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Abstract

This study was designed as a part of efforts to investigate the biochemical pollutant markers for diagnosis of ma-
rine pollutions by changes in oxygen radicals and their scavenger enzymes of the flounder (Paralichthys olivaceus)
in Yellow Sea of Korea. Protein contents in brain and muscle of cultured flounder in Yellow Sea were remarkably
lower (30—45% and 25—45%, respectively) than those of wild flounder in Pohang (control) of East Sea. Lipid
peroxide (LPO) levels in serum of cultured and wild flounders in Yellow Sea were significanitly higher (30—80%
and 125—145%, respectively) than those of wild flounder in Pohang,

Hydroxy! radical formations and superoxide dismutase (SOD) activities in serum of cultured flounders in Yellow
Sea were significantly 15—30% and 15—35% lower than those of wild flounders in Pohang, but glutathione peroxi-
dase (GSHPx) activities in brain of cultured flounders in Yellow Sea were significantly 15-25% higher than those
of wild flounders in Pohang. It is believed that significantly decreases of protein contents in barin and muscle, rema-
kable increases of malondialdehyde(LPO) in serum and glutathione peroxidase (GSHPx) in brain of cultured floun-

ders of Yellow Sea may be used as a biochemical pollutant markers for diagnosis of marine pollutions.

Key words : Flounder(Paralichthys olivaceus), Yellow Sea, reactive oxygen species(ROS), oxygen radcial, Superoxide
dismutase(SOD), glutathione peroxidase(GSHPx) hydroxyl radical, protein
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Y ool A3t Y AeiAY FH= At HEH
A2 AA4E EAVL ofd # gtk AEAAE 3
FU & 24, 281 FF F 49 299 daiAt
218 BYAT, olE LAEHE0] A3t A ¥ virtol
FUEHEARE Ay EAY e a7t ddE ot
L3 gtk I FAME o FY HRF F FINES &
A2 AT At AMY g F79] FEA dE A
9 50% & B &L 7] HES o] Hrl
feuete] sgede ¢ HAsA Lolgod Aok gk

g eFL i 2 #A HHEFTY LAEEY ¥
E2 Agssin gAY, ol g 29y ARgie
£ gtk dA2 F4¢ AL QEEEE] o9, ¥
rhi} sF AeiAo FFe Tk Hele Yolth &
Fo TEE AEFEC] OFF LEEH o3 oW
Hqahe Lerts BF zAgte e A9 £7hsd
o] LAEA YA Wede YEES FHLR
sty Aejdtd ARE ke |77t Bol AdHx
Ae BT ohzt YA FTHI A HEH
AL gleH e,

B d7e deedy g g3 Aty egAR A4
A9 712 ATEN, AN (EE#R)ZA 9% Bt e
AHEET e HR1E A3t o5 Qo] EAka(oxy-
gen free radica) 2 4217 3|=FA] 2tt]Z(hydroxyl radi-
cal), $HSAE Bt) L (superoxide radical) 59 BAJtA
% (reactive oxygen species : ROS) ¥ 15| &) H & A(sca-
venger enzyme) 24 FHSAE AT EIOA (superoxide
dismutase : SOD), ZFEXZ  HEAolA|(glutathione
peroxidase | GSHPx) 59 84& ¥4 Hluste Asiety
LA F] 4R JFeAdE WrkstaA .

R

1. A8 9 =X|9 24

A E(Choi et al,, 1997)'7% sh7HA & YA] A& (Pa-
ralichthys olivacens)= AFTLEA ALY A2H(So-
san), 2% (Poryong), 5-9HPuan), %% (Yonggwang) oAl
A3 Faat @X (A4 22.5-31.0cm, A% 350550
g% 9%(Yonggwang), 4 X (Kyougpo) A AHe A

2 gA(AH 32.5—36.5cm, AF 600-800g)<, 1
I z27e 2g=st vaE &e F#te] £ (Pohang)
ol A AH7 At YA (A 24.5—32.0cm, #AF 370
—-650g) & 47+ 19953 59~7gAtold| 7ulE]y F¢J3}
of AMg3tgh

HE(Choi et al, 1997)190] ute} Fwdo)x R
Yol g Fol g Y S FEI%L, B H ¢ <59
dAFE A3 $4589(1.15% KC/10mM phos-
phate buffer+5mM EDTA, pH 7.4)91 ¥o —70Cd
4 BEHQY. o) 24 YL Galgani T (1992)9
o wel £Ygct & 4 27 18488 FHE o,
73 Qakgh28-4(0.1M TRIS buffer, pH 8.0)° 288 %
o gFgdoz 187 #A8HE thE, 10,000XgelA 20
23 QAREAT o o ke WL 4FYS 84
A 2 AATLY] B4 SH AHE3IYTh

2, Tl
84 2 =A% dd FFL Lowry T (1951)9)
wive) wie} §F 982X BSA(bovine serum albu-
ERB AL A3l 525nmel M &%
EE 248l BEPEM st dde] s AF
3t}

3. DMEIX|E Bkl £F

8339 #4312 A (lipid peroxide | LPO) 9] &3 A
2} 5(1990) 9] W ¥ o] we} TBAYCE TEHYH =
(malondialdehyde : MDA) 9] &%& &3tk A 20
ulol 574 180ul& TS A& 7 AFH A2 8.1
% SDS(sodium dodecyl sulfate) €% 200u1% 7}3lad <
5% Eg% o2, 20% &4 1.5mlE Wol oA 527
Esta] 1.2% TBA(thiobarbituric acid) *¢} 1.0ml&
Azkste] AR F£2 sldte] $2AH95C) A 30%
7 7tk o) HHg-A-E 800XglA 1087 d4le
3l 434S EFAEAE AHEElY 532mmol A FHE
g 243lo] BEAGH oA, A A(LPO) 9] &
< AF3AL

ofl

4. 5|=EA) gitjze &Y

8339 3 =EA griZ(hydroxyl radical) 9 &3
WA 0.1MY 1AL (pH 7.4), 10mM NaNs, 7mM
deoxyribose, 5mM ferrousammonium sulfate, 0.54M
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NaCl Al%F¢ 42 33.3u8 Artsta AT AE(15
)k E(185u) 2 ke 200uHA 3, UE2EE E
(200pD ¥ ¥ o] EFE A& 37C F2F2AA 15
22 7kedth o F AATe AR@ou) e WEA He
Fol A7l o] uke-alell 8.1% SDSEY 75u9 20%
9 22t 5004, & 25plF F715te] ¥ 1.2% TBAEY
333uE ¥ol & Herh 1 F 3083 Beln Aol
23 F, 800X goll A 587 A4 et] 4 FFYos
EBEEAE olf 532nmolA FREE 239 EE
AR o8 AATH dz22 FFEY AE oy
31224 #tZ(n mole/mg protein/min) 2} A4#FE 7
Abshdct.

5. SISAIS CIAFEION 2 #d £

Oyanagui 5(1984)¢] ¥ wtet 3 & Q9%
£ (pH 8.2) 2.2 30812 8A3 1 0.1mlo] F7/+ 0.
5ml, AA%(52.125mg of hydoxylamine+102.1mg of
hypoxanthine/250ml D.W) 0.2ml, BA2F(20pM of xan-
oxidase+0.9939mg ethylenediaminetetraacetic
acid/26.7ml phos-phate buffer, pH 8.2) 0.2mlE 37},
Tt 37C FeFzIN 408 BAT F CAY
(300mg of sulfanilic acid+N-1-naphthylethyene dia-
mine acid/500ml of 16.7% acetic acid) 2.0mlE 7}
Eqstd AedA 2087 AT F EHBEAE AL,
550nmol A FEEE FHste] REAFA A7, £3%
A= t|AFEobA] (superoxide dismutase - SOD) & &%
33

6. 2FEIX|2 TSAlCIotHel Y &Y

Lawrence $(1978)9) W'¥o] 93] ¥ & 2 £
& F3delA ST FHSAITolA (gutathione pe-
roxidase : GSHPx) 9] 49| AL o 4FAg s
£9(0.3M/4.0mM EDTA) 2.2 104} 3|M3}e] AMg-gich

AlE o] Q14tehE-8-94(0.3M phosphate buffer with 4.
OmM EDTA, pH 7.2) 0.lmi, $%% 1.295ml, 26.56
mM sodium azide£-%(86.33 mg of NaN,/50ml of D.
W) 0.5ml, 294.37mM GSH&%(452.34mg of gluta-
thione/5.0ml of 0.3M phospate buffer with 4.0mM
EDTA) 60ul, 8.4mM NADPH(35.0mg NADPH/5.0ml
of 0.3 M phosphate buffer with 4.0mM EDTA) 110,

thine

12/ 4333

glutathione reductase(5mg of GSH-Re/1.0ml of 0.3 M
phosphate buffer with 4.0mM EDTA) 5y, 1mM hydro-
peroxide 320ul9} MY 439 30uE F7tetd 57
F EFAE A LHFEAES AHESHY 340nmolA F
BEE 15% HFHo2 283 SA% BEAFA o4
GSHPx9| &4& AFssrh

7. 2MZntel SAHAz

RE A¥A%s 54 Adstd ¥dA ZFRAE A
Astga, 4 #70 #94 AAL Student’s t-test
(Steels, 1990)' 2 A3

Ao Y 1@

1. CHEE Bk bl

AFTOEA M) BEY, ok A4, g4 FAt
3 9%, Axe AAY dX BY, ¥ € 2559 9
A9 FE 33 - Wrlsty] At o] W A
T Eate] AAM WA ¥, o & 2839 oA
o FFE Y27z Fo ZAo] Wwdle] BH Fig 1
o 2t

oE |xo] BAFNAY dlAe gL P A
A, aga TG FejAlolde FG Aol LAY
F %tk 23U Fig 1904 B Hle) o] ¥ B T &
FANE G QX o did Fhgo] A} YA ©
9 Fakd v foHoR FaEa YSS ¢ F AN
ok Aaliqte) A gAY HFe dlde) Fak(8.13+
1.16—9.99+ 0.43mg/g brain) ¥ <& ©¥He] st
(13.05+ 4.74—18.55+ 5.30mg/g muscle)©] WETL
2 A FE x3e At dAe o 3 2839
@A 33(14.14+ 1.09mg/g brain ; 24.48+ 2.54mg/
g muscle : 100%) thH] ¥ 30-45%, &&L 25—45
% A3 ZAHIL YSE & F AUt BT o)E
Ao eild e o] Hroh A wodch AAT |
Ao gl ke gz X¥Pol ANATY 94 %
ZFEAbolo| FRE FoHQ Folg LAY F YU

S 285 9d s vudted Eou A
9 A gao] AAte] ol Fafol wlE AA3] Fa
ke AMLL u)$ FulglE AMIEA, AA87 2%
olate] thi Aol gteko] At 9SS ¢+ AT o
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g AL o)1) Galgani $(1992)9) E1¥eA Q|
whel AChE 849 7ol 3 duide) e F2dta
Athe AHAE A A vt Qich FAAe] e Zhae
AYed F AABA] M AV HAA, IelE
A SEF WE AH(RE) L= Aoz dF
AE oz goddh g AAdt Yxe fAho] &
dittke A r gtk

Ase G HES B FERFL Sher
9, FF 59 2dol =&Ho] 7] Wi F4%
o] ArE YL B2 ok oAE AEHA GE F
A9 FY BA, A oy e §& £PY
PR MAEF APl H5 Aol & Heu 2.

40 4
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Fig. 1. Comparisons of protein contents in brain and
muscle of cultured and wild flounders in May-
July 1995.
*p(0.05 5 **p<0.01 ; ***p{0.001 compared with
wild flounder in Pohang

2. DMsiX|F o) gk Biw

2% ST)Z oxygen free radical) 2 ¥R =EA &
U2 (hydroxyl radical) o)yt FHSAE  FH)(supero-
xide radical) 59 ¥/d2rA% (reactive oxygen species -
ROS)ol o8] A se #atstx| A (lipid peroxide : LPO)
o] ke w2023 =(malondealdehyde - MDA)E
2438to] Aok Aol A FAA AL A @
o ohe) w3lny e Eske FoE <A Ao
(Yagi, 1987 5 Choi et al., 1989, 1990, 1995 ; Yu, 19
93)16—20).

old olf 2 3N Fasix|He] Fo| YLl w2t
olAlfe) PAetAA Hego] F3E JbsAol A Eoh

A A Aaigre) FAatat xpedske] WAe A
Aol gFS Tt Xy A HAE WRT2E
3o} ZA35ke] M Fig. 29 2o A ¥ F AA
A gAY @359 A A(MDA) Y BES BFY
YA E AT 9.97+1.30-13.55+0.93 2 17.04+
0.87—18.43+ 0.95mg/ml serum2A] WZFOZ AR S
Fae T3] A g9 gyF HAsiA A F
(7.54+ 1.01mg/ml serum ; 100%) ©¥ 22+ 30—80
% 2 125—145% 4 A3 gdch wheba] FA BT
ohUg} AHAE AEE 2dF ] githe AME & < 3
At

- 25,

[=

2

c= 20 i
SE 1 .-
3] E i
o .
58 151

SE
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ge I
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. Comparisons of lipid peroxide (MDA) contents
in serum of cultured and wild flounders in May-
July 1995.

*p(0.05 5 **p{0.01 ; ***p{0.001 compared with
wild flounder in Pohang.

3. gMMAF| MAME Hl

AW e BatsiA Ao YA BA e 84
AbAZ(reactive oxygen species s ROS)2.2 4 Aba
gtz (oxygen free radical) 3ollA 7H3 Z28d 8444
29 =2 gtz (hydroxyl radical) o] ¥4FE vl
3] giste] Asfcte] FAatH Adste] |9 =4
ghrjzte] YAEE TG 23 AR gAY =8
A Brlze) WARS (RTOE 3 2359 BY Ta-
ble 13} 24

Agete] alat gxle] ¥YF 3=EA] Gride 4
A&& 3,10+ 0.57—4.00+0.58 n mol/mg protein®.&
A dETes AR gt ¥ake Ada Ao g3
%9 =24 grjze] A44%(4.62 n mol/mg protein ;
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100%) ¥l &4 15-30% 3= 288 ¥gs vt
obizt Aaigte] Ada AT AXE At FB
ALt g9 =84 gride] A% 3.64+0.68 n
mol/mg protein® 24 E&9] 2F4t |x)9] J=EA] g
tzrel A% Y] 78.8% 24 o 20% 4 Rt

olg]q ApA-L AN B4 AaZ ] B o F
ApstA A o] AAdutgolgte UuHAR A4S Hojd At
tjo] Aol Aol AMo] EFFEF Zo] FLFE
o] o7} QEUA], oA ofjd S HFF 3}
o st de] s e ARME & 7 o &
BRNEFAA 7Y AEF 3 2EA iz o] o
H(EE WA A3 AAHed= E73tn st 2
o] Aoz ZriHTE Aol AT g Ze
F4&u) % Harber-Weiss 9H2-(Black, 1987)2Vd| 2%t
=54 guZ( - OH) WS4 Fe* >Fe*' & W3l
AFE FHEAE &)z (superoxide radical 1 O, * )9
A4 M7UZE(Ogura et al, 1991)220] A7} 31& A
o2 Fgd,

Fe2+ +H202'_)F83+ +0OH™ + - OH

Table 1. Comparisons of hydroxyl radical formations in
serum of cultured and wild flounders in May-

July 1995
Stations

Hydroxyl radical formation %

(Area) (n mol/mg protein)
East Sea
Pohang (W) 4.62+0.65 100.0%
West Sea
Poryoung(C) 3.35+0.44** 72.5%
Puan(C) 3.10+0.57*** 67.1%
Sosan(C) 4.00+0.58* 85.6%
Yonggwang(C) 3.24+0.54** 70.3%
Yonggwang(W) 3.64+ 0.68* 78.8%
Kyougpo(W) 4.78+0.76 103.5%

C ' cultured flounder s W : wild flounder
*p{0.05 ; **p{0.01 ; ***p{0.001 compared with wild
flounder in Pohang.

4, ZYMLZO| CHE HAHEAS 4 8|
YA A2 Z(reactive oxygen species - ROS) 22 ¥ej7

14/ A #3312

FH2A = g)ZH(superoxide radical), 3|=EA] BT
(hydroxy! radical) ¥ #3442 (hydrogen peroxide) &
o] AL thF A AT (scavenger enzyme) 3ol
7V A8 $HEAE aFElobA (superoxide dismu-
tase . SOD)9 EA4E o] M3 YA EHAM 374
3t 2 Ade Fg 37 2tk

Maiete) G WA 9 BHZY soDY BHL RAE
A3t 2.01+0.49—2.68+ 0.32 unit/mg protein&.2
A RzTeR AME Bt 3 Add g9 83
%9] sOD¢] ¥4(3.22+ 0.35 unit/mg protein ; 100%)
oyl 15-35% 354 2318 Wks Wk opzt Asjet
o AdA YT 9B 35% Y FAAE, @2 Axgho]
SOD9| &4l 35% A= E%E ol olfF AHdxE
%} B =EA] Frize] AAFT AR 299 A
ot of %A AZAjoF A o) & A7t Ba¥ Ao
were,

{unit/mg protein)
(2]

Superoxide dismutase activity

P.H(W) P.R(C) P.A(C) S.S(C) Y.G(C) Y.G(W) K.P(W)

Fig. 3. Comparisons of superoxide dismutase (SOD) ac-
tivity in serum of cultured and wild flounders in
May-July 1995.

*p{0.05 ; **p<0.01 ; ***p{0.001 compared with
wild flounder in Pohang.

FHE AAWAN dAtag Sl BAEE skl
AAELZ 4P ZFEXE HEAthobA (glutathione
peroxidase : GSHPx) 8] #4-& H|a}7] 3t Aaiete)
¥4 F AAN YR 9 GSHPxS &/dg Fate] Bt
WA 9] GSHPx #4¢ HZT L2 vlaste] BH Table
28} #rh

Aaligte] Faat |R9 HF9 GSHPxe ¥4 227.
85+ 23.75—243.65+ 20.354 mol/min/mg protein2 &



Agegel NS AT Asjety oA #F A7

M AZTOZ AR FEgh 3o AFA X9 8F
%9 GSHPx9 €4(195.98+ 20.92u mol/min/mg pro-
tein ; 100%) Wy 44 15-25% A5 FoHeR =
kAR, Ajete] 2t {29 GSHPxe] €42 dHolt
AE o= X9 YAx ugkrh AL FA dH e
GSHPx 9] &/4d0] Adstef vl fojHo2 Frhe AM e
49 FRAFY gy, 181§ §9 2ol 4
24 Rog fdd B opE o] 299 AR2ZAE
59 GSHPxS 84 &3o] Wl a%xd oz #d
1=3

Table 2. Comparisons of glutathione peroxidase (GSHPx)
activity in brain of cultured and wild flounders
in May-July 1995

Stations Glutathione peroxidase %
(Area) (4 mol/min/mg protein)
East Sea
Pohang{W) 195.98+ 20.92 100.0%
West Sea
Poryoung(C) 243.65+ 20.35%*  124.3%
Puan(C) 237.68+25.62**  121.3%
Sosan(C) 228.38+ 24.32*% 116.5%
Yonggwang(C) ~ 227.85+ 23.75* 116.3%
Yonggwang(W)  178.92+28.23 91.3%
Kyougpo(W) 131.09+ 25.12 66.9%

C : cultured flounder ;s W . wild flounder
*p{0.05 ; **p{0.01 5 **#p{0.001 compared with wild

flounder in Pohang.

2 o

HF g IS A% AsteA 2 FAR A 7%
AT g@oZ o go] A M (Ee F)ak A
(Paralichthys olivaceus) 2] BN 2 HF9] &444% o
dEe AAELY 84& #4 FHrlstdoh o8 ¥AY
A% wlde] g2 Aol FAatd Aol
e Sl Aolg FAY & AWAT, MslG FAL o
9 & 2839 9Bl dFo] TG XY AA
A PA(zT) o 9 gl vls 47 30-45%
(brain) ¥ 25-45% (muscle) 4 #2lAoz a3y

(p€0.001). Ai8gte] ¥4 € A dxo] AT 3
A A(MDA) Y e 2T R AL B3t X3
9 AdA yx oy 247 30-80% 2 125-145% 4
#A8) EUch

Aaete) st gale] dYFe J=EA gz A
g Foe X9 A gx v 44 15-30%
AEY 283 Wk ¥k ofe} Asigte At GAx
HEE A3l GF AN gAY =84 i
AAFE F 20% 1k WAt Asfete] FAA |x]e] €34
%9 SODY] &4 Faliet Tate] AtaA4t YX) thu] 15—
35% 4= 23] Wghe Bk ofyzl At At
HAE FFE 35% H}AAT, @A HXEyho] SODY
B40] 35% A =S Polok Mty FA4t YA
A% GSHPxY 842 539t ¥ Ad4 |A o
H] 15-25%FEY froFo2 XA, Aoty Ao
4 gx9] GSHPxel 42 o= Fojf Rtk olite
AP47A & o i 859 DAY o} o
%9 GSHPx9 84, 12|31 AHZF g F e 3o
gxe eHNERAMY 7S AEY ZHAV) ik &
IZe2l=8
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