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A new heat shock protein 70 was identified in red-spotted grouper (Epinephelus akaara) based on an
expression analysis. The cDNA of red-spotted grouper Hsp70 (designated RgHsp70) was cloned by
the rapid amplification of cDNA ends (RACE) techniques. The full-length of RgHsp70 cDNA was
2,152 bp, consisting of a 5-terminal untranslated region (UTR) of 105 bp, a 3'-terminal UTR of 274
bp, and an open reading frame (ORF) of 1,773 bp that encode a polypeptide of 590 amino acids with
a theoretical molecular weight of 64.9 kDa and an estimated isoelectric point of 5.2. Multiple align-
ment and phylogenetic analyses revealed that the RgHsp70 gene shares a high similarity with other
Hsp70 fish genes. RgHsp70 contained all three classical Hsp70 family signatures. The results indicated
the RgHsp70 is a member of the heat shock protein 70 family. RgHsp70 mRNA was predominately
expressed in the liver, with reduced expression noted in the head-kidney tissues. The expression anal-
ysis of different water temperatures (21, 18, 15 and 12°C) for sampled livers revealed that expression
gradually increased at 12°C compared to 21°C. In this study, the effects of water temperature lowering
on the physiological conditions were investigated, and the results revealed that novel RgHsp70 may
be an important molecule involved in stress responses.

Key words :

ME

Heat shock protein (Hsp)> €AW= A E o] 2
VA A ZE W o gy trefstAl EA sk, AlF RS
O F w9 F HEHA D]'HHZ‘:_IO]EH15 23]. tjF-&<] Hsps
E}‘)k?ﬂ Az Edoly £, g, &34, VA=Y

g 7g Q90 E Qs W HEE Ko, o] F9
22 biomarker2 Z & A JTH23, 25]. ES Hspst
Ae] & ¥ molecular chaperonesZH4 9| 7]5& 7}
A, 2EY 22 QA3 £48 AZE JEAI = 987 o
Eol A td dgntEE S/ 7= B2, 20,
27]. Hspst 2E# 2 W3 EAME2Q Ao #3 o
Toll &3 ol &= 31[7, 12, 17, 23], EA F(molecular
weight)oll 7] 23}e] Hsp90 (85-95 kDa), Hsp70 (68-73 kDa),
Hsp60Z Hspd7, A &A% Hsps (16-24 kDa)9 SHOZE
UE F 19

R o e
_I-E lm o

*Corresponding author

Tel : +82-51-720-2432, Fax : +82-51-720-2439

E-mail : phj3812@hanmail.net

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Epinephelus akaara, expression, Hsp70, RACE PCR, quantitative real-time PCR

°] ¥, Hsp702 &= 9@ 2Ef 22 8 fEHE &
WAR 2 g8 glon, 4 A £ (molecular chaperone)
9 71%5H SR R A0 RTE AZ f Tzt
dotgs ooz, Ax u gidS 2337, 19).
AZ ) e Eapo] Hsd wale] WS HolL,
A ¥ heat shock factors (HSFs)& 9l W€ il d S /\]E
Z(cytosol) @ THE Hsps familyE7te] F32&S 53
HSFs& £ @A718A B8dS G480 s 2o
2 3} BYE 2EG2ZRE AAF REH] AT )0
2 Hspr0e AlZ ) wude] choba Aabel 34 ¢ 633
W, A o Bude) B s 9 HEe BT

Ao Aol o F2ZFEH L&l Hsp70 geneol #3
AF7F e Bzl vp 1o o] F, Wuchang bream,
Megalobrama amblycephala [16], channel catfish, Ictalurus punc-
tatus [22], zebrafish, Danio rerio [8], rainbow trout, Oncorhyn-
chus mykiss [18], humphead snapper, Lutjanus sanguineus [26]
59 BEAFERE Hsp70] ¥ EAY T2 54 9
o w3 A7 Ao

el (Epinephelus akaara)= &, 48 5 AeFF 3l
Pl 32 A48, $94 AFon s
Brlele @23 QuolA 17 ojFom

1, &=l

r o

Hs v O a7t

Db Qe 2AGIT 53], B2 A4 o7 Huhelsl £
T4 B A B3 7]&S 33 ul 9o, 2 NIFS



640 BB ULRIX| 2018, Vol. 28. No. 6

(National Institute of Fisheries Science)ol| A& ©] o] & of
g ol 2 AAY F5S A Vles A Yok
ofel ¥ AFAAE oF7A T A A &2 FHulel e Hsp
70 gene< cloning ¥ RACE techniqueE ©]§-3}4 RgHsp70
full-length cDNAE 131, FAAYETAH 547 @¢d
< BAetglon, £ E RN Hube 1 2F o2 R
Hsp70 mRNA @3te] 42 delstun stk o] %,
B A72AE wEoE s 3 A £F o BE
el A4 F2e FHste Yo F8 2Eda AR

85274 9o

= U gy

AE Y AEZA

Agole TPl ASsr e Bd AF
112415 cm, H AF 7504105 go] A72e Fulgl& A dq
ALE3A T, 1 ton YEFZNA aerations &F 3 25.00.
5C9 2702 A538 Y. 28 43S Y8, 3lEe 97
717} A H o] Y& 50 1 Abrezdl 21, 18,15 2 12°C 3o
z L}%Oi 7#74 20vkE] Yy S8R, S kE 48A7 T,

RgHsp70 full-length cDNAS| Cloning ¥ sequencing

F1le] Hsp70 full-length cDNAS] 1& $3f o] 7o B
1% orange-spotted grouper Hsp70 (Accession No. FJ600726)
sequences EU & primers A|2sto] £33tk o] Aol
AE-¥ primere Table 19 YERY AT,

Total RNA= A 2HH 223 3F 22 022 TRizol
Reagent (Gibco/BRL, USA)E °] &3t &3ttt &84

Table 1. Primers used in this study

1 pge RNAE F¥ 22 3o Transcriptor First Strand cDNA
synthesis Kit (Roche, USA)E &all #1274 A o whe}
cDNAZ #4384t PCRE TaKaRa Taq (TaKaRa, Japan)<
ojgste] Fst, 1 21& et 2ok 95TAA 3%
5 ¢ initial denaturation & AR Fof], 95T A 30%
%9} denaturation, 56C °ﬂ A 30% &<t annealing, 72C o A]
18 &9 extension ¥H3S 30 F7] 35+ S, vpA g 7]
ol A 5% &<t extension ¥H-&& AZT $EFH PCR A=
agarose gel°] H7]9& sto] dojzl DNA =g e u
At At 1 DNA 42H=& pGEM-T Easy Vector (Pro-
mega, USA)} ligation 71 ¥, ligationA 7] ¥F-8-&-& DH5a
competent cells (RBC Life Sciences, Korea)& °] &3t 34
A% 3t Plasmid DNAE LaboPass Plasmid DNA
Purification Kit (Cosmo, Korea)& o] &3t #3141, &
¥ plasmid DNAE ABI DNA Sequencer (Applied Biosys-
tems, USA)E | &3} d7IHde &3ttt

321¥ nucleotide ¥ o}7| =4t sequencet multiple se-
quence alignment &4]& 913} Genetyx ver. 805 AH&3HS
o} Hsp70 cDNA®] sequence™ National Center for Biotech-
nology Information (NCBI)ol A Hla, £43}4 ).

wHHE] Hsp709] A& 2 A #42 MEGA4 software pack-
age°ll A neighbor-joining (N]) H< ©]-&3te &43t4ith. ©]
Aol H1¥ Hsp70 family®] obv]=Aib 48 A3, odFd
AZAFE HlasR o, 20008 9] bootstrap WHE, 4~
sk skt

RgHsp70 full-length cDNAS| &0l

RgHsp70 full-length cDNA sequence® ¥7] 913} oligo
(dT) anchor primer (5-CTG TGA ATG CIG CGA CTA CGA
T(T)is-3')8} CapFishing™ adaptor (Seegene, Korea)2 ©] &3}
of g8ttt 1He] RACE-Ready cDNAE template® 3]

Primer Sereal no. Sequence (5'-3') Location
b © o F1 CASKCSGACATGAAGCACTGG 21252
egenerate primers R1 TGATGGTGATCTTGTTCTCC 1,483-1,502
5 RACE R GGAGGATGAGGGGCTTFGCTG 1,693-1,713
R2 TTCATCGTTCTCGGCAGTCT 1,788-1,807
% RACE 3 TCTACACCTCCATCACCAGG 850-869
R3 TGATGCTCTTGTTCACCAGG 1,062-1,081
, F4 TGTTGTCGCTGATGTCCTTC 1,602-1,621
Real-time PCR RgHsp70 R4 TTCATCCTTCTCGGCAGTCT 1,679-1,698
F5 TGAGGTCAAGTCCACAGCAG 576-595
RT-PCR RgHsp70 R5 TGGCAAGATCAGTGAAGACG 675-694
ReBact F6 CTCTTCCAGCCTCCTTCCT 781-799
gi-actin R6 GTGTTGGCGTACAGGTCCTT 871-890




target primer (TP)%} gene specific primer (GSP)E ©| &3 9
@9 RACE-PCRE X @ atgith.

3’ RACEY 5 RACE®| At8-% gene specific primer (GSP)
9} target gene primer (TGP)«= Table 1] Z+7 YERA AT
5 nl®] cDNA¥ GSP9} TGPESeeAmpTaq Plus Master Mix7}
F 38 50-ul PCRAF& o] §-3te] EeJ8ith PCR 21 -&9
5Cel A 1087} denaturation #8& AX $of], 55CA A 1%
59| denaturation, 62 C oA 30% &<2te] annealing, 72T

Journal of Life Science 2018, Vol. 28. No. 6 641
RgHsp70 &SE2M(RT-PCR % QPCR)
z4d ‘%}fﬁ%ﬁ—% ! 7§“01i‘%'~E1 7

A, ok, %

%Hiﬁﬂ

3}04 RT (reverse transcription)-PCR 9 real-time PCR #
A& 5 9T}, Total RNASH (DNAY] &&= 9% U3
< 53 gHFHY.

o A28 o] extensiondt-$
F71o1 4 5% &< extension
ZZY PCRAES 1
ol EdstaoH, I g HAL Sl =g DNAY
w3 Fdsih

Bk
1

91
181
271
361
451
541
631
121
811
901
991
1081
171
1261
1351
1411
1531
1621
1711
1801
1891

1981
207

32 40%7] £9% Fol, oA 248 BHRH 0 52 3
b AR,

< ol & A7

| e
o

1% agarose gel& NYEs

5% &9 extension HH¥S AZATH

agagccgtecgtegtetgegeaccgettgtgagagggeaaagegetatgtggecticacagattecgagaggetgateggegatgeagece
aagaatcaggttgccatgaaccccaccaacacagtttttgatgeccaaacgactgattgggegeaggtttgacgacacagtggtgeagtea
M NPTNTVYVF FDAEKRILTIGRIRFTIDDTTVYV QS
gatatgaagcactggccgtttactgtcatcaatgacaacactcgecccaaagttcaagttgagtacaagggegagtegaagtecttetac
DMEKEHWEPT FTVIDNTIDNTR RZPIEVYVQYVETYZ EKS GESTZ EKSTFTZY
ccagaggagatctcatctatggtgctgactaagatgaaggagattgetgaagectaccteggaaaaactgtcaacaatgetgttattacg
PEEISSMVYLTIEKMEKETIAEA AYTLGE KTV VNNA AYVYTIT
gtacccgectacttcaatgacteccagegeccaggecactaaggatgetggeacaatctetggectecaatgttctgegtatcattaatgaa
VPAYT FNDSQRQATI KD AGTTISSG6TLUNTVILRTITITINTE
ccaactgctgctgecategectatgggttggacaagaaggttgggtcagagaggaacgtectecatetttgatettggtggtggeacettt
P T™AAAIAYGLDTEKT KV YGSERNVYVILTITFDILGSGTE GTF
gatgtgtccatcttgaccatcgaggatggecatctttgaggtcaagtcecacags agacacacatcttggtggggaagatttcgacaac
D VS5 ILTTIETDSGTIT FEV YVE KU STA DTHLGGETUDT FTDN
cgcatggtcaaccacttcattgctgaattcaagcgcaagtacaaggggggcatcagcgacaacaagagagccgtccqtcgtctgcgcacc
R MV NIHTFTIAETFTZ KT RTEKTY KDISDNIEKIRAYRIPRTILIRTEL
gcttgtgagagggcaaagegeacactgtettccagecaccecaggecageattgaaatcgactetetgtacgagggagttgacttetacace
A CERAEKRTILS S S5 TQASTITETLIDSTLYETGVTDTFTYT
tcaatcaccagggctegttttgaggagetcaatgetgacetgtteegtggeacettggacecetgtggagaagtegetecgtgacgecaag
s I T RARTFETEILUNADTILTFRGTTULUDZPVEZ KSTILZ RTDATK
atggataaagggcagatccatgacategtgttggteggtggetecaaccegtatececccaagateecagaagetgetecaggatttetteaat
M DEKGQIHDTIUVILVYGGS TRTIPI KTIUQEKTLTLOG QDTFTFTN
ggaaaggagctcaacaagagcatcaatccagatgaagetgtggectacggageegetgtecaggetgecatectgtetggagacaagtet
G KELNIZEKSTINZPIDTEAYVAYGARAMAVYV(QAATITLSSGTUDTEKS
gagaatgtccaggacctgetgettettgacgtcaccectetgtecetgggtattgagacegetggaggtgtecatgactgtectgateaaa
ENVY QDILILILILDVT?PTILSTILGTIZETA ASGSGVMTUVILTIHEK
cgaaacaccaccattectaccaageagactcagaccttcaccacctactectgacaaccageetggtgtgetecateccaggtttatgagggt
R NTTTIZPTI KO QTSOQTTFTTYSDNOGQPGVILTIOGQVYESG
gagcgtgccatgaccaaggacaacaacctgectgggecaagtttgagetgacaggeatcectoctgetooceegtggtgttocccagategag
ERAMTI EKEDNVENILLGI KT FETLTSGTIUPZPAPIRGYVYZPOQOQTIE
gtgacatttgatattgatgccaatggtatcatgaatgtctetgetgtagacaagagecactggecaaagagaacaagatcaccatcaccaat
vVTFDIUDANSGTIMUNVYSAVYVDI EKSTSGIE EKEUNZE KTITTITN
gacaagggtcgtctcagcaaggaggacattgaacgecatggtccaggaagectgagaaatacaaggetgaagacgatgtcocagegtgacaag
D EGRLSKETDTITETZRMYOQQE- BAETZ KTYTZ EKHS AET DTDYVOQRTDEK
gtgtctgectaagaacggectggagtegtacgetttcaacatgaagtecgactgtggaggatgaaaagottgectggcaagatcagtgaagac
VSAEKNGILEZSYATFNMEKS STV VETDETZEKTLA AGIE KTISED

caagcagaagattttggacaagtgcaatgaggtcatcagctggctggacaagaacc%gactgssgggggggazgggtatgaacatcaa
KQ KI LDKTCUNETVTISWILUDTI KN T A EKDETYEHQ
cagaaggagctggagaaggtgtgcaaccccatcatcaccaagetgtaccagagtgetggtggeatgectggtggtatgecagagggeatyg
Q KELEZEKVYVYCNZPTITITZEKTLTYSQSAGGMPGOGMZPEGM
cctggtggetteectggagetggtggegetgeteecggeggtggatecteceggaccaaccattgaggaggtegattaaacagteectgec
P 6GGGFPGAGGARAPGSGSGSSGPTTIETETVTD?*

tcatccactactectaagatgttttctaagaaaggaaccetettatageacaagttacaacaagettaagagtgecaacgtaaagaaataa
aaagtgggttcagggatcacaattattgcatggtttgcgacacacctgggaacaacttgtagtgggtacaactgagetgttggtteatgt

i I ————

2152

229 A Hsp70 gened
mRNA transcriptione 2At3}7] 913], real-time PCR %Hg-%
AL 953 2tk 95Tl A 20% &< denaturation, 56°C o A
20% 59 annealing ¥ 403] AA3FA T wpA B F7] 0] A]

90
180

270

360

450

540

630

720

810

300

990

1080

1170

1260

1350

1440

1530

1620

1710

1800

1890

1980
2070

ctggttaattgttttgtatactgagatgtcactgectiga:

aatcttgttaaccctc

Fig. 1. The ¢cDNA and deduced amino acid sequences of RgHsp70 from red-spotted grouper, Epinephelus akaara. Amino acid residues
in the mature protein are assigned a positive number, and those in the single peptide are assigned negative number. The
RbHsp70 primers (forward and reverse) are arrow, its polyadenylation signal sequence AATAAA and poly (A) tail are in

boxed.
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Fig. 2. Multiple-sequence alignment of the RgHsp70 with Hsp70 of 14 other fish Hsp70. They were aligned using ClustalX. The
Hsp70 family signatures are shaded grey and the ATP/GTP binding site is boxed. The bipartite nuclear localization signal
sequence is underlined and the EEVD consensus sequence is shaded black. The Hsp70 family used in the alignment are
as follows : Poecilia formosa XP_007541686, Austrofundulus limnaeus XP_013888455, Monopterus albus AGO01986, Acanthopagrus
schlegelii AAX07834, Ctenopharyngodon idella ACJ03596, Poecilin reticulate XP_008400612, Lutjanus sanguineus ADO32584,
Paralichthys olivaceus AGZ01970, Nothobranchius furzeri XP_015816161, Fundulus heteroclitus XP_012712369, Oreochromis niloticus
NP_001266600, Hypophthalmichthys molitrix ACJ03595, Xiphophorus maculates XP_005813814, Maylandia zebra XP_004574972.
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Fig. 4. Expression of RbHsp70 mRNA in various tissues of healthy red-spotted grouper, brain, gill, trunk-kidney, muscle, head-kidney,
liver, intestine, and spleen were examined. The data are presented as the mean relative ratio RbHsp70/ B-actin mRNA levels.
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sampled at 48 h. Asterisks indicate significant difference
(p<0.05) as determined by one-way ANOVA.
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