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WIATHEREYS (Porcine Epidemic Diarrhea, PED) J&RIIAMGTE . XA 7K
AE B AL G, HAFE N e SR 3E . FEIRAT YIRS (Porcine
Epidemic Diarrhea virus, PEDV) &S % PED K% 5, HEl) Z AT GIZERE R
PEDV EEHRXHT AT R B REIE 100%, 2 3RIEFRIE G K T RIS Tk
PN BT I S 20 i A R AT e £ LR, AR 2R P 5T A S N ke s 4 i i 7 THI
EE EEAER, W B I S RE A P B SRR SRS AR R 2. R
WP T8 235 AiE el PR 75 55 N el PR 25 ) S, 1o e A e RO 75 S0 >k X
PN 5T SO 5G B F RIE,  (HIX PR BLOR R A2 S ARAE T PEDV AN BT B2
(B AR A . AW FLHE S8 PEDV AN BT I BEC (8] (A BRI R T, 5 AEEHAR N
J3 P SO AN [F] B2 (R 2 PEDV Rl 52 . it PEDV 454015 35 5 I SLEATL i)
FFF R AR ST PEDV 4rF, CAUHREN PEDV BURHLEIHT IR 4E2 % . NHL PEDV %
VIR IT RS2 B8 I SR PR R 20 1 BRI RN AT
1. PHRMBLEINE PEDV & i K AR R ALE]

DA A 5T NSO PEDV IR REMR, A5 FH 22 S A Joi X B IS 3 AR R 3R
(tunicamycin, TM) FIFEHH%E N & (thapsigargin, Tg) ACFEAHALT. X360 REUHI 24
WAL IR T OB R BT A TM. Tg WACEEAIME 8 h, LAHERRZ4)5 PEDV i
BRI PEDV & H B A R B2 0 . 7E Vero 4HAE_ MK 1 P9 o I RESOR GI-
b. GII-a il GII-b 2 A W77 PEDV & il (U520, 25 R &7k PEDV (/KT B TM.
Tg <5 A BE I i 87 P& A%, 76 LLC-PK1 40 b Al 4s B B x TM. Tg TlAb#
SFERBE S PEDV E ], 53408 K A PO 28 38 T R A 1) P J5E X S 06T
PEDV & il H — R/, WA 5T S 3RE P B 15 3= 240 B 40 A (=] 35 (5] Y
PEDV %L, AW FEAB A8 /KT 1 5t SO PEDV EHIIRISZ I, 4524
77 RONFELCERHT 8 h 454748 Ik TM. 25 R T™M AbFRZH 8 A i st < . R AR i
PR R/ TRREE e, H ™™ 4BA+ 3% =W, BEMg%ET PEDV
B BT R T AL, SR PN 5 I S REAE 3 K T & PEDV B il
R T BN B N E] PEDV B R BRI SE A RN, SR ER R A
TS N R AR B ER BEHTH] PEDV &, R AMNE KBTI UL 75 KBS 1o X
PEDV HFEA #d1EH, F£W PEDV BHIEHIF REKHHZ@IE . S5aillE 7 W B R
WO S EE BN PEDV EHIHFm, KIAAERE 78 T8 /K 0 200 15 &
F (78 kDa glucose-regulated protein, GRP78) £ ZE 1| PEDV &, RN M

bR 5 8 GRP78 & W A ot ) S ) PEDV S il 3 208 F 8 H .
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2. PEDV #lIi) P4 JiE  RL R £ 5 B GRP78 Ri& R FHAEFHLH]

NIRFT PEDV BE5 45 Ho N 5T M B H0% 8 AN, AR 1FAE T PEDV %)
GRP78 FiEWFW . & PCR 4R E/x GIERAAN GUERIA PEDV #SRe{eit
GRP78 #3%, {H Western Blot 45 .7r PEDV [&4)5 GRP78 & AR IE &= AN
s, RIMERERERGSS 36 h BIE TR, KHEN PEDV nIRefE & A i K- P 51y
GRP78. ft PEDV JEGLH(T 5 AR [ mAEH TM. Tg ALBEAH M LAk — 2258 1iFE PEDV
X} GRP78 Fx KA, 25 RE/R7E PEDV BULET 8 h A TM FilAb 341 i sl e
PEDV 4L [A i I TM ALFEAN i), PEDV/TM 40 GRP78 ik & #l/bF T™M X R4,
ERRIREA KR, FEMFILB R 24~ PEDV & Hl4 5E Mk <. 3— 5l
PEDV /&4 )5 24 h fi ] TM. Tg AbEEZMMIXT GRP78 T HRIAMIFM, 455H WoRfE
IR GUEER YA GIUZE K Y PEDV # R i 2 4] TM. Tg i3 1 GRP78 Ki&,
HAZ3M/ERTE Vero 4HMdF1 LLC-PK1 Al #RREAL AL, KB PEDV RefE R HH /K
SFHIH] GRP78 Kik. HAMNEKIL PEDV eI RS GRP78 id&RIL., T
PEDV it GRP78 #3%, ZEM mRNA FIBEAIE H MMM A TR S PEDV il
GRP78 F ARIEMIHLE], 455 B8 PEDV B YL e AN BT, mTitns
FEAFEMRREAGELEM PEDV X} GRP78 FEEAXRIEM NG, £ PEDV Ll
I J B S I GRP78 B (A Rk 1 i
3. PEDV nspl4 i GRP78 Rik R FHAEFHLH]

RiE— R 5T PEDV #I] GRP78 FRikMIMLE, AW 7% 18 PEDV #ii
GRP78 FiXMFEHEFERH. WX 1 FRIELEHMEE (non-structural protein, nsp) 2.
nsp3. nspll LAANETH PEDV fRAXT GRP78 RIEWIFAW, KRILAA nspld B A 0
GRP78 FIEWIW: 71, £ HEK293t. Vero Ml LLC-PK1 4if L3t — L Hffi T PEDV
nspl4 X GRP78 £ AKIEMM, Z5REIR nspld BEHKIH TM. Tg FSFH
GRP78 £i%&, X PEDV nspl4 GefEHE H /K477 GRP78. NiESL#E T nspl4
] GRP78 Kk 2 rH PEDV #tktL G HrAl, LA T 83 ¥k PEDV i nspl4 2
FIRFA, I PEDV nspl4 f71E 24 Bz FL B Fr 51 2R 8 HIX L8 71| R 7 (AR R bk
W 7 BT PEDV JERAL. [FEMEHT 45 R BIRIX 24 Tl 5B R IR P35 H IS
99.25%, 7L o3 AT SR IX BE P A1 R RV AR AR AE AR R A AR, HA&- D
P AR SRS, KW PEDV nspld FIREER T HVIRINEE T R5F . 20 AR T IR
AMIBG N AEIR N7 F 3L RS B DT RIS TR ) PEDV nsp14 IRIA A, KeiXeegk ik
Y3 HEK293t 40/ b LAVEAL & nspl4 FRAZAHNH] GRP78 HEEHFRIEMEE ). 451
R HAA RRAE N7 R R By Dhaedso N DhRe A7 /i 52 2T ER T PEDV nspl4 #1]
GRP78 THEKIAMIAE ), ViU nspld FEAH N7 FIEAVFLF2 G Dh se 3800 ] GRP78
HHERIE . I R DTIE S5 -EWOE tBaE-BUE 5 1) 77 @ 5 PEDV nspl4 AH BLAE
FfTE ER T, HEEHIS3MERFEA, GOEBRME SIEE KL 0T /8 PEDV
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nspl4 FERFHPEARSCHITE LR AMEAEH, K PEDV nspl4 REsZ Mgl Ui, JE
RS FF AR ICIREIE S PEDV nsp14 Gefifi| 40 fi %, #E0 PEDV nsp14 @it #1
B SCHLNT GRP78 2 HRIA M AT . 434 7 PEDV nspl4 AN ES, &I nspl4
Rt NdHut%, %T PEDV nspl4 fedilit] GRP78 5%, HEW nspl4 o] GE/ERZ N TR
GRP78 ¥k . #— 2R T PEDV nspld % GRP78 RETHIm, K
PEDV nspl4 8L T3 GRP78 J& & Fid M) %,
4. FEREEE AR MRS PEDV 531

5T PR I N7 B8R — P K5 BT PEDV ML, ASHIEFE DL A J5R X 38 S 5
%#1 PEDV 701, 45 BERICYIFMEE A (Levistolide A, LA) EAA#Hi PEDV iF1k.
7t Vero 1 LLC-PK1 4ifis £ 17 LA X} PEDV & #5204, TCIDso. 5 GH
€ PCR A 45 KA s LA 27 B E ] GIE: KA GILE: K2 PEDV K&
i, R LA GHIT KK PEDV 2507 J1. 75 PEDV BY /AR A S H LA
AEPRANM, KIL LA FERR$ PEDV BRI . #E—P5FE T LA $1 PEDV
T S R B, R I LA BE A2k N ot I B S (Rl ATF4. CHOP GRP78 1)
e GRP78 B ARk, T8t FH DU 2R3 T IR A P4 Joit o S i3 e #5 Pt LA XF PEDV
HHIER, U LA MO8 N B SO 5T PEDVAER . 5 4ME KI8T NAC #ii
PR DX 7 3 T SRR N BE S BT LA X PEDV & H|HI#0H], R LA 4T PEDV
R R S L PR o X R & AR

B SERAT IR R NBRING 78 THE/R W AR R s ARSI
H 14; BXEANEE A
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Abstract

Porcine Epidemic Diarrhea (PED) is an intestinal infectious disease of pigs manifested
by diarrhea, vomiting, and dehydration, and characterized by acute and highly contagious
transmission. The causative agent of PED is porcine epidemic diarrhea virus (PEDV). At
present, the widespread GII genotype PEDV strain has a lethality rate of nearly 100% in
newborn piglets, which has caused great economic losses to the pig industry in our country.
Endoplasmic reticulum (ER) stress is a mechanism for cells to process unfolded proteins
and plays an important role in maintaining ER homeostasis and determining cell fate.
Studies have shown that ER stress can inhibit the replication of human coronaviruses such
as severe acute respiratory syndrome coronavirus 2 and Middle East respiratory syndrome
coronavirus, which in turn can interfere with the expression of ER stress-related proteins.
However, whether this relationship exists between PEDV and ER stress has not yet been
clarified.

In order to provide a reference for the study of the pathogenic mechanism of PEDV,
and provide new targets and new antiviral molecules for the development of anti-PEDV
drugs, this project focuses on the interaction between PEDV and ER stress, with the aim of
clarifying the effect of endoplasmic reticulum stress on the replication of different
genotypes of PEDV, analyzing the mechanism of PEDV antagonizing host endoplasmic
reticulum stress, and developing related anti-PEDV molecules. The specific research
content of the subject is as follows:

1. PEDV replication was inhibited by ER stress

To clarify the effect of ER stress on the replication of PEDYV, cells were treated with
classic ER stress inducers, tunicamycin (TM) and thapsigargin (Tg). The drug treatment
method adopted in the experiment was to pretreat the cells with TM and Tg for 8 h before
virus infection, to exclude the influence of the direct interaction between the drug and
PEDV virion or PEDV proteins. The effect of ER stress on the replication of GI-b, GlI-a,
and GII-b sub-genotype PEDV was tested on Vero cells, and the results showed that the
proliferation level of PEDV gradually decreased with the increase of TM and Tg
concentrations. The test results on LLC-PK1 cells also showed that TM and Tg pretreatment
inhibited PEDV replication in a dose-dependent manner. In addition, it was also found that
inhibiting ER stress by 4-phenylbutyric acid can promote the replication of PEDV. These
indicate that ER stress can assist host cells to resist the infection of different genotypes
PEDV. This project also tested the effect of ER stress on the replication of PEDV on piglets.
The administration method was to orally administer TM to piglets 8 hours before PEDV
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challenge. The results showed that the pigs in the TM treatment group had significantly less
intestinal gas and intestinal wall thinning than the PEDV control group pigs, and the load
of PEDV in the duodenum, jejunum, ileum, and colon of pigs treated with TM were
significantly lower than those of pigs in the PEDV control group, indicating that ER stress
can also effectively inhibit PEDV replication at the pig level. We further explored the major
unfolded protein response (UPR) that assists ER stress in repressing PEDV, the results
showed that only activating protein kinase R like endoplasmic reticulum kinase inhibited
PEDV replication. In addition, inhibition of inositol-requiring enzyme 1 a was also found
to inhibit PEDV proliferation, suggesting that PEDV replication may depend on this
pathway. Finally, the effect of ER stress-related host proteins on PEDV replication was
determined, and it was found that only overexpressing 78 kDa glucose-regulated protein
(GRP78) could significantly inhibit PEDV replication, suggesting that GRP78 is the main
host protein assisting ER stress to suppress PEDV replication.
2. The expression of GRP78 protein was inhibited by PEDV

In order to explore whether PEDV can antagonize the antiviral effect of ER stress, this
experiment evaluated the effect of PEDV on the expression of GRP78. Quantitative PCR
(qPCR) results showed that both GI and GII genotype PEDV could promote the
transcription of GRP78. However, the results of Western Blot showed that the expression
of GRP78 protein did not increase after PEDV infection, but decreased significantly at 36
hours after virus infection. Therefore, it is speculated that PEDV may negatively regulate
GRP78 at the protein level. The cells were treated with TM and Tg at different time points
before and after PEDV infection to further verify the effect of PEDV on GRP78 protein
expression. The results showed that when cells were pretreated with TM 8 h before PEDV
infection or cells were treated with TM at the same time of PEDV infection, the expression
of GRP78 in PEDV/TM group was less than that in TM control group. However, the
decrease of GRP78 was not significant, which was presumed to be related to the significant
inhibition of PEDV replication under these two conditions. Furthermore, the effect of TM
and Tg treatment on the expression of GRP78 protein 24 h after PEDV infection was tested.
The results showed that both GI genotype and GII genotype PEDV could significantly
inhibit the expression of GRP78 induced by TM and Tg under this condition, and the
inhibitory effect was effective in both Vero cells and LLC-PK1 cells, indicating that PEDV
could inhibit the expression of GRP78 at the protein level. In addition, PEDV was also
found to inhibit plasmid-mediated overexpression of GRP78. Since PEDV promotes the
transcription of GRP78, the mechanism of PEDV inhibiting the expression of GRP78

protein was explored from two aspects of mRNA translation and protein degradation. The
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results showed that PEDV infection can reduce the overall translation level of cells, while
interfering with the host protein degradation pathway could not alleviate the inhibition of
GRP78 protein expression by PEDV, indicating that PEDV negatively regulates GRP78
protein expression mainly by inhibiting translation.
3. The expression of GRP78 was inhibited by PEDV nonstructural protein 14

In order to further explore the mechanism by which PEDV inhibits the expression of
GRP78, this subject identified the main viral protein that assists PEDV to inhibit the
expression of GRP78. We tested the effects of all PEDV proteins except for non-structural
protein (nsp) 2, nsp3, and nspl1 on the expression of GRP78, and found that only nsp14
had the potential to inhibit the expression of GRP78. The effect of PEDV nspl14 on the
expression of GRP78 was further measured on HEK293t, Vero, and LLC-PK1 cells. The
results showed that PEDV nsp14 could effectively inhibit the expression of GRP78 induced
by TM and Tg at the protein level, indicating that PEDV nsp14 could negatively regulate
the expression of GRP78 protein. In order to confirm that the inhibition of GRP78
expression by nsp14 is a common feature of all PEDV strains, the amino acid sequences of
nspl4 of 83 PEDV strains were compared. It was found that there are 24 amino acid
sequence types in PEDV nspl4. Since the representative strains of these sequence types
cover all PEDV genotypes, these 24 sequence types were considered to broadly represent
the characteristics of the amino acid sequence of PEDV nsp14. The results of the homology
analysis showed that the average homology between these sequence types reached 99.25%.
Sequence comparison analysis showed that there were no insertions and deletions of amino
acids in these 24 sequence types, and there were no mutations in each functional site. These
indicate that the amino acid sequence and function of PEDV nspl4 are conserved.
Expression vectors of PEDV nspl4 with silenced exonuclease domain or silenced N7
methyltransferase domain were constructed respectively, and these vectors were transfected
into HEK293t cells to evaluate the effect of each nsp14 mutant on the expression of GRP78
protein. The results showed that only the point mutation of the functional site in the N7
methyltransferase domain completely silenced the ability of PEDV nspl4 to inhibit the
expression of GRP78 protein, indicating that nspl4 mainly depends on the N7
methyltransferase domain to inhibit the expression of GRP78 protein. The host factors
interacting with PEDV nsp14 were analyzed by immunoprecipitation combined with liquid
chromatography-mass spectrometry, and a total of 153 specific proteins were identified.
GO annotation and signaling pathway clustering analysis showed that PEDV nsp14 mainly
interacted with translation-related host proteins, indicating that PEDV nspl4 can affect

cellular translation. The puromycin labeling test confirmed that PEDV nsp14 can inhibit

Vi
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cell translation, speculating that PEDV nspl4 negatively regulated the expression of
GRP78 protein by inhibiting translation. The cell localization of PEDV nsp 14 was analyzed,
and it was found that nsp14 could enter the nucleus. Given that PEDV nsp14 can inhibit
the transcription of GRP7S, it was speculated that nsp14 may interfere with the initiation
of GRP78 transcription in the nucleus. The effect of PEDV nsp14 on the GRP78 promoter
was further identified, and it was found that PEDV nspl4 inhibited its transcription by
interfering with the activity of the GRP78 promoter.
4. Screening of anti-PEDV molecules targeting endoplasmic reticulum stress

In view of the fact that ER stress is an effective host anti-PEDV mechanism, we further
screened anti-PEDV molecules targeting endoplasmic reticulum stress and demonstrated
for the first time that LA has anti-PEDV activity. The effect of LA on the replication of
PEDYV was tested on Vero and LLC-PK1 cells. The results of TCIDso, immunofluorescence,
and qPCR tests all showed that LA inhibited the replication of GI and GII genotype PEDV
in a dose-dependent manner, indicating that LA has the potential to be developed as an anti-
PEDYV drug. In order to explore the effect of LA on each replication process of PEDV, cells
were treated with LA at different time points after PEDV infection. The results indicated
that LA mainly limited the adsorption and invasion of PEDV. The relationship between the
inhibitory activity of LA against PEDV and ER stress was further verified. It was found
that LA can promote the transcription of endoplasmic reticulum stress-related genes, such
as ATF4, CHOP, GRP78, and the expression of GRP78 protein while inhibiting ER stress
with 4-phenylbutyric acid could antagonize the inhibition of PEDV replication by LA,
suggesting that LA exerts an anti-PEDV effect dependent on ER stress. In addition, it was
also found that inhibition of oxidative stress which is the upstream response of ER stress
by NAC can antagonize the inhibition of PEDV replication by LA, indicating that the anti-
PEDV effect of LA depends on the oxidative stress-ER stress pathway.

Keywords: porcine epidemic diarrhea virus; endoplasmic reticulum stress; 78 kDa glucose-

regulated protein; nonstructural protein 14; Levistolide A
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#5l%18E 3% (Abbreviation)

e e FEL AR W SCARR SRR
ACE2 angiotensin-converting enzyme M8 BIK R 2
ADP adenosine diphosphate PRI A T IR

aMPV avian metapneumovirus & i B
APN aminopeptidase N A N
ATF activating transcription factor WOE 3 1
ATP adenosine triphosphate JIRNEE A T = TR
Bax Bcel2-associated X BCL2 MR H X
Bcl-2 B-cell lymphoma-2 B itk At e -2
bCoV-HKU9 bat coronavirus HKU9 Wi % 60 PR 9 5 HKU9
bp, kb base pair, kilobase pair BT, Tl 6
BSA bovine serum albumin A= 1fiE H R
CCK-8 cholecystokinin-octopeptide ANV EE LN
CCoV canine coronavirus R AR 7
CHOP C/EBP homologous protein CCAAT/H 51455 85 H [
T
CTD C-terminal FRIFEAR Ui G 1) 15
DENV dengue virus &I B
DEPC diethyl pyrocarbonate FERRIR — LB
DMEM Dulbecco’s Modified Eagle Medium Dulbecco 2 R Eagle £5 774t
DMSO dimethyl sulfoxide R 2
DMVs double-membrane vesicles R e 25 1)
DNA deoxyribonucleic acid Jit SE AL AL IR
dNTP deoxyrinediamine triphoshate it SR AL A = IR
DPP4 dipeptidyl peptidase 4 T JIRFE K 4
DTMUV duck tembusu virus S48 A7 754 B
EBOV Ebola virus B b
EDEM endoplasmic reticulum degradation enhancing o 5 PN J5E ) B 1 B AR RE 11
mannosidase like protein HEEE SRS
EDTA ethylenediamine tetraacetic acid LN LR
elF2 eukaryotic translation initiator factor-2 FAZRER A 1 2
EP & Eppemdorf tube AR
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ERdj

ExoN
E&HH
FIPV
GADD34
GDP
GRP78
GTP
HBV
hCMV
HCoV
HCV
hpi
HRP
IBV
IFA
IFN
IKKSs
IREla
JEV
kDa
LA
mADb
MERS-CoV
MHV
MOI
mRNA
M EH
N7-MTase
NAC
NBD
NF-kB

ng, ug, mg, g

endoplasmic reticulum DNA J domain-containing

protein
exoribonuclease
envelope protein
feline infectious peritonitis virus
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FI1E ek
1.1 5|8

¥ATHEEYE (porcine epidemic diarrhea, PED) &R IAMEIE . Xk Al /K
AE B AL Ge, HARIE N @t & AP EAL 1R . FERATIEIRIE i % (porcine
epidemic diarrhea virus, PEDV) J& 58 PED 9% R . JUF AT S BU 3G R34 5 1K
e GUER Y PEDV, -G HE AN G GIEE KA PEDV I AR R MAE T 3 54
it 100%. GIZERF A PEDV fEHRE) 2T, SREFIIE R 7 RKPIET k.
1.2 BFERITHEEHIA
1.2.1 PEDVRERFHES

PEDV £J8 Z#i# H iR R, & o- e R EE. XEHRBRR SR T2
BEEIE, RINEHEBEAE, TG EBEPREPINA RGN, BT BB TR
PR TR R 2 Ere, BB ERET: . PEDV AT EA22)8 130 nm,
ARKEZ)HN 10-13 nm. PEDV RA—MIiEA, (HIRYE PEDV X FHFHIH S
FEBH ST X387 H v K PEDV 84k 708 GUE R Y, GIIEER B AN E A LAY, Hodr Gl
SRR GIEZER R AT 50 5% 50 aw b WA (Gl-a. GI-b. Gll-a. GII-b), %4t
WA T B 41 3 R g O G- ZEKIE A (Wang et al 2016, Su et al 2020, Liu and
Wang 2021). PEDV X £ Ml AL A 2L 4 M ol 43P, (HA B T8 138 PEDV
A2 TR ARAE IR R B ALV E B R AT AR SR AL 4H i) (Park et al 20100, PEDV i1
Gy 32 HN IR, 2 AL VAR ORI, T 60 CALEE 30 min. LRI
SEEHLAFIAREE . B E AR M v BT A H

& 9
. w B 55
B WMYE) P
9 V=0
iy

V.

7 +
T e
g >
s

o
St i ey ¥ v
ey b e o - e
= 3 & & ol
wd C¥. % vy - %

ﬁ' G 32 - L* 3%
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N By ik ¥ >

B 1-1 R F Rk EE (Lamkiewicz et al 2023)

Fig.1-1 Electron microscope picture of coronavirus
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1.2.2 PEDV EFB45 S

PEDV [{)3& K4 A i IE SCE RNA, K/NFE 28 kb 247, RN 57045 e 745
¥, JERAH 3 5EE poly(A)E. PEDV KM 5] 3#% 5’UTR-ORF1a-ORF1b-S 2
[KI-ORF3-E %:[K-M 2 [F-N Z£[F-3"UTR W FHE51 (Li et al 2020). ORFla #1 ORF1b
LEERA RN 2/3, nalwts 2 REH (polyprotein, pp) la Ml pplb. S EH. E
B M ERFE. N ZEF 5405 PEDV UM E S, BEMMRKGERRER (S
HAD. BEEA (EEAD. BEA MEA) MZEKTEA (N&A). ORF3 4%
—AZ IR iiBiE A .

S1 ) S2

.
| (%) @@ (7 (m] Gele
B ) () @Y

A
sp ™
.- -

i 5 = glycoprotein ) T—f
i S'UTR- ORF1 S -3UTR

[ [z ||t [t st | - [ | .| v o - e |
B 1-2 AT RIS VS 5 B B T R PR AU (Li et al 2020)

Fig.1-2 Schematic diagram of PEDYV virion and genome

1.2.3 PEDV R4 45 & BA

PEDV (4= iy J SIAN R HR 23 st R B A 7)o el R0 26 PR RS AN AR 240 5 1 S 1
PR RN, A KGRI R R B AT AL R A %, IRt — DR B
ZERIER o B e DRI B 10 2k R 2E R 45 ) B 1 L Al e B 1A B L1 B e 4
W AR EI RS

K 1-3 R EE A B B (Lim et al 2016)

Fig 1-3 life cycle of coronavirus

2
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1.2.3.1 RMIN{R

bR B S A6 T o a S A RN E EANM AR . RAREER S &
HAEEATHREMEIE, 2502 S1 A1 S2. ST WP T E A 5i f7s £ L rks R 2
ahis, ARGERPE RN AR A0S BTS2 AAR R AR R, 5 DR TR0 2 40 i 52 14
Nk 1-1 fron. PEDV W40 1A H AT ANG R, AUHiE 2 PEDV n] fgillid
APN R AL, (HABAHEFIEH APN mERIHE R VR r[ &k PEDV  (Li et al 2007,
Luo etal 2019).
F 1-1 e RF A2k (Lim et al 2016, 771555 2016, Cui et al 2020)
Table 1-1 Cellular receptors for coronaviruses
AR TR Xf LR AR I B
I TR R 4l 2 2 S PR SR SR SR EE 2 (severe acute respiratory
(angiotensin converting syndrome coronavirus 2, SARS-CoV2) . ™ 2k I &5

enzyme 2, ACE2) & 1iE 7 IR 9% & ( severe acute respiratory syndrome
coronavirus, SARS-CoV) . AJ:R¥%# NL63 (human
coronavirus NL63, HCoV- NL63)

THKIERRRE 4 (dipeptidyl AR R IR B 27 A AE IR %5 38 ( middle east respiratory
peptidase 4, DPP4) syndrome coronavirus, MERS-CoV)

ZAFEMEE (aminopeptidase &1L Gy it B 1 % Wi #  (transmissible gastroenteritis virus,
N, APN) TGEV) . HCoV-229E . Jii f: 44 4 Ji7 it % Jps # (feline
infectious peritonitis virus, FIPV) . KRR EE (canine

coronavirus, CCoV)
VR HCoV-OC43 . HCoV-HKUL . & f& Je 1% 50U % 5 3

(avian infectious bronchitis virus, 1BV)

S1 MY AL &5, S2 MBI NTE £ & A vIEIm K £, 163
AR S EEFATWIRVIF, £ VIE S1S2 Ak, f S1 A1 S2 7071, 1
151202 SUS2 VIEPEA R KA T S AL G XAZ )G, MERS-CoV i S tEHTE
E R Bt S1/S2 Y1E| (Millet and Whittaker 2014). S1/S2 V)& 5 %5 1 S2 &
(1) S2°UIEIAL i, 15 FE AR S2A AT IR G2 S2 FIREAIE, B
(IR JOR e H N 4 I TR e S P AT IR SRR AN, 1245 1 2 3 B3 R0 40 Jf JE a5
Fo¢EE (Li and Wang 2020). S & EAVIEIH HEE EEAMA IBARE AN, H255E
HEE IS IR 22 IR R A (Zhang et al 2022). JebiRIE RN AL IEGL & )5, W
FER AR R AN (Gui et al 2017)
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SARS-CoV-2 1 ............... ............. R O

Host cell TMPRSS2 activation Membrane fusion/viral genome release

B 1-4 e tR B I B NZ 1L FE (Renn et al 2020)

Fig 1-4 Adsorption and invasion process of coronavirus

1.2.3.2 EHIEEEF

ERR R AR A 5 i IR A5, e R AR N4 5 AT I e R S5 AR
W RSN ORFla. 4% b A 30 %] ORFla Ruilht, —AME3NF 5 RNA
B 2= FEBUZER A — A =1 MRS, #A00 LL S A0 7 (i Be 4k 2281 ORF1b
(Forni et al 2016). Hf ORFla. ORF1b &K (¥ ppla Al pplb REWE 4 &R 55 H
BHEAME, L TIE4MEE 3 (nonstructural protein 3, nsp3) WA RAEE
HEEFIAL T nspS B/ 3C FEABEYIE] ppla. pplb 52774 15-16 NMELHEA,
PEDV JAEGEMIER A ECN 16 1~ (Yu et al 2020). bR BE 5 AESE M & A Thae Wk
1-2,

1.2.3.3 EFBEFIFEEF

ERR R A SR R B RE &N T, EflExEakFEg
5 nsp7~ nsp8 Fl nspl12.

JeE PRI B 25 DR 4 A ff B A i S DA R 2 RNA AR & Bl K £ 5E RNA,
NG ISR DA KA EE RNA AR & B RS 2L R 41 RNA (Yesudhas et al 2021).

ek R 3 1)k R 2 [R) A7 A8 3% % 8 15 7 81 (transcription-regulated sequences,
TRS), Hetlg s IR 7 1IE5E RNA YRR i 715 RNA £ TRS AL, #rHesx
2 Zal, BRIER— £2%1 50 R A — B A RNA, X773
PR BRI K. UL EE RNA JyBk & B IEEE RNA SO IR R4 RNA

(sub-genomic RNA, sgRNAs), sgRNAs & ot IR 55 45 14 8 (A5 B A 1 B0 PR A

#x (Hartenian et al 2020),
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F 12 IR RS AR R A I TIRE (Li et al 2020)

Table 1-2 The function of each coronavirus non-structural protein

AR HEDRE

nspl sl R 7 B R R T, TR TR B I BUR

nsp2 DIREAR A

nsp3 WEEIIARINFEEE AR, 25 ppla MY J8Id 2002 HAHMHITE E TR
074 5 nspd. nsp6 JL[FIESXUZEEEHEER) (double-membrane
vesicles, DMVs) [T .

nsp4 25155 DMV,

nsp5 JEEEN) 3CHEEAR, 25 ppla Al pplb BEIE]; BT Y)E] NEMO i
TP ERKIL.

nspé 2 5% DMV; 7% S E .

nsp7. nsp8  nsp7-nsp8 H A ARMIMEH A BERFEE nspl2 A AR EE RNA; e

KW EE nsp7-nsp8 B &4 BA AF S AL i) RNA SRS BT BE «

nsp9 iR RNA AN, A€ ¥ & s RNA.

nsp10 5 nspld. nsplé Z5&FFIEREEAITIREMRKAE; AT nspd-nspll X[
LR,

nspll nspll K/ME 1.9 kDa iy, — AN AIZE A RA IR,

nspl12 ek R 7 DR 2 BT T I RNA KK # M RNA A B (RNA-
dependent RNA polymerase, RdRp) -

nspl3 SRR 57-3 R TER, [ A A R K A s

nspl4 HAT -5 %R AN BTG VR AT N7 FREREAS Em 1%, PRARE 2L 1.2.4,

nspl5 TR BE AL IR N VI8, BEE L FEMTE & RNA $0H IR 4

nspl6 TR 2A IR Ny, B RNATERR 1 I 1458

1.2.3.4 £EHMEAEF

FEARIEEE ) sgRNAs K& 2 57-3" e+, Mot RNA ) 58145 143k 47
FITE (Masters 2006). S . M &AM E 2 1% 5 FLA 15 545 K 1 45 19 25 1 0
T RN S A M 8 ELE AT NN A UG 250 ek N-IERE LA B 1 F O-1%
WEIEAL, WS U R e e PR B IR B . L HIANSE SR BTAR I EE /1 (de Haan
et al 2003, Song et al 2004). bR 5 H 3= B2 de v B4 N i U2 e 4 L o 1A 28

HIRZPEIARIE (Back et al 20200 7RI 75 % 4514 22 H I DhAE LR 1-3
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13 AR RS LM E AR IIEE (Li et al 2020)

Table 1-3 The function of each structural protein of coronavirus

EASE 9PN FEI) R
S#EH (150-220kDa) /- FibRAFW M ANRANE: FFrhMGiis: R
EYAP
E&[ (7kDa) PR R LA 2 I A R I RaA

M &1 (27-32 kDa) B B e DRI B RS fs W B e R B B UKL P T ok
VRGBT T3 R Rk

N#HFH (48-50 kDa) W R BE RNA )& s 78 IR e A% 4K 7 AL 28 05 75
RNA;: Z5ahi 74 % M NF-«B @B HEE: 53
2 L VR

1.2.35 fREBRAFERFFER

TEE RIS B33 BT 2E 25 1R 37 T A P Jo DX A v R R 2 TR R 5 4 o el IR B
R M EAES, M EAES AL AR T PR T HESE,
S E BN 5 M AR A M E/EHBENR SR T I A s B T ERNAN NEASH
NIRRT EHH M EE 5 SR ERTZ0; BEEAM M EAEEHEE
VEFSLE 5] S 2 2% 3k 7 1% (Lim and Liu 2001, Fung and Liu 2019, 2=
A1 HAF 2021). HRE5E G R BERL T /R B A b R IR I IR A M L,
TR % 18 ) 40 B RS PR 5 e PR B AN R 4r Wi 2 i (Saud et al 2022).
1.2.4 PEDV nspl4 HITHAE

PEDV nspl4 5k H FRiAZ HEA pplb, HK/NA 67kDa. PEDV nspld WA
N EAREEER DIREE, o A T2 A IR MG (3'-to-5" exoribonuclease,
ExoN) DNRESFIAL T3 31 N7 LG (guanine-N7-methyltransferase, N7-
MTase) DIREI
TR EE nspl4 EoxN INEEHEE T RITAABR-B AR -K I NA AR -RIEZ IR
(Asp-Glu-Asp-Asp, DEDD) MG, HAR~F I DEDDAZRAMIEGIET, W]
DUIE B W 4 @ B3+ £ Br RNA 372K w5 0 I B% B IR, 472 v 2k DAL 28 550 o) 1) 3 1k
(Chen et al 2007, Bouvet et al 2012, Ma et al 2015). K#4> RNA % # 1) RdRp %A
BEXTIhRE, SEIER A RA F 45 (Sanjuan et al 2016). &R 2H P 584545 B T
BRGNS, (HARIN T B RAE R, S -, RNA R 75 55 ]
H—M/NT 15 kb, 1 nspl4 ExoN ZhEe RSN DY REH B b RImFE T 13X A~ R il
(Domingo et al 2012, Aguilera et al 2017, Graepel et al 2019). 7R 5 nsp14 1] EoxN
DI 66 3O B 55 DR 2H R 10 2 el PR 008 75 e A 2 R OG5 . Eckerle 25 R ILUTER SARS-
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CoV AN 4997 (mouse hepatitis virus, MHV) nsp14 [#] EoxN I gtk & 520
BRAE R ZH AR AR B2 3E 0,  JFak— P48 o vy 1 AR A7 AH 6 75 A AR

(Eckerle et al 2007, Eckerle et al 2010). Ogando %5 & ILVTEL SARS-CoV2 F1 MERS-
CoV nspl14 [#) EoxN Zhfgis e 4 FHIr 78 B (Ogando et al 2020). PEDV & il
[FFEAR I nsp14 1] EoxN ZhBEIL, Niu % K I PEDV nspl4 ExoN ZHAEHERE 191 fif
BAR (B19D) B NN E R FEUR RN AR E SR~ e, #imfd PEDV 1)
S HIFISOR AE IUES, 0 A9AE nspl4 ExoN IhfEIEH & ThREAL s £ S 80K B 58
ATEEH] (Niu et al 2021).

TR EE nspl4 N7-MTase DJReds ) 3= E4EH R AEPI 5 RNA 53 I e # ok
S-JIREF AR Z R 1) B A AL B 88 RNA %O IE 7458 (GpppN-RNA) i SR
) N7 A7, KIE 0 e 454 (Cap-0, ™°GpppN-RNA) (& 1-5). IR RNA
() 5'5m i - 4E R ] LU GAEIIR . (R RNA At SA%ER S il 5 A A0 35 Bl 75 0 1%
YR KSR % (Bankar et al 2021, Silva et al 2021). IRIFE F nspl4 N7-MTase B fig
B BHNTEE RNA T8 7RI, B i st bR 25 10 R R0R . 00 A 4k ik
MRAE 7 AU . James %5 R IK MHV nspl4 N7-MTase THAEIEEE 332 i H &
B2 (G332) B ANRAIRS ™ EME] MHV [ #8708 i% A8 71 (Case et al
2016). Pan“&45 i N7-MTase T et T ER 23 12 35 [#IX MHV A1 SARS-CoV2 H U fg
71 (Pan et al 2022). PEDV [1) 52 il 02 A G 9% WE iR 8 ) [FI#F 52 2 H: nsp14 N7-MTase
TheeifAE, W RY¥ PEDV nspl4 5 350 il KA & (D350) 548 NHE RS
A3 H N7-MTase 51, #4712 R4 1) PEDV FEAR I & i ROR AN HI TR . Y
THEMEESEE T (Luetal 20200,

Bk T o BhR R LA E I, IREEE nspl4 IEREATITE £ T . HCoV-229E.
MERS-CoV. SARS-CoV LK SARS-CoV2 [ nsp14 ] LIS 40 fa B85, 3k s =
TR G F I (Hsuetal 2021). SARS-CoV2 nspl4 ] LA 15 35 NF-«xB
55 AL A& 8 Fik (Lietal 2021). IBV nspl4 7] DL i 40 H Wiig
A PEfEE & Janus WEF 1 (Janus kinase 1, JAK1), #EMi#f#] JAK-STAT 1558 2%

(Maetal 2022). PEDV nspl4 [RIFERETA 515 K1, Li %48 H PEDV nspl4 7] LA
#] «B 4HEEIH]7) (inhibitor of kappa B kinases, IKKs) HISFRILAI p65 %z
(Lietal 2021),
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Fig.1-5 Coronavirus RNA capping process

1.2.5 ¥1 PEDV Z84¥IH9FF &

FEF BRI T I R AT =N, PURIRR S 29T K2 BN, X
WK IR RE T 5T PEDV 9T & . B TE M HUSRm S 4 EZE T Ly v =
s PRI R RS MR A Y. PR RS R A X TE 35
2 o

PRI B AR R A ) SN sgRNAs 3 SO AR M EE B, 0 e Rom 8 9E
Sh kg EE BT ER R 29D REE e RDIRR R E . B RTEEXE 3C HEEEBE (nsp5)
A RdRp (nspl12) HIPUEIRIBEEAMEZ . Owen £1%F SARS-CoV2 nsp5 3C FfE M
BEDIREIRIRIEDURTE Y, RKIUE DR Re bl A NE e Rm s 3C FREE B R
P, IR A DR REE 2N SARS-CoV2 IR HIAEDR 71, LA
DN FERH I BRI B T R 05 B ik A% ARr A 20 B R H T 2 B TR (Owen et al
20210, %1% SARS-CoV2 RdRp )5 Ph =5 A 540 VT 4 5508 387 B sl R B il 96 A
—EVRITRCR, Ay E R MmN EE RIS H (Ghosh et al 2022).
PEDV JUR #8259 &K A S A2 nspS. Li 25414} PEDV nsp5 b 5 04U A4
(G-quadruplexes, G4s) Z5MEIEZY), KN Gas KRR VERCHA 7+ TMPyP4 B
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M nspS EEIE 1 AE 71 HGERHWr PEDV HU3G4E (Li et al 2023). Zhang Z54RiE
hypericin i1 5 PEDV nsp5 3C #55 H g Dh el ah & TP B is e, g m#hd| PEDV
[I39%E (Zhang et al 2021). Wang S& I 1 &0 fh 24 b I B B LR 991 AR SR
&% PEDV Sl f1sgme, 5 I3 At e 7570 28 2 B Be i PEDV, i3t —D
R FHFE ML LLA PEDV 3C #EEE A EESE & (Wang et al 20200, Li 25 &K B L =
REA 240 PEDV nsp5 3C 85 ABEE ML B REFHIWT PEDV 7E4HE FIIETE (Li et al
20200, HAHFLHESE PEDV nspl3 ik 254, Wang 5 H ZINC £ F ik ge i
%] PEDV BEiE TR 20T, KRB ZINC12899676 e A %4 PEDV nspl3 [) RNA R
FgiE e, HEMT4E PEDV RNA BhniE F4if| PEDV 458 (Wang etal 2022). Ith4h,
PEDV nspl4 th#f& /2Pt PEDV 2597 & FITEERERR (Niu et al 2021).

TR BRI B B TR BRI R B Sy DUAMETE R B IR N R . i EE
L7 B ZH RN H 2 DLAOR B I A e il R U7 TR #E AR, BRI =2 25471
R RIS CGHFESE 2020, SKINERAIE & 20210, H ¥ M) 458 & A FPUE R A
FAYLIETT HEPUEIEZ (Totura and Bavari 2019, Wu et al 2023 ). 31 28 5o bR &5 il
RPAT IR BRI FCN R FF R T Z R4 X SARS-CoV2 S 2 H RBD 67 14 5 7 b
Puik, HrpHE bamlanivimab. REGN10933 F1 REGN10987 41455, CT-P59 LA K &
ERER B EH RN EFME KA, XEYHAEIRIR EA R (Yang et al
2020, Chen et al 2021, Kim et al 2021, Hoy 2022). PEDV S & [ H¥aI7 tEdiik A —
SEINGARN AT S, B R BI4EST PEDV S 28 RIS P B Sk e A %K PEDV X1
¥ 7B 3545 (Kweon et al 2000, Lee et al 2015). #H4h, AT LL N & H 40
FIT R PEDV 254, 40 Deejai Z541 % PEDV N & F kPR 50 1, K= ¥
2, 4irEZE BT MIAMH KRS & PEDV N & H HXF PEDV 54 — & kI 7E

(Deejai et al 2017).

PRI R A A EAE 0 2 4, 0 _ L AFLE B B IR 8 NAR I 24,
2 9 e DR B A R, X et A A AR T RE A R BRI TR A
Bl a5 1 7 F 58 SARS-CoV HIIMLRZ & ACE2 FF R IGIT MY, K ILEME R LT3k
ACE2 #RIE K um bt L, SEmNH SARS-CoV AR (Vincent et al 2005). Yang
LR IR R TG Neul BEFSBL DR EE N B LMV IR AL, dEmifedt s g sg, I
i — 2 LA Neul JNFEFR I A e 40 7t D008 75 2w M BUR RE /I 257 (Yang etal 2023).
Pan 25 [ SR A0 MU T & BT TGEV 254, KRILZZHEWT LAZEMR TGEV k4L S B4
Mo T ANEEE R A, X TGEV MR A R 4H/EH (Pan etal 2021). PEDV [
Y M RS2 A4 B BT IEAR AT, TR MZARN T R4, (BH 2050 Bl Sed i
W25y %14t PEDV 254 (Li et al 2017, Luo et al 2019). 1 Yang %5 & Bl b =EF
6 3 B ) 24 O I U T R 1 TR R T A PR, T AR 40 B KT PEDV A,
It H IR HE 1k =B RELR AR PEDV 5| &40 I8 TR Ze ki ik 4547, &Pt PEDV 254

9
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TFR B B I#%E 7> (Yang et al 2021). Yuan 254738 £ 55 5 (941 PEDV 2/ AL HE At
YRR AN B S IE S . c-Jun ZUERIm R AN p38 BN A < (Yuan et al 2021).
Li %5 % I S4B 3 40051 40 R 9 T T3 PEDV (1 & i) 345 1 HoAA 90T & o PED A
ST 71 (Li et al 2018). Gao S51Fl 7 HEMREIPL PEDV &y, KILH HIR
W APHIE e R REE 1 KGRt PEDV G (Gao et al 20200, #i
PEDV #¥)Hfeit s> THRZ, (HHETAETHTEIT PED K mib2i¥.
PEDV BN 4, ARIEEF B EHRPUR 2 FE K, AR 2 WH0H] PEDV A
BN AL FE PR I 259 FLAG 5% . (Lin et al 2016, He et al 2022, Zhang et al 2023).

1.3 IS Rt A

MM (endoplasmic reticulum, ER) 24N HIES LK EIE RS, 2
ANER S N FRR B F FER B T AREE, M EE MM A (Schwarz and
Blower 2016, P4 J5 43 S fHL T A 55 190 RT3 T 1A 0 P99, REL T A 0 P9 6 A% 0 A
%, RMREQREERMZ, S5HAEKERTTE. HPEMIZH (Sano and Reed
2013, Wang et al 2019). N5t WA 237 AR IRBCE R I N B X IE A 2. A6 IR
IE, UHAMEROR AL (ClnshE. 84S, ERVWRERZ . K pH. EMRHEE)
A—LEf Y K2 Clngtiff o fb . ARURRRIS S8 SN i RS R4, 2E 5 80i i
W R IR B B A4, S AR D K AR B 8 v B 78 9 0 I P9 35 R P I X R 3
(Xin et al 2022, 5K ik iK% 2022).

1.31 EHEBEEERN

PN J5E IO 87 % AHF T A B ad i JE 4T B B ). Cunfolded protein response, UPR)
MIERAFI S B, BRIETSER, MmN MRS TmE
(Jiaetal 2018), {H UPR #ufi i (Al K& P AT (Rutkowski et al 2006).

UPR HHEE AW R F N MBI (protein kinase R like endoplasmic reticulum
kinase, PERK) &4, WUEEFE>REE 1o (inositol-requiring enzyme 1 o, IREla) i&4%
FTE T 3[R F 6 (activating transcription factor 6, ATF6) i&fEZH%, (#EiE 2016).
IEHEEOLT, 78 T /K & B4 15885 (78 kilodalton glucose-regulated protein,
GRP78) 737]5 IREla. PERK 1 ATF6 455, fEAIRFFE SRS (IR 2017).
GRP78 Xt K471 & 8 A RISEM J) KT IREla. PERK F1 ATF6 HISERI ], P M Jis
AT B & BB GRP78 X =/~ UPR A1 & L ff 5, X4 UPR 14 (it
MG ALIFBGE NF 55 (Liu et al 2022).

1.3.1.1 FEHHEE R HHRMNEEEREZE

B I RENT UPR DLSe il B MBE AR S 0, EEBEEE R R A BT
s (PERK) i1t/ UPR 40 M8 H iiA H F 29842 (Hetz and Papa 2018).
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PERK R MBI ERE A, [AEmAENRMEN, #ERES TR iS5
GRP78 4ifr; MRI:imBis T, HEEGTIREIAE R . N B, GRP78
M PERK 2825 EARES, 52 GRP78 #Ifi () PERK ZERAUAN S X HBEIRIL - 5F 980
AP AR IR AL /2 PERK yH1L IS¢, PERK &AL 5 4R 3 um 5 BAZ B B UG A 1

(eukaryotic translation initiator factor) 2o V.4 2 [H] FJBGE A oG BRIELAFFEE
BT elF20 5 51 A7 2 R BRI (Cui et al 2011, FALH 2022). eIF2 S 2H Y
PRI E SR CHE, IEFIGOL T SHRAH T elF2B 5 elF2 I y WAL &, i
ML eIF2-GDP N elF2-GTP, i elF2 E&MEES 5 —HMI¥. elF2 1 o WA

(elF2a) BEBERRIL/S, eIF2B i T 5 elF2a 454, elF2 E&%) L GDP [4 GTP
(P ACHE BELIBT, 2 1 0T B B0 3R A R A 40| (Stolboushkina and Garber 2011). &1L
) elF20 ZEFHI A 7 mRNA FH 1 [R) I £ 308 B (L 33k P9 5 I S ik 5< B2 5] ATF4
[MZeik. ATF4 BEMNEE TS JE9rE 8 B PR DL PTG S5 7 T B B 1A Joi P9 1k
H #4745 (Harding et al 2000, Harding et al 2003). A Jif o S B 22 RISy, ATF4 £t
AEKAT A DNA $5i45 15 F 1§ 34 (growth arrest and DNA damage inducible 34,
GADD34) [Hik, i £k elF2o MR, A EFEIRIETIEE, X2
PERK-elF2a &2 R AFATI I OCHE (Lee et al 2018). 7 AT X NI AS g S N B
ATF4 {21t CCAAT/SE T 45&H A RJEEH (C/EBP homologous protein, CHOP)
[F)7e1k. CHOP ;& — P T S A, e BRI T8 8 Bax FHIHIHLE
T-H M Bel-2 FEAIEIIT: (Zhang et al 2022) .

1.3.1.2 FNEFEKES 101RE

WLEE 75 3R 1o (IRElo) 4552 =2k UPRGEMS B AR T, MRS L5014
#ORA %812 (Su et al 2017). IREla AP BE R ERPRES R L AR T-40
JRLJ5T PN FRT R R i B AT P A MR D RE IS, 79 ol o 22 28 IR/ 7 2 I Tk il i 11 Ty e 4 A
MEZ IR W) (endoribonuclease, RNase) IJfEdH (Yang et al 2018). GRP78 M
IREla EfEE S, IREle HRAMKAABERNL, SEEOMWREE, HiEEY6e
A RNase D ge 85 BU 4 50%  (Pinkaew et al 2017).

IREla RNase g1 3 BAE A ZVIFR X &456 8 H 1 (X-box binding protein
1, XBP1) mRNA E—Bt 26 MZHBRKIA ST, 43 XBP1 g% & A MK HA
FasE XBP1uZ2 N H A E [ XBP1s. XBP1s Al LRI Ffid St IR 1 I i i — SR AK
HMiE S WM Dnaj [A &%) 3 (endoplasmic reticulum DNA J domain-containing
protein 3, ERdj3). ERdj4. & H G #)77 p58 (protein kinase inhibitor p58,
pS8IPKD .\ 38 5 N Jot I 2 [ P i e ) B H Be BE B FE 22 (endoplasmic reticulum
degradation enhancing o mannosidase like protein, EDEM). #Z¥FEAF LK E A 4

(ribosome associated membrane protein 4, RAMP-4) FlI& [ i i ¥ 5 M PS5
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(protein disulfide isomerase P5, PDI-P5) &N it M A:AE 2K 315 (Shen et al 2002,
Hetz 2012, Li et al 2017). ERdj3 ReWRIIZERE N 5t X i N 48 E 5P, XBP1s i3
2 R B A BV PN 5 X s 9 IR B ) T B A2 (Yu et al 2000); ERdj4 Re b B
GRP78 4% IREla, &4 IREla 41K 7, XBPls if531%HH 2 IREla B11 X
WO R R, AR TR IIEER K E (Amin-Wetzel et al 2017); pS8IPK REFI
PERK IS ThEIRES & - MHI L5, XBP1s i SN A B R 5117 PERK
4% (Yanetal 2002); EDEM RefE i N 5t M [ Mg A2 IS ) A P i, XBPLs 53 1% 4
DRl RE 2% i P9 J5 X s P AR T B 2R ) R A (Hosokawa et al 2001); RAMP-4 I [
[ BE B A 5%, XBPLs 35 3 1% 2 R e DR 1IE A J5T I 82 J8i I 8 2 190 484 1 1 0 2 AL

(Yamaguchi et al 1999); PDI-P5 Fl _Fif# LA %, XBPls 75 Fi% 5K pe e it
PR P90 fla Y BR B3 (Kikuchi et al 2002). 4h, XBPI1s &2 51875 g 1) & ik

(Acosta-Alvear et al2007). IRE1la RNase ThRetskiA BEE £V B4 mRNA, ZIEEHE
FR N RIDD (regulated IRE1-dependent decay). RIDD & 4:7E mRNA FaAHI1FEIKE 2
&, FRERE ST HIHE mRNA 515204 5T BT, IREla RNase 2 g8 B
PR EEIT ) mRNA (Hollien and Weissman 2006) . RIDD GEZ2 i P4 5t I 1B % 77,
X A o X RS B A AR AR R

IRE 1o 22582/ 5 2 B G Th e 81 = E/E 215 4 TS, IREla 222 1R
/75 R BRI D R I S5 R SR JE IR 52 AR A DG IR 7 2 Je R R R U5 5 30 1 1Y
Rk (FEMEFE2017). (RFTE S0 1 G5 T c-Jun EAEuEEE | BERRAL, 1M BEIR
O c-Jun S EuEG 1 AT I RR 9 B R IREE R IR SRR i i 1 . R
TR M TR R R IA 2 7 N R TS (Lee etal 2021, 2535
2 2021).

1.3.1.3 BHURERET 6 1&F

BRI T 6 (ATF6) 5 PERK M IRE1 ANFE], ‘&4 I BUBSEE . ATF6 2
B T Mo N I ik B e IR b S b, 2 U DNA 456 EH, RARxN
Ti%TE (Preusse et al 2022). ATF6 k25 GRP78 ({3 5 2 HE N 15 AR FEAR -4 i 7R
AT EARYIE, SRR R D seik (ATF6D), ATFef ot —Hii¥ic
Y0 A NI T R IEVE R (Shenetal 2019). ATF6f fEi5S GRP78. PDI.
TR EASEZMAR M SFHEER S, dimigsnRNTrEEamRrEE. =7
BEAEYT S & amEad 5 N R AR 42 4% (Reddy and Chapman 2017). B4k ATF6f it
Al LA S XBP1 Fl CHOP HJ%% 3%, Hh[F IRElo- XBP1 4l fll PERK-elF2a-ATF4-CHOP
AT N M N (Al-Yacoub et al 2021).
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ER Cytosol
-
GADD34
= I R
? Transcription
PERK Metaboli_sm and redox
W Apoptosis
Autophagy
INK ERAT
= Alarm pathways— NFkB Chaperones and foldases
Vesicular trafficking
¢ = T Lipid synthesis
1 = et — .
m XBP-1 RTCB XBP-1s
mRNA mRNA
IRE1a
> Cytosolic
-, (\‘25 Translation attenuation
mRNAs mRNA stability
miRNAs RIDD Apoptosis
Autophagy
_ Calcium signalling
- ) — i D@ — » -
o= - -~
ATF6 S1PIS2P
Golgi

B 1-6 AT B EE NI =Figfe (Hetz et al 2018)
Fig.1-6 Three pathways of the unfolded protein response

1.3.2 BIRTFREEHN RN
1.3.2.1 fRBBIF LXK NRMRHHIE =

TR A MR S R P 2 RN B M. 72 IE8E RNA i E/E 2 filid 72
rh 2 B R A B 4B B A P R I (Midller and Krijnse-Locker 2008). Schlegel £ %
PUEBE KR R IR T IS5 My TP AE(E PDI. P63 S5 A G [, 48 HI4u i P i
WX 2 A R K 5T 98 97 B MR 45 #4 1  EEAIR (Schlegel et al 1996). El-Hage %57 Hr A 4!
FF %758 (Hepatitis C virus, HCV) RNA FFEZM & AR E 3T, KIUBAIA A
R o HEARES I 45 & s AR RS E AL, IR — B4R H HCV RNA MRS K
G R BT A JE N B TR 1 5 4% 8 9 o I DR 7% 4% - (El-Hage and Luo 2003).
EEHWIE (dengue virus, DENV) JEZL2x G 304 MU AZ ] P Joit 9 =58 40 A, IX AT g
HHT DENV & ] (Leietal 2013) . b RIp 75t 2378 5 A2 A R FH A Jo P9 i &5
¥ o Teb IR P B 2 R 4 A2 ) R AR A S AE B B B BT, A AR e R e AR ) 0
RNA 5 T M2 51 K18 ERRGBILRPL, N T IBEZX RS, FEARETE nsp3.
nspd. nsp6 2 FEERYNHL A K DMVs. DMVs ek 8 8 Hill 4 % B &3
TEP 52 M P IR PR G0 58 TS 28 T v 42 i 75 B2 M B 72 ZE I 0UEE RNAA (Knoops et
al 2008, Scutigliani and Kikkert 2017). Jp5 855 251 P9 Joit 9 25 HE 2> 98055 P4 Joid I Ak 2R 7
FEANG), FBAFEEB R, HRN BN
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i EE A AR G R 2 R BN M M. RNA B IRE O HIRZ SME N,
Wy EOR B MAE 2 (Hemagglutinin, HAD St2—FiESEE, PEIEALES HA 7] DA
PORMEEE AL S, LA SIS (Tatuetal 1995); HE HCV R GLE  ZE 5
wEHWE RS, ENEEN R SR EAREKANE S, #migsE o
4T S A2 2% (Dubuisson and Rice 1996); 473 85 I B /R 2 WEER
PN R PR A A L TR R A T e RN 398500 s B BIUW I 958 (Valenzuela-Fernd
ndez et al 2022). FERPFFEA - PEEREEA—S EH. SEALDIRIFEN
ZEEEA, R R R EWEVEI A SRR RN NAR, T e B AL T R
HRG R S EHARIENREM 8 (Casalino et al 2020). 73 el IR 238 2 1 Bh TG
FHREEEAC LR R R B E N3 s A, DAoRkRkIR TG ez RG]

(Casalino et al 2020). Jji+ 81 FHEEEALAR UGS 0BT RS, s s B
6 FHEHE A Se PR R RS S BUE LA A ORI o, 01518 40
W ETE A, B R N B S

Ak, KERFEAEE RN REETT L Bl B 5T S & 7Rk 4

72 PN T I SR (R 15 8] (Jheng et al 2014, Zhang et al 2017 ).

1.3.2.2 FARTREXT A R RS A I T

% ol e R 995 B Y R O B8 05 S Y B N . B AR B SARS-CoV2. HCoV-
OC43 1 MERS-CoV /2G40 B if 4 5t % N3 IRE Lo 324 0% (Bartolini et al 2022,
Nguyen et al 2022, Shin et al 2022). SARS-CoV2 ] ORF3a. ORF7a #{ 1§ & 5%
PR R RE . (Liu et al 2022, Zhang et al 2022). SARS-CoV L AE M A 5 X R,
ORF6. ORF8b Hil S fEHEH PR BEHIEH (Versteeg et al 2007, Ye et al 2008,
Krihling et al 2009, Shi etal 2019). MHV BE¥E P W S IRE1a i& 48, Versteeg 55
RILMHV 1) S B 2 0E IREla 5% (Versteeg et al 2007). 1BV 1] LU P i
W R PERK 4% 5| AR T2, HETMTE o B 4545 (Chen et al 20220, FE IR
7 TGEV A & IR 75 AL 0w 45 38 UPR B (Xue etal 2018, Fang et al 2022).
PEDV 15 H BEHEGE N B S, - Sun 56 K I PEDV JEGL4H i = 2% UPR il %4
0, o PERK A IREla /& PEDV 5 240 5 Wk EUFiEE (Sunetal 2021),
514t PEDV B E ZEH. M HEH. N EEHELK ORF3 &S 530 M 5 R

(Xu et al 2013a, Xu et al 2013b, Xu et al 2015, Zou et al 2019). G B 7 F5 H & IR IR
B2 JI PN R I SR S TR 7 263K, Shaban 23T 17 b RI7E 25 B SR A i HH P J5 X 87
WO OC IR T e /KPR B A BUK-F A2 4k, K3 HCoV-229E. MERS-CoV #
SARS-CoV2 fE# 5%k 11 A ot I B3O DG R, EAE SR E /K R GRP78.
IREla %545 (Shaban et al 2021).
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1.32.3 ARMEHINFERFEES

PN X LSO 8 23 3 B 4 U A e B3EPE . Gladwyn-Ng 45 4if tH 28 R 75
(Zikavirus, ZIKV) WEHIKH IRE10 &2, T4 IRElo FZIHES B & M ZIKV
(13858 (Gladwyn-Ng et al 2018); Pasqual 5551 UPR X bk [ 40 A 14 Rk 265 DA Fii 5 226
T BE BRI, 5 30Uk U 4 A ok 2 O i I 2% s 7 0 B0 ATFe ik H B 19 JE
(Pasqual et al 2011); Chen K IUE EHE 5PN 25 5 1E7i 5 (porcine reproductive and
respiratory syndrome virus, PRRSV) i N i %8 PERK 1 IREla i&4%, FFidk—
A5 HIXPIA~ UPR @425 PRRSV (R HIA 12/ (Chen et al 2020).

PN 5 P L 355t RE A o — LS B A BE, A Frabutt 5548 H A 5T I RS2 5 Y o
W 5 figp i A0 RE P R LB B2 1Y HA SR, BT A 2 22 1 E 1 (Frabutt et al
2018); Ming S48 H A ot P N2 05 3 O 400 B IR 2 3R e 1 Al T g 14 470781 7] e At
YIAERIFA 7 (Pseudorabies virus, PRV) VP16 £& H A 5E D 3T R 7 75 & 1l
oM (Ming et al 2022).

P P L GO0 T PR B 2 BRI A/ ] . Shaban 545 HY Tg 55 H A 5 k4
RO HCoV-229E. MERS-CoV. SARS-CoV2 f & i {Ef (Shaban etal 2021).
Nguyen 2545 & T KRk ByXt SARS-CoV2 & Hil FIEU M IR, R IR RE — Byi@ it
TS 5 X S IRE Lo 38 B K 9T SARS-CoV2 i1 (Nguyen et al 2022), Xue 55
RIS X B S AE 4 K~ TGEV B8R, /R £ 2l PERK 155

(Xue et al 2018). Fang 2545 % PERK A1 ATF6 242 GEFNHISE & IR 7% 1 52 il
(Fangetal 20220, PN 5 W B 3t B #0i PEDV Z #1935 /1, Xu %% KB GRAMDA4
(Glucosyltransferase Rab-like GTPase activator and myotubularin domain containing 4 )
Xt PEDV & il (R4t A1 P J52 9 B2 %, GRAMIDA i ik 22 ‘230 GRP78 Al CHOP
FiE L. PERK Ml IREla BEER1L KT LTt (Xuetal 2023). Wang 55 & HHL A J53 () o
BOF R 2- M S -D- 1 &) R W 5 2 A BT A BN BT 41364 PEDV 1
5 (Wang et al 2014).
1.4 78 FERrmEEEATER (GRP78) #iik
1.4.1 GRP78 HYZEHIFNTNAE

GRP78 X N 4% BR & (1 H 4% 45 A 25 1 (immunoglobulin heavy chain-binding
protein, Bip) B¢ 70 TIE/REIHAR 7 H 5 (heat-shock 70 kilodalton protein 5,
HSPAS), 5 HSP70 Ki%H 60%[FJEtE. GRP78 &2— APl MR T, Z4ERFN
MRS EZERTSES, S5EANEE. raidi. GRPI8 EATEEAEW
ANDIReI, ol ' R i A% R 45 A38. (nucleotide binding domain, NBD) Fl1¥%
FL v i P 45 A48, (substrate binding domain, SBD). GRP78 &L /b & ifi /K bk
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e, wTLLEE B GRP78 R N5 Y AR & BE 2 (Wolters-Eisfeld et al 2018,
Gonzalez-Gronow et al 2021). GRP78 &H NN Z Ik Z A LM EEEAH, HFdE
JREEK FE L 70 NS BEBR I GRP78 fi# 3 5 A AL 3 51 5 9 A IR BE 3k N P9 Joit I i
(Hamman et al 1998). GRP78 RefdEdhE 2 Ktz 2 A IS INRENT N M 71
FEABFIT, GRP78 NBD i ATP fil ADP A2 #t ¢kt i€ GRP78 SBD XJHEHT & & I 4h
HRRE, ZALEES GRP78 REAWI M A AT S X, BEEEAKITE%
4= (Gething 1999). GRP78 it/ Wi M s LB T4 G HEH, T 4ERrNR
KN NS B P Ra A 2> B (Tbrahim et al 2019). A 4h, GRP78 82 5if 5404
£ (Luoetal 2006). GRP78 F il B MBI IIFRE, A 5T R0, A PERK.
IREla. ATF6 Lfi#E ) GRP78 5@ a4 &It HAEh 2R AKE R H ¥
B MR SR A R &, HEANTESRETIEAIE, GRP78 it iR
BE AT 1A N M PR (Kim et al 2001, Lodhi et al 2015, Quillard et al 2015).
4N GRP78 hw] DL F 340 fg K 1 . GRP78 H AR EL A N Ji W Jif BE 28 7
(KDEL), {H4 GRP78 KiA =K P i I M5 R R pUg g ines, 9 RN Gk 56 4
it BT A GRP78, #4) GRP78 <X BSJT N ot W I % iz 31 40 MU 22 11 o 48 i 3% 1 1)
GRP78 #7F5 N csGRP78 (cell surface GRP78). csGRP78 S54fu R H 't S A 45 & o
AR RZ DR Z R R AEHT I D Re (Tsc::sng etal 2019).

408 419 633

& 1-7 GRP78 [145%) (Ibrahim et al 2019)

Fig.1-7 The structure of GRP78
1.4.2 GRP78 XfmEEHIHIFNT

GRP78 1] LA Bl 85 W B A AR AN A . Wu S5 R BLT-H GRP78 Rk &l H A
Z TN %8 995 B8 (Japanese encephalitis virus, JEV) & fill, Nain %5 3f— P45
GRP78 1] LAY JEV B FI N2 41 (Wu et al 2011, Nain et al 2017, H&4H 4 7555
# (Duck tembusu virus, DTMUV) A& 4 fg th 4K ¥t GRP78, Zhao %+ Hi 4111 il
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GRP78 FRik2/> DTMUV XJ 4Hf W fff (Zhao et al 2018). GRP78 1] GE/r T
WM EEARLIM . Chu F545HH GRP78 GEA MERS-CoV. Wl w78 HKU9 (bat
coronavirus HKU9, bCoV-HKU9) 1] S fR A% G, W RE/ER 85 MR NI Hh kS 21 4
BifEA (Chuetal 2018).

GRP78 IS REMEHER # B & AR # . Shin Z5 &I DENV. JEV. AE4NiU7H
%t (human cytomegalovirus, hCMV). Ri#H+#J%# (Ebolavirus, EBOV) R
2997t (hepatitis B virus, HBV) £FIH GRP78 Kk#1& H &% H (Shinetal 2022).
Wati Z:48 H#li#] GRP78 FRKiA 4 H1E DENV HLJFE A R IEE (Wati et al 2009) .
SARS-CoV2 S MM &M M7 %E GRP78, Rayner 2545 il N () GRP78 1 LLFI
SARS-CoV2 S HEH4i &, TH GRP78 RIALTEK S EAMIEGHUEE (Rayner et al
2020)

GRP78 tH Al GE4MHIEE & #l, 40 Shu 25K BULE Huh7 4 s id K IE GRP78 &40
il HBV (3558 (Shu et al 2020). #i70-kFE@Ed 6] GRP78 KA H & =il
Khongwichit %5 & IR GRP78 GEfEilt ZIKV JEE AR, ZIKV &2 2 ]
GRP78 #i%, Turpin Z&3t— 15 H ZIKV @i #04] GRP78 £k {# UPR Hum it
FIF EH B EZH| (Turpin et al 2020, Khongwichit et al 2021). HCoV-229E. MERS-CoV.
SARS-CoV2 %5 5 IR 5 25 4 i H a8 ik #1001 40 B B0 1R 45 B GRP78 [ ik 5 24

(Shaban et al 2021). GRP78 4 1] PEDV & #1938 11, Xu %35 GRAMD4 %t

GRP78 Fik 153 7] fe# B H A0 PEDV (Xu et al 2023).

1.5 ERHVIANEE A #EA

MC4IUHAEE A (Levistilide A, LA) J&—F AL b 2584 )1 55 b 3B R AR AL
W, MW TR Z-BANES (Z-ligustilide) FATM K (He etal 2015).,

—
o=

B 1-8 KT A G A (4589 (Chen et al 2008)
Fig.1-8 The structure of Levistolide A
LA B Z M AEYETE. ORI LA BEELFHANH] 4L, Yang S84 LA 7] DA
T A B - N BT ) OB AR TS R A I A T (Yang et al 2017); Zhang %54E
TRETUIE 0TI KL LA B4 & A KT 5248 4 28 BR B oh REdsk,  F A 0] i
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MM AE KT /) (Zhang et al 2015). LA IERE PRI AT 2451, Ding %548 H
LA Xy 4 i 24 85 B A G FmIE R, Re R 25 2 24 00 N A8 58 & 1 i
Y11 o 3o} B 2% R BUE¢ (Ding et al 2019); Chen 25 &8 LA RefH| P HEE AN SHIAR
I 40 M 1 22 EE 24, O B 3 AR B R K P SR A R HEAEH (Chen et al
2008), LA HRE(EFMIZANAE K . Noda Z598 i LA RE(EEE M5 #h 28 o FAE fllh 8
K FHERIEZ (Noda et al 2019). LA Wa]# T SR AT MBI . TEAR
B LA Redks /N ORI B-Ue Bt B IUTAR AT tau 25 RO BERR AL,  JE T SR A R 2%
W BRAERE AN AN KN RS (Qu et al 2021). AEAE YL BIR KIIGIT J7 10, A WX
T LA BFfiE, (HEHAEHAR LA WEEARNEEA —EPiieiEtE (Beck and
Stermitz 1995).
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#2288  WEBENSEX

PEDV s& H i Rm B MRS fe 200 B, BT A4 B G GILEE K &Y PEDV #
BRIGAET R EIE 100%. GIZEKA PEDV () 2 MAT4A 73L& a1 R HIZ 50
S PRI RO T 2T BRI ARSI, R B R e B R R A
HEAEH . ARSI RE A 2 B NSRRI B 6], (HHXT PEDV B HARA4E A
ARG . AHIF AL B 75 A P 0 ST PEDV YERL . BT PEDV 55078 1= N
J5E X SR LA R T KA DG PEDV 43, 1X A BT B PEDV RIEURHLEE, [F]IS
A& PED B vA 1R L0 SR

PEDV ERBE %, AREFBEHRENZRE KR AL Gl-b. Gll-a. GII-
b HEF WA PEDV B AR ERIK A 5t X R0 PEDV S 520, B 78 B N 5
I 87 38 E 75 A M EI AN F LK A PEDV IR H . A FIEIRNIZIE T 2 5/
PEDV S il () UPR ¥ AT A 5T W REAH G B . K I PERK E B AT A J5iT ) R b 245
I GRP78 70 52 P9 5 W R B4 ) PEDV 5 HiK#5 10 - 8 UPR B AITE X H.
X BT 1) B N 5 X ST PEDV BN, RN PEDV 29I R IR 15
FHE AT

PR RAER B B E S PUE EPUREEN . N PEDV Re bt i i
N IFOR F RN, AR R AL T PEDV X P 5 RS BTS2, & B PEDV Azl
il GRP78 K1k, FFit—S4248 T PEDV #ii] GRP78 KA 1) HLARA L) F40H] GRP78
RIEMFE PEDV E . XN PEDV ibik1E EhuUm s KN B RS %, Rl
3t PEDV 254 I & $2 s 5 58 A

H5 o ASHIE 7T DA P J5R X 2 A BRI % 6 PEDV E A THIE R 1, RILRKY
HNBE A e GUA GILZE[RI AL PEDV & H], F4a HECS AN R A 15T PEDV 1E
PR S A 8- P35 X S A . 1 R IR A4 PEDV 259 )T & A PED B A
AL ST HE .
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23T HRSHE
31 B

3.1.1 {Hpa. SEEFMERK

TRGE A AR SR S 40 (Vero CCL81). JHIT i B /NE 4l (LLC-PK1).
NGB 4 (HEK293t) NASZIG == fR-A7 HI 41 i

56 A ) PEDV YN15 4k (GenBank & 3¢5 : KT021228.1). PEDV IS #
Pk (GenBank & 3% 5 4 TIRERAD AT 2 MG IR IS 6 & 4> B 15 31 .
PEDV DR13 &tk (GenBank &3%5: JQ023161) AASLS = RAF M FEMK

KB DH10B B2 2540 fo A SL 56 % 3 1 HEAR A7 T — 80 °CHEARIRVKFE -
3.1.2 FIESKRM

pCAGGS-Flag-MCS. psiCheckll. pCAGGS-mRFP {47 T 4528

e
N o
AmpR promoter |CMV enhancer!

AmpR lchicken B-actin promoter

"\

PCAGGS-Flag-MCS
4803 bp

o
- Voguy e

SV40 ari \/ ’

P FLAG
B-globin poly(A) signal

SV40 poly(A) signal M13 revl
SV40 promoter lac operator
|CAP binding site

lac promoter

] 3-1 pCAGGS-Flag-MCS [&li

Fig 3-1 The map of pCAGGS-Flag-MCS

SV40 promoter
- —_— chimeric intron
oft

; \ T7 promoter]
/ '

Svag [
v

AmpR

I

psiCheck I
{ 6273 bp
AMpR promoter

-

- poly(A) slignal

2
o Q

£
SV40 poly(A) signal % &

&
&

y

Wolferase

3-2 psiCheckII & i

Fig 3-2 The map of psiChecklIl
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/AMpR promoter
AmMpR

B CMV enhancer

chicken B-actin promoter

\
/

- A!J‘j}

pCAGGS-mRFP
5446 bp

)
W
uoJul e

\ 0
SV40 poly(A) signal P

SV40 promoter

CAP binding site *J\——C
lac promoter

lac operator

M13rev B-globin poly(A) signal

P 3-3 pCAGGS-mRFP [

Fig 3-3 The map of pCAGGS-mRFP
3.1.3 fulf

SR PEDV N 85 AT S 85 H B ve BEPUAA N A S 5 = H il
HJi B-actin HATLREPIA (P75 AC026). HRP WEPif IgG (7S
AS014). HRP ILIEHUR 1gG (=% : AS003) J H Abclonal A F] .

i GRP78 ZilEdilk (P75 5. 11587-1-AP). #lf Flag hi2s £ wa b hifk
(F=ih'5: 20543-1-AP) 4 H proteintech /A &

EREEr VACIN

IPHURR 2%t —HL (Alexa Fluor 488 Donkey anti Mouse IgG, 7=fh5: ANT023S).
gt —Hi (Alexa Fluor 594 Donkey anti Rabbit IgG, 725 : ANT030S) i

3.1.4 254

MIRHTIEM 2B = Pi4R (Anti-Puromycin Antibody, clone 12D10 ZooMAb® Mouse
Monoclonal) 4 H Sigma-Aldrich A #] .

KEF 7 (tunicamycin, TMD. #EiHE MZ (thapsigargin, Tg). AMG PERK 44,
STF083010. #EEEZ (Melatonin). CCT020312. PYZKHE T EZ (4-Phenylbutyric acid,
4-PBA). FRIHAHEE A (Levistilide A, LA). a-Fi¥ /R (a-Lipoic acid). LT
(Polydatin). FRAEE (Palmitic acid) 3-H ZEJIEMERS (3-methyladenine, 3-MA).
MG132 lJ H MedChemExpress ‘A ]
NAC W HE =R AA .

WIS B 2R th IR B VA VUM B 25 25250
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3.1.5 YHfE. fmE. AEIEFHEFRT

DMEM ¥3 K. Opti-MEM ¥5555:. i H B KW EH GIBCO A F. fG4-17E
) H NEWZERUM A H] . 100x75 % 2 -8 % 2= R &% H biosharp A F] . Tryptic soy
broth (TSB) RiFEIEFEM A . Tryptic soy agar (TSA) B:FRFIETIRK AW H BD 2
G

DMEM #5774E: i 13.30 g DMEM # K% T 800 mL 4K+, HEMA 3.70 g
BRIRE AN 5.96 g 4-F2 WK1 2 % (HEPEs), JR2JJE¥% pH A% 6.8-7.0, 1% 1]
AiACHBERERE 1L, BJEEH 022 um JER T IERI T E AR T

T 0.25% L D .8 (EDTA) KRS EH R HX 0.197 ¢ EDTA. 8.020
g FALEN. 1.530 g BEIRE —4H. 0.163 g MR A, 0201 g ALV T 800 mL 4l
KA, K pH R 8.0 JFIIA 2.5 g lEEEAME R, HAUKERZE 1L, & 0.22
um JE IR BTG A A

YA K Vero 4l LLC-PK1 40, HEK293t 4} 1A= K N & 10% 054
LI ) DMEM 15953,

WREFREFR:  £1% PEDV DRI13 SRR #8572 O G TG DMEM K574, B
Xf PEDV YNI15 Bk, JS BbRkEREEE5 720N & 8 pg/mL g dE E # (1) IfL7E DMEM
Bradk.

TSB #575%:: HX 30 g TSB TiEH AR T 800 mL 4fi7k, HAKEAE 1L, T
T R 2R POK # A R 121 °CAbFE 15 min.

TSA ¥55%1ML: B 40 g TSA TRk R T 800 mL 4li/k, HAKEHFEZE 1L, T
EEZEVUKE B 121 °CAEPE 15 mine £ TSA WRFEIR %2 60 °CA A i T i TAE
G WK TSA W R BT R FR I, BCR S0 TSA A A1 AR AE RS 7= I
W, TSA AR G ED AT . 25 B TSA B3RFErRiNinbrAE R, a2 al
TN
3.1.6 B RZEENITAECI

Omni-ECL™j# R 8k 22 & ek iiAF & . =B Fi4e s 5 marker (10-250 kDa)
T B B AR Y. RIPA Z4MA (58). N,N,N',N'-JU 3 — 2% (TEMED) WHZ =
RAF . PVDF B4 H Millepore A 7]

1.0 mol/L Tris-HC1 (pH 6.8): HX 121.1 g Tris ¥ T 800 mL 4li/k /1, FHELHEE (HCD
#pHIAZE 6.8, HEHAKERSE1L.

1.0 mol/L Tris-HC1 (pH 8.0): HX 121.1 g Tris & T 800 mL ik, F HC1¥ pH
WA 8.0, FJGHAIKERR 1L,

1.5 mol/L Tris-HC1 (pH 8.8): HY 181.7 g Tris AT 800 mL 4k, FJ HC1¥ pH
WA 8.8, maHAUKERZE 1L,
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30% (W/V) INJEEERZ: B 290 g NI BERZ AT 10 g B XY IR mEI% % T 800 mL 4§
Keb, WG pHHEZE 8.8, BfaHai/KERE 1L,

10% (W/V) + R3S mIReY (SDS) #&#: HX 10 g SDS ¥ T 80 mL 4i/KH,
T 5 FH 467K 8 25 %2 100 mL.

10% (W/V) IdEfREL: 10 g W BRIRECA T 80 mL alizkHr, ¥ E H4liKE
7% 100 mL.

SDS-PAGE W4 IKEL J7: 467K 1.40 mL. 30% (W/V) H/&ELRE 0.33 mL. 1.0
mol/L Tri-HC10.25 mL. 10% (W/V) SDS¥#0.02mL. 10% (W/V) IR E: 0.02
mL. TEMED 0.002 mL. SDS-PAGE 4} & il 77 W3 3-1,

% 3-1 SDS-PAGE 43 B e Iit J7
Table 3-1 SDS-PAGE separating gel recipe
SDS-PAGE 7} B/l PG IERZ IR (W/V)

FH ZFRIAEFR (mL)

6 % 8 % 10 % 12 % 15 %
47K 53 4.6 4.0 33 2.3
30% (W/V) INIEIEEIE 2.0 2.7 3.3 4.0 5.0
1.5 mol/L TriHC1 (pH 8.8) 2.5 2.5 2.5 2.5 2.5
10% (W/V) SDS i 0.1 0.1 0.1 0.1 0.1
10% (W/V) AR # 0.1 0.1 0.1 0.1 0.1
TEMED 0.008 0.006 0.004 0.004 0.004

SDS-PAGE HEL¥KZE#f i : B 3.03 g Tris. 18.8 g H& R, 1.00 g SDS B T 1 L £
M, AN 0.8 LAliK, HrZRIEME, o HAVKKIERERR 1 L,

SDS-PAGE 2 [ FFEZE P (5x): HL 0.5 g . 10 g SDS ¥ T 15 mL 4fi/K
tr, FEEMA 50 mL H A 25 mL 1 mol/L Tris-HC1 (pH 6.8) JRA)J5 H 4K E R E
100 mL.

TR LR 2200 : B 5.80 g Tris« 2.90 g H&FE. 0.37 g SDS & T 1 L Bedf
H, N 0.6 LAliK, HiiEZRIEM. HEMA 02 L HEE, R . 5fa HAiKEE R
ERE 1L,

PVDF & ¥ (TBST Buffer): HX 8.8 g NaCl. 20 mL 1 mol/L Tris-HCI (pH
8.00 E T 1LJkeA, A 08LAIK, HHt:EWEM. HEMA 0.5mL iR 20, &
5. B HAAKERE 1L,

PVDF 3 PAZE i : B 5 g AR 4= Wk 84 Ifis 85 - (Bovine serum albumin,
BSA) E- TRk, A 100 mL TBST Buffer, 748 #E8%].

PURFBER: 1 pL Puikhn A% 5 mL TBST Buffer FIR%), BIUNHUAR B
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3.1.7 BRI XIRF

R E DNA B4 (Phanta® Max Super-Fidelity DNA Polymerase) W H i M
BEAFE] .

FR#NEAZIE N V)EE. T4 DNA EHRE H Takara A &) o

Jo N F R R BGA ) & B TIANGEN A7 .

LR IERE B DNA [ S0 B AL A A

50xTris Z.JR & EDTA 227 (Tris Acetate-EDTA buffer, TAE). FRfgHEH £ .
IR G5 NA-Red. o4 bl A S H EH = R AH .

1%BA IR RS : K5 1 g BEARPEN K5 100 mL I1XTAE Z00R A1, THRlm N
IAE BB RS AWM. FFRTIRERFEZ 60 °CHEAR N 50 uL NA-Red, H%)
JE W BN BSR4 S D [ A B B AT A T K

3.1.8 &2 PCR x5

BWREE e E PCR M TR (Hieff Unicon® qPCR TagMan Probe Master
Mix). Febliki e & PCR R M TR (Hieff UNICON qPCR SYBR Green Master
Mix) T H 4.

SR TR (PrimeScript™ RT Master Mix, 725 : RR036A) W H Takara
NP

& RNA 2 BUA7 & H BioFlux A A,

3.1.9 ZMpEAL 5T

Lipo8000™#% Lk 7| [ 28 7 K /A 7« RFect AMZ BRI Yl H AR A -
3.1.10E B

Cell Counting Kit-8 (CCK-8) k7l & . AR MIRF & . DAPI . %
REUUE IR G PORR G I A B = R AF .

UL 2% A 45 2 DR A R & 2 2B 2R

PBS 224 : HL 8.00 gNaCl. 0.20 g KCl. 1.44 gNa;HPO4s. 0.24 g KH,PO4 ¥4 T
800 mL /K, Al ik IR pH A E 7.4, FafEHAIKERE 1L,

G5 6B A : BY 10 g BSA AT 1 mL iR 20 W@ T 800 mL PBS {5 11,
HHH PBS EAE 1L,

SDS-PAGE Bt i #R G (i [ . HX S0 mL 2% . 10 mL ZF& A 40 mL 46 /KR 5] .

UA ZZ0P9: BX 480 g JRZ. 18.17 g Tris ¥ T 800 mL Zli/Ke, ¥ pH HE
8.5, mJaffH4i/KERZ 1L,
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3.1.11i5G )

KEHIILIOVIEATR (PEDV HUERHIR B AR 10 E b i b R 7,
R R % T6 2428 bl
3.2 I ER
R BT AN 22 .3 3-2
K32/ ER

Table 3-2 Instrument information

A B R | %55
A — AR TR A =V
18 B2t S i JEeJE Ti-U

AR B O AL
SDS-PAGE i ik R M1 12 sl
Z DIRe R bR
Pt 5E & PCR X
2 BRI R 4G
i =g A
AR TR A
(ERRRE S
TATERG 4%

e e 28K B
RAARBOCIL R R
JR A
LS
ARG
LA B OVRGEAX
A B AN O T

Eppendorf 5415R. 5804R
Bio-Red
PerkinElmer VICTOR Nivo™
Applied Biosystems
KiE 5200
BECKMAN COULTER
i
R
X
b
JEFE AX
FE PR K Obitrap Fusion Lumos
FEEL € EASY-nLCTM 1200
Biosafer150-96
Eppendorf Concentrater plus

Eppendorf BioSpectrometer
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3.3 I

W56 P FH 23 A B g 3-3
R 3-3 TR
Table 3-3 Softwares for data analysis

A4 PR TR
Applied Biosystems ViiA7 5E & PCR 73 Mg
GraphPad Prism8 UESYSTE e i
SnapGene JrekL T
CytExpert AT S Bt
MEGA?7 F7 5 [RIYAE: 0 A R A 0 A 2
Promoter 2.0 Ja BTt
SWISS-MODEL A5 AL,
MaxQuant 2.0.1.0 JoRVE H i L X A 43 B
PyMOL B BB
DAVID GO HRAIE 5 I8 I
Image-Pro Plus el i 5 D't i 52 AR A 4 A

3.4 RIWAE
3.4.1 WE . FEKEEREF
3411 MEEF

(1) K4l 72 E T 37 °CHAR ik

(2) MG E 4T, BN 37 °C K PR .

(3) fRE G- T/EG B 2 LE M 1.5 mL EP &9, 1000
r/min &> 10 min.

(4) TEMETAEG N X LEEW, ARG f R 7R v E B, B
JE ¥ AN AL B T25 gUfuRE IR, HRIERE TR AN 2 £ 5 mL.

(5) HAME T 37 °C. 5% CO M T I,
3.4.12 MpAfERIEF

WUEANMOIRAS 20 B oo B 2 I 5 AT AR AR 7%

(1) PR MRS 7R B R L. PBS BT 37 °ClRAEH Tk

(2) THVE4IML: 7848 TAE A& h 3y m m3: 7, IMAEE PBS, 21&
K- 52 A0 20 IR

(3) WiH: F4 PBS, MMAGEEMEAM MR, KPR, &%
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73 5 R A I TA] A 40 B AP S0 2, Vero Ml LLC-PK1 R4 1 min,
HEK293t i Jifd R fe 242 4% 5 5-10 K.

(4) FiHt: FFEEANMEN 90% ML, HAE T 37 °C. 5% CO, &1+
T, TIHALE AN R 25T %2, Vero Al LLC-PK1 A v] {44k 4 min /£ 47,
HEK?293t #fi/ifd X §EVH K 1-2 min.

(5) ZrHuApe: JHASERJGE M ARBIR M N 5-10 mL 40 AE KW, (A CH
(1) 15 mL PR WRIT A, B 240 M 7K

(6) 3. Wo4uM B 38 2 2-3 AN, kb 2 BN A B 4 AR K
Wio T25 ke = 5mL, T75 ik E = 15 mL.

(7) B BYIE T 37 °C. 5% CO» &/ R 9%,

3.4.1.3 YpEKRTE

WEEAN RS, 240 PRV W B J2 B B o] @A T 1R AT

(1) BRa4- 1% BT 37 °CIRAH N k.

(2) IR MAEAR 7 V2T AR 20 B Y

(2) KBS 15 80 50 mL 0%, 1000 r/min 20> 10 min.

(3) FEEOEHWAMA, [FAEEAERPIIGE G ESI, FEMA 1/9 14
FUT) DMSO 5] HH 41 B 73 25 B A R A7

(4) B MAHEAFE TN MR A& N, T-80 CCHMIIRUKFTH 2 ¥ 24 h.

(5) WeHMIFAEE BB ARES, B —E M E I8 AW 8

3.4.2 FRBIEFR

W5 4 B2 o ) 20 PR R 0 AR, AR B 100% R A FE s RV AT A1 25

(1) FE % TAE & G 1) PBS K45k 3 3

(2) F+4 PBS, R4 ER4H Mk 1 in A 0.1 MOI (] PEDV, i B35 72 kb
JEARERL, BT 37°C. 5% CO» %44 FH: 3% 2 he

(3) FI2 MR AR P RE IR, IO EE PR RS 7R, 4kSRE T 37 °C.
5% CO2 2614 T 557

(4) WMEMPPILE, PEDV BEYeois Al b 2 M & k. £5 80-90%[H)
2 = A T A A B 4 B B R B B T -80 CCRBARIRLUKAR AR, AR SE 4
JEET 4 °COKFE L, VR FEE S 2 K.

(5) BAIE R B ETCH M 1.5 mL EP &, B T-80 °CHa iR vkAs
RAF .
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3.4.3 MEHM MBS

1 F 285K /A 7] Cell Counting Kit-8 (CCK-8) R &M E MMIiE 1, KT
Wr 259 4n i 251

(1) JHpEEAh SACER: KA iRl T 96 FLANPRES IR, FFAUHRTE 37 °C. 5%
CO2 M FAEKF) 100% 80 A JE B 45 FH 450 25 P AL PR 4T i 48 ho

(2) Wedk: BBRILWWBAE, SREBAFLIIA 100 uL PBS, H5HE 5% G 7
PBS, MABEREE =K.

(3) §¥FH CCK-8: FE#GKM T REEAILH A 110 uL & 9.09% (V/V)
CCK-8 ¥ niB A K, BT 37°C. 5% CO» 26 N 6159 2 ho

(4) S50HE : A6 2 ThReBEAR X I € & FLIA R ) ODA450 #fE . 4ifiE /it
BN WIS 1= (As-Ab) + (Ac-Ab) x100%. As: SZE&fl, OD450 fi: Ab:
TCAMIfL OD450 {8; Ac: 4HAEXHEFL OD450 14 ..
3.4.4 TREFHALARLEENE

(D Affadet. FAfuEri T 96 FLAMIEE R, Frg4ififE 37°C. 5% CO2 %%
PERAK 2] 100%F58 & FER H PBS 3 3 4 H .

(2) FERACE: BAFIIRE T B/ 3 7K, 4 °C. 12000 r/min 250> 5 min f5EX
EiE A

(3) BHFEMRE: (AR RO A I B 10 RERh FERRE, LA 8
B

(4 FERFE: mARILH MmN 100 pL FRE, BIMHREEIRE 8 MEEL,
BB E T 37 °C. 5% CO2 24 FH;9% 72 he

(5) 55 A% f#H Reed-Muench y4 11895 85 - A 2B & (median tissue
culture infective dose, TCIDsp) (Reed and Muench 1938).

3.45 RERA

(1 [EE: bR P AR gn i PBS ¥t 3 i, SAJSTEEIRZM TH 4% 2 KH
1% & %€ 20 min.

(2) B1h: BT rgnie R PBS ¥k 3 i, =& TS 0.1% Triton
X 1) PBS ¥ #i#E AL 10 min

(3) #HMl: FSIAMH PBS iEYE 3 38, AR GE AT, =R&MT
TE 2 he

(4) BWE P BHEABEHNT 0.1% (V/V) —HRIE R, T 37 °CIEM
NI E 1 he

(5) W8 =Pi: H PBS Krdifupt 3 i, BE mAEMR IS 0.1% (V/V)
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FOC BB, T 37 CCIRAE A E 0.5 h.

(6) AMfuiZgt: Wl —HIMRRL fERDEAIE T DAPLAL (R, EiRsk
PEREEDEREE 5 mine Jetuse B IR EREDE S AF T~ ) PBS R4HfIYE 3 3.

(7) a8k R A3 B SO0 B BRSO L 3 R R BRI 8= 45 ROF
HiRE

3.4.6 RNA 1E2E

{4 [} BioFlux /A & it RNA $#2HGR 7 A H2 B RNA.
(1D FEmitES

PEEUR AR IE R 2 RNA 411 A A 201 i R 77— R I R L 3 R e W T L 74
F| 2mLEP &, 4°C. 12000 r/min &> 5 min J5EL 100 pL _EJER S 100 pL 2K
R1 A, FEHREIRS IR 30 s, ME=EAE | min. #ELHEMA 600
uL 24 R2, R EIENRS], ME=EAHE S min.

FEHUAH A RNA: FERRANMAR N B IR0, I i =AU i 200 pL 22
fiE i R1 AT 1200 pL 240 R2, 7R5rWETIRS), G EiRFHE S min.

S RNA: HAZE T WA ISR R, B30 mg HZU AR 1.5
mLEP &, %M EP & H I 600 uL 2@ R2, 7o/ BElRE], B =infE
5 min.

(2) diE4ift
2t R AN ER B S IR R B2 T, 12000 r/min 2540 30 s.
(3) Pk

FEEBEWE TPA, b RE RN 600 L YEAR, 12000 r/min 250 30s.
EIERCE AR, R IR B E IR ERE A, 12000 r/min A B
1 min.

(4) W4E RNA

o F B RH R 1.5 mLEP & . (A galifbaE 5N 50 uL DEPC 4b3#E K,

FIREE 5 min f5 12000 r/min 2.0 2 min, EP 8 HART N RNA &

3.4.7 RNA R¥EFH

% RNA #i B 2 62.5 ng/pL, 1#i F Takara s #6 E FiiE K (PrimeScript™ RT Master
Mix) & cDNA, KMNAEZR (10 uL) W3R 3-4, RN FM K 3-5, V455 )
PCR & i 190 uL DEPC 437K, B4 )G B T —80 °CIRAF .
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% 3-4 RNA 3 B
Table 3-4 RNA reverse transcription reaction system
%l (L33
5xPrimeScript RT Master Mix 2 uL
RNA 8 uL

F 3-5 RNA S5 5% o v 464

Table 3-5 RNA reverse transcription reaction conditions

R B KPR FE (°C) i 1]
FEEEN 37 15 min
K [ B s g 85 8 uL
Bee i R AT 4 -

3.4.8 X EE PCR

F¥E 35 £ A 7 8 ' PCR Ty i Hieff Unicon® qPCR TagMan Probe Master Mix it
BBIATERAE, RBER (20pL) WK 3-6. MK RN E R PCRIRY, T9E
B PCRAXH RN, R AAFN5E 50 °CTI# 2 min, #RJ5 95 °CTRAZYE 10 min, %%
BEN 40 AEIR L (95 °CHETE 15 sec, 56 °CIEK 30 sec, 72 °CHEMH 31 sec), fEAE
i REERNAZ T . PEDV 4iX) & & PCR i S| AEREHE B AR 3-7. A pkL
DL 10 5 f5 e RE e 8 AINBE R, HmiikE A 1x10" copies/uL. f# ] Applied
Biosystems ViiA7 R4t 47 € & PCR MK, 30K A1 B Jy Standard Curve, il
FWE Y TaqMan, T2 17 5855 H 30 AE bR e i ZEAEE fh hREE cDNA I #% D

R 3-6 %1 E B PCR VAR &
Table 3-6 The reaction system of absolute quantitative PCR

¥l &R (ul)
Hieff Unicon® qPCR TagMan Probe Master Mix 10
s (10 pMD 0.4
TSI (10 pMD 0.4
e (10 pMD 0.2
50xLow Rox 0.4
cDNA 8.6
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%% 3-7 ¥4 PEDV M %:[A 7€ & PCR 51 IR EH
Table 3-7 Quantitative PCR primers and a probe designed for PEDV M gene

2 FK P51 (5-37)
qPCR-PEDV-M-F CGTACAGGTAAGTCAATTAC
qPCR-PEDV-M-R GATGAAGCATTGACTGAA

probe-PEDV-M FAM-TTCGTCACAGTCGCCAAGG-TAMRA

3.49 HXEE PCR

& £ A ] 2 & PCR HiyR K Hieff UNICON qPCR SYBR Green Master Mix i,
BB THAE, RBERR (20uL) L3R 3-8, ¥ MNAR R INE|E & PCRRH, T
B PCR AR BL, SR skAt 9 95 CCHUAZNE 5 min, HAEHEN 40 IRTEH B (95 °C
AFPE 10 sec, 60 °CiB K 20sec, 72 °CHEAH 20 sec), TEIEMFES REEDREE T . TG
HBAX A BRI B I E A2k . 81 Applied Biosystems ViiA7 &% #E47 & & PCR
W, RIS % B Ny Comparative Ct, F X715 & N SYBR Green.

Tl Vero 20 H A TR I S I3OFE S 35 K] mRNA 7K P BT F N 2 2L KR B2-TEk B
H (beta-2-microglobulin, B2M) &P ; il HEK293t 40 fg F1 LLC-PK1 4 Jig
GRP78 mRNA 7K-F-I5f fit F N 2 2k Rl Jy il 3-8 R i 0 B (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH). X5 AT 514 W3 3-9.

%% 3-8 FHXS E & PCR ik &

Table 3-8 The reaction system of relative quantitative PCR

il A% (ul)
Hieff UNICON gPCR SYBR Green Master Mix 10
FWESIY) (10 pMD 0.4
NUEEIY (10 pM) 0.4
cDNA 9.2

2 3-9 fHXE & PCR FTH 519

Table 3-9 Primers for relative quantitative PCR

HFK Fe3 (57-3")
Vero-GRP78-F TGCTTGATGTGTGTCCCCTT
Vero-GRP78-R TGTCAGGGGTCGTTCACCTT

Vero-ATF4-F CCAACAACGGCAAGGAGGATG
Vero-ATF4-R GGGCATCAAAGTCGAACTCC
Vero-CHOP-F GGAACCTGAGGAGAGAGTGTTC

Vero-CHOP-R CTGCCATCTCTGCAGTTGGA
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g K 3-9 X} & PCR FTH 514

Continued Table 3-9 Primers for relative quantitative PCR

4R P51 (5-37)
Vero-GADD34-F GTCAGGACCTGTGATCGCTT
Vero-GADD34-R CCATGTGTCTGGGCGGTG

Vero-B2M-F GCGGAATATAAGTGGAGGCGT
Vero-B2M-R ATCTTTGGAGCACGCTGGATA
HEK293t-GRP78-F GAACGTCTGATTGGCGATGC
HEK293t-GRP78-R ACCACCTTGAACGGCAAGAA
HEK293t-GAPDH-F CACCATCTTCCAGGAGCGA
HEK?293t-GAPDH-R ATGACGAACATGGGGGCATC
LLC-PK1- GRP78-F TTGTGATCGGTTTGCTTGCG
LLC-PK1- GRP78-R CGTTCTCCCCTTTCCACCAA
LLC-PK1- GAPDH-F GTGAACGGGTGAGTTAGGGG
LLC-PK1- GAPDH-R CGATGCGGCCAAATCTTGAG

3.4.10F& A %= fZENTE

T % EZF B Western Blot.
(D FEmifEs
FH PBS ¥ 6 FLAT B 15 24k A5 0040 o e 3 386, AEFLINA 200 pL RIPA 5RZLf# L,
BT UK ERSE 1 mine FHAMRE] PR AMES] 1.5 mL EP &, TUK EfEA 1 mL
VRS BOKRE S IRET 20 K. 4°C. 12000 r/min &0 5 min, B EIERBHA 1.5 mL EP
G, B LEBAERL, W EP EAFINN 1/4 LiEHARE) SDS-PAGE & 1 L FELE
MR (5x), JREIE 100 °CHN#% 10 min, EEE T 4°CAE Smin, HJ5HA—80°C
TR VKA AR AT
(2) SDS-PAGE Hijk
SDS-PAGE HLyk i S fREFIE 2 L 80V, £588 F marker 58 470 1 Je ks FLUE 1 22
120V, HEI5 T2 M8 marker 7870 J& T J5 A 452 1E H K
(3) s
I WK SDS-PAGE IR IR E 545 EI 3 PVDF I b, B eI e E
it 300 mA, 4% 1 kDa/min )38 & € F ENINA] o % BN 36 EOAE B T 00K
(4) FHA]
NSO IS T R R, SRR FERIK (FE 75 t/min) 3
]2 ho
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(3 EE—H
F TBST Buffer R I FIETEBE 3 Ik, BEKER TR, =kE%
PEREERRIR (B 75 r/min) _EEHE 2 ho
(6) WHE 4
F TBST Buffer ¥ & i —HUIIEESE 3 Ik, H& KBTI HRP () —$Hi
R, TEFRIR (F53E 75 v/min) LEREE 2 h, W E 45 )EH TBST Buffer ¥
RS 3 IR
(7)) Bo5EEGRE
F Omni-ECL™8 R #ib 7 KOG MAf & CERg) W5, ¥4 FemtoLight ECL
Substrate F1 Oxidant ZFAFRIR ST RN B 5 TAE W . K IEE T T E 2 min, BE
JEER 2B R RS CRE) REFE.
341 ERREZRIRE A E
PL pCAGGS-Flag-MCS N# /A H 2 GRP78. A elF2a (Wt elF20). flzfk
P71 5RA7 elF20. (S52A elF2a). ATF4. CHOP. ATF6 Z itk (ATF6-NTD)
A PEDV £ H W HAZRIE R . SR S BRI 51 it B34, PCR 7™
YIRS, EEY) S AR S AN TE A B R R
3.4.11.1 5|¥%it
WA NCBI £df 2 oA TR R AR IR 3 A0 et E 51 4, FEAESI P 5 vmdis AR vk
e AR PR R N VIR ) EIAL 5, 51 B 3-10.
# 3-10 BAZRIK R 25| Y)

Table 3-10 Primers related to eukaryotic expression vector construction

EIEZEARE Fr3 (57-37) B UIAL
ATF6-NTD-F TTCGAGCTCATGGGGGAGTCGGGAG Sacl
ATF6- NTD-R CGAGCTAGCCTGTTCCAGCATGCTCATAGG Nhel
CHOP-F ACGGAATTCATGGAGCTCGTTCCAGC EcoR1
CHOP-F AGCAGATCTTGCTTGGTGCAGATTCACCATT Bglll
ATF4-F ACGGAATTCATGACCGAAATGAGCT EcoRI
ATF4-R AGCAGATCTGGGGACCCTTTTCTTC Bglll
elF2a-F GAGGAATTCATGCCGGGTCTAAGTTGT EcoRI
elF2a-R AGCAGATCTATCTTCAGCTTTGGCTTCCATT Bglll
GRP78-F GATGGTACCATGAAGCTCTCCCTGGTGG Kpnl
GRP78-R TGCCTCGAGCTTCAACTCATCTTTTTCTGCTGTATCC Xhol

nspl-F GCTGAATTCATGGCTAGCAACCAAGTCAC EcoR1
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8: 3% 3-10 FAZARIE ORI 51 )

Continued Table 3-10 Primers related to eukaryotic expression vector construction

SIAAFE FFo1 (57-3") VIR
nspl-R TGCCTCGAGACCACCACGACGACCAAAAG Xhol
nsp4-F GCTGAATTCGCAGGTCTTCCTAGTTTTTCA EcoR1
nsp4-R TGCCTCGAGCTGTAGAGTTGAATTGTAACT Xhol
nsp5-F ATTGAATTCGCTGGCTTGCGTAAGATGGCA EcoR1
nsp5-R TGCCTCGAGCTGAAGATTAACGCCATACAT Xhol
nsp6-F ATTGAATTCAGTGGTTATGTTTCACGCGCC EcoR1
nsp6-R TGCCTCGAGCTGAACGGAAGAAATCTTAAT Xhol
nsp7-F GCTGAATTCTCTAAACTGACTGATATTAAG EcoR1
nsp7-R TGCCTCGAGCTGCAACATACTATTGTCA Xhol
nsp8-F GCTGAATTCAGTGTTGCATCTACTTAT EcoR1
nsp8-R TGCCTCGAGCTGGAGCTTGACAATACGC Xhol
nsp9-F GCTGAATTCAATAATGAAATTATTCCTGGTAAGC EcoR1
nsp9-R TGCCTCGAGCTGCAAGCGTACAGTGG Xhol
nspl0-F GCTGAATTCGCTGGTAAACAAACAGAACAG EcoR1
nspl0-R TGCCTCGAGTTGCATAATGGATCTGTCACAA Xhol
nspl2-F GCTGAATTCCGAGTACGGGGCTCTAG EcoR1
nspl2-R TGCCTCGAGTTGCAAAACTGCAGATTTCT Xhol
nspl13-F CGGAATTCCTGCAGGGCTTTGTGTTGTTTG EcoR1
nspl3-R CCGCTCGAGCTGGCTGTTATAAGGAGAAATAA Xhol
nspl4-F GCTGAATTCAATTATGTTGCCAGCCGTATG EcoR1
nspl4-R TGCCTCGAGTTGCAAATTGTTACTAAATGTCTGC Xhol
nspl5-F GCTGAATTCGGCCTTGAGAACATTGCTTT EcoR1
nspl5-R TGCCTCGAGCTGAAGTTGCGGATAAAAT Xhol
nspl6-F ATTGAATTCGCCAGTGAATGGAAGTGTGGT EcoR1
nspl6-R TGCCTCGAGTCATTTGTTTACGTTGACCAA Xhol

S-F GCTGAATTCATGAAGTCTTTAACCTACTTCT EcoR1
S-R TGCCTCGAGCTGCACGTGGACCTTTTCA Xhol

ORF3-F GCGGAATTCATGTTTCTTGGACTTTTTCA EcoR1

ORF3-R ATACTCGAGTCACAATGGATTTGCC Xhol
E-F GCTGAATTCATGCTACAATTAGTGAATGAT EcoR1
E-R TGCCTCGAGTACGTCAATAACAGTACTGG Xhol
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8z 3R 3-10 HAZRIE TR 2 51 ¥)

Continued Table 3-10 Primers related to eukaryotic expression vector construction

EIRZEAR FF3 (57-37) BEVIAL A
M-F GCTGAATTCATGTCTAACGGTTCTATTCCC EcoR1
M-R TGCCTCGAGTTAGACTAAATGAAGCACTTT Xhol
N-F GCTGAATTCATGGCTTCTGTCAGTTTTC EcoR1
N-R TGCCTCGAGATTTCCTGTGTCGAAGATC Xhol

3.4.11.2 RERH 18

15 FH V5 ME R = AR L PCR A7) & (Phanta® Max Super-Fidelity DNA Polymerase )
R B, YRR (S0pul) WK 3-11. ¥ EiRfARINE] PCR EH, T PCRAXWH
B, RN Y6 95 °CCHIARYE 3 min, 3 HEAN 35 IRTEFA . (95 °CAEME 15
sec, MR TIVIEKIREIB K 15 sec, 72 °CHEAH (%4 33 kb/sec 38 [ 15 B A AH )
K, PEHEE )G 72 °)CARIEM 5 min, B FREFICE 4 °C. 1AL, #o A&
H AL R A m) B .

R 3-11 EMERE AR L PCR G & I S B Ak 2
Table 3-11 Reaction system of Vazyme high-fidelity PCR kit

%l % (ul)

4K 17
2xPhanta Max Buffer 25

dNTP Mix 1

L5 (10 pmol/L) 2
NG (10 pmol/L) 2

Phanta Max Super-Fidelity DNA Polymerase 1
AR DNA 2

3.4.11.3 PCR FE=4[EIYK

{8 FHE HEBE B DNA [FISGRF & RNt [FIUCH IR/ B B

(1) I B HEHEER LK 23 B PCR =4 AN A R/ DNA F B .

(2) ¥ B BRI Fr B N BRIl e i U0 R oK, TN 2.0 mL EP & Rk L
MR YE R E SR IIN 1 {54481 Buffer PG (100 mg BN 100 pL Buffer PG), 50 °CHE
& 10-15 min, §% & B AERE 2 min JEAT BN EE 08 1R, B 4 fbik R AT
1B E .

(3) AR BEAE, 1A IR B4 i N 200 pL Buffer PS, 12000 r/min 50> 1 min,
BO AR FE R AR
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(4) KIREA H R BB R 2R AL, = IREFE 2 min, #2535 12000
r/min .0 1 min, 250085 R SRR A

(5) [P A I 450 uL Buffer PW, =& E 5 min, 3% 12000 r/min &
O 1 min, BOERFHIEE HRIL, REHEEHGE 1K,

(6) PRi4EH 5 12000 r/min 25 F: 20 1 min.

(7) WAL B —ANH ) 1.5 mL EP &y, 1) IR A b g 50 pl 4lik,
FHIEFE 2 min, )5 12000 r/min B0 1 min, LI EP & WA B B BURIZKIE TR,
M2 H DNA WK 5 E T —20 °CIR1E.

3.4.114 REsEsY SR

f8 FH R 1 PEAZ TR N DIRG  (Takara) 4 [BIYSCRI I H 0 BOMEAA iR U0 & H
R8RSV B (1) 26 VEAL DNA. BRI MEAZ R A VIERRE V) R BLA &R (50 pL) WL 3-
12, JRPBZEATN 37 °CHE 2 b, JNLG5 R J5 AT BRI e I ra. vk I =i B 1) v B

& 3-12 BRI A 9% P D1V E I 1) 2 Pk 2R

Table 3-12 The reaction system of restriction endonuclease digestion

el (LA
10X BEY) G Pl 5uL
I IRER AR 1L
R R ) 1L
DNA I pg

afi7K 552 50 uL

i/ T4 DNA %M (Takara) R H A NS PEAR SR K H 0 F BOmZe AL #dA
BEARE i, AR N 3-13, BN RPLIMA 16 °CHEH 30 min.
R 3-13 T4 EEMHES N IR R
Table 3-13 The reaction system of T4 DNA ligase-based ligation

%l K& (ub)
T4 HEHNG 0.5
SRR 1
H B 6.5
AR B 2

3.4.11.5 RS MAE

A AR R PR AL B K A 1 DH10B 24 A
(1) RSN BB —80 CIRAFMIEZ S (fRIFT 1.5 mLEP &
T JE T 4 °CRER
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(2) UKiy: EEBEEYAEZEMRERES, BETUHOKBHEE 30
min.

(3) #P: VOKIBEE ARG E T 42 °C/K I 90 sec.

(4) WEth: S R R B2 SR E T UK R, 3 min A 500
uL TSB 35574k, #EE THEIERFIRZ S (37 °C. 180 r/min) WIE{L 45 min.

(5) ¥®M: 3000 r/min B§0> 10 min, Fifs EJEW, F 100 pL TSB i FR A&
JERSZAS M, IR SZ A G R B Y ST IR AT B A A S B AR B S R R AR
TSA Billdr, B FAIR R 37 °CH % 12-18 he

(6) PRECHREE: PRI SR SV 2 2 mL EP &rh, 6] EP BN 1
mL 55 SEATUEIL RN T4 R TSB 874, B THEERFRZ# (37°C.
180 r/min) P E57E 12-18 ho

(7) PCR %7€ : DLARVBCARAR, @it By S 51 %147 PCR %€ o

(8) WMlfF: PCR %5 A BHM I B A B AL R A FI T, il — 74
SE K AT T 2 15 45 71 1 B 2 A4

3.4.11.6 TARFZFRAIZEL

{8 FH TIANGEN & N 7 2 Uk 32 U5 & 3 BU5 R .

(1) MY KREFR: W37 60 A BRI KT i % B 2140 (30 mL
R o, N 20 mL & S# R PU R FA R BUAE I TSB Be i ks, B THIEK:
TR 8% (37 °C. 180 r/min) PI15F% 18-24 h, FFHE OD600 {HiLH 3.0 /&4 ¥
R BB T, 3000 r/min B0 10 min YCEEANE T T N B & BRI AL

(2) R BodRERE LEH, W EEMEETTERNECE RN 8
mL 57 P1, (S IREIRG S KRR . 5 m S 0E A 8 mL 7 P2,
AN E R B0 6-8 G R E Smin. AR5 H BLLE NN 8 mL I P4 -
SEEMRAN F R R0 6-8 IR, FRHIL A B EZVIRYTE S T = E E 10 min.

(3) LBATFZR: 8000 r/min F-C» 10 min, HITUERE CS1 T - EiE I H
50 mL SO EUREIER. MEODE RN 0.3 BRI AR, L NERE .

(4) JEpigifh: mFFE CP6 HF 2.5 mL H°F# BL, 8000 r/min &5.0» 2
min 57 ZWEEE A K (3D FIRE T RNEERIER LR 2 A CPoe
8000 r/min B5.0» 2 min J5& 7 25 A ik .

(5) Pekaifbs: P CP6 F A 10 mL {EPER PW, 8000 r/min &5.0» 2
min J& FEEWEE WK, RIEHEES 1 RGKSE. Y& 2 KRR CP6
TN 3 mL /K 2%, 8000 r/min 25.0» 2 min J5 7 EWEE HWE, BEEZH 8000

r/min 2.0 5 mins
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(6) JALPEME: K FFE CP6 #2131 50 mL B.OFH, MM B e
W1 mL4li/K, FEEFE S min, £:% 8000 r/min 50> 2 min, MHFE OV RAE
RIS TC N 85 28 1 ORI R

3.4.12 3o FEEF K

4y WE I NAE GRP78 15 5178 e psiCheckIlZE 48 K Hh7¢ ' K B4 i 5]
3 HSV TK J& 217 1 pCAGGS-mRFP #4/& mRFP 4ifid 7> 41 37 1¥] chicken B-actin
BT R BPIRA

(1) EHAEFRE B 5 3h 1 W N A B sl sort B g s14), @it PCR
TR T4 B4 )5 3 1 B EA B B

(2) 1#F Promoter 2.0 Tl \F1%% GRP78 Ja#hT-3Filid PCR ¥ HAH B H B,
JEBN i BT B A BT A RS ST ET 10 ANEREE R 20 5 kA 3G BT
NSRBI 5 S ET 10 AMBIE EAMEC N

(3) PCR F=#[AIi s

(4) F = RIC4E v bR G0k 8 2 1 i B e YA 30 i 45 . Tog% vl
AR ZRN (20 uL): F5ifA B 100 ng. Z8PEL##& 100 ng. 2x Seamless Cloning
Mix 10 pL, #/E ALK& RN ER] 20 pLo AR 50 °CHEH 1 hs

(5) AR A0

(6) TLNFFR PRI

R B, PCR PRI, B5A0 B2 S 40ME . TJE P 85 25 0k B B 4R 4 DL
3.4.11. B (1. (2) FrAsIE B IR 3-14.

# 3-14 GRP78 Ja 8l 1 B AR BT 514

Table 3-14 Primers used in the construction of GRP78 promoter recombinant vector

FIAAFR Fe3 (57-37)
psiChecklI-F AAGCTTGGCATTCCGGTACTG
psiChecklII-R TAGATCCTCACACAAAAAACCAACACACA
pCAGGS-mRFP-F GGAGTCGTTGCGCGCTGC
pCAGGS-mRFP-R CCATGGTAATAGCGATGACTAATACGTAGATGT
psiCheckll N\J§ GRP78 TGAGGATCTACCAGCCTGGGCGTGACAGAG
JR BT N-F
psiCheckll A\Ji GRP78 TGCCAAGCTTGACCTCACCGTCGCCTACTC
JR 3 THfA-R
psiCheckll# )5 GRP78 TGAGGATCTACCGTATGTGTTTTGGTACCA

AT HfA-F
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B: % 3-14 GRP78 Ja 8 1 EAE AR T 514

Continued Table 3-14 Primers used in the construction of GRP78 promoter recombinant vector

GlEYEZR S 75 (5-37)

psiCheckIlUf I GRP78 TGCCAAGCTTGCCGCTGATTGG

Ja 8 A-R
pCAGGS-mRFP A J5 ATTACCATGGCCAGCCTGGGCGTGA
GRP78 JA & Tifi \-F
pCAGGS-mRFP AJ5 CAACGACTCCGACCTCACCGTCGCCTACT
GRP78 JE 3l AN-R
pCAGGS-mRFP J& ATTACCATGGCCGTATGTGTTTTGGTACCA
GRP78 [ & F1fi \-F
pCAGGS-mRFP J#J5 CAACGACTCCGCCGCTGATTGGCTAG
GRP78 ]38 T N-R
3.4.13 b e S

i FH 3525 KA A Lipo8000 % JL i fii

(1) Yt 5 A0 . Sauefh 3] 12 FLAn i Fitict, F 37 °C. 5% CO»
FAT T IR A 80 Yo & 5 J5 R 45 77 45 i i () A AR G

(2) HGLAFIMACH] . B 50 L Opti-MEM B5 7R AN 1 pg JFORL R TRV TR
51T 1.5 mLEP&EH, FA EP &I 1.6 uL Lipo8000 ¥ 4L 5f], HiiRA].

(3) Begt: Mgl S 18 N 20, BEALI N 50 pL, BB RENEE TR
BORS), BHEMRSEHMPET 37 °C. 5% COx FMHE TR, BYS 36- 48 h @il
Western Blot #3025 [ i KA

3.4.14siRNA &L

13 F B ARAED) Rfect B Yl fIF4 42 siRNA.

(1) ZHfEfh 50T, KB pafh ) 24 FJLAMRIE R, T 37 °C. 5% COs
AT EETRE 50 YoRih & B J5 K 55 77 5 B ¥ b e 1 At PR AR K TR

(2) BHBYRFIECH]: B 6 pmol siRNA H 50 puL Opti-MEM Fike. HEL 2 uL
Rfect #4471 H 50 uL Opti-MEM #ifE, BIRIES, TERFFE 5 min. FHBELT
(1) siRNA Fl JuilGil i iR A, =R F 20 min.

(3) BYt: HL 100 pL #4818 M N AR 7= LN, B2 R =R
RE]. HEGAIILE T 37 °C. 5% CO & 1FR TR, #5YJ5 24- 36 h siRNA 2 122 3§
/DEEFER] mRNA &, B AliE 2 & PCR A1 Western Blot 1Ffh siRNA T3
.
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EEXT AR ZRAE GRP78 () siRNA Hi) MBI AR B 5 & (8 3-15), B+
XTI SIRNA SIS b Ao
R 3-15 AR ERME GRP7S siRNA P51
Table 3-15 Sequence of siRNA targeting african green monkey GRP78

L HK JF5) (57-3)
siRNA-GRP78-1 CCACCAAGATGCTGACATT
siRNA-GRP78-2 GCGCATTGATACTAGAAAT
siRNA-GRP78-3 GAAGAGCTCAACATGGATC

3.4. 15 FE S Z Bk & E FE

A8 FH 352 36 00T 1 2% A 15 e RS I X1 e W O s 2 T o A

(1) ZHHACER: KA PR 2] 48 FLARAHARES TR, Frgu 2] 80%Rml A
i 3% 4% DL psiCheck 1T A5 22 H k o

(2) FEmYE: H PBS M4 pe e, 5 MALIIA 150 uL 402K
HETIKEFE 5 min.

(3) TAEMRBCH: A8 FHAH N 22 phii 28 0t DGR BB IR (50x) Filg 1 &2
JCRBRIRY) (50x) Mk Ix TARR, F6% TARMURE P2 =1E (20-25 °C).

(4) FOCERERM: B 20 pL 255 FEROIN = AE G0 B Algrs i,
A 100 pL ZOCHREDER TARR, SRANEEIRR LR SR N, 185 2 DI REBEAR (X
R ok H G R BEAE /7. BN 100 pL B8 6 R TAEM, SEahBEbri A
TSI NI, I 2 D) RE B AR ORI B R D R B 15 7T

5 HHEAR: REMH= (LRAA-BFRA x GIHHAB-H5=B)
+ CGIRHAB-—HH:B) = (WHRAA-HRA . A: 5HIERFEE )1 KB
e e RS AUE; B: WSEARMEESE: B5: REEEDOLRIHRE R
LI 240 Hf o RE 2

3.4.16IEI4 B Zfric it ie

T I PEE A B F bR PR AN 20 A R R K

(1) ZPALIR: K nspl4 8 PR Y 240 i o 857 {87 PEDV L 4tiffe, T
37°C 5% CO2 5 T B 77 245 € I [A] £

(2) MEMERIMC: MR HRG, WA ARNESEFREERNEA 10
ng/mL PEMAEE KA K, T 37°C. 5% CO 44 NI HE 15 min.

(3) BESCEE: WE S HREKAMA PBS¥E 3, MAEENL (65U WiNA
200 pL RIPA RRHTR, BT 4 °CHRMFTEE 10 min, RfELSE R GRFE ML 1.5
mL EP & H 3 F UK _EWRFTAE S 20 K. #:35 12000 r/min B5.0> 2 min, B R HTH
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EP &, ARG _EIEBAARBUINA 1/4 4811 SDS-PAGE £ H _EFEZR M (5x). ik
47 SDS-PAGE & A _FFEZM R IR E T 100 °Cn#k 10 min, A5 HE T 4 °Cif
B 2 min.

(4) 258K @i Western Blot £ M= A 5 R AR id 85 H B &

3417FHRENE M 5 4

M Genbank ' N T 83 #k PEDV &RHAJP¥, XLEHHRE S T HATHRIER
Frfi PEDV 2 H %Y. i MEGA7 $#eH A3 K 247 51 HH 1) nspl4 4alild )7 51 Hb H %
WHNRIERRF%), ik MEGAT If) Align &304 Align by ClustalW D) RE ELXIX 83 #k
PEDV ##k nspld T HRAERTHIH %R, #Id Distance iEIIH Compute Pairwise
Distance DJBETHE A R Bk PR R 2 [0 IR 7 51 AR ACA I o A0 H 72 Z AR ALV 2 2k
BP9, ARAPE 100%HVA8—2K, JFiE— Pl MEGAT XA 77 41 26 8
IETR ) 22 e AR AL

3.4.18 PEDV £ FEHi#F (L i 257

¥ PEDV 22N 2175 3 N\ E| MEGAT H, Jlid Align I Align by ClustalW
INRELLXTRLR R4, # b Xt 2 Bt O meg SO 18 ] MEGAT 37T AL5 E ot 45
1 meg CAF, 8 Phylogeny %101 H [ Construct/Test Maximum Likelihood Tree $4) %
AR

3.4.19F B REH TN

R AELE T H SWISS-MODEL %} PEDV nspl4 45 #)#3E4T Tl . _E4& PEDV
nspld ZIEERFH{E H 3] SWISS-MODEL 1, L SARS-CoV nspl4 45 (SWISS-
MODEL 4% ID: 5¢8t.2.B) JytEti AT 456 B, 1 PyMOL X} &5 5 4584 147
o
3.4.20 R IIE

181 F 28 25 R Ao g% DTUE R S0 AT S S e

(1) YHAALEE: DLefLBC ABY, £F HEK293t 41K 1 80%fh & FE T, K PEDV
nspl4 FRIEAFiRL (pCAGGS-nspl4-Flag) 43| HEK293t 4 .

(2) FEMUCEE: %045 36 h o FH PBS BAifuse 1, A8 J5WasFL ik,
A 200 pL 2 GAFIE A W), VK EE 10 mine 74 Rf#f5 4 °C. 12000 r/min
20 5min, B EIEWH TG S0 0iE .

(3) WEERPUEYE: A TBS GAMI& B ) JEBE protein A+G MEAER 2 X, #H.

(4) PoikFre: {F/4 TBS ¥ R IUEDL Flag bR A e B AR5 & 5 Normal
Mouse IgG #i %% il 50 pg/mL Pk TAER
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(5) WEERRAAPUAR: Wi &I IREERREME 2> 25 10 s, FF B3, I 500 pL $t
IR, EREEERZM T THHRRESIXEMERE 1 h, RG> STk
10 sec, M TBS HE, /rEMERELE 3 XA UK

(6) VHFERAEFr R G Al RAE S 1) LIS RI45 4 T Normal Mouse
IgG [1] protein A+G FEER (& 500 pL _FiEW 75 EAIGEAFA 20 pL MREER 2D,
HEJGETE 4 °CHMFTFRIFRA M RS 1 h, RG0S 10s.

(7)) EATEH: B 6) F EIEBMARIL A T Flag PUIAN protein A+G Wik
t (4F 500 pL _FiER T EYIIEAERN 20 pL FREERERD, HEEEAESRAML N T
FIER A LR E 2he W E 4R G HETE 7 B HEER 10 sec, Fif HIEW, R
Bk

(8) HRHEVEML: MA 100 pL SDT L1l B &2k B T 100 °CHi# 5 min LA
Ve HEER 45 & mEE .

(9) ZiR%E5E: 181 Western Blot #u il Bt 11 1) nsp14, iHid SDS-PAGE &
PO B AR e A e v P s B 1, I BRI shotgun Jof ik %5 72 e VR
.

3421 FEARIREE
A8 38 2 R ARE AR L5 G0 H vk 5 (1) SDS-PAGE #E AT L

(1) [E5E: Bk HREY SDS-PAGE 4t B TE i+, TR LE (FEE 70
r/min) FEIRHF 40 min.

(2) LEEG: KBEEITFRERE T 30% 48T, THKRE (F£3E 70 t/min)
R PEE 10 min.

(3) K¥ei: ¥ OB R E T4k, THRIKE (FEE 70 r/min) =
TRPEE: 10 min.

(4) B KV B BT 100 mLAARGIMBOR (1x) 1, TRKE (3%
# 70 r/min) FEEFE 2 min.

(5) K¥eis: WBEEREHERE T4ikd, TR L FE 70 /min) =i
Vel Imin, ZdREEE 2 K.

(6) RGP WEIRET 100 mL AR (1x) 1, THRIKE CGEE 70 r/min)
FER G4t 10 min

(7) KW BHREEERERET 100 mL 4ikh, FREKLE (E#E 70
r/min) FEIRPEE 2 min.

(8) Zfh: BB E T 100 mL AR B Am T, TREL (E 70

r/min) ZE I & 5-10 min.
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(9) Wb FpReR FHBL A A 40 N S O, I 100 mL FR 4%
b, FHRIKRLE (F£3E 70 r/min) =ZHEFE 10 min.

(10) 7KPEs: DELIEERERE T4KY, TRKE %E# 70 t/min) =
B Imin, ZdEEE 2 K.

(1D M IR A 22 R B R R IR
3.4.22Z H & shotgun FRIZEE

¥ 3.4.19 HREE T ORI E (LR BIGL4ERE A YA W T RS L E .
(1) HEHAMR
) 2 A BEBOB PINNE & 1 mol/L i 75 #RE (DL-Dithiothreitol, DTT) ¥
R R DTT Z9K 8 100 mol/L, #R¥GIRAIE T 100 °CHI#Y S min, W IER 4 2
0.22 um EIEE . FEIEE I 200 uL UA 28/, %% 12000 t/min 250> 30
min, BOEFEIEHE, ZPBEE 3 R FIEIEEHINA 100 pL 50k LR
(2R FZE 50 mmol/L) () UA ZZ W, 600 r/min #R¥%IES) 1 min, FEEERELML R
300 r/min #R3% I & 30 min, BFELEHE 12000 r/min &0 30 min. [FHEEEEE HINA
100 uL UA 22903, F =i 12000 r/min &0 30 min, 1ZPBHEE =K. B3E HHE
BN 100 pL BRAE: (25 mmol /L) ZEiR, FiRA4F R 12000 r/min 550> 30
min, ZPREE =R BOBIWEREE, MIEIEE NI 44 uL FIRE AR (29K
F£ 0.05 pg/ul) WIBRIREELE (25 mmol /L) Z2ifil, 1E 37°CEAE T FEIERZ 2
PR% 18 h (300 r/min), 35 T =AM T 12000 r/min #5.0> 30 min, WCEIER,
A BN 40 uL BREREE% (25 mmol /L) 23, =R 12000 r/min &0 30
min, WCERIER -
(2) WAH S
A I VR € 0] WA - ) HEAT I SR AT 0 B . VRAH A BN 0.1% FHROKIRIR, W
B AL 0.1% F R LB 1 95%MIAH A WPl i i ie . WA & 4%
PER: BT 40 4350, BIREH S%RMERINE 28%, 3% B ELE 2 min PRSI0
2 90%FF4EFFiZ L] 18 min.
(3) gD HT
TR B 5 A 3 B IS B PR AT B M. — R AR R AN IE S
BEES T 5 faf LL G VE BN 375-1800 m/zs — A6 43 WERAE 200 m/z 484 1200005
PRI N Top-Speed; ShASMERIEHIAN de5; —FFAH T K AT H A 50 msec;
HIIEEA 1; 335 HEERRT 8] 40 sec; Data Dependent Mode & Cycle time; 474 [H]
B4 3 seco BRR AR RIS AT R, SRR KA FREEIAE I 3
sec; AR RAN HCD: 43R40 HE 3R AE 200 m/z AL 500005 —Ze 44
BN RATHT AN 105 msee; s 254864 1e5; Microscans N 1.
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(4) il s af S ab 5
ffi FH MaxQuant 2.0.1.0 B 57 % J5 4h e HEAT 25 i 4 0 R o AT A TAd P 2K
J& %2 uniprot_human 20220624 204995.fasta, 7TESHILE 3-16.
P 3-16 L R AR KR 75 i 28

Table 3-16 Mass Spectrometry Raw Data Database Search Parameters

i H 24
Variable modifications Oxidation(M). Acetyl(N-term). GlyGly(K)
Fixed modification carbamidomethylation(C)
Digestion mode Trypsin
Max. missed cleavages 2
Label-free quantification LFQ. iBAQ
Database uniprot_human 20220624 204995 .fasta
Decoy mode Revert
PSM FDR 0.01
Protein FDR 0.01
Min. peptide length 2
Peptides for quantification Unique+Razor
FTMS MS/MS tolerance 20 ppm
FTMS top peaks per 100 Da 12

3.423F B GO XRMESEER LD
X R 5 P R AT GO VEREAIE S im s 2K

(1) Ffik pCAGGS-nspl4-Flag # Je 4 H R A B H .

(2) ffHAEZ T H DAVID Gene ID Conversion Tool ¥4 2 H 13 K 44 #1k
NI DAVID R ID 5

(3) A GO JEF: fiH DAVID Functional Annotation Tools H1[] GO V5%
T AN AT GO 1R

(4) ARG S EEEZSHr: 4 H DAVID Functional Annotation Tools F<Hk
") Reactome Pathway % #i& %) &t (#4715 5 @ B SRR M o

3.4.24;R AR AR
T YU AR HF A mREP BH 2 R0 1 5 o i
(1) Znpsbx

£F HEK293t 4 ffd K 2] 80%#ih & FE I K LL pCAGGS-mRFP N 421 GRP78 JH 3]
FEH TR A pCAGGS-PEDV-nspl4-Flag. pCAGGS-Flag (14 1 miki) 3t

44



AT R RS T3 25 A1 P 5 N2 0bs 35 8 11 GRP78 A ELAE i ) 70 WL F 7T

HRIgfarh, DL12 SLBCNEI, B SRR LM ORI % T 0.5 ng, ARSI H RS
I 3.4.13.,
(2) FEamAEs
HLJ5 48 h A F G EDTA JEEE FIES I AL TE A A 4n i, {654 DMEM #5752
RERBAMRIRAT IR, MR BUSEAS, B 5-10 AN4EHEE] 1.5 mL EP &,
1000 r/min &.0» 10 min, Fi EIEREEAMPTE, H 200 L PBS 5 H 240, B
Ja BTk
(3) AU
F % %K 9 585 nm fREE R Il mRFP (55, K40 ik & N 15000 4.
(4) g1
18 F CytExpert #4541 BH P41 i A7 38 58 6o
3.4.257E M K
10 T 2 2 TRV e A U ) e U 4 A i 1 AR T
(1) 4HMuAbEE: F AR B RO E I 96 FLANRMES TR, Frdifiu 4K 2
100%Fh & FEIRD K% 72 5 B 4009 % 80 uM LA LG DMEM, B T4l 58 M
(37°C. 5% CO2) 1£H 24 h.
(2) WEHRE: H PBS {BVe4iif 3 36, 5 INASH DCFH-DA #R4HJG I
& DMEM (DCFH-DA RN 10 uM/L), BT 37°C. 5% CO 264 T BEG i
B 20min, % E 455 G IIE DMEM K A0 BE 3 3 LLE Bk A HE N 2R
(3) WEMHEE SR B 2 DR bR AR I ZE A DCF 158 6E S (BUK
WK 488 nm. KK 525 nm).

3.4.26 R R R E30&] PEDV 1258 Hyah i B L 18

5 W ) J5 Rz FL IR AR AT 4TS, X E PEDV XFTHRZH . 2% ok HEZH AN

TM ZbEE4H, R4 3 kK.

(1) (¥R BRI 5 55 3-4 h M2 1Ry, @ik 28R, & kIE
i 10-20 mL. AR RS0, FERER | IRE &4 % .

(2) R RAKR 3 HEE, 4 TM 45 RERS TMBIY), G208
R EREMK 0.1 mg TM.,

(3) TMER)G 8 h%5 PEDV X HRAL AT TM AL FR A4 R 28, W5 oADK,
Wig it m A k% 2 mL PEDV fR#: (10° TCIDso/0.1 mL ).

(4) WG 3 RATHIR, TR R ImiERE .

(5) $REVZHZ RNA FFiFAT )5k, 20 3.4.6 F13.4.7.

(6) BTt & PCRIE+ —feln. =H. FIaAI4 7 PEDV #& (3.4.8),
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34275 E N

i3t GraphPad Prism8 3K fF 1 T 4 (Student’s T test) Dy Re ki il 56 41 A%t R
HIFZE R BEM. TH “*” FREBEBREN K, “*” Xx PEDT 005 HX
TET0.01; “**” F/RPAENT 0.01 HRT5ET0.001; “*=*” FIRPAE/NT 0.001
HRTFET 0.0001; “**x*” FRPAH/NT 0.0001; “ns” XA BEME
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FAE FHR57MH
4.1 WRMRZHHNF] PEDV & Hl K& E/ERHLH

411 KEZNMHFPE MERHEREMH

ARG A 22 M A ot X B ORI AR B R (TMD, &S bR (Tg) BUd Wi
MM (Liu et al 2014). 8 CCK-8 &l E TM. Tg AN ERE. @1& 4-1A. 4-1
B Fi7R, TM Z9KEAE T 800 nmol/L B, Vero 4 i f LLC-PK 1 41 g ¥ y& V£ 3 KT
80%; Tg &IREAET 800 nmol/L i, Vero 4HAEAT LLC-PK1 40 15 M 7 il KT
80%A1 100%. TMiXtF HEK293t 4iffl, 800 nmol/L ft] TM 5% Tg ¥JANGE IH & 52 H 4
MG (& 4-1C). 4HRETEYE 80%H N Ay 2 254l B se P e B BRIME, N FERR 254
A IR IR 25 R, e 2AEe T BT TM M Tg i EESSANE L 800 nmol/L

(Rodriguez-Cotto et al 2014, Ha et al 2015)-

A Vero B LLC-PK1
120+ 1401
100 T 5 = 120 51 e
_ — 100+
& & 601
- 40_ -
40
20- 20.
e ol ALY LI LI
SLELE LSOO ES® NS SLEELLE® SELELL®
FTEE PP SEFEEP R SR PSP G
TM {(nmol/L) Tg (hnmol/L) TM (nmol/L) Tg (nmol/L)
C HEK 293t
120+
ns ns ns
100{ = = =~ T
g 80
:g 60
E 40_
20
0 T T T
N o) & )
O 5 A A
(8)
¥ N NG g
¢‘° &
0 QQ
S ®

4-1 TM A Tg 40 1k
Fig.4-1 Cytotoxicity of TM and Tg
(A) TM F1 Tg %t Vero 4Hf A, (B) TM A1 Tg X LLC-PK1 4 ffa f) 5% 5
(C) TM F1 Tg X HEK293t 4 ffa frt) #5:12k
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4.1.2 BHERBRMREINE PEDV £+ Y EHl

FHERR TM. Tg 5 PEDV R #8k 75 PEDV 2 A BELEAE R AT Rett, AR
HL 25 Y b B2 %) 5 X5 5 400 R A Jola P 2380 R0 20 T P R R bR S R GRPT8
KIEE AP TM 8 Tg FALEE 8 h 58 75 A0S N 5 M. e R s
TM 5% Tg % & 8 h J5 Vero 4H/fiF1 LLC-PK1 4Hjiu-h GRP78 Fik&= I BN (& 4-
2), RUZAEE T LR AT Vero Al LLC-PK 1 41 B H 3% P 5 X S35

A antiGRP7s | WD - - B antiGRP78 [wee wip wee |
anti B-actin | e s w— - - anti f-actin | (WD - - - -
v & &P
4% & & O SRLAY S 9
SoEy FF S
&
MM S & $ S

Kl 4-2 5 TAL BN GRP78 ZRIL 5
Fig.4-2 The effect of drug pretreatment on the expression of GRP78
23 WAL E Vero 41l (A) 1 LLC-PK1 4lifil (B) J5 GRP78 FKik#

P M5E W o R0 PEDV E il R 5200 . 405 TM 8L Tg % & 8 h 5 H PBS
a3, SRJE1HEH 0.1 MOIPEDV JEKJL4i i, T 36 hpi UAEFE & 8 i TCIDso I E
P2 96N Western Blot 55 7% FUASTRE b 1 T 75 25

B AEIEAS T R RO GIFEK Y PEDV I HI54IT . TCIDso A6 45 52 B
£ Vero 40 FI8E TM 8 Tg 753 N 5T I B RE A 6] GI-b ZE R4 PEDV #:k

(DR13) BE . i 4-3A. 4-3B iz, Btidg Tg WFEM 0 3Z81 14 0 £ 800 nmol/L,
PEDV TCIDso ZEXHE M 10°42 FFEZ 1070 5 B TM ¥R EE M 0 3% 34 1 £ 400 nmol/L,
PEDV TCIDso ZEXHE M 10°4 FREZE 10", F s 58 i 06 45 St 1 I IS 7Y 5 X 7
PARENH] PEDV DR13 EEHRTE Vero 4/l LRI H]. a1l 4-3C fion, TM TALEEZH AN
Tg TiAbEE 4] PEDV FHAEAS 535 B 22D T B0 BR ZH A1 DMSO X R4 .

[F]FF 38 1 TCIDso Wl 52 A1 Western Blot 7E Vero 4HAE F Al T P 5 I NI GIT
F:[A 2 PEDV EHIHI520 . £HXF GII-b 2K A PEDV Efk (YN15) HiRss R 2
N, TM FALFLZHAN Tg HikbF#E4H PEDV TCIDso 445 2 2K T DMSO X [ 41 F197
BEATHRAL (F 4-4A); &5 GIl-a A PEDV #4k (JS) KRGS R E/R, T™M
TRALEEFN Tg AL HFF(K T PEDV B4 4i it PEDN N ZEH R IEE (K 4-4B). &
B TM. Tg 753 (1) 5 I RLRE A 2] Gll-a J£KEA! PEDV 1 GII-b J: K] AY
PEDV & il
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A s ns B 1
= T NS 4 ns
- 5 *k* e —El ° .
E 4 - 51
] *hk (=]
g * Q 5
E 2 8 24 ﬂ e
=) L=
N
0= T 0= T
& &o V/\q PP CIPC) éoc‘f" P V& ,\\!‘ A\
«° F N NN W Q I NN
AE LIPS PN
& ¥ oY © P & & &
P& S S P
PEDV
C TM (nmol/L) Tg (nmol/L)

Mock NC DMSO 200 400 400 800

] 4-3 NI RESORT GIEE (K1 B PEDV &2 ] (5 1)
Fig.4-3 Determining the effect of ER stress on GI genotype PEDV
(A B) JHILHE TCIDso PG T P 5T A RO GIZE K 24 f¥) PEDV DR 13 F5 Pk 5201
(C) i Guye 7 6 VAl A 5T R Lo PEDV DR 13 237k B2
A PEDV YN15 B

PEDVIS - + + + + + +
antiPEDVN |  Spe |

" anti p-actin }....... |

-Ig TCIDy/0.1mL
n

14 x * $ & < <o M
. & ¥ NN

0-

\X~ 0%@ A @« \‘\ \&\

& &
9 ) Q Q
A S

B 4-4 Py X RS GIIZE R B PEDV & |
Fig.4-4 ER stress inhibits GII genotype PEDV replication
(A) I TCIDso WAl 755 P 5 W MO GII-b 3 [KE R ) PEDV YN15 30k & il (K 520 5
(B) 18#iT Western Blot PH-Aiti 755 P 3 I B2 I800 GlI-a E R AYf¥) PEDV JS 2K ] 1 500
HAMELE LLC-PK1 4 E3FAS 1 5T X R PEDV & il i 52 e AHEBR 40 i

BT . WK 4-5 AR, 7245 PEDV YN15 20k HIRES T A4 % PEDV JS
BEPRAURES H TM B Tg FilAbEEAR /D> T 4Hf PEDV N & H =42, FRIALE LLC-
PK 1 #Hff_E P4 5 X S ot PEDV & it B S 400 7E .
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PEDVYNIS - + + + + + + PEDVIS — + + + + + +

anti PEDV N | —— |

anti PEDVN | e - |
anti B-actin M anti B-actin l.....--|

¥ P S F Q& DO
FE F& S K &F P S v«
Uy Qﬁ‘” e\\\; &\' &\/ e\\\‘ ¥R Q\X” o\\\‘ 0\\\a 0\3\' c)\\\,
R > O
S @ ESMRSMIC S

4-5 P 5L S B PEDV 76 LLC-PK1 49 7 52 1
Fig.4-5 ER stress inhibits PEDV replication in LLC-PK1 cells

Bl E TN BRSO PEDV A K& H R R20m, A 400 mmol/L TM TiiAb 3
Vero 20l 8h, 7£ PEDV [&YLJ5 12, 24 A1 36 hpi WEFE Il it 2 & PCR 2% &
RNA # 1%, S GraphPad Prism8 [FIEZRPEFUA Thae h 50 754 GE ih 26 1 R 2

(slope). N 4-6 iz, 7E4L%F PEDV DR13 #kkA1 YN15 SEAR RS T, &)
[F] 5 DMSO S HEZH ()7 B 75 DI E05 35 5T TM TRAL#EZH, DMSO X R 45 )5 75 15 5
2R A s IR R S i T TM TRAC A, 2R B P TR I S OG PEDV P40 1) 75 i [
FRARREE,

PEDV DR13 PEDV YN15
= =
_gi- 84 _E , *kkk
3 74
8
*k < 64
=
@ 6 -
E . *kK E 5 .—___—-._—__.
e : ; g — : :
12 24 36 - 12 24 36
(hpi) (hpi)
-+ DMSO: slope=8.36x10" -+ DMSO: slope=5.90x10"
- TM: slope=2.52x1073 - TM: slope=8.25x10"*

4-6 PYJF I o6 PEDV A= Kt 34 1 S
Fig.4-6 ER stress affected the growth tendency of PEDV

4.1.3 #NFI R REYREE PEDV ZE4ARE AV S

A8 FH P J5i IO 7 A 1) 7] 4-PBA Kb 3441 i LA s 01 A5 9 230 PEDV &2 i1l
. K] 4-7 %3 500 pg/mL W LA 4-PBA X Vero 4o JoiH 8% . 7 PEDV
(0.1 MOD) &EHLJ5 2 h INATEEIKE ) 4-PBA, T 36 hpi WedERE Sy, @it @& PCR
JE PEDV RNA #5 U14. Wl 4-8 Fi/x, 4-PBA #b¥EZH PEDV RNA # %= T
DMSO X REZH, = BRI P 53 9 B2 os PEDV & il AT — @ (R 3E1E F
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100-
. 801
53
5 60
S 40
20
0_
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© o Q!
o
N N J"g
N
oF
N

Kl 4-7 4-PBA %f Vero 4 11 7 14
Fig.4-7 Toxicity of 4-PBA on Vero cells

3; 807
-Z’: —
E- 7.57
(3]
<70
o
B 6.5
w
o
= 6.0-
o] v v NG
Q‘s‘b Qq\(*‘ QQ\& é&
o o o
ST RS

] 4-8 4-PBA % PEDV & il {2
Fig.4-8 Effect of 4-PBA on the replication of PEDV

4.1.4 HEERRMREHIF PEDV EFEZETRHES

18 I B P IR ARG A P4 J5 X R SEONH A4 173 i PEDV &2 . ICEERT 8
h 5 RUZHIFLMAAEAF R OIR TM, G251 EAE TR E DR 0.1 mg TM, K&t
B AEELE 2 mL PEDV G35 (10° TCIDso/0.1 mL). T8 ok 7 0 1R 4 H iz
FRILHIR . IRVSEEREIR, T TM ACERZLRN 2 (o R A R WA B eIk . W E S
3 RFRE I 2 Wi s #5404l 4-9 Firu, PEDV BHPEX BRALRE K /N R B AR
i, I SRR RS AR, T TM ARER AR A (et IR A R T A LR 5 HR
MR EARY . HLAURRREN LRI RET ZRE. =B, BT, ™
WA 8. M. BB 7P PEDV #&E4 8 EKT PEDV FHMEX R4

(Bl 4-10). 2R BAI0E P 5T I R TRE S5t 25 #4758 %38 PEDV 3456 .
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TMARERAH (TH) PEDV fH #4 3f &

K 4-9 1755 iz BEAR AL
Fig.4-9 Pathological changes of piglet intestinal tract
g g g pig
+ =W 5l B 2y
_:11051 _£1051 ‘:11061 N _£1051
B —= w0 T2 30 T 3 Fw T2
g 2 1061 H
3103, 21034 2 8103,
g 2 % 2 51031 % 2
Z 107 Z 102 % 1021 Z102;
51011 51011 §101.| 51011
™ 100 % 1001 ® 100 %100
KY & K Y Ky & Ky
NS Q 3 N S < S

K 4-10 1744 18 PEDV # &
Fig.4-10 Intestinal PEDV load of piglets

4.1.5 A~[E] UPR EE&X%T PEDV EHIAIE200

H G 7 PEDV R GLI % UPR B S 24, # 0.1 MOI [ PEDV £ 2] Vero
ifarf, TGS 120 24, 36 h UREEREN . BT Western Blot ¥ UPR @ B #H K5
I RIE BRI A8 . 45 IR PEDV BRYLA elF2a BEFRIL KT FI ATF4 Rik &
7E 12 24 hpi W TR 4L, (HAE 36 hpi I SXF I B %R, £ 9 PEDV &
G5 PERK-elF20 JEFE M0, (HEEAE G A 1) 8K PERK-elF20 8@ 2% XK S i
;24 hpi I PEDV BG4 IREla BRI KF i TR, KWL PEDV J& 4y
PG 7 IRElo JEH; 124 24. 36 hpi i PEDV Y4 4K ATF6 [F) &1 8 F KT
f84H, H PEDV EYLHYIRIZE ATF6 B AL A IEKIZHTE N, *E PEDV
YL FE R ATF6 38 B WsE (B 4-11). S5KUE PEDV JEHL 5 =4 UPR i@
PRERIE, (R EATEIE P R EAR RS
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12h 24 h 36 h

PEDV

anti IREla

anti p-IREla

p-IREla/IRElc  0.50 097 1.18 0.70 0.78 0.85

anti clF20 | G w— D S_ — g

antip-elFZu‘- - — — — —|
p-IRElo/IREla 243 092 222 1.81 192 2.05
anti ATF4 -—-—--

anti ATF6 Full-length | e e - T

anti ATF6 cleaved |

—
anti PEDV N protein | s ' .

anti B-actin | S S— — e —

Kl 4-11 PEDV &4 UPR i I AH ¢ 2 1 1520
Fig 4-11 The influence of PEDYV infection on UPR pathway-related proteins

% EAE NI RN PEDV A 2 ZAEH ) UPR J@ S, {H PERK #i

71l AMG PERK44. IREla #82 NVIBEE 05577 STF083010. ATF6 il 548 M 2%
(Melatonin) £ PERK #371 CCT020312 4bFEAH o DLk £ 4: T P ol m 4N, UPR

. EId CCK-8 :il & X Le 25 W) 7E Vero 4D L&, W& 4-12 7%, 1 pmol/L
AMG PERK44 44 . 100 umol/L STF083010 4bEEZH A1 10 pmol/L CCT020312 Ab#H
H A My PRI IE 96.00%, 1 mmol/L il 22 2 AbHE 2H I 40 B vis R 35BN 94.86%,
R DL BRI 2P0 T Vero 40 To I W 351 .

7E Vero 40 _E3FAL#I#I A A UPR GEESST PEDV EHIfI5M, UPR B0 71
£ PEDV (0.1 MOD J&¥LJ5 2h i, T 36 hpi iBid A9 el & PCR Wl 5E 76 5
. WK 4-13 fias, STF083010 4bHE4] PEDV FHIAAS 5 A1 RNA $% UL ¥ 5 2% /b
T PEDV BHEEXTHEZH, 11 AMG PERK44 AbFEZH FI4E 2 2 AL HEZ PEDV BHEAS 5 F1
RNA #8 DU S (P RZH e W25 22 5%, R WD) IREle @210 PEDV &,
FAMENE T E0E PERK JEEE X PEDV ZH| 520, T —8 & 0hpi A CCT020312 il
AEPE Vero 4HM, 0 hpi I 582 kR & 450085 53 28 780 PEDV (0.1 MOD), 2 hpi
IR 15 TR AL N 55 TR L B e i BE45 FR U, T 36 hpi il #0058 O AE B PCR I E I
BEE. WHE 4-13 Fior, CCT020312 4bEE4H PEDV BHAAE 5 A1 RNA #4 TG0 2 3
/b PEDV BHMEXTHEZH, 3R B0 PERK GE e 4| PEDV & i,
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P 4-12 UPR /S [R] 38 6 18 15 77 ) 4 g 2
Fig.4-12 Cytotoxicity of different UPR pathway regulators
PEDV

STF083010 Melatonin  CCT020312

AlexaFlour 488

[=-]

[+
1

N
N

Ig (PEDV RNA copies/pL)
F-S

o

N I o .
© S o(“(\ Q'b'{b
O S N
e R X ¢ &
& © o
o v
Q

4-13 UPR A [Al3 % I8 15 77 A6 PEDV & i1 HI52
Fig.4-13 Determining the influence of different UPR pathway regulators on PEDV replication
i e O (A) FIE & PCR S (B) WI5E % 45 7% PEDV & il 150
4.1.6 ARMNHRSER GRP78 #lil] PEDV £l

£ Vero 41 g H i 252 P4 51 I SLIEOR 5 i 1 RAGR GG B B A J5it DX B2 3 il PEDV
15 LT GRS 36 h /&S PEDV (0.1 MOD), T 36 hpi i#id 6 5 ks
MRFSE. WA 4-14 s, Rf5 GRP78 #4s4 PEDV PH4:{5 5 W] /0T PEDV
FHMEXTRRZL (PC), B GRP78 ik KA PEDV 1) & Hill g
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PEDV = +

+ + + + + +

Cell image

Mock PC  GRP78 WtelF2a S52AelF2a ATF4  CHOP  ATF6NT

P 4-14 P35 XSO 5 B 4 PEDV & il 15201
Fig.4-14 The influence of ER stress-related proteins on PEDV replication

Ht—Pilid Western Blot F17E & PCR ##fiit 321X GRP78 X} PEDV & #1520 .
WK 4-15 frzn, GRP78 ik ik 4H PEDV N £ KA =M PEDV RNA #5 I % (copies)
BT # AT B ALUR PEDV FHPEXTHRZL, R BHIE %R IA GRPTS fefis A #3#] PEDV
2l

FANEME T GRP78 %t PEDV Sl 5200 . 1#id siRNA T4 GRP78, 10
4-16 Iz, &F%F GRP78 F: [N i P siRNA-3 B8 2] GRP78 R iE. 4ilfiE
Y% siRNA J& 36 h J& % PEDV (0.1 MOD), T 36 hpi i@ id & & PCR K5G35 & & .
SR KT GRP78 % PEDV sz A E (B 4-17).

A B _
- 81 Kkkk
PEDV — + + + _‘% I :
Vector — — 4+ — -g 7 1 —
pCAGGS GRP78-Flag — — — + E
Z 6
: 14 -_I—
anti GRP78 | s s e
=
o
anti PEDVN | s s o | o sl : :
- - Q,\tb (}9& &
anti B-actin | . — - = & RG

[ 4-15 GRP78 #liiii] PEDV & il
Fig.4-15 GRP78 inhibits PEDV replication
jf it Western Blot (A) FliZ & PCRAAE: (B) Wit ik GRP78 Xf PEDV & il ¥
™ — + + + + +
anti GRP78 | o w e s |

anti f actin | (G S - W -
& & PG
¥ & 3§v~ & &
&F&» & & & o
Kl 4-16 GRP78 T 1 siRNA B &%
Fig.4-16 The inhibition efficiency of GRP78-specific siRNA
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K 4-17 T4 GRP78 %} PEDV & il (15
Fig.4-17 The influence of interference with GRP78 on PEDV replication

4.2 PEDV HEIA BN M M Fr-55& H GRP78 FRiA R EAERHLEI
4.2.1 PEDV B {EiH# GRP78 ¥:55%

NERFT PEDV B4t GRP78 ¥4 K52, {84 0.1 MOI GIZE[A[ A PEDV (DR13
B &Y Vero 4, T 6. 12. 18, 24. 30 hpi WEREM . 2> BB HIx & &
PCR 5%} 5 7 PCR K&l GRP78 #% 5 A1 PEDV RNA # U244k . 645 R BoR
PEDV 41X} HEZH GRP78 e sk - 1) 22 St Fit o5 9 B3 IO BG 0 A W oK, 18 hpi BUE
PEDV 4 GRP78 3 M7k F¥) B35 | T X iR, KRB GIZE AL PEDV X} GRP78 I
R ARBEN (KB 4-18), AR ARIG AN T GIZERE A PEDV X} GRP7S ¥
s . A3 0.1 MOI GIIZE R A PEDV (YN15 #:4k) & H¢ Vero 40, T 30 hpi Uk
EFENh . 46552 & PCR 45 3 78 PEDV 41575 RNA # DUHTE 1.93%10° copies/uL &
Hi, AHIXHE R PCR 455 87K PEDV 41 GRP78 Mk B B % m T X R4l (8 4-19),
F B GIZEK A PEDV tHAE(E3E GRP7S HI1%6 5%

A PEDV DR13 B
14{ m PEDV 2107,
g —
3 124 B3 Mock — a
s 10 21075
2 o) :
o < 406
S 6 - z 10
8 41 1
E 2 5105‘
0- e
o104

6 12 18 24 30
(hpi)

o

K 4-18 GUEF % PEDV {23 GRP78 5%
Fig 4-18 The GI genotype PEDV promotes GRP78 transcription
(A) GRP78 ¥:55/KFH)Z4k; (B) PEDV RNA # 11381k,
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PEDV YN15

*

[———

N w
h 1

ratio (GRP78/B2M)

o
I

N\ N
QO v
QQ' @o

K 4-19 GIIZE[K B! PEDV {2t GRP78 3%
Fig 4-19 The GII genotype PEDV promotes GRP78 transcription

4.2.2 PEDV B 4H] GRP78 EERIA

¥ 0.1 MOI [ PEDV #M 2 Vero i, TGS 12, 24, 36 h WUEEFEM.
JEL Western Blot i GRP78 KIARIA.. Wl 4-20A iz, 12, 24 hpi i PEDV
DR13 B8R H GRP78 & M= S5 XA TCH B 2 5, 1% 36 hpi if PEDV DR13
BRG] GRP78 FE AR LRI T X4, FRUALE 36 hpi i GRP78 FEHKIRILZ
FIH#) . PEDV YNI15 FE6k thAEHI#] GRP78 & A KIKIE. WK 4-20B s, 36 hpi i)
PEDV YNI15 &4 4H GRP78 BE HINE I BAR T XA . DL &5 SRR GLEE A Y
A GIEEH A PEDV #F 0] G B A 4111 GRP78 £5 A K IARIAE /7. [FIIRHB7E LLC-PK1 2H
A rP AL T 36 hpi B PEDV (0.1 MOD) J&4exf GRP78 FKikfsm, 451K

LLC-PK1 4Hififi s PEDV &4 A GEIEHE GRP78 £i5 (I 4-200).
A B

PEDV DR13 12h 24 h 36h

+ - + - 4+ -
anti PEDV N | e - .

anti GRP78 | s wew o s o s |

PEDV YN15

anti PEDV N

anti GRP78)

anti B-actin anti B-actin |- -— wy W - -|

GRP78/B-actin 1.05 1.00 1.16 1.13 0.62 1.25

GRP78/B-actin 1.04 1.02 0.83 0.90 0.70 0.97

C ™ PEDV Mock
anti GRP78 - i3
anti PEDV N protein 2 —-—
anti B-actin | e e - — —
o

K] 4-20 PEDV /& 44X} GRP78 ik 521
Fig 4-20 The influence of PEDV infection on the expression of GRP78
(A. B) PEDV /& Vero 4lifflj5 GRP78 & HFRIA AL ;
(C) PEDV YNI15 #FREY: LLC-PK1 41/l J5 GRP78 & [ FIE A1k

57



Herprfeoll R 2023 JE LA AU AE A (CFRak) 1B

4.2.3 PEDV HlI A B R R H57)5 S8 GRP78 Rk

£ PEDV &SR 5 AN [ R P4 53 B2 SE0RIEGH] T™M B Tg AL 40 i DLk
— 3514l PEDV X} GRP78 & & IA KA .

BB T T™M 4B 5 B2t PEDV X GRP78 KA (5. f# F] 400 nmol/L TM
TRALEE Vero 410 8 h, F PBS K4l iyt 3 3 5K PEDV (0.1 MOD) R340,
T 32 hpi i@t Western Blot #l] GRP78. {5645 Fox T™M ACHE I 2213 T GRP78
FiE, H T™M Hikb#E 547 PEDV BRI GRP78 KA EE /DT TM X I ZH 41
ff1, W PEDV ] T TM FRALFEE S (1) GRP78 Fik (K 4-21).

PEDV + — + -
™ + + - =

anti PEDV N protein | s .

anti GRP78 | W o

anti B-actin | W . T —
GRP78/B-actin  0.74 1.00

] 4-21 Vero 4H 1% TM 4b#1J5 &% PEDV
Fig 4-21 Vero cells infected with PEDV after TM treatment

BEMR T ™M W& 1 [EE R PEDV (0.1 MOD X} GRP78 FiAMIFM . 7F
32 hpi EERE S, I Western Blot £l GRP78. 3045 R B/~ TM 1 PEDV 7
H 41 GRP78 /DT TMXTIEAL, 8] TM A1 PEDV 3L [E1EH T 40 il i PEDV 2411
# TM i 3/ GRP78 &ik (K 4-22).,

N N
0&0\3\’ 0‘90&
o

> S N

> S g
PEDV — + - + — +

anti PEDV N protein '

anti GRP78| = —_——— -

|
anti B-actin e e W S _—— -

GRP78/B-actin 1.79 1.11 1.00 0.77
4-22 Vero Zffiil F T™M AL BRI [FIN 4% PEDV
Fig 4-22 Vero cells were infected with PEDV while being treated with TM

B JEMAR T PEDV ZA7 G5 X TM Ml Tg %5 GRP78 RiAHIEN . ¥ PEDV

(0.1 2% 0.01 MOD) #Fh%] Vero 4Hffl b, 24 hpi B FI4EMES R A I TM (400
nmol/L) BY Tg (800 nmol/L), 7E 32 hpi WWEERES . AT HEBREE RS AU S2,

38 A GIAT GIZE A AL PEDV HJEikse . % GIZEFE A PEDV (DR13 k) ik

i 2h R st PEDV IRGYE LA RGN (TM 8L Tg) AFERZ4HE+ GRP78 & H
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RIS & B THRIBGIN A, R GUERE PEDV &R YL 5 5eA i
TM F Tg %} GRP78 RiEHIES (K 4-23A). GIZFEER Y PEDV R I H ] T™M Al
Tg %S GRP78 Kik (IRt /1. K 4-23B. 4-23C T/ PEDV YN15 #8k (GII-b £ [H
WA JkGe G LRI (TMEL Tg) AAHEZ i+ GRP78 & A& ik Efi%& PEDV
N & AR IZEE/>, #8 PEDV YNI15 S04 7 TM M Tg %5 5K GRP78 %
i, HiZMHUR 27 EomitE R os; & 4-23D. 4-23E &IR~, 4% 0.1 MOI PEDV JS
Bk (Gll-a ZEFWEAD G5 X ARG (TM 8L Tg) AP 40 GRP78 HH
RIS EI DT RIBGAIR 40, KB PEDV JS SR REA RAH] TM. Tg i
S GRP78 %ik. Ll 4R GIN GIEL T PEDV HH:dls TM. Te 351
GRP78 ik

A TM = = 4 b o =
Tg — — — — + +
PEDVDRI3 — + — + — +
anti GRP78 - -
antiPEDVN| S s o
anti B-actin | . e D S G -
B ™ - —- - + + + C Tg — — — 4+ + +
PEDVYNI5 — ol — ol PEDV YNI5 — ol — el
anti GRP78 | — —-——| anti GRP78 I- - -~ |
anti PEDV N | - - -‘ antiPEDVN [ s |

anti -actin [W |

anti B-actin | s s ——— - |

GRP78/p-actin 1.00 0.57 0.17 GRE78/p-actin 1.00 0.69 0.30
E

™ - - - + + + Tg — - —- + + +

PEDVIS — ol — ol PEDVIS — ol — el
anti GRP78 %’ anti GRP78 [ = [p——
antiPEDVN | = - - anti PEDVN [ S -]
anti B-actin | S ———— anti B-actin | N |
GRP78/B-actin 1.00 0.95 0.12 GRP78/B-actin 1.00 1.09 0.55

P 4-23 Vero 4 /&4 PEDV J5 H T™M B Tg kb HE4H i
Fig 4-23 Vero cells were treated with TM or Tg after infection with PEDV
(A) PEDV DRI13 FREGL 520 TM Al Tg 4bFE4H0; (B) PEDV YNI1S #A8 S5 I T™M
ACFRANM; (C) PEDV YNIS #:#kEKYL 5 Tg AL #41f; (D) PEDV JS #AK%/E&SL 5 I T™M 4b
HZNML; (E) PEDV JS BARE YL A Tg A4
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DN HERR 0 A R T3, A LLC-PK1 L4 T PEDV (0.1 #1 0.01MOI)
T T SR i o PR R SRR S GRPTS I MRS . I 45 B Rk 0.1 MOI
PEDV &4 j5 X 4Rl (TM 8 Tg) AFEMI4IMH GRP78 R HRIEEIHE DT
R R BB (K 4-24), FWIFE LLC-PK1 L PEDV tHAEE B3 TM. Tg ik
S/ GRP78 ik
A

M = = & + & TE — = = & ¥ &

PEDV — ‘ - ‘ PEDV — - - ‘

anti GRP78 [W S S b . | i Grers R
anti PEDV N . =3 anti PEDV N [_ -
anti Bactin | W SE———— anti B-actin |.--.‘
GRP78/B-actin 1.00 0.86 0.40 GRP78/p-actin 1.00 0.96 0.33

4] 4-24 LLC-PK1 ZHiffil /& 4% PEDV J5 H T™M B Tg AbF4H ffy
Fig 4-24 LLC-PK1 cells were treated with TM or Tg after infection with PEDV
(A) PEDV L5 T™M A BE4HH; (B) PEDV /445 H Tg AbRE4H A

4.2.4 PEDV P&l GRP78 iZ &k

T B F L H AR pCAGGS-GRP78-Flag 7£ Vero il hid %% GRP78 HEH.
WK 4-25 s, pCAGGS-GRP78-Flag % JL2H W PE GRP78 FHIIL T — N T &= hg
RIZET, RINZFURLEE 4 Vero A5 RER A HE T Flag #7281 GRP78 HEH . it
43 MT GRP78-Flag 21 i K FE A8 LL 8¢ PEDV 41 (Lane 1) FZHAXHEZL (Lane 4)
GRP78 idKIE/KFHIZ S, Kl 4-25 IR Lane 1 H' GRP78-Flag K& B (KT Lane
4, FW] PEDV YA 24 %] GRP78 i Eik .

PEDV + + + — — -

Vector — + — — + —
pCAGGS-GRP78-Flag + - —- + — —
anti GRP78 | == - D - -

anti PEDV N (S S S

anti B-actin | PG S — —— |
GRP78-Flag/B-actin (.44 1.00
Lane 1 2 3 4 5 6

4-25 PEDV /&4 5] GRP78 i ik 74
Fig 4-25 The influence of PEDV infection on GRP78 overexpression
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4.2.5 PEDV #H]#|ZHpnERIF

JNUATH PEDV fe {5 i i1 F BT GRP78 Kik, g MM & R iridik
IS AE I PEDV JE L2 i o 2 0 8RB PR K. K% 0.1 MOI PEDV #5421 Vero 412
Hr, T 36 hpi #EATIEM RG4S R & 4-26 Pi7x, PEDV K GLHIENS
FHREMICEN (Lane 5. 6) BB/ THEMREZRNEA (Lane 4), UWiH PEDV Hf
P 1 20 B 2R o B R e
Puromycin — — — 4+ + +
PEDV — + + — + +

anti Puromycin

antiPEDVN | SRS S
anti P-actin | SN SN SN TS a—

Puro-Label/B-actin 1.00 0.61 0.51
Lane 1 2 3 4 5 6

¥l 4-26 PEDV $i1ii] 4H ffu F 1%
Fig 4-26 PEDV inhibited host translation

4.2.6 PEDV #i#] GRP78 FRiIANK#hE H RPERIER

NEAHf PEDV S {51t & A B PR 2% GRP78 Rk, {8 FHHRr = ) 571
THUAN A P R B R PR AR IS ——I2 2 - ARAOR 2R B W-IA B E 2 (Liu
etal 2015). MG132 1 3-MA 437l Ged5 7 12 22 - E BRI A2 A [ Wi - Vs g 4 o
12, AR X AN FIAE Vero 4 1) TAE R E 43 3124 5 pmol/L A1 5 mmol/L

(Huang et al 2022), AREIE CCK-8 IGME 7 XA A i gitk, 45
BFFEW 10 umol/L MG132 1 5 mmol/L 3-MA %} Vero 4i %A W B8, w#H T
JE R (B 4-27A).

{81/ 0.1 MOI PEDV /&4t Vero 4fiffl, 7 24 hpi ¥ MG132 5( 3-MA 5 TM (400
nmol/L) —E@IMAMMEEFRIE, T 32 hpi WEFER . RIS R 4-27B Fix,
TM/ MG132 Zb #8241 (Lane 5) 1 TM/ 3-MA 4#41 (Lane 6) 7 GRP78 & HRiA &
HIE /DT TM XFERZH (Lane 2), 1fi H5 PEDV X841 (Lane 3). PEDV/TM (Lane
4) HIEWEZER, R PEDV #IfH] GRP78 ik H AWKz & -5 ABFAR LA E 1
- TARIRAE .
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A 100 B sMA - - - -
MG132 - - - - + =
. 801
3 ™ - + - + + +
S 601 PEDV - - + + + +
& 401
anticre7s [ B |
201 i
o anéi PEDV N | - |
@oo o\s’o \&\0« o anti Pactin | g SED G = S5 G|
Lane 1 2 3 4 5 6

4l 4-27 PEDV 1] GRP78 ik A s 1) £ B ot P A ik A2
Fig 4-27 PEDV inhibits GRP78 expression independently of the canonical proteolytic pathway
(A) 7E Vero ZHfs_EIIE MG132 Fl 3-MA I4HAEEE:
(B) MG132 #1 3-MA %f PEDV #i$7L GRP78 [{J 51

4.3 PEDV nspl4 ##] GRP78 Fix R EAER#FI
4.3.1 TFEHIE] GRP78 FiZBY PEDV & H

QNP Eh PEDV #0it] GRP78 KisHwEEEH, AW 5Ll pCAGGS-Flag-MCS
BRI T PEDV nspl. nsp4 £ 10. nspl2 £ 16. ORF3. S. E. MAINEHAK
ﬁ*ﬁ% AEMR . NS EBARIEE AR, el 43 HEK293t 41+, 36

ik G AT BRI B . BRIG 5 TR AR I IR e AR e A AR R A N
PEDVEEI (K 4-28).

Negative Control

Negative Control

Bl 4-28 i3t a2 5 EAR I PEDV 2R (A% R IR ER AR MR IR
Fig 4-28 Detection of the expression PEDV protein

mediated by corresponding eukaryotic expression vectors by IFA
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¥ PEDV i H HEAZ KIS H AR G4 2] HEK293t QIHH@EF' BEYLIS 36 h [ IR
JEA 800 nmol/LTM, TM 54HE1EF 8 h [ AEAE . il i A1 % =2 & PCR 11 Western
Blot 43 A A& % PEDV & A 1E %%K%%DEEL%K%XT GRP78%%1£E’J§4HHO IS,
RHR AR )% PEDV 2 A R A nspl4 40| GRP78 Fik g 11 (K 4-29,
4-30).

fso Sk
Q25 & | |
1
S 2.0-
R 451
& .
o 1.0
2 0.5 HH
©
= 00 T T T T T T T
6 6 A © Wb W X 6 X '5 % Q, QO
faQ aQ & eQ & cﬁ & ‘_,Q\ @Q\e,'\aﬁ \oa_, oa N

K 4-29 AN[A] PEDV H X GRP78 ¥ [
Fig 4-29 The influence of different PEDV proteins on GRP78 transcription

™ - + + + + + + + + + +

anti GRP78 | onm vl 5 s G S e - - &9

anti B actin -----------

v > D X s koA S W
é»oﬁ o& &Q e &Q & &8 &Q &Q\’ ¢§'2\
5
S
TR e ol of of ofF £ % B & & &
anti GRP78 | wo s s — S S ——

anti f actin | WP S D S D WP WP S S S —

¥ & MRS ER A RS
& & cs S&HE &

K 4-30 AN[A] PEDV £ F1 % GRP78 £ FRIE HI
Fig 4-30 The influence of different PEDV proteins on GRP78 expression

4.3.2 PEDV nspl4 H%] GRP78 BH A

AR HE— B AR F 4 & _E36AE T PEDV nspl4 X GRP78 & 4 R iE RIS .
BAEFER pCAGGS-nspl4-Flag (0.5 pg. 1.0 pg. 2.0 pg) #H4F|4MiF, 36 h
JE AR R P I TM B¢ Tg, #4945 44 h WWEERE &, i83d Western Blot &l
GRP78 H HRIAM A L. 7E HEK293t 4 I 156 25 R Wi 4-31 Bz, nspl4 it 3R
54 (Lane 3. Lane4. Lane 5) GRP78 FKiAmFlAE nspl4 3218 3 Iy 1B s /L,
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Hh nspl4 RIZEHLZHIP A (Lane 4. Lane 5) 1) GRP78 FRiA = E B B A% T 11
FIXTHRZH (Lane2), 3B PEDV nspl4 G852 55 &M 14 01 #1] HEK293t 41l ifd + GRP78
EARFRIE. Vero i B4 B 5 HEK293t 41 FiREG 45 AL, KB PEDV
nsp 14 HEEH AN Vero i H GRP78 Hr HHIRIA (K 4-32). FHAMEAE LLC-PKI
A AT T IR, R LE B8 PEDV nspl4 i EEA nspld BRI I &,
7R nspl4 I KA RCEANTE, (HidKIA nspl4 J5 X4 TM ALE 4o (Lane 4)
GRP78 HEHAMELAMET T™M X4 (Lane 3), FWE LLC-PK1 4ijifii-F PEDV
nspl4 AEAH ZAH GRP78 F A MRS (K 4-33).

A B
pCAGGS nspl4-Flag — - S| pCAGGS nspl4-Flag - — |
800 nmol/L TM — + + + + 800 nmol/L Tg — + + + +
anti GRP78 | — — — | anti GRP78 ‘ ey = - - |
anti Flag - anti Flag ‘ — -|
ant fractin | NP S - anti f-actin [ S W
GRP78/p-actin 1.00 8.88 9.00 5.07 2.67 GRP78/B-actin 1.00 535 504 231 1.83
Lane 1 2 3 4 5 Lane 1 2 3 4 5

P 4-31 PEDV nspl14 #ifi] HEK293t 4Hifffi ' GRP78 [ 1A
Fig 4-31 PEDV nsp14 inhibits the expression of GRP78 in HEK293t cells
(A) nspl4 #ifil] T™M i 3 GRP78 3Rik; (B) nspl4 #iffi] Tg % 31" GRP78 F&ik

PCAGGS nspl4-Flag — — il PCAGGS nspld-Flag — — il
A 400 nmol/LTM - + + + + B 800 nmol/lLTg - + + + +
anti GRP78 L — anti GRP78 o — —
anti Flag ‘ - ‘ anti Flag -
anti f-actin | W - - - anti B-actin| PR N P p—
GRP78/B-actin 1.00 7.80 424 2385 2.21 GRP78/B-actin 1.00 3.76 2.54 237 090
Lane 1 2 3 4 5 Lane 1 2 3 4 5

K 4-32 PEDV nsp14 #)iifil] Vero 40+ GRP78 f13kik
Fig 4-32 PEDV nsp14 inhibits the expression of GRP78 in Vero cells
(A) nspl4 #if] TM % S GRP78 £i&; (B) nspl4 #ifi] Tg 175 S/ GRP78 £i&
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pCAGGS nspl4-Flag — + =
800 nmol/LTM —  — + +

anti GRP78 - --

anti Flag -

anti B-actin rem—— -— e

GRP78/B-actin 1.00 0.60
Lane 1 2 3 4

4-33 PEDV nsp14 il LLC-PK1 41l -F GRP78 {131k
Fig 4-33 PEDV nsp14 inhibits the expression of GRP78 in LLC-PK1 cells

4.3.3 PEDV nspl4 S EBEFIIRTHE S

NHREINE] GRP78 Fik 157 ANE PEDV ##k nspl4 JLAH R, SRR
21 PEDV # 1k nsp14 FIRIERRT AT 7 5 LA EE T 2247 A GenBank A It£4E
T 83 ¥k PEDV WAL AT, W 7 ir K ILIX e EE MK nsp14 B 2B T HI 3L A7 LE
24 TP HIRAL, REF AP IR — MR IEAT R A LU AR R AT, X LK 741
SN[ PEDV ##kifis5 T Gl-a. GI-b. Gll-a. GII-b. Gll-c (S-INDEL) &K V%Y
(&l 4-34), M. PEDV YN1 ##k nspld BIRLIR T 415 AR50 A4 8 FUA% Rk A I
Jr ) PEDV YN15 #:#% nspld #7556 M0 FUENES 4 R BRI 24 Fh
PEDV nspl4 Z LR /7 51 28 284 1 P 2 18] 9 [R) R PE 5 k0 98%,  [AI R ~F 3518 N
99.25%, ARIZAZEEEFIRBPNZ 8534 1.5 MEERAFE (K 4-D. 77
X 25 R B IRIX 24 Fha FL By 9 R BU A AP AE R AR B ARG, HES 90 ik
ITAZIR (D90). 55 N2 MARIR (E92). % 242 KIAE R (D242). #5267 fir
HEER (H267). % 272 ML RITAREIR (D272) 5 330 AL KA E R (D330). 28
32 HAEMR (G332). 5 334 MR (P334). 5 335 U dfimfR (K335). 28 350
PLRITARRR (D350) ZEREFZMH nspl4 B PERI DhREAL mi AR HIARAE (K] 4-35)
(Bouvet et al 2012, Lu et al 2020),
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KJ645636.1 Porcine epidemic diarrhea virus strain USAlowa28/2013
GII-a

KJ662670.1 Porcine epidemic diarrhea virus isolate KNU-1305
KF272920.1 Porcine epidemic diarrhea virus strain USA/Colorado/2013 i
KJ645702.1 Porcine epidemic diarrhea virus strain USA/Ohio126/2014 ] S-INDEL
MHO06134 3.1 Porcine epide mic diarrhea virus strain CH/SCMY/2018 T

MH726382.1 Porcine epidemic diarrhea virus isolate GDS47
MK606369.1 Porcine e pidemic diarrhea virus isolate CH-HB2-2018
MT263014.1 Porcine e pidemic diarrhea virus isolate SC-YB73
JN825712.1 Porcine epidemic diarrhea virus isolate BJ-2011-1 S
KM609205.1 Porcine epidemic diarrhea virus strain PEDV-8C
KY007139.1 Porcine e pidemic diarrhea virus isolate PEDV-Hms
JQ282909 .1 Porcine e pidemic diarrhea virus strain CHFJND-3/2011
KT021227.1 Porcine epidemic diarrhea virus strain YN1 i
JX489155.1 Porcine epidemic diarrhea virus strainLC

JX112709.1 Porcine epidemic diarrhea virus strain GD-A
JX261936.1 Porcine epidemic diarrhea virus strain CHGD-01

GI-b

MF737355.1 Porcine epidemic diarrhea virus isolate KUPE21

JN547228.1 Porcine epide mic diarrhea virus strain CH/S
353511.1 Porcine epidemic diarrhea virus strain CV777 Gl-a

AF
|— GU937797.1 Porcine epidemic diarrhe a virus isolate SM98 J

KC189944 1 Porcine epidemic diarrhea virus
GI-b

[J0023162.1 Porcine epidemic diarrhea virus strain attenuated DR13
KT323979.1 Porcine epidemic diarrhea virus strain attenuated CV777

MF577027.1 Porcine e pidemic diarrhea virus strain PEDV/Belgorod/dom2008 ] GI-a

00100

K 4-34 A[F] nsp14 ZIEIRFP 52 RANER PEDV BEAR I 422k DR 21 HEAL A
Fig 4-34 Genome-wide phylogenetic tree of representative PEDV strains

for different nsp14 amino acid sequence types
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Fig 4-35 Alignment analysis of 24 types of amino acid sequences for PEDV nsp14
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Table 4-1 Homology analysis of of 24 types of amino acid sequences for PEDV nsp14

1 2 3 4 5 [ 7 B El 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1. AF353511.1_CVT77 99 81% 9942% 9961% 99.61% 99.42% 9922% 9961% 9961% 9922% 9942% 99.03% 99.61% 9922% 9942% 99.42% 9921% 99.61% 99221% 99.61% 99.61% 99.42% 99.61% 99.42%
2. GU9ITTT.1_SM98 99.81% $9.22% 99.42% 99.42% 9922% 99.03% 9942% 9942% 99.03% 9922% ORE3% 9942% 99.03% 9922% 09.22% 99.03% 09.42% 99.03% 99.42% 099.42% 09.22% 99.42% 99.221%
3. IN547228.1_CH/S 99.427%  99.22% Q003% 99.03% 9EERI% 9E64% 99.03% 99.03% 9864% OFE3% OR.44% 99.03% OR.64% ORR3I% ORB3% OR64% 09.03% O9E64% 99.03% 00.03% ORE3I% 99.03% OFR.E1%
4. INR25712.1_BJI-2011-1 99.61% 99.42% 99.03% 9961% 9942% 9922% 9961% 99.61% 99.22% 9942% 99.03% 99.61% 99.22% 9942% 99.42% 9923% 99.61% 9922% 99.61% 99.61% 99.42% 99.61% 99.41%
5000231621 _attenuated DRI3 99.61% 99.42% 90.03% 99.61% 99.42% 9922% 9961% 9961% 9922% OS9EI% 99.03% 99.61% 99.22% 09.42% 099.42% O0961% 99.61% 99.22% 99.61% O99.61% 99.42% 99.61% 99.41%
6. JQ282909.1_CHFIND-3/2011 99.42% 9922% 9E.E3% 9941% 99421% 99.03% 9942% 9942% 99.03% 9922% 95E3% 9942% 99.03% 09922% 99.22% 099.03% 9942% 99.03% 99.42% 09.42% 9922% 0994I% 99.11%
TIX112709.1_GD-A 59.22% 99.03% OR.64% 9922% 99.22% 99.03% 99.22% 99.22% 98.83% 99.03% 98.64% 9922% O9R.83% 99.03% O9.03% 98.83% 09.22% O98RI% 99.42% 99.22% 09.03% 99.22% 99.031%
B IX261936.1 CHGD-01 99.61% 99.42% 99.03% 99.61% 99.61% 9942% 9922% 99.61% 99.22% 99.42% 99.03% 99.61% 9922% 99.81% 99.42% 99.22% 99.61% 99.22% 99.61% 99.61% 99.42% 99.61% 99.42%
9. IX489155.1_LC 99.61% 99.42% 99.03% 9961% 99.61% 99.42% 9922% 99.61% 9922% 9942% 99.03% 99.61% 99.22% 99.42% 99.42% 9922% 99.61% 99.22% 99.61% 99.61% 99.42% 99.61% 99.42%
10, KC189944.1 99.22% 99.03% OR.64% 9922% 99.22% 9903% 9883% 09922% 0922% 09.43% 08.64% 9921% O98.83% 099.03% 00.03% OR.E3% 00.22% O883% 99.231% 0922% 00.03% 99.22% 09.03%
11, KF272920.1_USA/Colorado/2013  99.42% 9922% O98.83% 99.42% 9981% 9922% 9903% 9942% 9942% 99.42% 98.83% 99.42% 99.03% 99.22% 99.22% 9942% 99.42% 99.03% 99.42% 99.42% 99.22% 99.42% 99.12%
12. KJ645636.1 USA/lowa2B/2013 99.03% 9R.BI% OR44% 99.03% 99.03% 9E83% 9864% 99.03% 99.03% 98.64% O8.EI% 99.03% 98.64% O8.83% O9B.E3% O98.64% 99.03% 98.64% 99.03% 099.03% OSB8I 99.03% 98.81%
13, KJ645702.1 USA/Ohiol 26/:2014 99.61% 9942% 99.03% 9961% 99.61% 9942% 9922% 9961% 9961% 99221% 9942% 99.03% 99.22% 9942% 99.42% 99221% 99.61% 9922% 99.61% 99.61% 99.42% 99.61% 99.421%
14, KI662670.1 _KNU-1303 99.22% 99.03% OR.64% 9922% 99.22% 9903% 9883% 9922% 9922% O98.83% 99.03% 98.64% 99.22% 99.03% 99.03% O98.83% 99.22% O9RE3% 99.22% 99.22% 99.03% 99.22% 99.03%
15. KM609205.1_PPEDV-EC 99.42% 9922% 9R.B3% 9941% 99.42% 9922% 99.03% 9981% 9942% 99.03% 99221% 98EI% 99.42% 99.03% 99.22% 99.03% 99.42% 99.03% 9942% 5942% 9922% 99.41% 99.11%
16. KT021227.1_YNI 99.42% 5922% OGREB3% 9942% 9942% 9922% 9903% 9942% 9542% 99.03% 99.22% 9RE3% 9942% 99.03% 5922% 99.03% 99.42% 99.03% 99.42% 99.42% 099.22% 99.42% 99.21%
17. KT323979.1_CV777 99.22% 99.03% 9R.64% 9922% 99.61% 99.03% 98EB3I% 9922% 9922% O98.83% 99.421% 985.64% 99.22% OB.83% 99.03% 99.03% 99.22% O9B.E3% 99.22% 9922% 99.03% 99.22% 99.03%
18, KY007139.1_PEDV-Hjms 59.61% 99.42% 9903% 99.61% 9961% 9942% 9922% 9961% 9961% 9922% 99.42% 99.03% 99.61% 99.22% 99.42% 99.42% 99.22% 99.22% 99.61% 99.61% 599.42% 99.61% 99.42%
19. MF577027.1_Belgorod/dom/2008  99.22% 99.03% 98.64% 9921% 99.22% 99.03% 9883% 9922% 9922% 98.83% 99.03% 98.64% 99.22% O8.EB3% 099.03% 99.03% O8.83% 99.22% 99.22% 99.22% 99.03% 99.22% 99.01%
20. MF737355.1_KUPE21 99.61% 99.42% 99.03% 99.61% 99.61% 99.42% 9942% 99.61% 99.61% 9932% 99.42% 99.03% 99.61% 99.22% 99.42% 99.42% 99.22% 99.61% 99.22% 99.601% 99.42% 99.61% 99.42%
21. MHOA1343.1 CH/SCMY/2018 99.61% 99.42% F903% 99.61% S961% 9942% 9922% 9961% 9961% 9922% 99.42% 99.03% 99.61% 99.22% 99.42% 99.42% 99.22% 99.61% 99.22% 99.61% 99.42% 99.61% 99.42%
22 MHT26382.1 GDS47 99.42% 9922% OB.83% 99.42% 09.42% 9931% 99.03% 9942% 0042% 00.03% ©09.22% OK83% 99.42% 09.03% 99.22% 09.23% O00.03% 09.43% 99.03% 99.42%

23 ME606369.1_CH-HB2-2018 99.61% 99.42% 99.03% 99.61% 99.61% 99.42% 9922% 9961% 9961% 9922% 9942% 99.03% 99.61% 99.22% 99.42% 099.42% 99.21% 99.61% 99.22% 99.61%

24.MT263014.1 PSC-YBT3 99.42% 9922% OB.B3% 99.42% 9942% 9922% 99.03% 9942% 9942% 99.03% 99.22% 98.83% 9942% 09.03% 99.22% 99.22% 99.03% 99.42% 99.03% 9942%
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4.3.4 PEDV nspl4 #il#l] GRP78 T B R IA KT E N7-MTase ThEEIH

NI PEDV nspl14 ExoN I G4 Al N7-MTase % GRP78 Fik 5, HRIECL
P RIE I DI REAL SUM . ExoN DIREIRUTERY nspl4 M HAZRIEHAR (RAZK DIOA-
E92A. RAAA H267L). N7-MTase DIREIRITERN] nspld AL RIEH A (ALK
G332A. AR D350A) FPAThae s # UTERE nspld4 AR IEH A CRAEBAK
H267L-D350A) (& 4-36) (Bouvetetal 2012, Lu et al 2020). W4 EF A nspl14 [F) ik
AT & AR F TR HAR > I 43 HEK293t 4, 36 h J5 M IR inA
TM (800nmol/L) 5% Tg (800 nmol/L), FT#:4tj5 44 h L. Western Blot 25
7~ ExoN DRIt BR i 8 AR AR RN BT A= 7 nsp14 BE4IH] TM A1 Tg %551 GRP78 %
%, {H N7-MTase DJREBUTER ) RAEA GEFIH] TM M Tg 5 F 1 GRP78 £ik, &
] PEDV nsp14 N7-MTase D2 0] GRP78 Rk ) F Z I geds (Kl 4-37),

4-36 T PEDV nspl4 [F 45 Hy
Fig 4-36 The predicted structure of PEDV nsp14
it 7E 2k T B SWISS-MODEL il PEDV nspl4 1454, £0{4[X 18N ExoN TR,
L6 X380 N7-MTase Dhfed, W5 tabric DR S

Tg - + * + + 4+ o+ +
™ - + + + + + + +
anti GRP78 - -
anti GRP78 "' - - — --—|
anti Flag | ---~| anti Flag “m
anti B-actin I---- ----I anti B-actin [.-..---.|
% db S @v &~ "?’WYV s "QY’ 4\‘@ &~ «;vv’ o
® %‘%?&‘*} e *f*c’ 5 o, z@a?" @0 Y

4-37 % PEDV nspl4 RAAN) GRP78 1A 1) 71k
Fig 4-37 The influence of PEDV nsp14 mutant on GRP78 expression
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435 43#5 PEDV nspl4 HHE/EAMIBERF

RiE— LR PEDV nspl4 #lii] GRP78 SRk ML, 18IS Ja % i v 45 G iAH
- IRCH  7 5ET S PEDV nspl4 AHEAEAHRITE 2K 7. % pCAGGS nspl4-
Flag #5 4% HEK293t 400rh, #5945 36 h YERE . (F 4% Flag bras it oo
PUAHEAT oy UTIE, Western Blot 455 BoREN X Flag b2 it 50 50 BEPUIARRE S VE 3R
T b4 Flag #3250 nspl4 B H (& 4-38A). SDS-PAGE B/l #R e o 45 B IR nspl4
HRIEHBEAERTXRA, K nspld T REHABHPFELEAR (K 4-38B).

B
pCAGGS nspl4-Flag + = kDa Marker
180 ;
anti Flag .
130 | |
anti B-actin : : j 100
IB: Input :
70 |
Silver stain
anti Flag - 50
IP: anti-Flag mAb 40 14
35 |1
25
anti Flag ‘
P: antitiA mAD PCAGGS nspl4-Flag + -

Silver stain/B-actin  3.02 1.00
IP: anti-Flag mAb

Bl 4-38 Ji i Gy Ve T4 & PEDV nspl4 1915 18
Fig 4-38 Fishing for host proteins that bind PEDN nsp14 by immunoprecipitation
(A) il Western Blot S UE AU AR s (B) 1@ AR YL 0 € S iiE o S A & &

X S UTVE Ja BORE AT R % 5E, nspld HIL%E ) 153 MEREHD (K 4-
2). XXEEREFE AT GO T RIVEANITEML N FI > A Va R, W R B A
FRTE . 4N R S A A MR S T, X R AR B 5EARYS GRS
RNA Z&1fE S, FHS 5 RNA AL EEI%. RNA BTUIATRNA SRR L%
WL FE (K 4-39). RHA] Reactome Pathway 4 22 41X Lehl 7 8 15 & B O AE
ST RE ST, SRERWEANEES S RNA YR rRNA AR 4000
BEEESEE (K4-40). i3t—2 0t K IMA #3715 PEDV nspl4 HAER) &
1335 RPL21. RPL14. RPS19. RPL5. RPL15. RPS24. RPS16 1 RPL31 2#%
WA, W] PEDV nspl4 Al G55 0% HH A 7 3 (T o
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Fig 4-39 GO annotation results of nsp14 group-specific proteins
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Fig 4-40 Cluster analysis of signaling pathways involved in nsp14 group-specific proteins

%% 4-2 5 PEDV nspl4 LA K4S 7 1R H
Table 4-2 Specific protein interacting with PEDV nsp14

EAH TR
HAMS HEAAH
(kDa)
Q05DD5 Nuclear speckle splicing regulatory protein 1 42.62
AO0AO0S2Z5]7 CD2 antigen cytoplasmic tail-binding protein 2 10.69
A0A024QZY5 Serine/threonine-protein kinase PRP4 homolog 116.99
AOAT7I2VSE6 Rho-related GTP-binding protein RhoC;Transforming 7.10
protein RhoA
MOR3F1 Heterogeneous nuclear ribonucleoprotein U-like protein 1 71.61
E7EXS53 Ribosomal protein L15;60S ribosomal protein L15 15.72
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Continued Table 4-2 Specific protein interacting with PEDV nsp14

4 3% 4-2 5 PEDV nspl4 A EAEH M R E G

| TR
H M HEAR
(kDa)
C9J4N6 Isocitrate dehydrogenase; Isocitrate dehydrogenase 17.72
cytoplasmic
B4E1LO0 Adenylosuccinate synthetase isozyme 2 47.94
AO0A024R7A8  Aldose reductase;Aldo-keto reductase family 1 member B15 35.85
MO0QXG9 BRISC and BRCA1-A complex member 1 11.55
Q96CT7 Coiled-coil domain-containing protein 124 25.84
A4FS09 DNA replication licensing factor MCM4 9.43
R4GMY8 Transcription elongation factor B polypeptide 1 6.97
AO0ATI2V4K4 V-type proton ATPase subunit G 1 8.29
A0A384P5S9 Spectrin alpha chain, non-erythrocytic 1 282.28
P38919 Eukaryotic initiation factor 4A-II1 46.87
E5RJIY1 Protein NDRGL1 10.98
AO0A0C4DGSI1 Dolichyl-diphosphooligosaccharide--protein 48.80
glycosyltransferase 48 kDa subunit
G5E972 Thymopentin 46.31
Q6P1IN4 Ras GTPase-activating-like protein IQGAPI 107.54
A8K067 Cysteine--tRNA ligase, cytoplasmic 73.42
B4DZZ8 Zinc transporter SLC39A7 39.60
B4E3J6 Arginine and glutamate-rich protein 1 26.60
AO0AO075B6E2 40S ribosomal protein S19 7.83
AOA1W2PREI Guanine nucleotide-binding protein G(s) subunit alpha 5.72
isoforms Xlas
AOAO087WXS58 Hepatoma-derived growth factor-related protein 2 7.25
D6WSE6 UTP--glucose-1-phosphate uridylyltransferase 38.77
A0A7I2V421 ATP-dependent RNA helicase DDX1 39.52
B77602 Hypoxia up-regulated protein 1 72.85
AO0AO087X2D0 Serine/arginine-rich splicing factor 3 10.32
U3KQCl1 WD repeat-containing protein 18 43.24
Q6ICT4 Nuclear inhibitor of protein phosphatase 1 13.34
H3BTWO BolA-like protein 2 6.36
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Continued Table 4-2 Specific protein interacting with PEDV nsp14

4 % 4-2 5 PEDV nspl4 A HAEH s R E

| EES TR
HEAHS HE AR
(kDa)
QIoUP43 Translationally-controlled tumor protein 12.54
AOAOBSEEB2 Vitamin K epoxide reductase complex subunit 1 3.86
HOYo6L4 WD repeat-containing protein 64 69.02
AO0A0J9YYJO Protein canopy homolog 4 13.17
AO0A0S2Z3A5 Medium-chain specific acyl-CoA dehydrogenase, 23.97
mitochondrial
Q5H928 3-hydroxyacyl-CoA dehydrogenase type-2 17.22
P51659 Peroxisomal multifunctional enzyme type 2 79.69
Q5JRI1 Serine/arginine-rich splicing factor 12 20.91
U3KQT1 S-formylglutathione hydrolase 29.00
Q56VWS8 threonine-protein phosphatase 2A 55 kDa regulatory subunit 51.65
B;Serine
AOASF9ZHI7 Acetyl-CoA acetyltransferase, mitochondrial 33.50
Q5CAQ4 Heat shock protein 75 kDa, mitochondrial 57.23
B4EON9 Glutamate dehydrogenase;Glutamate dehydrogenase 2, 54.26
mitochondrial;Glutamate dehydrogenase 1, mitochondrial
Q6IB71 Proteasome subunit alpha type-3 28.42
P68871 Hemoglobin subunit delta 16.00
AO0A804HIY9 Kalirin 103.48
AOA1U9X8Y4 Chloride intracellular channel protein 26.79
AOATW2PRZ7 Heterogeneous nuclear ribonucleoprotein U 34.15
AO0A1X7SBZ2 Probable ATP-dependent RNA helicase DDX17 80.25
Q9BUV4 60S ribosomal protein L5 12.08
B4DRH6 Long chain 3-hydroxyacyl-CoA dehydrogenase 78.31
B772S7 Radixin 52.65
Q14204 Cytoplasmic dynein 1 heavy chain 1 532.40
E7ETKO 40S ribosomal protein S24 15.20
AOA2R8YFRI1 Histidine--tRNA ligase, cytoplasmic 5.74
F8VRV7 Dynactin subunit 2 17.04
J3KT38 Growth factor receptor-bound protein 2 12.70
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4 % 4-2 55 PEDV nspl4 A BLAEH 4e Rt B
Continued Table 4-2 Specific protein interacting with PEDV nsp14

| TR
H M HEAR
(kDa)
B4DPN7 Erlin-2;Erlin-1 26.82
MOQYTO Heterogeneous nuclear ribonucleoprotein L 35.90
B4E3E6 Heterogeneous nuclear ribonucleoprotein A3 34.19
Q6FHJ9 Cytochrome c oxidase subunit 5B 13.70
B779C4 CTP synthase;CTP synthase 1 35.25
A0A494C0J7 Protein-glutamine gamma-glutamyltransferase E 78.86
A0A494C189 Histone H2A.V 13.50
AO0A5SHI1ZRQ3 Ig kappa chain C region 11.61
Q05DV5 Zinc finger CCCH-type antiviral protein 1 49.25
AO0A6QSPFB2 Eukaryotic translation initiation factor 4 gamma 1 55.92
AO0A6Q8PHIJ6 Heat shock protein beta-1 16.45
AO0A6Q8PFU2 Ankyrin repeat domain-containing protein 26 60.52
AO0A7I2V3K6 Eukaryotic translation initiation factor 3 subunit I 27.90
E9PP11 Puromycin-sensitive aminopeptidase-like protein 22.30
AO0ABISKX20 Cytochrome b5 type B 7.14
D3DWLO Plectin 234.12
E9PAP1 Histone-lysine N-methyltransferase SETDB1 12.42
D6RFH2 Protein CDV3 homolog 11.67
Q66K39 Deoxyribonuclease-2-beta 29.03
E7EPB3 60S ribosomal protein L14 14.56
HOYEY4 ADP-sugar pyrophosphatase 14.90
B3KTG4 Ubiquitin carboxyl-terminal hydrolase 42.71
K7ENK9 Vesicle-associated membrane protein 3 7.78
A8KOP2 Inorganic pyrophosphatase 2, mitochondrial 31.58
D6RDI2 Luc7-like protein 3 20.68
B4DSN5 Tyrosine-protein phosphatase non-receptor type 41.26
HOYIC2 Methionine--tRNA ligase, cytoplasmic 6.39
Q59GW6 Acetyl-CoA acetyltransferase, cytosolic 42.14
B4DHS3 Nucleolysin TIAR 20.38
A8KS5SW7 Isoleucine--tRNA ligase, mitochondrial 105.94
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4 % 4-2 5 PEDV nspl4 A HAEH s R E

Continued Table 4-2 Specific protein interacting with PEDV nsp14

| EES TR
HEAHS H AR
(kDa)
I3L3Q7 Complement component 1 Q subcomponent-binding protein, 20.01
mitochondrial
H3BVO01 Pre-mRNA-splicing factor ATP-dependent RNA helicase 13.62
PRP16
CIJKZ2 Nucleobindin-1 31.07
B778S9 mRNA cap guanine-N7 methyltransferase 14.97
QS8IXJ3 116 kDa U5 small nuclear ribonucleoprotein component 95.37
BOAZQ4 Structural maintenance of chromosomes protein;Structural 141.53
maintenance of chromosomes protein 3
B1ALA9 Ribose-phosphate pyrophosphokinase 1 31.39
B1AQP2 Prefoldin subunit 2 16.65
Q76N53 60S ribosomal protein L31 5.60
B2R644 N(G),N(G)-dimethylarginine dimethylaminohydrolase 1 31.12
B3KSV9 Na(+)/H(+) exchange regulatory cofactor NHE-RF 29.44
B7Z9R6 Ezrin 22.47
B4DJLO Dolichyl-diphosphooligosaccharide--protein 31.36
glycosyltransferase subunit 2
Q8WWKH9 Cytoskeleton-associated protein 2 76.99
B4DZC3 5-3 exoribonuclease 2 102.42
HOYK42 Sorting nexin-2;Sorting nexin-1 35.59
Q59F59 Importin-8;Importin-7 55.52
K7EJE8 Lon protease homolog, mitochondrial 93.30
Q59G73 Exosome component 10 49.22
B4DFE6 ATP synthase subunit gamma 15.73
B4DM33 Microtubule-associated protein RP/EB family member 1 26.58
B4DQGS5 Cytosol aminopeptidase 39.35
Q96AF9 Zyxin 50.47
H3BTB3 ATP-dependent RNA helicase DDX19A 14.48
C9J6C5 MKI67 FHA domain-interacting nucleolar phosphoprotein 19.55
H7COES Zinc finger protein ZPR1 42.54
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4 % 4-2 55 PEDV nspl4 A BLAEH 4e Rt B
Continued Table 4-2 Specific protein interacting with PEDV nsp14

| TR
H M HEAR
(kDa)
H3BT74 Cyclin-dependent kinase 10 26.47
H7C466 Zinc finger CCCH domain-containing protein 15 7.81
HOYI89 Charged multivesicular body protein 4a 6.91
C9JA28 Translocon-associated protein subunit gamma 20.16
E7ET15 U2 snRNP-associated SURP motif-containing protein 118.25
E9PJFO Mitogen-activated protein kinase;Mitogen-activated protein 35.74
kinase 3
E9PPI9 Exosome complex component RRP41 16.58
E9PQIS U4/U6.US tri-snRNP-associated protein 1 17.54
F5H702 39S ribosomal protein L48, mitochondrial 12.77
F8WF69 Clathrin light chain A 27.82
G3V1B3 60S ribosomal protein L.21 9.89
HOYS512 Adipocyte plasma membrane-associated protein 45.29
H3BMZ1 Very-long-chain (3R)-3-hydroxyacyl-CoA dehydratase 3 16.16
H7BXY3 Putative ATP-dependent RNA helicase DHX30 130.55
14AY 87 Macrophage migration inhibitory factor 12.48
MO0QX76 40S ribosomal protein S16 5.56
VOHWPO Serum amyloid P-component;Serum amyloid P- 25.39
component(1-203)
P03973 Antileukoproteinase 14.33
P15924 Desmoplakin 331.77
Q6NZ59 ATP synthase-coupling factor 6, mitochondrial 12.63
Q2VIN3 RNA binding motif protein, X-linked-like-1 41.46
P49006 MARCKS-related protein 19.53
P62306 Small nuclear ribonucleoprotein F 9.73
Q01650 Large neutral amino acids transporter small subunit 1 55.01
X5DNM4 Lactoylglutathione lyase 20.78
QO8AE9 Acyl-CoA dehydrogenase family member 11 33.78
Q08J23 tRNA (cytosine(34)-C(5))-methyltransferase 86.47
Q15046 Lysine--tRNA ligase 68.05

76



AT R RS T3 25 A1 P 5 N2 0bs 35 8 11 GRP78 A ELAE i ) 70 WL F 7T

4: % 4-2 5 PEDV nspl4 i HAEH BRI A
Continued Table 4-2 Specific protein interacting with PEDV nsp14

| EES TR
HEAHS HE AR
(kDa)
Q3ZAQ7 Vacuolar ATPase assembly integral membrane protein 11.35
VMA21
QI9Y6H1 Coiled-coil-helix-coiled-coil-helix domain-containing 15.51
protein 2
Q5TBRO Sialic acid synthase 12.40
Q6UWPS Suprabasin 60.54
Q6ZMS7 Protein ZNF783 61.01
QONRN7 L-aminoadipate-semialdehyde dehydrogenase- 35.78
phosphopantetheinyl transferase
QIONRXS Serine incorporator 1 50.49
QI9Y3F4 Serine-threonine kinase receptor-associated protein 38.44
Q05DD5 Nuclear speckle splicing regulatory protein 1 42.62

4.3.6 PEDV nspl4 {IFIZ0pa &%

4.3.5 W GO VERBAUE 518 SR 45 B4R Y PEDV nspl4 e 515 2 40 o fi %
FRAE ERTAHEAER, Al5eEib#E—21Fl 7 PEDV nspl4 X 2 i f 3 5200
¥ pCAGGS nsp14-Flag #% 43| HEK293t M rF, 36 h 5 i i M v 25 2 An 1 i 30 Al
Y Hf S B BRI K . AR S SRR nspl4 #0v4H (Lane 3) HIEEIRAE R inid
AR EEY R T IESE RN A (Lane 2), F W nspl4 i FiExH 15 15 HIH
FEHMHEH (B 44D,

Puromycin — + +
pCAGGS nspl4-Flag — — +

anti Puromycin
i i [

Puro-Label 1.00 0.78
Lane 1 2 3

K 4-41 JE TS B K ARICTE TR nsp14 X4 B B8 158 i 52 i

Fig 4-41 Assessing the effect of nsp14 on cellular translation by puromycin labeling
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4.3.7 PEDV nspl4 BYZHBaE L

X nspl4 40 € A B#E4T T 70 . Kf pCAGGS-PEDV nspl4-Flag ¥ 4 5|
HEK293t 40 A1 Vero 4, 4% )5 36 h il id s 5 iR I nspl4, 1 FHEO
HREEMBERER A . R4S R ERTE Vero 4L+ PEDV nspl4 434 T-41 i i 1
Ytz (K 4-42A), 7 HEK293t 41 -F PEDV nspl4 3= 50 A T4l itz (B 4-42B).

A nspl4-Flag Vector nspl4-Flag Vector

B
h . -
- . -
Merge

4-42 PEDV nsp14 {1410 it 5& {7
Fig 4-42 Cellular localization of PEDV nsp14
(A) 7E Vero 4iMu 12 7; (B) 7E HEK293t 4 H ¥ & fr

4.3.8 PEDV nspl4 il GRP78 BEhFiEth

BB 446 PEDV nspl4 G HEK293t 41 GRP78 ks (I 4.3.1),
AARIGHE— B AE Vero 4 F1 LLC-PK1 41 H L T PEDV nspl4 X GRP78 JE[K
KIS . K pCAGGS-nspl4-Flag #4340+, 24 hEH T™M AbH40ME, T4
J& 32 h WekE, JEIEARNEE PCR M GRP7S WK . It BRI
Vero i fflid /2 LLC-PK1 4, nspl4 F Y2 GRP78 [1#s S A F UK T HARRT I
1, W PEDV nspl4 tHEEHIH] Vero 4HffF1 LLC-PK1 4+ GRP78 F:IA 1% 5%

(K 4-43).,
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A Il pCAGGS-nsp14-Flag B Il pCAGGS-nsp14-Flag
Vector Vector
100' - f 100 Kk
s — 1 Q -
3 T 3
E 104 o 10
n- *k ﬁ K
% || & [ —
-1 14 * = o 1 -
Sl E
e
0.1- T 0.1 T
& N & N
(‘6\ (‘{o
O Q
*® *

/| 4-43 PEDV nspl4 Xt GRP78 ¢ [1) 54
Fig 4-43 The influence of PEDV nsp14 on GRP78 transcription
(A) Vero i Hik5; (B) LLC-PK1 4 ik 5%

YT PEDV nspl4 fedt N4HARZ (I 4.3.7), ARRIGHH—DIUHE T nspl4 2 il
T GRP78 ]2 8T EANH] GRP78 5% . i Promoter 2.0 T AASE GRP78
JBET, BT IE R W 4-44. DIXCE DG ERBERURE psiCheckITy & 4844 i 5 5))
TR E TR, e Y3 HEK293t 4ifi-h, T 45 36 h /il &
Bl B2 . RIS S R AN 4-45 B, NIE GRP78 JR 8 T8UK. 345 GRP78 JA5)
TR G 5 K DRI R IE & = TP R G L4 psiCheckIDFiFL),
T T ) NVEAISE VR GRP78 Ja 81 P Al fe il i B R i e s o Ja il e b R IR
PEDV nsp14 Be#MHi| BH X R EA (JRAG psiCheckIUFifL) 41518 K EDE R EE K
ik, EXEERAEIGERGZE .. KA E T L pCAGGS-mRFP iR N & 421 GRP78
Ja T8R800 PEDV nspl4 %F GRP78 Ja 8 Fii EHI52 0 . % PEDV nspl4 &
IR 53T pCAGGS-mRFP ] GRP78 J& 51 B 41 i ki 3 5% e 31) HEK293t 21l fifd v,
36 h J5 I A AR PG mREFP BH 440 M 2280 40 ff - 35 5 i ilie &5 R an 1A
4-46 fIi7R, 5 PEDV nspl4 42 /b GRP78 JE 55 7 mRFP Ri&, {HJF4H
JFiki (pCAGGS-mRFP) /51 mRFP KIEASZ nspl4 T3, KW PEDV nspl4 fe#l
FINEFSEIR GRP78 JA BT s

1315 "
| BARRNTES {758 juef AUG | A IRGRP78%E B

2220 "
Bl AN TR ] 758 e AUG | HEIRGRP78E

4-44 GRP78 J: [l J5 5l 1 Tt 45 5
Fig 4-44 Prediction results of GRP78 gene promoter
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300+

200+ —

ratio
—
o
(=]

o=NWw
Ly

4-45 % TN B JA 31 1k

Fig 4-45 Identify the promoter activity of the predicted sequence

=
k) B
B 100 4
» I PEDV nsp14 ug ik B PEDV nspi14
T 80 ,*__,r ) Vector = T arr Vector
]
2 60 i i ns
H ns @ 2 p—
2 40 — >
= g1
g 20 I I b I
i=y =
a 0 . 0 ; ;
w 5 5 f o & &
) ) O X - X
& {06“ &o" & P P &
& I o\“ Q,\o Q‘o S
& & i S
& K Qg‘zc‘ Qcﬂ?‘ Ko &
& & & &5 &
Q<° & ¢

] 4-46 PEDV nsp14 #fiffi] GRP78 J& 3l 7
Fig 4-46 PEDV nspl4 represses GRP78 promoter activity
(A) mRFP FHPEAAEAS; (B) AT I5O08E

4.4 Fr&EREA BRI N EEIFL PEDV 53 F
4.4.1 THIZERE)A B AT PEDV 9 F

4.1 Q245 A A T N REAT 2 2 AR N2 PEDV &, s N5

RO TE R BT PEDV 29910 RAFHEAR, DR ARG 3E— 25 DL o X R A 3 0 1 471
PEDV 431 i 25 bl SOk AR 21 DU R EEB0E 4 5 X R R RN T (LR 4-3)
MR EATHPT PEDV 3G . B 0.1 MOI PEDV J& 4% Vero 40, (L #: R YLK
[FRIMARF 259, T 36 hpi @i RZEZOCRNHEES &, KRS RER 100
umol/L K4S A (Levistolide A, LA) 411 1 mmol/L o-fifi ¥ B2 41+ PEDV BH
{555 T DMSO X411 PEDV X 4] (] 4-47), FKE] LA Ml o-BiFIE R A
4] PEDV B HIftHE
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R 4-3 VUARIRE A PSR R R 2R/ T

Table 4-3 Four natural small molecules that can activate ER stress

NI T AATR SCRRAIA
o-fi IR £ 500 pmol/L o-fii ¥ fRAL I 5 FaO 40 H GRP78. CHOP 3%
(a-Lipoic acid) KB H A UPR B IEGE (Pibiri et al 20200,
PeALH £ 20 pmol/L JERLH 4§ UMSCC103 4ifih IRElo. PERK
(Polydatin) IHEPE (Mele et al 2018).
BR AN EE A HCT116 4i/2e LA B4+ GRP78 Il CHOP H3Rik &
(Levistolide A) BN, elF2a BERAL K- B (Yang et al 2017).
B AR Saos-2 ZH I ZAF IR AL LIS ZH 0 GRP78 M CHOP HIZRIE &
(Palmitic acid) B (Yang et al 2018).
_slloslsaciliamill] Bl i oSO Mock

e ........-.
o ..........
- ....... .

PEDV  + + + - + + + + + -

LevnstolldeA(umollL) Palmitic acid (pmoIIL) DMSO pC Mock
1000 100

R .......- i; y l
. ..........
i ...-..- ‘

PEDV + i
K] 4-47 DUFRR IR /IN53F%F PEDV & il (¥ 52 1)

Fig 4-47 The influence of four natural small molecules on PEDV replication

4.4.2 BZHYAAEE A #IF] PEDV £ 4R RIS H)

AR IR — BRI T LA 9L PEDV #8 /), B e CCK-8 4all & LA 4
Mo EE . R 45 B R 20 & 100 pmol/L LA %t Vero 40l F1 LLC-PK 1 4 i1 45 W &
B (F 4-48),
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A 160 B 160 .
140- T T o 1401 - T
120 - 120 =

£ 10047 = £ 1004 T &

S 804 S 80

€ 601 S 601
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“\o ‘x\%@ & fF \\‘o \“6@ P S
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P 4-48 LA (120 M #50%
Fig 4-48 Cytotoxicity of LA
LA PR J5 48 h il CCK-8 y2A% M4 s
(A) LA Xt Vero 4, (B) LA Xt LLC-PK1 40 ity 21

WA LA 195t PEDV R /), AREME | LA X GEZERF A PEDV (DR13) Al
GIZEH A PEDV (YN15) EHfi|Hs20. 4 0.1 MOI PEDV &4 Vero 40fil, JiHE:
BRI EIR NN LA (20, 40. 60. 80 umol/L), 7£ 36 hpi W&EFEM . 4% PEDV
DR13 FFRIIINASE R an&] 4-49 PR, St REIR LA A4 PEDV [HME(E
SHMET DMSO xR AR EE 0T A4 (B 4-49A), TCIDso flE & PCR 45 R EoR
LA 24 PEDV fi FEF1 RNA # DU ZC T4 1E4, H PEDV K% Al RNA
P2 ULKPEE LA IR Nt RP& (& 4-49B. 4-49C), F£W LA 55 EMH
#] GIZE[K A PEDV E#l. 4% PEDV YNI15 FkkAIINASE B 2R LA tfg 2310
GIAE:[NA! PEDV FIE ], HiZd Rt 27 2408 (B 4-50).

N HERR AN AR S R, ARGt E LLC-PK1 40 L3k T LA X PEDV &
BRI . AR A SRR LA ACBEA 195 5575 2 S0 25 I8 T DMISO X e ZH A 25 0 it
M, HIREHHMEREE LAWK —2uk> (K 4-51), £ LA A2 E
WP LLC-PK1 1 PEDV K& #i.
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Levistolide A(pmol/L)

A Mock PEDV DMSO

IS
o
[+>]
o
]
(=)

20

AlexaFlour 488

DAPI
Merge
B 8- C 1 108 X
= — —
£ & T g
S S 108
‘% dedekok 0 hkk
o 4+ _ < 105 _ g
O Z wrx
= o 104 .
22 2 105 .
' E 10
0 T T T T T T 102 T T T T T T
Voo oy W n Voo o
L SN G SN
T FFFE d FFFFE
DA R D
PEDVDR13 + + + + + + PEDVDR13 + + + + + +
Levistolide A - - + + + + Levistolide A - - + + + +

4-49 LA #11 Vero 4l ffiirh GIZE X7 PEDV & fil
Fig 4-49 LA inhibits the replication of GI genotype PEDV in Vero cells
(A BEDRICRIEE R (B) TCIDso ikI4EH; (C) &= PCR 45 R

A 6- B | 100,
_l nS E dek
E e 21074 _ 1T
S 4 Ca— s 5
93 N ... 2 1064 i
2 2] t g 1} E,
£ >
' B 1044
0 T T T T T T o 103
* o V V V V T T T T T T
6\00 ‘&6 (‘\O\\ 6\0\\ 0\\ C)\\ d q’o Q\é\ Q\?\’&\ QQ\’} QQ\}
O of oF o o W ¥ S &
PEDVYN15 + + + + + 4+ PEDVYN15 + + + + + +
LevistolideA - - + + + + Levistolide A - -+ o+ 4+ o+

4-50 LA 1] Vero 4 GIEF B4 PEDV (#1521
Fig 4-50 LA inhibits the replication of GII genotype PEDV in Vero cells
(A) TCIDso k3455 ; (B) & PCR &R
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A 6 B 6
|
§ 5 -El 5
g 4 S 4
©2 Q2
o o
T 1 - 1
0 0-
& & &
- Q%\ &
< W& ¥
PEDV DR13 + PEDV strain YN15 + + + +
Levistolide A + + Levistolide A - - + +

& 4-51 LA #i%] LLC-PK1 40 g+ PEDV (15
Fig 4-51 LA inhibits the replication of PEDV in LLC-PK1 cells
(A, B) Zr524% PEDV DR13 kA1 PEDV YN15 ZE0k 111560 45 51

4.4.3 BRHYIARNEE A #1H) PEDV IR FINRTE = 2040

NERTT LA BARLEN 5 B B Bol2/E . 6/ 0.1 MOI PEDV &% Vero
Y, 7E PEDV B4/ A A 8] B A 80 pmol/L LA Ab3EAmf, HARRLE 7 = W 4-
52, IR R W R B GYE 0-2 hpi H LA Ab3 404 W2 #01| PEDV DR13 &
FRFT YNIS #HRRISTH] (&1 4-53). 0-2 hpi /& PEDV WRIHA 41RO B, 3
B LA 1] LA PEDV R AR (Li et al 2020),

Virus Contro] S—— _' __ Levistolide A
u-mh_é | | = DMSO
$-10h S ——— = PEDV
Gsh_l__ —
4-sh=§—§ ——
ozu_:—_—_

| i i '| | L 1 T
0 2 4 6 8 0 36 (h)

4-52 LA GbFRAH 7 %
Fig 4-52 Protocol for treating cells with LA
i T SRR I A AR AR RR E T SRR IR
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PEDV DR13 PEDV YN15
7 6+
2 87 . 2 5@ : T 7 7
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4-53 7 PEDV &% AN [F] I (8] BOH] LA A B4 i 63 25 2 1 052 )
Fig 4-53 The influence of treating cells with LA at different time periods

after virus challenge on PEDV replication

4.4.4 RRHYIAES A ] PEDV ks K R X R

MR LA F15T PEDV ﬁzﬁﬁﬂl B X RT3, AN B JeAE Vero 40
5E T LA KRN B 5E0 . € & PCR KGNSS S B R4 LA (80 umol/L) AbFH 24
h J& Vero 4 ffif ATF4. CHOP. GRP78’¥—V~]E?: WA 2SR 5% DR PR A si w3 Hg n (&
4-54A), Western Blot 45 R 274 LA A3 36 h Jii Vero 4Hfilif GRP78 #ik & i 14
(B 4-54B), ixsbsE BLE B 80 pmol/L LA REFE Vero 4 i P i I S . A
H 4-PBA T-#t LA X GRP78 1155, LLE— VP4l LA 72 75 38 i 0 P o I REBUR
¥4 PEDV 1EH . 18/ 0.1 MOI PEDV &% Vero MM, /& EGLFIN A 80
umol/L LA 1 300 pg/mL 4-PBA, T 36 hpi WA 381 0 28 o e s 755 &
R S5 B 4-55 fis, LA §phib# 4 PEDV (S 5 B ZKT PEDV FHMEX]
“H, 1f] LA F1 4-PBA FLAb#E4H PEDV FHPE(S S5 T LA SplAb 2, SR B M) P
WA LSBT T LA /9T PEDV EH .

A 15 B

LA
DMSO

|_|
10 DMSO - + - +
LA + - -+ - -
S I'_' L P ——
&

PEDV - - - + + +

ratio

anti PEDVN l -'m
anti f-actin [N N R S —— |

GRP78/p-actin 201 41.58 1.19 2.92 1.52 1.70
Lane 1 2 3 4 5 6

th °.1 /\%
& & &

K] 4-54 LA BE1E Vero A F30E A 5T I R
Fig 4-54 LA can activate ER stress on Vero cells
(A) % 80 umol/L LA AbHE 5 Vero 2+ P 5T I 87 R D 35 R 4 SR R AR 4k 5
(B) £ 80 umol/L LA 4bFH J5 Vero 4fiih GRP78 FiAM45 1k, AL PEDV &4 &N 0.1 MOI
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A

MOCK PEDV DMSO LA LA/4-PBA

@ HekkK
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AlexaFlour 488
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Merge

%] 4-55 0] A R RS BT LA 15T PEDV 1EH
Fig 4-55 Inhibition of ER stress antagonizes the anti-PEDV effect of LA
(A) FIERNEER; (B) &% A 2GR HT

4.45 EXHVANMEE A HIE] PEDV {k#i & 1L R

A TR H LA 75 5400 A 5 9 BSR4, W1 LA 4914 PEDV
S HR SRS, AR SEE Vero 4 F1 LLC-PK1 Zif 52 T LA X}
A0 M SE A N 52 (Yang et al 2017). {1 80 pmol/L LA Ab¥4Hf, 24 h j5iEid
WA VAL 40 ATV SRR S5 IR BORTGIRRAE Vero Al it &L LLC-PK1 41
fr, LA ARERLATEMEEUK P E TR, R LA B8 E2TE Vero 1A LLC-
PK1 40 isos B AL B (& 4-56) . A FH AL LB 1 77) NAC A 22 40 g DL 45
R LA 39t PEDV fEFH IR . /£ PEDV (0.1 MOD) 244t fu 1) ] B A5 A
LA (80 umol/L) FINAC (5 mmol/L) A-HE4NAY, T 36 hpi WEEFEM . HE %Gk
I 25 A TCIDso M 25 AR 7R NAC X R4 E% 25 DMSO X B4 i &8 2%
5, fH LA, NAC JLbPRA RS ERE & T LA B HAH, K064 Ak
NEAEDL T LA B191 PEDV /ER (B 4-57).
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2.0
Ex3 ko - LA
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Fig 4-56 LA induces cellular oxidative stress
PEDV

Mock DMSO LA NAC LA/NAC

AlexaFlour 488

DAPI

Merge

8- *kkk

-Ig TCID5/0.1mL

——

0

S O F L
S SRR
& D \y\\\
K 4-57 NAC I LA 470 PEDV 15 I 52
Fig 4-57 The influence of NAC on the anti-PEDV effect of LA

(A) IR IR EEE; (B) TCIDso Wl 5E 45 5
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HEE TSR
5.1 ¥+t
5.1.1 HIERMEE#HIE PEDV E#I K& EA/ERHLH

PN J5it A L3 A R A B AR T B T RO, A R A R 2 A R S 4 M i I8
J5 RS HEAE . B TR B AR X N RE 6 0 T 2 R R A (Pasqual et al
2011, Frabutt et al 2018, Gladwyn-Ng et al 2018, Chen et al 2020, Ming et al 2022), &
7T & 1 i GRAMDA4 A1 2-fii 48-D-#1 %) 4 (10 51 PEDV AE AT A ST R o<, EN
Ji X RO PEDV & il I AR 2 I8 R4 A (Wang et al 2014, Xu et al 2023), A
WFFEARIT T T X RN A R 2R R 2 PEDV & 52 08 A3 1 P9 03 X R 380 7
PEDV & il #f#i (#) UPR i Al 4 2 1

5.1.1.1 BEUERBRMNEENG] PEDV £ 4EFHEH]

AHEFN A TM M Tg 75 FARM AN BB, T™M F Tg 1FH T 408 AL S A
FE . TM 8 H IR, & FEar N-ABta M REZ AR, vl
BH 1 N- 2Tt 260 W5 M- 1 - R A FR T — B8l R -N - L T ) 2 W V¢ I 22 s T P g TR 2 411
#il N-IEBepESAL (Zhang et al 2020); Tg /& P i Ca®" ATP B 3F 58 4 M4m0 771,
2 PN T s NS B AN, A A A B 1 AN I B SR Cat ) P R T
TR T TR E N (Taylor et al 2011). S ECP 5 9 fiss N AR S 2R 1 B
FPOE A L P T R RO TM R Tg B 3R 3E Rl s . TM A Tg i T8 57
PN R SRR, i Abdullahi 2548 B TM AT Tg %8 3744 P AT 4R /KT i 2k Y s A
PR, FEFEHY TM A Tg A& BRIg A 24 0 4 P4 ot P S35 577 (Abdullahi et al
2017); Coppola ZF{EMF 78 R BUETR a- 2 filih% 8 (A 0 4 20 3B A7 M 50 AR 2 i B A
F TM ARBER BRI RE 5T, FF42 H 1) FR 5T TS T BEAT A% S7 R BRI A5 DX R 35
iR (Coppola-Segovia et al 2017). TM A Tg WA S A T+ A J53 X ST 9 25 R0 1)
WH5E, 40 Shaban Z&7E R FL P 5T R RSO AR R 09 25 52 il R sE e R - Tg 23748
FL P 5 X R A% (Shaban et al 2021);  Xue 28 APl P 5 R ST TGEV & il ()
sZIE, @IS TM M Tg 53 N BT M (Xue et al 2018).

AHIE FUAE A0 B RS R B 25 a3 7 A2 AE PEDV LRI A T™M B¢ Tg il
SEFRAEAL, XA 0D TS R AOR R B B B, DRI AT AHERR M,
Tg 5 PEDV Wi #5158 PEDV & FH ELIEAE W RS2 . A 78 B GI-b J: R A
Gll-a 2R GII-b 22 R H PEDV MM BT 105 . Gll-a 1 GII-b £ [A 1.
AL HATIR R FAT B EERERF WA, GI-b FEFWAE 2010 5 PED # Kk ) F 5t
Xz —, IXSERLLK P A GG PRIFAT ) PEDV Bk 1R PR YE (Leeetal 2014, He
et al 2022, 50 45 W PN 5T W BLIREA e LA EER R PEDV &), H
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AL S RS, T P B Y R PEDV B I — e ER . RN
W4 238 e P Bh g 4T IR AS [ 3£ R Y PEDV (&%, B T PEDV LIAL, YRR
BOEXT o B4 TGEV A1 HCoV-229E. B #4[¥] MERS-CoV 1 SARS-CoV2 L K& § A1)
K S R ERAANEIER, R A 5T ST RE AT I PR AR EEALE] (Xue
et al 2018, Shaban et al 2021, Fang et al 2022),

5.1.1.2 HSERREMRGEINE] PEDV EFEFE P E &

AW I AE S K X6 4 5 R0 S B 40 PEDV AE #5471 ¥Rl . PEDV J&Gext
WA G s B R ™ B, Rk B R W2 WAL A A AT 8 R B X & (Zhang et al
2020). Abdullahi SE7E K B A4 A 257 N 5T IR SESORE Y IS R AR BC T Tg, TM RESE R
T OSSN, RICASE SR A TM AR 2% ) (Abdullahi et al 2017).
% EF| PEDV T B EM T il, A7 REC IR 77 204 24 LLREST R O J0 i 18 41
PRI P 5 I S SR E6 T TM (45 2 (Rl Rngi i B0 AR 1], 7EICEAT 8 h 4424
DIFERR T™M F1 PEDV BEL#:AF A& rsem . RIee 7+ %M. =8, Fip. 4
Wi BEAERT PEDV Mi#iE, HRE ", =W, Bz 7
PEDV. RIu45 KM T™M b FE AR 738 10 28 A2 2305 5 4802 BH /b T PR
STHEAH, U5 BTEATH8 il 175 5 PN 02 9 2 tH R A 24 PEDV &2 PN R 9 7E 4
KRBT AR REA R P PEDV 395H, H X IEIRFAT I PEDV S K AL 4R H 24,
B PN J5 X N G T R BT PEDV 25901 R4 #E AR o

5.1.1.3 A[3] UPR @E&*T PEDV & HlHIE2 0

AW HE— BT 7 UPR @B PEDV ZHIAIESM. PERK JE M A8 0% 41 i
FHVE, 100 B A S R T BRI . AT A RIE PERK &A% 41 H
TR T AR B R A& RO, MR &, W Shi 5545 H
PERK -eIF20 4 £/ Y24 1L 5% P 1k 45 18 28 993 25 () R il 5 PERK -elF20 38 2% 3 B
15 9% Xue %5 K I PERK-elF2a i B8 1T T P40 2 mRNA 35286 TGEV &
HIIFNH (Xue et al 2018, Shi etal 2022). A 78 & IUAE F HIIBEE S PERK @ 1% 4}
PEDV IR HIAMHIEH, XATREtH /&M T PERK B AL T PEDV & A& I
K, ff IRElo @ 40, ¥4 R E R PEDV #i% IRElo, #3157
STF083010 F#t IREla <x#fiffi] PEDV &, X8 PEDV M| il ffk#t IRE1a &
2o IRElo 826 1T DM AR MO A7 T, % RR00 5 /0 2 i = A Rk E A, a0 HCV
A DU G IREle BRI T, #Em#E B B & @218k %e (Fink et al 2017).
IREla P &A — AL Z R/ 77 2 TR BB L D) Be 3k A — 4~ RNase ZhRgd, H22& K/
TR PRGBS M ThRESR A £ R R 215 S T, K IREla B AEAFEH T g
F BEAR M H: RNase THAEH (Leeetal 2021). AHE 5T HT HH ) IRE 1o 357 STF083010
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AP IRElo FJ RNase 7514, KIHEHEN PEDV & il ] BE 4Kt IRE1o RNase ¥& /5
IE4n A=/ EH (Chien et al 2014). 534F, IREla RNase DIREIIARE S S 2 MY
BT B A B BB A S N N 2 AR R, T PEDV i S FEH. E &R
A M 2R A BB AR P T, [RLEAEN TRE 1o RNase 5 4% T35 PEDV f9 & il
At AT Be A PEDV 45t 8 H A B2 FRA 5 (Shen et al 2002, Hetz 2012, Lim et al
2016, Li et al 2017). 7E ATF6 ¥ T, 4045 R R PEDV LG ATF6 i HT
Bog . AWHIIRIE ATF6 @ Re IEA BRI S, 41 Hou SR IHNH] ATF6 e
il & mAipiFE (avian metapneumovirus, aMPV) HIHEFE, 1 ATF6 /5 A0
H X aMPV (K HIG1EE/ER (Houetal 2017). {H ATF6 UL F- 35 A 520 e IR 7 25
i, Xue FFTEFRIT ATF6 XF TGEV RIS R A& I TGEV L2 il ATF6 #3807 »
M%) ATF6 HASEZN TGEV B (Xue et al 2018). AH 7t & Filid it 18 B2 & 1)
ATF6 Hlif#i5 ATF6 NTD X} PEDV H4FAMI M AR (& 4-13. 4-14), £
ATF6 % 7] fe A2 PEDV & il . AH 7T &K% UPR IEEEXT PEDV & il (1) 51
AP J5E A S A IEOE I XS PEDV S il 52 I A 58 42— 3, PEDV & 4Y)5 & UPR
TP VE A I RIS D . AT e 0] DUBE IS PR UPR @ B & AL I X
Rk E Sy H5E, KA PEDV iy S 55 52 35 56 1Y) PERK G B8 e 0E (2 12E
BEMAA Y IRE o JH % 5 806 1T RS2 T PEDV J& YL J5 12 #1175 UPR (135 L=
FF B 515 (Khongwichit et al 2021).

5.1.1.4 HNERMNHFREZER GRP78 #iF] PEDV £l

1T 5.3 B P 5 I 2 30bs 76 85 1 GRP78 REMI S /- w BRI Z M), 40 Shu & R ILAE
Huh7 it %15 GRP78 24l HBV [W354H; Khongwichit %45 tH ZIKV il %
fiff GRP78 i UPR 3G 5 AR+ B & &E | (Shu etal 2020, Khongwichit et al 2021 ).
Xu 25 ER1E GRAMD4 X GRP78 ik Sl gE#: B 40%] PEDV, B GRP78
WA HE PEDV B 61371 (Xu et al 2023). yidk— 25 BB P 57 /0 7 35403840055 ) 410 1)
PEDV W EEME EEE, AT 7 AR PN B S EH S E B X PEDV S il 5%
i, KRIILRIE GRP78 fe4ifl PEDV i, XF Xu I RKIMHFE. HEH
GRP78 7L P4 53 W SEsE I 4 K B3Rk, HEM GRP78 J2 ¥ B 4 J5ii I B2 34 il PEDV
M FETE FHEH (Zhangetal 2020). {HANH] GRP78 X} PEDV 52 JE AR . Vero
YL R TE GRP78 IR AN AR (K 4-16), F siRNA T3 531 GRP78
daxt AR S Sk TR AT RE, XeTEEEHT GRP78 %I PEDV & il G H
S ) SRR

5.1.2 PEDV #I#HIABRM N EirEEE GRP78 RiA R EAERHLE
W P X S bR RS R 1 GRP78 2 AT I SIS0 G B #0076 PEDV A2 i1l 1 2 35
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16 EHEH, NRIL PEDV BeSHEPUA BT MBI PR TERN, A8 51T T PEDV
LX) GRP78 Rk MM, AT E 45 MHV M SARS-CoV 555t h 7 55 Re {2 2k
GRP78¥:5%, AW R I GIIE R AN GIIEE K Y PEDV B0k tH AE & 2 {23k GRP78 %
% (Tang et al 2005, Versteeg et al 2007). {H PEDV /&44J5 GRP78 1 H IR IEE I AR
BN, PEDV J&YL Vero 41/l 36 h J5 GRP78 FEAMEEEHIL T . AR
Wi H RS B LR e s KT P o PN SRR D T (LA B 1 KT O P R
WO G -, REHEN] PEDV n] Be1E & K40 GRP78 1A (Shaban et al
2021),

5.1.2.1 PEDV B4#|] GRP78 EARIA

FEI B P 15 TP 3R R ORI 70 Pl i 2 700 B B G 0 T = 1 Ak 3
A AR #E0 T IURRE IR, AT A S1% 07 VEAE PEDV G HT 5 AN [F] IS
] S A TM. Tg %S GRP78 FRiALUKK PEDV Xt GRP78 & HRIEHIFM (Luo et
al 2008, Liu et al 2020) . R4 45 H 5/~ 7E PEDV & YLHT A1 PEDV JEGL ) [Al i 4 A T™M
WEEZR AL, PEDV/TM 41 GRP78 £ FHFRIA &/ T TM X HEZH, {H AR MR A K.
B TR R IR E R B EN GRP78 RIARMA L, KRB
Fl Tg e PEDV kS TIRAUE. 7€ PEDV EYLHi A PEDV YL FIR {8 T™M
AL TR 2> 2 #40%) PEDV EH (& 4-21. 4-22), BURKR S B ATRER GRPT8
AR EA KRR, RUCAS s — P 4R5E 7 PEDV J&Zs 24 h j5 4 TM. Tg kb
HEYH AT GRP78 R ARIA IR . 41%F GIE R AYAT GITIE K 7 PEDV EE AR 15 A 45
R BIRKE%E PEDV YL I8N, GRP78 & HRIAEZHI/D, KBS PEDV
JREEE N GRP78 & R IA S B 4 ], HaZzaml RO A 2 JkRe = 1
S . £E Vero 41 LLC-PK1 Al WS B [FFE IR, R UZAMH R WA Z
YA AF SRR . Ak, A FTISIE W] PEDV AE I EAZ R IE AR T 1) GRP78 1L
Fik. DL ERIRSE LM PEDV fefE & A BUK- 4] GRP78 £ik. B& 1 PEDV LA
&b, HCoV-229E. MERS-CoV. SARS-CoV2 L #B#{iF B e ] GRP78 & %Kik
(Shaban et al 2021) 2T P4 5T X SO X 46 e PR 95 B (0 B2 ) B A A= A, 4
I GRP78 Hr 321K 1] e A& X L8 56l IR 78 B3 45 70 N o1 X RS el DR B 80 16 7 2K
5.1.2.2 PEDV &THNHIZ0AREIFE 5187 GRP78 BIFRIA
e . mRNA B BHPETR A ET 3 o PR g2 1R 0 B B B Rk 1) 1 kAR
(Renetal 2022). %T PEDV BEIL4H i+ GRP78 mRNA &= &1, #Elll PEDV

A Re i e R R E 3 A RS GRPT8 EEERIE. WHFLR W
G390 BRI A 40 SR B RS PO FPUREE R, W Ahmed SFEARIEZKIEME O R 55
3 AR o B AR A MR e, e D e E IR R (Ahmed et al 2003);
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Thoms %548 i SARS-CoV2 nspl X 15 &= mRNA FH P FH W 52 4008k 1 18 £ R 9%
XN (Thoms et al 2020). AWM T PEDV X 75 E#HEHIFL 0, FEME R
AR5 R LIR PEDV AL REd /D18 EAMUH AR B & 0, #E0 PEDV R Geid i 41
HI40 BB /> GRP78 FiA LIRS HT GRP78 X H B & HIf40H]. Hakh, HHEHRE
BF 8 40T B3 18 2 0T P AR 4RI 18 EPUREE RN, W0 Xia FFRIERUREF HA
HHE I R - R R A B R R A S e T IR 2R RIE, Mg
IR EEE S (Xia et al 2015); Avia SFRIE I HHR S4B A NS3 Bz R#-E A
B AR IRATF A STAT2, HEmBHN TP =@ {5 5151 (Avia et al 2019). AHF 5T
P e R B AR PEDV i GRP78 RIAHIRM, A I iy 7 44
iR TPz R -5 E AR A -V BRI A AN RE G2 PEDV X GRP78 Rk 41
#il, B PEDV #li#] GRP78 FI&n[ReAKH 8 B b1 PR AR 12, IX L AdRE 1 N fi
PEDV /B UL 2 il Ji5 — 52 IF 1) 9 B 9 0 1) GRP78 25 A2 B sk /b

5.1.3 PEDV nspl4 ] GRP78 Foix R EAERHLHI

AT PREN PEDV #ifil] GRP78 Fik e sE H, AWFFLIIA 7 ANF PEDV &
HXF GRP78 FiEHI5M . HA nsp2. nsp3 MR IEFRARMEARIS, T nspll KN4
FEAN AN NEGIIEE, BRI E 34 PEDV EH. AR EIAE
AR 18 4~ PEDV & H o R nspl4 ReHH GRP78 ik, #— LW 5iK ] PEDV
nspl4 GEFIH] TM. TgiF S 1 GRP78 Kk, H AP IR . 6 R 7 nspl4
FEI% 75 5 1) I A2 £ SR B AL R A AN 45995 35 RNA JIIIE (Ma et al 2015). WF5EEE
BER 7 BRI BRI, B4 SRR EE R nspl4 I BRI TE EPUR R, W
SARS-CoV2 nspl4 REFHIE IRF3 #%%ia, TR EKZE (Yuen et al 2020, Hsu et al
2021); IBV nspl4 fEiEIT A JAK-STAT 15 5@ MM 15 PR TE RN (Ma et al
2022); MHV nspl4 A ARIEREAMHITE T RIR I M (Case et al 2018). Lu 55
it PEDV nspl14 Gl TR MRIE, AW FL LI PEDV nsp14 GEHIH] P 5T X RL
it PEDV [ 7 GRP78 HI#i5, B PEDV nspl4 A4 ) PEDV i HimE - HHUG 5
M. (Lu et al 2020). {EF£3%/KF- PEDV fil PEDV nspl14 15 GRP78 K& HA—
#, PEDV it GRP78 #:%1li PEDV nspl4 #13i%] GRP78 #3%, Xl fEfe T HE
PEDV & H X} GRP78 ¥ %1553 3 (Xu et al 2013, Xu et al 2015).

5.1.3.1 PEDV nspl4 IhEEIR<T

AHEFFT A PEDV nspl4 F41K H GI-b F KV A5k YN15, AN¥IWr PEDV
nspl4 ] GRP78 FitE W AAE PEDV #kILH HEE, AR 04T PEDV
nspl4 IR T FIR . IEE T 83 1k PEDV #ifk nspl4 HRER T H, HiLFH
PRPET BT R INIX 83 2% nspl4 ZILIR T HIHAEAE 24 PP FIK AL, IX 24 FhUF 511K AL )
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Z PEDV # k55 1A PEDV BE[K B, A A NIX 24 FlUF 41 R 2 1403 PEDV
nspl4 2 BT 7 AN HRE s o 7 91 [R1R M 20 B 32 B 24 e 51 (A5 M~ 3R 99.25%,
PR (B P35 A2 1.5 DNEERR, 3R 7 4 B R AR & . i FidiiE PEDV
nspl4 D90, E92. D242. H267. D272 K 535 &40 nspl4 ExoN T Ak i 14,
1M D330, G332, P334. K335. D350 7% A] G| nspl4 N7-MTase Thagiskid 4

(Bouvet et al 2012, Lu et al 2020), J751 LLXF &5 5 & /RIX 24 F PEDV nspl4 &2
P AR IR D) REAL A A AL, WAEE R IR Hd N FIER 2K, 2R B AN [A] Bk ] Y
PEDV nspl4 [NINRET 0 R5F. GEERAAT GIZEK A PEDV HERHATREHIH] GRP78
HERIE, RPZRXEFREILHRRTIRERIEER, MAEAZ PEDV HH
i G THRE(E ST Y nspl4 I H 304 GRP78 F£ikHIBE /7, 18] PEDV nspl4 & i)
PEDV il GRP78 FRiA 1 £ EH B R

5.1.3.2 PEDV nspl4 #i#] GRP78 B FTIAKHE N7-MTase IhfElE

PEDV nspl4 WA WA FEIIREIR, 4752 ExoN IREE I N7-MTase T g
ExoN DhAg 3 1) 32 B FH 2 24 15 55 DRI 20 53 1) B = A ) S RS IR A T, PR UF T PR 23 4
RIZH B PR LM N7-MTase D Redsi ) F Z D) 5e U2 45 e R 88 RNA fOiE, 2k ik
5 3 RNA 2 E MEAT B AR (Maetal 2015) . WF9EE B RRE 2 nspl4 X /5 Th
RESARZ 5718 E P B R M. &R EE nspl4 B ExoN DRI AT 6E X 16 3 Kt
TEE RN A IEIHEER, Becares % KILUTER TGEV nspl4 ExoN Difigl#< 35 TGEV
SO 5 15 3 1 R AR S [ 7K F R % (Becares et al 2016). Ttk # nspl4
(1) N7-MTase Dy G800 W] G845 B B HitE EPUREE RS, W1 Case 548 HTER MHV
(1) N7-MTase ifgisi2x 32 MHV Xf IFN-B /13 R IR 9% e N B BBUR - (Case et al
2016). AHFFEANYHHAFTIFEEXS PEDV nspl4 #1fi GRP78 FikWIFm, RiEC
B CHRRIERIEE T ExoN TREILITER AT N7-MTase ThREIRITER A nsp14 RAE (&K, 56
45 3 5 OR N7-MTase LI EA 2 53 PEDV nspl4 58412 041 GRP78 F£ik A
1. BW 5 N7-MTase ThREIEL /& PEDV nspl4 | TR R KA CE, &5
5T H R BLHEN PEDV nspl4 N7-MTase DhRESER T BE45 W 8 RNA JHME PAAMA AT B
I A g R R IR B EE S PUE EHUREE XN, (Lu et al 20200,
5.1.3.3 PEDV nspl4 i@ T I 4HpaEN1E 52875 GRP78 MiFRiA

AR5 I8 I G B UTVE S5 A A B g - TS B 1 V@A T 5 PEDV nspl4 AHH
TERMTE R 7, e s 153 MrREEN. HFARABSes—8EA,
XA RE AR AL A& LSRR A B2 H K. GO 4t FfE Sl g RE RN 5
PEDV nspl4 HAEMITE FE AW M E] RNA & 8. (RNA ZIEBEL AR I 5 (1) 7
Ji, TIX LS AR FE A A i B SRR IRAE G, KRB PEDV nspl4 AlReZ 516 &
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BIPEAIRY (Faridi et al 2019, Pan et al 2020). 76 R I5 2% 58 4 AR 45 749 B 1 B A ]
MEIPERE J1. AWFF 5 SARS-CoV2 ) nspl 383 40 40 & B b &
[F)#1% (Thoms et al 2020). T 2 Fh A U5 eE R I 25 1 nsp14 W45 5 H 18 1 0 1) 20 Pt 3R
BT I F 6 R SR 8 SR (Hsu etal 2021) . ASHF 558 i M A 55 AR 10 1R B AIE I
PEDV nsp14 R4 EH . 454 PEDV = BLERIIFM Bl dil GRP78 &AM PEDV
nspl4 24| GRP78 ik : % PEDV HHH &, #EI PEDV £iEid nspld NHFH
FIPE(S R 0 H] GRP78 B AR IE .

5.1.3.4 PEDV nspl4 i@iZ#l# GRP78 BEhFiEa M RiETB HIE R

AT 54T 7 PEDV nspl4 4l e 7, &I PEDV nspl4 REWiE N4l fit% . 4
W% A EAZ ARG s R AR S P, i oA N AZBE I E 5 T B RS B s
A AN A R 1T R DR e e B B 7 3 (Huang et al 2018) . Wiid S8 A0 VIl A4 38 5E 40 B0
AR y ARG T LN IS UCPL JashT456, et ucPl %
Sk (Xue et al 2022); P59 SLE0RON R sXBP1 #5778 21 20 f A% )i T A L1 )R
TG, mnsEZ AR 3 (Scortegagna et al 2014, Wang et al 2020).
SR EE R L RETE A M A% AR 1 TE R R B T RUTE . Guo EHRE HBV 0K
ERe AR B B (0 B 3 1 7 51 25 6 I e THRAE G RE R 1) 2615 (Guo et al 2012).
Chen Z87E 73 AT PRRSV I B SR 4H M o B 50 S b0 T ML) 2 3 PRRSV nspl R
BT CD83 A% TiEYE (Chen et al 2018). AHF7 &I PEDV nspl4d HEHIH
GRP78 5%, #54 nspld BIANIZEEIH I, HEN nspl4 FIREFZIE GRP78 JE BT
PE o @I A TN UL O 3R A 2 IS B ) 55 08 B B G E Y GRP78 JA )
T A, #3t—R 5 R APl PEDV nspld 2] X0t o R EERH M0 Bk (JR4A
psiCheckIIFi L) /- F 8 K DGR BFR IS AL T TOLRRL, KT
ToiEHIWr PEDV nspl4 2EH T HEBIFIE2EH T3 K REDE R IR H e .
DR e ASHIF 72 6 17 4k FH L pCAGGS-RFP-MCS AE 2844 2 (] GRP78 J3 51T B H #i A 5%
ilE PEDV nspl4 Xt GRP78 Ja 8T/ . PEDV nspl4 ANRERH 5 5200 BH ME X BE TR
(JR 4 pCAGGS-RFP-MCS) 4131 RFP &I&, {HA] LA GRP78 J& 5 ¥ 8 4H 84k
I3 RFP 3Rk . SN PH M Ik R G 3 8 74N, 328 PEDV nspl4 #]
PLIME| GRP78 JE &) TG . 12 PEDV nspl4 & EEAEF T GRP78 Ja 31 if =K #i

Hw [ A E R 7 S2 36t GRP78 Ja 8 s M 3 e G £ 7T

5.1.4 FAEEIARMNHAIT PEDV 53F

PEDV HIB5#E HArfk iz th, HLIL i GIZEK A PEDV bk NFEA T K1
PEDV % 1 AN Re I8 H A AT 19 GIIZE KBS PEDV HIE Sy, H4h GIIZER AL PEDV )
B A0 A I WOR fE R AR Ak, A R A A% T eV g R Rt 5 4R (Lin et
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al 2016, Chen et al 2021, Zhang et al 2023). FFRIGITHZY)Z PED BiiG R 7 —HE
g, (HEATIGIR D IFEA TR R BT ERE L. M ER-T7.
HEMEAT AN 2-J SR -D-R A B S5 > T 19T PEDV iR THOE, (HiX LR 5 # X
Bt X%t —F PEDV BRI UE A S BUm 22 208, 17 HLE6 /3 B 7048 FH () PEDV k2
5 A RTRATREARAN ZE HE I PEDV CV777 38k, IT R BET i M HIAS 5] 3 A A
PEDV W¥6I7 1> T4+ % (Song et al 2011, Wang et al 2014, Chen et al 2020,
Chen et al 2021). AICAE 5.1 H O Fa H N TR N RBRE) 12 M I i) A () 32 R 24
PEDV [, (HZ: 8Py 57 N0 05 T™M A Tg A8, ANES H TIRKIGTT
(Chesnokov et al 2014, Andersen et al 2017). NIFKRBET 1z MHIANE L KL PEDV
VAT 259, AT 50 HE— 25 DL 5 X S0 $E 07 328 45 1 R S /T 5Pt PEDV 43
T
5.1.4.1 (HEBEIABRMEI# A PEDV 53F

1T B AT A T 0130 P53 I SRR mE v, A AR SRR
PR T VU Foh BB S P 5T Y S R AR /NG -5 PEDV S HITREMR, B R LR Y
HANEE A (LAY BA#H] PEDV ZHI0EE . LA RIETHEGH 24815, 1EIRIT
JeiE R PR 25 5 BRORE 7 THI A — 2 IR S AT 5% (Ding et al 2019, Qu et al 2021). A
FURIL LA RedN| GURI GIIEK A PEDV & H, HAE Vero 4ififg A1 LLC-PK1 4l
Az RO AR AR, KW LA BT R BT PEDV 2991109 77 .

5.1.4.2 EXZVYIAEE A P PEDV IRMIFINIRTE FE 40A0

VF 2 P 25 25 80 T P06 75 0 IR PR N AR SRR B 35 B A ) o 0 BRURB B
FREE e B8 IS T30 HBV W B 4ok Fi) FH 2 # (Muruganantham 2015); #it7 &
RETE 2 R 2 O B AR Y B TI0 W B & ) (Wu et al 2016, Lopes et al 2020, Sun et
al 2021); A% HL AR 2 @ 00 A T 3000 03 55 N AR 0003 2 M6 2 1 PR 9 1 S TR 39
I3 7 A2 i 30 #)  (Sabrina and Carole 2016). AHFF A LA /218 T4 PEDV
(IR B AR B2 B0 PEDV S il 4] . TR NR 2R B HIE —20, fESLR Beam i
993 57 BE B KPR P VD 248 S AL 2 (Shen et al 2019, Yu et al 2019). H4h, 1
PEDV & il i1 - BARY B 238 B LA mT g T LA T PED [ TR #£95 77 5L PEDV 252
JE R SR YT

5.1.4.3 BERUIAFE A #1%] PEDV K E S AL R -7 BRI RGEIE 12

AWFFLAEH LA BE(RiE HCT116 20 A i S =28, 3 i S 248 i P Joi DX 2
B (Yang et al 2017). AHFFTIUESE LA GE/E PEDV 55 /8411 Vero 2 M = S0 P 5T X 87
B, Hodidk 4-PBA #I p J5  RLEEFS P LA 19T PEDVAE, &8 LA #01i] PEDV
A N TR N T AN A ST R L LA BEARHE PEDV %) B4 B A i 1k 42U 1) 7
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Az o BRI IR 20 B 0 B G I E . Nadhan S54R1E SAEPHER ) HT HCV Al
PUIR B B AN G S AL RO B 75 3 0%, R4 AR I P 0™ A B 0 A P9 s
7 RNA HIP&f# (Nadhanetal 2021). Khan 25 & 3L S e A 230#]) DENV. JEV.
SARS-CoV2 [J& ] (Khan et al 2021). AR BLIEHEEINHIF] NAC BEZZME LA
XF PEDV & #H30H], 287 LA $0%] PEDV AR B AL N . 46T 20N 08 2
PSS DRI U s B, AR LA AT R E G A R T 1 P SR N R S BT
PEDV /EH] (Wang et al 2017).
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)

(2)

(3

(4)

#ZEig

UE SIZ PN 5 R0 S B RE PR AN [F) 35 X 78 PEDV (I E I, /23T PEDV Zi#7F KR

U548, &P PERK 3421 GRP78 & 443 B2 P it WX M i PEDV &

HIFT AR A 32 B UPR @A 208 FE .

KB PEDV 7E# 3% /K-FIEATT GRP78 (HAEE A KV 77 GRP78, i

7~ | PEDV @it T41E E B PE LT GRP78 H H R L il .

I PEDV nspl4 2B PEDV #iffill GRP78 SR AR A M E B EH, it

—34875 7 PEDV nspl4 BEfE 8 #1140 Mo 5 70 GRP78 BR H IR IX,
N ReIEHH GRP78 JA B FiE AT GRP78 % .

DA J5iE o SR BRI 15T PEDV 73, KILER S N R A Gedlif PEDV S i

HHPt PEDV 1EH X GIFI GIIZEK A PEDV #IG %L, Frit—54Em TR 15

PR A RS B PN 5 X B 0 A% K #E 3T PEDV AEH
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