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HZARXFER AR 5e B B E E KRR EE
REZBRPHRIE

#ER Y EEEY IEA Toe HAES
QEU“““’S X’J ‘J*T‘ 2,3 ? T 2,3 ??‘5% 2,30
(1. B RFK - RF E R R RBCFRho Bg 2013065
2. ?ﬁmﬁﬁﬁi%ﬁﬁ'ﬁﬂ#ﬁfﬂmé@ﬁﬁi%i P EUK R R BRI KR T AR HS 266071
L SRR ORI R S E Y LI BRI RS E LR HE 266237;
4. EIEEFH GRS R IR HER 2768005 5. VLN RS LUK EXWE 222005)

it

WE ARKTEAMSP)E X ZHFETEMMAL AN AN T 40K %+ A5 EKRT
MovEam, BASEERARITE. BARBEMARSF LMk, EIRAEKAFTHAEYREE
FAER ., Kt — FHR H A I (Penaeus japonicus) hsp 3t K ik 4 4E & A2 IR Ba K & I B 3R 3k 4
fE, A RELEYE L FRAIN B ARSI hep #HATE E, A HEMR REEN . FEEREN.
G B A W IR A A AE R G R B R R B I R KRR AT AT, S A 15 AN Pihsp L, B4 1A
Pjhsp10. 2 4> Pjhsp20. 2 4> Pjhsp40. 1 /> Pjhsp60. 6 4~ Pjhsp70 #1 3 /> Pjhsp90, H &, 7 M&E A
MIEAERRAE, FRERNT 40; RaREERE R, 740 PJHSP EALE| 4, 2 ME
B mpEA, 2 MEMBI AP ER, 2 MNEMBIARM, 2 MNEME &K, Pihsp #FH K&
Pjhsp40-15.349, Pjhsp70-39.287 71 Pjhsp70-1.298 4 7£ Jit it Bt 3] K & %k 3k ; Pjhsp20, Pjhsp70-3.662.
Pjhsp70-15.369. Pjhsp70-32.916 #1 Pjhsp90-12.759 % 4h fh &k il A Bk ik, KT HH T B K
XA hsp KRWEE AL, FAHNXRREER TR Y WERANE, 8T BRI hsp RiEH
HatfEr, A#— PR RERREI AT EK LT FNERERT 54,

KA HAXE; MhwmEa; KAH,; REHE

FESES S917  XHEFERRE A 0 XEHRS  2095-9869(2024)06-0119-14

PR TEHE H (heat shock proteins, HSPs), M FR#A F%E(Jee, 2016), Ritossa (1962)1 K7L F M (Drosophila
N ARy i, il 430 HSP100, HSP9O melanogaster)H & 38 HSP, P& E—H 0158, KFLH
HSP70 .HSP60 AN F AR T (sHSPs) 5 N FE [ A7 T AN 200 3L sh ) %R P (Baringou et al,

* AR A RO BRI H (2023LZGC020) . 2023 4F 7 &5 17 1 1 BF B BB L 00 5 7k s B R eI H
(23-1-3-hygg-21-hy) . 1 EK 7= B} 25 57 e LA B L 55 57 (20603022022021; 20603022023003) ., FE 53R 7= b 4 A & %
(CARS-48) 1 [ 7K P2 RE £ R 5T B FE AR 45 2% (2023 TD50) I [ % Bl . 15 B, Email: bxq20123@163.com

O WfEIEH: &HW%, W55, Email: lijt@ysfri.ac.cn

Wk H #: 2023-08-21, Wtk H #1: 2023-09-15
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2016; Qiu et al, 2023; Salway et al, 2011; Wu et al,
2022), W52 &I, HSPs 176 R WIIRNIG & & 1A 58 4
WA R R EE IR, RS AR AT LR A
JL A S 5 TR 2SR A AT TS A 56 (Rupik et al,
2011; Wang et al, 2016), Dmhsp70-A F1 Dmhsp70-B 7£
K A% (Daphnia magna) JC M4 5l IR G & & ad FE %
B AL AR T R B, 7R T AR SR IR & B e R )
St AN, (AR T8 & 1) R 3K 7K F- (Chen et al,
2021); Li %:(2022)F] ] RNAi £ ARBF5T hsp70 X} F4E
H(Artemia salin) AP YER, 455 EnR, S5E
H hsp70 [ Z AR L, @R hsp70 B LA AF 6 2R i 3%
FF%; Takahashi Z£(2010)#F55 & B, hsp £ 5 H K
KH ; hsp70 7E 8% 48fi(Seriola quinquerad) it it & & %%
BBk, HL7E IR 0] 2 1R B = AL Bk )
WEAE (7 55, 2023); hsp90 7 71 (Siniperca chuatsi)
Ji i 8 B LA B 3 389 24 45 AE 55 5 7K OF- (Wang et al,
2015); hsp90 7E G # A2 HLOP-RE 40 AR [ & 1 I 4 3
ik, EL7E P R B BT 01N S HE B R 4 A 2 v
T+, 2020),

H AT iR (Penaeus japonicus), X Fi H A< 4E i
Hamtl™, e EVRE . BA Rl R
oA, JeE L HASRZR g 5 R A Rl A
Fiz—. 5 2023 A E L G S8, IREH
AR FHRHE K S50 0 ARGA 2.1 J7 hm?, 2022 4F H A% iR
/K FRFELE T 53K 4.6 T3t (AR AR A T4 v oy vt B34 2
Jay, 2023), CAMHXHISEERM, hsp 7E HASXHR A
AT, HIEAERKEE T RHERERZA/EN, 10 hspl0
hsp60 7E H AKX iR 45 41 4L p #4547 ik H hsp60 7714
KB BRI EA WEER, P05 kM, HSP10
5 $#0K 52 (K 7 (HSF) 18] 77 7€ B AH AE FH (Zheng et al,
2018, 2020a, 2020b), A FAFFTARIEFETF BN FEN
{HIETF hsp ZMAE H AT UR A= 4K & & Hh i R 0 1
FEMAIRIE . AT, ARSI T 58K H A EREE P 2
¥ TAE(Ren et al, 2022), N#EMT hsp 7E H A X IR A
KEB W LGS T SRS

ARG IE A3 A= WA 2.2 7 R H AR X U hsp 5
FMEHEA TR TG AT, 53 A7 AR H AT IR & B I
Wy F B A A AR W B2 T AR H A R A
P2 S ) hsp FEPI G 15 AN AL, M el
SRSy NS~ 95 4 E ) N7 R N VAR S 8 o (]
IR S2mt 96 6 E i PCR (qRT-PCR)F AR #FSE H A
XU hsp JE R 5 A IR i 4 8 AN [R] B 10 A ks R
B AT hsp 7 H AT IR A K & & P A9/ LR

1 R 5F*E
11 Phsp EEREKERANEEREBFEST

H A< SF W s PR 2H 5048 oK A S5 50 %5 (Ren et al,
2022), [FAIIF7E Ensembl A1 NCBI ##ig J4 o 43 T 2%
A(Homo sapiens), #i(Canis lupus familiaris). i
/IE(Mus musculus) . B ffi(Danio rerio) . FLASTEXTER
(Litopenaeus vannamei) . H [& X #F (Fenneropenaeus
chinensis). K5 %R (Penaeus monodon) . J1 %7 X} #k
(Metapenaeus ensis) . # B H 4F (Exopalaemon
carinicauda) . e [CJEE R (Procambarus clarkia) . — 3
¥ T # (Portunus trituberculatus) 1 b 4 4§ #& %
(Eriocheir sinensis)E. & % HSP & A FFI1E NS % .
{8 F TBtools #:(Chen et al, 2020)M H 7 X fiF % [
gk T CDS PSR BOF R A E AP H, i
TBtools X ) BLASTP 23 Xf H A< X} R 3 [ 41 #£ 47
ZJFHI T, ik it hsp FEPR K5 L 5t . B ExPASy
(https://www.expasy.org/) (Gasteiger et al, 2005)u}
f) ProtParam F2£ 7 Fill HSP iYrFim . ST AR
SE BN R KPR 34 R B 73 F R fiE, FIA] PSORT
3 (https://psort.hge.jp/form2.html)(Nakai et al, 2019)
Xf HSP 747 3. 200 i 7€ Oz

12 PHSPHMERZEZBE S

f#i /i MEGA 11 (Tamura et al, 2021)% {4 (%
ClustalW 435I%} PjHSP Fl_ k¥ fh i B % % 1) HSP
EE AT 2 8 X, T A AR I Bk
(neighbor-joining, N4 R4 & B M, bootstrap 46l
A 500 IR fd FHTEZE M3k ChiPlot (https://www.chiplot.
online/index.html)(Xie et al, 2023)%} & & W #ATIHLL
FEIR

1.3 Pjhsp EE4FHMES T

53T HASKTHE hsp (LR 4544, fii ] TBtools
K AF(Chen et al, 2020) M\ H 7S X R 358 PR 41 78 B S
$EHL hsp JEPH 19 2548 15 2., (1] GSDS I 3l (http://gsds.
gaHSPo-lab.org/)(Hu et al, 2015)2 il 3L K 4544 &

i MEME Suite [ ¥} (https://meme-suite.org/
meme/tools/meme)(Bailey et al, 2015)%} HSP % [ 5 5]
AR PR e AT B0 23 A o B BRSPS 0 B 1 A AE
P, EORIEFECR 30 4>, ¥ 585 R 30~100 4>

fi § NCBI Batch Web CD-Search Tool ¥ i
(https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrps
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b.cgi) (Marchler-Bauer et al, 2010) 7l HSP {4~ 45 #4
W, ffi/] TBtools #{xfH 4T ] MALALHE, FfXF
Pihsp % i 51 #E 47 G €8 K 7 A7 A A] AL 46 AL 38 (Chen
et al, 2020),

1.4 HRFRE

S H A KT UR SR ER R A 5 7S WA ik
B B VI sk LSRR s 7= 00, B0 A T G AN H
P HAXTHR A & 43102 18 Hudinaga (1942)0RF5E ,
AFHIMZ), E#IRB) . JFIHG) . LB
FEEPS TG I AN) S FH 200 H 20 /338 f5 B 30 iop
TR T HIND) EERGA T H(Z1) BEER T M)
FUFEF T IO H 80 HZ M I/ H 15 B, i fy
FEAE T 2 mL GRAAE G R AR AR, FREA
80 CUkKAIR-AE, HTJ5H RNA By#EHL,

1.5 Pjhsp 7£ B A% & A R KR RIE S

K Trizol VE42HL RNA, i 14366 HE TR B
P GERE FL VKA RNA 4B EFIJsiit . ] HiScriptlll
RT SuperMix for qPCR (+gDNA wiper)(i#i ME#E) & ik,
cDNA. | Primer Premier 5.0 341519 1),
EFl-o ANSER, 519 ME TAY TR KRG
IR FE A B A ChamQ SYBR Color gPCMaster
Mix (i#ME#)IEFT QRT-PCR il Pjhsp 76 H ASXTHF &
BRI REE, RMIAZR 20 pL: 10 pL
2xChamQ SYBR Color qPCR Master Mix ., 0.4 uL
50xROX Reference Dye 1. 0.4 uL Fi#5[4. 0.4 uL
TUFG 4 .2 L AR 6.8 pL ddH,0 . S FEFF 195 C
WiAEPE 30 55 95 ‘CAEME 10s, 60 Cilk 30's, EHF 40
W KL : 95°C 155, 60 °C 605, 95°C 155,

1.6 HiESH

K 272%CT (Livak et al, 2001) 77 1211755 35 PRUAR
Fikit, R HTBIEEPR 2 (MeantSD)F 7R .
SPSS 26.0 #17 HLH 2 J7 2% 53 1T (one-way ANOVA)FI
Duncan Z # b4, MK Fi%  P<0.05. GraphPad
Prism 3R VEST L o

2 H#R

2.1 Pihsp BEEREM RHVEE R EBFED

H AT R PRI A RS e 15 A hsp FE R 5005
O, AR IRSF A B, XS TR 28,
H/3 4 Pjhsp10. Pjhsp20. Pjhsp40. Pjhsp60. Pjhsp70
F1 Pjhsp90 6 IR KM o & M SN 1D, &
2R B P B B LT3 R/ {5 BNk 2 B

/R o PJHSP HHFHIK N 102~795 MR IR, 70T
IR 10.95~91.48 kDa, Hf, PjHSP90-25.279
&K, N 795aa; PjHSP10-19.517 /%5, M 102 aa,
B 1 S F S T Ll 4.54~9.33, Hir, PjHSP20-1.821
SEH S d /N, PJHSP70-15.369 25 H1 i K, HH A
B ZEOKF 40 L4 PjHSP20-1.748 . PjHSP20-
1.821 .PjHSP40-21.13 ,PjHSP70-15.369 . PjHSP70-1.298 ,
PjHSP90-12.759 .PjHSP90-25.279 FI PjHSP90-31.274,
HAh/NF 40, EEBAKMETTE SR, BT
PjHSP10-19.517 F Hi/K P, HAEE FI3¥H — & BRI
kb, WA LS R EoR, R TE 74, 40
fkzrh 2 A, diiANER A 2 A4S, WA

24, SRR A 24

Tab.1

®1 XKFASIMES

Sequence of primers used in this study

Gl B

Prime name

Elk/ 2]

Primer sequence (5'~3')

PjHSP10-19.517

PjHSP20-1.748

PjHSP20-1.821

PjHSP40-21.13

PjHSP40-15.349

PjHSP60-19.518

PjHSP70-39.287

PjHSP70-15.369

PjHSP70-3.662

PjHSP70-1.298

PjHSP70-29.326

PjHSP70-32.916

PjHSP90-12.759

PjHSP90-25.279

PjHSP90-31.274

EFl-a

GAAGTCGGTAGCCAAGGTCC
TTTGTGCCGCCAAACTCA

TTTCGGGTCCGCAAGAGCA
ATCGGTGTCGTTCCATCC

TTTCCTCTTCCCGAGCCT
CTTGAATCAGCAGTTGCCTTA

TTCGACTACACCTTCCCAACG
GGCTGAGATGATGTGCGAGA

ACTCAGAAGTCCAGTGGCGTG
GAAGTTCCCAAATTCGTTGTC

GGATGTCGCAGAACGATGTCTAG
CGAGGTACTTCGATGGAATGATTAA

CTGGCTCGACGTTACTCCTTTATCTC
AATACCTGTGATTTGCGAGTG

TCGAGCTGACAGGCATCC
TCCTCGGAGCGGTATTTCT

ACAAGTCCATCAACCCAGACG
ATTGTGGTATTGCGTTTAATGAGGG

GGAACTACGTCTGGGTGGAA
CAAGCGAATCGGTCAA

TTCAGGCTGGCGTTCTGT
TACCAAGGGTCAAGGGGTTC

ACTGCTGGAGGTGTGATGACTG
GAGTAGGTGGTGAAGGTCTGAGTC

TTCTACACCTCCGCTTCCG
GTATGGGGTCAGTCATGTAGATG

AAACTACAGGAGTCGGAGAATG
CACGAGGATCTTCGACAACTGA

ATAATGCCGAGGGCGGTCTG
ATGGGTCTCAAGGCGAGGTG

GGAACTGGAGGCAGGACC
AGCCACCGTTTGCTTCAT
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Tab.2 Protein composition and physicochemical properties of Pjhsp gene family
BH 5F R ARE Bkt
S 1D BLIH 44 B KB Mol LA B4 Grand . 440 A7
Gene ID Gene name  Protein Wweight pl Instability ~average of Localization
length  /kDa index hydropathicity
evm.model.Hic_asm 19.517  Pjhspl10-19.517 102 10.95 7.97 19.85 0.10 AL Cytoplasm
evm.model.Hic_asm_1.748 Pjhsp20-1.748 344 39.45 6.03 43.08 —-0.85 YK Nucleus
evm.model.Hic_asm_1.821 Pjhsp20-1.821 134 14.85 4.54 66.92 -0.33 41 i #% Nucleus
evm.model.Hic_asm_21.13 Pjhsp40-21.13 263  29.71 9.19 47.34 -0.89 Yifa 5T Cytoplasm
evm.model.Hic_asm_15.349  Pjhsp40-15.349 233  26.20 6.07 34.41 -0.74 AP ECM
evm.model.Hic_asm_19.518  Pjhsp60-19.518 558  58.68 5.41 28.72 -0.04 2B A
Mitochondrion
evm.model.Hic_asm_39.287  Pjhsp70-39.287 680  73.87 5.58 30.36 -0.41 2B A
Mitochondrion
evm.model.Hic_asm 15.369  Pjhsp70-15.369 633  70.36 9.33 4221 —0.64 4Bl i Cytoplasm
evm.model.Hic_asm_3.662 Pjhsp70-3.662 639  70.27 5.64 33.70 -0.48 Yiifa 5T Cytoplasm
evm.model.Hic_asm_1.298 Pjhsp70-1.298 629  69.93 5.57 46.40 —-0.34 Y s BT ECM
evm.model.Hic_asm_29.326  Pjhsp70-29.326 654  72.46 4.97 28.29 -0.49 N ER
evm.model.Hic_asm 32.916  Pjhsp70-32.916 652  71.54 5.29 39.57 -0.47 I T Cytoplasm
evm.model.Hic_asm_12.759  Pjhsp90-12.759 563  65.40 5.40 43.56 -0.66 I T Cytoplasm
evm.model.Hic_asm 25279  Pjhsp90-25.279 795  91.48 4.74 45.46 —-0.68 MM ER
evm.model.Hic_asm_31.274  Pjhsp90-31.274 539  60.98 5.38 42.70 -0.34 Y ifa 5T Cytoplasm

22 REXEBEHW

FEF HAKIUR . FLIEXTER . BETXTHR . A X
UR L STICJEECER . JIBUH IR . R AEF ., SR T
g | rhAegi AR | SEA T I A1 (Ruditapes philippinarum) .
FRJE by | BEE 0 /N . B E (Chilo suppressalis) .
U 9¢ - I (Galeruca daurica) il # 21 W 3
(Sitodiplosis mosellana)H' &L 4% 1) HSP #7 R4tk
AR 1), KEWFE5 R 3 KL, Hr, HSP10,
HSP20 il HSP60 X2 — 3%, HSP40 Fll HSP9O &
FEEE N —, HSPT0 Kk mE N —% ., &
HSP10 ZE MG, PjHSP10-19.527 S5 BE i | v [ %
A LAY 5 ST IR HSP10 B oh— 325 1F HSP20 H i
H1, PjHSP20-1.748 5 PjHSP20-1.821 Hifi 2R h— 37 ;
1E HSP40 ik, PjHSP40-21.13 Fil PjHSP40-15.349
PR ER —7 s 7E HSP60 %%, PjHSP60-19.518
55 [ R R P4 5 % R HSP60 58— 37 7E HSP70
FEH, PjHSP70-32.916 5 HAXIHF HSP70 &k —
32, RJE S BEXTERRTE R (AR HSP70 R —3Z,
& J5 4r % 5 PjHSP70-15.369 . PjHSP70-3.662 .
PjHSP70-29.326 . PjHSP70-39.287 #l PjHSP70-1.298
RH—K3; 78 HSP9O %K%, PjHSP90-25.279 %%
5L EXT ORI BE S HSPOO R —37, RI5S

PjHSP90-12.729 F1 PjHSP90-31.274 % H—37,
2.3 ERELZEHEESH

’l 2 sk Pihsp LS80 15 AN B 1R 3 R 45
R E R . ANF R EERER AK B EARR, HNE
TR RS fAE 25, Hd, Pjhsp90-25.279 P
TR Z (14 1), HIKJE PjhsP70-39.287, % 13
NN T, Pjhsp70-15.369 il Pjhsp70-32.916 ok %
BMNE T

Motif 4-#r /R 3 MK 3), HAFIIKELE
30~100 SRR 2 (0], []— HSP & HAZK G motif HE
SN RS AL, AN RIS ] motif 25 A K, e,
motif 12, motif 15, motif 17. motif 25 FI motif 28 433
2 AFEEIA, HAb motif ¥ EA Kk
PjHSP10-19.517 1ok %& B motif; PjHSP20 % Ji& il
PjHSP40 FJEHA 4 4 motif; PjHSP60 ZIEA 3 4
motif; PjHSP70 ZZ %I PJHSPOO ZE A 12 /> motif.,

LEM AT B (8 3), PjHSP10-19.517 &4
cpnl0 45 k93 ; PJHSP20-1.748 F1 PjHSP20-1.821 & 47
metazoan ACD %5#493; PjHSP40-21.13 F1 PjHSP40-
15.349 & 45 Dnal bact superfamily Z5#3k; PjHSP60-
19.518 % A GroEL 444 ; PJHSP70-15.369 .PjHSP70-
32.916. PjHSP70-3.662 Fl PjHSP70-29.326 &4
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Fig.1 Phylogenetic tree of HSP among sixteen species
Pj: HAXSR; Lv: MANEEXTER; Pm: BEXSER; Fo: WPEXFER; Pe: SE[CJEECUR; Me: JIHUEAUF;

Ec: BREHNF; Pt: =P F8%; Es: PIEGEAE, Rp: FEEEEMSAF; Dm: HJERWE; Dr. K
mouse: /Nl Cs: T LEE; Gd: VWAZMH; Sm: FAWIKA; dog: M; human: A,

Pj: Penaeus japonicus; Lv: Litopenaeus vannamei; Pm: Penaeus monodon; Fc: Fenneropenaeus chinensis;

Pc: Procambarus clarkia; Me: Metapenaeus ensis; Ec: Exopalamon carincauda; Pt: Portunus trituberculatus;

Es: Eriocheir sinensis; Rp: Ruditapes philippinarum; Dm: Drosophila melanogaster; Dr: Danio rerio; Mouse: Mus muscul us;

Cs: Chilo suppressalis; Gd: Galeruca daurica; Sm: Stodiplosis mosellana; dog: Canis lupus familiaris; human: Homo sapiens.
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Fig.2 Gene structure of Pjhsp gene family
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Fig.3 Motifs and domains of PjHSP family

#3 PHSPREREBEFFER
Tab.3 Protein motif information of PjHSP family

oy EHF HIREH FeRAHL
Motif Protein sequence No. of amino acids No. of genes
wotif]  FYPEEISAMVLIKMKETAEAYLGSTVKDAVVTVPAYFNDSQRQATKD 7 .
AGTIAGLNVLRIINEPTAAAIAY GLDKK
oty PLLLLDVTPLSLGIETAGGVMTALIKRNTTIPTKKSQIFSTYSDNQPG . .
VLIQVYEGERPMTKDNNLLGKFEL
if3  IFDLGGGTFDVSILTIEDGVFEVKSTAGDTHLGGEDFDNRMVNHFIQ . 6
mott EFKRKYKKDLSKBKRALRRLRTACEKAKRTLSSST
otif4  RARFEELCSDLFRGTLEPVEKALRDAKLDKAZIHDIVLVGGSTRIPKI . .
QKLLQDFFNGKELNKSINPDEAVAY GAAVQAAILC
motif 5 IGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSY VAFTDDG 42 6
motif 6  RLIGDAAKNQVATNPNNTVFDAKRLIGRKFDDKSVQSDMKHWPFKIIN 48 6
motif 7 GIPPAPRGVPQIEVTFDIDANGILRVSAVDKGTGKEEKITITND 44 6
motif 8§  GRLSKEEIERMVKDAEKYAEEDKKQKERIEAKNNLESYCYDLKST 45 5
motif9  LYVRRVFIMDDAEDJJPDWLNFLKGVVDSEDLPLNISRELLQQN 44 3
motif 10 IGQFGVGFYSAFLVADKVVVTSKHNDDGQHIWES 34 3
cotif 1] LPEYVGRMKENQKHIYYJAGPSREAVENSPFVERLKKKGFEVLYLTE 60 3

PIDEYAIQQLPEF
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JE P HHFI BIMEH HE N
Motif Protein sequence No. of amino acids No. of genes
motif 12 NBEKPKWLDDNQEIEKEEYEEFYKELEQVWEPPJTKLHY 39 6
motif 13 VFQAEINRLMKLIINSFYRNKEIFLRELISNASDALDKIRLESLTDKD 39 5
KJENCKELAIRIEADKDNRIFHIIDSGIGMTKADLVNNLTI
motif 14 RGTKITLHLKEDDREFLEDRTIKDIVKKYSQFIGYPIKLW 40 3
motif 15 PHDDHHRRRRQAQGRGPGGRPQAHHLQQQR 30
motif 16 DYYEVLEJNRSASDREIKKAFRKLALKWHPDKNP 34 2
motif 17 YEVLSDEKKKKYYDHFGKAGFSDGSGPGPGGWHTHVPARHHGD 57 3
FFRDDDFDGEFPBF
motif 18 KFWDEFSKNIKLGIIEDSANRKKLAELLKFMSSAS 35 2
motif 19 SVSRKSFRRRFLFPKQVDMDAIRSVLSCDGILTIT 35 2
motif 20 ENQRPTFSEDNQCHKIMLDVQDFMEGGVRF 30 2
motif 21 VPKEGAREGWQPDRHRDVRRGRRCWRGCAR 30 2
motif 22 RYLLQKKQLEINPRHPLIKELNRRREDDPR 30 2
motif 23  CWKVEVGPRLEEHPCVLVVEEFGWAGNFQKIQFSQVP 37 2
motif 24 LLRLPIARRGRRFCDARFYDKDKDFGSEVR 30 2
motif 25 GEEPPGGMGGGGGGGGPGGGGGAGGAGGMM 30 2
motif 26 IDDFFGGRGGGGFGAGAFGPFDEFDGGGGG 30 2
motif 27 LEAPDPWDEDDFHRSDRJGRLRNFEERNLW 30 2
motif 28 RNMIIEQSWGSGKILKDGVHFAKAVEEKDK 30 2
motif 29 GGRGDGERGREICRRGRDREEENVAZEQPR 30 2
motif 30 EGZLEFKALLFVPERQPFELFEKRGQKNDN 30 3
Mb
or pspa02113
EI 8 %I
10 g 2 s g
i 2 rsPa015309 — Q g g psrss1.4 ° sy
o - =BT o 5, P g g £
st g fl ~ o 5 gl — E rsp0.20.26, gl
o = 5' & g = g
= o £ = g
30 = =
a0k s
50
60 -
4 Pjhsp H K K 6 1R i
Fig.4 Chromosome location of Pjhsp gene family
PTZ00009 superfamily Z5#435, PjHSP70-39.287 & . .
uperfamily 55, P TH o4 pmtEm
dnaK Z5#3k , PJHSP70-1.298 %4 HSP70 superfamily
: . i Wl 15 S SR 2
ZEH93; PjHSP90-31.274 £ 4 HSP90 superfamily 45 Pihsp JENZIRAY 15 AHEPRTENLAE 11 A4 Gk

Fy38, PjHSP90-12.759 ¥ 45 PRK 14083 superfamily 4%
¥k, PjHSP90-25.279 &7 HATpase HSP90-like %%
Fa 38 F1 HSPOO 45 #4355, .

(& 4), Htr, Pjhsp70-1.298. Pjhsp20-1.748 #i
Pjhsp20-1.821 & 7E4 1 4L tafk I+ ; Pjhsp70-3.662
TENITES 3 Z s @k b5 Pjhsp90-12.759 fE (i 7E4 12



126 ook B

545 %

et ik |5 Pjhsp40-15.349 Fil Pjhsp70-15.369 & fif
155 15 250484k |3 Pjhspl0-19.517 SEiAE4 19 4%
Jetafk b5 Pjhspd0-21.13 jE i 7ESE 21 SR G fk |
Pjhsp60-19.518 E (i fE4 19 sy falk I-; Pjhsp90-
25.279 & N TESR 25 A4 A4k I ; Pjhsp70-29.326 5 fif
1655 29 LY (A 4K |5 Pjhsp90-31.274 5SE (i fE4S 31 4%
Yeifk | ; Pjhsp70-32.916 fE (i AE4E 32 Sc4Ltafk | ;
Pjhsp70-39.287 & (i #E 5 39 s YL fafk |,

25 BAXMEEEARERE Pihsp RiL 53

Pihsp 7EMCIG & B i A 354 323k . Pjhspl0-
19.517 7E i & B it B Y SRk K Il SA P,
HAEG T 230k B 2 FH(P<0.05), 2R &
fPER T B R e, 7R TR BIE(E, 17
IR T A

Pjhsp20-1.748 FEfiG & & L 72 1y Rk K-
5B i, FLFRIA 5 AR IS B AR HLAE I 22 i s 4
Fak KL B E AL (P>0.05), BEE W E
(P<0.05), TEAUR T HIik2[0E(H . Pjhsp20-1.821 7E R
Jif & B A TR R IR 5C Fis, HAES T
IRERAL, HELTHIR 1 Wz aMxttae, 1
W E AR (P>0.05), RS R B E IE(P<0.05),
FERRUR T 1135 2005 (H .

Pjhsp40-15.349 7 it it & & 1 F2 i 2235 7K F-4n
5D iR, HERFKVPELBIIE KT, 5
AL, FEIRIIRA B L E(P<0.05), H1E#
PRIAIR BN, Bl W35 N (P>0.05), TEABEM
Fe IR A RS SE . Pjhspd0-21.13 7E R IG & & 3 F
XA INE SE i, HFEEKPTES T M
I TC . 3 22 5 (P>0.05) 5 75217 0] Le A IR I 1) 338
B LIE(P<0.05); FEBCZEMI . BT . B4
& T WREeR et T Bk , Jo i 3% 25 57 (P>0.05),
B L ERR 2 BUR, ZEAFAR T Ak 3 .

Pjhsp60-19.518 7EIRfifs & B i 2 H () 22 367K F- 4
Kl SF i, HERFAKFETFHEEREME, £6 7
2RI E T R (P<0.05), BlJG EAFEF T %A K
SEAXT R, PRGN T ik BRAK .

Pjhsp70-1.298 FI Pjhsp70-3.662 1ELfiG & & i 72
R EK IR 5G. 1R, BRI,
e A BRI R E £, H, Pjhsp70-1.298 ik
KV AE RPN T T Ak B A, A R I B AT
Pjhsp70-3.662 7E i ZF W iA Bl fe iy, 7EATAF T &A1
Pjhsp70-39.287 #il Pjhsp70-32.916 7E IR fik 4 & it #
MIRAKFIE SH, K iR, Rk
AL, AR, Pjhsp70-39.287 1 & & HiilH & ik /K

PR, TEREMIA R, Pjhsp70-32.916 K &
e B e Ik R, AR R Y T Ok B A s
Pjhsp70-15.369 7E I ity & & o 72 Hr i FRak K- an &1 57
iR, A TFMETLTHE T WRELEEES
(P>0.05), BfiJm w2 EIH(P<0.05), FeHEER T k5
{8 ; Pjhsp70-29.326 7ER it & B il f rh kK- an &l sL
s, TSR R, B RE T IHP<0.05), 7&
TR RN R T W0 R E2E(P>0.05), K5 5%
FIE(P<0.05), FEMRIF T WA B M RIXKT-, RIGTE
FPUF T 3 8 25 T 18(P<0.05).

Pjhsp90-12.759 #il Pjhsp90-25.279 7E IR ik % & i
FEHp R K NE SM | N FIR, SRR AL,
AT F35F i (P<0.05), Hd, Pjhsp90-25.279
TEIZI I 238 i, B IS 4300 7 FEE P G 309 0 B 2 30
M 2=l , WA B L (P<0.05), Pjhsp90-12.759
TERR A T W3k 3w ;. Pjhsp90-31.274 7EMNIG &
Hid R R R NE 50 B, 1ES TR
=, BEJE B2 T (P<0.05), /INERNBEEL, 15
Je 2R ek AR

3 it
3.1 Pihsp EE KM R EE KD T

hsp & [A 5% & 76 W Y < ff1 Y HL (Anoplophora
glabripennis)(Xu et al, 2022), J#7K & (Harpacticoid)Fll
£7K % (Cyclopoid) (Park et al, 2021)% 1 E & 4RIE .
TEH FE sy vh Z2 802 2 T 54 hsp Y 2 RURRAE 34T J&
HAERBE W8 T R385 87, WF5T hsp FE K 05 i AH
KRB P (Sergio et al, 2020; Wisarut et al, 2021;
Kifayatullah et al, 2023), AW 55 7E H 4% X} SR 3L R 41
LU TE 15 > Pihsp JE K S0 8 5, 46 3 4~ hsp90.,
6 1> hsp70. 1 4> hsp60., 2 4~ hspd0. 2 > hsp20 Fil 1 4~
hsp10 ZEI5 Al 5

S5 R R B T O TR T R R R
PR ()R B A G, A (R 1 o PR G 2 TR Ak R A AN
A, SN, AR5 H, 240 PJHSP 4N
<7, WEWIHATRE AR M (R, 2003; RN,
2005), WA & B, PJHSP 28U e T,
ELFE 200 0 DXl A B PR o R R A A R A A
AHARL R 25 S 7 55 QYA B (Macrobrachium mal colmsonii)
(Muthuswamy et al, 2018)., ¥ fi&(Monopterus albus)
(% SCHRAE, 2023)F1Z F 1 £ 25 (Baringou et al, 2016)
hsp &R K G A i A ikl . 2%k PJHSP B e 55T
XU LA X HR A X URAE HSP B2k, 2R 5
HAh Py Fp HSP R, 5155851 KA R —F . Motif
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Fig.5 Expression of Pjhsp during development stages of P. japonicus

Ml: BEER TH0); PL: AFUF TI. AR TR/ 22 55 .35 (P<0.05). R,

MZ: Maternal to zygotic; B: Blastocyst; G: Gastrula; LB: Limb buds; IN: Intramebranous nauplius; N1: Stage 1 of naulius;
Z1: Stage 1 of zoea; M1: Stage 1 of mysis; P1: Stage 1 of post larvae.

Significant differences between groups at P<0.05 are indicated by different letters. The same below.

MZ: &7 B: #IRH; G: sl LB: BFW; IN: BENTETT4h AR N1 Wik T Z1. @eRahik 115
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YT, 7E HSP90. HSP70, HSP40 #l HSP20 %%
IR R P AEAE M F] 49 motif, i, HSP9O KikitA
motif 9, motif 10, motif 11, motif 12, motif 14 Fl
motif 30, Uil hsp JEH G HA m AR T, BAE
— e H T motif £E7E, 41 HSP10 K&, Kk, A~
[Fi] 1) 2R 1 TR) DI BEAF AR 22 57

W5 RN, —Le85 8 7E HSPs 7> R J7 T &
VEETAEA ., Hlh0 cpnl0 Z54kE, HT5 ATP 454,
H cpnl0 Z5H 3] 3 R AFI MBEHIEZ 59, 4s
TS EE e, 72k HSPs R 79T
Z(Lissin et al, 1992); metazoan ACD Z5fyll, H 5%
AT RA T EARR AW, LIRS ATP
L S RIS R A B SS 5, B H R B AR
EAW, B K ATP K71 HSP {2 pE4kR
TS EANENITS, PRFE2S 250 19582 M (Liu
et al, 2015); Dnal bact superfamily (HSP40)%%#43k,
Wik T G5 S HSP70 454, VENEBIER 7
56 WU Y TE A 47 & (T80 85 %%, 2022); GroEL itk
BT 5 HILEAR ST HSP10 JE R —4>rh [a] 2 25 1
MY, B A R AT B B AL 2 (] (O 7 W 5,
2019). AWFFEH, PJHSP 8 H 2 & A I A 45
Fl, KW HSP 764> AR 5 T & HZAE N

3.2 Pjhsp £ BAX & B W ERIRIE S

W5 R, hsp AR R BB 12 Rk,
IR R 21 AL e $, Zheng 25 (2018)MF 5% & BHL,
hsp60 £ H A X iR L1 % B i 3 1) e ik Hof o 3% 2
5, Iryani Z5(2020)0F5% & B, hsp70 78 F4F R 4hik k&
B R P R S 32 PR B . Yang 55 (2019)BF5Y
K, hsp 7640 % F (Lasioderma serricorne)4fs B Al
WARI ) RBRA B EZER . AU5EH, 151 Pihsp
A FWIEAFUR T HI¥A £E, 2 hsp 76 H A XTHF
MR R E R EE AR . HAh, ASFEER KA
fe S ARAME, 40 Pjhspl0-19.517 5 Pjhsp60-
19.518 AR LA AHL, AEMRNR K B B R,
WAL BRI EE T, 5 Zheng % (2018)7F H A%}
IFH hsp60 7E A 7] & B 103 1) 2R 38 i 45 SR AR{RL . ARG
W52 %W, HSP60 5 HSP10 H N4 THEE, AI5Ek,
Xt B 2 H 1) 1IE 8 372 (Okamoto et al, 2015), X 54
WS¢ H Pjhsp60-19.518 } Pjhsp10-19.517 % &t h
ARk #A—3

Pjhsp £ H A< X & & B 9 A8 fb ks S nT BB 1A oy
WFERHE, B, BARXINERGE & D4
B, T RHERE G NE N, HSP RN FHA
ZH5EAMNHAR S IEHITE L. Phspdo .

Pjhsp70-39.287 Fll Pjhsp70-1.298 45 5k K 71 ik i i 1] K
EARIE, W IR R s AR ok . R, Liang
(20200 &, B R EEFH hspoO i i i# U B 2
BRI 5%, TRl ARG K 8 O R v SR o it
4, EMREE B EFEREEE . I E A REE
J U F AT, JLFAAE TIraE AR, R
G & & 3L 5 (Pan et al, 2019), AHFFEH, hsp90
HE R G 2 TR 7K VA8 G 191 20 R S0 0 PR A X A
HHEI hsp90 3 A K 7E H AT IR IR iR & B iU 8 2% 1
PRIFRIR, AT VA O R A R R SR, T R R IR R
WO E TR, Hit, HARXHIRZ R LB e
5 I A B = Y hsp90 Rk K. B, EHGE, 2hik
AF 309 5 S I s SO AT b, HL S B 5 17 38 O #50E% (Lavarias
etal, 2022), B, RS 52 KR FREE 0 i L4
NE, DI B8 hsp 3Rk, PRAP LA G 32 P45 1 )
faE; WA, H AR A TG ik Z )5t R PE 5
SEAR S ANIE IR S 5 52 B R AR R S A R )
S0, [FI, Pjhsp90-12.759 . Pjhsp70-3.662 ., Pjhsp70-
15.369 . Pjhsp70-32.916 #l Pjhsp20 25 7E 4 A} 19 | %
F IR 0T LU AP &) R e A2 0 I AR R AN R 2 0 1) e
(Dai et al, 2020; Kumar et al, 2022),

4 it

ZE Lk, MH AR A 3t S5 e 15 A
hsp, Hod 74~ HSP S FALME e, AFaE &
BUNT 40; WANME ML R BR, 74 HSP A E
MRV, HAY e L A A . A A
PN 5 O TN A& L 3 3 qRT-PCR 5 AR 2387 Pjhsp 76 %
BAFER IR, 25K, 78 H AXIRE &
ANEIETE hsp #4423k, I HAE G 5% S FE 7 40
JiJE A R FEE ELAE T &R 43 hsp 40 Pjhsp4O .
Pjhsp70-39.287 Fil Pjhsp70-1.298 45 5L PR 78 JI i i 15
SEFRIE, ML i & T AR AR W R R X R
AR BT SR IE R B AR 1 e S R R R
XTON AR TR s &#B4r hsp 41 Pjhsp90-12.759 i
Pjhsp70-3.662 45 5 X 75 £l (AR B 1 R et 3Rk, el H
1 PIp I G 2 P AR 3P WL G 32 20358 1 g Fis s A= 4
EIMiRE,
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Abstract Heat shock proteins (HSPs), also known as heat stress proteins, can be divided into five
main families, including HSP100, HSP90, HSP70, HSP60, and small heat shock proteins (sHSPs),
according to their molecular weight. Further studies have shown that HSPs represent a class of highly
conserved proteins that widely exist in the subcellular compartments of prokaryotic and eukaryotic cells.
They have many functions, such as protein folding, repair, and immunity, and play important roles in
organism growth and development. For example, Dmhsp70-A and Dmhsp70-B showed similar trends in
the development of asexual embryos in Daphnia magna. However, they exhibited different trends in the
development of sexual embryos despite high expression in both embryo types. Penaeus japonicus is one
of the most important commercial shrimp species in China, Japan, and Southeast Asian countries.
Relevant studies have shown that hsp genes widely exist in P. japonicus and play important roles in
growth and development. For example, hgpl0 and hsp60 were expressed in all tissues of P. japonicus, and
the differential expression of hsp60 was identified in the early development stages. However, previous
studies were based on single genes, and more systematic studies based on the role of the hsp gene family
in the growth and development of P. japonicus have not been published. Our laboratory has completed the
genome sequence of P. japonicus, which provides basic data for analyzing the molecular mechanism of
hsp in the growth and development of P. japonicus. To further study the characteristics of the hsp gene
family in P. japonicus and the expression characteristics of hsp genes during different development stages,
the hsp gene family of P. japonicus was identified and analyzed using bioinformatics methods, and
variation in its expression during the development of P. japonicus was measured using reverse
transcription and quantitative real-time (RT-qPCR). Fifteen members of the hsp gene family were
identified from the whole genome of P. japonicus via bioinformatics analysis, and their gene structures,
motif compositions, chromosome localizations, and phylogenetic characteristics were analyzed. The
expression of hsp genes in maternal-to-zygotic cells, blastocysts, gastrulae, limb buds, intramembranous
nauplii, stage 1 nauplii, stage 1 zoeae, stage 1 myses, and stage 1 post-larval juveniles of P. japonicus was
measured using qPCR. A total of 15 hsp genes were identified, including 1 hspl0, 2 hsp20, 2 hsp40, 1
hsp60, 6 hsp70, and 3 hsp90 genes. The physicochemical properties of seven proteins were stable, with
instability coefficients less than 40. Subcellular localization results showed that most of the hsp gene
family members were located in the cytoplasm, as seven hsp genes were localized to the cytoplasm, two
to the nucleus, two to the extracellular region, two to the endoplasmic reticulum, and two to the
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mitochondria. Isoelectric point (pl) is related to the number and proportion of acidic and basic amino
acids contained in a protein. Most HSPs exhibited a pl <7, suggesting they were acidic proteins. The 15
hsp genes were located on 11 chromosomes. Phylogenetic tree analysis showed that most of the HSP
family members were first clustered with HSP family members from species such as Penaeus monodon,
Litopenaeus vannamei, and Fenneropenaeus chinensis and then with HSP family members of other
species, which was consistent with the traditional taxonomic status. A few HSP family members were
clustered first with HSP family members from Eriocheir sinensis, D. melanogaster, and other insects, and
then with HSP family members from other species. Motif analysis showed that the hsp gene family was
highly conserved; however, the functions of different families were quite different. Structural domain
analysis showed that the HSP family included cpnl0-, metazoan ACD-, Dnal bact superfamily-, GroEL-,
PTZ00009 superfamily-, dnaK-, HSP70 superfamily-, HSP90 superfamily-, PRK14083 superfamily-, and
HATpase HSP90-like domains. Each gene family contained corresponding domains and was important in
molecular chaperone processes. hsp genes were expressed in different developmental stages of P.
japonicus and played important roles in growth and development. The trend of Pjhspl0-19.517 was
similar to that of Pjhsp60-19.518, which was highly expressed during embryonic development and
significantly downregulated during larval development. This is consistent with the conclusion of previous
studies that HSP60 and HSP10 are molecular chaperones for each other to ensure the correct folding of
the target protein. The hsp genes such as Pjhgp40-15.349, Pjhsp70-39.287, Pjhsp70-1.298, and Pjhsp90
were highly expressed in the embryonic period; Pjhsp20, Pjhsp70-3.662, Pjhsp70-15.369,
Pjhsp70-32.916, and Pjhsp90-12.759 were highly expressed during the larval period. The hsp genes
expressed at high levels during the embryonic period satisfy the high protein requirements of embryos by
playing the role of molecular chaperone and regulating the transcription of vitellogenin to meet the
embryonic need for vitellin. The hsp genes expressed at high levels during the larval period protect the
body from environmental pressure, pathogens, and xenobiotics through a synergistic immune effect. The
authors believe that hsp genes play important roles in the growth and development of P. japonicus, and the
specific pathways and mechanisms should be further studied. This study provides basic data for further
investigations of the role of hsp genes in the growth and development of P. japonicus.
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