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tPa ER] 38 e S =S 12 S N B R S e
WA 73 A (IRAR AR, 1955; XUEHSE, 2015), BEZRH

HEEihsp70 BEERREREERRAEREZET
R Ll b Se AL S

OB RALY EZE’ £ K X K’ ABEY WER’
(1. B RSFK S0 Bl 2013065 2. JEUK R 0F 98 B 21 K 7 BF 92 BT
TR SRR A F R L Em il TGS E IR HY  266071)

HE #AK 7 & A (heat shock proteins, HSPs)7E & 2£ By 5 3 5 % % R R W & 1% 8 o 4 380 34k
JH, HSP70 ZZ Kkt E Z &k 7 . AE T PR E & 7 K P L5 & £ % & 8(Seriola aureovittata)
AKKEFWNEEER, AR TEREGET E L8 hsp70 L H 2K cDNA F 7|, %A €& PCR
BAMETHAL D AREFHEKAFTHLEFHRABFMEERD T, & L8 hsp70 3 F ) cDNA
JFA A% h2332bp, HE#, 5-UTR K& 4 187 bp, ORF K J& % 1920 bp, 3'-UTR K & 4 225 bp,

G 639 MR A, B A FEN 70.1kDa, %W AN 5.16, # 5Hf hsp70 mRNA By 41 2k ik B
HURNZARER, Lo, EHESE O, BT EAL P R EEKRIAP<0.05), HUIFEFE
KERE; EHEEER. £, KEMEEAARFFHRIAP0.05), HUBTRAERT. KEAF
AN FRESN DR, FEINEAN I P TRINE hsp70 8y kK, & A A FRZLREE,
BB, AR K B AT AR &/ i 0 T AR 2] Asp70 mRNA Bk ik, BARERBEZ TN ALE N
B—ERFREKEAT, ERGIHIT4HEZF KK P<0.05), HERFEMAFREERLEKT,

FERRFIBACE K, A4, hsp70 mRNA AT afn 1 diF b Ekik, HE4E
4d {8 F 8 FEREP<0.05), EEEE KA, TI15dFaKREHE, HEE20dF&EE T%,
HAE25d G afnd & PIRFA AT RIKE KT A RLERTHENNRE L0 hsp70 2L F #4244
HAE. KAERBRARHMAKKX TN BENERLRE R ERE

KA BN hsp70; REE K, RAEE; T AEEL

hESES S9174 TEIREEE A XEHRS  2095-9869(2023)04-0055-09

T 2&Mii(Seriola aureovittata)tt-—FhTE 4 FR K 38 IRRIK , Wedk B, WIR6ESE . BRFER . EEH
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PGB BRI R, SR, 5 2R 0R7E v A0 S B B B
XK SRR IR A R N BB U, S B
e S0 DAL S I e s AU T Y I R g, S
AR F RS RAC, K, A B SR
S A R B IR DR Tl ) A BN A ML, Ry
SERRE I B AN B HOR SR AEEIB AR YR

PR 535K [ (heat shock proteins, HSPs)J&—28 H
A RSP A I oy T RER, TIZAEE T A L ML
S FIAE Y, 6 X I e ) 45 T & PR A SR AE
FH(Hartl, 1996). M4 5+ K/ R T 51 [
P, IIREE A — B 5 A EZZ: HSP100,
HSP90. HSP70, HSP60 Flfik 7>+ & HSP (Surajit et al,
2011), HSP70 J&#K e 85 R h i o E B — I,
HA TR . 59 DNA | BSR40 it 32 fe J1 254
YI2FohRe, Rl RAEE IR T, HSP70 AEDMBhAS M 2 1
Sk DR AR W 1A H 52 151 1)1 (Heredia, 2008; Deane,
2006; Rosic et al, 2011), 7E/K =44, Xt HSP70 (1)
WRFRHER )1z, E AR v e L 0 PR3 Jilh 36 385 7 ) 2
FEa A Fn 4 e f& & 7 i (Hangzo et al, 2016; Abha et al,
2020; Sun et al, 2021); 7E ALK & T TR
B X A (Siniperca chuatsi)FRE S i (Danio rerio)
IRFFR LB, hsp70 25 SRR Bt R (CE S K,
2014; Evans et al, 2005), W57 % Fl RACE (rapid-
amplification of cDNA ends) e fEHAS T &5 5&Mifinsp70
FLH I cDNA JP31, J4En T HA 2R KR, #RH
THAE R AT HEgh K R F R v i 22 5 R GR
PR BTN T R AR K Rk B N A AR T
F14) IO B0 D 2 R AR i (L B R A

1 MR57EZ%
1.1 SEIEMA

SEHRHH 1 AR A K E A B A RA T,
4K M (44.0£3.5) cm, 1K N (822.5+212.9) g, ]
MS-222 (80 mg/L) 4 pRIF £, R At 51 B ity . Sl
R0 BFLML EL CKEL H L . DLREIEERR,
B TR RAT, A S0 % J R 3180 C UKAR IR
e

2020 AFEAY AR A A B BT, A RE
EAEMARAFRET 17 DNARFE K F BRI
FEah, RGN . 2 4UREH . 4 4UHEI . 8 4HAulY .
16 400l . 32 400 . 64 4nffull] . Zaniuly . RE
PR SR REEAR . R R S
PR . IR 12 8. IR 2/3 JRT AR

WAL RAE TAFHEGfRR S, . LS 1, 4. 7.
10, 15, 20, 25, 30, 40, 50, 60 d FEf5h. BRI
FTRA P LR, % E-80 CIUkKM I~

1.2 X RNA $2EUF0 cDNA £—$ &M

U SRR (0O A A ZURE A 45 29 20 mg, # MR
TRIzol &5 (TaKaRa, HA)UiBHBIEIT RNA 25,
. RNA LA NanoDrop2000C (Thermo, 3 [E)43606E
T e e BE, B i RNA H F RS, L
SMARTer® RACE 5'/3’ kit (TaKaRa, HZA)& M 5' &%
3'-RACE cDNA % 1 5, HIT hsp70 BEH A Ko
LI PrimeScript™ 1 1st strand cDNA synthesis kit
(TaKaRa, HA)E i cDNA %5 1 5%, T hsp70 mRNA
HAURIR R T SR SRR BB A T

1.3 E&HH hsp70 ERZO K K=

DINGZHZY cDNA #iH, ¥t 3 XI5 14 (HSP70
F1. HSP70 R1; HSP70 F2, HSP70 R2; HSP70 F3.
HSP70 R3) (3% 1), ffiHEY Tug DNA REMIR G
(TaKaRa, HA)HEATYHE, 550X hsp70 FEH O A
BtiF4T PCR U714, 3 K PCR KRR 25 ul: 0.2 ul
TaKaRa Ex Tag. 2.5 pL 10x Tag Buffer. 2.0 uL dNTP
Mix (2.5 pmol/L), 0.5 pL #ikg. 1.0 uL E[@F[H
(HSP70 F1. HSP70F2, HSP70F3). 1.0 pL JZ |59
(HSP70 R1, HSP70R2. HSP70R3). 17.8 uL ddH,0.
PCR 44 :95 ‘CHIAEYE 10 min; 95 CAEE 305,55 C
Bk 305,72 ‘CHE{H 1 min, 3£ 38 NMEFR; £ )5 72 C
FEAH S min B 7= P A 1.2% 0 Br BB G FEL T AGE
H By & =9 A SteadyPure DNA %1% [P &5
(AG, E)E, B 9i%4 3] pEASY-T1 simple
# A& (TransGene Biotech, H &), J5% A Transl-T1
Phage Resistant /&322 41 fifl (TransGene Biotech, H
), B S Lh G A T A 2 R EARR R,
37 Cl R PR sipEmETs T A% N I LB Wik
Wigesd, 37 °CF 200 /min $#£3% 2 h, ®#K PCR ¥
RS, HE 0 A R ek A AR T AR TR (1)
JReAR A B2 I

1.4 FEEH[ hsp70 EE 5'im 50 355 F 5418

HRHE AT hsp70 FE A0 v BE ik 1T RACE 514
(F 1), ffiJ] Smart RACE Advantage 2 PCR 5| £&
(TaKaRa, HZA)#FATH 3%, 55 1 IR PCRK &R : 17.5 uL
RNase free H,O. 2 pL Buffer, 2 pL 50x ANTP mix .
0.5 pL 50x Advantage 2 polymerase mix., 1 uL cDNA .
1 uL 51#I(HSP70 3'F1 Fl HSP70 5'R1) (¥ 1) 11 uL
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F 1 EEKHF hsp70 EEREREERARMASIY

The primer used for cloning and quantitative expression of S. aureovittata hsp70

5|4 % FX Primer name

5|¥) %) Primer sequence (5'~3") H %) Purpose

HSP70 F1 CAACGCAGTCGTCACAG Partial CDS
HSP70 R1 CGATGCCCTCAAACAGA

HSP70 F2 AAGGACATCAGCCAGAACA

HSP70 R2 TTCTGGACTTTGGGGATT

HSP70 F3 GCTGTGCTCCGACCTGT

HSP70 R3 GCCAGGCGATGGTCTCA

HSP70 3'F1 GAGGCTCCACCCGAATC 3'RACE, 1st PCR
HSP70 3'F2 GGAGTCCTACGCCTTCAACA 3'RACE, 2nd PCR
HSP70 5'R1 GTGATGGAGGTGTAGAAGTCG 5'RACE, 1st PCR
HSP70 5'R2 CTGGGACTGTGACGACTGC 5'RACE, 2nd PCR
UPM (long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT  Universal primers
UPM (short) CTAATACGACTCACTATAGGGC

q-HSP70 F ACCTTCGACGTGTCCATCCT qPCR

q-HSP70 R TGGCTGATGTCCTTCTTGTGTT

18S F TACCACATCCAAAGAAGGCA

18S R TCGATCCCGAGATCCAACTA

UPM (long), #£25uL, PCR #"#5414F: 95 °C 5 min;

95°C 30s, 54 °C 1min, 72 °C 5min, 38 MEH;

72 °C 5min; 12 CPRAFE. LI%E 1 K PCR W= YH B
10 5 M4, A7 5250 PCR 738, WA &R : 16.5 uL
ddH,0. 2 pL Buffer, 2 pL 50x dNTP mix. 0.5 pL 50x
Advantage 2 polymerase mix., 2 pL ¢cDNA. 1 uL UPM
(short)F1 1 pL 514 (HSP70 3'F2 I HSP70 5'R2) (¥ 1),
325 L, PCR ¥ 1§ 2525 1 )k PCR, PCR =¥ T
1.2%35 5 W B e v kAR DU 5, X B 8 2%t AT [l
W ARG . Fedk . TEIE AR SR I

1.5 EEHEf hsp70 EE R EERIEWEN

MR 5 25 2500 hsp70 cDNA JFHI BT E #5149, W
18S rRNA H £ {#i [ Light Cycler 96 Real-time PCR
{%(Roche, Fi+), f#iH] SYBR™ Green Premix Pro Tag
HS qPCR Kit TTikH&(AG, HE), 7E# 5[4
21 WG AT RES frp P BE R . PCR KRl 20 pL:
2xSYBR® Green Pro Taq HS Premix II 10 pL.
ddH,0 7.4 L, cDNA #if 1 uL. 5[4#(10 pmol/L)4%
0.8 uL., PCR P M 45fF: 95 CHIZEME 30 s; 95 CTAF
PES5 s, 60 CiBk 30 s, 72 CHEMF 30 s, H 40 M
o R 22 IETR hsp70 FE Y FRIA

1.6 HIBELIER ST

1 3 B SignalP 5.0 Server (http://www.cbs.dtu.
dk/services/SignalP/) Tl I ¥ 45 8 hsp70 FE K 1155
Ak, FIF] ExPASy (www.expasy.org/tools/protparam.

htm) TN 8 H &5 A0 755 . 14K F DNAman
6.0 (LynnonBiosoft, 3¢ #1521 Asp70 HH cDNA
FEo R Bol AT b, 1331588 cDNA JF51; fiiH]
NCBI %4 J# (https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi) #F 17 25 £ B 0 Bl ; 38 &F SWISS-
MODEL H gt BT 55 & ProMod I 251t
= %R A i 45 (http://www.expasy.org/swissmod/
SWISS-MODEL.html); & f] MEGA 7.0 #4347 [A] I3
FEA X, 0 40 422 10 b el R 1) 3R e it AR

1 000 RE R I H B . KA SPSS 26.0 #{:(IBM,
S ENHHET B K 2243 M7 (one-way ANOVA), i
Duncan 4tit A FEHTEA R ZH A FAE L F By
B A XS RIKAKF I 22 57, BEMOKFE P k&N
0.05, 4 P<0.05 Mk Ry 25 53 .3

2 #R

2.1 EEHihsp70 B 5 £ KA EHHFE

B4 hsp70 FEN A cDNA 42K R 2 332 bp, H
Hi, 5'-UTR KJ¥ 4 187 bp, ORF KJ¥H 1920 bp,
3'-UTR KN 225 bp, itz BEMR 639 1>, HEMK
-k 70.1 kDa, SEHLE R 5.16 (B 1), JFFIH 17
TEAE L0 MBS ERAE 19 22 ¥ RARFEEL I T C-3fi () 41
5T e L RRIE LY EEVD. A 3 A~ HLAIRY HSP70
FIGEARZEHF IDLGTTYS ., IFDLGGGTFDVSIL i
IVLVGGSTRIPKIQK ,

N SWISS-MODEL # 4+ ProMod II 2 /7 X 3k
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FHA L 250 hsp70 25 (M ZSAG EATHUN(I&T 2) 2R SEMBUE M 4 DB AL 2 DHAREHE ; R £
/N, hsp70 ZS [ ZEM R 3 BN . ATP MfZS G 45H  IRESHWIB A S GIRY Z R 6E, 2 A
B RV Z RS BRI C iz k. Foh, ATP BgZs A, BT iR eSS A I

1 aggctgagttctatacgactcactatagggcaagcagtggtatcaacgcagagtacatggggaggageacagagagaagactacaagaag
0] aagaagaagcagcggagagagggacacaacacatcaggaacctcttcaaactattttctcatctttcaacgagagacaccaattcaaacc
181 aac caagTCTGCAGCTAAAGGTGTAGCGATCGGCATCGACCTGGGCACCACCTACTCCTGTGTGGGGGTTTTCCAGCACGGAAAAGT
1 M SAAKGVAIGTIDTLGTTYSCV GV FQHGTI KV
271 AGAAATCATCGCCAACGACCAGGGCAACAGGACCACCCCCAGCTATGTGGCCTTCACTGACACAGAGAGACTGATTGGTGACGCAGCCAA
2 EI I ANDQGNRTTPSYVAFTTDTETRTLTIGTDAAHTK
361 GAACCAGGTGGCTCTGAACCCCAGCAACACCGTGTTTGATGCCAAGAGACTGATTGGAAGAAAGTTTGATGATGCAGTGGTGCAGGCTGA
s9 NQ VALNPSNTVFDAKRLTIGRI KT EDDAVV QATD
451 CATGAAGCACTGGCCCTTCAAGGTGGTTTCAGATGGAGGGAAGCCCAAAGTTCAGGTGGCGTACAAAGGGGAGGACAAAGCTTTCAACCC
g9 M K H WP FKVVSDGGIK?PI KV QVAYKGETDZE KA ATFNP
541 TGAGGAGATTTCCTCCATGGTCCTGGTGAAGATGAAGGAGATCGCTGAAGCCTACCTCGGCCACAAGGTGTCCAACGCAGTCGTCACAGT
119 EE I S SMVLVKMIKETLIAEAYLGHIKVYVYSNAVV TV
631 CCCAGCGTACTTCAACGACTCCCAGCGACAGGCGACTAAAGACGCGGGCGTCATCGCAGGACTTAACGTCCTGAGGATCATCAACGAGCC
149 P A YFNDSQRQATT XKDAGVYVYIAGLNVYLRTITINEFP?P
721 GACGGCGGCCGCCATCGCGTACGGTCTGGACAAAGGCAAGTCAGGAGAACGTAACGTCCTGATCTTTGACCTGGGCGGAGGCACCTTCGA
179 T A A ATITAYGLDIKGE KSGERNVYVLTITITEDLGSGGTTFD
811 CGTGTCCATCCTGACAATCGAAGACGGGATCTTTGAGGTCAAATCCACGGCCGGGGACACTCACCTGGGCGGAGAGGACTTTGACAACCG
200 VS I LTTIEDGTIFEVKSTAGDTHLTGGETDTFTDNR
901 CATGGTCAACCACTTTGTGGAGGAGTTCAAGAGGAAACACAAGAAGGACATCAGCCAGAACAAGAGAGCCCTGAGGAGGCTGCGCACAGC
230 MV NHFVEEFIZ KRIKHEKTZ KXDTISAQNI KRALIRRLT ERTA
991 TTGTGAGAGGGCCAAGAGGACGCTGTCCTCCAGCTCCCAGGCCAGCATCGAGATCGATTCTCTGTTTGAGGGCATCGACTTCTACACCTC
260 CERAXRTLSSSSQASTETIDS ST LTFESGTITDTFYTS
1081 CATCACCAGGGCTCGCTTCGAGGAGCTGTGCTCCGACCTGTTCAGGGGAACATTAGATCCGGTGGAGAAAGCCCTGAGGGACGCCAAAAT
29 I TR ARFEELTCSDLTFRGTULDZPVEZ KA ALT RDAEIKM
1171 GGACAAGGCGCAGATCCACGACATCGTCCTGGTGGGAGGCTCCACCCGAATCCCCAAAGTCCAGAAACTCCTGCAGGATTTCTTCAACGG
329 DK AQI HDTIVLVGGSTRTIPIKTIO QI KT LTLA QDTFTFNSG
1261 TAGAGAGCTGAACAAGAGCATCAACCCAGATGAGGCGGTGGCTTACGGCGCCGCCGTCCAGGCCGCCATTCTCTCAGGTGATACCTCTGG
3 R ELNZEKSTINPIDE AV AY GAAVQAATITLSGDTSG
1351 CAACGTTCAGGACCTGCTGCTGCTGGACGTGGCCCCTCTGTCCCTGGGTATCGAGACAGCGGGAGGAGTCATGACATCCCTGATTAAACG
33 N vV QDLULULULDVAPLSLGIETAGGVMTS STULTITE KTR
1441 CAACACCACCATCCCCACTAAACAAACCCAGGTCTTCACCACCTACTCTGACAACCAGCCCGGGGTCCTCATCCAGGTGTACGAAGGGGA
419 NTTTIPTIEKQTQVFTTYSDNQPGVLTIG QVYZESGE
1531 AAGAGCCATGACCAAGGACAACAACCTGCTGGGCAAGTTTGAGCTGACAGGAATCCCACCTGCTCCACGAGGGGTCCCACAGATCGAGGT
449 R AMTI XDNNLILGIKT FELTSGTIPPAPRGYVPQQTIEV
1621 CACGTTCGACGTAGACGCCAACGGCATTTTGAACGTATCTGCGGTGGACAAAAGCACCGGCAAAGAGAACAAGATCACCATCACCAACGA
479 T F D VDANGTIULNVSAVDI K STGE XENEKTITTITNTID
1711 CAAGGGCCGACTGAGCAAAGAAGAGATCGAGAGGATGGTGCAGGACGCCGACAAGTACAAAGCTGAGGACGACCTTCAGAGGGACAAAAT
59 K G R LS KEZETIERMYQDADI KYIKAETDTDTLTUG QRTDIKTI
1801 CTCTGCCAAGAACTCGCTGGAGTCCTACGCCTTCAACATGAAGAGCAGCGTGCAGGACGAGAACCTGAAGGGCAAAATGAGTGAGGAGGA
539 S AKNGSLESYAFNMIKSSVQDENLZEKGTZ KMSTETEE
1891 GCAGAAGAAGGTGGTTGAGAAGTGTGATGAGACCATCGCCTGGCTGGAGAACAACCAGCTGGCTGATAAAGACGAGTATCAACACAAGCA
569 Q@ K K vV EKXKCDETTIAWILENNQ QLA ADIEKDTEYQHIKNQ
1981 GAAAGAGCTGGAGAAAGTGTGCAACCCCATCATCAGCAAGTTGTATCAGGGAGGAATGCCTGAAGGTAACTGTGGAGAGCAGGCACAAGC
s99 K EL E KV CNPTITITSI KTLYQGGMPETGNTCGEH® QAZQA
2071 CGGCTCCCAGGGGCCCACTATTGAGGAGGTGGACTAAagtgtccecttaatatggactctgtgatcactgtaacaataacgttatacctea
629 G S Q 6 P T I E E V D =*
2161 tgtttgtgggtttttgttccagacatttatatgtttaaacttaacaatcaagaaattataagaactgaccatatttttacaaagttgeat
2251 tgctggactttgcaatgaagataaaatgtgaatacatcttaatgtttgttttggtttcaataaaattacttgaatcaccaaa

B 1 B 48l hsp70 £ 42K cDNA F51) K e S i & 5% 51

Fig.1 The complete cDNA sequence and deduced amino acid sequence of S. aureovittata hsp70

ORF IR FHL7R, 5-UTR Ml 3-UTR fI/NG FRER R . BIRE T IHE R, ZR% 7 AR ShRi:.
BARZ AT N hspT0 G- FIEFF o
The ORF domain is indicated with uppercase letters, and the 5'-UTR domain and 3’-UTR domain are indicated with

lowercase letters. The start codon is boxed and the stop codon is indicated with asterisk.
The conservative motif domains of 4sp70 gene are shown in shadow.
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P2 T Y B AR BT HSP70 =20 451
Fig.2 The predicted tertiary structure of HSP70
of S. aureovittata

22 RERFIIERRMEILRI RS

X} 8 S BIAN HAt 5 ME S WY hspT0 J: DA Y 2 B 1R
JEANHEAT RN X (R 2), FFeetl 1T 25 mR
JPANI NI RGEFEA (E] 3). S55RBon, 25005 [H
A% H (Perciformes) WK 5 WH(S. lalandi dorsalis)i
hsp70 [RIJEMERR, 15 99.5%, HK A EASE(Seriola
dumerili), ik 98.9%, 5#JF H (Cypriniformes)FlfEIE
H (Salmoniformes) ) £ 4 & R, 5 MiFLAH AL 3]

WREG G R . RG], FIE 5%
BT HSP70 5 K 815 RBTHSP70 5 — /N3,
5 H AR B REEE B B2 R K3, RUIEBR
(Carangidae) 125 hsp JEPH 1YL RS 0 R MR .

2.3 EEHfihsp70 mRNA HI4H 4 Rk

Kl T hsp70 B DR 75 WA R 41 2 i 65k, R
R4S 4 41 Fp Y RGN 3] hsp70 H2 R mRNA 35 (F 4),
O£ D) B S SRR K e, HEROMER L O T
FFE L FE B RN T A S LA 2 2 PP I R ik s M b LB
2021 hsp70 mRNA Fih/K g 35 5 T HAR A 2, Hk
FEFER | Sk B ARG S B m Rk, eI A A
AP AR TE, R hsp70 FeDHAE #0017 1K)
H A F A AN AE D RE A AR, HA B 4 51
O

2.4 E&KHhsp70 EF mRNA ERERBRA B ZERH

ARG KB, AR DN AT Y 52 8 B o AT A I )
hsp70 (%R, FRHLEA FEARBAG M. ERG
KA AT TR F] Asp70 mRNA [
ik, TEAREIRATA A B HEL, hsp70 mRNA — EA£HF
BARFIB K, e ET I s o 25 L RE, H)E
P45 A X A8 i 2 38 KO 2 R G 0% AL A 58 0
(P<0.05)( 5)

x2 EXRUISHMEHESY hsp70 EERSEEF 5 EIFE S /%

Tab.2 Homology analysis of amino acid sequences of 4sp70 gene of S. aureovittata and other vertebrates /%

1 2 3 4 5 6 7 8 9 10 11 12 13
1
2 86.1
3 90.1 85.4
4 86.5 83.6 83.8
5 90.0 89.8 86.0 85.2
6 88.1 83.9 86.3 85.5 85.3
7 86.4 84.7 85.1 95.5 86.2 85.6
8 81.1 76.7 79.0 82.7 79.1 80.5 83.3
9 91.7 85.7 89.3 85.1 89.4 86.7 85.6 80.7
10 86.5 96.0 85.5 83.3 88.9 83.7 84.1 76.3 85.9
11 915 85.7 88.1 86.0 89.8 85.9 86.0 80.0 94.2 86.3
12 919 85.4 88.5 86.2 89.5 86.2 85.7 80.9 94.4 86.3 98.4
13920 85.7 88.5 86.0 89.8 86.4 86.0 80.4 94.7 86.3 99.5 98.9

&l
1L KW 12, SR 13, HOOREN,

skt 2. M, 3.0 KEifa; 4. MEG 5. BRF OB, 6. JRIERE; 7. 4+ 8. J%; 9. FARfa; 10. nrfy;

Note: 1. Megalobrama amblycephala; 2. Micropterus salmoides; 3. Larimichthys crocea; 4. Mus musculus; 5. Epinephelus
coioides; 6. Xenopus laevis; 7. Bos indicus; 8. Sus scrofa; 9. Oreochromis mossambicus; 10. Oncorhynchus mykiss; 11. Seriola

lalandi dorsalis; 12. Seriola dumerili; 13. Seriola aureovittata.
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97 @ E AW Seriola aureovittata

100 % K15 Seriola lalandi dorsalis (XP023251583.1)
86 RS Seriola dumerili (XP 022624292.1)
KREEhE Scophthalmus maximus (AWP19509.1)
66 | L Wk Oreochromis mossambicus (CAA04673.1)
85 BELh 44 Danio rerio (AAF70445.1)

99 345 Megalobrama amblycephala (ACG63706.2)

77| Ki#Efa Larimichthys crocea (AMD39542.1)

R PEHA Epinephelus coioides (ACN52063.1)
99 o8 ————— UT8 Oncorhynchus mykiss (NP 001117704.1)

JT0T0) S Micropterus salmoides (QID01057.1)
JEER Xenopus laevis (AAH78115.1)

JNBR Mus musculus (AAC84169.1)
100l 4 Bos indicus (QGWO08891.1)

99

¥ Sus scrofa (NP 001116599.1)

|
0.02

K3 EARBIHSPT0 5 A EHES P N RGEHEALR
Fig.3 The phylogenetic tree of HSP70 of S. aureovittata and other vertebrates by neighbor-joining method

< <
Z l4r Z 140
E ool 1 £ d
12t
e d Ee 12 1
210 ¢ &2 100]
25 o ‘ =5
i o 80L&
<% 6 < g ol b ¢ be
Eé 4L b . §§ H babc
[y 8 al o~ 8 al
g8 2f abm ab ab 2 8, ﬂ a
a2 X Q' & a a a
=o ol e mﬁﬁﬁl% <8 ol Sl e,
> > . .
E FEOFESLSSFTEST S E FESFELSELFESES
: e TR S g8 5 e T ILTTSTF S5
= @&&* SR YOOI o ¥ = @&&“ RSN \%@%&%
P & P oSS P & A RN
o o
ZH4H Tissues ZH 21 Tissues

Bl 4 BIRHE hsp70 SN AR MEVE (ZE) FUEEYE () B9 AL BUR IR 0 A 5k

Fig.4 The differential spatial expression patterns of 4sp70 mRNA in female (left) and male (right) S. aureovittata

% (Drosophila)®) HSP £5 [ (Ritossa, 1962), H.J5£Fh
HSP ZKGERDIRE R+ 4540 5 e 55 B IR A S

HSP70 RKIGZH b o RSP E I8 Sl )2 1) HSPs
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Molecular Cloning and Temporal Expression Pattern of hsp70 Gene
During the Early Life Stages of Seriola aureovittata

FANG Lu'?, XU Yongjiang®”, CUI Aijun®, JIANG Yan?, WANG Bin?, ZHOU Heting"?, LIU Xuezhou’

(1. School of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Joint Laboratory for Deep Blue Fishery
Engineering of Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract Seriola aureovittata is a long-distance migratory oceanic species belonging to the
Carangidae family; it is also known as yellowtail kingfish. It inhabits temperate and subtropical marine
waters worldwide. We reached a significant breakthrough in S. aureovittata seedlings production in 2017,
enabling current massively juvenile rearing in China, which became a promising candidate for the farming
industry, especially for the rapidly growing open ocean aquaculture. However, sudden larvae death caused
by environmental changes-related stresses during the early life stages of S. aureovittata leads to great
losses. Thus, exploring the physiological mechanism of larvae responses to environmental stresses during
seedlings' production under artificial breeding conditions is urgently needed. Heat shock proteins (HSPs)
play an important function in the physiological regulation of stress and immune responses in vertebrates,
including fish. HSP70 is a member of the HSPs family studied in dozens of fish species, with
physiological roles in protein homeostasis, DNA protection, and stress tolerance enhancement, among
others. To investigate the possible physiological effects of HSPs on early growth and development of
S. aureovittata, we cloned and obtained the full-length cDNA sequence of the Asp70 gene. Furthermore,
the structure and spatial and temporal expression patterns of Asp70 during embryonic development, larval
and juvenile growth and development of S. aureovittata were determined. The results showed that the
full-length cDNA sequence of the 4sp70 gene contains 2 332 bp, wherein the 5'-UTR is 187 bp, the ORF
is 1 920 bp, and the 3'-UTR is 225 bp in length. A 639 amino acids protein with a molecular weight of
70.1 kDa is encoded by Asp70. The hsp70 spatial expression exhibited a sex dimorphism pattern, with
significantly high expression levels in the gill, heart, spleen, and ovary in females, whereas in males, the
significantly high expression levels were found in the pituitary, gill, head kidney, and testis. Notably, the
highest Asp70 expression levels were observed in the ovary of females and the testis of males. During the
S. aureovittata embryonic development, the Asp70 mRNA was detected in fertilized eggs before cleavage,
indicating that Asp70 is parentally inherited. Additionally, the 2sp70 mRNA could be detected at all stages
of embryonic development, wherein the lowest expression levels were observed before the low blastula
stage, with a significant increase at the early gastrula stage maintained until the hatching stage. The high
levels of hsp70 mRNA were detected in one-day-old larva, which decreased in four-day-old larva,
followed by an increase in 15-day-old larva. Remarkably, the 4sp70 mRNA level once again decreased in
20-day-old larva, maintaining an average level until 60-day-old juveniles. The results from the present
study may provide insights into the origin and physiological function of Asp70 during the early life stages
of S. aureovittata.
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