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Abstract: Porcine deltacoronavirus (PDCoV), an emerging virus globally prevalent, causes watery
diarrhea, vomiting, and dehydration of newborn piglets, posing severe economic losses in the swine
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industry. Moreover, with the characteristic of cross-species transmission, PDCoV can infect human
and farmed animals, posing a serious threat to human health. Pyroptosis is a form of programmed
cell death mediated by members of the Gasdermin family, which plays a role in defending and
eliminating viruses. Coronaviruses, however, have developed precise strategies to antagonize
pyroptosis and evade immune responses. This review expounds the biological characteristics of
PDCoV, the process of pyroptosis, and the antagonism of Gasdermin D-mediated pyroptosis by
PDCoV, aiming to enrich the knowledge about the antagonism of immune responses by PDCoV and

lay a theoretical foundation for the prevention and control of this virus.

Keywords: porcine deltacoronavirus; pyroptosis; Gasdermin D (GSDMD); immune escape

6 IR 9 % (coronaviru, CoV)J&— 27 FE i
B BOEBE RNA 8, J2 HETE H & A Rk
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Xt NZEHNEh Y A= i 2 4 AR . AR
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EEA SR P EAMEIET, 15 F 4R s
J sk HA A 5 1), Gasdermin F% 2 (138
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AEM. AT PDCoV 454 8 1% 15 - 4i i s
T3 B ORI AE BEAE R ISR, A R TR
AT fi# PDCoV FEHT1E 3250 K LK TIT KA 3L
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1 BTABRK SRR

PDCoV I ARERIEAT RS, R
Wi T SR & S o 2012 4F, Woo 5 7E P [
S IRAERA I NI E) PDCoVP, 2014 48,
SEIE] | I RS KARRS BRI ) PDCoVH! ™2,
FAT 2 A 244 O A ARG I 2w 28, A
DR 20 57 B A5 ) o3 B 3 BT M XA R A T B
BRI, 2021 48, B URAE B L M3 A S b R
ME) PDCoVI™Y, FHIIZ i 1A B RME R 1Y
FHE. PDCoV E—JME B Eotimss, 18
Wi FE- Ok, SUE/NGOEIRTE . 2494, &
BATHERETE . Wik . K, X7 A A A 3
KB o BRI PDCOV I, I AR IR AR
St AL, PDCOV 2 B IE A A B
) RNA S 2 , HOW IS # 12 BLBRIR SO AR
HMIEA MR, AR ARG R 5 B SR s # T £
“E7R . PDCoV KL ZH LN 25.4 kb, HAE
R 245 5'9FE A X (untranslated region, UTR) .
TR BEHE 1a/1b . % 7545 #4 25 F (nucleocapsid,
envelope protein, membrane protein, spike protein)Jk
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1b mfs i) Z R E 1 ppla Al pplb AT LLFE N T AL
15 N E45#)E F (nonstructural proteins, Nsps)!'? 2,
5 DRI 20 4 5 1) B TR B 00 S R RIS P AE
9 S R B T RE

I B AR BRI ST X T B ak e I s Ffrf%
FEAEH L ORI Z LS N (aminopeptidase
N, APN)RERS SR B8 S AL A, N et
SRR, SRT APN 7E PDCoV &L 15 F=4:d
R A VE AL T 5T o B P2, Zha S0 58 &
B, {1 APN 457 S 40 44 Ak 24 1T i 40 i 2 TPT-21
JE RSN PDCoV MYy ; il APN HI5]
A FRANNLIS L % B APN B 1 A 5201 PDCoV
gy, HERNMMS Y PDCoV HYIRYLA 5%; i
TR ERE APN R i [l 40 B &R 1P1-21 & 3K,
APN @BR 5 ARESE AL PDCoV /EgL, {H
REAE 52 g 7 19 & 1 Y [k APN JfJFE PDCoV
JEYL I — 324K, T PDCoV ZAK M T AR
BE— TR

ST PR B, PDCoV ELAT IS Be A5 5
AR AN TR AN R A RE Ty o B AEDOL B,
PDCoV 7EEYL IR AN LLC-PK1, PK15, ST,
PAM FE IR 41 AL Vero & BE H B B 52 1% 41 B g 48
i (cytopathic effect, CPE), £ LLC-PK1,PK15
F1 ST difid th BRI 2L A0, ILAh, I REME L
WU ZYM-SIEC02, & DEF, &l Marc-145
AR HEK-293 4 fifd , (H 2 A e dr 2% 18 . Fang
SRR EN], PDCoV REMSIRYUL AT A549.
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segk LRI PDCoV AT LFE AR SMNE YL A [] 47
MIANNE, e RIERE DGR

2 AT AR AT

MIAET EH Gasdermin FJEHE NS H
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GSDMA . GSDMB. GSDMC. GSDMD. GSDME

(DFNAS). DFNBS59 (pejvakin)% 6 i+, &
THENUAN 310 T2 BT DFNB59
A, ¥4 E GSDM N ¥ i fL X 38 (GSDM N
terminal pore forming fragment, GSDM-NF)#
GSDM C i B9 4111 il X 38{ (GSDM C terminal
repressor fragment, GSDM-CF), 7EAHURAT
I F B MHPREPY, Gasdermin D (GSDMD) &
HE A ET AT E A

TR W) A B FE YD T3 (Salmonella
typhimurium)EYe i) FWE AN o R B EY fRH
F caspase-1 [A]HfEFE IL-1p Al IL-18 J4E K FHY
B, dE— T LB, FET HR AR AR 5C
41155 (pathogen-associated molecular patterns,
PAMPs) 14651 17 #H 2 19 43 - #5 3X (danger-associated
molecular patterns, DAMPs)5| % , PAMPs #1 DAMPs
Fh 4% 3 1R 5] 32 {A (pattern recognition receptor,
PRR)PUINJE , TE B H TG L5 1Y caspase-1 4 Y
RAIE/MAE G, BT PRR 5219 caspase-1
RAE/IMEIIHZEZ A1, NI caspase-4/5 DL
SUR I caspase-11 REWS H H#24E 8 PRR FIRW &
125 4 i N /Y g 2 M (lipopolysaccharides, LPS)
PE B AR PO, M TR B, WA R
caspase AEE Y] #E GSDMD, Z:45i GSDMD C i
A DR, A R AR A AT AR AR S
HiLE 1 GSDMD N ¥ i £L X 3l (GSDMD N
terminal pore forming fragment, GSDMD-NF)Z&
5 AR SRR A A, A S TR AL R TR
4L (phosphoinositide phosphates). g k22 2 2
(phosphatidylserine) . # /g2 (phosphatidic acid)
L 5 g (cardiolipin) 47 MR P4 W A5 25 45, (2 it
GSDMD-NF Z34E 25 A X SEHEAR 1 4 i, &
LR AR FLEP O, FLE M E AR 18-22 nm,
H1 31-34 1~ GSDMD-NF 41 i, F5c & 5 S04 i
PRUHUHD B 7 , BRI B ) DAMPs DL %
BT (] 1),
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GSDMD-mediated pyroptosis. Active caspase-1/4/5/11: Active cysteinyl aspartate specific proteinase-

1/4/5/11; GSDMD-NF: GSDMD-N-terminal pore-forming fragment; NF: N-terminal pore-forming fragment; CF:
C-terminal repressor fragment; IL-1B: Interleukin-1B; IL-18: Interleukin-18; LPS: Lipopolysaccharide;
Pro-IL-1B: Pro-interleukin-1p; Pro-IL-18: Pro-interleukin-18; PRR: Pattern recognition receptor.

3 PDCoV MU ET

YA AR T2 18 32 R AR Fee ok A Y H B 20 i
WA, A B TIE B R ) A, U
PRTENRL N PO AE0G S350, HCAE 9 S f 2k P X AL
PR30 GSDMD 7E /M HAT 3 i ) R ik
K, % GSDMD /A4 A T-0F5E H ATk
TREM B, Song EMFT KR GSDMD &
caspase-1 FUJEEYT, M FAMEAET-™. )5, Song
FAK Yang £33l il # T %% GSDMD fIHLR,
HIE T M GSDMD 1EA [FZH LM A 20K
T8, A5 GSDMD S g iR T et 1
AR T AR5 2, 5 GSDMD 7E%
BRI R R R EEEN . IR R,
ShH 5 I 255 AiE R B (porcine reproductive and
respiratory syndrome virus, PRRSV)EYL S i 0
E VRN 5 B2 16 ik NOD RESZ AR RIGAZ AT IR
S5 G RAIGEAEZIK 3 (NOD-like receptor
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thermal protein domain associated protein 3,
NLRP3)#HE/MA, 515 GSDMD i i 4l i £5

TOF IL-1B A 23 W™ A % etk 1 M 4 0 2
(transmissible gastroenteritis virus, TGEV)@@%%
2= W A5 REf% 0 215 NLRP3 {0 IL-1B
(940 L &% GSDMD 9 i 1k 195 3% 9% %
(classical swine fever virus, CSFV)/E4L 542 4l g
JERERS I caspase 141 A IL-1B AZIAHIINL,
I HiES GSDMD (G DR A R 955y 75
(pseudorabies virus, PRV)7E YL 54 fili vfd 5 41
MifSRERE 5 GSDMD 4Ry, #iMRE
IL-1B A1 LDH MR, 5340, % GSDMD fig
WEAEHEIRGTE TFN-B JE it JE & MR AR B, 1Y
568 T 0 2R R B DAL g % 2 4 ol e IR s B A %
e, RIEHURTEDIRE™

SR EE I TE ERAE Tz, FEXT R
W ZR S8 M A R G aE AT, B BRIk
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it R 25 ZZ WE R B 45 50 4 i T e R 5 PDCoV
TGEV LI R iiA T4 M 75 9 B (porcine epidemic
diarrhea virus, PEDV) ¥ B UG/ Mgy Rz, X
B AEAT I BRI RO R FIAE T3, X 3R
Pk 7 E R R Y 7R R 5 G 1 A
o, SRR TR T 2 Rh R R ik ke E Y
PRER R, Wi GSDMD 4 S Ay A 710, 44
HAETA R E , PDCoV 1] B o 41 i I i 4%
[Al ¥ xB (nuclearfactor-xB, NF-«xB)¥% 5 [H 1)
T PETERE S KV 52 i SR/ MA RO BGE , T
$iL GSDMD > FHIFET; M, PDCoV %l
[ 7 45 H BB 7E 25 UK - %) GSDMD 7 4=
HAREN, #EmdtfET- & 4% . HE PDCoV
Y5 GSDMD WFSEAHM AR, 7 2t — B HRA
5%
3.1 PDCoV @iZ#iH) NF-kB fESHEinET
GSDMD 453 ) 4 Jfd £ 7 22 i 10 B 4 i
NLRP3 &S5/ MA R . NF-kB J& NLRP3 #24iE/)N
TR ST BB SR g i) NF-«B
FEE I TROTE AT NLRP3 #4E/IMA-GSDMD 4
SRR T W e R R I IR .
W72, PDCoV L5 A BIE NF-xB JH 8+
PTG PE, BE NI W (Sendai virus, SeV)
S NF-«B Ja s+ miE . JFE—afE L
Wl poly(1:C)iFs 5 ) NF-xB 3 8 Ty & P,
PDCoV EZ5#JEEH 5 (nonstructural protein 5,
NspS) HE % 76 47 A Wt e 231 (Q231) 1z A5 1) 1
NF-«B {55 B9 FE 2L 15 A+ NF-xB 275 17 15 7
(NF-xB essential modifier, NEMO), ] NF-xB
5 (E 2PN, gbsh, BHFFEHRIE PDCoV Nspl5
RE A% 3 3o AN R AZ BB AZ R N ) il 1% 1 O 2052
i NF-«B (7 fh( 2)), X8 PDCoV R4S
P EE BB TE R4 S /K520 NLRP3 SE5E/IMA Y
W, Ed R R E S REeE kM E GSDMD
I FEET

3.2 PDCoV Nsp5 ]E| GSDMD #JHI &£ T

Ma 25PN 57 1, SARS-CoV-2 JREEAY N
T REMS = R 45 & GSDMD-NF il GSDM-CF
P EERE IR, BHAT GSDMD fi#ls A PR,
P GSDMD A5 1 £ T F ARt PR 7 A R
TGEV K 3C #£E [ (NspS)BEIZ U E| GSDMD Jf
TERTCIIRER N i BE, Il T= gk4h, Shi
BN, SARS-CoV-2. MERS CoV #
PEDV ] Nsp5 REfS7EM GSDMD 1) Q193-G194
XI5 GSDMD YIHIAL 2 4~ B, Herb N |
BERBEA ST, M 2 N H B AR50 PEDV
F& 4, PEDV 42 F| ] Nsp5-GSDMD &2l
il AT

PDCoV {0 H FirME——Fh B L4 &2 H g
TEMRSMEFRR § alkpedE, SR STE EME
VB, T Ae B 1 3 B vp o i S 1 6
i S ORI VAR Ak Lo s W = TR
PDCoV HAHEE XL, W5k, PDCoV 1y
Nsp5 4§ SARS-CoV-2, MERS CoV 2 fll PEDV
FEFA AR E AR, b 2SR iR
fRsF, RUThaE L HAM LR, PDCoV Nsps
REfS P34 JR () GSDMD VI #1JE i JCIh BE 1) B,
¥ % GSDMD 193 v 23R Q RN A J&,
Nsp5 JTEYI%] GSDMD, #H%% GSDMD [
Q193 J& PDCoV Nsp5 =2 F A7 BT stk
SR HEAY NspS A9 2R (His, H)FIEBEZ R (Cys,
C) 5% 3 %o A A 7% 1 Al 2 OB /E FH (PDCoV
H41/C144 . SARS-CoV-2 H41/C145 . MERS CoV
H41/C148 . PEDV H41/C144)P%5%_ 433114 PDCoV
Nsp5 ZHZd PR FI-F I 2RSS o (HA1A Fil C144A),
HARETE N K, ARE YR GSDMDP,
XKW PDCoV [WAES5#: 2 11 RERE7E 2 11 K F
X} GSDMD 7“4 HARVIFIER, (RS, #
PranET- M kA (E 3). ARG &
PDCoV /&Y Uil f5 , 233 B GSDMD TEF: 5K
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Figure 2 Mechanistic diagram of inhibiting the activation of NF-xB by PDCoV Nsp5 and Nspl5. dsRNA:
Double-stranded RNA; +RNA: + sense RNA; —RNA: — sense RNA; Inactive NEMO: Inactive NF-kB essential
modulator; NEMO: NF-kB essential modulator; IKKa: IxB kinase a; IKK[: IkB kinase B; IxB: inhibitor of kB;
NF-kB p65: Nuclear factor kB p65; NF-xB p50: Nuclear factor kB p50; NLRP3: NOD-like receptor thermal
protein domain associated protein 3; Nsp5: Nonstructural protein 5; Nspl5: Nonstructural protein 15; P
Phosphorylation; PDCoV: Porcine deltacoronavirus; PRR: Pattern recognition receptor.
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Figure 3

Mechanistic diagram illustrating antagonization of procine GSDMD-mediated pyroptosis by

PDCoV Nsp5. Active caspase-1: Active cysteinyl aspartate specific proteinase-1; dsRNA: Double-stranded
RNA; +RNA: + sense RNA; —RNA: — sense RNA; GSDMD-NF: GSDMD-N-terminal pore-forming fragment;
NF: N-terminal pore-forming fragment; CF: C-terminal repressor fragment; H41A/C144A: Protease-defective
mutants; Nsp5: Nonstructural protein 5; PDCoV: Porcine deltacoronavirus; PRR: Pattern recognition receptor.
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RE BV EIE T AT EE 1 GSDMD F8UL ™ A
ANEBZEFET IR B Sl g fE T, e
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