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, , qRT-PCR
RNA,
) 3
HSP70 1.2

OMEGA Total RNA Kit II Omega ;

, RACE HSP70 , PrimeScript ™II 1st Strand ¢cDNA Synthesis Kit
, TaKaRa ; 3'-Full RACE Core Set with
70 , Ep.HSP70 PrimeScript'™ RTases pMD™18-T Vector

Cloning Kit TaKaRa ;
1
1.3 RACE
1.1 HSP70
Ep.HSP70 )
, 1.20—1.40mm, RACE , HSP70
, 7 , : 5’cDNA  3’cDNA 5’RACE  3’RACE
(20+0.5)C, 28, 12h:12h, 24 TaKaRa  RACE ,
) ) pMDI18-T
R , DH5a .
, -80°C 1

x1 K#HR

& PCR KL% RACE FTAS|4

Tab.1 Primers used for the PCR and RACE in this study

(5'—=3" (bp)
HSP70 DP-HSP70.F CTTAYGGGTTSGACAAGAA 496 Degenerated primer
DP-HSP70.R ATCTTGGGGATRCGRGTGG
5GSP1 TGTTCCCCTTGATGTCCTTCTTG 228 5’RACE
5GSP2 TTGATGTCCTTCTTGTGCTTCCT 220
3GSP1 CAACGAGTTCAAGAGGAAGCACA 312 3’RACE
3GSP2 AGAAGGACATCAAGGGGAACAAG 289
AP GGCCACGCGTCGACTAGTACGGGGGGGG Adaptor primer
1.4 Ep.HSP70 , MEGA®6.0 (Neighbor-
DNAMAN 8.0 , joining)
HSP70 cDNA 1.5 PCR(qRT-PCR)
NCBI ORF Prime primer 5.0 HSP70
finder (http://www.ncbi.nlm.nih.gov/gorf/orfig.cgi) PCR ,
Expasy (http://web.expasy. 18S rRNA, 2
org/compute pi/) , SignalP 4.1 Server , PAGE
TMHMM Server v.2.0 LCso( , 1999),
; Swissport HSP70 1/2LCso  1/4LCso  1/8LCsq 1/16LCs,
http://swissmodel. , RNA cDNA
expasy.org/; SMS PCR 3
Ep.HSP70 3



1062 48
®2 WMRBPEAEE PCRFIASIY
Tab.2 Primers used for the qRT-PCR in this study
(5°—=3") (bp)
HSP70 qRT-PCR F CGTTGGCGGCAAACCTAA 155 qRT-PCR primer
HSP70 qRT-PCR R CGGGAACAGTGACCACAGCA
18S rRNA F TGCATGGCCGTTCTTAGTTG 209 qRT-PCR control primer
18S rRNA R TCAATTCAGTGTAGCGCGTG
, 3 , Ep.HSP70 cDNA (KY807149)
274%CT  (Livak et al, 2001) HSP70 2252bp, ORF 1947bp, 649 (aa),
s SPSS 22.0 5’UTR  3’UTR 99bp 206bp ,
( , 2003) , polyA AATAAA ( 2
P<0.05 2.3 Ep.HSP70
2 SMS ,
2.1 Ep.HSP70 Ep.HSP70
RNA cDNA , HSP70 « 3,
DP-HSP70.F/R 492bp , DNAMANS.0
RACE , RACE HSP70
HSP70 863bp 5’ 1425bp 3’ ( 3) s (Eurytemora
(D pacifica) (Pseudodiaptomus
2.2 Ep.HSP70 ¢cDNA annandaler) 92.14%,
(Tigriopus japonicus)
DNAMAN 8.0 88.37%, (Paracyclopina nana)
492bp 863bp 3’RACE 1425bp 85.67% Ep.HSP70 HSP70
5’RACE s
. 2000bp SRACE JRACE iMarker
18s
5s 2000bp gggggg
1000bp i
750bp = 863bp
500bp it
250bp
100bp

1 RNA Ep.HSP70

Fig.1

5’/3’RACE
The electrophoresis image of RNA, core sequences, and 5’/3’RACE of Ep.HSP70
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1 GGCGGGGCCCGGCTTCCATATCACGTGATCTCTACACAATCATCCTTCTTTTAGCAACTTCCATCCCGTACACAGCTC
79 TCGTAAACCTATCCAGCAAATATGGCCAAGAAAGTCGCCGTAGGAATTGATCTTGGAACAACCTACTCCTGCGTTGGA
1 M A K KV AV GG IDULGTT Y S C V G
HSP70 family signature 1
157 GTTTTCCAGCACGGAAAGGTTGAGATCATTGCCAATGATCAGGGTAACCGAACAACCCCATCTTATGTCGCTTTCACC
20 V F Q H G KV E I I ANDQGNUZ RTTUP S Y VATFT
235 GACACTGAGCGTCTCATCGGAGACCCAGCCAAGAACCAGGTCGCCATCAACCCCAGCAACACCATTTTCGACGCGAAG
46 D TEURTULTIGDUPA AIZ KN U QUVATINUZPSNTTITFUDAK
313 CGTCTGATTGGTCGCGATTTCACCGACGCCACCGTCCAGAGCGACATGAAGCACTGGCCCTTCGATGTTATCAGCGTT
72 R L I G RDF TDA ATV Q S DMIZ KU HWU PV FUDUVTI S V
391 GGCGGCAAACCTAAGCTTGAGGTAGAATACAAGAACGAGAAGAAGACGTTTACCCCCGAGGAGGTCTCCAGCATGGTC
98 G G K P K L EV E Y KNTEIT KT KTV FTU®PTETEUV S S MV
469 CTGACCAAGATGAAGGAGACCGCCGAGGCCTACTTGGGTACCGACGTCAAGGATGCTGTGGTCACTGTTCCCGCATAC
124 L T KM KETAZEA AZYULGTUDV KD AV VTV P A Y
ATP-GTP binding site
547 TTCAACGACTCCCAGAGACAGGCTACCAAGGATGCCGGAGTTATCTCTGGGTTGAACGTGCTCCGTATCATCAACGAA
150 F ND S Q R QA TI KD AGV VI S GULNUVULIZ RTITINE
625 CCCACCGCCGCTGCCATCGCCTACGGTCTGGACAAAAAGAAGGGCGCAGCCGAGTGCAACGTCCTCATTTTCGATCTC
176 P T A AAIAY G LD KU KU KGA AA AETCNU VLIV FDL
703 GGCGGTGGAACCTTCGACGTGTCCATCCTCACCATTGAGGAGGGAATCTTCGAAGTTAAGTCCACGGCCGGAGACACC
202 G 6 G T F DV S I L TTIZETETGTIT FETV VI KSTA AGT DT
HSP70 family signature 2
781 CATTTGGGAGGAGAGGACTTCGACAACAGAATGGTCGACCACTTCGTCAACGAGTTCAAGAGGAAGCACAAGAAGGAC
228 H L G GEDF DNU RMVUDUHTFUVNTETFIKZ RIEKIHIZKIKD
859 ATCAAGGGGAACAAGAGGGCGCTGAGGCGTCTGCGTACCGCCTGCGAGAGGGCGAAGCGTACCCTCTCTGCCAGTGCC
254 I K G N KRAILURURILRTA ACEU RAI KU RTTIL S A S A
Bitartite nuclear localization signal
937 CAGGCCAACATTGAGATTGATTCTCTCTTCGAGGGAATTGATTTCTACACCTCCATCACCAGGGCCAGGTTCGAGGAG
280 Q A NI E I DS L F E G I DF Y T S I TR ATRFE E
1015 CTCTGCTCAGACCTGTTCAAGGGCACCCTCGAGCCCGTCGAGAAGGCCATGAGGGATGCCAAGATGGACAAGTCCTCC
306 L ¢C S DL F KGTULEUPVEIZ KA AMZ ERUDA AI KMDIK S S
1093 ATCAACGACATCGTCCTTGTGGGAGGATCTACCAGGATCCCCAAGATCCAGAAGCTCCTCCAGGACTTCTTCAACGGC
332 I ND I VLV G G S TR I PKI Q KL L QD F F N G
HSP70 family signature 3
1171 AAGGAGCTGAACAAGAGCATCAACCCCGATGAGGCCGTCGCTTACGGAGCAGCCGTCCAGGCCGCTATCCTCACCGGA
358 K E L N K S I NP DEA AV AYGAA AV QA ATITLT G
1249 GACACCTCCGAGGCCGTCTCCGACCTCCTGCTTCTTGACGTCGCTCCCCTGTCCCTCGGTATCGAGACCGCCGGTGGC
384 D TS EA AV SDILULTULTULUDUVAUZPULSTULGTITETA ATG G
1327 GTTATGACCTCCCTGATCAAGAGGAACACCACCATCCCCACCAAGCAGACCCAGACCTTCACCACCTACTCCGACAAC
410 VM TS LI K RNTTTIU PTI K U QTIOQTTFTT Y S DN
1405 CAGCCCGCCGTCACCATCCAGGTGTACGAGGGAGAGAGGGCCATGACCAAGGACAACCATCTCCTGGGTAAGTTCGAT
436 Q P AV T I Q V Y EGEU RA AMTI KU DN HTULTULGTI K F D
1483 CTGACCGGAATCCCCCCTGCACCCAGGGGAGTGCCCCAGATCGAGGTCACCTTCGACATTGATGCCAACGGTATCCTG
462 L T G I P P A PR GV P QI EV TVFIDTIUDA ANGTIL
1561 AACGTGTCCGCCTGCGACAAGTCCACCGGAAAGCAGAACAAGATCACTATCACCAACGATAAGGGCCGTCTGTCCAAG
488 N V s A C D K S T G K Q N K I T I TNUDI KG U RTUL S K
1639 GAGGAGATCGAGCGCATGGTCAACGACGCCGAGAAGTTCAAGGCAGATGACGAGAAGCAGAAGGAGAGGATCTCCGCC
514 E E I E RMV NDA AEI KT FI KA AUDTUDTEIZ KT G QI KTET RTI S A
1717 AAGAACGGACTCGAGTCCTACTGCTTCAACATGAAGACCACCATCGAGGACGAGAAGATGAAGGACAAGATCACTGAG
540 K N G L E S Y C F NMIE KTTTIZETDTETZ KMTE KT DI KTITE
1795 GAGGACAGGAAGAAGATCAACGACAAGTGCGAGGAGGCGATCAAGTGGCTGGATGCCAACCAGCTCGCTGAGGTTGAG
566 E DR KK I NDI KU CEUEA ATII K WT LD AN GQTULA ATE V E
1873 GAGTTCACTGCTCAGCAGAAGGAGGTTGAGGGTGTTTGCAACCCAATCATCACCAAGCTCTACCAGGGAGCCGGTGGT
592 E F T A Q Q KEV EG UV CNUPTITITIEKTULTZYOQGA G G
1951 ATGCCAGGAGGTATGCCCGATATGGGAGGTATGGGAGGTGCCGCCGACGCTCCATCAAGCGCAGGAGGTGCCGGACCT
618 M P G GMPDMGGMGG G A ADA AZP S S A GG A G P
2029 ACCATCGAGGAGGTCGACTAAACCACATGGAAACTGCTATCAACTACGACGGGAAACTAACGGCATTTCTTTTTCCAA
644 T I E E V D *
2107 AATTCAACTTGTCAACTTTAACCTTTATTAGAAAATTCAATAAAGTATAGCAAGATCATATGTGTATAATTAATGTTT
2185 TGTTAGCTAGGGTTTAGAACGGATGATCTTGACTATAAATCGGATAAAAAAAAAAAAAAAAAAAAAAA

2  Ep.HSP70 cDNA
Fig.2 Nucleotide and deduced amino acid sequences of Ep.HSP70

(ATG) (TAA) , HSP70
MEGA 6.0 NJ , (Shrimps) s
Bootstrap  ( , 1997) 1000
GenBank 2.4 Ep.HSP70
4 4 ,
HSP70 (P. annandalei) : Ep.HSP70
341 305

> >

; s (Copepods) , 2.64, -3.88,
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Eurytemora pacific HSP70

Pseudodiaptomus annandalei HSP70(AGT28484.1)
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HSP70 family signature
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3 Ep.HSP70
Fig.3 Multiple sequence alignment of the deduced amino acid sequence of Ep.HSP70 gene

®3 BTFINSHH HSPT0 RIxER
Tab.3 HSP70 family neuropeptide for sequence analysis

GenBank

HSP70 KY807149 Eurytemora pacifica
HSP70 AGT28484.1 Pseudodiaptomus annandalei 92.14%
HSP70 ABX89903.1 Tigriopus japonicus 88.37%
HSP70 ADV59560.1 Paracyclopina nana 85.67%
% HSP70B KZS19529.1 Daphnia magna 83.59%
HSP70B AIR72266.1 Euphausia crystallorophias 83.95%
HSP70B AQLS57186.1 Thysanoessa inermis 85.34%
HSP70B AIR72271.1 Euphausia superba 83.93%
HSP70 ABA02165.1 Homarus americanus 84.26%
HSP70 ABK76338.1 Marsupenaeus japonicus 83.80%
HSP70 AAQ05768.1 Penaeus monodon 83.95%
HSP70 AAT46566.1 Litopenaeus vannamei 83.95%
HSP70 ADN78256.1 Palaemon carinicauda 83.95%
HSP70 CAL68995.1 Cancer pagurus 79.06%
HSP70 CAL68992.1 Xantho incisus 78.16%

HSP70 CAL68987.1 Bythograea thermydron 77.74%
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%4 Ep.HSP70 EABGYIMLE Sk
Tab.4 The Restriction Sites analysis of Ep.HSP70

Arg-Cproteinase 25
Asp-N endopeptidase 50
Asp-Nendopeptidase+N-terminal Glu 100
BNPS-Skatole 2
CNBr 16
Caspasel 1
Chymotrypsin-highspecificity (C-termto[FY W], notbeforeP) 38
Chymotrypsin-lowspecificity (C-termto[FYWML], notbeforeP) 98
Clostripain 25
Enterokinase 2
Formicacid 50
Glutamylendopeptidase 50
Hydroxylamine 3
Todosobenzoicacid 2
LysC 58
LysN 58
NTCB(2-nitro-5-thiocyanobenzoicacid) 8
Pepsin (pH1.3) 98
Pepsin (pH>2) 116
Proline-endopeptidase[*] 1
ProteinaseK 326
Staphylococcalpeptidasel 42
Thermolysin 172
Trypsin 82
100 Cancer pagurus HSP70(CAL68995.1)
Xantho incisus HSP70(CAL68992.1) Crabs

Bythograea thermydron HSP70(CAL68987.1)
86 Litopenaeus vannamei HSP70(AAT46566.1)
74! Palaemon carinicauda HSP70(ADN78256.1)
100} penaeus monodon HSP70(AAQ05768.1)
Marsupenaeus japonicus HSP70(ABK76338.1) ]
Homarus americanus HSP70(ABA02165.1) Shrimps Crustaceans
Thysanoessa inermis HSP70B(AQL57186.1)
Euphausia crystallorophias HSP70B(AIR72266.1)
100} £phausia superba HSP70B(AIR72271.1)
Daphnia magna HSP70B(KZS19529.1)
A Eurytemora pacifica HSP70(KY807149)

45

Pseudodiaptomus annandalei HSP70(AGT28484.1) | Copepods
Tigriopus japonicus HSP70(ABX89903.1)
Paracyclopina nana HSP70(ADV59560.1)

4 Ep.HSP70 NIJ
Fig.4 Neighbor-Joining phylogenetic tree analysis of Ep.HSP70
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(GRAVY)-0.407, (  6), TMHMM
, C 5 , (7)) GOR
29380 M cm, 79.83, o- 23.74%,
(Asp+Glu) 100, (Arg+Lys) 83 23.02%, 53.24%  ( 8) Swiss
Compute pl/Mw / model 3D 9 ,
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Fig.8 Secondary structure model of Ep.HSP70

5~
I control
«* [ 1/16LCy
al « I 1/8L.C.,
B 1/4LC,,
B 12LC,,
3 L - LCso

N

-

ABFETKZHSP7TOERMRNASX RIAE

0
24 48 72 96 120
AREE (h)
10 Ep.HSP70 mRNA
B6 Fig.10 The mRNA expression levels of Ep.HSP70 under Cu
exposure
(P<0.05, n=3)
9 Ep.HSP70
Fig.9 The 3-dimensional structures of Ep.HSP70 domain ™
predicted by Cn3D-4.1 X 3.0
e L I control
® B 1/16LC.,
18S rRNA , @ 251 B 1/8.C.,
S B 1/4L.C.,
’ T 20} B 1/2LCs,
3 248 & N C,
2 P m{
SPSS 22.0 , E 1.5
Ep.HSP70 , p% 10
( %
e
m 0.5
10, 11, 12),24 48 96h ,48 i
120h |+5<|: 00
24 48h 72 96 120
(P<0.05) BRENG (h)
: Ep.HSP70 mRNA
24 48h 72h 96h 11 Ep.HSP70 mRNA
’ Fig.11 The mRNA expression levels of Ep.HSP70 under Cd
’ ( 10); > exposure
, 24h , 48h 1/16 1/8 : (P<0.05, n=3)



1068 48
gl o
Mol 1 I contro
ﬁ I 1/16LC;, HSP70 ( , 2017)
K B 1/8L.C,,
X o0k [ 1/4LCq, HSP70
& B 1/2L.C.,
% Hl .C, ’
b 15
= 2007 HSP70
(z, 10 «C )
el
%
g 0.5 5
oy
@ ,  HSP70s HSP70
& 00T 48 72 96 120 Ep.HSP70 HSP70
FRENEG (h) MEGA 6.0
12 Ep.HSP70 mRNA (Shrimps) (Copepods) ,
Fig.12 The mRNA expression levels of EpHSP70 under Zn (Crabs)
exposure ’
(P<0.05, n=3) ,
(4
1/4LCsp »72h - 172LCso - LCso PCR (Heid e al, 1996) Ep.HSP70
( 1D , LCso , Ep.HSP70
48h ) ;
24h , ( , Ep.HSP70
12) Ep.HSP70 , Ep.HSP70 96h
HSP70 , 96h , 120h
; Ep.HSP70 24h (P<0.05)
, Ep.HSP70
(Jiang et al, 2016),
3 : Ep.HSP70 24h
(Shu et al, 2011)
HSP70 ,
) : Cu>Cd>Zn
2252bp  Ep.HSP70 cDNA , Ep.HSP70
> ) (Jiang et al,
, 2016),
, (Rhee et al, 2009), )
R Ep.HSP70
Ep.HSP70 HSP70 , Ep.HSP70 1/8LCs5
) Ep.HSP70 1/8LCs, ,
HSPA1-2 6-8-like NBD DNAK , ( 1/8LCsy )
ATP/GTP , , ; , Ep.HSP70
HSP70s

) Ep.HSP70



5 : (Eurytemora pacifica)

70(HSP70) 1069

s (Kim et al,
2014) HSP70

, HSP70
, HSP70
, HSP70
( , 2012),

HSP70

. HSP70

RACE
cDNA s
, RT-PCR
HSP70

HSP70

HSP70 HSP70

, HSP70

HSP70

, , 1999, LCsy LDso
,15(11): 612—614
, 2005. HSP70
,26(1): 98—101
, 2017. 70
, 41(1): 50—55

Excell

, 2007. 70

, , 2003. SPSS
« r— (GLM-General Factorial
ANOVA). , 35(8): 24—26
s , 1997. Bootstrap
, 12(3): 78—383
, 2011. 70

,2004. HSP70
, 13(2): 41—43
(Biomarkers)
, 2409):

, 2012.

1035—1048

Dakappagari N, Neely L, Tangri S ef al, 2010. An investigation
into the potential use of serum Hsp70 as a novel tumour
biomarker for Hsp90 inhibitors. Biomarkers, 15(1): 31—38

Heid C A, Stevens J, Livak K J et al, 1996. Real time quantitative
PCR. Genome Research, 6(10): 986—994

Jiang X Y, Guan X T, Yao L L ef al, 2016. Effects of single and
joint subacute exposure of copper and cadmium on heat
shock proteins in common carp (Cyprinus carpio).
Biological Trace Element Research, 169(2): 374—381

Kim B M, Rhee J S, Jeong C B et al, 2014. Heavy metals induce
oxidative stress and trigger oxidative stress-mediated heat shock
protein (Asp) modulation in the intertidal copepod Tigriopus
Japonicus. Comparative Biochemistry and Physiology Part C:
Toxicology & Pharmacology, 166: 65—74

Livak K J, Schmittgen T D, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the
272CT method. Methods, 25(4): 402—408

Mayer M P, Bukau B, 2005. Hsp70 chaperones: cellular functions
and molecular mechanism. Cellular and Molecular Life
Sciences, 62(6): 670—684

Petkeviciute E, Kania P W, Skovgaard A, 2015. Genetic
responses of the marine copepod Acartia tonsa (Dana) to
heat shock and epibiont infestation. Aquaculture Reports, 2:
10—16

Rhee J S, Raisuddin S, Lee K W et al, 2009. Heat shock protein
(Hsp) gene responses of the intertidal copepod Tigriopus
Jjaponicus to environmental toxicants. Comparative
Biochemistry and Physiology Part C: Toxicology &
Pharmacology, 149(1): 104—112

Shu Y H, Du Y, Wang J W, 2011. Molecular characterization and
expression patterns of Spodoptera litura heat shock protein
70/90, and their response to zinc stress. Comparative
Biochemistry and Physiology Part A: Molecular &
Integrative Physiology, 158(1): 102—110



1070 48

CLONING AND EXPRESSION ANALYSIS OF HEAT SHOCK PROTEIN 70
GENE IN EURYTEMORA PACIFICA UNDER METAL STRESS

LI Bin, JING Fei, WU Min-Min, ZHANG Jian-She

(Marine Science College of Zhejiang Ocean University, National Engineering Research Center of Marine Facilities Aquaculture,

Zhoushan 316022, China)

Abstract Heat shock protein 70 (HSP70) is an important protective protein in organism and cells. The full length
sequences cDNA of HSP70 in Eurytemora pacifica (short named Ep.HSP70) was cloned for the first time using the
RT-PCR and RACE techniques. The sequence length is 2252bp, the GenBank accession number is KY807149; the open
reading frame (ORF) is 1947bp encoding 649 amino acids, the 5'terminal 99bp and the 3' terminal 206bp. The predicted
protein molecular weight is 70.81kDa, isoelectric point is 5.16, and it is a hydrophilic protein with no signal peptide and
transmembrane domain. In addition, it is rich in alpha helical structure (37.60%) and beta fold (18.80%). Multiple
homologous amino acid sequence alignment showed high conservatism between Ep.HSP70 and others HSP70 of
crustaceans; especially, the conserved signature sequences of HSP70 family are highly conserved in crustaceans.
Phylogenetic analysis showed that the evolutionary relationships between E. pacifica and Pseudodiaptomus annandalei is
the nearest than others, and the intraspecific homology of copepods is higher than shrimp and crab. Moreover, the
homology with shrimps is higher than crabs. Fluorescent quantitative PCR showed that the expression level of Ep.HSP70
had significant time effect and concentration effect under different concentrations stresses of Cu, Cd and Zn. The order of
inhibition effect of the three metals on Ep.HSP70 were Cu>Cd>Zn. The successful cloning of Ep.HSP70 gene and
expression analysis under heavy metal stresses are of great significance for the further study on the biological function of
HSP70 protein.

Key words Eurytemora pacifica; heat shock protein 70; gene cloning; metal stress; expression analysis
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