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Expression of a Heat Shock Protein 70 (Hsp70) in Red Seabream
Pagrus major Infected with Longicollum pagrosomi

Hyung-Jun Park and Byung-Hwa Min'*

Aquaculture Research Division, National Institute of Fisheries Science, Busan 46083, Korea
'Aquaculture Industry Research Division, East Sea Fisheries Research Institute, Gangneung 25435, Korea

This study examined the expression of heat shock protein 70 (Hsp70) in red seabream Pagrus major infected by the,
acanthocephalan parasites Longicollum pagrosomi. We cloned the full-length Hsp70 ¢cDNA from the liver of the
red seabream. The full-length cDNA had a 1,950 bp open reading frame (ORF) that encoded a protein of 650 amino
acids. The deduced amino acid sequence of Hsp70 contained all of the conserved Hsp70 family signature sequences
and an adenosine triphosphate (ATP)/guanosine triphosphate (GTP) binding motif, including the EEVD (consensus
sequence that terminates in Hsp70 family) consensus sequence. The expression of Hsp70 mRNA was upregulated int
the fish head-kidney and liver, as determined by quantitative real-time PCR. We quantified the Hsp70 mRNA expres-
sion in normal red seabream and fish infected fish by L. pagrosomi. The expression of Hsp70 mRNA was significantly
higher in the infected red seabream. These results suggest that Hsp70 play a role of protection against stress and
inflammation caused by the parasite and may help maintain homeostasis.
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Heat shock protein (Hsp)> 2= A&l A AlF A sH4]
£ 2 HERo] g, 2rigt ofle} A&, Fas, S44
A oY= S v ol 2] 7HA] 2B 2.4l o5
2SS Hol= AEY A Tl & o)A §ltk(Beckmann
et al, 1990). Hsps'= ~E |2 20lo] ofs) Uehhs 270
BRE AAS H5 90 24 3] (homeostasis)e -4 5=
a3t S ddatn, BARFS 7]12 2 o] Hsp90 (85-90
kDa), Hsp70 (68-73 kDa) ¥ #]:24} Hsps (16-47 kDa) 5 3
Me] 2502 Yo Hth(Forsyth et al., 1997; Iwama et al.,
1998; Basu et al., 2002). ©] 5, Hsp70-> Hsp family % 714
do| deA gl whla = s, Q17 Homo sapiens) ¥yt
otl el AlBetu]4|(Danio rerio), FA|7§<:01(Oncorhynchus
mykiss), humphead snapper Lutjanus sanguineus 5 & 7=

b lo

3T

o ol A HarE|of Rl vl Qlow, S 271 0] WM} n] &9
2102 Qls) &4 Al Zu} sl o] 5)3-8 Fich(Hutchi-
son et al., 1994; Graser et al., 1996; Roux et al., 1996; Ojima
etal., 2005; Zhang et al., 2011).

TFFE2 A2 AT 2o A 78R 1,1505S &
9131 900, o] froll Qo] TR WAole] 2] 7| Ayelan
A= AL H 22 B39 11, o] A& Leewenhock©] Acantho-
cephalus anguillaee}a! 8931 th(Alava and Aguirre, 2005).

£20] AT} F 43 AR} HAERE 4R of
=, o3t FFE Hol 7 she ol g E e A es
&2 2] a1 Qlek(Kim et al., 2011). 0]+ Za1E]E 714 proboscis
£ 20) Ahlol] WEAIA TS 24E4E LoswA

.

chofst AFEoA AR HAE ftelal Qlon, d5
18-S fubsl o] Fof| AEH| AR 285137 QlTh(Nickol and

Crompton, 1985; Hatai et al., 1987). £3], o} = 55 2
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Qo] |l Tt 23olRE Fesol 7S s 2o
2 o] woh 258 ol 3 478 Bl yelsln
e 24 oAl Asko] el 4712 1L Ho|gk(Zeng

and Wang, 2007). whebA] <35 iﬁ}ﬂ—”"ﬂ% Frkear,
717ke] 715 ook A1 2 A Qlslo] melgo] Zhaghe mu
Aol wlAtel| o] 24| ghek(Mehlhorn, 2008). 71485-2] 41
oz HP/\HO}“: /\Egﬂ/\g o]oH 01"_'_4 /%Ja] ol AHEHz‘;zgg
Y= AA =HA A2 W Hsp709] 43} tEo] thefet
Ae) 2] W7t dojupA| Elck(Frank et al., 2013).
ZF=(Pagrus major)S 3H+2] 9 SfjAtoFAl ol R 2 1
zog Hegyglon 97 AA 271w 9L Mul o
2h, ZAo 2 &0 Ll Sof e ARt 52 AHAskL
QIth(Pyen and Jo, 1982). =2 $t=t2] Haflotof| 4] sAl7 2]
FAL B3 YAtgo] Z7F5H YA, FE 4o 9ol $%
92, A8 A4 (Hypoxia), o1 Al 5 o] <o)
B 222 QI8 Azt AL FUSHE St
7} 25| W 98k u) 2|11 Qlth(Kader et al., 2012).
"q%’ﬂfﬂ% oz fE Ee2fE Hsp709] &AM
HARAS Fof 4 U AEAR Q3 T
) AAolu 7 U 5 ZARskLA} gt

=

'l-mnﬂ

F

=
JZ

N
=

ue o £ o2 d
&
N

IECIRPAR. (]

f
2o £ o

4 _I{m
ﬁLQL

7]_% 22

=
u

2
0%
113

nx
e
<
a
>
oot
Pg
N

oy
of
9
rir
off
of
2
o
2
okt
k1
%0,
rir
2
ki
N
=>4 4
o2
i
o
o

tlo e Hr
T o
oN
T ®
ox =
41 19
Tg o,
— w
rir
g
L
9 oot
Jl 2
™ i
Ho
.2
Y
rJ
S o
ool
oft
of
2

i

=2 013’6}“3} W+?°‘ HV“’C“H %‘“El
H FABE AT AU AP 22 E) N A
I=25 Folstr, Ak&%ﬁ 17+0.57C 343=7] 10L:14D =
bl AR50l 52 ol 83t ol 7o SelwlA
2 100)(FF WA 37.3+2.5 cm, A5 818.6+124.7
Aarsto] s o] §EgIch A1 el L vl
71} Al @ Hholal Al AW shelsty] 98] A, b
) ke A &stol Seatatatel el Aol 2 At
olgsoict. Al 2, 417 9 o=kt vl
o] 2 A (red seabream iridovirus, RSIV) AAF| A 5 A4S
2 WRElon, gelolol et ol A FEF 4k
299.8 +91.7 parasites/fish2 291 % T}

o @ W O A oo -Q Mo oe Lo 4
lo ya L2 Wlf” FIO o T
T
L

O, e

|7+ 0] 9] Hsp70 mRNA 2HE 2L gq
AN 471 488 100 L5Z0] ti

aine methane sulfonate (MS-222; Sigma, USA)E 150 mg/L
o] FL7t HES IR v A0S &A A &, A

HaFA Tt 2HE2] Hsp70 full-length cDNAE 53] 7]
2l 35| 7+ 2402 58 RACE PCRe] 0| §:5/3]
15| Hsp70 mRNA 229 W 741 =345}7]
78, FAl, 54, 7, of7bn], ek W 285 A

Oﬂ*i :Li? YsAIZ T =80T oA Ad A
ol 7 Aol T4, 7 U
qmwu Hsp70 mRNA 2+312] v 7.2 913]

L ofld

o

K3 o, o
eRd i
ju s EIN’

S oy do o
of of
— r‘t:“
O
e

Total RNA=Z2| & cDNAEHY

2521 Hsp709] primerE A 245171 918l 9FA] 438 Ao
A 9Fa] 2 7445 Acanthopagrus schlegeli) Hsp70 (GenBank
accession no. AAX07833)2] sequenceE EU|Z T/JAFHTE.
o] primer set= th2-2} 2t} Hsp70 forward primer (57 ~AGA
AGG ACA TCA GCG ACA AC-3'),Hsp70 reverse primer
(5" -TCA GAC TTG TCA CCA GAC AG-3').

Total RNAE Algo]2HE &3 7 9 RAEZHE
TRizol Reagent (Gibco/BRL, USA)E ©]83lo] F&314
t}. Total RNAE 7% 0= 3}] oligo-d (T),, anchor primer
2} M-MLV reverse transcriptase (Bioneer, Korea)E ©]-8-5}¢
cDNAE 4335} th. PCR-2 Takara Taq (Takara, Japan)2- ©|
#jo] Sastolon], 1 2718 thea Bk 95 ColA 28 5
¢l initial denaturation IS A% Zof|, 95T A 20% F<F
denaturation, 56 C 9|4 40% “5<F annealing, 72°C o4 30

#7420l o #1004
¥ PCR Az aga-
rose geloﬂ A719% OP@I ?—101%1 DNA HLHE‘E Zehfiar Al
5%t} 21| ¥ DNA AH2-& pGEM-T Easy Vector (Promega,
USA)&} ligation A]71 &, ligationA] 7] W52 DHS5a com-
petent cells (RBC Life Sciences, Korea)& ©]-8-5lo] &2 #%k
5%t} Plasmid DNA+= LaboPass plasmid DNA purification
kit (Cosmo, Korea)E o|&3st0] £e|31411, =9 plasmid
DNAE ABI DNA Sequencer (Applied Biosystems, USA)&
olgstel Q1AL stk

Full-length Hsp70 cDNA 22| (3% 5 RACE)

Z5-2] Hsp70 full-length cDNA sequenceE 7] 913 oligo
(dT) anchor primer (5’ -CTG TGA ATG CTG CGA CTA
CGA T(T),,~3" )2t CapFishing™ adaptor (Seegene, Korea)
= o]&3fo] A5kl 7+2] RACE-Ready cDNAE tem-
plate= 35}¢] target primer?} gene specific primers 0|83+ &
&1 9] RACE-PCRe 3313t}

3’ RACEE2]= 5 uL2|3’ RACE cDNA, 1 uL.2J10 mM 3’
RACE target primer (5’ ~-CTG TGA ATG CTG CGA CTA
CGA T-3"),1 puL210 mM 3’ RACE HSP70-specific primer
(5" -GCC ATC CTG TCT GGT GAC AAG TCT GAG-
37)¢} 25uL2]SeeAmpTaq Plus Master Mix7} 284 50 pL




TFE5Z 9o W& 2H=9] Hsp70 mRNA W3

Red seabream 1:--MSKGPAVGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSYVAFTDSERLIGDAAKNQVAMNPTNTVFDAKRLIGRRFDDTVVQSDMK 88
Black porgy 1:--MSKGPAVGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSYVAFTDSERLIGDAAKNQVAMNPTNTVFDAKRLIGRRFDDAVVQSDMK 88
Humphead snapper 1:--MSKGPAVGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSYVAFTDSERLIGDAAKNQVAMNPTNTVFDAKRLIGRRFDDTVVQSDMK 88
Goldlined seabream 1:--MSKGPAVGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSYVAFTDSERLIGDAAKNQVAMNPTNTVFDAKRLIGRRFDDTVVQSDMK 88
Mandarin fish 1 :MAPAKGVAIGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSYVAFTDTERLIGDAAKNQVALNPSNTVFDAKRLIGRKMDDQVVQADMK 90
Hsp70 family signature 1 ATG/GTP binding site motif
Red seabream 89 :HWPFNVINDNTRPKVQVEYKGESKSFYPEEVSSMVLTKMKE ITAEAYLGKTVNNAVITVPAYFNDSQRQATKDAGTISGLNVLRIINEPTA 178
Black porgy 89 :HWPFNVINDNTRPKAQVEYKGESKSFYPEEVSSTVLTKMKE ITAEAYLGKTVNNAVITVPAYFNDSQRQATKDAGTISGLNVLRIINEPTA 178
Humphead snapper 89 :HWPFNVINDNTRPKVQVEYKGESKTFYPEEISSMVLTKMKE TAEAYLGKTVNNAVITVPAYFNDSQRQATKDAGTISGLNVLRIINEPTA 178
Goldlined seabream 89:HWPFNVINDNTRPKVQVEYKGETKSFYPEEVSSMVLTKMKEIAEAYLGKTVNNAVITVPAYFNDSQRQATKDAGTISGLNVLRIINEPTA 178
Mandarin fish 91:HWPFKVVGDGGKPKIQVEYKGEDKTFYPEEISSMVLVKMNEIAEAYLGQQVSNAVITVPAYFNDSQRQATKDAGVIAGLNVLKIINEPTA 180
****.*__*___**_*******_*_*****.**_**_**_********__*_**********************_*_*****.*******
Red seabream 179:AAIAYGLDKKVGSERNVLIFDLGGGTFDVSILTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHFIAEFKRK{E&DISDNKRAVRRLRTACE 268
Black porgy 179:AATAYGLDKKVGSERNVLIFDLGGGTFDVSILT IEDGIFEVKSTAGDTHLGGEDFDNRMVNHF IAEFKRKYKKDI SDNKRAVRRLRTACE 268
Humphead snapper 179:AATAYGLDKKVGSERNVLIFDLGGGTFDVSILTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHFIGEFKRKYKKDI SDNKRAVRRLRTACE 268
Goldlined seabream 179:AATAYGLDKKVGSERNVLIFDLGGGTFDVSILTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHFIAEFKRKYKKDISDNKRAVRRLRTACE 268
Mandarin fish 181 :AATAYGLDKNKTGERNVLIFDLGGGTFDVSILTIEDGIFEVKATAGDTHLGGEKFDNRMVNHFVEEFKRKHKKDI SHNKRPLRRLRTACE 270

*ok ok ok k ok ok ok ok L RK KKK KKK KKK KKK KKK KKK KKK KKK XK KKK KKK KKK AKX AKX KKK

Hsp70 family signature 2

Kk kkk  kkkkk  kokk  kokokokokokokok

Red seabream 269:RAKRTLSSSTQASIEIDSLYEGVDFYTSITRARFEELNADLFRGTLDPVEKSLRDAKMDKGLIHDIVLVGGSTRIPKIQKLLODFFNGKE 358
Black porgy 269:RAKRTLSSSTQASIEIDSLYEGVDFYTSITRARFEELNADLFRGTLDPVEKSLRDAKMDKGQIHDIVLVGGSTRIPKIQKLLODFFNGKE 358
Humphead snapper  269:RAKRTLSSSTQASIEIDSLYEGVDFYTSITRARFEELNADLFRGTLDPVEKSLRDAKMDKGQIHDIVLVGGSTRIPKIQKLLODFFNGKE 358
Goldlined seabream 269:RAKRTLSSSTQASIEIDSLYEGVDFYTSITRARFEELNADLFRGTLDPVEKSLRDAKMDKGQIHDIVLVGGSTRIPKIQKLLODFFNGKE 358
Mandarin fish 271 :RAKRTLSSSTQASIEIDSLFEGIDFYTSITRARFEELNSELFRGTLDPVEKALODAKLDKSKIHEVVLVGGSTRIPKIQKLLODFFNGRE 360
Khkkkhkkkkhkkhkhkkhkhkkhkhkk hk hkkkhkhkhkkkhkkhkkhkkkkx khkkkkkhkkkkk Kk kkk Kkk * % ********************** *
o o t * 77 Hsp70 family signature 3
Red seabream 359:LNKSINPDEAVAYGAAVQAAILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVLIKRNTTIPTKQTQTFTTYSDNQPGVLIQVYEGERA 448
Black porgy 359: LNKSINPDEAVAYGAAVQAAILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVLIKRNTTIPTKQTQTEFTTYSDNQPGVLIQVYEGERA 448
Humphead snapper 359:LNKSINPDEAVAYGAAVQAAILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVLIKRNTTIPTKQTQTFTTYSDNQPGVLIQVYEGERA 448
Goldlined seabream 359:LNKSINPDEAVAYGAAVQAAILSGDKSENVQDLLLLDVTPLSLGIETAGGVMTVLIKRNTTIPTKQTQTFTTYSDNQPGVLIQVYEGERA 448
Mandarin fish 361 :LNKSINPDEAVAYGAAVQAAILMGDTSENVQDLLLLDVAPLSLGIETAGGVMTPLIKRNTTIPSKQTQIFSTYSDNQPGVLIQVYEGERA 450
Kk ko Kk Kk Kk Kk Kk KRRk Kk kKKK Kk KRRk R Kk kkk kK kK KKk KRk Rk Rk Kk Kk k |k Kk ok Rk ok k ok ko ok ok ko Kk ok
Red seabream 449 :MTRDNNLLGKFELTGIPPAPRGVPQIEVTFDIDANGIMNVSAVDKSTGKENKITITNDKGRLSKEDIERMVQEAEKYKAEDDVQRDKVSA 538
Black porgy 449 :MTRDNSLLGKFELTGIPPAPRGVPQIEVTFDIDANGIMNVSAVDKSTGKENKIQITNDKGRLSKEDIERMVQEAEKYKAEDDVQRDKVSA 538
Humphead snapper 449 :MTKDNNLLGKFELTGIPPAPRGVPQIEVTFDIDANGIMNVSAVDKSTGKENKITITNDKGRLSKEDIERMVQEAEKYKAEDDVQRDKVSA 538
Goldlined seabream 449:MTRDNNLLGKFELTGIPPAPRGVPQIEVTFDIDANGIMNVSAVDKSTGKENKITITNDKGRLSKEDIERMVQEAEKYKAEDDVQRDKVSA 538
Mandarin fish 451 :MTKDNNLLGKFELTGIPPAPRGVPQVEVTFDIDANGVLNVSAVDKSTGKENKITITNDKGRLSKEEIERMVQDSEKYKAEDDMQREKITA 540
**_**_*******************_**********..***************_***********_******..********_**.*_.*
Red seabream 539 :KNGLESYAFNMKSTVEDEKLAGKISDDDKQKILDKCNEVIGWLDKNQTAERDEYEHQQKELEKVCNPIITKLYQSAGGMPGGMPEGMAGS 628
Black porgy 539:KNGLESYAFNMKSTVEDEKLAGKISDDDKQKILDKCNEVISWLDKNQTAERDGYEHQQKELEKVCNPIITKLYQSAGGMPGGMPEGMAGS 628
Humphead snapper 539 :KNGLESYAFNMKSTVEDEKLAGKISDDDKQKILDKCNEVISWLDKNQTAEKDEYEHQQKELEKVCNPIITKLYQSAGGMPGGMPEGMGGG 628
Goldlined seabream 539:KNGLESYAFNMKSTVEDEKLAGKISDDDKQKILDKCNEVISWLDKNQTAERDEYEHQQKELEKVCNPIITKLYQSAGGMPGGMPEGMPGG 628
Mandarin fish 541: KNSLESYAYNMKSSVEDENMKGKISEEDKKMVIDKCNQTISWLENNQLAGKEEYQHGQKELEKVCQPIISGLYQ——GGAPAGSCGEQAGS 628
Kk Kk kkk | kkokk kkkk | kkkk | kk | kkkk |k kx| Kk kK K Kkkkkkkk kkk | kkk | Kk K Kk
Red seabream 629 : FPGAGGAAPGGGSSGPTIEEVD 650
Black porgy 629 :FPGAGGAAPGGGSSGPTIEEVD 650
Humphead snapper 629 :FPGAGGAAPGGGSSGPTIEEVD 650
Goldlined seabream 629:FPGAGGAAPGGGSSGPTIEEVD 650
Mandarin fish 629:GSQGPTMEEVD-——-———————— 639

EEVD consensus sequence
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Bipartite nuclear localization signal sequence

Fig. 1. Comparison of Hsp70 amino acid sequence of red seabream Pagrus major Hsp70, black porgy Acanthopagrus schlegeli (AAX07834),
humphead snapper Lutjanus sanguineus (ADO32584), goldlined seabream Rhabdosargus sarba (AAR97293) and mandarin fish Siniperca
chuatsi (AHK25484) optimally aligned to match identical residues. The sequences were taken from the GenBank/EMBL/DDBJ sequence
database. The Hsp70 family signature are grey shaded. The ATP-GTP binding site motif and bipartite nuclear localization signal sequence
are underlined. The EEVD consensus sequence is bolded. Hsp70, heat shock protein 70; EMBL, European molecular biology labolatory;
DDBJ, DNA data bank of Japan; ATP, adenosine triphosphate; GTP, guanosine triphosphate; EEVD, consensus sequence that terminates in
Hsp70).

PCRAJ9}S o] g-3to] Ea]alitt. PCR 27294 T oA 55
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HEO]’ extension HP S A Zch

5 RACEX2]+= 5 uL2] 5 RACE cDNA, 1 pL2]10mM 5’
RACE target primer (5’ ~-GTC TAC CAG GCA TTC GCT
TCA T-3'), 1 uL210mM 5’ RACE HSP70-specific primer
(5"-CAG CTC TCT TGT TGT CGC TGA TGT CCT
TC-3")9} 25uL2]SeeAmpTaq Plus Master Mix7} 2Z3HH 50
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pL PCRA| 2R o]-§-sto] Eefstgitt. PCREZ-2 94 T4 5
E X0l initial denaturation 23L& A2 Fo]|, 94°C oA 40%
5<F denaturation, 62CollA4 40% 54! annealing, 72°C |41
E2T extension ¥H-8-& 40577] =35k Sof|, mpx|ut =7 of| A 5
1 Zo} extension FF3-2 A T)

ZZ% PCR A2 1% agarose gel2 0|83 A7 952 5
aff wEelakel o, 71 ok g2 ol Al Al&gt cDNAS] 31
W Fdsiet
Quantitative real-time PCR (gqPCR)

ZHE Hsp70 mRNAS] 82 311517] $15}od, H-2 ¥l RNA

Table 1. Primers used for qPCR amplification

il on

= AFg3to] gPCRE o -510] 243k} QPCRE] 434 9
3} primer+= 93] 21 25 Hsp70 full-length cDNA sequence &
5ol A A5 cH(Table 1). gPCR-2 BIO-RAD iCycleriQ Mul-
ticolor Real-Time PCR Detection System (Bio-Rad, USA)
7} iIQM™SYBR green Supermix (Bio-Rad, USA)E ©]-8-5}¢]
95C oAl 5 &<t denaturation Y55 A1 0], 95T A
202 “59F denaturation, 55Col4 20% <t annealingS &
403] AASFA ) g 22| 54 A2 = House-keepieng gene
o2 dHA 5 pacting ARSI AL, qPCRS F3] calcu-
lated threshold cycle (A Ct) gH-2 2% 3}o] B-actino] tjgt @&l
29 2-40C Method, [A ACE 2'-(ACt. . — ACt

sample mtemalcumrol) ]

Genes (Accession no.) Primer

DNA sequences

Forward
Hsp70 (KT334554) R
everse

5"-AGC TCA ATG CTG ACC TCT TC-3’
5"-GGA TCA GCC CTT TAT CCA TCT T-3’

. Forward
B-actin (JN226150)
Reverse

5’ -GAT CTG GCA TCA CAC CTT CTA C-3’
5’-TCT TCT CCC TGT TGG CTT TG-3'

100

97 Austrofundulus limnaeus XP_013888455 —
Nothobranchius furzeri XP_015816161
Fundulus heteroclitus XP_012712369

63 Poecilia formosa XP_007541686

99! Poecilia reticulata XP_008400612

95

Fish

100 {Maylandia zebra XP_004574972
96| L Pagrus major AKS36893

(<]

_[ Ctenopharyngodon idella ACJ03596
99! Hypophthalmichthys molitrix ACJ03595

0| Capra hircus AEX55800 AEX55800
991 Ovis aries AEX55801 AEX55801

Mammalia

‘[[Rattus norvegicus CAA54422
9

| — Pelophylax lessonae ACY69994

}

_

Reptilia

100L— Xenopus laevis NP_001121147
[ Genlisea aurea EPS60056

0.2

Medicago sativa AAV98051
Camellia sinensis ACD93209
Arabidopsis thaliana CAA05547
Paeonia lactiflora AEK70336

92! Paeonia suffruticosa AFA51946

100

Plant

—

Fig. 2. Neighbour-joining tree of Hsp70 members constructed with MEGA4. The bootstrap confidence values presented at the nodes of the

tree are based on 2,000 bootstrap replications. GenBank acession numbers of selected genes are indicated within brackets. Hsp70, heat shock

protein 70; MEGA4, multiple-sequence software.
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Fig. 3. The Hsp70 mRNA expression in various tissues of healthy red seabream Pagrus major, gill, head kidney, intestine, muscle, pituitary,
spleen and trunk kidney. Hsp70 transcript levels were quantified and expressed relative to the B-actin transcript level. Values with different
characters are significantly different between control and infection (P<0.05). All values are means+SD (=10). Hsp70, heat shock protein70.

(Livak and Schmittgen, 2001)E- o|-8-5}o A =Fsls} ATt umbuna Maylandia zebra®}= 98.6%, mummichog Fundulus
S5 heteroclitus 97.8%2] &2 A5/dS H I cHFig. 2).
S/l

Zhang et al. (2011)2] 2119} ul7[R| &, #H=-2] Hsp70 of
7F APZATERE dofxl A=k Alele] {oAt fH= ] AR v G ol A & 37}4] Hsp70 family signature (1, IDLGT-
SPSS A A 2|22 13l (version 10.0; SPSS Inc, USA)Oﬂ = TYS; 2, IFDLGGGTFDVSIL; 3, IVLVGGSTRIPKIQ)}

3t One-way ANOVA 3! Duncan’s multiple range testE 44| ATP-GTP binding site 2 %% ¥]*= AEAYLGKT (aa 129-136),
sto] 2hso] AATNAIRE el FHAITEe] RS Btk 79 consensus sequence (EEVD)7| 3Z3HE| o] Q1T B o104
4(P<0.05)& A3+t 452 ZH=2] Hsp70% Hsp70 family signature, ATP-GTP
2o W At binding site, consensus sequence, N-terminal 4! C-terminal©]
dat I 3 ZATE B2, B o FTE 22 APEAL WOl HOR Hol,

Hsp70 family 2} 92|51 210 2 phehic.
= full-length Hsp70 sequenceE HIEC.Z2, B Jlof A
= =9 A Hsp70 mRNA S A3 }ME} Hsp70
MRNA 288 1745 0] £413} 7 2404 Fa61)

—%%AEUrEHHO*i’(Fig 3), T °ﬂ7c} Aglolo] 41, 1t

B o Lol A= e 0 2 B Hsp70 full-length cDNAS A
Hﬂ ojA|¢] to=HEH RACEHE Fdf ¥glon, 1153
| FE9 AEFH A nX] = G Felstr] Hate] 2+
A vz hAL} RSl A %5‘01 v wsko] Hsp70

<]

[*]

= . = 7‘< O - = s o E ) -
AHE(Hsp70: 408 base pairs, bp)- RT—PCRoﬂ o8] 2= o] thtol mjzkel A4 EE} oMo o urE ol
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Fojzl chal A &2 o] Zo]A Q131 2.1, NCBI¢] Blast algorithm
(Blastp) 0§31l e ol Fko] ofv]ueit vjeke vt 2
3, 50| Hsp70 ofv] Al w212 T} 2 o] £} §A13HS 2]
S} = QIITk(Fig. 1). 35 Hsp70 full-length cDNA 2] A5t
Ayetd B2 Mega 4 software package®} neighbor joining
(NDR= ARg-ste] 2AI5H T 2 olF=2He] Alss 4

A3} theFst Aol 75 clusters AL, ©]F F zebra

1979) ohgo] AN E(EE H AN aE)7E FAlo Ahelst

I Qlo} R Wig 52 EE Al A=olu mAEe] 2
Al HE g9 ?l*ﬁ‘é ol AAE e e 7=
3tH(Grinde, 1989; Ellis, 1990; Alexander and Ingram, 1992;
Dalmo et al., 1997). Black bullhead Ameiurus melas?} blu-
gill sunfish Lepomis macrochirusE ©]-8-3t <170 4] Hsp70
mRNA= #4201 Wste] whe} FAloA 9] W o] A& o
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Fig. 4. Hsp70 mRNA expression in head-kidney, liver and intestine
tissues from red seabream Pagrus major infected by Longicollum
pagrosomi. Hsp70 transcript levels were quantified and expressed
relative to the B-actin transcript level. Values with different char-
acters are significantly different between control and infection
(P<0.05). All values are means+SD (r=10). Hsp70, heat shock
protein 70.
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