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Effectsof the different hydrogen peroxide (H202) treatment level
on physiological and biochemical responses of
oliveflounder (Paralichthys olivaceus)

Mi-Kyung Choeand In-Kyu Yeo™'

Genetics & Breeding Research Center, National Fisheries Research & Development Institute
*Faculty of Applied Marine Science, Cheju national University, Jeju 690-756, Korea

This study was conducted to investigate the change of antioxidant enzyme activity (catalase and superox-
ide dismutase) and variation of blood physiology in olive flounder (Paralyticus olivaceus) by hydrogen per-
oxide (H20z) treatment. Blood parameters were measured 1, 3 and 5 hours after H20: treatment with O (con-
trol), 100, 300 and 500 ppm for 1 hr. The value of hematocrit was decreased significantly dependently on
treatment concentrate and elapsed time in the treatment of H202. Hemoglobin concentration in the test
groups were lower than that of the control group. Red blood cell value in the test groups were significantly
lower compared to that of the control group, but recovered to the level of the control group after 5 hr. Pro-
tein concentration was significantly lower compared to that of the control group at 0 and 1 hr, but recovered
after 3 hr in 500 ppm treatment group. The superoxide dismutase (SOD) and catalase (CAT) enzyme activi-
ties were observed to be increased. Heat-shock protein 70 (HSP70) was significantly increased compared to
that of control group in al of the test groups. HSP70 mRNA groups was highly expressed in 500 ppm treat-

ment.

Key words. Olive flounder (Paralichthys olivaceus), Hydrogen peroxide (H202), Superoxide dismutase

(SOD), Catalase (CAT), Heat-shock protein (HSP)
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270 An
229, deylo]E 79, NaOCl ¥ ClOxs o
2] 7 HE dAF &8l AA tidelES
AN 2N BAFCo =R FAS vt
(Raphed et d., 1981; Leteux and Meyer, 1972; Fox &
d., 1985; Speareet d., 1996). 1A, AA|7EA] 7}
A BRHEAOF AMLEYY zEgal 2 2}
oJETY S4o] da) FHAMA Yol ok
ol lelA AHE FAPOE 8] I Al
L2 PEras
otk Zhtslat T4 FYE WE o],
Ak3} 3k Zgo] 9l WA SHY e ok
S Eppdth oll e tslead tiE S48
B AT R o)RolH 3lo
e AnA B Bae 5ae) v 2
d34 W HP)5e) Wals vote =8
& Avsioiy & 4 qrk

meba] 2 Allx= g X|(Paralichthys oli-
vaceus) = ©]-g-ste] AFAlol gk sheha] AE
gl 2ol e oY A 3t 24 (catdase 3
superoxide dismutase) W3l 2 g4 oz
(Heat-shock protein)z<] W3l ZARste] the
sk 2EG 2 tigk oA Ay - AshehE b
<ol tigk AxE AEE At 2 AFE

A
Mz H

A0

B Ao AL ol FE $4 $24] P47
o A AS-¥ x| (Paralichthys olivaceus) 24 #
7 215~315 cm, AT 2465~28550% A
ARSI oM, el el FAIZE UEhA
B A% NAE AREETh B3k Oiwe-r%
APz HAN7) Slste] Y A 25

QF oflH] ARSEte] PFAIT] The Aol ARg-s)

Rom, oy P FEE 205~315%, F2
18.0~205C & §A5ltE dHALS =9t Als
AFBEE GX L pdlet ALEE AR5 19

o

Q] 100 ppm, Q]

5 500 ppm o= 77} A sEtel o
A & FFAIA 0,1, 347 % 5A17F £ &

A
T, Adole] v s ozRy 3ads A
B TAIE ARESt] mHE glo] 17
ol A Z A AT AP &4 (hemar
tocrit, HY)-= A F s+ H¥& 1,6709= 307 ¢
AR & F Ayl Bl dojel tat
A Fie vgE Faiith 48T (red
blood cell count, RBC)= W& FHojx] dAS
AP3a & Hayemi l(Ishisu) 0.2 2008 3435}
of G Aoz AP 5 Ak A
Ho Ao ek = zzq_o_ I 25 _%247]_2_ o]
g3te] SRt ek VA P92 AR
28 FHol| Yo 4CollA 2417+ W]k F 955
rpmef| A 207+ A4 Fejetd s e g
U -70CoA TaEA s & 5 5 az
Ao A1~9~o} = %

§_
S
8
8
9
&

dase (CAT) &4 &
B AG LS AT F o IoE 09%
NeCloll 33] A& & ths KCl (117 %)< o



H202 A 2jol] wE o Foll 4]

3} 100 mM phosphate buffer (pH 7.4) &
743t stk #dskE AR
g, 15min, 4C)el <Js] A 2 xw 2 A A5t
ATh FANLE thA] AR (16,060 g, 20 min,
4C)st F 45 kst a4 S L N8R
AHE-EF3I T SODE pyrogalol o] 2bE Akshg-o)
AR H = kS =A3s= Marklund and Marklund
(1974)] WHo=w ZAs} o, 50 mM phos
phate buffer (pH 8.24) 8.7 m(ol] 7H¢ #&HS
2 % 03m¢e] 3mM pyrogdlol &8 H7}st
o] spectrophotometer (OPRON-3000, Hanson
Tec) £ o]& 325 molx] =Ast9rt 183
G284 198lE ukSel 29| pyrogalol o]
L8 B0% Aok 840 o= Asith
CAT €Ak o] 4L H:OeE 71E=E ARE-3}od
spectrophotometerol] ©J& 240 nm  3}7gol A
H2027} 3+ Elo] Zhasls T3 C2A] a4 &
A= E 2435+ Nesonand Kiesow (1972) 2] =+
Holl oJste] SR oH, &4 ST T
= 12700 1nge) whuldo] whgslo] #elA
H2025 nmol2 yehfiich @wjd ohak2
Lowry et dl. (1951)¢] HPo] wea} mF g
22 BSA (bovine serum abumin)E A}8-3}e]
Spectrophotometer 241 540 nmol| A =74}

A7}stel
2= 9 m—m (106

e rlo Y

SDS-PAGE

HAe) A AFete] B g8
100 mM phosphate buffer (pH 7.4)o| A Potter-
Elvehiem SEA VoA 2 F43te] 12,000 gl
A QAReEt 3EAe 539 2x
Laemmli sample buffer (80 mM Tris-HCl, pH 6.8),
2 % SDS, 12 % B-mercaptoethanol, 15 % glyceral
4! 0.012 % bromophenol blug)ell £-aj A1 100°C

ol -] 3E7F bailingglt & Laemmli (1970)2] W
o u}g} SDSPAGES 214151 th 3-20 % gradi-
ent-polyacrylamide gel & AF&-35te] 250 VE 44]
7+ For 3% & Falel (0.136 % Coomassie
brilliant blue R-250, 45 % methanol & 10 % acetic
acid)oll A 40%-7F FA3k ¥, 7.5 % methanol, 7.5

Aelet Ws} 2711

% acetic acidol| ] €213k A S 4L #
Z5H 21 S myosin (200 kD), 8-galactosidase (116
kD), phosphorylase b (97 kD), bovine serum abu-
min (66 kD), ovalbumin (45 kD)% carbonic anhy-
drase (3LKkD)E AF&-31

Western blot

Western blot-2 Towbin et d. (1979)2]
Halsle] 2 tE SDSPAGE] <&
H A S 15Vo|A 4A17F E<F nitrocelulose
(NC) =to= A7l F- Ponceau S &< (0.2
% Ponceaus, 3 % trichloroacetic acid 2 3 % sul-
fosdicyclic acid) 2.2 AAES el 1
F g0 WSol2] AT u7] $18] 3%bovin
serum albuminz} 0.05 % Tween 200 $H3-¥ 0.1
M Trisbuffered saline (TTBS, pH 7.4)& ]85}
4034 7ol A 0%}71] SEWA blocking A1
t}, Blockinge] €14 % HSP-70 (Sigma, H5147)
A O BAE NCHS A71sie] 147 B2t
220 A wjkst &, TBST (0.05 % Tween20 in
TBS= 5#4 33] Azttt Alkdine phos-
phatase-conjugated goat anti- mouse IgG=. 147+
Zo} /\lgoﬂ}q vjeksly TBST £910 54
A2 & diaminobenzidine (DAB, 0.1 %)<}

0.03 % H2027} &6 100 mM PBS (pH 7.2) £
l:ﬂ—}\]-] 0 0 = ]_ 1;]_

g

RT-PCR (reverse transcriptase-polymerase chain
reaction)
=245 2| Tri-Reagent (Sgma) <
% homogenizerE ARE-ate] 4TollA mRAIZ
t} w2 chloroforme Yol 42 ¢4
7+ vk ]ﬂ 5 4C oA 14,000rpmo. 2 55-7F
AT F ASHS MEL tubeol] &7 HAL

A7 g

a1

=]
gL

isopropanol & o] RNAE FxAIZth RNA
AAEL diethylpyrocarbonate (DEPC) S-S

Yol mo|y -70C ol HpshaA Aol ARE-3)
9tk F53% RNA 1pge AHE3le] 1425 &
For AHAALE AldstR o™, RNA 1 pg,



272 Hu)A -

RNase inhibitor, oligo-(dT) 15 primer, 2.5 mM
dNTR, 50 mM KCI, 20 mM Tris-HCI, 5mM MgCl2
3 reversetranscriptases 2o 25C ol|A] 5, 42
‘CollA 6032, 70C oA 157 742 WH3-AIA
cDNAZ A5t}

cDNAE =ZA)17]7] 9)3le] cDNA 1.0 4, 10x
PCR buffer 9.9 ¢, MgCl2 7.8 ¢, dNTPs 2.0 4 (0.2
mM), primer (sense) 1.0 4 (50 pmole), antisense
1.0 4 (50 pmole), Taq polymerase 1.0 4 2! Nucle-
ase-Free Water 76.3 & =313le] 94 CollA] 17
7} denaturation, 55°C ol 4] 1#-7} annedling, 72°C
o] A 287+ extendon 7S 2 303] =Z31,
o] & 72CoA 5&7F B REEAZATE HSP-70
mRNAo°]| o3t oligonuclectide primere= (57) 8}
ol uotell A Thg Fro] GAAFESHA
(Teble. 1). A thx= A}E-g oligonucleotide
primer+ B-actinmRNA 2 A}&-3}3ith

PCRZ Z=Zx AE2 1 % agarose geloll A
100 VE #A7)9d%53ste] Eastglom, 100 bp
DNA ladderE sze marker 2 AR&-ste] UV tran-
slluminatorake| A AR & 5k th

SAH AL

7} Aol A 2ol Aol th3k ghel fol%
i SPSS-EA| A 7|A]l £ ANOVAR
213}e] Duncan ‘s multiple range test® 737431
om P<0.05 o Wl ool e AeE A
shaie.

o915t
2 I
oL w3
H2O2 Aol w2 Jxoa] do Az]|eh
WHIE FAE A3 HtExE ok 3 A7

100 ppm-<- A 9] & 300 ppm 2 500 ppm X 2]
oA Z}z} 25.83+1.30 ¥ 22.67+0.28 %= T
Z 33.89+0.70 %Xt A PAaEE A
e UERIAL WAZF A3 o] Tl BE L
oA w2 3te WERl SIckFg 1, P<0.05). =
gk BAIZHA ol = 500 ppm A2 1EollA 18.67
+050 %= A3 w2 s HeEridth Hbel
73-%-ol+= 100 ppm 3 300 ppm A 2] ol A A 2]
o= 13} 3A|1 7k Zhz} 5174048 9} 5.08+0.36
gd=Z dAsA 7ash= AL HYoy 1
fle] v IIFEdMe frelgh Aozt yehA

& UTHFg1). RBC Txl% Ad dxz7HET 3
AZW7MA] AR O 2 7FASE ASkS B
1}, 527y A3} TOHL 3F Q1 500 ppm A2

Tl 2T Bt Frtshe A4S YERISL

THFig 2, P<0.05). EAo|Ae] & Tl =
)27 7.15+0.11 mg/mlel] v]&) x]2] ©]& 0A]
Zh) 500 ppm ] 2] 7ol A} 5.88+0.37 mg/ml =
AASHA gaste AdE UeRidlen, o%
SAIZMA7EA] A&HH 082 Frtele AAE UE
WA oz} vlaste] {08k 2pol= o
ERbA] 28keHFig 2). skAIRE 100 ppm A 221
7390l ook R = OAIZHA AAIH o2 F7}

Table 1. Oligonucleatide of primersfor heat-shock protein 70 mRNA and B-actin

RNA Expected Primer sequence
oecies Sze
5 GCCAACAGGGAGAAGATGAC-3
-actin MRNA 520b
Fracinm P 5-ACGTCGCACTTCATGATGC-3
5-GVACATTCTCAGACTTGTOWCC-3
HSP-70 mRNA 627 bp

5-CATCAATGAACCAACTGCTGC-3

bp : basepairs
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Fg. 1. Changes of hematocrit (Ht) vaue and hemoglobin
(Hb) count in olive flounder (Paralichthys olivaceus)
exposed to various hydrogen peroxide concentrations. Ver-
tica bars indicate sandard deviations, *<sgnificant differ-
ence between control and exposure group (P<0.05).

e A% 2
okt kAL
SHA T} 5AIZH

s e 3k

Bou} o3 Folt EhiA

X 7F A3} o]F N &HoZ
Ao = 5.96+0.20mg/ml = & A
e 2

sHtslE A #3)

H202 1A17F oFS- A 2] 0]? o] F 7Hgol A9
SOD &4+ 100 ppm A 2]7-Q1 735 A Al7hol]
A ek zpolE HolA kac‘b} 300 ppm
500 ppm A&7+l Aol & tiET 8244360
unit/mg protein/mine] B8] H202 28] ©]3 0A]
7 Z4z; 2062+350 2 1551+ 1.00 unit/mg
proteinminzZ S 49 dA s =5tk
7S HAJT A7 7z 7.24+5.00 2
12.06+ 1.50unit/mg protein/min®. 2 Ytolx|= 73
wg ok el vlasle folg Aol
= UERA G9ThFig3). AT 5AIZE e
+ 300 ppm A 2]ol| A thaF-e} Blalste] &
AsHA S7tElE AAE Ve ATHFg 3A).
CATE 4 &4 Aol dlx7 1.62+024 %
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Fig. 2. Changes of RBC (red blood cell) count and totd pro-
tein in olive flounder (Paralichthys olivaceus) exposed to
various hydrogen peroxide concentrations. Vertical bars
indicate standard deviations; *significant difference
between control and exposure group (P<0.05).

10° nmol/mg protein/min} ¥ 3}e] 100 2 500
ppm Azl A A A 7kl AA fA A
7t e BoH, o 8A] o]F 34
74 500 ppm =] Gtol A 5.08+0.63 x 10°
nmol/mg proteinmin® 3 %& &4 A4S

B tHFig 3). 3kAI%E 300ppm A 2]l 5ol
= Aol F7kete 43S Blo o
S N 5458 dase 23E YESIY
o|F SAIZMAZIAl FXH o' FtHE A
e T

H202 2|0l [E HSP702| LA H35} AL

& BEs) fiste] ok Ae] o)F Ao
WA o nE ghde Bl SDS-A
71%9% § Western blotg- AAlsk9ith 11 A3}
EHZ\_:’LQF Ag oA Zpz} HSP700] § =5+
7/\0] 1= A tKFig. 4B). thxT-9} W] wste]
o ArolA dAEHA A FEEHAS

Iz 100I0I0m 2]l Al HSP70 Tl g el =
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Fig. 3. Changes of superoxide dismutase (SOD) and cata
lase (CAT) activity in olive flounder (Paralichthys oli-
vaceus) exposad to various hydrogen peroxide concentra-
tions. Vertica barsindicate sandard deviations; *significant
difference between control and exposure group (P<0.05).
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Fig. 5. The amount of HSP70 expression shown on the
western blot was quantitated by denstometry and normal-
ized to thetotd protein loaded into each lane of thegd. Ver-
tica bars indicate standard deviaions, *Sgnificant differ-
ence between control and exposure group (P<0.05).

o) 71 EA FE59eH, 300 2 500 ppm 3
grolAE 7l vE &2 FAE ekl
ATHFig. 5). L2t} HSPTOMRNA 23 & ok8
HelolF tlzTe} vlwale] 100 2 300 ppm
e #93 zjo)= WE}LHXl @k, 500
ppmoA A= freleil w2 XS vehiith
(Fig. 6and 7).
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Fig. 4. Immunodetection of heat-shock protein 70 (HSP70)
in liver of olive flounder (Paralichthys olivaceus) exposed
to various hydrogen peroxide concentretions. 3-20% SDS
polyacrylamide gdls (A) and Westerns blots (B): 1 line,
Marker; 2line, O ppm (control); 3 line, 200 ppm; 4 line, 300
ppm; 5 line, 500 ppm.
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AN O F ofF A AbsFl A7t
FE W= A2EYAZE I7 387 Q003 &
24 8%l 2% vm T der, ol F st
7 2207 olF J4F TAMZ AL
= ¥ =222(Cho and Yang, 1996) % 3Rik&E

(Vararkaet al, 2001)3} & 250k Fof ol
otk olejah SAwsel N wasl: shekd

Bzt olAoll AskehAe 48 Thgo
24 A%zl 9% M & 3, cate

cholamineo|u} FEIES v} EH|3H= U&H]
WSS e wElo gy H|EH ouxde mE
/\ulg %‘Q‘o}&] o]:/\I x@}\]‘/ﬂoﬂ = oﬂtﬂ: u];?]
o} meha] B Apdas x| (Paralichthys oli-
vaceus) & ©]-8-5te] Ha0e0l 9] 3152 ~Ed|
*Oﬂ mE "ol A P & (CAT
SOD) w3}t 5 454 @ (HSP)&ol w3t

£ XAk
29 A xEH of
RBCSe daliddel ®
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—ul HESP-T0 mRNA
(BT bpl

el S-actin mANA
(520 bp)
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Fig. 6. Expresson of HSP70 mRNA in liver of dlive floun-
der (Paralichthys olivaceus) exposed to various hydrogen
peroxide concentrations. 1 line, O ppm (contral); 2 line, 100
ppm; 3 line, 300 ppm; 4 line, 500 ppm.

o) golg QoA 28/
o7 4HA drHKang and Jee, 1999; Cho et d,
2002). o] 2] Aol 4] mdathion, formdin, 2=
A $345 AEE D oA gl w2
o]Fo| A Ht 2 RBCE2] AMzr IHAaEE=
Ao g d#HA 2 QrHEdosae d., 1994; Khattak
and Hafeez, 1996; Kang and Jee, 1999; Zikic e d,
2001; Cho et d, 2002; Cotaet d, 2004). o]={ 3k Ht
u_w RBCO] 71-/\‘_: om}z%gi ‘ﬂ%ﬂ% %9_717:
Ao 7 dHAT JEul(Edosaet d, 1994; Khat-
tak et d, 1996), & AFM = HO =Zo 23
Folo| Hisk RBC 47} 4719 2953} 7]
HasE A% ek oled A
Ao o 48T 5% 48 2 49T A
9] AREE 2 Sl 71215k gamE A
°7 4#x 1 UriCodae d, 2004). whetr E
Ao Aol A dehd A= HEg AFA)
o] ARgel el AdTe] 5 B SR
kS mx|= 7o F FAFTH

ZEg|2of o5k AAY TE2F BH|= o
Aeli-H s -2 s dA ) 28713
9)Z3le] o] F0]x]+=|(Choi and Kim, 1990),
7179 wx SEFQ FEE TS oAt
e 2EY SRR AxE g oldHm
(Donaddson, 1981), %72 E AEH A v
o eJsfl A FE|E0] oA thAatel] 2H-g-st
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Fig. 7. Theamount of HSP70 mRNA expression was quan-
tiated by densitometry and normaized to the -actin loaded
into each lane of the gel. Verticd bars indicate standard
deviations; *significant difference between control and
exposure group (P<0.05).

of el syERE WEd ofto®
BE = AlAEHA] (gluconeogenesis)o] 31
Hol 11 Fx7F Sk Zlo R dHA ~EY
228} tiAbe] A EE AREE L UTHVijayan and
Moon, 1994). &3k 3 whdae A7 29
2 AE 2 Foll 2ot e Aor dHA
210 M(Harbell, 1979; MacFaddin and Brown,
1979; Fasaic and Palackova, 1990), &+ 3742 ¥
g2 AME-E 3 JtKIto and Murata, 1990). &
Aol M= H202 500ppm A2 el A 2F3L
20 =71 9 X gald =ro 7FAE e
W A JeRiit, 22702 Fre)

7t ¥4 e vre gak 87309

Z 9] hexachlorobenzene (HCB), 7=+ % petro-
leumel] Z}zt 28 o] B FRololM B3
ZFEIA Lor: = %7].5]57_ 1;,_]-131470 ol 7EA
Ak ol A Asksh FARHLCHGIUt
and Hanke, 1984, Yamazakl et d, 1986; Shenet d.
1997; Zikic et d, 2001). whhA 0|23 A5
w4 SEH 20l e ko] Ao R Qls)
of gojo] sgstElo] YA Al A
7 A7) wiwell, 2714 tiAblA 2
¥ AdUAE L= T ‘;’i% A
o} Wb ke FEEO] 2
A AL BAFA 70 - ohe
SFI7E 714 dAE SAAA AdA
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woll thxgk Aetar Azte] ol Xl
S, 2B 2 o) HAse EAA e
WA Al A Q) SODe} CAT7F Aol F-&lf gk
B2 A3kA ZIti(Forman and Fridovich,
1973; Wendd and Feuerstein, 1981). o] 2{gt &4k
st 34 offF & 23 B A wet itk
a4 GAo] Wstshe Zo® AR UTHAk-
snes and Njaa, 1981; Wdzieczak et al. 1981,
Gabryedak et d. 1983). 7= Fol] =25 FHo,
dfylol Bl sHibge] =E¥ o]Folx SOD
9 CAT 84 @Ao] Z7tE+= 02 H o]
S1tHDedrgas et a, 1996; Zikic et a, 2001; Basha
and Rani, 2003). & Ao AE H202 A A
SOD, 3 CAT aAagdo]l AAsH S7Hee
A3 Jebligleh o8 g Ade H02 A2+
Oe Ld=4 53 2ol 4 ik /=
2 A e, o7 =4 W 4ksh4

FS fate Ao g AzbE o] AT

HSP70S = oA 9= g7 gz A

AT 26

Aol £4, S A, whude] b g
A$E F+rtHLandry and Gierasch, 1994; Wynn
etd. 1994). &3k IF4 T 2EH 2 fie
Hol ZEYAERY fiE g e W &
e Wolske 7lse gtk ol g HSP-70
FH B AR kE EE 2EH 2 A

, H]Z4&, B-ngphthoflavone
(BNF), dimethylbenz[d)anthracene (DMBA), =2
&l 3 phenoxyethanol 5-2] s}shadol 713k
wEE 734 wdo] F7HEE Ao FeiA 9
THWeber and Janz, 2001; Weber et d. 2002; Zarate
and Bradley, 2003). & A A= H2029] <FS-
el oJsl HSP70 @& o] Z7= At ol st
AFAE & W HO2 A2]= ool ol A
W slshd ~EfARE Agete Zo® A7t
o7t} 'EE HSP70 mMRNA & oko)] 9lojx %
7t S vERlo], HaOzell o]s HSP
7090 o] F7hEo] AYAY woi7)zhe] dgh

I

o7 Z-g3Tal AekEnh 22y mRNAS)
7h= HSPT0 e o] S7hH T ERtste], v
H2029] T oAl= tranddione] Zujutoez =
7FE HSP709] 8.8 Z538HAY, 1 ode]
Qo] =73 EW transcription?] A S
X8kl mRNAS] TS SV 7hs/d o]
A

flo o

L
Age g el HMIE M9 2EH AR
Aoz oo Wi WejrjHow i)

849 SOD % CAT 84 Aol Zrte= A
° 7 FohEn) w3k 23480 2 HSP-70 v R
AAJsle] ~EF 2o ofg Al U] T o]

o ot
o A

J x](Paralichthys olivaceus) =
2(H09) A 25 =0l wE A

el Aje] Hetgeietd wsl, siis @ @
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