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hspab ZEALBA RS SR MNE TR R A R EAL

X|NHE LAEE O BEE OZ B EXF O O&"

(K FRFE A W R = (PR RY) IR B 266003)

WE 4 (Lateolabrax maculatus)f h K E EE W L8k, ARALEFZE 2 FEM
MW, PTEHALYRASVNLE, EHEFREN, KT E B S (HSPAS)E Wy X 4 49 b
RAEa, AR d R EFTES M, N RN RIS HSPAS 7 5 i il T 09 4 7 5L
WLk, KRG R T 4 hspab £ BH, K F £ ik € & PCR (QPCR)E A, 247 7 7 30 C
B A TR B AL FE B R )L S AT hspab R kB, S RE R, MAEALEREHELK,
hspab 2t FI By Kk B & ¥ FFF, HFAEAE 12h A B &E AT, MEE THREYS, K9 hspad £ 7L
B R 40 48 50 2 i e i B R e N, X IEH AT AL EE AT 4 HE S, WS WA T
WRBEF RS, BRELRERE T, hpa5mRNA T E 20 T AT 4B T o, 4 EArk, K
#r 5 # it qPCR, HE $ & fnJE (L2 K, 7~ T hepab 3k K 78 76 85 AF ik 41 4 v oL 77 I v 2 1y Sk
B, FFRERSOH B TR NIE #E hspab 7 764 7 b1 & I 2 B 69 h Gk AL, B L& Wy R

H A R R EF R T — SR
eS|

hESEE S96  CEAERIDEE A

1.y (Lateol abrax macul atus) X 5 H E AL 7, 15 F%
Tt LR ZEAESE, SRE T H (Perciformes) .
1E87 %} (Lateolabracidae) . {£f7 )& (Lateolabrax), HJ™
AT E L HA S5 E X, BRI A
v o 5 VG o AR BRER R A K B B BT R
FAY AL I AR, At S T N T K A 2 5 | D 5 R 42
AT HAE SRS . BRI R, TP E R
2T R Z — (RS, 2020a, b),

T B2 R K A B ) AE R A A TS S i B B
PRI R 2R o PRI IR EE 9 e 20 A% Ak AT BRI AR 5 3135
(B AR, B A RN, A 3
RESFARKARIS TR, IR A Y REZALHE 20T,

e, HiEE; fMREEAS; KbLEEPCR; EAEXR
NEHE  2095-9869(2025)04-0118-11

R ATFR . BRitz ob, iR ik aT S B 2 Y
TIEINRERRAR, e Wl S, 5 Dl MBI A T
MR K (SEE, 2023), FfE RBRAURALR XL TR
FER I K, o R P30 JRA T S I A 5 5 A )
PRI J1 2 —(Sun et al, 2021) . 75 e il 3 i s e
L PR TCEE I (HSPs) P £ CHE A M A, X st
A BUAALTE AR ROFOIR S T (280 1E F A BEALAE
7 T AAR AR, T EL7 18 < it R A 1 R v o B
75 B 5P M (Feder et al, 1999), R 52 28 1 BUFETE
BT — oA ALY X SR, SE i S
A, RS R LIS NS f A BT, A
AR A 2 A A FIH R R E

* EFE AP AR WA S RK LR AT F LT B K P IR A A W R R O R B AR E R 3
H R = WK A Rl T % IR AR 2 AL AE S 80H” (2022YFD24005103)%F B, XI/N3#, Email: 1113006315@qq.com

O #EfEEE: ¢ £, #I%, Email: gx@ouc.edu.cn
Wk H #: 2024-05-09, Y& ek H9: 2024-11-07
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HSPAS (heat shock protein family A member 5),
MR EFE T 78 (Grp78)ak Sy bR A 1 HE kL
HHEHBIp), AEPURTEEAZE A (Hsp70)H H)— 1.
ZE 654 N EERA N, 5 A%, A04E N 5T
fE 9K NunAZ H A &3, C iR as &L —
A~ KDEL (Lys-Asp-Glu-Leu-COO-)JF 51| 45 X i 4 43
(Ibrahim et al, 2019; Jin et al, 2021), E A#FAKTEHE A
FIGEHEZL 5L, HSPAS 7E 40 R 38 5 b b & 5 5
U AE R o TE 40 I U R A1k . A R R | R
AL AN B 3 B =2 A5 2 R W IR U, HSPAS 131
Bk, #£1M 5 IRE1 (inositol- requiring kinase 1) \PERK
(protein kinase R-like endoplasmic reticulum kinase)
ATF6 (activating transcription factor 6)% K ESEA
KAMEAEH . X —HAERRE TS Z 5 E 5 HEE, &
itk PN IS O Jife RS2 PR VRO 0, O B A PR S TR
fE 5FaS(Li et al, 2006; Hangzo et al, 2017), #5845
IR, hspab J [ TR FE 2 5 X6k i et s 3 iy o g 50 72
4, v AL B S Y K B (Larimichthys crocea)
hspa5 J& K Hi P 2. 2 E 18 (Xu et al, 2018), JS &5 A8
I % (Oncorhynchus mykiss) (Xia et al, 2018), #&E fil
(Sebastiscus marmoratus) (Han et al, 2023)88/K =54
gl L B, AN, HSPAS i B 541 % & . Mk .
JHT . AMESEA YA R X AR A aE A TR S
TEBE Dt (Danio rerio) 4, hspab #: K25 T YEIR K &
B FE(He et al, 2017).

S E AT R, TR SR E R,
FILPR ZH 21 v hasp5 J PR ARG 280k 1 3R B0 i Wk 25 72
fk.(Sun et al, 2021), K hspab L P 75 £E i mfi 7 125 s
e R EEEAE R . I, f#bT HSPAS FEAL&
Tk oy 380 Ao R v %) Ty e R R T B X T 58 36 AR 05 7 =
T ARG SR R S o T S A i I AR
o7 XoF #3804 F AL, AR AR ST s B T AR
hspab H:[K, Jf-i i S i 2 8 it PCR (qPCR)FlAL
AR B8 55 7 VAR ST hapab TE AL [0 %o (e i Bk 3 R ) o 3
B

1 ##57%
1.1 SISEh

S T FHAE 5 I LU AR A8 AR T R B B K
PR BRITAEA ) o B SR AR KR 15~20 C,
ERREH 28~30, pH 7.5~8.0, PRIFA M S R 5.0 mg/L,
MRS RIET 1.0 mg/L (BKESE, 2021),

1.2 HEPBILESRE

o T TP 3 S 56 E LU AR A AR T R e B U K
HIF A R SHEA RS T, BEHUEERE . o . (RN
(22.6+0.45) cm . /R HE 4(102.19+3.56) g HY AL i) 1
11300 BB, SCERA A 120 L BEUBRE A RKH
ffir, FAEEARE 3T aEn, A 20 B
e, ERMNAEE S E N 30 C, BHREHRE, K
LA 1 °C/h B R T 2 S0 T TR R IR, BURE R
() 25 R Ak L B O RE 2 A 24 o8 C 4L, B s W38 0 h)
ERSATHRIS 6. 12, 24 F1 72 h, A A E) SN
AMELAE 3 R, BRSS9 B, H
100 mg/mL {1 MS-222 Xf BURE fa g4 7 Rk g, K I figk 1)
U2, 7R A P e VR s PR A2 —80 "C I vk
TS 2209 RNA $25L,

1.3 & RNA EE5#

W5 48 B BT 41 2080 C kAP ELH , HiRg &
1.5 mL RNase Free .08, A 1 mL TRIzol {7
(Invitrogen, FEEN)FT 3 NAEMER, AL EENL
HEATAR IR 78 /0 BFE (1 400 r/min, 4 MG, [0 078 58
SHAS A =S P BE( 1 mL TRIzol /il 0.2 mL
=T ), BIZIES 15s, K E#FE 10~15 min, &
IR0y 10~15 min (4 °C, 12 000 r/min)J5 , ZE18 W L
VE I IS MRS B G RNase 1544 1.5 mL g of
Ho B, 1A OIS AR FRRE A A TV S
IFRBERENUMBIRS YA, A=/ THE 10 min
PLSERCIITE o B 245 5 4RSI 250 15 min (4 °C,
12 000 r/min), 7 FIEW, ME.OETIA 1 mL 75%
L BE(DEPC KECHNEEHRIITE, BRERE 0 HNE,
EEOHLF T 4 °C. 12000 r/min 5 F &0 5 min
JEE B . B EECETIMA 1 mL 75%
(DEPC /K i) & YRR UIIE . 37 28 0 h il LB,
IR T T4 5~10 min (RNA AAJ 5140 T4, D% 5
i) . UUTE THEJS A 30~50 uL DEPC /K% f# RNA
TIVE, PRHIESIH 1 pL RNA AT 1% Bis b
EERCHL UK RNA 583, FIH BD-100 #8255t
{52 RNA BOZEEE 4 LA K ODago nn/ODasgo nm HUIE
(1.8~2.2 Nfct). K RNA 280 C kKA IR17 5
. $EEA RNA #% M8 PrimeScript'™ RT k7] &
(TaKaRa, HA)BLIA 5574 ¢cDNA, 4% —Fik
% 500 ng/uL T /F4LH) qPCR 525,

1.4 hspab HITEEFI LR EE PCR
TEAE B 1 2 7% B R 2H v 3T hspab 5 P Y FF ik



120 ook B

¥ B 546 4

Bel S HE (ORF)AZ MR T 91 o 36 FH S e s A5 31 9 cDNA
FAEAR, Il NCBI A9 Primer BLAST 3 (https:/
www.ncbi.nlm.nih.gov/tools/primer-blast/) i% i hspa5
S 2K 514 C-hspab (% 1), FIFH 2x Phanta Max
Master Mix (Dye Plus) i FLEFHAF GEMERE, FEHY)
#EFF PCR 14, FifE hspab JLA ORF Wy 4K FF .
PCR Witk 1% BB bl &8 e v VK 2647 70 25 el g
Fitif5 , M 5 min TA/Blunt-Zero Cloning Kit (ifiME%E,
B )R T DNA 7 Bei% 23] pCE2 TA/Blunt Zero
AR b W R A T A B R AT I
(Escherichia coli) DHSa Bk, 2 R0 # i 1k
PFATE TS, 2T IS 5 B MER Y hspa5 L[ ORF
KT,

R 8 A6 7 5 DR 20 33 R SRR D A AL 85 2 2% KL A
ZH AR E hspab H& P 9 4 it /¥ 51 (CDS), fifi | Primer5
B H NCBI Primer-BLAST 7E£8 T H %1 T qPCR
) 5 DR R S P 5 | 91 (RT-hspa) (Chuang et al, 2013), If:
F 1% B IR AHHEE I LK AT qPCR 96 i Hh 26 36 5 |
YIS E(EE 1. i ChamQ SYBR qPCR Master
Mix (High ROX Premixed) (iiME#E, B 5T), LAFESNY
18S A NZHEH, FIHH StepOnePlus™ Real-Time PCR
system (Applied Biosystems, 3&[E)#1T qPCR 5Z5
Jf R SR A R e, B 3 AN EYEEE,
FAAR 3 AFAREE, R 2 AT A
X e 3k B (Livak et al, 2001), SZ5HFTHROWAR R L3 2,

1.5 HSPAS S EBFIINEWERFEST

T A AT ST HbS E E AR RIZIRE , A
FARMT ZMEYFEE THMITE. 5%, 7
ORFfinder Mufi(https://www.ncbi.nlm.nih.gov/orffinder/)

BTSN E HT Y. BEJS, (5B ExPASy °F-
£ A% ProtParam T H.(https://web.expasy.org/protparam/)
RGBT TR T 5 B BRA PR 0T o 2R B K PR AE 3 A
i 1 ExPASy A9 ProtScale T.H (https://web.expasy.
org/protscale/) 5t i, . SignalP 4.1 Server Till{F = ik
(Petersen et al, 2011), TMHMM Server V. 2.0 il Il 4 &
25 Fg38{ (Chen et al, 2003), NCBI CD-Search 7t £k [ il
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) T
M2 45 F 38, fEF SWISS-MODEL(https://swiss
model.expasy.org/) Ul =458, il MEGA 11 #X
14 35 F 30 48 AH 4% 725 (neighbor-joining, NJ)A4 5 4t ik
AL (Tamura et al, 2021),

1.6 HALAEE. AEVIFIIHE &

T T RFFHLUE S M, B o RS
BUBRFIEZUIF7E & 4% 2 BH R 1xPBS %
B 18 h, LIRUEAZgiig, ble, im0 R
VEWGIEA T K AL, i ORI T3 AR AL B
P AT A, A2 Pl (Leica, 18 )
ALY 7 wm BWY R, W) 5 F 37 CHEFE
R T, LARBRIR KAy, TG4 HE YL@l
Ji AN 2 28 2

HE PGP BREHE: Bl AM R 7E 37 CHt
FarPHET 10~30 min, HE MRUAE I 2R [W] v B2
(AP RG P AT B A K AL B . SRS, VIR EE SRR
Kb e o DIARiC i MOA% , B 3R R RS 21k 3T H
KR . ZJF, YA e R [ R B (R0 kG b A7 B
IKALEE, S JEi s W ORE A, e
B JE B Y] R 28 ARG A RN EHRCR AR AT

%*1 EE ORF %[&H qPCR EFARIS| 4

Tab.1

Primers used for gene ORF cloning and qPCR

5|9 % #K Primer name

L3514 Forward primer (5'~3")

T 519 Reverse primer (5'~3")

C-hspa5 ATGAAGCTGTTGTGGGTTG CTACAACTCGTCCTTCTCATC
RT-hspa5 AGCTGCGTCGTGAGGTTGAG AAACTTGGCACGGGTCAGGG
18S GGGTCCGAAGCGTTTACT TCACCTCTAGCGGCACAA

%2 gPCRi&EZ
Tab.2 qPCR mixture

i3 Component

1AFX Volume

2xChamQ SYBQ qPCR Master Mix (High ROX Premixed)

Primer 1 (10 umol/L)
Primer 2 (10 pmol/L)
Template DNA/cDNA
ddH,0

10.0 pL
0.4 pL

0.4 uL

x uL

To 20.0 pL
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1.7 JRAIZ3R

H AR B3, 7ERHN CDS LaYE:
VXIS (R 3), TE BT S umdsin i
PRI SP6 A i 5 F(ATTTAGGTGACACTAT
AGAAGCG), 7 TSI Smds iyt s 17
B 4 Wi 19 55 3 T (TAATACGACTCACTATAGGGAG
ACA), DIEEH RS RE R M AR, PCR 9734 H 1)
FBL, B PCR Pt AT B AR E e re ok , ol FH g [l
W & IR T H Y B, #R4fE DIG RNA Labeling
Kit (SP6/T7) (Roche, Fi—t:)AY 1A UEF7 IR S 53

3274 1= 2 (DIG)ARIC A RNA #44 . DNase [ 4
1k DNA ¥t &L 2 BE ik alifk RNA, 58t
JCEETHIE RNA BREFADIREE, 1.2%3 IR 58 e FL Tk
oI B AT 10 e S B e B, DRAF T80 CA5 o
2T R AL IS B R B, T R T — RS
G it A K AL B ol FH B R A [ A (100%
95%. 85%H1 70%) AT AR LA B 1xPBS #E47 i e
Bk, 5, 0.2 mol/L HCLIEW et F, U
TG LN B IR TR PE B R . 26 PBS mk)E
BB R ET 37 CIEA 10 pg/mL AR K 1
PBS #1325 min, TR PBS whik vk 2 H i K.

=3 EMHEZFASIY
Tab.3 Primers used for ISH

5|¥) 4 FK Primer name

51#¥%1] Primer sequence(5'~3")

ISH-hspa5-F
ISH-hspa5-R

CGCATTTAGGTGACACTATAGAAGCGGGGTGACTCCTCTGTGCAGC
CCGTAATACGACTCACTATAGGGAGACATCTCAATGCGAGCCTGGTGC

SRy B 1k 1 H A AR S BT TR ) RNA BREE,
T & A 0.25% B W2 BF 1) = £ B e (TEA) ¥
(pH=8.0)i17T L WAL AL B, HF4E 15 min. Z )5, fHiH]
2xSSC W MPYEY | o FEARSCIRE T #F AT Wid%sc, 2%
2L MR H A (100t R 481 SR B , 50% 2% B 1 F ke,
0.5 mg/mL £} tRNA, 5xDenharts %, 5xSSC).
Tz sc il B 1 he BEIG , K& A RNA 455142505
W T 95 CAE M 5 min, FHEE TVK L 2 min, fi#
¥ RNA W aitt . B8 M5 i 438 5 TH4L
YIF b, 125y F2438 i 55 ‘CZ438 16~20 h, 2438
SERUG , AR (5. 2%, 1xF1 0.2x)ff) SSC
W MABT Rk oh el i o #2:45, BHDR
7 732 B P W (Roche, Fi )BT 30 min, FJ]
B IR 1 2 400 LU AGIFR BE ST DIG-AP Fab F B 50
BEBUAR (Roche, Fnb)EiEd14, ERTHE 2h,
BEMJE, F MABT #hik 4 IRVE 2 R4 & buik.

AL TR B BCIP/NBT Bl s 195 16 T 0 (238
FlacGamR, L), B 30~60 min, E5EH)5,
FHAK PR LR B, PR 2152 4% 30 s Je 4k ik
%, HIRVI R RER & 70%. 85%. 95%. 100%7
KA IR AR, B (8 PR I 7o FIRDG
2= WU (Olympus,  H A)XHI) B A7 WLES A4 e

2 HRE5HH

2.1 7E&f hspab MR B R L o 47

MAE L P ZH 3K B T #E85 hspab ) CDS 751,
Wit B A R Sanger M, WESE T & FIIH—

Pk, AW hspab FE )P 5 #F GenBank (https://
www.ncbi.nlm.nih.gov/genbank/) £ 4 i Hh B K 515N
MN646872.1, RELEB /HHTRBI(E 1), 5K
ff1 B £f1 (Siniperca chuatsi) . 7% fi:(Monopterus albus) .
T #(Oryzias latipes) . %% [F-} ffi(Betta splendens) . X
T4 46 (Oncorhynchus keta) . 18 i J# (Syngnathoides
biacul eatus) FI B £ £ 55 fifi 15 . 22 1) hspab RAAE — i
A — 325 WFLsh, an A (Homo sapiens) . /M fl(Mus
musculus) 5 21 J5. 39 (Gallus gallus) LA & #4953l 47 3k
JTUE (Xenopus laevis) B2k 75 Ah—37

2.2 hspabs EE K F 5o

hspa5 &K ) CDS KB 1965 bp, Zwf 654 4~
AR, T 1~16 AZ MR MY X B AE 5 K, TR0
ARy PRl 72.23 kDa, Z5HLA N 4.95, AFE
FBR 31.01, NEEE R EKMEER 1, JCES LS R

J7 51 He b R AR SF 5 A I o A 45 R o, RS
HSPAS 55 R f0 2 1 ] P14 5 1 e 5L 3 1 1 2%
HA 1 RS R HSP70 #8 F RS M (7 2). 16
firi HSPAS #E 1) —4EZ5H9 3R W], HSPAS ) K451
DL oo B8R, IEAAAERR A ORI i (E 3),

2.3 hspab HIRIEFEALL 5 #

qPCR &5 B/, 16 30 Cryiaiba b R, fE6s
() JFF I 2H 2 hspas 119 2R3 et i 38 BsF [i] 22 4 17 328 ¥
B, JFAE 12 h iR R R R, RS 7E 24 h F
72 h R FE(E 4), 1% W hspab J& K7 m= IR BT AT
REAAEAEME T, HAE 12 h ARG nT e S T
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ol

oo # R

74

76

e85 Lateolabrax maculatus HSPAS
KEH Larimichthys crocea HSPAS
WF 8 Siniperca chuatsi HSPAS

H s Monopterus albus HSPAS

546 &

H 1 Oryzias latipes HSPAS

66| 57

R [E 310 Betta splendensHSPAS

K Lhi& 1 Oncorhynchus keta HSPAS

1 Syngnathoides biaculeatus HSPAS

BELy 4 Danio rerio HSPAS

JEUNITYE Xenopus laevis HSPAS

100

96

£1 538 Gallus gallus HSPAS

INEL Mus musculus HSPAS

0.01

100] N Homo sapiens HSPAS

K1 HSPAS ARG KEW
Fig.1 Phylogenetic tree of HSPAS

Lateolabrax maculatus (MN646872.1), Monopterus albus (AG0O01985.1), Siniperca chuatsi (XP_044028988.1), Larimichthys
crocea (XP_010737097.1), Danio rerio (AAH63946.1), Oryzias latipes (XP_011480006.1), Homo sapiens (AA112964.1),
Mus musculus (NP_001156906.1), Gallus gallus (NP_990822.1), Betta splendens (XP_029024329.1), Oncorhynchus keta
(XP_035628195.1), Syngnathoides biaculeatus (XP_061656539.1), Xenopus laevis (XP_018084185.1). Bootstrap is 1 000.

T ERNA 1) —Fh 2R RN, 15 TEIE R
H Y7 A RIS T TE R R

HE %0 238 IR ARG -4 YL 4 (Hematoxylin and
Eosin staining), iXJ&—fH HIHL 2R EGH AR, T
THE WA TS 54 . 75 HE G iy i IEZ 248
VIR b, 35 AT DAL 30 v e i JiiORT 248 e 5 (181 5)

HR A o7 il b B A8 o7 JH I 2H 21 v hspa 55 P4 i) 3%
RGBT, R H AT 2 A8 B R X i A 3L A A 8 JH
hspa5 mRNA #4747, 45 HE Gt FR AL 2% 38 1
g5 R IR S 5 0 e R e ) R, R
hspab [ mRNA F BH A5 45 32 22 3 BUTE SR A% 248 7
20 S5 (1 6) o

3 ifip
3.1 L8 HSPAS SIEBREHM SHL T

TEARSZH H, ToRE T gt 654 NEIERR Y hspa5
cDNA HYFT L B EHE . HSPAS fY4E I BRT 1~16 P4
TR X IR 5K, AR A 638 MR, TG
PEEEE R, S — R IR e

4T A A BT HSPAS 8 B9 2 5L 12 17 41 5 Hofth
ELHII RIS HSPAS MR LR 7 FIE T iR, 45 %
WY, SR s 8 S I A B AR AL, FE 65 HSPAS
EAE — N EERASER HSP70 BB FE RS, B9

g5 5 ARSI = HT AT Y AH BN IE(Sun et al, 2021), &
fifi HSPAS 24518 7 91K BE I — R 45 H RS . K
W O M0 28 T EL Y A — B AL HSPAS
(A5 5 KA HSP70 #APR 5 2 (A S Rl RE A7 A2 TR 3L
YA HSPAS b AR K I, ffiH
HFLEIY . 250 HSPT0 45k Bl 75 28 5L e ) vh s
(S S~ 1 G S S N N 2= W I RS
(Caenorhabditis elegans) H . # & #i (Otterson et al,
1997; Radons, 2016), 38086 X I AT e X F 5 5
ATy RE H A HELN R X

2% HSP70 FEi#Ffk b HA RSFHEXu et al,
2018), RPIMEERAEW E il bW & M (Han et al,
2023), AR ARG LB s, {66 HSPAS 5
HoAth s £ 7E R R 7 91 L HLA R AR,
HY5Re M, g, wmigk, HHSHAL%mEk
FIAFALPE R, XL HSPAS 25 11 45 78 fa 25 ke
XFPRSF

32 78 hspaS BERAE R RMIE THIRIEHF=

HSPAS {125 —Bh N R NI L AR A 2R
T 2 iy A AN T SR f 6 A RTTE R, JE i
25 hspab YT, AT UA R0 22 i A A = 20
A0 5T, o hspab TEANML AR ML, FF
Il T IR 4 A L 8 b 4 A (2R, 2009)
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Hsp70
p.o.o.o.o.o.a.%.lo.o.o.o.o.w £> i>TT£> TT ﬁ» ﬁ T -
1 10. 20. 30. 40, 50. 60. 70,

GTVHMGIDLGTTYSCVGV
GTVYGIDLGTTYSCVGV
GTVHMGIDLGTTYSCVGV

NGRVEITANDQGNRITPSYVAFT J
NGRVEIIANDQGNRITPSYVAFTY
NGRVEIIANDQGNRITPSYVAFT

NGRVEIIANDQGNRITPSYVAFTY
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—_—
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Fig.2 Amino acid sequence analysis of hspa5 gene in L. maculatus

LROZFIR HSPAS IS TR, LLOASRIR HspT0 MG IR A5 H, @ TR I L B 3 A R 19 8 A Bt & 07 2.
The green line indicates the signal peptide of the HSPAS protein, while the red line highlights the conserved structural domain
characteristic of the HSP70 superfamily. The black arrows and curves illustrate the diverse folding mechanisms of the proteins.
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Fig.5 The HE staining result of liver tissue in L. maculatus
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Blood vessel; CV: Central vein; LC: Liver cells; HS: Hepatic sinusoid.
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Fig.6 Localization of hspab in the liver of L. maculatus

A: JFNEZZ HE 85258 B: (72 scFNEZH S hepab FHVE(F S5 C: BIPEXT R,
A: HE staining result of liver; B: Positive signal of hspa5 in liver by in situ hybridization; C: Negative control.
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Expression and L ocalization of hspa5 in Response to Thermal
Stressin the Spotted Sea Bass (Lateolabrax maculatus)

LIU Xiaoqiang, FENG Chunhui, WEN Haishen, LI Yun, JIANG Tianyu, QI Xin"
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract The Chinese spotted sea bass (Lateolabrax maculatus) inhabits the coastal regions of China,
Japan, and Korea and ranges from the southern border of Vietnam to the western coast of the Korean
Peninsula. This species holds considerable economic significance in China and is highly valued for its
nutritional content and taste. Temperature is a crucial environmental factor influencing the biological
functions of aquatic animals. Global warming and the widespread practice of intensive aquaculture have
rendered high-temperature stress a major challenge for L. maculatus farming. Heat shock proteins (HSPs)
are essential in cellular responses to thermal stress. Among them, HSPAS (also known as GRP78 or Bip)
is a member of the HSP70 family that plays an essential role in mitigating endoplasmic reticulum stress
induced by various stressors, including temperature fluctuations, oxidative stress, and nutrient deprivation.
In this study, we elucidated the molecular response mechanism of L. maculatus to high-temperature stress
and focused on the role of HSPAS in liver tissue. We cloned the hspa5 gene from the L. maculatus,
performed amino acid sequence and evolutionary analyses, and investigated its expression and
localization in liver tissues to clarify its role in heat stress response.

To further investigate the properties and functions of HSPAS, we cloned the open reading frame
(ORF) of hspa5 using the L. maculatus reference genome and conducted bioinformatic analyses. The
ORF of hgpab was 1 965 bp in length and encoded a 654-amino-acid protein. The first 1-16 amino acids
formed a signal peptide. The protein was predicted to possess a molecular mass of 72.23 kDa, an
isoelectric point of 4.95, and an instability coefficient of 31.01. It was characterized as a stable,
hydrophilic protein without transmembrane structural domains. Sequence comparison and conserved
domain analysis revealed that L. maculatus HSPAS5 exhibited higher homology with bony fish than with
mammals or birds and possessed a conserved domain characteristic of the HSP70 superfamily. Structural
modeling indicated that the secondary structure of HSPAS was predominantly composed of a-helices,
accompanied by some irregular coiling.
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To investigate the response mechanism of hspa5 in L. maculatus under high-temperature stress, we
analyzed its expression in liver tissue using real-time quantitative polymerase chain reaction (qPCR)
under a 30 ‘C heat stress condition. The fish were acclimated in an environment with temperatures
ranging from 15 to 20 °C, salinity of 28-30, pH levels of 7.5-8.0, dissolved oxygen >5.0 mg/L, and
ammonia nitrogen levels <1.0 mg/L for 2 weeks. The expression of hspa5 mRNA was measured at 0, 6,
12, 24, and 72 h after heat stress exposure. The results showed a gradual increase in hspab expression
over time, peaking at 12 h, followed by a decline. This indicated the crucial role of hspa5 in the hepatic
response to high-temperature stress in L. maculatus.

To determine the cellular localization of hspa5 in response to heat stress, we performed in situ
hybridization and hematoxylin-eosin (HE) staining of liver tissue sections. In situ hybridization results
demonstrated that hspa5 mRNA was predominantly localized in the cytoplasm of hepatocytes and
confirmed the active involvement of HSPAS in the hepatic response to thermal stress. HE staining
revealed characteristic liver tissue morphology, including distinct features (e.g., the central vein and
hepatocytes), under both normal and high-temperature conditions.

These findings suggest that hepatocytes are likely the primary cell type that responds to
high-temperature stress and serves a protective function. Under heat stress, hepatocytes may enhance their
cellular tolerance to heat injury by upregulating hspa5 expression. This increased expression may aid in
alleviating liver damage induced by high-temperature stress and promote liver tissue repair. In summary,
this study elucidated the expression pattern of the hspa5 gene in L. maculatus liver tissue under
high-temperature stress using real-time qPCR, HE staining, and in situ hybridization. The findings
enhance our understanding of the functional role of hspa5 in heat stress responses and offer a theoretical
basis for the management, selection, and breeding of high-temperature-tolerant L. maculatus strains.

Key words Lateolabrax maculatus; Heat stress; hspab; Quantitative real-time PCR; in situ
hybridization



