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I HRFARIEE TR, 5% ViT 810016;
2. RV AR = IRV K A S5 5 A AR IR R H T SL I = (A AL ), HIE 8T 810016;
3. HiEEUMREE L, BB TS EE SR ES TS, 5% T 810016

WE: NIRRT E IR L (Gymnocypris przewalskii) TH I 22 5 W 38 B 187 4 7 N B AL, A AL bR T 5 W01 4R
£ 7%8] 727 17 5 22 A 78 (glucose-regulated protein 78 kD, Grp78)%: A, 75K H qPCR VEK M 5%o, 10%0FH 15%o £k FE fifr it
Ji Grp78 RFAMIRHEFM M AR, 4R ER, FEHRE Grp78 BT IR AR N 1962 bp, 4ifd 653 A% %
%, JEAL& HSP70 MREMTF LA, Grp78 EHF MM o MALIF A RIE, HAPEHE. TR F T
FIE B Em T HAE LR (n=3, P<0.05), TEBRA L, BE A £ FE AN b 2e b (] I 4K, Grp78. Hyoul s Prdxl. Ngol
Al UBC FEH KRS mbl, b5 &% LR, M DNAJC2. Cu/Zn-SOD. Mn-SOD Fl HmoxI 3K ()35 % i
JEEW TR, B X B SRR, DNAJC2. Cu/Zn-SOD. Mn-SOD. Hmoxl F1 Ngol % [Kl f2ik t £ 3
LR LG TR LR, U ESREW, Grp78 KIEAE R MG BE T MmN, AREsE T
T R AL 3 SR R £ R il ) I R . AN, Grp78 R H A R EL A Hyoul. DNAJC2 Hmox1+ Ngol . UBC- PrdxI.
Cu/Zn-SOD Fl Mn-SOD %5 T HLARBUSEAL RS T, 729> 3k B0 7 T R ¥ EEAEH .
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XA RN S TR RREE Grp78 Be A G HE DR ) 0 25 3R 3k 71

VR G W PR B R -, AT AR il 4 £ i i R R
Pt AT LR MR LR, I FLSE e £ 28 B AE
AR REEE. SRRERI AT, e Ak I R
R K HEA S, X AR, ik
WA KRS E, MRSk #15%
i E R, IR N A B A,
UL BIMLAE, B AT AR e T A,
KA A FIE S e br o K AR U, Gl 4|
AWy AL i (superoxide dismutase, SOD)F1id & 1k
A MiiF (catalase, CAT)FYIE Pk 212 DL K 200 i (5,
Z P450 (cytochrome P450, CYP450)F1 #7525
(heat shock proteins, HSPs)/K V-2 gl 4511 Riy i)
FE N, AR BT W 14.13%0%h B 4 2
e U T T R L Ak — R 8 A TR 3 9 AL
i, e Na™-K"-2CI [ #% 52 14 R Na/K™-ATP
B4 HE CURN Na" g TR s, s S b s
Ak 1 (superoxide dismutase, SOD) . Mg I i iz /it
(acid phosphatase, ACP) . i 14 % 2 fiff (alkaline
Phosphatase, AKP)25 i 1 k47 i ok 1 1 g
H—RINSH5EFMHT . BB ABUE D RE
FEPR U LR S 3 8 4 SR B I B TR A5 4 4 2R AR
ARSI BS TS 5 R A A T SR, 8
PUH R C Mg 2, (H B 737 HUBE A 5 3%
ATt — L IR AR R o B, IR ARG ER BEXT
OSSN, T4 T ) W A0 2 e N 6 B AR A i
Ry A PRI AL, AR AR ) H

I EHE T & 1 78 (glucose-regulated protein
78kD, Grp78) X Bk fu i B i 1 H 45 5 £ H (the
immunoglobulin heavy chain binding protein, Bip)
AR FEE AR A (Hsp70)/8 5t 5 [heat shock
protein family A (Hsp70) member 5, HSPAS], 17
654 IR, i NBRAE 5K N S R &
I C SRR M4 A R — > KDEL FFa 4 "
YN Z R D) A IRE SRS
Qb P R NS DU, Grp78 WA I Ok, il 5
IRE1, PERK Fll ATF6 25155 & FIAHEAEH], 5 3h
— RYMFE I, DA BRI IR A, I
i 0F 240 6 2 e AN AR S UMK A2 P00, A, Grp78 b AT
DISHABA TR . 4IRER C FoT8a,
DI 1 2R 5 A T 4 2 RN BIAE A A2 0 A

5 A BFSE iR, Grp78 5 DNAJC2 .UBC .Hmox 1 .
Nqol . Cu/Zn-SOD Fl Mn-SOD 257 [ Jfi Z [a] f£1E
Zo RO EAE R T OC R, I 48 R L S A 48
R R vk E AR, 40 DNAJC2 1R Grp78
B E RS 5 E AR SR, (iR
WITSE N NEFITESGERY . Grprs 512 &
SEAHEE B2 AR AR AT YR B R AR T A
i S RE, O6F T 20 L PN B S ) O IR R T ELR
FAE P, Grp78 AT LLIE 4 Hmox 1 A9 %0k
R 755 240 7 X 48 AR I B 6 112 Nqol it
Grp78 A EAER, KT Nqol MR E M FITE
P, T 52 0 20 MG S Ak I 34 e R R BT R
L fiE 7124, Grp78 W L5 Cu/Zn-SOD F Mn-SOD
G A AL B AL & B A AR, TR A
TR0 200 f PN AR AL JEUIR A 1 P, DT 2
A BE R E MR I, T Grp78 MIIIfE
RS AL T F O A 75 g T AR N T 184 5 OR
W ZE G T, N T B L R O U AR A X
J R4 FALEE, JOf kB E A EE AR A,
ARG BTN v B T T I T AR R P ) PN O AR
¥ Grp78, FHEAT T 5 E5 A B AH G i 5 K i)
BEAATT, LAHE 7R Grp78 6 i) #Ra R Xt 3 52 1
T8 HSF 118 R 2B AL o

1 HRE

1.1 SCIEzhi

T T 0 ARG  H fE RL 2 (R) SR B
TR AR 1 R4 m 200 B, FAK 1235+
1.65) cm, {AEE J(17.18+1.98) g, 1Rl FE7E T i 4L
RSP LU AT (80 cmx30 emx60 em), 3 I IR 7K
BT 7 d, KRR A (7.48+0.8) mg/L, IREH
(16.6+1.2) °C, pH 4 8.0£0.2,,
1.2 thEME

Ik At B % IG5 5 FTR A R ST 1) 7 V6 T8 AR A
AR 200 B, E S%o. 10%0Al1 15%03L 3 NELEE
AR EE, B4 3 AT, A 1 AR 9
AR, R 20 B, iR SR TR 120 LB
GRS B RK I AET (80 cmx30 cmx60 cm)H?,
F AR S T R B S A EK S RENE 24 48
72 196 h J54r 5l 3 BB TEHA 1.5 L 0.1%
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(100 mg/L) T &y i) 2 L 7845 PRk, P& Tk b
P S TP, 2R R IR T80 C
URAA T RAE R
1.3 RNA #ZEUF cDNA &

R HLE RNA $2 B0l & R, dEs0)4e i
2 A G AR I | 8. LA S
JUE ORI, R SRR, LA R R i ) 7 T
ARG | R L 2119 5 RNA, JFJH Nano
Drop 2000 & RNA ¥ FEFN 1.2%3 AR W BE I FEL UK
Kl RNA Y58 8 PR 6 o S 5% sl ) &
Prime Script RT reagent Kit (TaKaRa, Ki%)i# 17
% 54k cDNA #ifl, JFT-20 CHAAF&ET.
1.4 Grp78 =p&

2% GenBank H 1 (Ctenopharyngodon idella)
Grp78 BEH 4K ¥ 5 (5 k%5 FI436356.1), M

Primer Premier 6.0 it 5ef&514) T-Grp78-F Hi
T-Grp78-R (% 1), LA HIRERAIE | 65 FFE
WAL BEE . GO BE . Rl B RRAIIE A ZUR S
FE&L cDNA NEHR, PCR ¥4 Grp78, PCR L
& & (40 pL): 2xPhanta Max Master Mix (P515-AA)
20 pL, ddH,0 17 pL, cDNA Bt 1 uL, EiF514
T-Grp78-F 1 uL, FU#54% T-Grp78-R 1 L, PCR

W 2&AF: 95 °C 5 min; 94 C 30, 60 C 30 s,
72 °C 1 min, 30 PME¥; 72 'C 10 min, 4 Cf£
17 PCR Y2 E 1% B HHEE AL FL K AG f5 ik
A5, KA 5 min TA/Blunt-Zero Cloning Kit (F§ &%
W MEREE IR Ay A R WD AT RN, T
%4t DHSo B2 S0, PRIATAYE LB WiAR 7=
JEiEFT PCR S5 ik B R A YR A BR
AN

x1 FHARFAIMNSH

Tab.1 Primer parametersfor thisstuy

5| Y% FR primer name

51 %(5'-3") forward primer (5'-3")

TU#51#)(5'-3") reverse primer (5'-3")

GCTCCAACTTGCCTCAACACCT
CGCTGGGCATCATTGAAATAAG
CCACGAGTCAAAGTTGTACCA

GGACCCTTTGTTTTGCGCCGTT
TCACTGAGCGATGCCTATAAC
CCGACATCTTCTCCTTCATCTTC
GCAGTAGAGTTGATGTCCTTCC

T-Grp78 AGAGAGACAGACACGCCCTTGA
Grp78 TCTCCGCTATGGTTCTGACTA
DNA4JC2 CTGTCCGATCCCGTCAAGC

UBC TGGACCCTTTGTTTTGCGCCGTT
Cu/Zn-SOD CCATGGTGATCCATGAGAAAGA
Mn-SOD TTTAACGGTGGTGGCCATATTA
Hyoul GCTGCACATATAGCAGGTCTAA
Hmox1 AGAGCAGCAGAAACAGGAAG
Prdx] TCTGTCATCTTGCCTGGATAAA
Ngol GAAGACCGCACTGATTGTTTATG
p-actin ATGAAGATCCTGACCGAGAGA

CCCTGTGATGCTCAGGATTT
TCTTCCTTCAGCACACCATAG
TACAGATCCGACACTAGGACTT
CTCGAAGTCAAGAGCCACATAG

1.5 Grp78 WEMIEBEZSH

K i NCBI ORF finder # #& JF il ) 52 4
(open reading frame, ORF), ExPASy-ProtParam
gy Bt & W P 5 B Ak P Bt , ExPASy-

ProtScale 43 #135 #i /K, SignalP 5.0 Server fil
MAE S Kk, TMHMM Server V. 2.0 T #5 i 45
4 3%, NCBI CD-Search Tl & 1 45 4 35 ,
SOPMA Tiiilll — £ 4544, SWISS- MODEL il =

AR, MEGA11 BRAFHE T3 48 AH 421 (neighbor-
joining method, NJ)H J&(Bootstrap) 2000 X f4)
JEEN Bl Aoy

16 Crp78 REMEXEREMNRIEN T

BT ARG E b A 7 T AR B Grp78 2K
¥ 51 & GenBank HH R} £ 2K P 51 57 X, FH Oligo
7 %1t Grp78 (OR727303), DNAJC2 (OP185143.1),

UBC (NM_001077804.2), Cu/Zn-SOD (KX826080.1),
Mn-SOD (KY922773.1), Hyoul (XM_026273782.1),
Hmox! (XM_043235836.1), Prdx] (MK809319.1)

Fl Ngol (XM_016453144.1)FEH ) qPCR 5|49 (F
1), LA p-actin HNZFEH, i Light Cycler 96
P E B PCR KGN Grp78 1E4% LH 43 45 S 26 5k
oy, LLER WM E S Grp78, DNAJC2, UBC,
Cu/Zn-SOD, Mn-SOD, Hyoul, HmoxlI, PrdxI #I
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Ngol mRNA TEE B IE R0 IE A A A X 3Rk &t 2 ER5HH

20

TaqTM II (Tli RNaseH Plus) 10 pL, ddH,0 7 pL,

WK & - v i
HL GPCR WTURIER: TB Green' Premix Ex ) | o imem Gro78 MR 5154

Bl 1L, E. FWE10 pmol/L)% 1 ul. % KSR Grp78 W IFHIE iR
W& PEH: 95 C 10 min: 95 C 30 s, 60 °C GenBank (https://www.ncbi.nlm.nih.gov/genbank/),

10 min, 72 C 30s,72 ‘C 10 min, 40 MG,
PMEEARBEE 3117,

K55 OR727303, W& 1 FIf/R, #4575 v 5] 4R f
Grp78 41 cDNA 351 2672 bp, H:% 98 bp 1Y 5

17 HiR4ME U ARG AS X, 612 bp 1) 3 5 E Zm % X A1 1962 bp /Y

%ﬁﬁ 27AAG7‘3‘7£§:}.1;}3F Grp78 DNAJC?2 Hyoul ﬂ:ﬁilﬂiiﬂi, Ejéﬁﬁ% 653 /l\/itj%@fi, %F‘ﬁ%%

Hmoxl, UBC, Cu/Zn-SOD, Nqol, Mn-SOD F Prdx1 KDy 72.23 kDa, SFHLAL 5'01j AEE R I
mRNA KU ik, SRR Iy e 3254 = FIOKIEIRR, TRl sl R m iy

2 (TeSD)RR, B SPSS 25.0 A re 8013, REIREHIEL. Grp78 LLE 1 HSPTO
431, 351 TB Tools I GraphPad Prism 9 435 fi FIGARSF a5t s, H a5 MLl o Bk £, If

IJEIFIAE IR P FEAEFR I3 TR it (15T 2).
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241
841
281
961
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1321

1441
481
1561
521
1681
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1801
601
1921
641
2041
681
2160

2282

2403

2526

2648

AGAGAGACAGACACGCCCTTGAGATTAGTGCTTATTACCACAGCTATCAGGACTCTTTACAGACACTAGTGGAGATTTGACAGAAGATCAGCGTCAGA-AGGTTGGTTTGTGTGTTTC
M R L V C V F
TGCTGGTGGCCGGCACCGTGTTTGCCGAAGAGGACGATAAGAAGGACAGCGTTGGGACCGTGATTGGAATAGACCTCGGGACGACCTACTCCTGTGTTGGGGTGTTCAAGAACGGCCGTG
L LV A GT V FAEE DDIKK DS VG T V_ 1 G 1 D L G T T Y S C V G V F K N G R
TGGAGATCATCGCTAATGACCAGGGAAACCGTATCACCCCATCATACGTGGCCTTCACCACCGAAGGAGAGCGTCTCATCGGAGACGCTGCGAAGAACCAGCTGACCTCCAACCCCGAGA
V E 1 1 A ND Q GN R I T P SY V A F TTE G EIR L1 G D AA K NQ L T S N P E
ACACTGTCTTTGATGCCAAGCGGTTGATCGGCCGCACATGGGGCGACTCGACCGTGCAGCAGGACATTAAATACTTCCCCTTTAAGGTTATTGAGAAGAAGAACAAGCCTCACATCCAGC
N T V FDAKRL I GR T WG DS TV Q Q D I KY F P F KV I E K K N K P H 1
TGGACATCGGATCCGGTCAGATGAAGACTTTCGCCCCGGAGGAAATCTCCGCTATGGTTCTGACTAAAATGAAGGAGACTGCGGAGGCTTACCTGGGAAAGAAGGTCACACATGCTGTGG
L D1 GS GQ MK T F A P E E I S AMV LT KMK E T A E A Y L G K KV T HA V
TCACTGTGCCCGCTTATTTCAATGATGCCCAGCGCCAGGCCACCAAAGATGCAGGAACCATCTCCGGTCTGAACGTGATCAGAATCATCAATGAGCCAACCGCCGCTGCCATCGCTTACG
VT VP AY FN DA QR Q AT K DA G T I S GL NV 1T R I I N E P T A A A 1 A Y
GTCTGGACAAGCGGGACGGTGAGAAGAACATCCTGGTCTTTGATCTCGGCGGCGGCACCTTCGACGTGTCCCTGCTGACCATCGATAACGGTGTCTTCGAGGTGGTGGCCACTAATGGAG
G L D KR D G E KN T L VF DL G GG T FD VS L L T I DN G V F E V V A T N G
ACACTCACCTCGGCGGCGAAGACTTCGATCAGCGCGTCATGGAGCACTTCATCAAGCTCTACAAGAAGAAGACAGGAAAGGACGTGCGCAAGGACAACCGCGCCGTGCAGAAGCTGCGTC
D T H L GG E D FD Q RV M E HF I KLY K K K T GK D V R K DN R AV Q K L R
GTGAGGTGGAGAAGGCCAAGAGAGCGCTGTCTGCCCAGCACCAGGCCCGCATCGAGATCGAGTCCTTCTTCGAGGGGGAAGACTTCTCCGAGACGCTGACCCGCGCCAAGTTTGAGGAGC
R E V E K A K R A L S A Q H Q A R 1 E 1 E S F F E G E D F S E T L T R A K F E E
TCAACATGGACTTGTTCCGCTCCACCATGAAACCAGTGCAGAAGGTTATGGAAGACTCTGACCTGAAGAAGTCTGAAATTGACGAGATCGTCCTGGTCGGCGGATCCACTCGTATTCCCA
L NM DL FR S TMK P VQ KVME DS D LK K S E I D E I V LV G G S T R I P
AGATCCAGCAGCTGGTGAAGGAGTTGTTCAACGGCAAGGAGCCGTCCAGAGGAATCAACCCGGATGAGGCCGTGGCTTACGGCGCCGCCGTCCAGGCCGGAGTCCTGTCAGGAGAGGAGG
K I Q Q L vV K E L F N GK E P S R G I N P DE A V AY G A AV Q A G V L S G
ACACTGGTGACCTGGTGCTTCTGGACGTTTGCCCTTTGACCCTGGGCATTGAGACAGTCGGAGGAGTGATGACCAAACTCATTCCCAGGAACACCGTTGTGCCCACCAAGAAATCCCAGA
p T G b LvL LD VC®PL TUL G 1 E TV G G V MTK L I P R NT V V P T K K S
TCTTCTCCACCGCTTCTGACAACCAGCCGACCGTGACCATCAAAGTTTATGAAGGTGAGCGTCCGCTGACTAAAGATAACCACCTCCTGGGTACGTTTGACCTGACCGGCATCCCTCCGG
I F S T A SD N QP TV T I K VY E G E R P L T K D N H LL G T F D L T G I P P
CTCCCCGCGGCGTCCCTCAGATCGAGGTCACCTTTGAGATCGACGTCAACGGCATCCTGCGTGTCACCGCCGAGGACAAGGGCACAGGCAACAAGAACAAGATCACCATCACCAACGACC
A P R G VP Q I E V T F E I D VN G I L RV T A E D K G T G N KN N E L E S K 1
AGAACCGACTGACGCCCGAGGACATCGAGCGCATGGTGAACGAAGCCGAGCGCTTCGCCGACGATGACAAGAAGCTGAAGGAGCGCATCGACGCCCGCAACGAGCTGGAGAGCTACGCCT
T I T N D Q N R L T P E D I E R MV N EA E R F A DD D KK L KE R I D A R Y A
ATTCCCTGAAGAACCAGATCGGGGACAAAGAGAAGCTGGGCGGCAAGCTGTCATCCGAAGACAAGGAGGCCATCGAGAAGGCCGTCGAGGAGAAGATCGAGTGGCTGGAGTCTCATCAGG
Y S L K N Q I G b K E K LG G K L S S E D KE A I E K AV E E K I E W L E S H Q
AAGCAGAGCTGGAGGACTTCCAGGCCAAGAAGAAGGAGCTGGAGGAAATCGTGCAGCCCATCGTAAGCAAGCTGTACGGCAGCGCGGGCGCCCCGCCTCCAGAGGAGGGTGACGATCAGG
E A E L E D F Q A K K K E L E E I VvV Q P I VvV S K LY G S A G AP P P E E G DD
GCGAAAAGGATGAGTTA_ATCGTCCTGACTTTGTTTTCAGTCACGTCGATGCCCTCGCCTCTCTAGGTGTACCTATTGAACACGACGGACATT’TTTGTACGAACGTAAAGCCTCCGAT
G E .
CTCTTTGAGAAAGACTTATGAGAAGCATTAGAGAGTTGCGTTTGTGGTCTTATTTTCTCTTCACTCCGGTGGAGATTTTGTCAGCCTGGTTTGAGGC TCGATGCTGCTGTTCTCAGGCAGTT

CTGCGGGGGGGTGCTCCGGGTCAGGGGTTACTGGATAAACGTCATGTCACATGCTCAGTTATTTATTGAAATCTGCCAACTGTAGAAGACATTTCTACCACAATTGCAAAATAAAGGTTTG
ATACAAAATGAGCACGAATATTTTTCTGTGTTGATTTTAAATGTCACGGTCTAAAAAGGTGATTTTGTTCCCCTGAAATGTTAACATTAAACTTTTTAT TTTTGTTATTTATATTACGATTTA
ATTCAGGGGTGCCCAAACTCGTTCTTGGAGAGCCGGTCTACTGCAGAGTTTAGATCCAACCCCAATTATACACACCTGAAACAGCTAATCAAGCTTTTACTATGCACACTTGAAACTTCCC

GGCAGGTGTTGAGGCAAGTTGGAGC

E1 HHEHEE Grp78 cDNA FlZm it &I B A FF B ARAE
IR 53 N RN B IR R 28 1R 0 T, REZR RN HSP70 B KRR ST A5 H L, THEFRIR N BT M B 155
Fig. 1 Sequence characteristics of the Grp78 cDNA and deduced amino acid in Gymnocypris przewalskii

The gray shadows indicate the start codon and stop codon respectively, the horizontal lines represent the HSP70 superfamily
conserved domain, and the boxes represent the endoplasmic reticulum retention signal.

22 Grp78 R EBM#t K EIREES HFHEL Grp78 H5#(Carassius auratus). 1

K 3 Fizn, 4 NCBI Blast [RJRPE 8T B, (Cyprinus carpio). %.-fi(Ctenopharyngodon idella)



74 K 7 R

%31 %

&l 2 Grp78 HE 1 = K45
Fig. 2 Tertiary structure of Grp78

FR PG (Salmo salar)W [RIIEE 5355 A 97.24%,
97.09%, 95.87%F1 93.30%, L7 If il 4 15 i 1
BRER Ry — 32, RGO RO, HUOR T2 Fm
FL2K, 5 188 (Pelodiscus sinensis)F /)N i i

M (Crotalus scutulatus)i RIS 514 93.09%
F 91.44%; 5 N (Homo sapiens). 5 (Cervus
elaphus) . /N (Mus musculus) 95 7] 225 B 12 2
(Pongo abelii) ¥ [F IR P53 518 92.15%, 91.43%,
92.79%7F1 92.46%. S/ . XWreH | 7 2
RN FE A AL G R A, 5 8 T ek kO B
(Capnella imbricata) . B35 == 42 (Conus amadis) .
It W B UF (Thysanoessa £ 4 oW
(Crassostrea gigas) 1 % [C {8 ¥F (Macrobrachium
rosenbergii) I [8) U5 P 70 51 7 85.35%, 84.70%,
84.44%, 83.31%F01 83.15%. T LI fIL 5 ¥
GILEXT 5, S os T U AR 5 R B A Y Grp78
RIS 93% LA L, HEA 1A mERST HSP70
MR IERFEE A 4),

inermis) .

100~ AAA52614.1 A\ Homo sapiens
66 NP 0011269271751 11 V& MR A2 Pongo abelii

%9 ACT46911.1 548 Cervus elaphus M Mammalia
82 NP 001156906.1/1\EL Mus musculus
2 NP 001273821.194E#%  Pelodiscus sinensis . i
JE1728 Reptilia
99 MCH?75343.1/NE W B¢ Crotalus scutulatus
NP 001135114.1 KP4 ¥E4E Salmo salar
2 ACJ65009.1% 44 Ctenopharyngodon idella
88 = A FIFHREE Gymnocypris przewalskii B 125 Osteichthyes
69 XP 042608161.14# Cyprimus carpio
65 XP 026099122.1 #ll Carassius auratus
AJAT2T19.1 B FLHIER I Capnella imbricata FSTOMEI 24 Hexacorallia
97| BAD15288.1 K414 Crassostrea gigas | WFEH Bivalvia
AKZ17802. 1P 3l 248 Conus amadis | I8 JE 48 Gastropoda
100] AJZ73179.1% FIBYF Macrobrachium rosenbergii N
0.02 I ARN17957.1bARBEUF Thysanoessa inermis 15E4 Crustacea

K3 BT NI EM AR Grp78 ZHEIR T 91 R gL kAL if

Fig. 3 Phylogenetic tree of Grp78 amino acid sequence based on neighbor-joining method

2.3 Grp78 HAHHMES
WE S Frs, Grp78 6 M AREEER . LA
ek, WiE o M B RE L GO IE U A
BEik. Grp78 FEA AL Ik K = MK
Wk R WpiE . FEE>Co > BT . NRAE . k>
SR, H Grp78 18 il FF I A 8 22 3k &
e, H T F 80 3 2 5 (P>0.05),
24 HEMERE Grp78 REHXERMRIE
mME 6 Frzs, 167 WA aRaE B R

' Grp78, DNAJC2, Cu/Zn-SOD, Mn-SOD, Hyoul,
Hmox1, Ngol, Prdx] Fll UBC ¥J45 33k, FH-14E A
HAP RN R 0, BT e BA —
F14) Ve T T AR 1

HEANFHL T, Grp78, HmoxI 1 Ngol 1'%
Ik . JFERE R ek R, DNAJC2, Hyoul I
Cu/Zn-SOD 7& 5 Wi AT R I8 ;K 5 ; Mn-SOD
e SEFT S T R Gk W TR i SR A
UBC TE [k rp AR 3k & i i/ ; Hyoul, Hmox1 1
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HSP70EZHRE 5k
HSP70 superfamily structural domains

TG IAREE Gymnocypris przewalskii: 90
Eiff Ctenopharyngodon idella 90
KPGEE Salmo salar 90
## Cyprinus carpio 90
Yl Carassius auratus 90
FVEHHREE Gymnocypris przewalskii : - 180
Eiffy Ctenopharyngodon idella : 180
KPS Salmo salar : 180
## Cyprinus carpio : 180
8l Carassius auratus 1 180
FVFHIEE Gymnocypris przewalskii - : 270
Fifh Ctenopharyngodon idella : 270
KPGHEEE Salmo salar 1 270
48 Cyprinus carpio NVMRIINEPTZ : 270
¥l Carassius auratus @ IHGLNVMRIINEPTARAIA 1 270
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Fig. 4 Multiple comparative analysis of the amino acid sequence of Grp78 in teleost
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przewalskii after salinity stress of different concentrations



51 RS R A S WA Grp78 B HAH G R A N A 23k 77
S 1005, ¥ kidney g 100 . JF liver S100r¢ JF liver  **
-~ a2 ~8 ok *
2 = ok * %K ?o: . . 2 fi
§°°r§ 10} gL 10} = R T =
~ = *¥ K
5 s S
P A o
RE 1r Re 1r RE 1
rol & 8 ol
%3 EE %s
gg S £ S E
8 01 S g0l 8801
S 2 = 9 S 2
5 g £
o o
=0.01 S 0.01 =0.01
24h 48h 72h 96h 200l ) 48h 72h 9 h 001="4h 48h 72h 96h
f5f1E]/h time ifE]/h time 5} 8] /h time
51000 4 FF liver 21000, . ¥ kidney 5 100r ¢ #1 gill
E" * = E" Kk
< 100 ) S< * x*
23 28 100} B5 100 ﬂ :
=5 K e
Qg 10 X S X8
® g ®e 10 ®E 1f
®E 1} & g B
£ Z2 EE
58 SE 1t 58 01
ISR QO a
£, 01 Q5 <2
S 0.01 = 01 =0.01
= 24h 48h 72h 96h ) 24h 48h 72h 96h 24h 48h 72h 96h
A5t [E]/h time B} [E]/h time [} /&) /h time
15%0 mmm 10%o wmm 5%, === % HBZH control

P 7 ST B Mol 0 I i v )RR R PO R0 JUFE v 3 flh ot 7 25 i A i 2 3k
a. Grp78 £ W B FA XS 23K 5 b. DNAJC2 FENFIE R AR Rk & c. Grp78 FERTFIEH B9 ARXT b 5
d. Hmox 1 1EJITNE Y FHRT RIK ;e Mn-SOD 15 B M i AHXS Feibh 5 £, Prdx] 7S U AR 3Rk
*FIR LI X B A G 2 5 (P<0.05); ** 3R RSB AL X B2 A B 3 2% 57 (P<0.01).
Fig. 7 Expression of major stress-responsive genes in gills, liver, and kidney Gymnocypris przewalskii
after salinity stress of different concentrations
a. Relative expression of Grp78 in kidney. b. Relative expression of DNAJC?2 in liver. c. Relative expression of Grp78 in liver.
d. Relative expression of Hmox! in liver. e. Relative expression of Mn-SOD in kidney. f. Relative expression of Prdx! in gill.
* indicates significant differences between experimental group and control group (P<0.05); ** indicates extremely
significant differences between experimental group and control group (P<0.01).

T o PR T A AR i SR RO, OF R
W (9 PRI 1 IO E ) $ T FIAR SE B IR T 7 T
SRR ) SR B R
32 BiGHRE Grp78 REMXEREHE
ETHREERIE

BHRIB BRI Grp78 LIHI—A>
HE R R R T AL AR R T
R L LAk A BRG] fE
EUHE 5 A2 A w0 A AR Y IE B 3 & e A
S AE 2, VB TR AT i A R
JiE . FFIEB R SE A P R K R B
(AR, SR H T2 RS &R, O 58
ORI A A S 2 L B D S T IR AL
(OIS -377) = VP R <P uR -5 3 Lt A = I €

KA ER BEAR AT, HR IR B B A7 67 B K A3 I
K E W ORTHEE, DU 7R S ok B R R R AR
PB B AR, AN, FE R xR A, A
Yk B A 5 o B R P B AR D,

AR RN, ERIRTE ., B IR Pb> b
T, ¥Afi(Ctenopharyngodon idella) Grp78 TE451
AL 0, EkE 1,0, 2 8 ) T B
(Cyprinus carpio)R . JLIAFLCHET Grp78 ik
A, TS 5 AR A & 85 H U (unfolded  protein
response, UPR) {5 T 55 T, DLAESRF N BT ) i 2 25
FIIEH T REDT . ABFgE v, LR BE a6 i i P |
WL Grp78 ik i3 FH . HILEM, Grp78 1E
VN JBE )RR B Y T S, ]l At A
UPR K35 B 2 3% 6 ) 51 1 8 H B RIS,



78 Hh [ K R A

%31 %

W HFH T S UE F R, DR LA 2
AT AT R B, AE 15%0kk BE Wit
T EFFE Y Hyoul 3335 B, X 5w
I8 F W88 (Oncorhynchus mykiss) B I F) 26 3k —
O Hyoul AR 400 BObR 25 W 2 ik = g T
fm, RUHAE RN B M 1, TENLASZ 33
JER SR, &5 Grp78 (A BH—, I
J Bl N R N S N, 488 T Hyoul TEAEFRFHLR
TE % hAE DT I B DS IV . Hughes 251 0T3¢
R, LR, DNAJC2 ik 3 il
SERTIF AR S Cu® it 5 75 5 W 8 DNAJC2
ek w2 B 52 AL, AREST e R
B 5 DNAJC2 WKk BEF & HILER, 5
P5 38 55 1 LA N 0 S8 A IR N, T T
DNAJC2 il Grp78 Z 5N, A B T4k
Fr 20 B 0 T B D RE, PR R AR A TS S E T . 7R
A R ER e (5 T, HeLa 4HE N UBC mRNA
ki B, JF B B AR A . ARFSY
FREGZHRM, Bl THRITEE AR R
T Xz R R N UBC 2 5B i5B R
A5, LEAREA LT UBC X3k B i 5| i 484k 1
PR A T AR R BN R N, I H A ZU
MR AR TR . FELE Cd AR BRI Hela 41 i,
Hmox1 mRNA FIZE [ 5O 2 F iR,
ABFgErh, LR A S AL . B AR Hmox 1 15
T X ATRER T Hmox 1 VT ) 8 X 4F
FE G5B A R S R T A EAE TR, WoR
Hmox1 TENUR N KAEHUEAL . LR TG 8 M
FEAE Y, B R AN, Prdx] B K
L IR AR 1 B, IFH Prdxl ZENX
R T R By A RN 1 h AR A TR Y A
ige, VK Z 5% R DR AR IE A4
K, WY Prdx] fEh—FPiEES5ER, A&
oAb e U, R A5 FL B DL (Chlamys
Sarreri)i 1T AZA2 TRMAKLI, MHE 24 h N
Ngol B & EH M, AWsrh, W E
Ngol fZREWE EIRHESE, KW Ngol 1EFMNEM
T8 55 R R IO IR Iy T B e A o A A A 47 B 4R,
T AERE T HLR R IE & A ail ol . 5AREMNE T
% (Hypophthalmichthys molitrix)** ) #F 58 45 5 —

%, EREE e S I ARAEE Cu/Zn-SOD F1 Mn-
SOD Wikt 2 L, £ Cu/Zn-SOD F Mn-
SOD VR WA N e HACRE PRI, RE6S
ARG BRZ AR TGP A B2, R4 0 28 40
MLl 2 e sz E AR I B i . 25 LTIk, ERE
R X A AR R R — R B R I BR R, T Grp78
e SRR DG HE PR AT R AE 7 16 15 A L35 1 1 X 0 46
g R R T EEEM . WA, Grp7s,
Hyoul, DNAJC2, Hmoxl, Nqol, UBC, Prdxl,
Cu/Zn-SOD Fl Mn-SOD FE N % £ FE W3 it A 45 Ht
AR

4 g

AW T F i HREL Grp78 2KIJFF,
KR 2672 bp, A4k 653 NEILFR; Grp78 1E
SHA TR, HIEBIE . HE . OIEHA
Rk . BUAL, B W8 R B Y T A A B
B IEK:, Grp78 MHAHIKIEN DNAJC2, UBC,
Cu/Zn-SOD, Mn-SOD, Hyoul, HmoxI, Ngol #I
Prdx] WIRES S T 5 AR L 20 41 i /K 74k
N, VAR MR B3 R, H S A R 4 K
S5 R B b A [E) RN ZH 2 2 0 5L B IR I Y
M

S 3k

[11 Yang Y Q, Yi X F, Li N. Analysis on trophic structure of
main waterbirds in Qinghai Lake based on stable isotopic
technology[J]. Zoological Research, 2009, 30(4): 418-422.
A ZE, G, 227 . FIARE RN B AR HE 1Y)
PEBIK S ()8 FR AR [T s 2# 05, 2009, 30(4):
418-422.]

[2] LiuSJ,QiDL, Qi HF, et al. Selection and validation of
reference genes in Gymnocypris przewalskii by quantitative
real-time PCR[J]. Fisheries Science, 2023, 42(3): 413-423.
[XLE G, AB13AK, ARHEDT, 5. BB EE S 9O0E &
PCR WAL SIAET]. K RME, 2023, 42(3): 413-
423.]

[3] Rong Y F. The habitat characteristics and scale assessment
of the natural spawning grounds of Gymnocypris przewalskii
in Quanji River[D]. Shanghai: Shanghai Ocean University,
2023. [50 SUUe. SR AT IR IR 1 98 7 O 00 A SR RRAE
FRHBPEAE[D]. i R R, 2023.)

[4] ShiJQ, Qi HF, Yang J X, et al. Evaluation on the effect of
proliferation and release of naked carp in Qinghai Lake[J].
Agricultural Technology Service, 2016, 33(12): 128-129. [52



5514

XA RN S TR RREE Grp78 Be A G HE DR ) 0 25 3R 3k 79

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

g, FRULTY, BT, . I ARG T A SO
AT RHHR S5, 2016, 33(12): 128-129.]

Ju C X. Morphological observation of embryonic development
and effects of salinity on growth of False clownfish
Amphiprion ocellarys[D]. Shanghai: Shanghai Ocean University,
2013. [BIRNE. T /NI (Amphiprion ocellaris) RN %
BB MG L X g R R D). i -
R R, 2013.]

Li W. Mechanisms of salinity effects on growth performance
and isosmotic point calculation in anadromous fish, Chinese
sturgeon (Acipenser sinensis)[D]. Wuhan: Huazhong Agricultural
University, 2014. [, X A3 A K 1 52 AL i A
HARELINAEE M AHTID]. RIL AEHRllK2, 2014.]
Saoud I P, Kreydiyyeh S, Chalfoun A, et al. Influence of

salinity on survival, growth, plasma osmolality and gill

Na'-K"-ATPase activity in the rabbitfish Siganus rivulatus[J].

Journal of Experimental Marine Biology and Ecology, 2007,
348(1-2): 183-190.

Wang H L, Wen H S, Zhang X Y. Effects of salinity stress
on antioxidant enzyme and non-specific immunity activities

in the intestine of juvenile Lateolabrax maculatus[J]. Modern

Agricultural Science and Technology, 2016(4): 261-263, 269.

(EdfEse, MR, TRGEHE. ERREM0 X TES  2)) £ 718 i 4

ALFIAERE S P B RR ) s [0]. BAAOL B, 2016(4):

261-263, 269.]

Cui Q J, Chen B, Qiu L H, et al. Influence of low salinity
stress on the gill Na'/K'-ATPase, liver antioxidase and
non-specific immune enzyme in juvenile Pleuronectes
yokohamalJ]. Journal of Guangdong Ocean University, 2017,
37(6): 26-32. [4ERIHE, Phvk, BRENAE, 5. ARERMMA X6
W) EE T 060 Na /K -ATP . FFIEH AL REIERS 5
GPEBENEIA]. | AR R =24, 2017, 37(6): 26-32.]
Abdel-Tawwab M, Monier M N. Stimulatory effect of
dietary taurine on growth performance, digestive enzymes
activity, antioxidant capacity, and tolerance of common carp,
Cyprinus carpio L., fry to salinity stress[J]. Fish Physiology
and Biochemistry, 2018, 44(2): 639-649.

Huang S, Li C Z, Li Z X, et al. Effects of different salinities
on growth and osmotic regulation gene expression of
Gymnocypris przewalskii[J]. Fisheries Science, 2022, 41(4):
527-536. [, ZEK B, ZREER, 4. ERAEXT T LA
AR BB E R (1] KRR, 2022, 41(4):
527-536.]

Moniruzzaman M, Mukherjee J, Jacquin L, et al. Physiological
and behavioural responses to acid and osmotic stress and
effects of Mucuna extract in Guppies[J]. Ecotoxicology and
Environmental Safety, 2018, 163: 37-46.

Tine M, de Lorgeril J, Panfili J, et al. Growth hormone and
Prolactin-1 gene transcription in natural populations of the
black-chinned tilapia Sarotherodon melanotheron acclimatised

to different salinities[J]. Comparative Biochemistry and

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Physiology Part B: Biochemistry and Molecular Biology,
2007, 147(3): 541-549.

Zhu 'Y L, Han K, Wang F. Climate change and responses of
hydro-ecology in Qinghai Lake Watershed[J]. Journal of
China Institute of Water Resources and Hydropower Research,
2012, 10(4): 260-266. [RIEJe, #HE, FJ5. HFEWIHES
A AAR m MK SCHEZS A R[], KRR LR ERT 5
BEsfdR, 2012, 10(4): 260-266.]

Wang Z, Me Z L, Lin T T, et al. Effects of carbonate
alkalinity stress on SOD, ACP, and AKP activities in the
liver and kidney of juvenile Gymnocypris przewalskii[J].
Journal of Fishery Sciences of China, 2013, 20(6): 1212-
1218, [E5, ASH], RUTT, 45 BRI ER L X35 1
HREL) 0 JIF A SOD . ACP il AKP BHE PRI mI[T]. h
K =R, 2013, 20(6): 1212-1218.]

Zhang H C, Ma Q H, Xu B K, et al. Screening and analysis
of the osmotic, immune, metabolic related genes of Gymnocypris
przewalskii in saline-alkali tolerance[J]. Journal of Fisheries of
China, 2023, 47(12): 17-36. [SKIEER, Di&4E, PR, 45,
T HFIAREEER DO SZ A B P 0B E | SesE . AR DCE R
TR KF=2E4R, 2023, 47(12): 17-36.]

Liu J Y. Effect of saline-alkali stress on oxygen consumption,
osmoregulation and ionic regulation of Przewalski’s naked
carp, Gymnocypris przewalskiilD]. Shanghai: Shanghai
Ocean University, 2012, [XIGFE. ERma e X w5 Vi 5 # e
WEIRFES BB M TR 2 [D]. B Bk
2%,2012.]

Ibrahim I M, Abdelmalek D H, Elfiky A A. GRP78: A cell's
response to stress[J]. Life Sciences, 2019, 226: 156-163.

Jin R B, Zhao A R, Han S Y, et al. The interaction of
S100A16 and GRP78 actives
stress-mediated through the IRE1o/XBP1 pathway in renal
tubulointerstitial fibrosis[J]. Cell Death & Disease, 2021,
12(10): Article No.942.

LiJ Z, Lee A S. Stress induction of GRP78/BiP and its role
in cancer[J]. Current Molecular Medicine, 2006, 6(1): 45-54.
Shen Y, Hendershot L M. ERdj3, a stress-inducible endoplasmic

endoplasmic reticulum

reticulum DnalJ homologue, serves as a cofactor for BiP's
interactions with unfolded substrates[J]. Molecular Biology
of the Cell, 2005, 16(1): 40-50.

Wang F, Zhang H, Luan L, et al. Grp78 suppresses apoptosis
induced by glucose starvation through activating unfolded
protein response signaling pathway and ubiquitin-proteasome
system[J]. Scientific Reports, 2016, 6: 23194.

LiM, Li C, Yu H, et al. The role of glucose-regulated protein
78 in relation to Hmox!1 in the pathogenesis of preeclampsia[J].
Placenta, 2020, 92: 24-32.

Li S, Yang Y, Zhang Y, et al. NAD(P)H: Quinone oxidore-
ductase 1 attenuates thrombosis by specifically inhibiting
oxidative activation of platelet-derived TGF-f1 signaling[J].
Nature Communications, 2015, 6: 8164.



80

Hh K R

%31 %

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

Zhu G, Yang J, McCarthy T J, et al. Free radicals and
antioxidants in oxidation-reduction reactions of proteins[J].
Physical Chemistry Chemical Physics, 2012, 14(1): 21-33.

Luan W. Identification and characterization of chaperone

protein genes in Chinese shrimp Fenneropenaeus chinensis[D].

Qingdao: Institute of Oceanology, Chinese Academy of
Sciences, 2009. [Z&fF. r [E B xR 62507 AR AR A S
(SR B ARISIIEID). T 85 oh I BLE B ST,
2009.]

Xia S K, Duan W Z, Liu W W, et al. GRP78 in lung cancer([J].
Journal of Translational Medicine, 2021, 19(1): Article No.118.

Liu F, Inageda K, Nishitai G, et al. Cadmium induces the
expression of Grp78, an endoplasmic reticulum molecular
chaperone, in LLC-PK1 renal epithelial cells[J]. Environmental
Health Perspectives, 2006, 114(6): 859-864.

Guo M M, Qu S B, Lu H L, et al. Biochanin A alleviates
cerebral ischemia/reperfusion injury by suppressing endoplasmic
reticulum stress-induced apoptosis and p38MAPK signaling
pathway in vivo and in vitro[J]. Frontiers in Endocrinology,
2021, 12: 646720.

Li Z H, Huang Z Y, Zhang H, et al. IRE1-mTOR-PERK axis
coordinates autophagy and ER stress-apoptosis induced by
P2X7-mediated Ca®" influx in osteoarthritis[J]. Frontiers in
Cell and Developmental Biology, 2021, 9: 695041.

Zhu Y J. The functional effect of GRP78 and antioxidase
from grass carp on the stress of heat and lead[D]. Nanchang:
Nanchang University, 2012. [2REWr. A (Ctenopharyngodon
idella) GRP78 FIHTAALBHEACHTIEE . Po™ i 3 g
[D]. FME: MEKRY, 2012]

Gong J, Ye H H, Yu K, et al. Cloning and stress expression
analysis of glucose regulated protein 78 ku (GRP78) in mud
crab (Scylla paramamosain)[J]. Journal of Fisheries of China,
2013, 37(10): 1479-1486. [JAS, WHEEHE, T, 2. 15T
HHEE GRP78 FENAYalE 5N IMERIE[I]. K=k, 2013,
37(10): 1479-1486.]

Liu L L, Luo M, Chen F X, et al. Effects of low salinity on
osmoregulation, Na'/K'-ATPase activity and related gene
expression of juvenile Epinephelus fuscoguttatus[J]. Marine
Fisheries, 2022, 44(3): 315-327. [XI k1, B0, [Rfe,
. AR S A B ) B BRI T . Na /K -ATPase
W PE SRS N IR IR D], R ERll, 2022, 44(3):
315-327.]

Liu Z H, Lan X R, Li Y W. Short-term exposure of 17a-
ethinylestradiol (EE2) impaired the osmo-regulation of
zebrafish female adults[J]. Journal of Chongqing Normal
University (Natural Science), 2019, 36(4): 44-48. X ik,
LYY, DU, SHRSRME R R R A D
G R R Y (], E PRV A R 24 2 4R (B AR B4 i),
2019, 36(4): 44-48.]

Zhang X Y, Wen H S, Wang H L, et al. RNA-Seq analysis of

salinity stress-responsive transcriptome in the liver of spotted

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

sea bass (Lateolabrax maculatus)[J]. PLoS One, 2017, 12(3):
e0173238.

Zhu 'Y J, Fan Q D, Mao H L, et al. GRP78 from grass carp
(Ctenopharyngodon idella) provides cytoplasm protection
against thermal and Pb*" stress[J]. Fish & Shellfish
Immunology, 2013, 34(2): 617-622.

JiaR,DulJ L, Cao L P, et al. Chronic exposure of hydrogen
peroxide alters redox state, apoptosis and endoplasmic reticulum
stress in common carp (Cyprinus carpio)[J]. Aquatic Toxico-
logy, 2020, 229(1): 105657.

Lee A S. The ER chaperone and signaling regulator GRP78/BiP
as a monitor of endoplasmic reticulum stress[J]. Methods,
2005, 35(4): 373-381.

Han L S, Quan Z J, Wu Y L, et al. Expression regulation
mechanisms of sea urchin (Strongylocentrotus intermedius)
under the high temperature: New evidence for the miRNA-
mRNA interaction involvement[J]. Frontiers in Genetics,
2022, 13: 876308.

Pandey A, Rajesh M, Baral P, et al. Concurrent changes in
thermal tolerance thresholds and cellular heat stress response
reveals novel molecular signatures and markers of high
temperature acclimation in rainbow trout[J]. Journal of
Thermal Biology, 2021, 102: 103124.

Hughes S, Vrinds I, de Roo J, et al. DnalJ chaperones contribute
to canalization[J]. Journal of Experimental Zoology Part A,
Ecological and Integrative Physiology, 2019, 331(3): 201-212.

LiuF, LiC Z, Qi HF, et al. Expression analysis of DNAJC2
and related genes in Gymnocyprisprzewalskii under Cu**
stress[J]. Genomics and Applied Biology, 2023, 42(9): 962-
972. (M5, 2K, BT, 45 Cu® Wit J5 T i AR
DNAJC2 JHAHSCHE R B FIR s Hr(T]. FE R 4275 R T
HEWE, 2023, 42(9): 962-972.]

Bianchi M, Crinelli R, Arbore V, et al. Induction of ubiquitin
C (UBC) gene transcription is mediated by HSF1: Role of
proteotoxic and oxidative stress[J]. FEBS Open Bio, 2018,
8(9): 1471-1485.

Shi H J, Xue J, Shi Z K, et al. Identification of promoter
activated regions related to up regulation of HMOXI1
expression by cadmium exposure[J]. Journal of Chifeng
University (Natural Science Edition), 2018, 34(7): 93-95. [}
ZIK, BENS, MROERRR, 4% MZRER LM HMOX1 kA
B AR AL X SR E [T]. ARl B 2R (A AR =),
2018, 34(7): 93-95.]

Gracey A Y, Troll J V, Somero G N. Hypoxia-induced gene
expression profiling in the euryoxic fish Gillichthys mirabilis[J].
Proceedings of the National Academy of Sciences of the
United States of America, 2001, 98(4): 1993-1998.

Tang C L, Yin G B, Huang C X, et al. Peroxiredoxin-1
ameliorates pressure overload-induced cardiac hypertrophy
and fibrosis[J]. Biomedicine & Pharmacotherapy, 2020, 129:
110357.



5511 XA RN S TR RREE Grp78 Be A G HE DR ) 0 25 3R 3k 81

[47] Dong C F. Stress response and regulation mechanism of stress on antioxidant enzyme activities and expression of
Chlamys farreri against azaspiracids[D]. Shanghai: Shanghai Cu/Zn-SOD and Mn-SOD genes in silver carp (Hypophthal-
Ocean University, 2021. [# /=M. FFLE DX RAIRIA TR michthys molitrix)[J]. Acta Hydrobiologica Sinica, 2022,
B 2 Wil (4 RO B R AR HLE D] B R 46(4): 498-506. [KEAR, IR, WL, & IRE-Z A
22021, N Eh EACBREG 1 & Cu/Zn-SOD F1 Mn-SOD K Feik

[48] Zhang M D, Ling C, Sha H, et al. Hypoxia-reoxygenation FEM[J]. IKAA A, 2022, 46(4): 498-506.]

Response expression of Grp78 and its related genes in Gymnocypris
przewalskii after salinity stress
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Abstract: Glucose-regulated protein 78 kDa (Grp78) alleviates endoplasmic reticulum stress induced by external
stimuli and enhances cell viability. We studied the molecular response mechanisms of Gymnocypris przewalskii to
salinity stress. In this study, Grp78 was cloned from G. przewalskii and the response patterns of Grp78 and related
genes were analyzed after 5%o, 10%o, and 15%o salinity stress using qPCR. The results showed that the open
reading frame length of Grp78 was 1962 bp, encoding 653 amino acids and containing the conserved domain of
the HSP70 superfamily. Grp78 was expressed in nine tissues of G. przewalskii, and its expression in the intestinal
tract, liver, and heart was significantly higher than that in the other tissues (n=3, P < 0.05). In gills, with the
increase in salinity and the extension of stress time, compared with the blank control group, the expressions of
Grp78, Hyoul, Prdx1, Ngol, and UBC were first inhibited and then gradually upregulated, while the expression of
DNAJC2, Cu/Zn-SOD, Mn-SOD, and HmoxI was first upregulated and then gradually downregulated and then
upregulated again. In the kidney and liver, the expression of DNAJC2, Cu/Zn-SOD, Mn-SOD, HmoxI, and Nqol
showed similar patterns of upregulation, downregulation, and upregulation, respectively. These results indicated
that Grp78 and its related genes have complex responses to salinity stress and may be involved in adaptation and
coping with salinity stress in G. przewalskii. In addition, Grp78 and its related genes—Hyoul, DNAJC2, Hmox1,

Ngol, UBC, Prdxl, Cu/Zn-SOD, and Mn-SOD—participate in the regulation of antioxidant stress in the body and
play important roles in reducing salinity damage.
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