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Ao g Al vhg QIARY] Ud vlwg Yol FAAE Fuke] (n=40, FHo
AR} 22.6+0.03 cm, B AE 196.5+0.11 g)9F AL WX (n=40, B A}
14.5+0.04 cm, H+ A% 26.0+0.11 g)S 18°CoflA] 10¥47F &X]A]71 o]
I'CA Abgp25 FSAIZIH S0°C7HA] 98 & (37x37%81 cm)of|A] 2ol t

AAIAERI(1E g 291R)0A AtAdR7] 202 AbsstRinh. d™ols
&

AH7ITFECE S MEALRE sHRo] £ $(09:00 & 17:00) TFEUA AL
steict.

Ao TE YHEQIAL RN FFATH A (heat shock proteins, HSP70,
HSP90)x} Y 5taA]-AlAtsE-AlZE (hypothalamus-pituitary-interrenal, HPI)

= 71X0 " EBAGARZs22ZHFEs52 2 (corticotropin  releasing



hormone, CRH)¥} ®atx-3 28 2 £~87] (melanocortin receptor 2, MC2R),
)

Jel W gARSF B4(SOD, CAT) §HAFES mRNA WHg #AHsigch B4 4
2 ot The BulRlel YAIE oz AMEY 4o sl mE pe A
E2a TR WRSOA W PHS WU AT Huls AR F 53 AL
2 X719 28(12.14041C)0] 22 AEA YR WHHo] ok, YL
AR F 53 A A7IQ 8U(27.8£03C) S AEA TR YRR}

7 &7 wRsteich
of APE Bulee} YA ALgALo] CIet WS HlmA o2 ofdr)

o159 Fullel 2oy o5 WAlel MY AFgAARE LEsEr] v|EAR
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1. HE

AR AFR4e Wato] THE ofFo] Aejd vhee Wiy of
I FX7WE-01 (Oncorhynchus mykiss)?] 749 A0l vlsl ojF&0| siia2
o] J5stHA, ofBty olE<Ql YLdEetmot (Oreochromis niloticus)®] 735
o &gl vlsh ASAH 20| dASIHA AEHAES whop HAgH ©Higo] =
T 9 W) 5o AE A SXT s @ 57 UMA (heat shock
proteins, HSPs)2] §40] S=&0o] AAA| ojFo] we} AJe] e oFao] chob
NS HoZ3 QIltHAnanthan et al., 1986; Farjam, 2011: LeBlanc et al.,
2012; Cascarano et al., 2021).

HSPs= EX}eH(kilodaltons, kDa)S 7]1&2 =2 Hsp90 (85-90 kDa), Hsp70
(68-73 kDa), Hsp60, Hsp47 % small Hsps (12-43 kDa)?l o] 2&=t}
(Nover & Scharf, 1997. Hallare et al., 2004; Park et al., 2007). €%4&
olZ0o] Mmol|A] HSPIO mRNA =& o] 745t S wr|olcHCvoro et al., 1998).
HSP902 Mg THBEO] 1-2%E5 F/4dste] AEHAES WA s Ao

A HEg ZYsh4 Exsty, S8 223 IF2E]F AHRo|E 285
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(glucocorticosteroid receptor, GR)
o £8A AMAANHEL ZI7IAHAZETH(Pratt, 1997; Segnitz & Gehring, 1997).
HSPs AlE & HSP702 A= YA 750l UMz & Qstt(Hartman
& Gething, 1996), A|m7} AE#| =9 HSP70 2|71 243 &

Jlstol wgE el AR, T SR WAl 249 Hude] B3] £A

>
Fo
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=
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3, T @ &3 9 Thde] MY 3L ZAT AE TUA fAYZES

o] 79| Aot~k otpA|-7HAl (hypothalamus-pituitary-interrenal axis,
HPI) & &9 #8 7= HSo| digh vhgoz AJYsHEY HA Z9] o
(paraventricular nucleus, PVN)of| A BAIMAIAIZ S s 2bt25 22
(corticotropin releasing hormone, CRH)Q] ¥&=2 A|&=CHVijayan et al.,

1996; Wendelaar & Sjoerd., 1997, Charmandari et al., 2005; Gorissen &



Flik, 2016). 85 % CRHY 4 35lA] Aol oA A= MZ 2870 A5t

BAOAAES 22 (adrenocorticotropic hormone, ACTH)9] &4& SL5t

T (Mommsen et al., 1999; Eachus et al., 2022), @3A= Es] ==
Q

-—

ACTHE =% AF &Alo] MAAe]l FAjsts Wepemzd 2 4
(melanocortin receptor 2, MC2R)of| ZAglst AH ZolE A E A=
=ItHNoon et al., 2002: Bernier, 2006; Alsop & Vijayan., 2009: Alderman
et al., 2012: Herget et al., 2014: Eachus et al., 2022).

T oFAIAIIS 1980MIT) o] F opAlv|&o] WA @ gmslel J|AS} &
PEUA A st =Ul FAolR AR 20229 7)E oF
91,000&0l 2 & GAI7t oF 46,0002 HA| FAloj{ ABAFS] 50.5%E5

RIS Qe Satt FAFFOIHEAR 2022). FutelS 2ot vi2jt o7

L opAol-MEEY AeolH 1Y HasE wrtel ofFoRK FdE B
BIEA] QAT ofF oz AlojTel U A AL FAPNS At ol

THKim et al., 2005: Harikrishnan et al., 2011; Rahman et al., 2019; Boo
et al., 2020; Choi et al., 2020: Lee et al., 2020: Kim et al., 2023). 2Alo]

R R 29 58] 420 AFH JFL WirHMugwanya et al.,

2022). 'GA1o AN AF§4e2 18~24°Co|i(NFRDI, 2006), Hula]s meldt
vt2]a} o] fo] AR AL 24~28°C o|tHDas et al., 2021). T2tA FA|=
24 158 A7, vlalat ojfE ALA A2 Ao A% Ea}, AW %
: 5

= =
N WES T4 5 Sl o2 S90) 4L UlAWUA dxlg vkl of
FAshe] o2 Aol WAISIE Qlout olet AT MM wSo]

R

s

re

TE=L ojojst AlAoltk(Makrinos & Bowden, 2016; Maulvault et al.,
2017; Chang et al., 2018; Wong et al., 2018; Islam et al., 2021).

of ATE AA AG 22 WSt TR PAloiEY Bulelel WA iAo
2 HSPs9] ¥al E/dut HPI £9] &7 Wat, Jitet a4 ¥hg 5 ARS4e20
o= 9h3 "l E fo AEE Adae 240 a2 s 200 OE € 54

ChRAl (HSP701} HSP90), BAIMAIA}IZ S 2254y s 22 (CRH), Maly a2

2 58 (MC2R), 3dHAtsF s49A  SOD(superoxide  dismutase)?t
CAT(catalase)?] mRNA ¥3d ®H3atE xAlSHY

N
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1. Bul2] HSP90Z} MC2R §AAF 22Y U xA

J
e
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T
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et slTrer paolA AL £91 Buleln=3, Ba A%
28.320.1 cm, "+ A% 404.0£0.1 g)& oz 2388519t Heat shock
protein (HSP)?} Melanocortin 2 receptor (MC2R)2] 8-X X} cloning ¥ &A
Hodhe]S EMGHY| 9J5te] Algol: 0.01%2] 2-phenoxyethanol (JUNSEI,
Japan)g ol gsto] DlAZ ¥ B stoict S 22Ye s A
A2 mastglon], HSPR} MCZR mR S 9jsto] EAZEA
(59, B4, A9, . 24, A%, gehak ZRAA(sRRA], oo, A4
A ZE UL 9 R AL, 28, MR, Auejo)g Aastdc 459 £

4 AR -80°Col A BRI} & QARLEY)

A d9F8] 2 Reverse transcription polymerase chain reaction (RT-PCR)

=

Real-time quantitative RT-PCR& o]&slo] EA5}C

2) Total RNA % % cDNA 4

Total RNAL: WEYS Edlo] B2 ZASAN 254Ut 459 £%

i

R5tAZich #A3HE tubeo]] RiboEx™ 1.0 0% 0.2 102 chloroformg A
7} % Abgolq 5E7 WHSAIZITH ol%, @AlRal7|E o|&sto] 41C, 12,000
rpme] ZFHog 15683t AAFAIA RNAZE ZetE S AgtE: A=
microtube2 FAT J5AY LT iso-prpanold microtubed] F7l &
, 9AlE2]7]5 o]&sto] 4°C, 12,000 rpmo] =71
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S~
2
o

=2

o)

o
T

=
o
T

oo

>,

boha
lo
=)

pelletS A|QJst AA=08S x| A5t & Diethyl pyrocarbonate (DEPC)7} A7}1=

w



H,02 3]AA]Z1 75% EtOHE o] &3dl total RNA pellets AT A &
DEPC-DW (BIONEER, Korea)E ©]&5tod RNA pelletS 85jA]7 total RNA
= gE5otgth. &E53t total RNAE Nano Vue(GE Healthcare, Ver.1.0.1,
UK)E o]&3st 55 FAsIRCen, A260/A280nme| ratioZt 1.7~2.1 ¢
Yol ke ZHe RNATHS Aeis) Adol] ALgstsict

RNAE F&3F S genomic DNAY] 29Jst contaminationg ¥A|st7| ¢15}
o DNase #A|g]& ZXIsistgct. Total RNA 1.7~2.1 pgg& FFOo=Z RQl
RNase-Free DNase Kit (Promega Madison, WI, USA)S o]|&35}3t}t. Total
RNA®} RNase free water 8.0 nl, RQ RNase-Free DNase 10 x Reaction
buffer @} RQ RNase-Free DNase ZF 1.0 A& E425td = volume 10 ul
b oHES Asbstglon], 37°ColA 308 Fob wSAIZl ¥ 1.0 w0 Stop
Solutiong& A7}sto] 65°CoA 10E7F §F-2A]ZiT).

cDNA $tAe DNase A 2]% total RNA 2.0 nge 23902 PrimeScript™
1' strand cDNA synthesis Kit (Takara, Japan)S Al83to] SHAsHGICT
DNase %]2]®l RNAQ} RNase-free water 8.0 p, Random 6 mers 1.0 1Q,
dNTP mixture 1.0 W05 F7Igt & 65°CoA b8 39 ¥FSAIZl & 5 x
PrimeScript Buffer 4.0 pl, RNase inhibitor 0.5 pQ, PrimeScript RTase 1.0
p0, RNase free dH,O 4.5 W05 7Z7}oto] 30°Cof|A] 10, 42°ColA 60, 95°C
oM 5FZF BFEAIA cDNAS sttt @7do] &4 = 429 cDNAS &

volume 90 pg/nQo] == Nuclease-free water 70 10 £ 7foto] AAIZ

o},
3) HSP90x+ MC2R cloning

2Ht2]9] HSP90y} MC2R S§7HAt cloningg £t National Center for
Biotechnology Information (NCBI)o] HE1% th2 o]%&E59] HSP ¥ SA X}
S9] JHE o0]8&35to] degenerated primerZ A|AtSHTH (Table 1). ASPION}
MC2R SH A= Bdig] AXRAl cDNAQ} degenerated primer?] RT-PCRE &
5t SZ5]|Qitt PCR2 95°Co|A] 45%, 55°CoflA] 45%, 72°CojlA 90%9] &1

LIS



og = 35 cycleg $3¥5t%on, o]E 55| £ZY PCR AEE52 1.5%
agarose gel?] R7|¥&S &5t FAAL bandES RISt =Hl" {AIAL
bandE cutting §, Dyne Power Gel Extraction Kit (Dyne Bio, Korea)S Al
835t} Elutiondlo] PCRAFES
(Korea)o| ®7|4Y BAXS o]2]s

£ ol gstol ofu]wAl AES Helstgcy.

=% PCR AF=L Genotech

_7‘<'__
2l d7|4 B2 NCBI?] BLASTX

_,,
)
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Table 1. Degenerated primer sets used in heat shock protein genes cDNA
partial sequencing in E. akaara

Gene Primer Sequence(5’-3’)
Forward TCAGAGTCGACAACGGTGAG
HSPI0
Reverse TGCGGGTCAAGTACTCTGTG
Forward ACCACAGCCAATCAGTCAGA
MC2R

Reverse GCTCATCAGCAGTACCACGT




4) d7INE As A

O XA} cloningS E35) &elsl Zdle] HSP90F MC2RQO] HEAJ|AIEL
NCBIo] &9 o2 o559 HSPI0 MC2R §AA HH =& o]&sto] ofF
b AEdE vlu BAsHETH (Table 2-5). &4 w42 Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/)S o] &3] EA513ITt.

Bole] HSPYO 2 MC2R 84AHe AF4t o2 ol3E9 84 Au

(Table 2-5)2} Molecular Evolutionary Genetics Analysis version X(MEGA
X) (Tamura, Stecher, and Kumar 2021)& o] &3sto] EA5H3}



Table 2. Gene information of HSP90 used for multiple alignment

Gene Species

GenBank Accession No.

Epinephelus akaara
Epinephelus moara
Epinephelus fuscoguttatus
Epinephelus lanceolatus
Epinephelus coioides
Scatophagus argus

HSP90 Anabas testudineus
Channa striata
Scortum barcoo
Xiphias gladius
Lates japonicus
Plectropomus leopardus

Perca flavescens

OR378291

XP_049914343.1

XP_049446734.1

XP_033504245.1

ACV04938.1

XP_046229077.1

XP_026197018.1

AIL82444.1

UVH33430.1

XP_039980884.1

GLD49552.1

XP_042358810.1

XP_028461567.1




Table 3. Gene information of HSP90 used for multiple alignment

Gene

Species

GenBank Accession No.

HSP90

Amphiprion ocellaris

Poeciliopsis prolifica

Lepomis macrochirus

Danio rerio

Maylandia zebra

Micropterus salmoides

Thunnus maccoyii

Paralichthys dentatus

Xenopus laevis

Homo sapiens

Paralichthys olivaceus

Bos taurus

Gallus gallus

BAK20463.1

XP_054910301.1

BAF57908.1

AAI54424.1

XP_004550507.2

XP_038583717.1

XP_042247202.1

AVN89841.1

AAI30149.1

7ULJ_A

AVN89842.1

AAI02945.1

CAG31600.1




Table 4. Gene information of MC2R used for multiple alignment

Gene Species

GenBank Accession No.

Epinephelus akaara

Epinephelus moara

Epinephelus lanceolatus

Epinephelus fuscoguttatus

Sebastes umbrosus

Cottoperca gobio

MCZ2R

Anoplopoma fimbria

Siniperca chuatsi

Sander lucioperca

Etheostoma cragini

Etheostoma spectabile

Perca flavescens

Plectropomus leopardus

OR947936

XP_049903691.1

XP_033497562.1

XP_049440325.1

XP_037639604.1

XP_029307757.1

XP_054477921.1

XP_044063882.1

XP_031134296.1

XP_034729763.1

XP_032367339.1

XP_028437136.1

XP_042346340.1

10



Table 5. Gene information of MC2R used for multiple alignment

Gene Species

GenBank Accession No.

Cyclopterus lumpus

Micropterus dolomieu

Gasterosteus aculeatus

Seriola dumerili

Dicentrarchus labrax

Thunnus maccoyii

MCZR

Chelmon rostratus

Larimichthys crocea

Centropristis striata

Xiphias gladius

Hippoglossus hippoglossus

Paralichthys olivaceus

XP_034384384.1

XP_045901937.1

ALF99995.1

XP_022609213.1

CCA95110.1

XP_042280406.1

XP_041798842.1

XP_010746136.1

XP_059194986.1

XP_039973873.1

XP_034467136.1

BAK61810.1

[N



5) Real-time quantitative RT-PCR

wFHtelolA Zele HSPIO MCZR mRNAS] =AE Hd 743 ¢5ho
primer= Ztzho] A7|AF& HIEIO 2 specific primerS A|AHSSICH (Table
6). Real-time quantitative RT-PCR& 2J5te] TB Green® Premix Ex Taq™
I kit (Tli RNaseH Plus) (Takara, Japan)?t CFX96™ Real-Time System
(Bio-Rad, USA)E o]&s5t¥ct ¥re £  95°CoflA]  30&7F initial
denaturation A|Zl & 95°CoflA] 0.05%, 60°ColA] 30%7F annealing
elongation st O = 40 cycleS £33t TH 71 95°CojlA 10%, 65°Coj
A 0.05%, 95°ColA 0.5&7F BFEAIA ATt b BE2 3 §HRCo 2 2o05g]
ow, HSPIO1+ MCZR mRNA ¥3L R-acting internal control® ARE-5to]

g st

12



Table 6. Primer sets used in real-time gPCR in £ akaara

Gene Primer Sequence(5'-3")
Foward GAGCGTGGCTACTCCTTCAC
[-actin
Reverse ACAGGTCCTTACGGATGTCG
Foward CCTGAAGGAGGACCAGACAG
HSP3I0
Reverse ATGGGGTAGCCAATGAACTG
Foward CTGGTTGTGGTGGCTGTTT
MCZR
Reverse CACGCTGGCAAACACAAT

13



6) A

EAEA= SPSS version 218 ©0]85t3 90, One-Way analysis of
variance (ANOVA)Q] Tukey's HSD (honestly significant difference) test=
£o) 55° PRl e sttt WP + REWALE 0|85

of UERfgion, folxi P < 0.05% T $71M fo4e Qgstelnt

o

14
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ulZ]o} GA19] ALG4L BRI W W)

GAr}. okAlAb Bula] (n=443, WAAA 7.9+0.1 en, BFAE 9.0£0.1 g)= 17]
O] FRP4&Z (150X150%150 cm)of] 4~&stR o, FALE FA] (n=80, B+ A
20.1£0.1 cn, W AE 75.3+1.2 g)= SA3t 37]9] FRPAZE 27]0] 212 40
op2jsl BArelz agstiit. e A
22~2491 Q)0 A AAFRT] R AAde2rdor 20229 24 FE 20229 124
7TERl & 10703 ARSsha A7 ¢ A& vigAte (Daebong LF
Fishery Association Corp., Jeju, South Korea)ZS 3t5of & ¥ 233519

(09:00 & 17:00). M= 24, 54, 84 g1 114 F0itt @K 9A]o A
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7] A7FR] -80°Co| Y rstdct 7HEEFA]
Halg mARP) S8 XEE 2 £A9) SAE F8Y £ RHEY/AEXI00
DA o]25t0] HSIZ Attt RAISHE BMQ ol A& & 7tS =]

Bouin’'s solution®| A5}t

Bouin's solution®]] 24A|17F 1A= 7F 2R 24 & 70% EtOHO| A HtE]
9t o]& 7t zAL xR x2]2 9]5to] Tissue-Tek® VIP™ 5 processor
FoPstct. FaE st 70%,
80%, 90%, 95%( 1), 95%(11), 100%( 1), 100%(1), 100%(Il) ethanolS ©AH
2 1AM X5t o, o]2 EtOHS xyleno 2 X|§HA|7]7] ¢5to] 1AM &
3H 9] xylen 2|5 £o¥stYitt. Ao g = ot X|ghE {5t 1AM &
44719 mepd A2E SefshRtt. mepdo s X2 P £A52 mhebd 2uj
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e
ofo
o
)
)
ajo
1o
i)
o
o

(Sakura, Japan)
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2 95}9] Histomix (Tissue-Tek® TEC™ 5 station for paraffin embedding;
Sakura, Japan)g ol §dtel 7t £A9| mteby 252 AIASACE

et o g nojE RA BEE52 0o]32E (Leica RM2235, Germany)<
AHE-SH0] bum T2 HPdsto] 2AEHE S ThEqlon, Z7o] AHE2 520
£ 9jofA ARl o] % 7t £A]
= Gill's Hematoxylin¥} 0.5% eosin(H

QMg 7] oMol xAlg oW metme MAs| Yste] xylenel,
xylenell, xylenell SIS Zf 3024 EupafH wgS e85t 48 flst
o 100%, 95%, 90%, 80%, 70% EtOH ©H|& 2t 158X X2 &, 2= 9| &
Astoict. 2512 gasoz Bt Uy GAYEE Al
o2 70%, 80%, 90%, 95%, 100%( 1), 100%(1l) EtOH ©A =
g2 eskdeh 24 Ul EtOHS XyleneC 2 X|ghA[7]7] 2]5t0] Xylene( 1),
Xylene(Il) G71E 217} 302 o4 Foist B2 2aystaict,

:

gue Zetolet %9 % mAzou, @3k (Olympus, Tokyo,

(o]
d
ol
%
_L4
djm
ox
o
Mo
1%
ol
ol
N
o
ol
ol
8
[
o
o
r

-

Japan)a}t cellSens Standard software(Olympus, Tokyo, Japan)S o]&sto] 7F
Almel sejet 27) Wsks A7 start

3) Total RNA % % cDNA &4

4 1 oMY P 5Y

4) Real-time quantitative RT-PCR

wFHte]olAl #2]& HSP902t MCZR primery= Z{749] @F7|MEZ HIFC 2
specific primer2 A&t 00, HSP70 primer= NCBIo] SZ2&0oj9l= Ay
= o]gslo] A|AbslGIC). CRH, CAT, SOD: Kim et al., 20239 AAToA &
1= primer AHZE o0]8&5to] AAstYITE (Table 7). @X]9] CRH, CAT, SOD,
HSP70, HSP90, MC2R+ NCBIJ| 555 0|Ql+= primer S o]&sto] A|AF
5ttt (Table 8). Real-time quantitative RT-PCR& ¢ty TB Green®

u
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Premix Ex Tag™ 1 kit (Tli RNaseH Plus) (Takara)?} CFX96™ Real-Time
System (Bio-Rad, USA)S 0]&35t3c}t. ¥FSx7AL 95°CoflA] 30&7F initial
denaturation A|Zl T  95°CoflA] 0.05%, 60°ColA] 30&x7F annealing

£ 40 cycleg £38519ch 1 & 95°CoA] 10X, 65°Cof

o 3 uEoz Lgo

elongation o} O )
A 0.05%, 95°ColA] 0.5%7F WrS-Al7 ZQich 2zt Af
o, BE SARI9 #3L B-acting internal control® AR5t AciA =k

stict.

!

5) AR

2 1 oMY T &2
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Table 7. Primer sets used in real-time gqPCR in £ akaara

Gene Primer Sequence(5'-3")
Forward GAGCGTGGCTACTCCTTCAC
[-actin
Reverse ACAGGTCCTTACGGATGTCG
Forward GGAGGATGAAAAGCTTGCTG
HSP70
Reverse TTCTCGGCAGTCTGGTTCTT
Forward CCTGAAGGAGGACCAGACAG
HSPI0
Reverse ATGGGGTAGCCAATGAACTG
Forward AGCGGCTTGGAGAGGAGTAT
CRH
Reverse AGCTGGAGTTGCAATGCTCT
Forward CTGGTTGTGGTGGCTGTTT
MCIR
Reverse CACGCTGGCAAACACAAT
Forward GTCCTACTGATGCGGAAAGG
SOD
Reverse CCATTGAGGGTGAGCATCTT
Forward TCTGTACGAACCAGCCACAG
CAT
Reverse TTCTTGGGCATTGGTAGAGG

18



Table 8. Primer sets used in real-time gPCR in P. olivaceus

Gene Primer Sequence(5'-3")
Forward GCTGTGTTACGTTGCTCTGG
[-actin
Reverse GGAACCTCTCGTTTCCAATG
Forward GAGAGGCTCATTGGAGATGC
HSP70
Reverse GGACTGGACGATGGAGTCAT
Forward GATCTGCCCCTCAACATCTC
HSP3I0
Reverse GTGGATTCCCAGCTTGATGT
Forward CCTGATGTTCCCAACTTTCC
CRH
Reverse GGAGTACTTCGTCCGACTGG
Forward TGGGTGAGAACTTCCTGGTT
MCZR
Reverse ATCAGGGTCTCCCAGGTTTT
Forward AACAGGAACCCGGTCAACTA
SOD
Reverse GTCGGTGTGTGTCTGGGTAA
Forward AACAGGCCAAAGGTCAACTA
CAT
Reverse GTCGGTGTGTGTCTGGGTAA

19



Aol AEcheta sHuretd P ALS 59 Butelel WAIS o &5t
Qch QFAlAF Buta] (n=40, FFAA 22.6+0.03 cn, FFAE 196.5+0.11 g)ot
QFAIAL WX] (n=40, Hd AX 14.5+0.04 cn, Hd AF 26.0+0.11 g)= 77
2780 9F 2% (37x37x81 m)ol S§%lo] ol ol gt BE Aol
o FHCIAIRAAR(1Y #4828l AABEY] ZU0R AR

U I

lo

H, AL vigrAl® (Daebong LF Fishery Association Corp., Jeju, South
Korea)S &t2o] &= ¥ ZF3ICH09:00 & 17:00). A A& A AgojE 22
2 18CAA 10U 2AIAIR] 0%, tRo] 1'CH AFg42S Z7MIA HEA

02 0T =& A ¥ APS FRIUC. MPIINEL £ AP 259

ﬂ°"

Mze]o 18°C, 22°C, 26°C 22]a 30°C A7A0A QA 9Alo] AF AAIA]
0 wuret gx 2z supjy RArf|e AdEisto] ekl Absa2 vhE
U SAAIEY] Ud WetE BAsP] 8l W, FAL 1S AE stol B
AR - 80°Col mEsIATH $& St whe
index, HSI)9] ¥3}E xAlSH] Yl A&EH 7F &
F/AB)<100 AZ olgstol HSIE Aitstdtt. A 242 Qs A&

st 72 ZA] Bouin's solutiono]] 1A}

~
o)
o
)
o
T
®
i)
=
O
[02]
)
5
QO
g
Q

3) Total RNA % % cDNA 74

SR REEIE R
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4) Real-time quantitative RT-PCR
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1. |ytg] HSP90} MC2R S7d%te] 2=

ol
=)
B
Da)
g
T
T
ok

1) 8ta]oA9] HSP90, MC2R cDNA 22| 2 A=A vl

Fota]o] MxAojA HSPIO# MC2R S7AAHe] cDNAS E2]ste] G7|MLe
st Axb, HSP90 MC2RS 7Hzb & 537 bp (179 aa)et & 633bp (211aa)9]
wA7IAFo] 2 IH(Fig. 1-2).

FHr2]olAl =hQlel HSPY0} MC2R {AARF thE o] F1ke] ofu] kit a7
B Anb, HSPIO ofu|xAt A& vle]uKSerranidae)?] Apuia](longtooth

grouper, Epinephelus moara)?t 774 =& 100.0%2] A=AdS ¥y, dxlyt

A

M
[-'Ol‘

1t

(Paralichthyidae)®] dX](olive flounder, Paralichthys olivaceus)?t 75+ oF
91.1%°] AF=AS  WHCHTable 9-10). MC2R ofujwAb MIe  wlejg}
(Serranidae)?] At8ta](longtooth grouper, Epinephelus moara)?t 7% =
98.6%2] A=AdS Wi, dX|(olive flounder, Paralichthys olivaceus)?}t 717t
¥ TtHTable 11-12).

E7 AE SUTAS M3 Aak Bube]o) HSPIOSH MC2R ofuliwdt A%

o A= &AL 4+ AAHFig. 3-4).
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TTT TAT TCC AAC AAA GAG ATC TTC CIC AGG GAG TTG ATC TCC AAC GCC TCT GAT GCT TIG 60
F Y S vy £ I F L RE L T S N A S D A L2
GAC AAA ATT CGC TAT GAA AGC TIG ACT GAC CCC TCC AAG CTG GAC AGC GGC AAG GAT CTG 120
p £ T R Y E S L T D P S K L D S G K D L 40
AA ATT GAC ATC ATC CCC AAC CAG TTT GAG CGC ACC TTG ACC ATC ATC GAC ACT GGA ATT 180
£ rp 1 1P NQF ERT L T I I DT G I60
GGC ATG ACC AAA GCC GAC CTC ATC AAC AAC CTG GGT ACC ATC GCC AAG TCT GGC ACC AAG 240
¢ ¥ T K A DL I NNL T T A K S 6T K80
GCC TTC ATG GAG GCC CTG CAG GCT GGA GCT GAC ATT TCC ATG ATC GGT CAG TTT GGT GIG 300
AR Y B AL QA G A D T S T 6 Q F oG V100
GGT TTIC TAC TCT GCC TAC CTT ACT GCT GAG AGG GTG GTC GTC ATC ACT AAA CAC AAT GAT 360
« FY S A Y L T A F RV VYV T T K KB N DI2
GAT GAA CAG TAC GCC TGG GAG TCC TCC GCC GGA GGT TCC TIC ACA GIC AGA GIC GAC AAC 420
Db E Q Y AW E S S AG G S F T VR V D NI40
GGT GAG CCC ATT GGC CGT GGA ACA AAG ATC ATC CTG CAC CTG AAG GAG GAC CAG ACA GAG 480
« £EP I ¢GR GT K T T L B L K E D Q T E 160
TAC ATT GAG GAG AAG AGG ATC AAG GAA ATT GTC AAG AAG CAC TCT CAG TTC ATT GGC 537

y T £ E K R I K E I VEKHTSQF I G179

Fig. 1. The HSP90 partial nucleotide and deduced amino acid sequence
obtained from £. akaara. It was 537 base pairs long and encoding 179

amino acids.
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CCA TCG GTG CAG TGA GCC TGG CCG AGA ACC TGC TGG TTG TGG TGG CTG TTT TAT GGA ACA 60
I ¢ AV S L AENL L VVVAV LT NRZ22
GGA ACC TCC ACT CGC CCA TGT ACT GCT TCA TCT GCA GCC TGG CGG CTT TTA ACA CCA TCG 120
No g s P My cr 1 CSL AAF NT T A4
CCA GCC TCA CCA AAA CCT GGG AGA ACC TAA TGA TTG TGT TTG CCA GCG TGG GAC ACC TAA 180
s L T fKkT1TWwWENLMNMT VFEFASV G HL K6
AGA AGA CGG GCT CCT CTG AGT TGA ACC TGG ACG ATG TGA TGG ACT CCC TGC TGT GTA TGT 240
K176 S S EL NL DD VMDD S L L C M S8
CGT TTG TGG GCT CCA TTT TCA GIT TCC TGG CTA TTG CTG TGG ACC GTT ACA TCA CCA TCT 300
FvesS 1 FSFL AT AVDRY T T I F 100
TCC ATG CGC TTC GAT ACC ACA ACA TCA TGA CAA TGA GGC GCA CAA AGG CCA TCT TGG GTG 360
H AL RY HNTMNTMNMRRTIEKATTL G VI
TCA TCT GGT TAA TAT GTG GGT TGT CAG CAG TGC TCA TGG TGA AGT TCT TCG ACT CCA ACT 420
I v.o 1o ¢ 6L S A viILD ¥ vEF F DS N F 140
TCA TCA AGA TICT GCT TTG TTG TTT TCT TTG TCG CCT CCG TGG CAA TTA TCT GIT TCC TIT 480
g r ¢ rFrVvvy FrF FVAS VAT T CF L Y 160
ATG TCT ATA TGT TCA TGC TGG CAC GCA TCC ACG CCA GGA AGA TTG CTG CIC TGC CTG CCA 540
vy ¥ F ML AR T HEARIKTAAL P A S I
GTG GCG TAC CAA AGT GIC GCC GIC AGC GAT GGT GGG GCA GAA GCA GGA GAG GGG CGC TGA 600
¢ vpPEKCRZRQRW¥YW¥ R SRR GA L T 200
CTG TCA CTA TCC TGT TTG GGG TGT TTG TGG TGT 633
v 17 1L F G VF VYV C2

Fig. 2. The MCZR partial nucleotide and deduced amino acid sequence obtained

from £ akaara. It was 633 base pairs long and encoding 211 amino acids.
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Table 9. Overall amino acid identities of HSP90 between £ akaara and

other fish
Species Homology(%)
Teleostei
Perciformes Epinephelus akaara 100.0
Epinephelus moara 100.0
Epinephelus fuscoguttatus 994
Epinephelus lanceolatus 99.4
Epinephelus coioides 99.4
Scatophagus argus 96.7
Anabantiformes Anabas testudineus 96.1
Channa striata 95.5
Perciformes Scortum barcoo 95.0
[stiophoriformes Xiphias gladius 95.0
Perciformes Lates japonicus 95.0
Plectropomus leopardus 95.0
Perca flavescens 94.4
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Table 10. Overall amino acid identities of HSP90 between £ akaara and

other fish
Species Homology(%)

Teleostei
Perciformes Amphiprion ocellaris 94.0
Cyprinodontiformes Poeciliopsis prolifica 93.9
Perciformes Lepomis macrochirus 93.3
Cypriniformes Danio rerio 93.3
Cichliformes Maylandia zebra 93.3
Perciformes Micropterus salmoides 93.3
Scombriformes Thunnus maccoyii 93.3
Pleuronectiformes Paralichthys dentatus 92.7
Anura Xenopus laevis 92.2
Primates Homo sapiens 92.2
Pleuronectiformes Paralichthys olivaceus 91.7
Artiodactyla Bos taurus 91.7
Galliformes Gallus gallus 91.1
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Table 11. Overall amino acid identities of MC2R between £ akaara and

other fish
Species Homology(%)
Teleostei
Perciformes Epinephelus akaara 100.0
Epinephelus moara 98.6
Epinephelus lanceolatus 98.3
Epinephelus fuscoguttatus 97.5
Scorpaeniformes Sebastes umbrosus 88.9
Perciformes Cottoperca gobio 88.7
Scorpaeniformes Anoplopoma fimbria 88.4
Perciformes Siniperca chuatsi 88.4
Sander lucioperca 88.2
Etheostoma cragini 87.6
Etheostoma spectabile 87.6
Perca flavescens 87.4
Plectropomus leopardus 87.1
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Table 12. Overall amino acid identities of MC2R between £ akaara and

other fish

Species

Homology(%)

Teleostel

Scorpaeniformes

Perciformes

Scorpaeniformes

Carangiformes

Moroniformes

Scombriformes

Perciformes

Acanthuriformes

Perciformes

Istiophoriformes

Pleuronectiformes

Cyclopterus lumpus

Micropterus dolomieu

Gasterosteus aculeatus

Seriola dumerili

Dicentrarchus labrax

Thunnus maccoyil

Chelmon rostratus

Larimichthys crocea

Centropristis striata

Xiphias gladius

Hippoglossus hippoglossus

Paralichthys olivaceus

87.0

86.0

85.9

85.2

85.2

84.9

84.9

84.3

84.0

83.5

82.2

81.1

28



Epinephelus akaara

69

Epinephelus moara

7

99 Epinephelus coioides

Epinephelus lanceolatus

97

Epinephelus fuscoguttatus

Lepomis macrochirus

Micropterus salmoides
Amphiprion ocellaris
Poeciliopsis prolifica

Xiphias gladius

Maylandia zebra
Lates japonicus

Channa striata

Scatophagus argus

Anabas testudineus
Scortum barcoo

Thunnus maccoyii
44

— Paralichthys dentatus
5] S Paralichthys olivaceus

Plectropomus leopardus

Perca flavescens

Gallus gallus

Danio rerio

Bos taurus

Fig. 3. Phylogenetic tree of HSP90 between E. akaara and

99 I'l Xenopus laevis

52l Homo sapiens

other fishes.

Thousand bootstrap repetitions were performed, and values are shown at

the inner nodes.
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Epinephelus akaara

.

_ea|— Seriola sumerili

29 Epinephelus moara
o Bepne/us lanceolatus
Epinephelus fuscoguttatus
Pl
aculeatus
52
Cyclop lumpus
fimbria
Sebastes
Cottoperca gobio
° Sander lucioperca
% Perca
20| Etheostoma cragini
_|— Etheostoma spectabile
dolomieu
Centropristis striata
I Di labrax
Larimi crocea
Chelmon rostratus
Xiphias gladius

100 [ i olivaceus

Fig. 4. Phylogenetic tree of MC2R between £ akaara and other fishes.

Thousand bootstrap repetitions were performed, and values are shown at

the inner nodes.
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2) HSPIORt MC2R mRNA £XIE wal

=ot2]e SRAGEAT FHAA A HSPIO 3t MCZRO] mRNA
Reverse Transcription Polymerase Chain Reaction (RT-PCR)Z 2Helst
1}, HSPIO mRNAO] W@e tjRgo] xalo]x IE|9lon], MCZR mRNAC)

=
o AARA(Of, olfactory lobe; Op, optic loge; Di,

H =
b 27T &

3 z
diencephalon)at ¥ R Al(Pt, pituitary)ofA] &1&] icHFig. b5).
Real-time quantitative RT-PCR (qPCR)2 &olst A3t HSPI0 mRNA=

chigo] mAloA wao] aAelsjgion], 58] FWAAAC 1t (Liver, Li)o]

19
rol
rlo

ojf oz Wwio] &9chFig. 6). MCZR mRNAS] WAL FEAZAEA0lA
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M Of Te Op Di Ce Me N.C

HSP90 537bp

MC2R 393bp

B-actin

M Pt ReGi He Ki Li Sp St In Ov Tes Mu Sk Fin N.C

HSPY0 537bp

MC2R 393bp

B-actin

Fig. 5. Electrophoresis of all tissue ASP90 and MCZR mRNA expression
Reverse Transcription Polymerase Chain Reaction (RT-PCR) products.

Nervous tissues(A); Peripheral tissues(B); M, 100bp DNA ladder
marker; Of, olfactory lobe; Te, telencephalon; Op, optic loge: Di,
diencephalon; Ce, cerebellum: Me, medulla oblongata: Pt, pituitary:
Re, retina: Gi, gill: He, heart; Ki, kidney: Li, liver: Sp, spleen; Lane
8: St, stomach; In, intestine; Ov, ovary. Te, testicle; Mu, muscle;

Sk, skin dosal: Fin, caudal fin: N.C, negative control.



>

14

12 1

1.0 1

HSPS0 /3-actin

Di Ce Me

w

4.5

HSPS0 /3-actin

Pt Gi He Ki Li Sp & In Ov Tes Mu 8k Fin

Fig. 6. Tissue specific expression of ASPI0 mRNA in the £ akaara by
Real-time gPCR. Nerve tissue (A) and peripherla tissue (B). Re, retina: Of,
olfactory bulb; Te, telencephalon; Op, optic lobe: Di, diencephalon: Ce,
cerebellum:; Me, medulla oblongata: Pt, pituitary: Gi, gill: He, heart: Ki,
kidney: Li, liver: Sp, spleen: St, stomach: In, intestine; Ov, ovary: Te,

testicle; Mu, muscle; Sk, skin dosal; Fin, caudal fin.
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-

16.0

14.0 1 a
12.0 A
10.0 +

ab
6.0 -

| ab
40 ab

MC2R/B-actin

2.0 A

00 -
Re Of Te Op Di Ce Me:

U

1.4

1.2 1

1.0 1

0.8 1

0.6 -

MC2ZRipB-actin

0.4 A

0.2 1

o0 Pt Gt He Ki L Sp St In Ov Tes Mu Sk Fin
Fig. 7. Tissue specific expression of MCZR mRNA in the E. akaara by
Real-time gPCR. Nerve tissue (A) and peripherla tissue (B). Re, retina: Of,
olfactory lobe; Te, telencephalon: Op, optic loge; Di, diencephalon; Ce,
cerebellum:; Me, medulla oblongata: Pt, pituitary: Gi, gill: He, heart: Ki,
kidney: Li, liver: Sp, spleen: St, stomach: In, intestine; Ov, ovary: Te,

testicle; Mu, muscle; Sk, skin dosal; Fin, caudal fin.
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2. A2E 20 o Futet 9AY Alsa2 weQlRtEe] T wHet

ARIIZFESH AFS AL 29 WP 12.1404°C2 7P 29T, 5Y

ol
El

o
3L

17.7£0.1°C2 Z7t517] A&t on, 89 Hat 27.8£0.3°C2 71 =4 4
t}. o]% A4 119 H4 19.2+0.1°CE thA] 7445 cHTable 13).

0.
LFEAAEFL 29 W 9.3+0.2 mg/ ¢ 2 7Y =y, 5Y

}‘\:'_]61:17]{%'?_].— ‘-0 = O = M Eﬁéﬂ_
6.6£0.1 mg/ ¢ = ZAsH7] ARSIl on, 89 Hat 4.5+0.1 mg/ ¢ = 7P 27
UEebdct o]3 g&itaako 119 Hit 6.0+0.1 mg/ ¢ 2 THA] Z715HcHTable
13).

AF7|7HEet Futele] Als Habe 29 W 6.6+0.5 go]lon], 5¥ Bt
8.9+0.8 gollA] 8Y¥ Wt 49.0+2.9 go 2 FAsHA AlBo] E7tstR o], 1140
9£9.1 g5 YEITHFig. 8A). A7 Hal= 2¥€o] H+ 7.8£0.2 cm,

AcHFig. 8B). GX|Y A5 29 H« 55.0+1.7 g, 549 H+ 91.2+4.6 gol|}l o
o, 89 T 253.2+20.3 gollA] 119 T 664.3+18.9 goz FAst AF Z7}
7} UERJtHFig. 9A) M4 wWats 29 F4 7.9+0.2 cm, 5¢ F+ 21.3+0.3
cm, 89 F4 29.840.7 cm, 11¥ o 39.540.4 cmO 2 UERITHFig. 9B).
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Table 13. Environmental conditions during rearing experiment

Day Feb May Aug Nov

Water temperature (°C) 12.1+0.4 17.7+0.1 27.8£0.3 19.2+0.1

Dissolved oxygen (mg/¢) 9.3+0.2 6.6+0.1 4.5+0.1 6.0+0.1
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I

120.0
100.0 - a
80.0 -
60.0 - b

40.0 A

Body weight (g}

20.0 A

ool mmmm NN
Feb May

Nov

w

25.0

20.0 A

15.0 -

10.0 1 C

Total length (cm)

5.0 -

0.0 -

Feb May Aug Nov

Fig. 8. Annual change of (A) body weight and (B) total length in £
akaara. Means represented by different letters are significant(” < 0.05).

All values are mean = S.E (n=6).
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1000.0

8C0.0 -

6C0.0 -

400.0 4

Body weight (g)

200.0 -

oo 1N
Feb

o

60.0

50.0 4
40.0 A
30.0 4
20.0 1

Total length (cm)

10.0 - d

oo LN

Feb May Aug Nov

Fig. 9. Annual change of (A) body weight and (B) total length in Z.
olivaceus. Means represented by different letters are significant(f <

0.05). All values are mean = S.E (n=6).
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B

rlo

o do
g‘l_l‘

Aol xfol= Qil o1} HSP70 mRNAS] whalo] A4 A]7]Ql 2¥Yo]
o] UeRJTHFig. 10A and B). CRH mRNAS} FAlO|A MC2R mRNA =3 A
Al ARE RYARD Atole UEHGA] ktou 2o §435] st |
CRH mRNAS| o] Zrlste= Aol UERFOW, AL Al7]1 249
MCZ2R mRNAS] ¥dlo] =2 dd= YEtHtHFig. 10C and D). g4kt a4l
SOD mRNA: 2%0o] 5¥o] uvls] foAoz =7 Uelyti, CAT mRNAE 2
o] 5dut 1190 Bla Aoz =A LASIACHP < 0.05) (Fig. 10E and
F).

=I:1
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8.0 1 - 30.0 30.0

(2,) sumesadwsay Jaje A

(D.) simeiadwial Ja)epn

(D,) sxmeladwia) B

5
< 60 F 250§ o 25.0
8§ - 200 8§ 20.0
< 2 2
S 4.0 1 - 150 3 S 15.0
Q. a Q
22 F100 £ & 10.0
. 1 &
F 50 = 5.0
0.0 - L oo 0.0
D
12.0 - F 300 o - 30.0
10.0 1 - 250 & - 25.0
< = 5
§ 8.0 A - 20.0 %‘ 8 - 20.0
2 60 ; - 150 B & - 15.0
® o
£ 4.0 - - 10.0 'C'g; g - 10.0
2.0 1 L 50 = - 5.0
o
0.0 L 0.0 L 0.0
= 300 - 30.0
. é B N
250 2 L 25.0
& - £
3 200 & 3 - 20.0
= 150 § 2 F 15.0
8 A <
3 00 £ 5 | - 10.0
50 = ' b b | 50
o
0.0 0.0 - L 0.0
Feb May Aug Nov Feb May Aug Nov

Fig. 10. Differentially expressed genes in £. akaara on natural water
temperature seasonal changes under year-round conditions. (A) HSP70
mRNA, (B) HSP90 mRNA, (C) CRH mRNA, (D) MC2R mRNA, (E) SOD
mRNA, (F) CAT mRNA. The axis located on the left represents the level
of gene expression seen through the bar graph, and the axis on the
right represents the level of water temperature seen through the line
graph. Means represented by different letters are significant(? < 0.05).

Values are mean = S.E (n=6).
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3) GAIY AZE S0l OE Alsa2 TSRS T wHet

AZE 2o T GX9 Atsa YEQIAEY] o wHekE FAeh 2
v, A™AVIbERE HSP70 1t HSP90 mRNAS| T2 281 540 I2 &&=
A5t 8Hofl RojAor A3 FIISIRACH(P < 0.05), o]F 11€o] A
o WS YyeRcHFig. 11A and B). CRH mRNAR} MCZR mRNA
A= golxel Afol LpehtA] @r9ttHFig. 11C and D). &4ls
mRNA 22 287 8LoA] bExt 1140 vl Aoz =ry(P < 0.05),
CAT mRNAQ9] ¥wrsl2 g8do] 2<o]] Bls] So)Aoz =A UERITHAL < 0.05)
(Fig. 11E and F).
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Fig. 11. Differentially expressed genes in P olivaceus on natural water
temperature seasonal changes under year-round conditions. (A) HSP70
mRNA, (B) HSP90 mRNA, (C) CRH mRNA, (D) MC2R mRNA, (E) SOD
mRNA, (F) CAT mRNA. The axis located on the left represents the level
of gene expression seen through the bar graph, and the axis on the
right represents the level of water temperature seen through the line
graph. Means represented by different letters are significant(? < 0.05). All

values are mean + S.E (n=6).
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4) Furiet dA9 AZE a0 OE SRS ® A et

ARE 2 ¥g} wHrel et gx]e] HSI HstE 2AE A, Folel+
281} 840 Hot 1.1+£0.12 GoJAo 2 JHaf AlQton], 540 H+ 2.0+0.32 2
B} 8Hof Hlal FoHoz ZITHP < 0.05). GX|= 284} 84 HSI o] 1.4 =
2 523} 110 vls folf o= Wk, 5483 11904 HSI= 2.1 == 24
o 8Eo] Hlsh Aoz =7 yebdthTable 14). 4g7F5 ot et EA]
re] =AstA wiekg FARH Ay, 4 AUyt SFEAE o] sl on, o

TEA|20] 48 MM sttt B o319 A2 25t Q= 5740l

=]

o

W AHFig. 12-13). Ire] RASHA Wsts ZAfstr] st NS 3715
2

15.1+0.1 pm= GoJA oz 7}A ARQITHP < 0.05). 5¥ IHN|Zo] R7FLe mt
18.940.2 ymo]Q1, 8¥o] H 16.7+0.1 pm= ZtAsIFOLF Eo|do g 7HA
LO|A A|Y&o] thy WAL ITE 11¥ofl& A E F+ 23.1+0.2 ymo 2 &
oldo=z 71 ZCHP < 0.05) (Table 15). GX|= 290 7tAZ Z]7o] HF
10.0£0.1 pmo 2 §o|&M oz 71& AFQIHP < 0.05). 5¥0A= HH 10.6+0.1

pmollenf, 84 A= Pt 6.9£0.1 ymof] SolHoz XyYfEo] Wol F4

gol 9 e WStk 11904 TAZ A7o] HF 14.4+0.1 ymO2 )
Ao 2 7 ZITH P < 0.05) (Table 15).
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Table 14. Changes in the monthly Hepatosomatic index(HSI) in £E. akaara
and P. olivaceus
Feb May Aug Nov
Epinephelus akaara 1.1+0.1° 2.0+0.3° 1.1+£0.1°  1.7+£0.2%
Paralichthys olivaceus 1.4+0.1° 2.0+0.12 1.3+0.1° 2.2+0.22

* Different lowercase letters above the bars indicate that there are

significant differences between groups(P < 0.05). All values are mean =+

S.E (n=6).

44



A B
s
R .
o
; H
9y P “\ < r
Vi RS
G D’ g _
LS
P iy 5 |
jLS H - B ) 2
\ o » |\ \
% & 2
BD T
j : / / \ %
—_— \: ‘;' ! / ‘—
Fig. 12. Photomicrographs of liver tissues in £. akaara by HE stain.

February (A: 12.1+£0.4°C):
November (D:

duct; Scale bar: 20 pm.

May (B:
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17.7£0.1°C); August (C: 27.8+£0.3°C);

19.2+0.1°C). LS, liver sinusoid; CV, central vein: BD, bile
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Fig 13. Photomicrographs of liver tissues in F. olivaceus by HE stain.
February (A: 12.1+£0.4°C): May (B: 17.7+0.1°C); August (C: 27.8+£0.3°C):
November (D: 19.24+0.1°C). H, hepatocyte; LS, liver sinusoid; PV, portal

vein; CV, central vein: LV, lipid vacuoles: Scale bar: 20 um.

46



Table 15. Alternation in the seasonal hepatocyte diameter (um) in £

akaara and P. olivaceus

Feb May Aug Nov

Epinephelus akaara 15.1+0.19  18.9+0.2° 16.7+0.1° 23.1+0.2%

Paralichthys olivaceus 10.0+£0.1° 10.6+0.1®  6.9+0.1¢ 14.4+0.12

* Different lowercase letters above the bars indicate that there are
significant differences between groups(P < 0.05). All values are mean =+

S.E (n=400).
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0.05) (Fig. 14A and B). CRH mRNA°] 9&1e 18°CHE 26°C7IA| 20| &
Jteto] wet Zaste] £ 26°COIA 7Y We e UERIL(P < 0.05)
30°C7HA] ZASHA Z7FHACHFig. 14C). MCZR mRNA 2@ 2-20] S/t
ol wel AAsl Z7tet Age Wolthrh 30°CoA TP B e LIERICHP
< 0.05) (Fig. 14D). SOD mRNAS] &2 26°CoflA] Sl o g =A UEfGaL,
CAT mRNAE 20| Aragto] wjeh wilo] Zrbsts APS HIon

0°ColM Fojdoz =A EdstAtHP < 0.05) (Fig. 14E and F).
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Fig. 14. Differentially expressed genes in E. akaara on water temperature
increasing control conditions. (A) ASP70 mRNA, (B) HSP90 mRNA, (C)
CRH mRNA, (D) MCZR mRNA, (E) SOD mRNA, (F) CAT mRNA. The axis
located on the left represents the level of gene expression seen through

the bar graph. Means represented by different letters are significant(” <
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0.05). All values are mean = S.E (n=8).
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2) AHg4e A4 20 e YAl AHg4e WgAstEe) U wst

&AL g5 £EO) TE YA ARAL WSARE WA BHT 2
W, HSP70 mRNACS] a2 18°CoA 26°C7HA] @2 & Holort 30°C &7
oA folm oz FAs FISIAR(P < 0.05). HSPI0 mRNAL £-20] 43
gol me} wdol 371elckFig. 15A and B). CRH mRNAS) #de 4§71
50 9o H9l Afol7h UERLA] @9tOD], MC2R mRNA W3l e 18'CHE| 22°C
PR SIS 26CAN g0 38 gastn 30T Cha 71
+ Aol FRIEUTY. SOD mRNAE= 18°CHRE 26°C7HA] Rojdo=z Zhasitt
7} 30°Coj|A] wrdo] Al F7FsFRal(P < 0.05), CAT mRNA 2= 18°CHE
26°CTHR] R &- o gdasittrt 30°ColA vttt &S FAISHFITHA < 0.05)
(Fig. 15E and F).
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Fig. 15. Differentially expressed genes in PF. olivaceus on water
temperature increasing control conditions. (A) HASP70 mRNA, (B) HSPI0
mRNA, (C) CRH mRNA, (D) MC2R mRNA, (E) SOD mRNA, (F) CAT mRNA.
The axis located on the left represents the level of gene expression seen
through the bar graph. Means represented by different letters are

significant(” < 0.05). All values are mean + S.E (n=8).
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AMESE e 280 ©E Futelet JA19] HSI Weks RARE Ay, St
2o] 4& o] Faddol Tt Fashs FEFol UErET. A AlAR A(18°C)
Y 1.7+£0.302 26, 30°Co| vla oMoz 7P zlom, 26°C 30°COfA]
0.8 == 18°Cof vlsll RojAoz 7P AQITHP < 0.05). 'FAl= 18°CollA 3
o+ 0.7+0.12 &ojxdog 74AF Arory 26°ColA H+ 1.3+0.12 7 3A U

AthFig. 16-17). A4 G5 220 g o] 2=ASHH Hets RASH|
Flote M2 A4S A4 A% & 2
A1(18°C) B+ 22.1£0.2 ymo2 7} 7o 0

2 IMNE Aol Fashr] AlAfste], 26°Coll 4t 15.5+0.1 pm, 2]l 30°C
oA HF 13.6+0.1 pmo g ZHN|Z R|7o| 7H AHA e} &e0] Z71st
o o=t IAE Ago] dasts dge] AR Table 17). BA= AR
Z17do] 18°Coll Ha 7.5+0.1 pm@P o0 o]F 22°ColA g 8.3+0.1 pmo=
7t 4ds EAH. 26°CoA= d+t 10.340.1 ypmo2 AR A730] 7}
& 3A YUEREAL, 30°ColM= 2717 daste F 6.1+0.1 ymO2 7P A
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Table 16. Changes of Hepatosomatic index(HSI) in £ akaara and P.

olivaceus under artificially elevating the water temperature condition

Da initial 4 days 8 days 12 days
y 18°C 22°C 26°C 30°C
Epinephelus akaara 1.740.3*  1.1+0.1*®>  0.7+0.1° 0.9+0.1°

Paralichthys olivaceus 0.7+0.1¢ 1.0+0.1° 1.3+0.12 1.0+0.1°

* Different lowercase letters above the bars indicate that there are
significant differences between groups(” < 0.05). All values are mean =*

S.E (n=8).
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Fig. 16. Photomicrographs of liver tissues in £. akaara by HE stain.
Initial (A: 18.3°C); 4 days (B: 22.1°C); 8 days (C: 26.1°C); 12 days (D:
30.3°C). H, hepatocyte; LS, liver sinusoid; CV, central vein; BD, bile duct;

Scale bar: 20 um.
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Fig. 17. Photomicrographs of liver tissues in P. olivaceus by HE stain.
Initial (A: 18.9°C); 4 days (B: 22.4°C); 8 days (C: 26.8°C); 12 days (D:
30.1°C). LS, liver sinusoid: CV, central vein: BD, bile duct: Scale bar: 20

um.
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Table 17. Alternation of hepatocyte diameter (um) under artificially

elevating the water temperature condition in £ akaara and P. olivaceus

Da initial 4 days 8 days 12 days
Y 18°C 22°C 26°C 30°C
Epinephelus akaara 22.1+£0.2% 17.9+0.1®> 15.5+0.1° 13.6+0.1¢

Paralichthys olivaceus 7.5+0.1¢ 8.3+0.1>  10.3+0.1*  6.1+0.1¢

* Different lowercase letters above the bars indicate that there are
significant differences between groups(” < 0.05). All values are mean =*

S.E (n=400).
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WA 2R 3
S AelR wele] JFe Frh of ATL Rl WAE o= AgLe

S8t oA HSP90u+ MC2R S X}Q] partial
sequencingS 4885t th E&AT¥RA(Heat Shock Protein, HSP)2 o] &9
3 LB AN Amo HgozBE HostH, AU IS
2] Qlof o35t AZS oste RAAN ATz A delA QltH(Jahan
et al., 2023). HSP+= Nl& AEF 20 =59 of 2F Nx J7AA A5
= OhoFst EXFEK16-100 kDa)o] n==z HEY ohEixl Zskx|o|tHWelch
1993). o AtoA  Fue] HSPIO RAXE =Y A, HSPIO R7d7H
H287IM89 Zol= F 537 bpoz =RlFlct =held Ad2 viyt
(Serranidae)?] Aiu}2](longtooth grouper, Epinephelus moara)?} 7V =&
100.0%9] A=AdS H93, dATHParalichthyidae)?] dX|(olive flounder,
Paralichthys olivaceus)®t 74 W& 91.1%9] A=M4S B3t EX1Fe] 37]
7} 90 kDagl HSPO0S n.e Tt A& $ZA7} 22 thepst e~ gelo] of
off AtgF 2L t{(Palmisano et al., 1999; Hermesz et al., 2001; Wu et al.,
2012), tEE9] NZoA EHdo] ¥ u=IcHCsermely et al., 1998). o] &5Lof
H

!

7Fe #skst g & mH xXlofA9 dislo] ¥y =t (Manchado et al., 2008;
Shin et al., 2018; Wu et al., 2012). Lai et al., 20149] HALo|A HSPIO
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rd

mRNAX Orange-spotted grouper(EZpinephelus coioides) 7to|A =& Hb
= Holil Xt &, v|A, AAoA @2 TS BT o|2st Axt= HSPIO
mRNAZ} F8pe] oA 7 =2 s Holil tE e RAA = LHo]
UERd At gAtsHth Wetked 2™ 2 2EA|(MC2R)= AER A ¥hg ab7y
ol sial Al FAto]t{(Aluru & Vijayan, 2008), (Zf-FolA9] FAlo]d )
AR {FAAEol ACTHo  ofe  Sojde=z ¥

(Cerda-Reverter et al., 2011). o] ¢d3ojA Eu}g] MC2R SAx}o] B8
ANES 2295t F4% 2, MC2R2 & 633 bpz HRIE T thE o5y
opu| 4t AEdE At Zxh vie]3K(Serranidae)?]  ApHRE](longtooth

grouper, Epinephelus moara)?t 7V =& 98.6%% A=EAHdE ¥, X

o0R
N

(olive flounder, Paralichthys olivaceus)?t 7V&F W 81.1%9] AzdS HI
o} ACTH $-8RI2% elfl MC2RE 53 AF £xjo] AIAZo] Uyl
of EAjgttHMommsen et al., 1999). o] A-LofA Fuf2] MC2RO] H2H7]A]

=
of WiElol Zgs RAY AEY AIZ 7BE PHFTHTo et al., 2007).
MC2R& ZBX|7§4&-o{(Rainbow Trout, Oncorhynchus mykiss)ol|A] 7HAl
o= AlFsHReE HahAl, o, I A, Ha 5o RAA T
(Aluru & Vijayan, 2008), =0{(Sea bass, Dicentrarchus labrax)®]
A7, obrtul, $folld= MC2RO| Heio] gilout IF, AA 4, £AI, ]
FAlL 2=, T8 SolM ZdHU(Agulleiro et al., 2013), A
(Zebrafish, Danio rerio)®= &RAA, YA, d|A, TA i
(Agulleiro et al., 2010). o]}t Zo] MC2RE& FAl ¥ oflz} 7t
A gz =A EEEHE Jojot FXoME JARE ZAaprt
(Metz et al., 2005; Kobayashi et al., 2011).
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7] 9gt JlzAteRA 289 4 92 Zojet AzEn, £% HSPIOT MC2R
gHEAtSO] £AM W EAW A w20 gt AUBAL olsist] 9
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2. AF&5-2o] T Butelel Wxlo] Aeluleolrtso] Wil wst

MaePge] AFH JFS lx7] Bheo] ol
ik BES B9 MY FRE #7829 F stolckYu et al., 2007
Cheng et al.,, 2018; Mugwanya et al., 2022). o|Xd Al&522 FA0] 79
A3wo] AFE ulxle AF 220 WS Yolyw AEdA Qo Ag
stal ofo] oigt M3 Aoz At &4 Wab dofdthi(Chrousos &
Gold, 1992). tjmEA¢l A2|stA Hst= d =74 thdiAl(heat shock proteins,
HSPs)Q] A ut AJAFSHE-4]5FpA|-7HAl (hypothalamus-pituitary-interrenal
axis, HPI) 9] &Adof] it2 FE]E HH|, &JAMA(reactive species, ROS) A
gk oo ti-&str] Heh PAket a4 /st 5ol tk(Barton & Iwama,
1991; Wendelaar & Sjoerd., 1997; Holmblad & Soderhall 1999; Aluru &
Vijayan, 2008; Barton et al., 2002; Evans & Claiborne, 2005; Lesser
2011). At} AE8| A0 cigh AEELA whgo] Tolst atAkal Wolole 7S
Atol& A BE}oHA|(superoxide dismutase, SOD)?} 7}EretolA|(catalase,
CAT)® #& F4 wAHYSo] Jot(Wilhelm, 1996), ROSS] Z7to] what
SOD2} CATO] &AMst= o] A1E &5 150 9 UHHermes-Lima et al.,
1998: Campa-cordova et al., 2002; Mruk et al., 2002; Portner, 2002). 0]
doe FukRel BA1E didez A A 24N a2 A 200 T
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HSP70 mRNAQ] 9310
Aer yddgetuors o s T Aet FAFSHATE. Min et al. (2018)
< SlEjet Y2717 ARl" 20 12, 15, 18, 21C=2 3t& Uwo 244 &
vt2(g2 AE 75.0+105 g, Fad A& 11.2+1.5 cm)E 20014 2~85) 48
s =5 AFY. ol 7 AdARd W Fuh HoA
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Apol S BQon I Lo Zas =2 WY Y-S HH Yilmaz et
al., (2021)9] Aol = 28°ColA AIRFG 1°CH Atsea @F30] 235 12°C
TR WZIA 7] Z7AOIA AA AR 220] 27-30°COl uelElatmlol (Nile
tilapia, Oreochromis niloticus)(®B+ A|%: 37.05+0.04 g)(Azaza et al.,
2008)% A8F A, A-8§4go] opgo] uwhel ziolA HSP70Zt HSPYO
mRNA®] uh3lo] =7 Uehdrh. ol2jst i Aab= m% Abg4-20] 26-30°C
9 olgt mpe wrh A A7|o] AEHAS © Wol won| HSP70w
gafof oo thgae Ao Alm ck

AR tdez »3830d ARA et ohE HSP e 4t ZAiutoA

1S3

T
n
3]
25,
S
jo

S~
-

= G4 £ 27.840.3°CQ 8L HSP70, HSP90 mRNAZ} Zto|A =7 w3
st= 718 WAbSsHYITH Bildik et al., (2019)= 700-800g AL HE= AA Ats
22 14-16°CQl o]yt oj&(Gilthead sea bream, Sparus aurata)s 7|9

™

15t Axp, 220] Z7stHHA] S

5t QFAIRLO A 1Y EE 7TLVHA] (18-27°C)I <
aurata®) ‘oA HSP70xt HSP90 THiAl 448 Qmst= 712 sholstyict.
Kim et al., (2019)2 20°COlARE 30°Co =E3t mi7px] dd 1°CH >

oAl 20M GRI(Ed AE 27.96+3.07 g, Gt WY 13.4+£1.4 cm)S

- Z2ats2 ofFo] e} HSPO &/dstol| tjxls »2

9lo0], o2 utgo R of Aol Fulelet WAL 77t AR A7|e 1L

|

P
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i)
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Do)
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o R

mRNAS|] delo] Z7ist Zog Atg Hoh SHATE A2 g5 AR
A0 Al HuFt gX] L& o] St wet HSP70Rt HSPIO
mRNAQ] o] Z7tsh= 4de B olgist Ait= Abga9e g4%

EqAS REAZEZ Zolu], ol thgstr] $fsto] HSP70:}
HSP90 mRNAQ] ¥ralo] Z7tel Zlo=2 Aty ). Deane & Woo (2005)& A

sol 34

|~

AAFE-2L0] 14-16°CQl ZO]1} o= (Silver sea bream, Sparus sarba)s 2
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5Co|A Ar&3E control 5, 3885 AR&sto] Atgaa 25°ColA AlAlSH
0.12°C/min&l Ar5A|AH 32°CI7HA] =& &, 2A17H59F =& A|7] heat-shock
JF, 23al o]% 3|EES #Fo] 2o OA] 25C2 Fasks R0A st
o, Addojel ZhoA
HSP70 mRNA®S] Ud-Z RARGH Axt HSP700] w74 € AEZ| 20 ofsf Lol
=7 Uetd 7oz HIsSHETH Qin et al., (2023)& ZA&Elo] =0 (Spotted
Seabass, Lateolabrax maculatus)S Ao 2 23°CoA 3°C/h 27o =z 32°C

TRl 222 ASAR] & =& Aol Algo IE 54 @ 2B 20 oigh A

L.

27t A3t heat-shock/recovery 1ZofA A}

Ho
ol
4%

28 Wee EARN AW, =% Aol A4™4% Zlo|4 HSP703 HSPYO
mRNA9| o] &7 Uehidth. FEctaS qigos 16°ColA 34T 124
ot 1Y gaAAF] FH G AEAA WSS EAR A oA
HSP707} HSP90 mRNAS] Wde 420] gopdo] ujzl 57}sto] 28°ColA &
o508 Wdo] EUA(P < 0.05), 0]F 30CANE Tl F45] Zashe 7
o] UtehdtHLee et al., 2021). 28 FAAEIHAS} HSP70wt HSPIO mRNAO)
HUTIIE Ao st A9t B

AN AR EEBRE 522 (CRH) 5] =9

LY
(ACTH)o] SAlo] 9l ZHlMe] st Weben28l 2 £8A|(MC2R)2 2

ot

- _I){,

Fotm FAstetol Al mAl0] oF mEIZC] ¥ U WES Fefsict
(Wendelaar & Sjoerd., 1997; Mommsen et al., 1999). A& Tt& 225171
ol Butele] A9, CRHSH MCZR mRNAE 717t A4g A719 1193} 20

2
= sttt ol tiRd o PR oA e Al7]Q1 8Ho CRH2} MCZR
o] Wilo] =5 AHete ot 22 CRARF MCZR mRNA @elo] i@ A7)
oA st 22U, Luo et al., (2014)> AF 22 H7F 25-31°C A|B
2t 3 (Sfakianakis et al., 2011)9] Atoj(n = 200; H+#+ A& 2.8~3.9 cm)=S
tigez 28°ColA 242t 18°Cet 38°CR a5 2SI =& AZlaL, AZAE
| A(18°C)of| A et L& AEHA(38°C) 2704 CRH mRNAS] &2 n e 28°C
o vlal] ZFAst= 7AgFo] UERITE Goikoetxea et al., (2021)9] ALoA= A
A 2L WHe] 22-25°CQ 8% =of(European seabass, Dicentrarchus

labrax) (Barnabé, 1991)% 16°Cx}t 21°Col|A AFSst Ayt 21°ColA Xt 16°C

re
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gFo] LERFOL} o] 5@ 40] WE WH WstE 2918 4 g9l MC2RS
22°ColAl 26CR L0 F7IESE Zad ¥ F¥E B0 2oy

Uchimura et al., oA Tg7tE iz ZF 26°Cef 33°C A 1441719
F719k 10A1719] 47 &0l A Abseh Aol As Al4sHEolA CRH2} HSP709
g BF A2 d FH92 dAXs] U1 A =HdE & AT
it et XI5 tidez oF o] A+ Axte CRHF MCZRo] AFARI #
Aol AR odop LA Byt golstAl UERd Jloz Atg Hof, 23 CRH,
2] MCZR 2 HAHYS Ho] Ao oishA 2ot AAIh A7t e

348 22 WSt WEd TAAMLROS)ES Wt o2 A7 AE|E
oFstA]Z 4~ QlTHPottinger et al., 1992). AA = ROSE SODQ} CATS =:&h
g gast @ao] o) MATCHCohen, 1994). o Aol Bupele] AQ,
SOD, CAT mRNA 312 59, 89, 1190 v]s) 290] =7 200,

@ A3 25°Cet 30°ColM AFSE WAl 7 mAolN FAS wA SOD, CAT
mRNAZ} §oJAlo g o d3 ZFS UERATCHShin et al., 2010). He et al.,
(2015)oM= A p2(13°C)oflA  YdEe2tnjor  (Nile tilapia, Oreochromis
niloticus)S ArS-st A1, 7HoAl SODe} CAT mRNAQ] #rsio] =9Fi . Jiang
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A2 1Fo ARAQl Atz 2T 4~ QlX|THAbele et al., 2002; Freire et
al., 2011: Lushchak, 2011) 844 3|2 & xx] xjitaste] Ame s urigst
2> 9ltH(Halliwell & Gutteridge, 2015). st ROS= HSPE S Tttty 24eiA
A+=Tl(Scarpeci et al., 2008; Lesser, 2011) o] AFolA FHI2]7} K42 A
710l SODe} CATSl "Zddo] A yebd Zatrb HSP70w} HSPIOS] B 2t
oF AxR|5t A, WR|7} 142 A]7]o] SODS} CATe] whao] =92 wj HSP70u}
HSPYO= UH7tAl 2 Eedo] =7 et 295 = d, FHtde A2
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e 53 P 2ol Yol 202 Alr Hrk AT AgLL M5 &
Al AtollA] SODR} CAT mRNAC] €halo] Bule]t S0 wle} Z7}sts
g Ueptdl, Bulelo] 49 26C2 7kt Zlo] AR »exziozol

ox mZi

lout @rZtEet 228 I oRAN G4 AEYAS st
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Ldrst= QQlog Arg3ah 4 Qlth Cheng et al., (2017)2 AA 20| 23-3
2°CRl EBo|&(Takifugu obscurus)s Aoz 25°Co|A e 13°C7HA] Al7tE
ICH 4e8 da APIE EoN gas B4 wEE mAGc 1 A,
71014 SOD mRNAQ] 2L 21°Cot 17°ColA QoMo i walsta
CAT mRNAL 25°Col A 17°C7HR] 5-20] ZHa&ls ot ulad wdl 4
&= FAIsHH7E 13°COlN foAer =2 TS UEICHP < 0.05). o] A+
M= A2AEHAZE ROS BES 57 &

ROSO|| 9Jsff Al DNA £42 /25t A 20|A kst a4 Lol
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o
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gatet 52 A4 PAet BA0] wilo] Worki AAISHIT Jia et al.,
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AREE We Aldo] o]&&|ojtHHatlen et al., 2005;: Zeng et al., 2010:
Maharajan et al., 2016;: Maftuch et al., 2018; Sun et al., 2019). 115& A}
S0l off9 It fxo] ¥gkE dod|i Ve e UE & AT AL
Alo tro A= B HUEQTHLiu et al.,2016: Wang et al., 2019;
Dawood et al., 2022). Kim et al., (2023)0|A] £ akaara® It &X9] A=
ZASY 544 WHetE ZARE Axt, 69t 10€o] A= Aol 7 zlo
A AZIQL 8o A& Ao dAart ERIE Y, o] 12497E tZ 5

ASH= AFS UERACEH [slam et al., (202002 AA
AFS 29 22-24°CQl S =o(European seabass, Dicentrarchus
labrax)(Claridge & Potter, 1983)2 8°C, 16°C, 24°C @ 32°Co|A] AIS319 S
o 8°CollA Atxd o 79 {tAlmof vls 32°CollA 2 A=l FH=H A
ol S7kgh IIAZIT ERIEQIon, ol AR L2o] 27-28'CY mpo]Zm %]
(pikeperch ,Sander Ilucioperca)(Deelder & Willemsen, 1964, Hokanson,
1977)8 242t 23, 30, 32, 34°Co|A Ar=3t 2}, 20| St meat 34°Cof
N 3t Alupareo] Sl ZH® Ko A& Aztels GAlsleTHLiu et
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Comparison between red spotted grouper, Epinephelus
akaara and olive flounder, Paralichthys olivaceus of
reaction factors expression according to rearing water

temperature

Kang-Hee Im

Department of Marine Life Sciences

The Graduate School Jeju National University

Abstract

This study compared subtropical fish red spotted grouper
(Epinephelus akaara) and temperate fish olive flounder (Paralichthys
olivaceus) the expression of response factors according to rearing
water temperature. To compare the expression of response factors
according to seasonal rearing water temperature, the experiment was
performed using farmed red spotted grouper (n=443, total length
7.940.1 cm, body weight 9.0+0.1 g) and olive flounder (n=80, total
length 20.1£0.1 cm, body weight 75.3+1.2 g) at Marine Science
Institute, Jeju National University from February to December 2022.
Fish were reared under natural water temperature and photoperiod
conditions in an indoor flow-through culture system (FRP square tank:
150%x150%150 c¢m, about 1.6 m.t./1 h).

To compare the expression of response factors according to water
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temperature increasing manipulation, the experiment was performed
using farmed red spotted grouper (n=40, total length 22.6+0.03 cm,
body weight 196.5+0.11 g) and olive flounder (n=40, total length
145+0.04 cm, body weight 26.0+0.11 g). Fish were reared by
recirculating aquaculture system and acclimated to experimental
conditions (18°C) for 10 days prior to heat shock experiments. After,
the water temperature was increased to 30°C by appropriately changing
1°C every days. The commercial pellets were provided twice daily (09:00
& 17:00). The mRNA expression of heat shock protein (HSP70, HSP90)
and genes related to the hypothalamus-pituitary-interrenal (HPI) axis
mechanism ; corticotropin releasing hormone (CRH) & melanocortin 2
receptor (MC2R), and antioxidant enzyme (SOD, CAT) were analyzed as
response factors to water temperature. As a result of the expression
patterns of water temperature stress-related response factors according
to seasonal rearing water temperature, the red spotted grouper showed
higher expression patterns of water temperature stress response
factors in February (12.1+£0.4°C), which is a low water temperature
period among the four seasons. In olive flounder, water temperature
stress-related response factors expression were found to be higher in
August (27.8+0.3°C), especially during high water temperature, in
comparison to February, May and November.

By comparing the responses to the rearing water temperature of
red spotted grouper and olive flounder, this study may provide basic
data for establishing an appropriate rearing system for subtropical fish
species such as red spotted grouper and temperate fish species such

as olive flounder.
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