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Abstract Porcine epidemic diarthea virus ( PEDV) a genus-o coronavirus can cause pig intestinal
diseases—porcine epidemic diarrthea ( PED) and has resulted in enormous economic loss in many countries.
The large outbreak of PEDV in China has been reported since 2010 and in the United States since 2013.
RNA viruses induce the production of type- interferon ( IFN) through tolldike receptor 3 ( TLR3) —and
RIGHike receptors ( RLR) -dependent pathways. Previous studies have shown that PEDV infection
inhibits the synthesis of type-d IFN. Great progress regarding the roles of PEDV in host innate immunity has
been made in recent years. PEDV escapes innate immune response by two main ways one is that PEDV
encodes interferon antagonists and the other is that PEDV hides its pathogen-associated molecular patterns—
dsRNA. At present PEDV-encoded non-structural protein 1 ( nspl) papainike protease 3CHike
protease and nucleocapsid protein have been identified as interferon antagonists. The enhanceosome
assembly of IRF3 and CREB-binding protein ( CBP) can be interrupted by nspl via degrading CBP. Type-
I interferon pathway can be negatively regulated by papaindike protease through acting as a viral
deubiquitinase. Innate immune signaling pathway can be antagonized by 3Cike protease via cleaving
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NEMO and the production of typed interferon can be inhibited by nucleocapsid protein via binding

threonine-protein kinase 1{ TBK1) . PEDV-encoded replicase synthesizes a cap-structure to its dsRNA to avert

activating innate immune pathways. These results provide a theoretical basis to investigate the infection

immunity and pathogenicity by PEDV  which may help to develop new vaccines and drugs against PEDV.
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Fig.1 PEDV genome organization Schematic representation of the PEDV genome and ORFs encoding for replicase
( green boxes)  structural proteins ( blue boxes) and accessory proteins ( orange boxes) . The 5°-terminal of PEDV genome
encodes replicase proteins ( nspl to nspl6) . Nonstructural protein nsp3 contains two papain-ike proteases ( PLP1 and PLP2) .
Nspl3 nspl4 and nspl6 encode NTPase helicase N7-methyltransferase ( N7-MTase) and 2’ O-methyltransferase (2’ O-
MTase) respectively. The 5 -terminal of PEDV genome encodes four structural proteins: spike proteins (S) envelope proteins

(E) membrane proteins ( M) nucleocapsid proteins ( N) and one accessory protein ORF3

Fig.2 TLR3/TRIF RIG-A/MDAS5/IPSH and Tyk2/JAKI1 pathways DsRNA of the RNA viruses as a PAMP triggers
the activation of TLR3/TRIF and RIGH/MDAS/IPSH pathways and results in the production of type- interferon and other
cytokines. Extracelluar IFN-a/B activates Tyk2/JAKI pathway and induces the production of ISGs

RIGH/MDAS /TPS4 dsRNA IFN 3 ( interferon—
. RIGA  MDA5S dsRNA regulatory factor 3 IRF3) NF+«B ( nuclear
IPSH 1PSH transcription factor kappa B) IRF3
6 ( TNF receptor-associated factor 6 NF«B IFN-8 IFN3
TRAF6)  TRAF3 4
TANK 1 ( TANK-binding kinase 1 TLR3/TRIF

TBK1) IxB e( 1 kB kinase IKKg) dsRNA . dsRNA  TLR3
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Mex3B TLR3 Mex3B Poly( I
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dsRNA o Mex3B TLR3 nspl o aCoV
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IFN-a/p PEDV o PEDV  nspl
o pdRF3
IFN-a/B IFNAR nspl IFN
Tyk2 ( tyrosine kinase 2) /JAKI . IRF3 IRF3 CBP
( Fig.2) ( ISGs) .
ISGs ° nspl IRF3  CBP
3 PEDV ) | nspl CBP 80%
CBP MG132
2015 Cao 19 nspl  CBP nspl
( intestinal epithelial cell TEC) PEDV CBP
RIG PS4 IEC ! :
IFN-B. PEDV MG132 nspl
PEDV nspl  PEDV Hela
. PEDV CBP
Table 1 References showing inhibition of innate immune response by coronavirus nspl
Nspl Number of amino acids Mode of action References
a-CoV
PEDV 110 Degradation of CBP inhibition of ISGs expression 20
TGEV 110 Inhibition of intracellular protein translation 21
B-CoV
MHV 245 Suppression of interferon signaling 2
SARS-CoV 180 E:(()Jtnelio;es;];ir;ii:tion of host mRNA inhibition of host ;:54 24
Bat-CoV: Rml 180
Bat-CoV: 133 195 Inhibition of type-I interferon and ISGs expression 26

Bat-CoV: HKU9H 175
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Fig.3 Modes of action of PEDV interferon antagonists

degrading proteins of innate immune pathways
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subunit of ribosome and mediates endonucleolytic mRNA cleavage by Xl resulting in termination of host protein synthesis
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( Fig. 1) PLP2
o PLP2 3 PLP2 o PEDV PLP2 RIGH
PEDV PLP C1729A.H1888A.D1901A STING
UbXK48  Ub-K63 o
PLP2 48 63 pPLP PEDV
(UbXK48  Ub-K63) PLP o
PLP2 SARS-CoV PLpro. HCoV-
DUB o NL63 PLP2. TGEV PLP1. MERS-CoV PLpro. MHV
PLP2 RIGH PLP2 Coronaviridae
STING( stimulator of IFN genes) ( Arteriviridae) ~ EAV( Equine arteritis virus) PLP2
PLP2  DUB RIGH  STING PRRSV ( Porcine reproductive and respiratory
o PLP2 syndrome virus) PLP2 DUB
RIGH  STING DUB PLP2 ( Table 2)
Table 2 References showing inhibition of innate immune response by coronavirus PLpro
PLpro Mode of action References
a-CoV
PEDV PLP2 Inhibition of type- interferon deubiquitination of RIGH 10
TGEV PLP1 Deubiquitination of lys63—and lys48-inked polyubiquitin chains 28
HCoVNL63 PLP2 Blockage of RIGd-mediated IFN-3 activity of deubiquitination enzyme 29
B-CoV

SARS-CoV PLpro

MERS-CoV PLpro

Blockage of IFN-3  delSGylation

30
31

Inhibition of IFN8 delSGylation and activity of deubiquitination 32

enzyme 33
MHV PLP2 Inhibition of TFN-3  deubiquitination of TBKIand TRF-3 g:
Arteriviridae
EAV PLP2 Deubiquitination of RIG- and activity of deubiquitination enzyme 36 37
PRRSV PLP2 Inhibition of IFN-8 delSGylation and activity of deubiquitination 38 39

enzyme
PLP ( Sendai virus SEV) RIGH.MDAS
o PS4 IFN-8 TBK1
ISG IFN-8 o nspS
ISG15 o ISG NEMO nspS NEMO
JAK/STAT * . SARS-CoV PLP, 24 kD - PEDV 3CLpro 231
MERS-CoV PLP  PRRSV PLP2 ISG NEMO. NEMO
o nspS NEMO
NEMO RIGH/MDAS
PEDV 3CLpro NEMO
o 3CLpro

3.3 PEDV 3CHike protease NF+«B ( Table 3) o

essential modulator ( NEMO) RNA ( Picornaviridae)

PEDV  nsp5 3C ( Hepatitis A virus HAV) | ( Foot-and—
o Wang " nspd mouth disease virus FMDV)



973

( Arteriviridae)
( Porcine reproductive and respiratory syndrome virus
PRRSV)  3CLpro NEMO

4 RNA B3

( Coxsackievirus B3 CVB3) 3CLpro

MAVS TRIF 71 ( Enterovirus 71
EV71) 3CLpro TRIF  TAK1/TAB
I 4446

Table 3 References showing inhibition of innate immune response by Coronaviridae Picornaviridae and PRRSV 3CLpro

3CLpro Mode of action References
PEDV Cleavage of NEMO 1
HAV Cleavage of NEMO 41
FMDV Cleavage of NEMO 42
CVB3 Cleavage of MAVS and TRIF 43
EV73 Cleavage of TRIF/TAKI/TAB complex 44 45
PRRSV Cleavage of NEMO 46
IKKe TBKH VP35
TBK1 IKKe o
- PEDV 3CLpro NEMO ( http: //www. phosphosite. org/) PEDV
TBK1 PEDV
o TBK1 PEDV o
o Wang " SEV
nsp3 Zhang % Poly( I: C) o
IFN-3 nsp5 ° 4 PEDV
SEV IFN3 nsp3 dsRNA
o nspS
’ PAMP dsRNA TLR3 /TRIF
NEMO RIGH/MDAS /1PSH o
PEDV nsp5 NEMO mRNA RNA
nspS 5 N7- 2’ 0-
o PEDV 3CLpro NEMO 5
PEDV PEDV 3CLpro RNA RLR
° RNA RLR o
3.4 PEDV ( nucleocapsid N) RNA
TBK1 3 nspl3 RNA
( NTPase helicase) .nspl4 N7
- Ding * ( N7-MTase)  nspl6 2°0 (2’
IFN-8 O-MTase) “~ mRNA
ISG15.1SG54 . ISG56 mRNA mRNA N7— 27 0=
TBK1 RIGH. MDAS . 1PSH TRAF3 RLR RLR/IPS4 .
IFN-8 IRF3 IFN-8 RNA RLR
52 .
TBKI1 TBK1 PAMP
- TBK1 IFN TLR .
RLR TBKI1 IRF IRF
I IFN 7 TBK1 S
® VP35 o SARS-CoV 11
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