EDKFERRE 2020 £ 5 B, 27(5): 494-503

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2020.19263

{KELBE 4T85 HSPB1, HSPB7 #1 HSPB11 EFE /I F AT 4R

}LIS/H\'/I}_EJ‘17 '%%1’27 %jF}lJl’ éﬁjz’ j]]%ﬁ%z, )%E/gtlﬂ E#\;\:a’ﬁz
1 ARG EHEIEEK 2208, T 4R YT 524025;

2. EAGEREEDT T B B AOT IR, IR 35 266071

WE: N THET/PMTFHIR 0 E A FEEF HSPB1, HSPB7 1 HSPBI11 7£ #A V1.5 (Trachider mus fasciatus) b7 %I £5 Wk ia
PR AR AR, ASRIFSY B TR B SRR, ARE3 A B AR 1 IS BT T RGBT, P S
DECTE R PCR BRI T 3 AN FE A B AMICER a8 A0 B R ORI RS ] 250 hy 12 h, 24 h F1 48 h)ZEE . I . B HIIF
HAUP I FIE KT, REHEAL M TEE B LB, HSPB1, HSPB7 Fl HSPBI1 %: (K 23 W B 28 IE st ST 43 3 72 & LR 43
o, ML S CARGE W STY B . S8 B MEEE 3 55 R R Oy a0 20 3. EMAMIKER I b B, 3 A5k
HTESRAA AU IR AE 12 h WETHE, Mifel . BRI 0 2 5h 2 W 2 HUR R AR ia 3. g,
HSPB7 fil HSPB11 7E ;i A8 (R Wi GREE AL 14 5% 1.1/h) F 55 534 B35 715, HSPBL Kk HHTE 48 h B[R,
£ i TSGR I (B AR fE 3 R 27/h) T HSPBL Al HSPB7 3k H7E 24 h BB THE, HSPBIL £ih & B A%,
M2, HSPBL, HSPB7 il HSPB1L Rk fE 44U AE 5 BE v AR IR R e 24 h W 25T, R AFBRARINER BhE  HSPBL
Fikh i W E AL, HSPB7 Al HSPBLL Rk N B & T+ = . AL, HSPB7 JeKik; HSPBL Fik i 7E 3 Wi AR 1Nk
Jofi8 R OC B 2 AR A, E AR B R AR AR 38 ) P 2 T HSPBLL A AE PRI B N ¥ e . AR LA
SYHET HSPBL, HSPB7 Fll HSPBLL H& PRI 7 FA VL8955 1o X6 AS [RAIE 8 a6 i 63k A5 (E AR 1) S [m], AR DG 45 5L RNy
TR T B T £ 28 1 R Y o R R AR P B i £ 285 3 B AR Ak B o T IR s LR R T B A o

KRR MVLET Ny RRSCR E BRI, SRR
PESES: S917 AR ERD: A X EHE: 1005-8737-(2020)05-0494—10

PR 722 [ (heat shock proteins, HSPs)J&) 72
ST E R R — 2R TiRe R A, s ikt
FHOEH A KRR 8~12 CHYM T oM 2 HAh

ARG 2 Fob 3500 DX ML st 1 1) R i 141,

NI b S L R s S TR BT BTN 5 SNTIR SR Ve

AR A B, AT A N R N, R HERLAAR
WK TE R A, AR A gk S A AT
PR E AR TR KRN 5HR 5 ARG
HSP100 ZJ% . HSP90 Z % . HSP70 K% . HSP60
KRNy 7 HAR 588 M (small heat shock pro-
teins, HSPBs)Z 1%, Hrfr, HSPBs Z &k 4 ik
O3 WA — ZR 8 i BE AR SE I /NG T I O (O T
 15~30 kD), 1% (RN EEAY S TIEE, fiE
A E A HT S, BB A RE AT,

Yris HEA: 2019-09-18; 1&iT HEA: 2019-10-27.

Hi, EPNANT HSPBs BB 7T 32 B 45 h 1 1%
G BE DR 1) A ) 2 D) R S HAE I PR s A IR AR
FAMLEAE 7 1, SEge R 5 LRI R A I L 3 P
A, FEHABAR S HE S a0 fa 28 TR A S AR E
B, CAEERV, ARFYFE HSPBs 1Y% &
B RZESR, U550 BT £E 4L (Caenorhabditis
elegans) i 1 K 20 415 16 F HSPBs & [11%, i 2
Ji& 2 I (Drosophila melanogaster)f 12 ff HSPBs
SR A, BHESY T CAESAEAE 10 R R
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BB 22—, e /N BB ET 4 20 A 7 95 S 0 TP i
i I R AL O TR XIS p38 MAPK ZE 11k, LU
M 7 470 S5 1 38, 4 2 B 9 9 TP Mercer
x5 BUBE T #71 (Danio rerio) HSPB7 78k £x i
PRI B JRy b 0 DR 2T S AL R ILYT S, 0 e 3 D
O LA HSPB7 i PR f 2 SR U8 1 i 3 i,
filf B Wi AR AZ O 5 BO G & B MO WU 9 &
% . Bartelt-Kirbach 252 % 3, HSPBs 3L A fig 4[]
1 Jolr a0 b 3T LA 0 1 80, (R 4% TR A
ANFE A ST R BRI, filhn: 7E
AR e | AR R R R R, KR
{k HSPB1, HSPB5. HSPB6. HSPB7 fil HSPB8
22k e LR, (R SE R 1 A AR fh B
i [ A R R B B AR — e 22 55 ZEAE A )
BT, IR HSPB1L #ik/K V1) B
e Ak, 2 WL ER P A 48 o0 I SO TP A4
AN B R . Heikkila*! 5 3 % 35 Y1 T (Xenopus
laevis)UEAT 4N U2 2R 15 3%, A& ¥ HSPB11 EAE
Y REIN G VAT . AR | 4R ek A B
HlFSE R R TSR & &N R,
MREFNIIEE 24, R 7E N T4l
() 7K A 55 v A AT fi8 52 3 4 Fh P aE g e . e,
K IS5 U 0 b R 1 4 R R R s X At R i 1 A
;MR SR RRAE . A RSN S R A
P oA T S g 3 N S % i
AP B3 7 A 0 55 G (B T 2 e BT 3
OISR, 3 308 2o 7 S I A LA 1)
S0 A S IR SR (SRR UNRO RSN d B2 S E]
IR T ML, A fa 230 N 22748 1 1 B A5 rp ke 3]
KEEVER o TP £ 2R T SR R AU B 0% T ]
FHLH, 8RB I A N — FR B Y R R T AL R R
i %R BE ) 2 kAR AR, DAPR B A A B A At 7R
(4 1E AT MR, PR TR R A
(HSP60. HSP70 F1 HSPOO Z5)7r 7K Az Lk 1y 1 %o
JRE JHlR 300 198 17 R 45 3 A v R A DG BEE L, RSN
SAL5E =P ¥ (Portunus trituberculatus)!'® |
2 Y % Je #F (Homarus americanus)!'” | i &
(Apostichopus japonicus)®” | #T 4 (Oncorhynchus
mykiss)?'! . JiE VT 4t Wi (Crassostrea hongkongen-
sig) P& SRIf F AT A ¢ HSPBs 17K £k 34 1 %t

AR B 38 R R v VR AL 0 B 5 A s . R,
58 HSPBs K& K 78 fo AR i %3k 22 3 b 4
X TFIA T A 2R B A MR 1 o IR AL A

FAVLfii(Trachidermus fasciatus)si J& T #5 i
H (Percomorpha) . fifi} H (Scorpaeniformes). £
B (Cottidae) . AVLE A JE, JE T —Fh/NAY
AR = AN 2 1 S I (S S G I VN
VT B ELA B R 3 I, Ma 25 PR R IO
JE& T B L 0 %) 6 BE AR AR 1 43 DR 4 AL AR
IR E 44Uk HSPBL, HSPB7 Al HSPB1L 45/
o3 T AR T ER LR AR AR 3 T YA EfE R &
(1) 3 25 A8 o ik — 2B HRSY HSPBs 7EA VLA i Xt
R A R P PE R, A5 AT R4S 1 i
S BRI T HSPB1, HSPB7 Al HSPB11 3
HEFHMEE, FTFiX 3 NEEFE R IR 75t
1T RGP, BEJS R FHSE 9256 E & PCR $
ARSI 1 FA VL AE P AR ER B b B, B
T F AL ZLEE . B . B AR AR S 2L )
3 AN B R IBOK R TR L, N4 R HSPBs
S DR TE P VT 6 10 % 6 B 38 i 9 5 VR . R BRI
Uie P £ 288 B 0 PR 109 29— I 15 AL ) B L L A
g

1 #MEEFE

1.1 AR AR

ST AT 6 R A 216 B[R, Rk
(12.2240.91) cm, 1AH (19.54+5.17) gl R&E TAHE
Mg etk Yy, B2 27 5 K" 55 N m it
T8, TR AT T 12 DA
100 L (J°F IS FRP (4R 4E3 5 3RL K A6, BT R0
J&, BEREHL 600 L 25 Vg i KRG K G
30, 7K 10~12 °C), SJERMAZAMF N 12h: 12 he

AHIE ST B WA IR o aE S A, A SR
HIE 6 AT (1)ER BT AR TER B30 (gradually-
reduced group, GG), AR fbHCRANNT 18, h
30 R 3 RHAEIZ) N 24 h(EREZLR N 1.1/h),
R R 3 JE4ERE AR, (2)3h B BRAS IR B an
(sharply-reduced group, SG), £hE H 30 %% 3 H
A 1 h GhEEARfL R R 27/h), BERER 3 54k
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FEARAE o ARER P E AL FETF 4R BHE R 0 h, BEAFAT
B 3 BRI BEJS 2 07 R B b an Ab 2T
UR)5 12 h, 24 h #1148 h 3 DA A, B FFr
PLIEHL 3 Rk, J5or mBOLas . Iy, H
FUFHZ, Sr BRI A 7RI, TEAR
TR TR £ -80 CREKE VKA -7
1.2 HSPB1, HSPB7 #1 HSPB11 EE I &%k
5 #

AR ARAS (R 55 S 20808 (NCBI SRA £ %
ok SRP103494)H 42 HSPB1, HSPB7 Al
HSPB11 E: K 1y)7 5145 &, FIH EditSeq Hcf4: il
FAYT T HSPB1, HSPB7 1 HSPBLL F A Y ik 5]

TIEATE e JEL SR 35 6 I 1) S BE R Y B NCBI
2 HoAth £0 25 ) v A5 A HE S 1% HSPB1 . HSPB7
1 HSPB11 22741, i#il DNAMAN {4
2 @\FH X, FIH MEGA 5.0 #4F, LI4kEE
% (Neighbour-Joining, NI R Gk fL#, &%t
HEALR 443 S 485 5 S HEAT 1000 Y2 R 362
1.3 5|¥i%it

FLTFFALES HSPB1, HSPB7 il HSPB11 HY
cDNA J¥ 5, BEAFS Wit mW, FIAH Primer
Premier 5.0 AR 4 =45 |4 HSPB1-F/R |
HSPB7-F/R .HSPB11-F/R (% 1), T80 2865
H# PCR ;1 ,

x1 EKXBEAASINFT

Tab. 1

Primer sequences used in this study

5194 FK primer

7% (5'-3") sequence

JHi& usage

18S-F TTTCGAGGCCCTGTAATTGGAA 18S WS KA 29

18S-R CCGAGATCCAACTACGAGCTTT expression of 185 rRNA
HSPBI-F TCCTCTGTGGAAACGACAGC HSPB1 %6 5E & PCR i ill)
HSPBI-R GGAATGTGGCGAAGTCCTCA expression of HSPB1

HSPB7-F AACAGGTAGTTCCCACTGCG HSPB7 %)% i PCR il
HSPB7-R GCTGTGTGTGTCAGTTGCTG expression of HSPB7
HSPB11-F GGTTGGCAGGAGCAGTAACT HSPB11 (%55 3652 & PCR #:
HSPBI1-R TGTGGTTGTGATCTCCGGTG expression of HSPB11

1.4 2 RNA B3REUE cDNA FE—#MNE K

PNV A 2R R A TP RS 5, R
Trizol ¥ (Invitrogen)¥EHUE RNA i 4 R I 12
ARG e FE RNl BE I, DAAREUAY B RNA AR,
R4 PrimeScript Rtase {7 & (TaKaRa)iid B 5 it
1Tt sk, A RCGR—%5% cDNA,
1.5 HSPB1, HSPB7 #1 HSPB1l R H X ES
PCR

ARV H HSPB1, HSPB7 il HSPB11 1
cDNA 7350 B TH AR R SRS 19, LA b
& 18S tRNA EEEERNZ, Kl PR IRE: I ia
AR, 68 B, BERIF4Zh HSPB1, HSPBY
HI HSPBIL K& K AE A ] B[] 55 AR X e ik i . 52
W86 E PCR SLH A B SYBR® Premix Ex
Taq ™ X7 & (TaKaRa) i B e 474 4/E, 76 ABI
7500 B 52 2¢O E i PCRAY F kAT, s2rp a4

FEMIEE 3 NEKE . A 52t HSeR K
M(E>90%; R*>0.990), SHIHRE i PCR =44
PSR Tane
1.6 HIESH

FRARE S 56562 B PCR A5 C 18, R/
2 AACER 1 HSPBL, HSPB7 il HSPBI1 4t A
FRRE X 6 T8 0 o BT A9 B0 45 SR 48 LUK Y (A v 2
(X£SD)ER, FIHGE %A SPSS 19.0 Hh Ay H
K& 7 22 (one-way ANOVA):, Ffi4T Duncan’s
ZE L, S0 A SR DR R Ik e A AR B 0 A R
IR [R]85 B4 22 527K OF, #5 P<0.05, FnA &%
5y A P<0.01, 2554 2%, AR, i#id Pearson
FH A 3 AT 15 R R I R a6 4k B AH R L 2 [
— B PR 3k H] A OC R EU(R), 4 |R[>0.80 1,
Wi B A SCPE; T 0.50<|RI<0.80 K, P4
A e
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2 ZERESW

2.1 #I# HSPB1. HSPB7 #1 HSPB11 EE 5
FItE3t B R G oA

I\ 520 838 (NCBI SRA B3 28 % 5
SRP103494)3KBUFA T HSPB1, HSPB7 11 HSPB11
T 55 8., Hor FF R B HE 53 5 618 bp .
465 bp Fl 414 bp (& 1), FIH DNAMAN #f:%f
HSPB1. HSPB7 #l HSPB11 % L% /551 47 L Xf
M, 45 W R HSPBI 5 HSPB7 [—#tE N
20.49%, HSPB1 5 HSPBI11 BY—&EH 11.71%,
HSPB7 5 HSPB11 M—3tk R A 5.16%. FilE))f73
HXF 45 SRR I, AAVLER 5 B0 fif (Perca flavescens)
YiFhlE) HSPB1., HSPB7 Al HSPB11 & IEMRIF51 1Y
— PR, A3k 84.21%. 96.15%7F1 84.33%.,

FET O IE R £ 2R R CH A A A HE S )

HSPBI

HSPBs &R 7 5 HEA TR R Gt Ao B 45 SR an &
2 I/, HSPBL, HSPB7 Fll HSPB11 3 [K 43 il R 3
TE B ST 73 32 o TEAFFE D B RIS il 2 2y
R —3, WIS . 52 HI 38 55 v S A B
PIMIR A5 —3% o #E HSPBL ZE K 4332 o, AT
55 5ok i (Larimichthys crocea) il i i fifi 5% oy
—3%, M5ETEH . MUY B MEEIE B R IE L
)95 —4r AT R3S #E HSPB7 K4 S0,
VL e 5 i R oy — 3, SRIF - SHIEH | 6
AN SIASP e NSO S A A B R i Y
R, fE HSPBLL JE[H 4332, FATLE 1 g — il
SEAY S SY H R B 4 BT R AR BE
fi; (Notothenia coriiceps)® N — %, - 543W) 45
(Lates calcarifer) it 17 R 25, & J5 5 K M 6K
(Mastacembelus armatus) . 5t tff , R 22 0E 45 4
(Stegastes partitus) 55 2 A il 5 1 01 73 32

1 ATGACCGAGAGACGTATTCCCTTCACCCTGCTCCGCACCCCGAGCTGGGACCCATTCCGCGATTGGCAGCACAGCCGCATCTTCGATCAGACCTTCGGCATGCCCGCCCTGCATGAGGAC 120
1 M TE®RTRTIPTFTLILT RTPSUWDPTFIRTDUW QHSI RTITFDAG QTTFGMPATLTHED 40
121 TTCGCCACATTCCCCAGCACCCACTGGCCTGGGTACCTGCGGCACTCTCTCATGACCCCGGAAATGGCCTCCATGGGCACCATGATGCCCCAAGCCCCCATGATGTACCCGGCCCCCATG 240
41 FATFPSTHWPGTYVLZRIHSLMTTPEMMASMGTMMPGQAPMMMYTPATPM 80
241 ATGGCCCAGCAGGCTCGTGCCCTTACCCGCCAGATGAGCACCGGCATGTCAGAGATCAAGCAGACCCAAGACAGCTGGAAGGTTTCCTTGGATGTCAACCACTTCTCACCCGAGGAGCTG 360

81 M AQ QA RALTI R QMSTGMSEI

K Q TQDSWIKUVSLDVNHTFSTPETETL 120

361 GTGGTGAAGACCAAGGACGGCGTGGTGGAAATCTCTGGCAAACACGAAGAGAGGAAGGACGAGCACGGCTTTGTTTCCAGAAGCTTCACCAGGAAATATACCCTCCCCTCTTCTGCTAAC 480
121, v VX T K D G VVE I S G K HEETURZEKTDEIUHGTFVSRSTFTI RIEKTYTLZPSSAN 160
481 GTTGAGAAGGTGGCCTCCTCCCTGTCCCCCGAGGGGGTTCTGACCGTGGAGGCTCCCATCATCCGACCGGCCATCGAGTCCTCAGAGACCACAATACCTGTCAACGTCGAGAACAAGGGT 600

161 v EK VA SSLSPETGVTLTVEHATFP
601 GGCGTGGTGAAGAAGTAG
201 ¢ Vv vV K K =*

HSPB7

RPAIESSETTTIPVNVETNTEKG 200
618
205

1 ATGAGTGGGACCAACTCCTCTGCCTATCGATCGGAGCGTACTTTTCACCAGACCTCGTCCTCGTCCTCTGGTAACCCATACATGGAGAAGAGCCGGGGACTGTTCGCAGAGGACTTTGGC 120

1 M S GTNJSSAYURSETRTTFHI QTS SSSSSGNPYMETE KT ST RGLTFAETDTFG 40

121 TCCTTCATGCGTCCTGGGAGCGACGCCTTGGGCTTCACCAGTGGATCTGGAAATATCAAAAATCTTGGGGACTCGTACCAGTTCACAGTTGACGTGCAAGACTTCTCCCCTGAAGATGTC 240

41 S FMRPGSDALGTFTSGS G NI

K NLGD S Y QF TUVDVQQDTFSZPETDV 80

241 ATCGTCACCACATCCAACAACCAGATTGAAGTTCGTGCTGAAAAGTTGGCCCAGGATGGTTCGGTCATGAACAATTTCACGCACAAGTGCCAGCTACCGGACGACGTGGACCCCACCTCG 360
81 I VTTSNNG QTIEVT RAETE KTLAQDGSVMNNTFTHTE KT CQL®PDDVDZPTS 120

361 GTGACATCATCGCTGGGCGCCGACGGGACCCTAACAGTCACAGCGCGGCGACACCCGGCCAAGCACGAGCTCGCACAGACCTTTCGCACCGAGATCAAGATCTAG 465
121, v T S S L 6GADGTTULTVTART RHPAIKIHETLAQTTFTR RTETIZKI * 154
HSPBI11

1 ATGGTCGATTCCTCCTCAGGTTGCGCGGCGGCCACAGTGGTCGTCGCTTCATCCTGCGATAGTAATCACCCTCCAGAAAACATCGCCGACGGAAACACGAACACGTTTTGGATGTCAACC 120
1 M VDSSSGCAAATVVYVVASSCDS SNHPPENTIADGNTNTTFUWMS ST 40
121 GGGATGTTTCCTCAAGAGATCATCATTCGCTTCGCTGAGTCCACGCAGGTGTCCGCTGTGACCGTGGACAGCTATAATGTCAAGCATCTAAAGATAGAAAAGAACACATCACAGAATGCC 240
4 G M F P Q E I I IRPFAESTA QV SAVTVDSYNVI KHLTEKTITETZ KNTSSQQNA 80
241 TCTCAATTTGAGTCTGTTACAGAGCAAGAATTTAAACAAACGGAGGGTCATCTTCAGTCAAATACTATTTCGTTAAATGGAGGCAATGCAACCCACCTTCGTTTTATCATCACTGCGGGT 360
81 S QFESVTEG QETFI KA QTEGHTLG QSNTTISLNGGNATHTLTR RTFTITITAG 120

361 TATGATCTCTTTGTCTCAGTGCACAGAGTCAGTGTACAAAATGTACACACTTGA
121 Y p L FV SV HRVY SV QNUVHT *

414
137

Bl 1 AAVLES HSPBL, HSPB7 Rl HSPBIL 3k [ 4 it i) & 3L 12 )7 41l
Fig. 1 Deduced amino acid sequences of HSPB1, HSPB7 and HSPB11 genes in Trachidermus fasciatus
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98 1A &AM #4. Haplochromis burtoni HSPB7

Zx BN Pundamilia nyererei HSPB7

JeZ ZEfa Oreochromis niloticus HSPB7
ZHRIBOCHEEE Acanthochromis polyacanthus HSPB7
46152 F5RALB Poecilia formosa HSPB7

51196 4 #5FI i £ Poecilia mexicana HSPB7

48| HAMHNELE LY Stegastes partitus HSPB7

2RI 4 Parambassis ranga HSPB7

RWf Lates calcarifer HSPB7

BN A BEEE Notothenia coriiceps HSPB7

65

99

-
100 6 DKL 8 Labrus bergylta HSPB7 R a3
08 BEL BN Kryptolebias marmoratus HSPB7 teleost

BETy 48 Danio rerio HSPB7
K# A Larimichthys crocea HSPB7
I ,1_00{ # B i Seriola lalandi HSPB7
76 B Seriola dumerili HSPB7
#HE Monopterus albus HSPB7
88| 9p 4 2RHE Sinocyclocheilus anshuiensis HSPB7
—99‘—&3‘: 2555 Anabas testudineus HSPB7
91 KA Mastacembelus armatus HSPB7

—— A8 Trachidermus fasciatus HSPB7
92— V[ Perca flavescens HSPB7

o 1) Gallus gallus HSPB7 AR
] 60
98

R Mus‘ musculus HSPB7 higher vertebrate
& N\ Homo sapiens HSPB7
JEPN TS Xenopus tropicalis HSPB11
| 73 Gallus gallus HSPB11 =%ty
100 FK B Mus musculus HSPB11 higher vertebrate
100 % N Homo sapiens HSPB11
73 I Perca flavescens HSPB11
48 IR EBEE Notothenia coriiceps HSPB11
66 K# 4 Larimichthys crocea HSPB11
OHAVLET Trachidermus fasciatus HSPB11 RS
RWYI Lates calcarifer HSPB11 teleost
L KB Mastacembelus armatus HSPB11
— BELh 4 Danio rerio HSPB11
RBUHESEPEYY Stegastes partitus HSPB11 -
FK B Mus musculus HSPB1
4100,—100: 2 N\ Homo sapiens HSPB1 [y inity]
EL] 7% Gallus gallus HSPB1 higher vertebrate
LN Xenopus tropicalis HSPB1
87 & WAYLE' Trachidermus fasciatus HSPB1
88 59 K¥ 4 Larimichthys crocea
I Perca flavescens HSPB1
98 BELSLBR/INK Kryptolebias marmoratus HSPB1
78 BET 48 Danio rerio HSPB1
At Xiphophorus maculatus HSPB1
87 go__ 100 HEfi Seriola lalandi HSPB1
_| A& Seriola dumerili HSPB1 R
61 fif Miichthys miiuy HSPB1 >_

100 JeZ & iEfa Oreochromis niloticus HSPB1
85 —{ Z= BLANIN A Pundamilia nyererei HSPB1
1A &AM £ Haplochromis burtoni HSPB1

99 %% Anabas testudineus HSPB1
0 Rty Lates calcarifer HSPB1
—_ 62 RMNESRAEH Stegastes partitus HSPB1
0.50 44 ATF/NH A Amphiprion ocellaris HSPB1 _/

68

62 64
100

100

\

teleost

2 % HSPB1, HSPB7 il HSPBI1 & K:MR T 41 K4 £ 1 8 GE AL AR (NT 44))
Bootstrap A58 [ 5 & A 1000 IR, Fr 0.50 Ak fbEEE .
Fig.2 Phylogenetic tree based on HSPB1, HSPB7 and HSPB11 amino acid sequences by Neighbor-Joining (NJ) method
The tree is based on a 1000 bootstrap procedure., The scale bar 0.50 in terms of genetic distance is indicated below the tree.
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22 REAMIE THIIE HSPB1, HSPB7 #0
HSPB11 K H LA FRIE S #

2.2.1 #EZAZ] HSPB1, HSPB7 #1 HSPB11 HI&R
BN FMATLH T2 HSPB1 il HSPB7 ik &
() AS Ak R AT E AP IR ER 38 AL B R A — o 25 57,
1M HSPB11 AYZRIABIAFEA — 3 H R A H [0 2 1
FIEME(R=0.98), h i (IKERBha T, HSPB1
KRBT EE FRENEBESE, 12 h BETt
[, 48 h NI B AR E 0 h 19 50%; HSPB7 £iki:
FE 12 h f1 48 h BETHE, 12 h Rk mim, N
0 h 1) 3.5 fif; HSPBLL 78 4% B[] 5 i e 3k 1 1 1 3
T o R BRARRER Ba R, 3 A H AR R AR 45 B
A RERY R EFH, Hh, HSPBL
HSPB11 Kik i B hEaE, i HSPB7 Kik
7E 24 h IR B IEAE 5 FEIR (A 3).

40, 2 .
5 3.5t n=6;x+SD
g % 3.0 - i
X £2.5 HSPBI "
W £20| mHSPB7 -
?; g 1.5 W HSPBI11 .
EF10t g : "
8 0.5 L
0
0 12 24 48
3B s} A /h time
507 b 6%
=45 n=6; x+SD "
240
18 235 HSPBI 1 "
830 wmHSPB7 % i -
® 825! mHSPBII - TR
"p? o 20 b *
215
®E0] ¢
205
0 0 12 24 48
38 B5F ] /h time

B3 SR WAL R M ia () A RS AR ER Pl (b) T AA YL B
HIZHZT HSPBL, HSPB7 Fll HSPBIL Jk P (4 A % 3k
A [R) B[] i Ab B2 5 25 1 % R ) 22 R 1 35 (P<0.05),

#* R 25 B (P<0.01). 0 h %8 xR,
Fig. 3 Relative expression levels of Trachidermus fasciatus
HSPB1, HSPB7 and HSPB11 mRNA in gill under salinity
gradually-reduced group (a) and sharply-reduced group (b)
* denotes significant differences from the control at different
time (P<0.05); ** means extremely significant difference
(P<0.01). The untreated (0 h) group was used as the control.

2.2.2 fAZA4R HSPB1, HSPB7 #1 HSPB11 #9%&
BIER  WLHH 44 HSPB1  HSPB7 fl HSPB11
FIk 1 A AL A AL PRI ER a0 A 3R 22 5 i
K, HEIBRNITC W EAHENE(R<0.80), £h LT

AARER A T, 3 A B AR 3 PR 3k g 0 AR 1k iR
BN, HSPBL Rk HAUAE 48 h Bf W EF&A; i
HSPB7 il HSPBI1L % [a] i () # ik 44 g & Tt
P o B B IR AR AR ER Bl R, HSPBL A B AE 24 h
WETE, HAE 12 h 148 h (365 & 00 B #5748
1k; HSPB7 ik iz 24 h J5 W& T, HSPB1L ik
BT 12 h BEEIKZE 0 h 1Y 40%, FfJ5 T 48 h K
B BEIEH KA 4),

a

= 3.0 n=6; x+SD
- % 25 HSPBI o
®E LS5
210 I
®Z0s *
)
12 24 48
Jh38 A E]/h time

40, b
§ 35 n=6; xxSD .
i £ 30 HSPBI -
M &25  mHSPB7
K820 mHsPBII =
2 o
=2 1.5
EE 10 ¢ .
8 0.5 1 l- L
07 12 24 48
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Fig. 4 Relative expression levels of Trachidermus fasciatus
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(P<0.01). The untreated (0 h) group was used as the control.
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Effects of low salinity stress on the expression profiling of HSPB1,
HSPB7, and HSPB11 in the roughskin sculpin (Trachidermus fasciatus)

KUANG Jichua', MA Qian" % MAO Feifan', LI Ang’, LIU Xinfu’, ZHOU Qiling', ZHUANG Zhimeng®

1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524025, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: The aim of this study was to explore the role of HSPB1, HSPB7, and HSPB11 in stress-responsive regu-
lation of roughskin sculpin (Trachidermus fasciatus) under low salinity stress. Firstly, sequences of these genes
were obtained from transcriptome data of T. fasciatus, and phylogenetic analysis was performed. In this study, fish
were subjected to two different acute osmotic treatments (salinity changing rate at 27 and 1.1 ppt/h), expression
patterns of the three HSPB genes in the four target tissues (gills, intestines, kidney, and liver) were examined using
gRT-PCR. Phylogenetic analysis revealed that HSPB1, HSPB7, and HSPB11 genes respectively formed an inde-
pendent cluster, in which T. fasciatus HSPB1, HSPB7, and HSPB11 protein shared high identity with those of Per-
ciformes, Cypriniformes, and Cyprinodontiformes species, teleost HSPB1, HSPB7, and HSPB11 proteins formed a
single lineage distinct from those of other vertebrates. Tissue-specific gene expression patterns in all three target
genes showed that each tissue had a specific gene expression pattern in response to salinity changes. In the gills,
the expression of HSPB1, HSPB7, and HSPB11 increased significantly at 12 h, but different expression patterns
were identified in the other tissues. In the intestines, the expression of HSPB1 decreased significantly at 48 h un-
der the relative chronic salinity stress, while the expression of HSPB7 and HSPB11 significantly increased; under
the acute salinity stress, mRNA levels of HSPB1 and HSPB7 increased significantly at 24 h, and the expression of
HSPB1 significantly decreased. In the kidney, expression of HSPB1, HSPB7, and HSPB11 was significantly upre-
gulated at 24 h in response to the relative chronic salinity stress; under the acute salinity stress, the expression of
HSPB1 decreased significantly, but the expression of HSPB7 and HSPB11 were significantly upregulated. The
expression of HSPB7 was not detected in the liver; no significant difference in HSPB1 expression was detected
under chronic salinity stress, but a significantly upregulated HSPB1 expression was found under the acute low
salinity stress; the expression of HSPB11 was significantly upregulated under both treatments. These results dem-
onstrate the differences among HSPB1, HSPB7, and HSPB11 expression profiling in the stress-responsive regula-
tion activity of T. fasciatus, these findings could provide a theoretical foundation for revealing the role of small
heat shock proteins in fish stress-responsive regulation and the molecular mechanism of migratory fish salinity
adaptation.
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