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(1. TR AL K2R 5257, HMI 450046; 2. ] B4 7K = RHARF A, 5 4H 450044)

FHEE: SLU0 B 7R R FH B-FF K EBR & 0 S B 39040 1 B2 20 g P9 )5 I 3 381 (Endoplasmic reticulum stress, ERS)#
B B A0 oy 2519 B B Tl il b R A, dE I A R TEAS . A B 18 (Cytokeratin-18, CK-18) 5% 7%
Y BRI T R Il e (205 25 08 o P FH AN [RR B2 B~ K &2 3Kk B 1 24 5 , RT-qPCRAS I AH DG Kk [N i s 3
K, O 4 B R POR B o AR SRR R 23 R B AR i b R A 0. 12h, 24h AN 36h, {f HIRT-
qPCR. CCKS8. i 5 FaAR AN b0 % 5 ' Je 0. 55 7 i Aar W AH DG HR A, Ji5 0k 53 RN 1) 25 SRR W (D 40 5
Bhav i it )l TE b A0, 40 SR IR, CK- 18RI R B R I G € 52 B 5 (2) i Dh I 6 #114 mg/mL B-fF: K
GERE A NRAERIBORE . EZIKET, BRgrp78. jnk. il-10~ atf6hh, WRMINE. B T, RIESH
R [R] R 0k 7K P 35 {8 35 B 51 (P<0.05); 3% B 7 346 24y B 3 IS 1] o 4 mg/mL B~ K & BR 8 B 04 e
24h {5, 25 BRAR AN AR VE A7, TRIE 5156 P9 5T Y B 25 Ik, GRP78. LC3. Caspase3 £k H %15 Ml TunelfE 5 B & T &
(P<0.01), perk. atf6. beclinl. Ic3a. bcl2 caspase3~ caspase9Fil-12 mRNAZK 1% /K F & 3 5% =1 (P<0.05).
Lk L, SEE R Tl o) B AR B AR g b R A, AR T Bl TE b R A B A o X RO SRR Ay —
TFFEARIT B BT 5 18 S E B SRS 5 W 9% R AR O e i AR F B ik A

XA B R GERIE G, Wil R dniE; PMBRMNOE; HEE
X EHE: 1000-3207(2024)11-1894-11

hE 4SS Q172 CEMFIRAE: A

JriE b B 40 2 T ) D Re 4R, 75T E
FEPNTIE A Wi G A 3 A
Ik, Wi b R A 2 5 AR iR S A B T8 97
SRV B A AL, S AR TS NIE I P B0t B i b R
M AE AL B B B R T B Ik, P K eI
K7 FRFE MV AT A5 08y 75 oK A Ry ik 25 A AR
FEANST-, £ H B ™ B Bk, A& AN 2R T, SR
RE A% 0 75 B 58 4 B A AR08 1 B 1 R A 7K = Tl
AT FE B s R R IR R R TR s
IS, Bl v 2B ok B A . AR EE S
gl R Z, SFEEIEMER %, LSBT
4% (Soybean meal-induced enteritis, SBMIE)#x A

Yrks HHA: 2024-03-21; 53T B EA: 2024-04-19

B, SRR AR AR X 28 A KR AR BDIR S 1 R
To F B Er L B e S T, 7 A 2 i
RNER, AR ARA KRS, 5 pE KE, ME
TE g . LA ZESBMIE AR 38 1 Y5 1 i 1 48
T 28 B B o) 3 6] 7K 72 7 B ol 4 2 T R 8 KRR 1Y)
B A

B KEREA LM EENEEA, &
F I N140—180 kD, 41 5 SHI S E AR S R 1
40%"M . B-fk R SR R 1 EALE T A Y AL R
W, & 51 I IE T AR S T RE R RS 5 R I 4 1R
DLBUIRER F1, B\ A 5 £ 25 g 1 g B 1 =8 Bt
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ST B g3 L R A P R Y SR T (Y ST 1895

ik, 8 FH B-FE R Bk B R SBMIEAR 2, IR AN AR
FIF T B-A R TR E 0 7K AR AR ) i 1 1) S
WLER J #1238 6F B~ 0K 2 3K B 11 il 2 RAEE, T
933K P16 SBMIE [ S i H ALk 7t ALl .

PN 5T 9 2 LA AR ) B L ) A s, 2 4 N AR
15T ORI A I T2 37 P, 44746 A0 Y PR A
S5V 225 FA RAIEEC R, A5
oy KAEDIREZAL, FECRT S E B LR ITE 1)
WA AE N BT B AR, AT 5] A 5T R R ¥ (Endo-
plasmic reticulum stress, ERS), 5 & K371 & & M (Un-
folded protein response, UPR). UPRIE L JLEE 75 >R
la (Inositol-requiring enzyme 1, IREla). & FH¥EER
FE P 5 R B (Protein kinase r-like er kinase, PERK)
FN¥E AL % S IR F-6 (Activating transcription factor 6,
ATF6 o) =Fft A Joit P IS AH 5% 8 1 R IA 51 NI R
SN, BETEE S A R R AT AR T B B B R
raEaEfTE. WEERATSERS, WE
5 R e 204 Py 5 IR e 4 B R A
W5 & Wk R T, Bk ke kR 1
X IR, AT SR R B RR s R
FE 585 178 (Glucose-regulated protein 78, GRP78)
BN R R R R R bR . FEIEH
HLIRZS, GRP78 5 UPR i) = it B 8k 2 1 1 X B 46
A, M HATARE IR . 78N B BT, GRP78
5 bk 3 sz 85 K AL R, BET S S UPRA T il
/3 A VAR

JYr T8 72 AT AR E TR 3 3 P, 72
GIRESSPAN B2 =24 IO RSt A 1] i I = B
S0 % RIS 73, B 5 A v R R S
FLANY b CARaE, RS bR IR P 5T Y L
B O, P RS I 5 e G P2 200 P 2 B
Sy AR 28 P R PR A%, n B 6 RE VE P
1 e A WU BN, FRDRL o ok S B AR, A
EEL B EE BTG R e g
DRI 2R 35 ] 3 B0 2R I b R A0 i R 2B P9 Do T R
G R W18 RAE KA . A S 5 Hi R T R
B, DRk b SR B AR R T 5] T A i 0 R AR
Jii W S, HUPR = 5% 15 5 il % S FL R e IRl 1 52 1]
LR SR VA 0 R RN A5 MR ) PR 4 RO B R K
), HEMIUPR S MAF 5 18 2 1 4F F 7 55 5 . SBMIE
RAR RIS FIB BAFEZE 5+

R, At — W ST UPRAS 5 i B 75 5 fi fa
SBMIE &A= Je v (1A 1, ¥240 1 4% 1. 2 SBMIE
T 0 2 52 Ty e 0 288 R, AR 70 DA B 390 #1  E 7 )
R, 1 SR M R TR EOR 43 B 49 B B Fi iz iE b
B L, A5 B~ DR LR AR PR 2 P 5T R N 3

R, PR SMTE FEUPR S N A 5 3 B 7E 1 SESBMIE
A P A LA S A AR

1 MR5RE

1.1 &

SEI6 P #5308 S+ (3.00+£0.50) g]HX [ I B4
PN T SR R L R G, B S B TR AR
MV R 22 B — S M 7 TR FR BB M (K 1.2 m, $£0.4 m,
550.6 m; B 8UKAF0.24 m), 48 AL 5256 T B 11 DA
0 B AR IR TR RN R H K 43.22%; iR
JIi 7K P 8.88%) 8 77 7d, 146 H e MR {i % 11 ¢ i 1 FH
FsLuh. BFRAIE: BRI, IEOK, ELEE R
R, KRR E>S mg/L, KiE22—25C, BAE S &<
0.01 mg/L. R REBMMLEIMEM K (09:005115:00),
1.2 FEiXHF

B-fF K ZER R AW H ME L S S i S R
A B~ Al; BG4 135 % H Biological Industries; L-
1585975, =Pu(HEHR-HERX- NS RBRAH
W) RS E. REAEKET. REMT . KIEHE
IV, HHEEABET . BEEAN. D-HanksZZ a1
I b5 &R 3k E R A PR A 7] HiSeript 11 Q RT
SuperMix. ChamQ-SYBR-qPCR Master Mix ¥ H F4
U ME R AR MR R AR A R A W5 B . DAPI
el PR IEE KA #l. —PiAnti-CK-18 Rabbit
pAb. Anti-GRP78 BiP Rabbit pAb. Anti-LC3 Rabbit
pAb. Anti-Caspase-3 Rabbit pAb. —#Hi Ll £ PR
IgG. 175G B 8 B R B0 S B D4R
EVREA R A
1.3 EHF&IFEERMENS S

U i b R A0 4 B T VA S R T S )
(opapre

AR P BT fE W ERAE &, BUaE
48hJ5 M B i T HE R, B89 ) B Sk 200t 5 W
L, BT 75% 88 7 WA 2 98 1min; FH TG0 3 WK
YR R TR, B T8, TINS5 A 4% =
P ¥ D-hanksif BE 7R 155 752 LA, 2 B 1 & I 2 iR
i 2H 2R, 035 I T8, NGB B e H s B3 Ik
G v M E S TR e B R I,
B JIBIREZE T mm’ ZE A5 IR L1585 7R 3 b i vk
3R, N = AARF TR A E A R (R D I T2 e i
BV b M f 1T=1:1:2)F 50 mLE§ 0%, 7E28°C
5L B8 PR HH Y K 10min 5 5 B Imin, 775 12 B0
0, IONHT S AT, T8 A 25 H BV Sk, FH 41 B i i
JEZHHI50 mLES L H, 1500 r/min /L2 Smin 5 7
3, IONE R L-15RE R HE BE3 IR, BE I 5E4
pE = RS U
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14 EF&IFE ERMBNRNAES

SEARUBE TTE E R A PR E, B LEE R RS AL
B, A2 AR 1= 10°AN AL A A, FFFLINA2 mL
SERRE IR, RIE S TLIR B T COE R 7748
HEATEE TR . 90minJ, K A U BE (1) 41 ff 3% () 855 7 2k
— L FERE BT /S FLAR R, 2405 3745 L2 R U BE
() 40 B I N B R 15 R Sk b s 5 97 . 55 3R 3 )
24hFE e — IR IR A
1.5 BHPGFELERARNEE

4HAEIE A B9 HI4E V4 240 o 2 A 7S FLAR
I F b, fedi RS Fa e G, i RE 97 2%, FHPBS
T W€ 39k, & UK Smin, 4%%2 5 1 % [& 5 30min,
FIPBS{& #E3 K, X Smin.

CK-18RERALLEE W 1 4 I8
AN 100 pL A% 63, 2 I % & 20min, PBSHE3X, 3%
BSAZ i 130min, i I 1:S0M BRI — L, HE T
AN CHE L%, PBSIE VL3 KGN —Hi(Fik
EE 451 A1:500), %3 9% & SOmin 5 PBSTE 63K . €
Jr i INDAPIHY ¥, & 5% = i ¥ & 10min, PBSE ¥t
3 JE L K E e v e BT 96 B
TS IR EEIA -

W R B R BHELF g e s &
AR i 1 ok 2 X ) R B AT €, o P B
A JE, A EMEsR, T EGRE,

1.6 REH)E

THiEp-E K EKERIKRE ff FIL-15%5 9%
FoN B-F R FLER R B 40 il 4 B R R BE N0 2,
4. 8F112 mg/mLIALHRR, BN FLIR H A K R 4T
(P4, F D-hanksif Pedl i J5, 23 AN &5 A [F) i
FE B K EBRER (A A AL BRI, AN FE 1 B 34
FEAL, B R LR N2 mL, B0 24h)5,
T2 i, BB ZH AL ELRNA, —80°C AR 17435 .

20 B SE B9 A i 14 mg/mL B-tE K&
FREE 77 B AL FELH 0 12h 24hF136h, DLIC AL FEZH
R IR, AN A HE3AN B B SL, i CCK8YZE I 58
YH AL 7

MR ERNRE 1 F 4 mg/mL B-fF K
TERE AL FEAE A 24h, FI1EAIE F, FT-GRP78/
LC3 J Caspase3/Tunel & [ 1) G2 2 G AT I, 757 ]
b, fd HImage RAF 31T 9 658 = AL
1.7 E5THEEMEMAEARMALS

FH2.5% % — % [ 7€ Smin, FH 20 B 5 R 40 AU £
FEOE T, 1500 r/minE002min, 78 L& E DA
2.5% % I = IR BB [E E 50min, 245 F0.1 mmol/L
1) T R 2% 1h VR (pH=T7.4)¥5E P 3K, B UK 10min, K 4H
Jf A B B T 1% 8K B v v [ e 2h s, F RIFE ) 7

R, 2 G M E CRE. AERLK, 28 5 H
PO 2R 5 S 0 35 770 0 35 )5 60°C I 46 55 4 48h,
70 nmY) fr . Bets f5 HIE S B A (H LA R A H],
HITACHI HT7800) % %% A Jiit [ T 25 -1 4R A
1.8 3|47i%it. RNAIZEUFIRT-qPCR

FRHENCBI GenBank & A [ 5 51 £ J K] 7 U0 J7
5|, F| FINCBI primer-BLAST¥ /4 ¥ it 51 4, 358
i B R TAY TREARA RS, ST IR 1.

TRIzolIE R EUAH 4L RNA, 28 473 6 A
T 5E RNA MR FE RN 40T 1% A8 B ik Jig e i A6 )
JITHERNAM i & . {# FIHiScript II Q RT SuperMix
4 JilicDNA, 1 Fl ChamQ-SYBR-qPCR Master Mixif
ITRT-qPCR. BN BifA Z 10 pL: cDNA (200 ng/
uL)2 pL. 2xChamQ SYBR qPCR 5 uL. - Fiif5l
¥)#-0.2 uL. ddH,0 2.6 uL. 1 H CFX96tm=sZ i £
G 1T RT-qPCR, ¥ 4 #2 ¥ : 95°C, 30s; 95°C, 10s,
60°C, 30s, 40VK1EH; 95°C, 15s. HifbHiZk65—95°C,
0.5C/s.
1.9 HBEHH

S0 K085 K F SPSS 26.0 3 AF 34T GE it 43 4T,
Al -V S5 +hR 4E 22 (mean+SD)# 7~ . ] Shapiro-
Wilk 56 7 4 £ s 1) IE 2514, FIF One-way ANOVA
AT B IR &R 77 £ 57 ¥, Duncan’s% & LB #G 36, P<
0.05FK/REFEE, POOIRRERKEE. HH
GraphPad Prism 5iF4T BJE 21l .

2 R

2.1 EFGFE RS EA

W TR, W5 B R I 40 B AE Wi T~ W
8, ] LK A K 4R A (B 1A). alifh fe R
12hA1148h, 2= [ A W BE f 40 it J 76 2 3k Bs N W22,
AL B 1 B 2 B FT 20 L A, LS s AR (B 1B
FE1C)s KRBT 4E A o
22 EFG&FE FREMEINEE

ol P Tl R T 4% £ R C K- 1 8 0 8 e i e S 46
B 2R 7R, 45 R 2R B B T B IR I e € (] 2A) R
CK-18 (8 2B)# £ B, H.CK-18%L € v [ 4 % 18
Togr B G H B, Ui 4 B 45 2 B 4 B S
T8 I K 4 .
23 AREIREp-HAEZHREANEFEME LR
MPERRM . B AEFURT SN

&l 3A WA, B B-1FE K SR /R IR
(RGN, P4 X SRR 5 B T GRP78ImRNA K1k
K8 2 T (P<0.05), UPRIE 538 B& i 46 X 1
irel perkfJmRNAZK 1A KV 7E4 mg/mLAL # 4 &
Z Eif(P<0.05), atf6 mMRNAFE/KCEAE2 mg/mL
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Tab. 1 Primers information
B FRT ElE Il P
Gene Accession No. Primer Sequence (5'—3") Product length (bp)

p-actin XM_027148463 CCTTGACTTCGAGCAGGAGA 115
GGGACACCTGAACCTCTCATT

efla XM_027175544 CTACAACCCTGCTGCCGTT 144
TCCAGGAGAGTAGTGCCGC

grp78 KM114873 CATCGAGCGCATGGTAAACG 113
GGTTCTTGAGCGAGTAGGCA

irel KP687345 TACCTCGGACGCACAGAGTA 108
GTCATCGTCTGGAAGGGTGG

perk KP687344 TGAGCCCAGAACAGTTGTCAG 109
CTCTCCATCTGTGTGCGGAA

atf6 KP687343 CAGATCGTGACTGTGCCGTA 198
CGGTCTGCTTCCTCTGTTGT

xbpl XM_027162925 TGCAGGTTCAGACGTTGGAG 196
TCCAGAATGCCGAGCAAGAG

traf2 XM_027143648 CAACAAGGTGCGTCAGTTGG 138
CGACGGGTGAAATCGGAGAT

Jnk MH663998.1 CTACTACGCCTTCTGCCTGG 144
GCCTGCAGCACAGTGAGTAT

eif2a XM_027143563 TCACCAGGGATGGCACTTTG 198
GAAGGTTCGCATCACCCTGA

chop MG685920 CAGAGTTGGAGGCGTGGTAT 129
AGCAGCTCTCCAAGACATCC

beclinl KY062770 ATTACCCAGCGTTCCTGTGG 107
ATCTCTGAAAGCGCAGACCC

atgla KY404999 ACAGCCAATCCGTTCCTGTT 192
GAGATGGCTGGTGAGGTCTG

atg3 KY 062769 TTGGGCAGTGGAATTAGCGA 146
CTTGCCTCAGCCTTCCACTT

le3a KY062773 TCGACTGCAACTGAACCCTAC 142
CTGGGAGGCATAGACCATGT

nf-kb KF572025 CGTGGGAAAGTAAAGGCTCG 120
GCTGCATCTTCACTCTCACG

tnf-a NM_001200172 TATGAGCCACACCGTCTCTC 107
TCGACTGGTAGCCTTTGTGT

il-12 XM_007231707 TCCACCTCACGAGATGCTTT 143
ATCGCCTGCTGATCTTCTGA

il-10 XM_027144360 GCACTTCGTTCTTCATACGCC 161
GGCAACACGGTCTCCAAGTA

bcl2 KY053838 GCGCTTTATTACCGCTGCAC 199
CCGAACTCGAGGAAGACCAC

baxa KY072819 CACCTGGACTCTGGACTACC 144
ACGACAGTGGTGAGAACTCC

caspase3a KY072821 GAATCAGCGCAATGGTACGG 143
TGTGGTCATCCTTGGCAACT

caspase9 KY053837 CCAGAAGGAGGTGATGCTCC 155

ACTCCACATGGACTGGCTTC
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48 %

AEFRZR IR B B e Ja U TR B A I K (P<0.05) o
i &l 3BA] K1, UPRIE 6 5K B K 1 traf2. elF24H
chopFERImMRNA KA ) 7E4 mg/mLAb # 20 B 3 % e
(P<0.05). xbpI3E K mRNAZE ik 7K V75 A [7] i FE p-
PR SR EE 1 AL 4H 18] B 3 72 57 (P>0.05), Wi
B T04(P<0.05). 4% 4b 3 4 jnkE ImRNA R ik 7K
SPAE2 mg/mLACERAH B2 A, I T04H(P<0.05).

B & 3CTHT A, B Wi AH 5 2 Bl beclin - atgla.
atg3 Fllc3affImRNAF L R HIBER-tF K G R 8 (IR E
3N 2R E BTG R T R #(P<0.05).
Hrbeclinl« atglaflatg3 FImRNAFRIAELE2 14 mg/
mLACBEAH B35 i, 3 T b b R 4H/(P<0.05) .
le3aFE FImRNARIE R MFE4 mg/mL2H .3 I i (P<
0.05). B-fE KT BkE AW m B 3& Ml ic3a il
atgla mRNAFRIL(P<0.05).

0

Bl 1
Fig. 1

Iy AR B SE F fiiE
Isolated intestinal epithelial cells of hybrid yellow catfish

& 3DANE] 3ER] A, (R R K Fnf-eb. tnf-afll
il-12 mRNAFR A &8 5 Bl - K S BR B KR B+
26 ETHE RS, U4 mg/mLACEE A i e, W
15 T 0AL H ZH (P<0.05), P8 T-AH K 3E Rl baxa  bel2F
caspase9 mRNAZK 12X & 7E 4 mg/mLAb # 20 % 15 (P<
0.05). il-10 mRNA) R IE AN Z -1 K 2B Ak
PR .

G FIR SIS HE, L HL4 mg/mL B-ff K L EK
R EEIAT 5 8.

24 4mgmLB-FAXIREANEFEME LK
4 B SE 14 O 2 e

W 47K, 4 mg/mL B-ff K 5 ERE (9K b
FRON, 20 A 3 1 B A A BN ) S K B R 3 T a3
(P<0.01). S504FEAIAHEL, 4 mg/mL B-£F K G Bk
R FE Ak B 240 FH 36N H) 35 51 Ji7 0 b R 20 M s )

48h

bR

A. F5370h, TR #20%; B. 557 12h, UK £020x; C. $53748h, K EH40x; B EH7k: 708452000 1 B 41 iy
A. Cells cultured for Oh, magnification 20x; B. Cells cultured for 12h, magnification 20%; C. Cells cultured for 48h, magnification 40x;

White arrow: Isolated epithelial cells

B CK-18

20 pm

20 pm

20 um

K 2

DAPI Merge

20 pm

20 pm

20 pm 20 pm

W IE bR E

Fig. 2 Identification of intestinal epithelial cells of yellow catfish

A BMEBERR A Qe (0 B. CK-185 058 0; a. b AHABCK-1854 (4 b, b AHMIBLGY; c. e tafila K d. B TEXT R e BPENT B G £ 9

P e il P

A. alkaline phosphatase staining; B. immunofluorescence of CK-18; a. epithelial cells with CK-18 staining; b. nuclear staining with DAPI;
c. merged image; d. negative control; e. nuclear staining of negative control; f. merged image of negative control
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Fig. 3 The expression of genes after 24h of treatment with diffe-
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ESTABLISHMENT ENDOPLASMIC RETICULUM STRESS MODEL INDUCED
BY B-CONGLYCININ IN INTESTINAL EPITHELIAL CELLS OF HYBRID
YELLOW CATFISH (PELTEOBAGRUS FULVIDRACO
? xPELTEOBAGRUS VACHELLI &)

ZHANG Zi-Hao', GUO Chao-Hui', ZHANG Mei-Na', HONG Jia-Le', YU Guang-Qing', DONG Peng-Sheng',
HUANG Xiao-Cheng', YANG Zhen-Jiang', WANG Yan-Hui’, LI Ming' and LIU Bian-Zhi'

(1. College of Animal Science and Technology, Henan Agricultural University, Zhengzhou 450046, China,
2. Henan Academy of Fishery Science, Zhengzhou 450044, China)

Abstract: The purpose of this study was to establish an endoplasmic reticulum stress model induced by B-conglycinin
using intestinal epithelial cells from hybrid yellow catfish. The method involved isolating intestinal epithelial cells
using an enzyme digestion method. Cells were identified through morphological assessment, cytokeratin-18 (CK-18)
immunofluorescence, and alkaline phosphatase staining. Following isolation, well-grown cells were stimulated with
different levels of B-conglycinin for 24h. RT-qPCR was employed to measure mRNA expression of relative indexes to
determine the optimal stimulation concentration. Subsequently, cells were stimulated at the optimal concentration for 0,
12h, 24h and 36h. RT-gPCR, CCKS, transmission electron microscopy, and immunofluorescence were used for
measuring the relative indexes to determine the suitable stimulation time. The results indicated that: (1) Successful
isolation of intestinal epithelial cells from hybrid yellow catfish, characterized by paving stone-like cell morphology
and positive CK-18 and alkaline phosphatase staining. (2) Identification of 4 mg/mL as the optimal stimulation concen-
tration. Treatment with 4 mg/mL B-conglycinin significantly elevated mRNA levels of ERS, autophagy, apoptosis and
inflammation related genes (P<0.05), except for grp78, jnk, il-10 and atf6 genes. (3) Determination of 24h as the opti-
mal stimulation duration. Cell viability significantly decreased with prolonged stimulation time. Notably, after 24h of
treatment, swellen endoplasmic reticulum, elevated levels of GRP78, LC3, Caspase3 protein, Tunle signal, and the
mRNA expression of perk, atf6, beclinl, Ic3a, bcl2, caspase3, caspase9 and il-12 were observed (P<0.01). In conclu-
sion, this study successfully isolated intestinal epithelial cells from hybrid yellow catfish and established the endoplas-
mic reticulum stress model. These findings provides a foundation for understanding the effects of unfolded protein
response on soybean meal-induced enteritis of hybrid yellow catfish.

Key words: B-conglycinin; Intestinal epithelial cells; Endoplasmic reticulum stress; Yellow catfish
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