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Stress Responses of Olive Flounder (Paralichthys olivaceus) to Salinity Changes by Hyung-Jun Park
and Byung-Hwa Min'* (Aquaculture Research Division, National Institute of Fisheries Science, Busan 46083, Republic
of Korea; 'Aquaculture Industry Research Division, East Sea Fisheries Research Institute, Gangneung 25435, Republic of
Korea)

ABSTRACT We tried to determine the optimum salinity for a cultured of olive flounder (Paralichthys
olivaceus) by investigating after exposing the fish at different salinity (10, 15, 20 and 25 psu) for 24
and 48 hours compared with control group (fish before transfer to experimental tank). As a control
groups, we compared an analyzed with other experimental groups using olive flounder in natural sea
water. Hematological parameters including hematocrit (Ht) and hemoglobin (Hb), cortisol and glucose,
aspartate aminotransferase (AST) and alanine aminotransferase (ALT), NH3, osmolality, total protein
(TP), Na*, K* and CI- mostly exhibited significant changes at 10 and 15 psu groups compared with
control groups for 24 and 48 hours exposed. Plasma SOD (superoxide dismutase) and CAT (catalase)
activity also increased with experimental groups (10 and 15 psu) compared to the control groups.
The expression of HSP70 mRNA was also higher at low-salinity (10 and 15 psu) than at control group.
In particular, after 24 hours exposed, it expression to 15 psu groups showed a significant difference
compared to the control group. However, after 48 hours exposed, it expression was higher in the
10 psu groups than the control. It is assumed that the changes in the hematological responses and
hormone, homeostasis and metabolism were resulted in to protect fish body from stress. Based
on these results, we are expected that it will be used as basic data for the culture of olive flounder
prepared for low salinity.
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M 2 & §A387] Yty AR 2EL HA " (Weirich and

olF9 AEHA Y2
inity), ARSI (culture density), -&& Ak (dissolved oxygen)
2 7)e} 3}8FA ¢l Q 4 (chemical factors)ol| &3] 2A5LT,
o] T w2 AHEH aQl F AT ARt gl HH,
ool g W ARTHACl Qo] AEHe AL A
= &7 3 840tk (Beckmann ef al., 1990; Boeuf and Payan,
2001). F2T PRHAE oifo] A=A Rl 23}
=, A4 dEHAE HoAUA HA A (homeostasis)

T2 (water temperature), G (sal-
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Tomasso, 1991; Marshall, 2002; Hur et al., 2006).

A 2ol e Fde FrAEY AE HF
°J A o7 A 2 s A W g §9 9 718 &
HQl GO AT FuY WS HFYE Y 2 A4
Ag3FS u|zth(Bervoets et al., 1996). GE2] W3l =
HES AY YES U 938 So| BFYOR I8 A4
HQl AEH AT GAHI, AW 7)1 =] WS b
Aol R E7|= 3T} (Hussain et al., 2013; Zhang and Shi,
2013; Deinlein et al., 2014). 0|23+ FE2| W3y} A7|7F A
S8 39, AR BUHA 2EG2R g3 £
Axe] e 9 gEg At oS n Xtk (Nikapitiya er
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al.,2014; Wang et al.,2014; Yang et al.,2016).

Y X (Paralichthys olivaceus) ¥AAo] dg] X311 Qe
AT Aetolds A5 F= HE22RE ALY 7+
9 o Fd HFEE A8 FAAE s F7= F
(Pang and Hyun, 1998). 374 202 HE WA= A
2 2702 % AR AHFIPAstol ot el Hel
Tjo} Aol U AL % % A2 WG] Hg v 9
(Morgan et al., 1997; Sampaio and Bianchini, 2002), o] &g} A
Ef AR Qd ofFfe 43 AEFHAE FUT 5 3oH,
2Ef A= Q3 FAHH E/J4HAT (reactive oxygen species,
ROS)E A|A3L7] I3l A &HALS) & 4 (antioxidant enzyme)
£ 4N A AATLZHN A7PEE 33Tt (Pandey et
al.,2003). £t 37 (A4te, 22, d8) 2 nAEY TES
3] F23}A W3 == Heat shock protein (HSP)70-2 o] &
o el 9 Ay 2o dFE vIAH, Al Y HSP70
o] AT A kst Asts Wbk dojdth(Ryan and
Schlesinger, 1992). HSP70-& o] &2 2E# A aQlof o3t &
Ao ZREH AE H3st7] Y&t A (homeostasis) 4]
o £23t 98-S 43§ttt (Iwama et al., 1999; Ackerman et
al.,2000; Basu et al., 2003).

w2t 2 AFolA =, FEA oFE U
lichthys olivaceus)E ©]-83t9 &
2EHA WS AEHA AR F g7 93
% HSP70 mRNA 542 Erh2, 4G R 2N Ay
St dAe) AEA W] @ 72
RopAlol Qlol AR BREAS FHSTA 5

1.4

oo

o2 U x7

=< —

Y2 (31.8+1.7cm, 30851433 )= FYSA et o] A
B ASAA 2F 59 f524] 1ton YFFZoNA AYE A

£ Folsty &FAAT &2 21+02°CE FAIFHA T
o, §EY IF2E U] d212E Adsiey 243
A4 25,20, 15 5 10psuR 570 =0 Adof 120t &
7+ 9 Yzho] 7H5t SOL AL 2o) ZH2h 83 H,24 Y
48A17F Bt EAF T BRE AP 20HE 02 2939t

=
oy
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2417 W 4ABAIZE FAT dER =& F, 2E A
6]& 150 mg/L9] tricaine methan sulphonate (MS-222, Sigma,
USA)Z utHA]Z] t+2, heparin sodium (Sigma, USA) A ]
H 3 mL syringe (50 IU)YE ©]-&3dt] iz 9 Aduic} zt

7 129keH YA mpAHo R B AESGAT

7}
AME 5 golo] dEE hematocrit (Ht) 2 hemoglobin (Hb)
B4 o] ARgStI Y] A2 A4 2087 AT o
o

S YAIEF (4°C, 10,000 rpm, 158)3te] B4 A7}A] deep-
freezer (—80°C)ol| E&3I¥th Hix ZATS YA EE (RT,
10,000 rpm, 15%)3}4] Ht-log chip (Micro-haematocrit reader,
Hawksley Co, UK)2 ©o| &3} =X3}a, Hb, 8% FF3F
2, F T3 (TP), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) ¥ NHi;= A5 A3 E47] (Fuji
dry-chem 4000i, Fujifilm Co., Japan)E E2A3}4ch AR %
ZE= A& 23 7] (Vapro 5520, WESCOR Co., USA)Z =73
sttt €4 FE|E =& Fish ELISA Cortisol kit (Cusabio
Biotech, China), @% W SOD ¥ CAT A2 Superoxide
Dismutase Assay Kit, Catalase Assay Kit (Cayman Chemical,
USA)Z Zt2} APle] wet 2 43knt.

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

24A|7F 9 48AIZF Bt FEEE =EA1X1 g2 9 HSP70
mRNA HdS 4517 3 2+ APF9 dA=RE 1+ =
A& AEsto] Ao A F& FEAA F, —80°ColA
AY A7HA] B B3 Th Total RNAE TRizol Reagent (Gibco/
BRL, USA)H& ©]-&3l0], ZF A|lgoA RNAE F&3 £, 1
pgQl total RNAE Transcriptor First Strand cDNA synthesis
kit (Roche, USA)E 0| 8314 cDNAE 454t

PCR £49] A, o]A o ¢&A JX HSP70 nucleotide
sequence (accession no. AAC33859)¢] 7]%3}4] primerS A|
Z¥5} 9T (Table 1). HSP70 mRNA ¥H& S CFX96™ Real-time
System (Bio-Rad, USA)Z} iQ™SYBR green Supermix (Bio-
Rad, USA)E o|&3}o] E4314 T} tiZFZ4 house-keeping
gene GO A &7 B-actin (accession no. HQ386788)=
At e, BE E4gE2 B-actinol] th3t cycle (Ct) level
o] Zpo| = ATt Cighd th3at 2 Ao AAA
Atk 2744% Method, [AACt=2"— (ACtumpte = ACtinernalcontrol)]
(Livak and Schmittgen, 2001).
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Table 1. Primers used in this study

Primer name Sequence (5'-3")

For qRT-PCR amplification:

HSP70 F ACAAGAGAGCTGTCCGTCGT
HSP70 R ACAGGGAGTCGATTTCGATG
B-actin F GCAATGAGAGGTTCCGTTGT
[B-actin R TGCTGTTGTAGGTGGTCTCG
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Fig. 1. Plasma cortisol (A) and glucose (B) of olive flounder, Para-
lichthys olivaceus in different salinity at the conclusion of this exper-
iment. Data were expressed as mean £ SE (n=12). Different letters
denote significant difference among each group (P <0.05). * : signifi-
cance between 24 and 48 hours (P <0.05)

H oA} 7= SPSS SAA 2 221 (version 10.0; SPSS
inc., USA)9] ¢]§t One-way ANOVA ¥ Duncan’s multiple
range testS AA|BFG L, 24X 7F D 48X 7L Ato]] o)zt
r-testE o]-&-5to] B 7He £ (P<0.05)& HASHAT.

£ 5EE 24X & 3, gj 29 28.6+1.2ng/mL
I AP Y] {FY A QL ol 5 Kol x| ghhAITE, 48417 =
Z T AL 10psucllA] 350+ 1 ng/mLE 272 309£22
ng/mLo H]3] o)A o2 &2 gho] UEyth(Fig. 1A). 2%
FAA0 HBIZEL 174410, 185+ 14 mg/dLE 10 psuoll A o
Z 158408, 16.9+0.8 mg/dLo|| H|&l f-9]A el 2po]E
EF )it} (Fig. 1B).

Ht= 24A17F k3 3, 27 2 AP 71 938 &o)
& HolA| G AIT, 48X k=& T 10 psuoll A 23.0£0.8%
2 2 200+ 1.1%00 vl3] F25tHA E9kth(Fig. 2A). B3
Hbol A= 24417 & 48A17F &, A FE21 10 psuoll A 6.6+
04,67+04g/dLE 2T 56+04,53+04g/dLol| B3} &
O3t atol & H ¢iTh(Fig. 2B).
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Fig. 2. Hematocrit (A) and hemoglobin (B) of olive flounder, Para-
lichthys olivaceus in different salinity at the conclusion of this exper-
iment. Data were expressed as mean =+ SE (n=12). Different letters
denote significant difference among each group (P <0.05). * : signifi-
cance between 24 and 48 hours (P <0.05)

24X7F =& FO] AST+= AEFo =+ 79 §94<
ZtolE Holx] (Frot 487t k& Foll= iR 22.1+
1.0U/LY) B3] 10psu D 15psuol A ZHzF 28.9+2.7 & 252+
19U/LE fZ42l ztolE Uehd BHH (Fig. 3A), ALTE 24
A7t eZ Fofl&= 10psu & 15psucl| A ZH2ZF 1524+13,12.3+
08 U/LE 2T 10.8+0.6 UL B3| S-2latA] 2718154
T 48417 e E Fole ATt 2T 7He F94<l 2po]
£ RolA] &tth(Fig. 3B).

24AZE 9 48A7 e E T F AL 24X 2 E F,
o 2ol H3] 10 psuoll A 2.6+04 g/dRE S2)AQ Xo] & B
AT 48A17F Fol= AT 7He] K HQA 2ol 7h Ve
A FSATH NHs= 24417 9 48A17F =& &, 10 psuol| A Z
7} 157.8+12.0, 161.6+12.1, 331.8+13.5 ug/dLE TR0
H3 fojHor Egtot 4AHRE FEolA= 2447 4 48
A eE T BE AET 2 FYFA 2ol 7k YERA] kot
th Nati 24A17F =& 3,10 psu©ll 4] 146.1+6.0 mEq/LE o)
zo] HlEl FYHoR Egho, 48A17F g Folle AE
T bl -9l A Q1 Apol7t UrebbA] kgt g K= 24A17F
9 48417 GEYE & F BE AT A FH2 Aol &
Ho|z] oL}, CI'E 48417 =& Fof|, 10psuo Al 127.8+
53mEq/LE thzto] vl3] B2 3ts Holn §H3l 2o
7} YER T (Table 2).
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oigol ol ARt A=A w2 s Sla
A AR F 2L BAYBRORA 2EE Q 2RIA
27} itk (Barton et al., 1986; Flos er al., 1988). 1314 S
A3 2EF 20 IE o|F Y FAEEZo| Tt B AT,
A AR A Mg FRIA ol Web) dolu
(Perry and Reid, 1993; Chang and Hur, 1999). @W2t4 10 psu
oA Eoldl FRIA e QRHESe] wet YHsL 22

28 W o, BulEE ZHEY 9FoR ITIATL AR
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Fig. 3. Plasma AST (A) and ALT (B) of olive flounder, Paralichthys
olivaceus in different salinity at the conclusion of this experiment.
Data were expressed as mean+ SE (n=12). Different letters denote
significant difference among each group (P <0.05). * : significance
between 24 and 48 hours (P <0.05)

e AT A 240l EobA Bl e Ao 42
S, gEwst] w28 YA FAE 2Ed2 A8 o

x| 9 4|7} F7Fel= AL 2 o] AZth(Barton and Iwama,
1991). &9 Bi3to] 2 AEE ¢ SFIL HI| B
3t A7} 2&u|a ety o}, Oreochromis mossambicus
(Morgan et al., 1997)9} #3]|d|©], Odontesthes bonariensis
(Tsuzuki et al., 2001) 59 E117} Qltt. o]} v|&=dt Aul2,
2ol 2447 =&
Jl (Han et al.,

2003), 7=, Acanthopagrus schlegelio| A= TrR7FA 2 10
psu®] @&l 24X =EAHE W FoHeRE FIHsHUT
(An et al., 2010), |3t A= A7t FHFERAL “*01
We oS4 2EY 2 ¥ Qs EF W ZEHE
=SFI2Y W37 dojubs Aoz oA

Hematocrit (ht)+ 52 £448]&E Yeyy ojF<9 A
7FEet Aol Z1cke] B4 el A Eo| 1, hemoglobin (Hb)
2 2 Ed] uet oo Az ¥ Wty AHE AR
L o 9lo] 72 Wehshy 24 FBo|ch (Houston and Rupert,
1976; Lukianenko, 1984). £3], Ht @ Hb: o3 W y2|gt
Mol Zwo] ol pH, Ae-gulie el Hah, $EALe] 2
o] ek 7 WSk Ui, A% AT HE o2
QUE L A AW, GE, +L 0 £UoPS Fe) 3
Ztel wisto] st B3z} QI (Houston, 1997). 22| 7j40]
(Onchorhynchus mykiss)®] ATolA F& 7psu E 11 psu©]l
BN, A7) 76l W Hb BEA folHoR 3
7¥81 9 A9k (Hosseini et al., 2011), H 3| 0] (0. bonariensis)
oML 24X17E B 128412 AGRo] =2AIZ F,0,5psu R
20 psu 7F -9 F 2l Apo]E Kol Ygrow (Tsuzuki et al.,
2001), & A9 A} np7A 2, dEE k&0 e g
A o] Ht 9 Hb9| W3S &1 4= AUt

AST % ALT= W29 AFFE9 7+ Ao A5,

&9, Lateolabrax japonicus 1A Ag
7,265 9 22347} 3715 FE 6

Table 2. Plasma Nat, K*, CI', total protein, NH3 and osmolality of olive flounder, Paralichthys olivaceus at different salinity

Salinity Elapsed Na* K* Cr Total protein NH; Osmolality
(psu) (hr) (mEq/L) (mEq/L) (mEq/L) (g/dL) (ug/dL) (mmol/kg)
10 24 146.1+£6.0° 24402° 127.8+53" 26+04° 157.8+12.0¢ 362.6+15.2°
48 141.8+534 23+024 141.1+4.0%8 2.8+024 161.6+12.18 3349+8.5"
15 24 1370+ 4.4 2340.2° 1282+6.6" 2340.1% 150.0+10.0° 3410+ 15.6°
48 131.0+454 2.1+024 126.7+89% 29+024 148.7+16.18 341.8+156"
20 24 132.6+3.4° 244027 1343+9.6° 21£0.1%® 1106+11.3° 362.8+11.2°
48 1359+3.8% 25+024 139.8 +11.5%B 274024 1398+ 16.7° 330.8+12.0"
25 24 1329+4.9 22+0.1° 132.849.8° 2.1+0.1% 77.8+9.9* 3495+11.9°
48 140.7 +£8.04 274034 140.6+3.848 29+0.1* 87.0+27.1* 3203+8.7*
3 24 130.6+£4.0° 2.140.1° 1263+11.5° 2340.1% 633+5.0° 355.1+14.4°
48 133.0+3.84 22+0.14 163.5+24.5% 274024 740724 324242134

Data were expressed as mean + SEM (n = 10). Different letters denote significant difference among each group (P <0.05).



7t 715 HAR R AHGHET kst AEH A 22l ¢
3 7+ M27F @717 9@ G717 AA gy o Fof
A ol &49 £X7} £V "tk (Kang et al., 2007). &
3] AR F2 7+ 9 v L x5, FH3% =2
9 A& W3t A4ka (hypoxia), pH, YO H S5% 2
Aol gt 2AEHA 9GO X7t F7F B Hadhe 7
FE UEhdth(Pan er al., 2003). 3 FEo R/ oA Hel
A4 dES FAToEN AEZ Yoo o] HAE KRSt
o Fdglo] AFEY 2AZEE sHA Hed), ol e &

SO A W2 2o]E Hth(Min et al., 2006). 2 L FH 9]
Wel 5 we B 29l uet AEQH 28] o] W
FFE v A=, olof wat AFEFAFE, Nat, KF 9 CI o]
9] == 3} WS (Kim ef al., 2009). THEkA, £ A
HE Na* @ O gke) a7} debdel ek, 34 9
sjofl w2 AEHAZ Qla) §oIH Aol 2 Ao
Zhic 9% W) & BT NS 32T dRsl
2EAR A8 o] Woldes the ARl o
ool ol WL ol B UL AP, o
] 2 ARG B2 ARE-EH o] X1 Q11 (Nakagawa et al.,
1977; Siddiqui, 1977; Byrne et al., 1989), &, 2 9 42
T SRS IE AEg Ao o7t FFFo] HiE ol HE
Q1 Th(McLeay and Brown, 1979; Ishioka, 1980). NH;= 7F &
% 7)o Aotz sl B GolA 27k Bk Randall,
2002). 23852, Sebastes schlegeli (Do et al., 2016), FHH}],
Epinephelus akaara (Lim et al., 2016), %1, Mugil cephalus 2
ydEatm|ot, Oreochromis niloticus (Chang and Hur, 1999)Z
e 2 9 dEHse] OE AEY A ¥ A4S
wE AR5 ES Hebh B3 v oo,

Ar 4

:?;"ﬂl'm

ox do i o B 2

o

0|

2. &% Lf SOD 2! CAT &4

AEHsl| B2 AEHA Q20| Yx|o 4 U SOD ¥
CAT &40 ojudt FaFE vx=Ad dg £4& 35t
Sth @& SOD W CATE BT 24A17F 9 4847 =2 &
of Z}Z+ 131.1+10.0, 127.5+4.5U/mL, 143+0.6, 11.0+0.5
nmol/min/mLe 2 27 3 ohE Ao vls FJ4< 2}
o] YEt it (Fig. 4).

£ fallEdold 54, 34 F aqlo g3 2EHAR
Q3 Bt A= SAALTE 7Y 2F ol Al
2o AYH &AL & 4 At (Goldberg and Sterm, 1977,
Simon et al., 1981). oA Yol A A€ ROS| 2Ja) chala,
AL A A ESHE £ARS SOD (superoxide dismutase), CAT
(catalase) 59| FAL3} f 4o 93] 2 EEH (Moody and
Hassan, 1982), ©]& SOD ¥ CAT+E ROSE F3fsti 2H4
H Bx2 AZAA ojFHS 253t} (Forman and Fridovich,

HEHslo| M2 gX|o AEMA HE 5
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Fig. 4. The activities of superoxide dismutase (SOD) (A) and cata-
lase (CAT) (B) in olive flounder, Paralichthys olivaceus after salinity
changes. Values are significantly different from control in the same
time of sampling (P <0.05). Values are means+ SE (n=12). * : sig-
nificance between 24 and 48 hours (P <0.05)

1973). ol 21T AT BLY THE o)F D 2Ho] T} 7
o7} Uhehba, ABH el Wake] o) et 874 a4
= Q@ PAT 5L BHo| I BE TAHE R0l B
315 v} lth(Aksnes and Njaa, 1981; Gabryelak et al., 1983).
o]l AZAYO] (Acipenser naccarii)o| A= 204 52 35
psucl = ZAZS 1, SOD 9 CAT B4o| Fl9o2 27}
3} 3 (Alvarez et al., 2002), B o] (Pampus argenteus)o| A =
SHRZIAZ 10 psuclA] Alzko] 2743l wet SOD % CAT
o F4 w7} 25 psudl B3 £ H2 Fhol S 1 ALk (Fei er al.
2011). Bep B A7) AT AE BHRIA R, FAT AR
H3tol| w2 AEH A 9GO0 2 Q13 PX]9] SOD ¥ CAT &
Ho| Z71e Ao wal,

3. HSP70 mRNA &

dad 929 2EG A9 FFS dotiy] f5te] AEH
2 ¥ gl el HSP70 mRNA @dE& QPCRYES £ &
QSFATE 24417 A 48A17F GEE =& F, AGETEF 10
psu ¥ 15psuollA Z+zF 33+0.1 © 3.5+0.1fold, 3.5+0.1 &
33+0.1fold2 gj=Fo] B8] H& @dS B uat {9
Al Zpol & & 4= AT (Fig. 5).

Heat shock proteins (Hsps)©= A|EZQ] 4 9 E3j
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Fig. 5. The HSP70 mRNA expression during salinity changes to
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). * : significance between 24 and 48 hours (P <0.05)

E2} A 2 (molecular chaperone)d] 983 £A4H A=t
oA o] 3] E-2 FETh(Becker and Craig, 1994; Currie et al.,
2000). YEHA O 2 Hsps= EFF o2 Q3 TAste] f=H
= g g JAT, nBEY Ad, 54, Adta 9
718t 374 2EH A Rl e &= w2 YdS 42
gtk (Basu et al., 2002). 1%, HSP70L o179 AE# A HhE
of W EAYETH 7|5 Lddof 3t A4tvt &)
o|Rol 1 Qltt. HFLHZFE uFol, Siyela plicaia
(Pineda et al., 2012)2} ZE R, Mytilus coruscus (Kim and
Kang, 2015)°]4] HSP70 mRNA B8 9] Z7}7} A|7ke] 550
02 R Yo frEe AeE & A L, oF
oA FX7|4E0], 0. mykiss (Hosseini et al., 2011)5 3fj4=¢]
LE3AA FA3 79 #3l7F HSP70 mRNA &S F7HA|
Ache Aol Bg v QAT ob 7k GEste] hE A
Eg 27} HSP70°] A& Gkl H3t A7 vl &ste] e
A7 28 Ao R y7ET
o9 A, dx o diol o3t 2EH 2V} K= 9

2 WesE BRI AT ARl B2 BAe)
B ADET 10psu E 15psu2 248 ZEE 9 272
£ vzs Begelsa WslE BT S AL, HSPIO
MRNAS] G| E th27sh 9030l ol7h Lhehd AL
& % e, ol Holx FATel AR fulE AsA
= A4 d&2 FAsH X g o] o|FojAopt A= &
HollA felstthes S EoFa vt ol3dt A& ¥t
7 A7 A&E A, 929 AEENE TS vE AL
2 W73, HolE 20~25 psuE 78 Folopit Holuiz)
SOl QRS HRE AU g Y wAA oo
o, g2 glo] A dEx0] AR EoE FFE 1A A
Rethe AL BoF it & A9 2AEE v o=
FEHsto] w2 g39f Fgeeta kg % HSP70 mRNA
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© A= FHA AT QAP olivaceus)E HF2E H
A FAo] Slol A dRHMAE +HsH] Aot ZF ded
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