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Abstract

This study evaluated the levels of mRNA expression of HSF1 and HSP70 expression patterns in walleye
pollock, Gasus chalcogrammus according to water temperature. Walleye pollack HSF1, which has not been
reported, was used as a Rapid Amplification of cDNA Ends (RACE)-PCR strategy. The HSF1 amino acid
sequence of walleye pollack showed 93% identification with the Atlantic cod. On the other hand, it
showed relatively low identification with 50% in zebrafish. However, in the phylogenetic analysis, fish
HSF1 formed a single clade group. The relative mRNA expression of HSF1 in the liver, intestine, gill,
kidney, and heart of juveniles and immatures was investigated. The tissues in juvenile and immature, HSF1
mRNA expression was the highest at 14C, and HSF1 mRNA levels increased significantly from 11°C
compared to 5 and 8 C. The mRNA levels of HSF1 were particularly high in the gill both juveniles and
immatures. The expression of HSP70 was also evident in 11°C and 14°C. These results indicate that water
temperature of 11°C or higher is exposed to stressed-condition in walleye pollock. Therefore, HSF1 and
HSP70 can be considered as important indicator for water temperature stress in walleye pollock.
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1996; Sapozhnikov et al., 1999). HSPs= 4Rt

2 #AF chaperone & & Z-83lo] AEFH A &
B Az A mis-folding ¥ A 9] re-foldingS
98 23 P Th(Tomanek, 2010). HSPs -4}
AAF @A 8= theFSt heat shock factors (HSFs)oll
o8] ZA¥w, HSFs7} heat shock
(HSEs)®ll A%3+o] heat shock gene® ZFAME Wl
WSty HSFs= 2% =AtHE HSF1, HSF2,
HSF3 3l HSF4= T =9l o, HSF1¥} HSF2:=
AEHAY AYAd oA FEste] AEHA
HHS-S Z 3o (Mathew et al., 2001; He et al.,
2003; Wang et al., 2003). HSF1-> A e o] A =
monomer®  ZA|EAT AEHA A wF0]
W trimerE 373} heat shock HF-5-of Zrofsh
UHKim et al, 2015). Helix-turn-helix motife} g
hydrophobic heptad repeat, HR-A/B$} HR-CZ -/
Ho] REHE domain TRE 5ASE XY
(Tateishi et al., 2009). Helix-turn-helix DNA binding
domain (DBD)< head-to-head (nGAAnnTTCn) %
tail-to-tail (nTTCnnGAAn)©] WHEA 0= et
HSEsell 238l (Perisic et al, 1989), HR-A/B
domain> AF X &4, Bl AT Aol w
2} coil A= T3l trimerizations 7 SHCHLu
2009; Sarge et al., 1993). S=*J A& 2] HSFI
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2010). o] Aol FEje] A4 F2E 10T
ojstol™, =7] H3} #poie HAY £ 27T
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(Yoo et al, 2015). webA] & A7+ HH o] &
of wZ HSF19 574+ 47187l st A WA

SAZ HSF1 7349 cloning®} mRNA e 4l
HSP70 & e sfRlS ARSIt
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2. HSF1 cDNA &t

100 mge] He) 7+ 234
reagent (Invitrogen, USA)S ©]83}9] total RNAE
FEh RNA 5% 545 260280 nm®]
Hgo] 19~21 WHE dehl= 22 ARESRS
ot} 5 pg?l total RNAS} oligo (dT) primerE AMV
reverse transcriptase (Promega)E ©]-8-5}] first-strand
cDNAE 93t §A¥ DNAE FIHOo= 3}
o] Taq DNA polymerase?} 2.5 pM dNTP

[e)

< T4 3ske] TRIzol

(Enzynomics, Korea)?} #7] polymerase chain
reaction (PCR)S +3)3to] HSF1 ©+H-S a8kl

T}, PCR Z7-& 94°Col A 30 s, 52°ColA] 50 s,
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and 72°ColA4 90 s2 303] AA|SHSITE Primeri=
A B.2}31] | (Danio rerio) HSF1 (GenBank accession

number NM 131600), %] 71%:91(Oncorhynchus
mykiss) ~ HSF1  (GenBank  accession  number
M21310), A FN(Gadus  morhua)  HSF1

(GenBank accession number AB062548)2] <3714
4S5 o] g3le] “Primer 37 TRI|S o] g3}
gapelateict. Aol ARES primer®] X =

<Table 1> YEFYSATE.

<Table 1> List of primers used for mRNA

expression analysis in walleye pollock

Primer name Sequence (5 —3" )

Partial HSFI F CTGATCTGCTGGAGCCCAAG
Partial HSF1 R AGCTTGTTGACGACCTTCTG

S’ -RACE HSFI  GGACGAGAGACACTAGAAACTGGATCA
NesrengF ; RACE A TGTTCTCCTGCTTTCCCTTCATCAG

3’ -RACE-1 HSF1

Nested 3" -RACE
HSF1

GTTCTGCCAAAGTTCTTCAAACACAAC

ATCTTGGAGTCGATGTTCTCCTGCTT

qRT-PCR HSFI F GACTCAAGCTCCACCCACTC
qRT-PCR HSFI R GCGTGACCAACTCTGTGATG
18S rRNA F GCTCACCCGCTACTTGGATA
18S rRNA R TCTGATAAATGCACGCATCC

3. Rapid amplification of cDNA Ends (RACE)
-PCR

Full-length HSF12] -§%7= SMART cDNA
amplification kit  (Clontech, USA)E  ©]&3]
RACE-PCRY] .2 35}3it}. ZhefsiAl, w9
Ao RHE SEHE HSF1I WS sequencing
stal, 5 -RACE w3} 3" -RACE ©2 4
28t gene-specific primers (GSPs)E Ul A1l
th. 5" -RACES} 3' -RACES] w2 Gspsl
adapter primers ©|&3 FTEHFch 1 F FAH
5" -RACE®} 3° -RACE ©@¥-2 TOPO PCR 2.1
vector (Invitrogen, USA)ol|A]
full-length HSF1 ¢cDNAS 1.3t}

[¢]

o

ZYZ}; cloning 3t &

4. Phylogenetic analysis

Full-length HSF19] opv]=AF M2 ookt &
©] HSF1 ofv]:=Al A2 ¥ alignmentdto] A&
AN stk opr Al A gl
ClusterWE ©]-&3F] multiple alignment 3}$It}.
Aligned HSF1 oFu|xAF ¥ MEGA-X X277
2ol 4] maximum likelihood statistical methodS ©]

g3tol 242 sqch

alignment+=

5. HSF1 mRNA 25 (qRT-PCR)

A Fol =E9 Aol mAol=
9] tricaine methan sulphonate (MS-222, Sigma,
USA)E w33t % 50 mgd A%, A%, &, o7t
o], 9 b 2245 Eelsko] total RNAS FE3H3]
th. HSF1¢] mRNA e
System (Bio-Rad, USA)E ©]&3}°] Quantitative
PCR (qRT-PCR)C.Z  ®A 33t}
TOPreal™ One-step RT-qPCR Kit (Enzynomics,
Korea)E ©]&3F] 10 pmol/uL? primer?}t 50
ng/uL total RNA, 025 uM SYBR Greens X33}
20 pL9 WHESES 50°CoNA 30 min HHEA]
& 95°CllA] 10 min, 95°CIA] Ss, 60°CollA] 30 s
2 403 AAE Y. R T2A4  house-keeping
gene- 18S TrRNA gene (GenBank
number: AB016661)& AHE-3tlom, EE 4
2 18S rRNA] th3t cycle (Ct) level 2] X}o]
= AXlerSi

50 ppm

Chrome4 Real-time

Real-Time

accession

6. Western blot

100 mge] A%, A4, &, oyt 9 b 24
S 2P 3te] Tissue Protein Extraction Reagent
(T-PER; Thermo Fisher Scientific, USA)E ©]-&3}
o @AS FEdgon, FEE dWAES
10% SDS-PAGE gell 4] loading 3+ ¥ #7]9%
stelth. A9 8 dWAES 45 mm
Immobilon-NC transfer membranes (Millipore, USA)
of &3l ¥ 3% BSA® 2A]%F < blockingdll
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-257 gaggcgcgacgatacact
=180 tttattggtcgcttoct

EM1 Heat Shock Protein 709

agctttagtttggte
TgggggTtTCAgTTYCTLELgatcg

-8%0 tcacgttaacgagtita cg aagcttagtttagtggatctgt
1 atgatggatctccatggagga g 2g = a tgoccttectcaccaaactotgg
M M D L E G G P GG GGG R S LEUPNP H ¥V P A F L T K L W
91 atgctggtggaagaccccgacaccga ttccatgtgttggaacacgccocgecttotog
M L v ED P DTDD L I C WS P S5 G S5 5 FHVYLEU HARTE 5
181 aaggacgttctgccaaagttcticaaacacaacaacatggccagcttcatcocgocagoctcaacatgracgggttcaggaaggtggtgeac
KE DV L P K F K H N KM A 5 FI ROQLUNMTYGT FRIEKVYUVEH
271 atggagcatggcgggctgcigaageccagagaaggaggacaccgaggtccageatcoccttcticagococgaggacagecagoagetgeotegac
M E H G G L L K E K D T E V O P E 5 R G 0 O0OOQCULILTD
361 cacatcaagcgcaaggtcccgoctgtgioctot aagcaggagdagog aggaggtctccaagatcctcaacgac
H I EKZRUEUYVYUP PV 5 5 E Q0 E E G ¥V 58 EI L BN D
451 atgcagctgatgaagggaaagcaggagaacat CctCcCcaagatca aggcgttgtggagagaggtcgoc
M 0L M EGKOQOQEW B NRTI 5 I T A L W R E V A
541 actctgagacagaaacacgcccagcagocagaag gtcaacaagct tagtgtctctegtccagcoccgaacagagttatt
T L R Q EH A QOQOEK VvV BN E L Vv 0 P N RV I
6§31 ggaatgaagaggaaacttcctotgatgotgagt tcaagctccac tagtcgacagtactocttagaacce
G M ER ELP L ML S 5 8§ T 5 R O Y 5 L E P
721 ctgcaggccacggccgctatatcggctococgggo tocggtgactic atcacagagttggtcacgcccaco
L O ATAATI S5 &2 PF G S ¥V T 5 I T E LV TP T
811 tccacggagctcagcagtgattggatagatgca gacagcccagtca agccgtccagcocagatotgaaggac
5 T E L 5§ 5 D W I D & D 5 P VI L E P 5 5 P DL EKETD
401 acgcccctttcacccaccacctictttaactccatcctatiggacaacgaaggagecaatececcto agcagccaatcggoctatcggocagt
T P L 5 P TTFVFH N S I L L D N 5 A A N R L 5 A 35
991 cccagtatggaattaggctocctcotoccacagotgtagacgoccaacac accacgcccccagacatcctgaccac
P S M E L G & §8 5 T AWVDIDANT D H A P RHPTUEDH
1081 gcccccagacttcctgaccacgococccagacciicocccococcagagga tgtctagacagtgctoctgtattge
A P R L P D HATPR S P P E ¢ L D S A L ¥ C
1171 aggtcagagctctctgagcacctggaggacattgacagocagtcrgga cttcatcacctocotocaacggccagaacatcaacatagac
R S E L S EH L ED ID S5 5 L E N G O N I N ITD
1261 tcctcceccoccoctgtttgagttcttcagotocococtggatoggectgtge gtctggacactotgotgtcacctgag
5 §8 P L F E E F 5 5 P G— A A L DT LUL S P E
1351 actccaagagagacagacggacacicggociocigaa cccatcttgatgoctgagocecaatg
P I L M P E P M
1441 gCCococgoccctocCccagaggaccaccoe
G C L G G V’ A D P P L P E D H P
1531 tccgtoctccacgacaacCacCctocCobocoacoCcagocatcCoaacttoot
S Vs TTTT S5 5 T0HUPU-NTF L
1583 ccacgacaaccacciccic tcctccitoctecoccccaagecatcocaa
1673 cttecctgtaaccacgacaac taaagtagattctacagtagtctat
1763 gacagtgtacagtagagt C
1853 cagtgtacagtagag—":a: acagtctacgacagtctacagtagagtbctacag
1943 tagagtacagaacagtc sgtctacgacagtctacagtacagtoctac
2033 agtagagtctacagtagag: ;:a;Pg—"tacagtacagtctacgacagtct
2123 cittcagtacagtatacagaaca
2213 =:aq—ctacqacagtctacagtaca
2303 ,a::gacatcatgcagtggttgatctt
2353

[Fig. 1] Nucleotide and deduced amino acid sequences of G.

chalcogrammus HSF1 cDNA. The sequences

were deposited into GenBank with the accession number, MT350340.

2 Aol AZe 12} A, anti-HSP70S A
23t (Kim et al, 2022), 4ColA ovemight %
Alkaline (AP)7} 291 Sl&  goat
anti-mouse IgG (Sigma, USA, 22} A= HEE-A]
7 AP7} 291 $& 1-StepTM NBT/BCIP substrate
solution (Thermo Fisher Scientific, USA) AF&3}oq

WA FOHSPI0 WA BAS Ssileh,

Phosphatase

7. SAEA

ANk F Y B A (mean + SD)E UEF
W o, SPSS3EE 713 (version 10.0; SPSS Inc.,
USA)& o]&3ate] AEEH FxH= Kruskal-
Wallis testS A3} 3L Duncan’s multiple range

test= it 7k A (p < 0.05) AT
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1. SE HSF1 cloning} sequence analysis CH([Fig 1]). S El HSF1 Azol el viA g,

deje] FrelA FTEZE HSFI WHOZRE
full-length HSF1> $7do] =9low, 2713719
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AB et F, B (Carassius carassius) H F-A 7N

%0 HSF19] o}v| AR multiple alignments &

MMDLEGGPGGGGERSLE-~-FPNPNPAFLTRLAMLVEDPDTDDLICWSPSGSS FHVLEHARF SKDVL PRFFEHNNMASFIRQLNMY GERKV
MMDLHEGGPGGGGGP PGVSNPNPNVPAFLTKLWMLVEDPDTDDLICWSPSGSS FHVLEHARF SKDVL PKFF EHNNMAS FIRQ LNMY GERKY

M=EYH=====SVGPGEVVVIGNNPAFLTELN ILVEDPDTDPLICWSPFNGT S FHVEF DQGRF SEEVL PRKYF EHNMNMAS FVROLNMY GEREV

M=EYH=====SVGPGEVMVSGESNPAFLTELWILVEDFDTDPLICW SPSGNS FHVFDOGRE SEDVL PRYFEHNNMAS FVRQLNMY GEFREV

M-EFH--—---VGESVGVVVSGHNVPAFLTELNTLVEDPFDTDPLICWSPFNGNS FHVFDQCRF SKEVL PR YFEHNMMAS FVRO LNMY GEFREV
DBD R - - -

VEMEHGGLLE PEKEDTEVQH PFFSRGOQOLIDHI FREVEPVS SGRQEEGKVY PERV SR I LNDMD IR GROEN I DER I T TME HENE ALWEE |
VHMEEGGLLKPEKEDTEFQH PFFSRGOQOLIDHI KREVPPVS SGROEEGKVY PERVSK ILNDMO I MKGROENI DSKI TTMKHENE ALWRE
VHIEQGGLVEPEEDDTEFQHPY FIRGOEQLLENT FREVTTVSNI KHEDYEF'S TDIJV SEMI SDVQHMEGKQESMDSKI STLEHENEMLWRE
VHIEQGGLVKPEKDDTEFQHPY FIRGOEHLLENTH EMSKMI TDVQLMKGKQESIDSKISTLKHENEALWRE
VHIEQGGLVKPEKDDTEFQHPYFLRGOEHLLENIK] : TVOR DSOT IAMKHENE ALWR

[LSDSSSTHSIPRY SROYSLEPLOATARISAPGG—————————=—======

VATLRQEHAQQOKVVNELIQFLVSLVOPNRVI GMERFLE
VATLROFHSQOORVVNELIQFLITLARSNRVLGVEREME:
VATLRQFHSQOOKVVNELIQFLITLARSNRVLGVEREME:

A B A OO N N E L IOV COCNRVICMERELD

L EDSSSTHSIPKY SROYSLEPLOATPAISAPAG=—==============
DSSSAHSMPRF SRQYSLES PA---PSSTAFTGTGVESSES
STHSMPEY SRQYSLES-——-———-5PALSPSSTRFTGTGVFTSES
D ESSAHSLPFFSRQYSLEHLOASLQGS PAISASGAPEINTGLETAEP

SVISGPIISDITELVIFTSTELSSDWIDAPDSEFVILVEEEPSSPDLE-——————=—=—=—======== DTPLSPTTFFNSILLDNEGANP
SVISGPIISDITELVIPTSTELSSDWIDAPDSFVILVEEEPSSPDLR-—-———-—-——————=—————=DTPLSPTTFFNSI IMDHEGANP
PVRKIGPIISDITELAQSSFVA-TDEWIEDRISPLVEIKEEPSSPAHSPEVEEVCEFVEVEVGAGSDLPVDTPLSPTTFINSILQESEPVSA
PVRTGPIISDITELAQSDFVA-TEEWVEDRTS PLVEIREE PSSPAHSPEVEEVCEVEVEVEAVSGVEVDTPLSPTTFINSILOQESEPITA
SLNNGPIISDVIDLAQASFVEVINEWIEESTSPLVHIKEEPSSP————-" VLEEVCPAEAVIGGAGVOVDTPLSPITFFNSILOESNEFPNA

SAANRLSASPSMELGSSSTAVDANTQSOLPDHAPREPDHAPRLPDHAFPRPSPPEERCLEVACIDSALYCRS: —_——
SAANRLSASPSMELGSSSTAVDANTQSGLPDHAPSHPDHAPRLPDHAPRPSPPEERCLSVACLD SALYCRS == == == == == == = m

LT B e PP--PSEQRCLSVACLDK ———
S -- e PP--PNDORCLEVACFDNY PQMSETSRLFSGFSTSSLHLRPEN
sP —_ — —_— APTTPTEQRCLSLACLDKCRS -—

L] . L I L] L]

--ELSEHLEDIDSSLENLEHLLNGONINIDSS PLFEFFSS~--PGSACADFDLDSLDTLLS PETPRE TDGHSASE--GRQLVQY STTPILM
==ELSEHLEDIDSSLENLHHLILNGONINIDSSPLFEFF SS--PGSACADFDLDSIDTLLSFETPRETDGHSASE--GRQLVOYSTTPILM
-TELHDHLES IDSGLENLQQILNAQS INFDSSPLFDIFSSAA-—SDVDLDSLAS IQDLLS PDPVRETESGVDT-DSGEQLVQY TSQPIVL
GTELCDHLETIDSGLENLQQILNAQS INFDTS PFFDIFTSSS--GDVDLDSLAI IQDLLS PEPVEE TE SGANSGDSGRQLVQY TSQPVIL
==ELSDHLDS IDNGLENLOT ILNAQS INFESSPLFEFF SSSLPGSEFDLESFDCIQDLLS SDSPRGAERSDNCT-~GRQLVOYTSQOPMLL
HR-A'B
PEPMGCLGGVADLPSLLQLQEDS-FYSPPLPEDHPSVSTTTTSS-TQHPNFL—— -
PEPMGCLGGVADLPSLLQLQEDS-FYSPPLPEDHEPSVSTTTTSSSTQHPNFL--~
PDPLSTDSSSTDLPMLLELODDSYFSSE~--FTEDPTIALLNFQO-PVFEDPELS-~
PDPVSTESTGPDLPILLELEGDSYFGSE——PAEDPTISLLNFQSPVPEDPELS -
TDPLTNENGGAD LPTLLELEGD SY FTQDODPEEDPTISLLTTDYHTAAPDEPELS

[Fig. 2] Multiple alignment of the deduced amino acid sequences of HSF1 from G. chalcogrammus with

those of HSF1 from G. morhua (GenBank accession number XM_030346607), D. rerio (GenBank
accession number NM_131600), O. mykiss (GenBank accession number NM 001124748) and C.
carassius (GenBank accession number KJ145025). The identical amino acids are shown in red and
similar amino acids are presented as a green color. The three domain structures, DNA binding
domain (DBD) and hydrophobic heptad (HR-A/B and HR-C), are boxed. Open and filled circles,
quadrangles, diamonds and inverted triangles indicate the repeats of hydrophobic amino acids.
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= LLES]

1
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=
o
hue

ol

F5de sk ti(Fig. 2)). HElet thAk
T-°] HSF1 opu|:=it g2 51570, 97.35%7F
aklal, e el FA7HE] e HSF1 o)At
2567W, 52.09%, AE.2}d] o= 27470, 51.41%
7} 4] 3F3Ath N-teminal DNA binding domain®]|

]

A =k 100709] obv] ik ZE7)7F A E o] gl
o, WElS thATTe] obvleAl A

99.05%, ABE+I = 80%, T H(Homo sapiens)
I 77.14%% &E7do] v A veRstt v
ol C-teminal heat shock transcription factor
domain- opr|k=ake] Wlol7} FElo] shlw gl

AT EAEEA A sfatolel Hpolrh ol F R
clusters @7dstH, AlBetal], gof, FANE
7b geolR @ 7S dAEITh W El HSFI
A eFelel WA skl R 22 THAel &
FEon, At (Epinephelus
=% 17|(Toxotes jaculatrix) X ©E(Scophthalmus
maximus)< A2 AFF 7L /HAE P

([Fig. 3]).

coioides),

2. HSF1 mRNA 28 (qRT-PCR)

Feo] w2 Hee zAo)A HSF1 mRNAZ

d Fie Bkl 918 RT-PCRE 3 6}3]
o} zoje} midofe] Ak, A, oprpw], A%, 7H
2L 5T 8CAAA = g ez w2 HSFI
o] wrglo] yehgA e, 11T 14ToM = 4
St S7HE Btk X g 4 A5 5C
o 25.0~30.2, 8TelA 20.9~26.8, 11TelA

82.6~111.5, 14ClA 137.5~205.1 M99 o4& 5
S YERITH(Fig. 4A)). vAdolel A 7t 2H
5Co)A 8.1~19.2, 8CollA 7.8-16.7,
41.3~81.4, 14TA 121.4~1922 HH <]
S UERATH(Fig. 4B]). 11T} 14ClA

o o

N

, o9} mAdo] B ofrpmle A T =
S H A K([Fig. 4C2} D).

e o & - 2 i @y

@ 5 1o e

4
e
o

EM1 Heat Shock Protein 709

3. HSP70 Zred miH

F2o] wE HSP70 WA S western
blotting© & WERHITE o]} mAe] BE 7}

Z2 oAl HSP70°] o] LEFRTH([Fig. 5]).
HSP70 & 3 HSF1 mRNA T3 §A}SH

Ao R 5T 8ColM= W2 HSP0O HE &
& Byon 11 TS 14Tl HSP70S Hlo]

Z7hske W selo] b

Wh=Ch(Iwama et al., 1998). E/J3}¥ HSFsi heat
shock gene SFell 91x1st HSEsel A¥3to] HSPs
5 fFEdth(Baler et al., 1993; Kroes et al., 1991).
2 AFeA] RACE-PCR s o] g-3te] e <]
b xzAeA HSFIS &8sk full-length
cDNAS] #¥]E HI5H3itk. HSFI DNA binding
domain & HEHOX £ JsAdE 5HC=
ﬁ}ﬂ(Damberger et al., 1994; Harrison et
1994;Vuister et al., 1994), DNA binding domain®]|
A gEs gAGRT obvmit Ade
99.05%, AB e} 4] b= 80%, FH = 77.14%2]
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[Fig. 3] Phylogenetic analysis of G. chalcogrammus HSF1 with other organisms. The full-length HSF1

sequences were aligned using the ClustalW multiple alignment. The sequences and accession

numbers are listed in the legend of Fig. 2, along with the sequences of the following: E.
coioides (KR922440), Toxotes jaculatrix (XM _ 041053159), Bos taurus (BC123711), Homo sapiens
(NM_005526), Gallus gallus (NM_001305256), Rattus norvegicus (NM_ 024393), Penaeus monodon
(MH105755), Litopenaeus vannamei  (KC782836), Accipiter gentilis (XM 049820243), Panthera uncia
(XM 049632750), Caretta caretta (XM 048837099), Pan troglodytes (NM 001279921), Anolis sagrei
(LC198691), Capra hircus (XM 018058067), Scophthalmus meaanus (MN_820703), Apostichopus  japonicus
(KLR06576), Anser  cygroides (XM 0480526000),  Pseudongja  textilis (XM 026723391), Rana  tenmporaria

(XM 040334352), Apis cerana (XM 028664447), Trachymyrmex septentrionalis (XM 018498240) and
Vanessa atalanta (XM 047674421) .
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[Fig. 4] HSFI mRNA expression levels in G. chalcogrammus based on water temperatures. A:
juveniles, B: immatures, C: juveniles at 14°C, and D: immatures at 14°C. For juveniles and
immatures samples were collected from the liver, intestine, gill, kidney, and heart tissues.

Different letters indicate a significant difference (p < 0.05). Data are presented as the mean +
standard deviation (n = 3). Each experiment was performed in triplicate.
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[Fig. 5] 9. Expression of HSP70 protein by western blotting using an anti-HSP70 antibody. A:
fuveniles, B: immatures. Expression of HSP70 protein increased at 11°C and 14°C.
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