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Optimal Water Temperature for Long Distance Transportation of
Red-spotted Grouper (Epinephelus akaara)

Min-Sik Cho

Department of Fisheries Biology, The Graduate School,
Pukyong National University

Abstract

Red-spotted grouper Epinephelus akaara has been drawing more attention as
one of the potential mariculture fish in Korea. To study the physiology
associated with its culture and long-distance transport, we evaluated the
changes in blood composition in red-spotted grouper at different water
temperature (12°C, 15°C, 18°C and 21°C). The biochemical characteristics of the
blood in experimental fishes were analyzed upon exposure at each
temperature condition for 48hr. Physiological parameters investigated were
hematocrit (Ht), hemoglobin (Hb), plasma cortisol and glucose, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT), NH3, osmolality
and total protein (TP), respectively. While little difference was observed in
total protein among the experimental group, levels of Ht and Hb, AST and
ALT, NH3 and osmolality were increased upon exposure to 12°C. Levels of
the plasma cortisol and glucose were also increased at 12°C as compared to
21°C group. The result suggests that critical lower limit for red-spotted

grouper is 12°C. For molecular analysis, heat shock protein 70 (Hsp 70) was



identified from red-spotted grouper (Epinephelus akaara). The cDNA of
red-spotted grouper Hsp70 (designated RgHsp70) was cloned by rapid
amplification of cDNA ends (RACE). The full-length of RgHsp70 cDNA was
2,152 bp, consisting of a 5-terminal untranslated region (UTR) of 105 bp,
3’-terminal UTR of 274 bp, and an open reading frame (ORF) of 1,773 bp
encoding a polypeptide of 590 amino acids. RgHsp70 contained all the three
classical Hsp70 family signatures with a theoretical molecular weight of 64.94
kDa and an estimated isoelectric point of 5.20. Multiple alignment and
phylogenetic analysis revealed that RgHsp70 gene shared a high similarity
with other Hsp70 genes in fish. RgHsp70 mRNA was predominately
expressed in the liver together with a reduced expression in head-kidney
tissue. Expression of RgHsp70 in livers was gradually increased as compsure
temperature was changed 21 “C to 12 °C. In this study, we investigated the
effects of lower water temperature on physiological conditions of a novel
red-spotted grouper and found that heat shock protein 70 may be an

important molecule involved in immune response.
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T2 o7 WAL AEEAR, 4, AR, AE E WA IS PAE
7Hd a3 8% F shuto]th(Schreck, 1982; Adam, 1990; Santos and Pacheco,
1996; Cataldi et al., 1998). L&t} o] T4l Slof F43% 29 ¥Mile FF,
, IUE T3 RR7MA R ojAld] 2EdH 2 810w A&shA Hrh
AA7}F 2Eg 2 Q8o =ZHA HW 128 08 AFsHE- A -2E A 5 9
gAdo] wolAH, o]& QI3 cortisole] F OS2 ¥ E W (Perry and Reid, 1993;
Wendelaar Bonga, 1997; Chang and Hur, 1999), 234 ®¥-go 2= E-o|29 &

748, WMEe o] 9|3 aspartate aminotransferase (AST), alanine

aminotransferase (ALT)9 &7} A7ubs, 4h4h4v o) F71 9 oy A] H9 &
7h & 8% eFE2e e, T 9uid e A 5 NHze dso] o= A&

oAFolA Buxi oh(Park et al, 2016; Yang et al., 2016).

Heat shock protein (HSP)2 H3AE, &8, 2 Ed4A A EZA BE A
oA ATEAdTHcr & FA 9 HEHA flow, AE ol oyt
geFstA EAEY 2 9SS 83 A ZIth(Srivastava, 2002; Miliani et al.,
2002). tiFES] Hspst T2 8Rlo=x Wdxe zo=x 4 YA

(Most Hsps are constitutively expressed), Th3t AJg]sta] Eghojy} ~E# 2~

B

29, ¥ 25, 4429 55, 54, AT 28R VI8 & #44 ajoe=w
Jdall we 2ATE Holw, @wdol WMAANE 7HA-2T(Srivastava, 2002;

Yenari et al, 1999). Hsps= YwWEH<Ql ZZoju} ~EHZX (both normal and
stressful conditions)® 1% 27 EFA A AETSH 7|5S TP
Hspst AZ7]3% Atolo|A] @A o] Z F(translocation), H343tal thafFgt 4

?l(subunit)®] ZAgtolu} Fafl, ~2Ed 22 QI3 dulde] wygow 3L, st
ARl alel o3 el SR 7o), A =AU Ax BEse 43
AN71E 5o 71%S F3ss Ao A AXI QlthSrivastava, 2002; Zmijewski
et al., 2004, Robert, 2004). Hsps= HAtZHE, 2E# 2~ W83 £29] sto] #
gt ATl F83HA ©] 8= (Srivastava, 2002; Morimoto, 1998; Lindquist,



1999; Feder and Hofmann, 1999), A% wetA Hspv Hsp 90 (85-95kDa),
Hsp 70 (68-73kDa), Hsp 603 Hsp 47, & &A%9] Hsps (16-24kDa)®| 55
o2 Ys F UtH(Park et al, 2007).

Hsp 702> #A} AF#] 2 (molecular chaperone)ell 23] My @ zd-g H53}
an, o] @A @A dAZHR] FEAE] Jse T Fth(Feder ME and
Hoffmann GE, 1999; Park et al., 2007). A X~ W ©@uldo] =45 dAL w] =

< WdFES Hola, tgd ~EY2E HAYSHE heat shock factors(HSFs)oll <]
af HAd 9 ES AlZA(cytosol) WollA & Hspsét &7 HSFs& A A7]
wA wlds G435zt oY ~Ed 2~ aflel wEl Hsp70> AlE Ul
A Gide] gekd dAabek e fEety, g Vs 729 5L F&
TH(Wang et al., 2009). Wuchang bream, Megalobrama amblycephala (Ming et al.,
2010), channel catfish, Ictalurus punctatus (Song et al.,, 2016), zebrafish Danio
rerio (Graser et al., 1996), rainbow trout Oncorhynchus mykiss (Ojima et al,
2005), humphead snapper Lutjanus sanguineus (Zhang et al., 2011)% %2 7
of Foll A Hsp700] that EA543 54 3 Tde thak Barp Ak

HhEl s o f= A AA 324 oo ARATEE 7ML i, T3
sto] SOt ol, dEF Ut E LVtE &uEHE, HIde FAE A
ol Uz O F87F ASHeR bt = g At o {olth(Park et
al, 2016). 53|, wHtel= viel ofF FoAAME Aol Bo] Fof I a7}
s7keta e, ol FFAZNZ] fs T3 FEobAor AHelA Fukel

FHAL 9 AN ARSI Qe AHolt. Hulel(Bpingphdus akaara)
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AdoIQd Hulgls 20150 2€o] I H 54 GSP A Rl A T8
AAHAFA TR FGHATA4)E AS 20159 6ol 755445k

(340 71%&) A AbAe] §54 YRR ton)ol FEH] 109%

=

i

Ak Aol 7= 113 £ 1.5 cm, AFE 53.4+54 go|3lth.

Ao 50t & SlE 2 WAr7F AAE &8 50 L AMGEE
28 F2(FE4 40 L) 570l 10vY sEete 7 Fxo] FEs 34
Zrakol 10, 12, 15, 18, 21C & ZFom, o] F 48475t FASHATH
Ao Ul o7 3Tt

Rl
[

2. Ad 5 dHEY

1) 2E8A=

2E AdoE AF 4841714, 150 ppm tricaine methan sulphonate,
MS-222  (Sigma-Aldrich, USA) = wlHAZl F, heparin sodium
(Sigma-Aldrich, USA) A &g 1 mL FAZ]E AH&3te] dgoje] v 2d
doziy Adsiat. AE HF A9 dFE= EnEIAdE
(hematocrit, Ht)¢} 3| 2= Z¥7](hemoglobin, Hb) &4 93] Ar&3tA 2
B, YA i 20

7

LY

-

Ao

WA o YA &84T, 8000 rpm, 104)3}



of B4 A7tA 80C A WEiel Bastth
Hte @98 RAfEH] Yo 94810000 rpm, 15+)3te] HtZ

N

d ¥ (Micro-haematocrit reader, Hawksley Co, UK)2. &, Hb2 =543}

8524 7] (Fuji dry-chem 4000i, Fujifilm Co., Japan)Z =43} th 49
=322 9 total protein (TP), aspartate aminotransferase (AST),

alanine aminotransferase (ALT), NH3+= A&A3teE47], H45dH %

\

Ak

53578 7] (Vapro 5520, WESCOR Co., USA)Z Z73t3ith.

rr

et
ol

H
cortisol &%+ fish cortisol ELISA kit (Cusabio Biotech, China)E 7

o] we} BAsHT)

L

3. RgHsp709] cloning ¥ sequencing
A Hsp70 full-length ¢DNA® &2 E fa o|deo] HiH
orange-spotted grouper Hsp70 (Accession No. FJ600726) sequences %=
2 A& primer+ Table 10 WERH AT
Total RNAE= Aoz 7E HE3} It =2 o =2H5E TRizol Reagent
(Gibco/BRL, USA)E ©o|&3dt FZ=stth wa¥ 1ig Total RNAE
T3PS = 3} Transcriptor First Strand ¢DNA synthesis Kit (Roche,
USA)E o] &ste] AZpAte] A Aol wel cDNAE FAstH. PCRE
TaKaRa Taq (TaKaRa, Japan)< °]&3te] 3k, 7 =12 te34
2t} 95°Col| Al 3% &<t initial denaturation IS A%l F9|, 95T o] A
30% &<t denaturation, 56C A4 30% &<t annealing, 72C oA 1& &
?F extension ¥FH&E& 30 F7] FAF Fof, wpA Fr]oA 58 F<
< i
o] dolxl DNA W=:s Zehfu A E¥lE DNA A4ES

ol

extension WH-&-& AlF Z % PCR 4HEL agarose gelol|l A719 5



pGEM-T Easy Vector (Promega, USA)$} ligation A7l ¥, DH5«¢
competent cells (RBC Life Sciences, Korea)E ©]-&sto] &g st
Plasmid DNA<+ LaboPass Plasmid DNA Purification Kit (Cosmo,
Korea)E ©]&3te £23l9a A71-Ee gl

¥ nucleotide, amino acid sequence®} multiple sequence
alignment= Genetyx ver. 8.0 Ah&3te] 2433t Hsp70 ¢cDNAY]
sequencex= National Center for Biotechnology Information (NCBI)ol| A
Hla, A3t Huke] Hsp709 AlFEAEAS MEGA4 software
package©l| 4] neighbor-joining (NJ) = o]&3st] ATt ojde] X
¥ Hsp70 family®] ofr]x4t &4 fal, 43 A= 7= Hlust
Hom, 2,000 2] bootstrap KM, 335t Qs Th

Primer name Sequence (5°-3%)

For qRT-PCR amplification:

OgHsp70 F GUCCAAGAGACTGATTGGAAG
OgHsp7O0 R CTCAAACAGAGAATCGATCTC
RgHsp70 F-1 TGAGGTCAAGTCCACAGCAG
RgHsp70 R-1 TGGCAAGATCAGTGAAGACG
RgHsp70 F-2 TGITGTCGCTGATGTICCTTC
RgHsp70 R-2 TTCATCCTICTCGGCAGTCT
f-actin F GGACACGGAAAGGATTGACA
f-actin R CGGAATTAACCAGACAAATC

Table 1. Primer used in this study.



4. RgHsp70 full-length cDNA £ (3 and 5 RACE)

&HH ] Hsp70 full-length ¢cDNA sequenceE 7] #al oligo (dT)
anchor primer (5-CTG TGA ATG CTG CGA CTA CGA T(T)18-3)%}
CapFishing™ adaptor(Seegene, Korea)g& ©]&3to At 2t
RACE-Ready cDNAE template® 3} target primer(TP)$} gene specific
primer(GSP)E ©] &3 &2 RACE-PCRS %33}t

3 RACE &gl 5 pL% 3 RACE cDNA, 1 pL9¢ 10 mM 3 RACE
target primer(5-CTG TGA ATG CTG CGA CTA CGA T-3'), 1 uL¢] 10
mM 3" RACE HSP70-specific primer(5’-GCC ATC CTG TCT GGT GAC
AAG TCT GAG-3)%} 25 uLe] SeeAmpTaq Plus Master Mix7}F Z&H
50 uL PCR AJ¢F& o] &3t &3t PCR 272 94T oA 58 3t
denaturation FA 2 AXZl Zo, 94C oA 40% 522 denaturation, 62C
ol Al 40% 529 annealing, 72TC ol A 13 &< extension®H-§< 405
7] 3 o, wpAE F7]o A 58 &% extension BFSS Al Z T

5 RACE E#]=5 uLe 3 RACE cDNA, 1 uL9 10mM 5 RACE
target primer (5-GTC TAC CAG GCA TTC GCT TCA T-3), 1 uL9
10mM 5 RACE HSP70-specific primer (5-CAG CTC TCT TGT TGT
CGC TGA TGT CCT TC-3)¢} 25 pLe] SeeAmpTaq Plus Master Mix7}
Z&HE 50 uL PCRAISFE o] &3t 3ttt PCR &2 94TCAA 5

%<t initial denaturation IS AHAX ZFof, 4CoA 40x% F<F

i

denaturation, 62C |4 40% &%t annealing, 72C oA 1&%t extension

HEE-& 4057] 433 $of, wpx]at 7)o A 58 &<t extension HEE&

gl

ol
o
ol
-~

ZZ 9 PCRAFES 1% agarose gel= ©| &% A7|F5<S Sl

Hqow, 11 o2 HAHL Ao A&E3 cDNAS AW HIL T3}

&



5. RgHsp7O d £ 4 (RT-PCR and qPCR)

total RNA® cDNAE FHE} RT(reverse transcription)-PCR %
real-time PCR &4]¢] AR&-HATE Total RNASH ¢cDNAS # & 919

FY3 S T3 GRS
A HHEA 92 s 3 2ZFC A Hsp70 gene®l mRNA
transcriptions FAFS}7] 9]3l, real-time PCR WHEZ-L o3 2T}

95C ol A 20% &<t denaturation, 56C ol 4] 20% &<t annealingS 3 40
3] AAEAT. vRAl g F7] o)A 55 extension REg& AlZH. B A
TollA ©o]&H primere Hsp70 gene® full-length cDNA sequence=
HIR O 2 35lo], forward primer®} reverse primergs A|ZstATH AREE
Hsp70 specific primer (forward and reverse)®} THZTE AF&-H house
keeping gene® & &%l F-actin primere Table. 10 WEFH AT

6. TAE
44 3
H(ver. 18.0)= A

test= oS 2783 TH(P<0.05).

>

1o
X
!
2y
rlo
o
4

sEF A2 UEfom, SPSS FAZE

OFO

3t one-way-ANOVA % Duncan’s multiple range



m Z2 3

1. 4309 ¥EE& 4 798 F

Agol= 10C TolA 48X Ao AF HASIH L, 12, 15, 18 2 21T

TollAE BT AEEATh =7, 15, 18, 21T TFolA = A7 A4A
o

FEEF S HASU(Fig 1A), 12CTFAAME F9 §lo] nigo] 7ietekd
FHE A5t ATH(Fig. 1B).

Fig. 1. Swimming behaviors of red-spotted grouper Epinephelus akaara

at acclimated different water temperature (A : 15, 18 and 21C, B :
12C).
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A ¥

b
a
4 a
a
10 4
0 A T
b

i a
a
.“}.
0 A
0 T T
12 15 18

Water temperature (C)

b= &

Cortisol (ng/mL)
2

==}
=
=
=

Glucose (mg/dL)
2

21

Fig 2. Levels of plasma cortisol (A) and glucose (B) in red-spotted
grouper Epinephelus akaara acclimated at different water temperature.

Data were expressed as mean * SEM (n=10). Different letters denote

significant difference among each group (P < 0.05).

_’IO_



3. Ht 2 Hb

12C 2 15C¢ Ht= z+zb 244 + 21, 243 + 22 %= 18C @ 21C+
°] 173 + 2.6, 145 £ 1.0 % Rttt FoJstA E34th(Fig. 3A). =3, Hb=
Ht¢} 2 W3t s B AT (Fig. 3B).

A 2

b b
25
| a
a
15 -
10 A
5.
0 : ; ;

e b b
a
s 4
a
pr
2 -
'D ¥ L) T
12 15 18 21

Water temperature (T)

=
=

Hematocrit (%)

=

Hemoglobin (g/dL)

Fig. 3. Level of hematocrit (A) and hemoglobin (B) in red-spotted
grouper Epinephelus akaara at acclimated different water temperature.
Data were expressed as mean * SEM (n=10). Different letters denote

significant difference among each group (P < 0.05).
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4, AST 2 ALT

3 ASTE 12T «Xo]FoA 522 + 68 U/LE 15, 18 ¥ 21T 7
394 + 85,308 + 121 ¥ 158 + 40 U/LRETH =94ch(Fig. 4A). 12}
ALTA M= AT 3bell 921 fo]E WelA FUTHFig. 4B).

A %7

AST (U/L)

ALT (U/L)
2 B

2

=

a
a
I | i
12 15 18 21

Water temperature ( T)

Fig. 4. Plasma AST (A) and ALT (B) levels in red-spotted grouper
Epinephelus akaara at different water temperature. Data were
expressed as mean + SEM (n=10). Different letters denote significant

difference among each group (P < 0.05).
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5. Total protein, NH3 ¥ 4 &Fd F%

g% W total protein® APT I+ TAZQ AolE Ho|A Fskon
NH3 ¥ #5EA FZolA9 12CF7F 47 290.0 + 18.7 Ug/dL, 419.0 +
403 mmol/kgo 2 & APFHY Fo|Hd zol& B ATHFig. 5).

11

111

=

Total protein (gidl) 5.

=

w
ElS 2

NH, (Ug/dL)
H

.

£
=
&

Osmolality (mmolkg) ()
5, & B &
L\

1z 15 it 21
Water temperature {0)

Fig. 5. Plasma total protein (A), NH3 (B), and osmolality (C) in
red-spotted grouper Epinephelus akaara at water temperature of 12, 15,
18 and 21C. Data were expressed as mean + SEM (n=10). Different

letters denote significant difference among each group (P < 0.05).
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6. RgHsp70 full-length cDNA &<l

Frbgle] P ERE  cloningdle] RACE PCRHS %3 RgHsp70
full-length ¢cDNAES &H3}3th RgHsp70 full-length ¢cDNA+ NCBI®
BLASTX program= %3 ©& ojFolA &<l Hsp70 family=39|
A S FQl F EA4 o o83t th RgHsp70 full-length cDNAS| & 7]A4]
a3 FAEH= otrxAt HE E42 I™-(Fig. 1-3)°l YEAS
RgHsp70 ¢cDNA®] HA| sequence®] o]+ 2152 bpolil, 5907] 9] ofr]ix-
2be ¢sslst= 1773 bpel Open Reading Frame (ORF)E o] F0]& )
ATHFig. 6).

RgHsp70 ¢cDNA®] opv]=2F Bla#4]2 GenBanke] FEEHo & o
&gk o]FE Hsp70 family o}7] =4t} Genetyx 7.0 program< Al-8-5}
of W, FASAT. I A, Hsp70 family signature, ATP/GTP
binding site ¥ EEVD consensus sequence® Th& FE< Hsp707% v}
A = & HEH O ASUTH(Fig. 7).
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631

721

811

901

991

1081
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1261
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1441

1531
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Fig. 6. The cDNA and deduced amino acid sequences of RgHsp70
from red-spotted grouper Epinephelus akaara. Amino acid residues in
the mature protein are designated with a capital letter. PCR primers
used for RbHsp70 amplification primers (forward and reverse) are

indicated as arrow, its polyadenylation signal sequence AATAAA

agagccgteegtegtetgegecacegettgtgagagggeaaagegetatgtggecttecacagattececgagaggetgateggegatgeagee
aagaatcaggttgccatgaa tttttgatgccaaacgactgatt: ggttte tggtgcagtca
M NPTNTVTFDAEKIRILTIGRIRTETDTDTVV QS
gatatgaagcactggccgtttactgtcatcaatgacaacactcgececcaaagttcaagttgagtacaagggegagtegaagtecttetac
DMEHWEPFTVINTDINTIRZPIEKVQVEYZEKSGES ST KS ST FY
ccagaggagatctcatctatggtgctgactaagatgaaggagattgctgaagcctacctcggaaaaactgtcaacaatgctgttattacg
P EEI S S MV LTI EKEMEKTETIA AEA AYULSGIE KTV VNNAVTIT
gtacccgectacttcaatgactecccagegecaggecactaaggatgetggeacaatctetggecteaatgtictgegtatcattaatgaa
vV PAYFNDSQRQAT KD AGTTISGILNUVYVYILIRTITITNE
ccaactgetgetgecategectatgggttggac ttgggtc: gtcctcatectttgatecttggtggtggcaccttt
P TAAATIAYGTILTDTE KT KV YOGS EZRNVILTITFIDILSGG GG GTTF
gatgtgtccatettgaccatcgaggatggecatetttgagg q . g% g tcttggtggggaagatttcgacaac
D Vs I1ILTTIEDGTIT FEVEKTSTA D THILGGETDTFTDN
cgcatggtcaaccacttcattgctgaattcaagcgcaagtacaaggfggzcatcagcgacaacaagagagccgtccgtcgtctgcgcacc
R MV NHTFTIAETFI KT RIEKY E DI S DN KR RAVYVIRR RILIR RT
gcttgtgagagggcaaagcgcacactgtcttccagecacccaggecageattgaaatecgactectetgtacgagggagttgacttctacace
A CERAKRTILS S S5 T QA S IZETIUDSTILYZETGVYVYDTFTYT
tcaatcaccagggctegttttgaggagctcaatgetgacctgttecgtggecaccttggaccctgtggagaagtegetecgtgacgecaag
S I T RARTPFEETLNADILTFIRGTTULUDUZPVEZ KSTLIRDAK
atggataaagggcagatccatgacatcgtgttggteggtggetecaaccegtateecccaagatecagaagetgetecaggatttettecaat
M DEKGQIHDTIUVILVY GGSTRTIZPIEKTIOQEKTLTLQ QDTFTFN
ggaaaggagctcaacaagagcatcaatccagatgaagctgtggcectacggagecgetgtecaggetgecatectgtectggagacaagtet
G KELNI KSTIWNZPIDEAVYVYAYGAAVQAATITULSSGTDTEKS
gagaatgtccaggacctgctgcttcttgacgtcaccectetgteecctgggtattgagacegetggaggtgtecatgactgtectgatcaaa
E NV QDLILILULODVYVT?PULS L GTIETA AGS GV VMTVILTIK
cgaaacaccaccattcctaccaagcagactcagaccttcaccacctactectgacaaccagectggtgtgetcatccaggtttatgagggt
R NTTTIUPTI KOQTAOQTT FTTZTYSDUNGQPGVYVYILTIGQVYZESG
gagcgtgcecatgaccaaggacaacaacctgetgggcaagtitgagetgacaggeateectectgeteceecgtggtgtteecccagategag
ERAMTIEKDU NV NILTILSGT KT FETLTUGTIUPPAPIRSGVYVYUPQTIE
gtgacatttgatattgatgccaatggtatcatgaatgtctctgctgtagacaagagcactggcaaagagaacaagatcaccatcaccaat
vVTFDIUDANGTIMNYSAVYVDIEKSTGIEKENZEKTITTITN
gacaagggtcgtctcagcaaggaggacattgaacgcatggtccaggaagctgagaaatacaaggctgaagacgatgtccagegtgacaag
D KGRILS KEUDTITERMYQQEFEFAETZ KTYZ KA AETDTDYVYVQQRTDK
gtgtctgctaagaacggcctggagtegtacgectttcaacatgaagtecgactgtggaggatgaaaagettgctggcaagatcagtgaagac
vV S AKNGLESTYATFUNMEK STV VETDEIKTLA AGIEKTISED
caagcagaagattttggacaagtgcaatgaggtcatcagctggctggacaagaaCC§actg_e_cwamtatgaacatcaa
K Q KI LD KCNEVYVYTISW®WILDI KN T A EKDETYEHQ
cagaaggagctggagaaggtgtgcaaccccatcatcaccaagetgtaccagagtgetggtggeatgectggtggtatgecagagggeatg
Q KELETZEKVYVYCNZPTITITZETLTYJ QQSAGOGMPUGGMZPETGSGHM
cctggtggcetteectggagetggtggegetgeteecggeggtggatecteecggaccaaccattgaggaggtegattaaacagteectgee
P GGFPGAGGA ARPSGS GG GSSGPTTIETETVTD*
tcatccactactectaagatgttttctaagaaaggaaccctettatagcacaagttacaacaagecttaagagtgcaacgtaaagaaataa
aaagtgggttcagggatcacaattattgcatggtttgcgacacacctgggaacaacttgtagtgggtacaactgagectgttggttcatgt
ctggttaattgttttgtatactgagatgtcactgccttgadéégéégaaatcttgttaaccct 2152

and poly (A) tail are marked as box.
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Fig. 7. Multiple-sequence alignment of the RgHsp70 with Hsp70 of 14
other fish by wusing ClustalX. The Hsp70 family signatures are
shaded grey and the ATP/GTP binding site is boxed. The bipartite
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nuclear localization signal sequences are underlined and the EEVD
consensus sequence is shaded black. The Hsp70 family analyzed are
as follows : Poeclia formosa XP_007541686, Austrofundulus Ilimnaeus
XP_013888455, Monopterus albus AGO01986, Acanthopagrus schlegelii
AAXO07834, Ctenopharyngodon idella ACJ03596, Poecilia reticulate
XP_008400612, Lutjanus sanguineus ADO32584, Paralichthys olivaceus
AGZ01970, Nothobranchius furzeri XP_015816161, Fundilus heteroclitus
XP_012712369, Oreochromis niloticus NP_001266600, Hypophthalmichthys
molitrix ACJ03595, Xiphophorus maculates XP_005813814, Maylandia
zebra XP_004574972.
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RgHsp70 cDNA®] A5y e2 42 Mega 4 software package®}
neighbor joining (N])H< AR&3te] 43tk & oFEHY AsT
A A3, g3t AFAFET clusters I, 53] FoE oAFE

Q1 Dicentrarchus labrax (AAR01102), Epinephelus coioides (ACN52063),

Oll

Lutjannus sangwheus (ADOB32584), Acanthgpagrus schlegelii (AAX01834)2]

wo AERL FAY 5 AQTHFig 8).

97 | Austrofundulas limnaens —
Nothobranchivs furzeri
Maylandia zebra
Fuandulus heteroclitus
76 Xiphophorus maculatus
Poecilia formosa

99
Poecilin reticulata

oy

100 Ctenopharyngodon idella
100 99" Hypophthalmichiiys molitrix ~— Fish

Oreochromis niloticis
Monopterus albus
Epinephelus akaara

Dicentrarchus labrax

100 Epinephelus coioides
§6 Acanthopagrus schlegelii

84 - Luzjanus sanguineus

— Perciformes
Fig. 8. Neighbour-joining tree of heat shock protein RgHsp70 and other
Hsp70 members constructed with MEGA 4. The bootstrap confidence
values shown at the nodes of the tree are based on 2000 bootstrap
replications. The Hsp70 family fishes of selected genes are indicate

within brackets and its Percifomes group are boxed.
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7. RgHsp70 44

rlg] A ZHE B3 225 Quantitative real-time PCRH <
Fell RgHsp70 FAAe] WS AU 243 A3, k22 o] B
o (Fig. 9), th2 ZZd] Hl3] FJH o2 %S mRNA HIFL YeErhgl
h(Fig9, P<0.05).
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Fig. 9. Expression of RgHsp70 mRNA were analyzed in various tissues

including brain, gill, trunk-kidney, muscle, head-kidney, liver,
intestine, and spleen of red-sotted grouper. Data are presented as
the mean relative ratio RbHsp70/ f#-actin mRNA levels. Errors bars
represent SEM (n=3) (A : qPCR, B : RgHsp70 gene, C : B -actin).
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1 zAA fojHow e W
(21C, 18, 15C ¢} 12C) A= 48A1%F &
olo] 1+ HMEste] BAo] ALIAT B FLOT F4E ¥ WY
5¢ BT, 12Cs 15C TFoA 21T T80l s folFel ol
2t} (Fig. 10).
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Fig. 10. Expression of heat shock protein 70 mRNA in the liver of
red-spotted grouper at differential temperatures (12, 15, 18 and 2
1C). The relative levels of Hsp70 transcript were quantified by the
expression level of the f-actin transcript. Data are presented as
mean * SD from three independent cDNA samples with three
replicates from each red-spotted grouper Epinephelus akaara
stimulated temperatures livers sampled at 48 h. Asterisks indicate
significant difference (P < 0.05) as determined by one-way ANOVA
(A : RgHsp70, B : f-actin).
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242 AASAT. olE fstd Hulglel orRE Ao
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At

Tzt mE 4841 o] FHulgls EE IFolA 100%9 BEE
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Aol #AHUT ol AR w]Fojrol 4847k Bt wrkEl= 12°C
7hA AEz] dE WAES 7HA e A2 & 7 AT Hhkel Y
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< A €F cortisolS AeAlF o wel, AAHEs, A, AU E
4ol F7F =3 ol HFPo] FUAA Hth(Tomasso et al., 1980;
Eddy, 1981; Carmichael et al., 1984; McDonald and Miligan, 1997). o F
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o] & W cortisol# glucose= HEHSQ] ~E# 2 A Fo|th(Wedemeyer
and Yasutake, 1977). £ AT} v7tA 2, 74 E(Choi et al., 2006)3
Z3E (Do et al, 2016)NH= 2E# 2 82ld we} & Y cortisol
glucose FE° 4% F7IES <l

AYe] #4415 B3l Ht 2 Hb ¥EWIE ##3 A7, Htek Hbitol

Iwama, 1991), ©] 5 Ht= ¥F9 AT &3S YUY, ol 2EH

2 3 =2 A S FASEE 71e S FHst(Iwama et al,
=
—

Aoz JdFe Fokn ¢eA ol(Vinodhini and Narayanan, 2009),

AFolA= Ago e Fvgl7t 2EH2~E oA Htek Hb 4]
7F Al S7bske A e et =3, Aee 159 Fhky JHA
oA 1 gol FHOE F/HG AOE Mol 5o upE AEF 2 9
3 BEF¥3 A 4SS FA%, Hb7lt 3§43 S71gel ot Ay 4k

& A 8 F5E 983 7] el FelHers w2 ghol uEd Ao

AST &4 A3, AST+ 21°Coll Blaf 12°Cl A+ AFolA EokA&
A BHAAN ALTE AT 2o §o&Qd ztol7h ®olx] kgt
ASTS} ALT+ of¥l7] Aolga= HFFEo I 7ee UEdes I3
A A#7} Hal 53], oJFelAE 3t v 5 A=z
2R3t A4k4, pH, 9EYol, 55 Toll o3 ~Ed

£ 7} F748kA FTH(Pan et al., 2003). £ AFNHE HG=Lol| A H]
AN JeERRIT, Do et al, 20163} Park et al., 20169 %3 &
oo AFME 2EF o] WE AST, ALT7} S7hete A

Lo M
e

i)
off
ox,
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=
4 W F 9 A(TP)# NH3 2 452 5% Table 191 YERRSA
o H1A F gide AP Lo BAZQ AolE HolA Fhon
NHs 2 4Ed sZoAE 12°CH7F 15 18 ¥ 21°CHRY fozFoz
= Ut & @A of{Fo| A=Y I H 2 AR A
#2 Z8&8HI JOW(Turner, 1937; Ozaki, 1978, Yangisawa and
Hashimoto, 1984), €747 2<clQl A™ wWE “-2(Nakagawa et al,
1977; Sidduqui, 1977)3 <% (Byrne et al., 1989), 7€} X~E# 2 (McLeay
and Brown, 1979)2 <l3]A ®s}7} dojdth(Ishioka (1980). 3tA|¥h
AT @4 Wl & S E Y Fhol AT 3ol FAARJ] Aol E Hol

(Randall and Tsui, 2002). & AFoNAE 12°CollA ©& AP0l Hla|
S oM 2EH22 Qs I gle] Frbskla, olEdt As

A
o #HAFE fdskAl " Th(Eddy, 1981; Hildreth and stickle, 1980;
Cheng et al, 2002). =3 AT e FAGLZA AEZ el o]
AAME FAStE slog dHA

e full-length ¢DNAE  HRE]3}e]  £3l=  GenBankell S35%
orange-spotted  grouper®  Hsp70 @7IAEES HIROE Rapid

Amplification of cDNA Ends (RACE)®] W& Sl grsldtt SR



Hsp70 sequence= NCBI® BLASTX program= 53l o&F ¥ O& A=
FollA &RIE Hsp70 geneS¥o| FAF I 40l o] &3FAth. Hsp70
% 2152 bpEH, 590709 otw|=A4t 712 453k 1773 bpel ORFE
x3sta ATk 283 FUTROI= polyadenylation signal (AATAAA),

Hsp70& oy &4Hs =& 2o 2E#fx 8102 2831
A SAFHE 2Ef2A dildE 48 A dth(Beckmann et al., 1990).
gk gclel s Uetue FHASERE AS Hagomn A
(homeostasis) & A5t 8% ATS I 3rh(Sanders, 1993; Iwama

et al, 1999; Ackerman and Iwama, 2001). ©]#§+ Hsp70 cDNA % 7]4]

e
o
|
o
ol

} Hsp family signatureE3 ATG/GTP binding motif sites

H
I
-

3Z3gH EEVD consensus sequence’} Hsp70 gene°] 7}Al&= AJ&E3HE 7]
e THF A FoL A= A

ofu| =4k Hl W EA - FHubg] Hsp70 gene cDNA9F GenBankol &%
Hol A= 14T o729k Genetyx 7.0 program= AH&3te] Hlal #2438}
At HHke]l Hsp70 gene c¢DNA signal peptide®t Hsp70 family
signature 3! motif7} & HEHO] = ASE YERT. Hsp702 heat
shock protein 1 % StHEXA, b& A& FolA ol &&A Ut 1L
g]ste] Hsp70 family9}e] ofv]4t ¥lw A3, T2 o] {F9| Hsp707 v}
ANAZ, g T D &4 Wt 253 Jo] FFZA 7]

& ZoE FAEE Hsp/0 family signature, ATG/ GTP binding site

ofr
o

motif ¥ EEVD consensus sequenceS <18 4 At
q

AT LAY sHH EA2 Mega 4 software package$} neighbor joining™ <

Ag3tel BEASTh T olFEW A%¥S £A AW, P ABolR
9} clusters P43 YoM, 53 Foln ojFe /M 2T AAs
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UEtWH ATt Dicentrarchus labrax (AAR01102) 93.1%, Epinephelus coioides
(ACNb52063)  91.0%.  Lufjannus  sanguineus (ADO32584)  83.9%,
Acanthopagrus schlegelii (AAX01834) 82.9%°] 4&4d< Elsiitt. As
TSR EA AT n7EA 2, 8 o] F 9 Hsp70 family9t clusterE

A P4 AUSe ¢ 5 AUTh Hsproe Aol A4S, 2

=M &5, AR, Al ol277HA geksiAl EEstal, o= 23
W Ao EAge B3, 225 AEAe A4, W, Bz dFS 7
A= T8 alo® Agst=d, duxy AMA 2= W3} o i
2Ef e AEAY A2 9 A Aol dFES PIA Yth
53], FEA=S AT 2EHS T AT S WHe ZloE Iy
A ATh(Logue et al, 1995). ©]&# g Hsp70> 2E=W3lo] & {29 4
S 2 A AX A 2" Qo] wl Fag diAZH o ATe

gt} (Konstantina and Ioannis, 2006). ©|&1qt A=, 2 Aol &=

1] Hsp 70 AN E EFZR] sequences UEHE vl & A
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Hr, o} gol wel 4ART 230 HAE B A4H s2Eo| Buls)
el HEe deld dadl Bg v §4 So wuksA) o

ol th(Listinsky et al, 1998). &gl At = 2] =E2Eo] AT

ol
o
N
fo
ok
N,
ofr
ftlo
g
Py
Fi?
oY

2} o] t}(Sharp and Secombes, 1993).
A2 02, RgHsp70 gene #Hule] el AAE FAst=H &S VA
7

I HEo, 2 B S| Qo] AAAAE
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Ae T2 Hubgle A A REE-3 heat-shock protein(Hsp70)
full-length cDNAE 73 23S BAFgo = AAY +5& AT A%
TS THstLA AT AFolE 10T TolA 48Rl AT HARs)
AL, 12, 15, 18 B 21CFollAE =5 LA =3, 15 18, 21T T
ANxeE AdPo7t ARAYN FEEFS BIJou, 12C A= /9 Sl
Hiete] gt AHE #dsidd. € HEE,  SFEL,
hematocrit(ht), hemoglobin(Hb), aspartate aminotransferase(AST), alanine
aminotransferase(ALT), NH3% osmolality7} 12°C 7ol Al 15, 18 ¥ 21C
By FostAl =3kth Huke] Heat shock protein(Hsp) 70 full-length
cDNAE S ZHE| cloningdted RACE PCRHS %3 FR31% 1, S
H RgHsp70 full-length cDNA+ NCBI®] BLASTX program= &3 t&
o} Foll A &R1¥ Hsp70 familyE7e] FAMES &1 2 E4sAT &Hut
2 Hsp70 cDNA®] A sequence®| Aol 2152 bpeolil, 59078¢] o}
=A4HS 58Sk 1773 bpel Open Reading Frame(ORF)& o] 0] A

Aok =2 BEEAY A3, oA S mRNA $d e B,
H(12, 15, 18 B 21C) A5 4843 &, & A Esho] LI
A e FLOE AFE £ BHFS Hith
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