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of A0 22| Hat=
2 0

(Paralichthys olivaceus 22 E Z+ =289, 12, 15, 18 H 21°C) ZHO| W2t 24 X 484|172 &
Ot LEAIZI 20f, FHME|etN BM AER A CHEAZ AT Hsp70 mRNA Ea B At
AH|ZE TALSICEH st 2M0j|A hematocrit (Ht) 2 hemoglobin (Hb), &%t TEIE 4
SFIAQ9| ¥z}, aspartate aminotransferase (AST) 3 alanine aminotransferase (ALT), NH3, &
E& 5= (osmolality) ! ZTHHE (total protein, TP 9°C X 12°COIA CHE =28 M370] b
of CHRE22| 2=0|M Fo/HQl Xt0|E 2L Hsp70 mRNA HHH2 9°C X 12°COlM CHE
A0 Hsl =2 LTS OISR, MAAH|ZR 9°C R 12°COl[A] 21°COf| HIsH RUALCE
olzfst Aut= gX| BXIL| &2 =52 ¢lot =222 28 £+ ULt

This study investigated physiological and hematological changes, expression of stress
protein Hsp70 mRNA and oxygen consumption in olive flounder (Paralichthys olivaceus)
after exposing the fish at different temperature conditions (9, 12, 15, 18 and 21°C) for
24 and 48 hours. Hematological parameters including hematocrit (Ht) and hemoglobin
(Hb), cortisol and glucose, aspartate aminotransferase (AST) and alanine aminotransferase
(ALT), NHs, osmolality and total protein (TP) mostly exhibited significant changes at 9 and
12°C. The expression of Hsp70 mRNA was also higher at 9 and 12°C than at other
temperatures. The measured oxygen consumptions were also lower at 9 and 12°C than
at 21°C. It is expected that the study results could be utilized as baseline data to control
water temperature during long-distance transportation, e.g. for exporting olive flounder
juveniles to overseas.

Keywords: Olive flounder, Paralichthys olivaceus(gXl), Blood physiological response(&
o E| St BES), Hsp70, Oxygen consumption(dta A H| 2

o| 2H|7} Z7t5HA ElCHWedemeyer and Mcleay, 1981; Perry and
Reid, 1993; Chang and Hur, 1999). 222 & 7hA|Z= mtajof

OfR0A 2EYAE & 8k AST (aspartate aminotransferase) 3 ALT (alanine aminotrans-
d = |X|0, X|LpE =29 XI=2 ferase), glucose@t NH;2| Z717t ZBO|R2RE EIDEO{Z Ht
S| = BHCKCossins et al., 1995; Ellis, 2001; Bowden, RALH(Park et al, 2016; Yang et al, 2017).
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7tstCh= 2174 AUCKNolan et al, 1999; Choi et al, 2007). Hsp70

2E SEHAM Alsedstioz B BHELOX|D s B
oM, F2 FHQ Hap(MiL, 2 A BE)2t 0=
oz Qlgl 0| Q= EICkBeckmann et al, 1990; Miliani et
, 2002; Srivastava, 2002). O|2{t AEZ|A Q010 oz QlsH
Fo 4| & HEfSY m0| S OIXH, M L Hsps
bt EH TR Walety Holst Al BHTHSchlesinger et al,
1992). Hsp702 AE|A Q010] 25t ZHCZHEH MK E B
517| 2Ist gtatd(homeostasis) 9X0 523 dats +dsiCt
(Forsyth et al, 1997; lwama et al, 1998).
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o =& W A2 £35S M CHAIRE LAA7{0F o=
T2 MAAHZO| RALs HEEA| ST O[Ol 7o ot
EH D2 W K20 M2 o7 M| WL Bk
OfZ! Bt AUX|ZHDo et al, 2016; Yang, 2017), CHYst 2Hg Htot
e 5 A HEEE LSO A0 ORI ATt
0|53 HFO0IEE, & A&KXQl AT}t o[ Z0{X{of it

2 AFoME o Fa it 2A0FQl HAZEH =2
Hotof e PHEN HHg, AAAH|ZEO| BB} Bl Hsp70 mRNA
UHIHES BMTCRN GX|Q FAHR $&7|&0] A HHs
28 TYst=0 7|ZFQ XtEE MA|SA}; Bt
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1. 4o o HExHA
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21°COIl A TA[ZHOLCE 3°C¥ =0 2F =289, 12, 15,18 H 21°0)
2 24 5 48A|1ZH SO LEAZILE RE A2 2HEOZ 9

SHAL.

N
met

of E1 A
==

24 31 48A[Z LE T, BE HEOE= 150 mg/1Q| tricaine
methan sulphonate (MS-222, Sigma, USA)Z OFF[A|Z] C}S, hepa-
rin sodium (Sigma, USA) M2|El 1 ml syringeE O[85}0] A&0f
o| DIRFUoZRH HAZ MESIRACL ME =, A URE
hematocrit (Ht) % hemoglobin (Hb) 240 A8t LIHX| &
U2 HE2O0M 2027+ YA|eH O HdE2|@°C 10000 rpm, 15
2)5t0 2M FMX| deep-freezer (-80°C)0f| EHSIRALE Hi= 2

2% GX|(Paralichthys olivaceus)2| AEB|A BHS Gl AMAAH| BB 13

Table 1. Primers used in this study

Primer name Sequence (5' - 3')

For qRT-PCR amplification:

Hsp70 F ACAAGAGAGCTGTCCGTCGT
Hsp70 R ACAGGGAGTCGATTTCGATG
-actin F GCAATGAGAGGTTCCGTTGT
B
-actin R TGCTGTTGTAGGTGGTCTCG
B

M2 fAME2IRT, 10,000 rpm, 152)8t0] Ht-log chip (Micro-
haematocrit reader, Hawksley Co, UK)& O|83}0] Z3l1, Hb,
Y% FRIA E CHMENTP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT) % NH;= Xt& d3ket 24 7|(Fuji
dry-chem 4000j, Fujifim Co, Japan)2 24I5ILCt 4ERSZE=
AEQH =X 7|(Vapro 5520, WESCOR Co, USA)Z Z3ISLCt &%

E|Z &X+ Fish ELISA Cortisol kit (Cusabio Biotech, China)2|

=1y

0z HI O

el SMSHRAL
3. Quantitative real-time PCR (q-PCR)

2HE LEAZ HX|2| Hsp70 mRNA gt
AlS

HE 2| 28 24 deTel §X=RH 7 =HS HESH0]
HHELM 55 SEAMZ 2, 80°COIN HE FIHR| 225t

Ct. Total RNAE TRizol Reagent (Gibco/BRL, USA)#S 0|-83}0], 2t
A2OM RNAS FE8 =, 1 pg2| total RNAE Transcriptor First
Strand cDNA synthesis kit (Roche, USAYS 0|-83}0] cDNAS B
SHRACE,

PCR 2410] M, O|F0| L&H{Zl EHX| Hsp70 nucleotide se-
quence (accession no. AAC33859)01 7|Z=310f primerE H|ZHSHR
ChTable 1). Hsp70 mRNA E&2 CFX96™ Real-time System (Bio-
Rad, USA)Zt iQ™SYBR green Supermix (Bio-Rad, USA)S 0|83}
0] 2AGIRACE CHETEMN house-keeping gene2 FX[0IA &
Tl B-actin (accession no. HQ386788)2 AtEdlYom, RE &4
12 B-actindf| CHSH cycle (Ct) levelZto] XtO|2 A ARSIGICE Ct
f2 Ctedt 22 Aoz Z-X|ULE 225 Method, [AACt=2A-

(ACtsample - ACtintemaicontrol)] (Livak and Schmittgen, 2001).
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Fig. 1. The oxygen consumer device of respirometer system used in present study.

MHMHE 712 25 cm, M2 30 em 9 &£0] 17 cemZ2 2|7t &
128 121 WA O ol3H +XZ NZE|AUCH HEHO| AISE
HA= 48417t ¢ BA T, SEEFHHO| ddon, 24 £
= MESEZ%7|(Oxygen Optode Sensor 3835,
Aandreaa Data Instrument Inc, Norway)S O|-€3lLCt. 1082 742
o= 24 5l 48A[7H SOt MESZEHFT|o HAE LUFEHE Sl
Oxygen monitoring software program2 O|&38l0] ZHE X8
HE o2 MasH[2o] Baghs TotULE 1 A2 ohaat 22
SSEFYAAEL Fig. 10| LIEHHACE

- EHRIRIFE At AH| 2 mg Oykg/hr) = { (G-Co)xFx60 } /W
= RY9 8EMAZ(mMg/)

G=1
«C = FETY BEMUALE Mg/
F

r

AWML R EEHA(SE)R LIEILRoH, M Qo
X FEE SPSS EAXE|=Z DM (version 10.0; SPSS inc, USA)Y|

9|3t One-way ANOVA 3 Duncan's multiple range testS A A|5}0]
|

M4 (p < 0052 AYSIALY,

m

n,

o
H

+2M2 LBA7 BRlo BMe

24
93 ng/mi2 Ci=TQl 21°CELH FOYBHA =2
FRIA0| HIE OHEIILX|Z 22.8425 439493 ng/miZ CHE
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Fig. 2. Plasma cortisol (A) and glucose (B) of olive flounder, Para-
lichthys olivaceus in different water temperature at the conclusion
of this experiment. Data were expressed as mean = SE (n=10).
Different letters denote significant difference among each group
(p < 0.05).

Aol High F2lt XI0|E LI RACHFig. 2).

Ht= 24A1Zt L& 2, 12°COIM 254£07%, 48A12F & =, 9°C
Ol 282:09%2 LCHE MO Hlsh Fo[5tA AH0|E 2 UL
S HOOIME 24A12F =& 3, 12°COIM 6904 g/dl, 48A[2H o
E &, PCOIAM 83£02 g/dI2 CHETQl 21°COf HIsH F2[3t XtO
£ ERACHFig. 3).

24 W 48A|ZH E 29| ASTE FCOIA Z+2} 173425 & 188+
16 U/IZ2 LIEHGT, ALTE 24A12 & 20l HET 7tel |9
ot XIO|E HO[X| URUAK|T 48A12H =F FO| 9°COA 65£0.2
U/IZ THZ=FQ1 21°Cof HIgh F2lstA 75t ATHFig. 4).

SCHET NH;, MEESE, Nat, K 2 2 Table 20f LIEFAR!
Ch 24 3 48AI12t =& SO BEHUER °COM 242} 16£02 H
2701 g/dl, NHy= 331.8+135 R 42871323 pg/dl, ttEESE
£ 347553 % 3447434 mmol/kg2 2 CHE Aa7of Hjs| 7
o3t XHO|E E AL} D Nat= 119.044.8 & 156.8+0.7 mEq/],
CF2 1042448 U 1465+07 mEq/I2 24 U 48A|Z7H =& =0
o°COlA CHE A0 ) B2ttt K= 24A17H0l=
12°COIl M 1.8£0.2 mEq/l, 48A12t Z0fl= °COA 2901 mEg/I2
CHZETQI 21°COf| Hsl 32|35t XO|& LIEFLARUCE

=29 GX|(Paralichthys olivaceus)2| AEB|A BES Gl AAAH| B3 15
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Fig. 3. Hematocrit (A) and hemoglobin (B) of olive flounder, Para-
lichthys olivaceus in different water temperature at the conclusion
of this experiment. Data were expressed as mean + S.E. (n=10).
Different letters denote significant difference among each group
(p < 0.05).

2. Hsp70 mRNA Z3#

F2Hl0| ME AEZ|A9] Q0I0| HX|Q| Hsp70 mRNA &
of ozt FgE OjX|=X| Loter| s 2t ZESRLH g-
2kOISI AL} =28 Hsp70 mRNA L& Z2 Fig. 5
ULt Zh 229 LE 24 Y 4802 B T, F°CIF OIE

L0 FOUSIH SIISIACL 24A[2H & 484A|
2t 3, 9°CE 242} 86410, 5310 fold2 21°C2| 12402, 19402
fold2Ct 22 Y352 QU0
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o9 HR|o| Che| HEE AALHIZF Fig 60f LIEHLHQICE
9°COlAl 28.7+2.3 mg Oykg/h, 12°COHIAl 39.3+1.5 mg Oy/kg/h,
15°COl A 721452 mg Ou/kg/h, 18°COIA 1343+3.0 mg Oy/kg/h,
21°COIA 1191435 mg Oykg/h2 9 I 12°COIA] 21°COf| BB At
2AH|ZF0| ROI5H XHO|E ERACHFig. 5). B AAAHZ2 2
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2 Ao 248 =22 Hato| met wilst= 2E

7t gx[o|A o™ Fgk= O|X|= =

Hsp70 mRNA ZoigEA S fhAAH|2

£ AETO| YX|e 48417t S M
2t 98 Wi|o| AEHA

o
9°Cet 12°COflM CHE MR ROI5H XHO|S HO|HA, A%}
x

22 21°Co M 20| SH0HH HotE+E HEH0| BoX|=
A =AQSILE P IEEL 2RIL0| Hoks 0jF2| AE

&
gl A0 Qo] =83 X|EO|CHWedemeyer and Yasutake, 1977). 2
FIAQ AEIE2 FHEQ ORI 142 W Mo 20|
M HHAECE F7I5t, g5 ©0| 45t S7t5t= A0
S| MOF Ol 5 H0(Epinephelus septemfasciatus)| HITLOIA £
IEofMen, [EE 527t 6°C X 7°COM =48] F7I5H 1,
glucose 3 5°C U 7°COM R2ISHAH B745IFCHPark et al,
2016). =3t FHt2|(fpinephelus akaara= +2A= 29 9 7Y
Mol ZE[E SFAAC| Hal0| [R5t F7tates =elst
CHCho et al, 2015). O|2{gt Ait= EX|7t A X2 EC} HOHA
2 [, 4% AEP A0 oIz Qls) HE L ZEIE X 27
IATF Bt Zutet YX|tct.

CHM Hb A Ht 2ol BistE 24 U 48A2F =& 0| 21°C2t
4 O |

o

BDRS ), KO3 A0S YL YK, WA
Bhe AEHA BS0| U0 2AHE9l HAOE LttCharton

and Iwama, 1991). 21 SOA T Hb
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Q 25

c
0] P BC
- abaAB AB

a
10 4 024 Hr
W 48 Hr

AST (U/l)
Q0

BC AB A

024 Hr
@ 48 Hr

ALT (U/l)

9 I 12 ' 15 ' 18 I 21
Water temperature (°C)

Fig. 4. Plasma AST (A) and ALT (B) of olive flounder, Paralichthys
olivaceus in different water temperature at the conclusion of this
experiment. Data were expressed as mean + SE. (n=10). Different
letters denote significant difference among each group (p < 0.05).

Table 2. Plasma Na*, K*, CI, total protein, NH; and osmolality of olive flounder, Paralichthys olivaceus at different temperature

WT (C) Time (Hr) Na* (mEg/l) K*(mEg/l)  CI'(mEg/l)  Total protein (g/dl)  NH; (ug /dl)  Osmolality (mmol/kg)

24 119.0+4.8¢ 15401 104.2+4.8 16020 331.8+£13.5¢ 347.5+5.3¢

’ 48 156.8+0.7° 2.9+0.1¢ 146.5£0.7¢ 2.7+0.1¢ 428.7+32.3° 344.7+3.4°
24 103.3+5.0° 1.8+0.2° 87.3+4.9 1.5+0.1° 251.0£12.74 314.7+13.3°

0 48 155.5+28.1° 2.5+0.6" 1263£9.2% 20+0.1° 433.3+41.22 341.2+2.4°
24 100.3+6.0% 1.6+0.2% 85.8+5.8" 13020 199.0+7.2¢ 290.7+£14.9%®

B 48 138.8+8.1° 1.9+02%  131.346.8 2.1£03° 397.0+23.72 3414+3.3°
24 88.2+1.3% 1.3+0.1° 69.7+2.3? 0.8+0.12 153.5£4.4b 251.0£17.32

E 48 140.5£5.8° 15+0.1° 97.8+5.3° 1.7£0.2° 371.0+£29.6° 337.3+3.32
24 81.0+2.6 1.3+0.1° 71.2+7.4° 0.8+0.22 114.5+8.6° 268.3+11.9?

°! 48 84.3+1.3? 1.2+0.1° 65.7+3.0° 0.7£0.1 362.7+45.32 334.7+3.0°

Data were expressed as mean + SEM (n=10). Different letters denote significant difference among each group (p < 0.05)
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Fig. 5. Changes in Hsp70 mRNA expression during water tem-
perature changes after 24 and 48 (9, 12, 15, 18 and 21°C) hours
in the olive flounder (Paralichthys olivaceus) of liver. Data were
expressed as mean + SE. (n=10). Different letters denote significant
difference among each group (p < 0.05).

dH U 2dEE RAIAIZIEH Fash g2 otth(wama et al,
1989). & ATFOME OHEZIR| 2, S48 s28st| ME AE
Az QI8 GXQl Ht W Hbo| S7HE &ole - AL, o 2
e GRo EH el MAZY 52 TS| {8t B30
met 220 oS HoH +20M FolSt S7H7F LiEHH

9 #XI% "7f HAl ElCHKang et al, 2007). £8 | OlROME F2
2F 3H|EM Ol RS, ST 29| 3l it hypoxia),
pH, YZL|0} 3 HF& 20| ozt AERA HEoE X7}
SII5tCHPan et al, 2003). =8 Nat, K, CF X MEE S520j|A

= CHE get ORI 2 A% +2Hstof e} ZdE A
AE S=0H| fI8 FAHQ AO|7t LIEHH 22 HOIC} £
o OfFOIA g st W ﬁEE{I* 29210] Na*, K, CF & &
FEsZO 8ot o 8 B0 R HUO LS BES 7
Ao 2M, M= Lf2lo| = YE

BME FAIBH| I3t o]2
=~

1 22 5% NHEYEE 58S 7ITCHMin et al, 2006).
SR U STUUTI N SHS £29] vslo] T2t L
SZHE HQE HOLt £=R20| HOELE CHE 7o Hid)
FOHQ XHO|E ERACL O|Fo BSLMAER HAE, LYY
2 HYRICO| X HEE AFBE|OJX| L @1 (Nakagawa et al, 1977

[e]]
Sidduqui, 1977; Byme et al, 1989), =2, =& X 7|gt golo28
E| QHMEl AEYAQ o5t Wato| HE|O{F HF QYT |'(McLeay
and Brown, 1979; Ishioka, 1980). NHy= 7 StE QI

R
BL|
N
olr
lo
_I_

=29 GX|(Paralichthys olivaceus)2| AEB|A HHS W AAMH| 3 17
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Fig. 6. The oxygen consumption (mg O/kg/h) of olive flounder
(Paralichthys olivaceus) in different water temperature at the con-
clusion of this experiment regimes (p < 0.05).

S YN Lo N Z7t5HA EICHRandall, 2002). R I &2 Sepastes
schlegell (Do et al, 2016), FHI2|(Epinephelus akaara) (Lim et al,
2016), & (Mugil cephalus R L+ L E 2EI|OK Oreochromis niloticus)
(Chang and Hur, 1999)2FE =2 4 FRHsl0| 2 AEA
P8It MitaSol| e H4FESEZt 715t 40| Eng(RCt

Hsp70 mRNA 2ted2 TR 21°COf HISH 9°COlA = RUCE =
ot Hsp702 =215, etd st W 20| Qs Yolkl= AED

A 2HH CHEHAIZ & 28X QI3 Beckmann et al, 1990) £3|, 2
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Ak 2 H50| w2l QZsHA BSshe TMER E-TlE' HE QU
O H(Feder and Hofmann, 1999), Ct¥st 2010 Olgt ZHCZH
B &AW 24Hhomeostasisyg FXISHeH Fot deE £
8

SFCHSanders, 1993; Suzue and Young, 1996; lwama et al, 1998;
Ackerman and lwama, 2001).
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lucioperca) RFO{Q| thAAH|Z B X420 M ROHX|= Z2NE
LtEHLH QACHZakes and Karpinski, 1999). [H2kA|, 2 @10 Znt:
OREZEX| 2 gX|o] Y +=2HeIE HOolLt 20| HotE+E
CHALZEO| HOJX|= At HIZSHO] AbaAH|ZEE 9°C B 12°COi| A
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