DNA-protein
complex

"
Free probe n - .

2 EMSA WiErep ZEEBEHFHHRERLGAEN
Fig. 2 Identification of binding activity of the rep gene
promoter with nuclear proteins by EMSA. pl19biotin:
biotin-labeled EMSA probe; pl19: EMSA competitive
probe; nuclear proteins: PK15 cell nuclear proteins.
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Fig. 3 Effects of poTFAP25 on the activity of the PCV2
rep gene promoter. The relative luciferase activity of
Basic and pl193 in the Myc-poTFAP25- or
Myc-EV-transfected cells was detected. ns: no
significanthy difference; **: P<0.01.
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Fig. 4 Effects of poTFAP25 on the expression level of the rep and cap gene mRNA. The relative expression level of
the rep and cap gene mRNA was detected by gPCR at 24, 48 and 72 h post-infection (hpi) with PCV2 HZ0201 (MOI=1)
in the Myc-poTFAP23- or Myc-EV-transfected cells. *: P<0.05; **P:<0.01; ***P<0.001; ns. no significantly difference.
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24 hpi 48 hpi 72 hpi
Myc-EV + - - - + -

Myc-poTFAP25 —
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Cap
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5 _
5 [ MyeEV s 231 ek
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5 poTFAP25 3} Rep & Cap &R FIAKFRIZM

Fig. 5 Effects of poTFAP25 on the expression level of the Rep and Cap protein. The relative expression levels of the
Rep and Cap protein was detected by WB at 24, 48 and 72 h post-infection with PCV2 HZ0201 (MOI=1) in the
Myc-poTFAP25- or Myc-EV-transfected cells. The ratio of Rep/B-actin and Cap/B-actin was analyzed by Imagel
software. ns: no significantly difference.
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Fig. 6 Effects of poTFAP25 on the viral titer of PCV2.

The viral titer of PCV2 was detected by IFA at 24, 48 HSv-1  LAT

and 72 h post-infection with PCV2 HZ0201 (MOI=1) in [19)
the Myc-poTFAP23- or Myc-EV- transfected cells. HPV EG/E7 P97
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