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Chronic Effects of Copper on Antioxidant Enzymes and Acetylcholines-
terase Activities in Rock bream Oplegnathus fasciatus
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A laboratory experiment was conducted to determine chronic effects of waterborne copper exposure on rock bream
Oplegnathus tasciatus using a panel of enzymes. The activities of the following biochemical biomarkers were deter-
mined at different concentrations of CuSO, for 10 and 20 days: alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and lactate dehydrogenase (LDH) in plasma; antioxidant enzymes including glutathione (GSH),
superoxide dismutase (SOD) and glutathione peroxidase (GPx) in liver and gills; and acethylcholinesterase (AChE)
in brain and muscle. After exposure to two CuSO, concentrations (200 and 400 ug/L), the activities of plasma ALT in
the fish showed a tendency to increase with AST and LDH, depending on CuSO, concentration. Additionally, GSH
levels and SOD activities significantly increased, depending on CuSO, concentrations in liver and gills. This involved
the inactivation of reactive molecules formed during oxidative stress, which could provide protection against oxida-
tive damage induced by CuSO,. However, GPx and AChE activities significantly decreased with CuSO, in liver and
gills. In conclusion, these enzymes may represent convenient biomarkers for monitoring heavy metal pollution in
coastal areas. Such chronic exposure studies are necessary for improving our understanding of complementary or
deleterious effects of pollutants, and for developing metal toxicity biomarkers.
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Z|oll ] (Copper)= A o] F2Hg= oA 9 ot
A L5gor 7 w7t B2E QX9 Xiuling et al., 2012), ©]
ARE LA AA E=, HA] HEAQ} oFolAo] A 9
AxA| 2 FHELATHA AREElo] Al 5ol A&Eo] Sttt
(Tucker, 1985; Clark, 1996). =] Zafi9t a4~ 9] 18] =
= 031-0.9 pg/L, B H B0l AL 253-92.3 ug/g® & ZAME|Q)
11, == Crassostrea gigas)©| A1 2] A&5=A(BCF)=
Zl=ERobE 2] =2 2808612 ZAFE$ith(Lee and Kim,
2000). T2k 455 50| hoka A B3 w8 el

S NjRE4 0.7 o] £l Sl E NS U BT R
Tolsid, A U] SR A A0 BZQIAZA A
fA]o @ 3lck(Sanchez et al., 2005). 3}H4]
FEE dolAH o] {FE TSSOl
& UHSHE AOR PelA Qo0 Ba oyl S
13 79 A7} 5ol lelsle] off 9 717e] HA}
Qo713 4 A 97 L AR F AR A
ZtH(Carvalho and Fernandes, 2005; Park et al., 2009; Shin
etal,, 2013). wHebA], H]ALA] 2] S o] Lejof T A 07 -E
HE ), o] 7] A EAHSE dotE 4= ¢l= biomarker

of| &gt A-7} H 2 skth(Vieira et al., 2009).
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T3k 2] o] o3t e 7Mool of ] ZHA] Kd
o] A A E]+=d], 21 F = superoxide (02+), hydroxyl (OH-)
2 peryoxyl (ROO-)¥} -2 A AEAF(ROS, reactive oxygen
species) S e sHA WAYAIA A 5A4S FEgh= Aol
(Linde et al., 2005). A3 W glutathione (GSH)2} Ags}
= 7Y AL AEZ Y GSH 1172 =2 st 2] 54
9] T t}2 7] o] (Maracine and Segner, 1998), glutathione
peroxidase (GPx), glutathione reductase (GR)¥} 22 GSH-
independent antioxidant €4 ¥ superoxide dismutase (SOD),
catalase (CAT)&} 22 antioxidant enzymes®] 24 52 E3t
T-2] £4 71437} =] o] 2lH(Gaetke and Chow, 2003).

GSH+= Al|2zol Al ROSELE A5 A 0 &2 H-3-slo] H5A4d=29
YA} 8 5 3] Trojel BAZ, ROSEEF ok} o] 5
of ta} 4HEThE Hhg slol HEo] wol 7)ol chiwo g 2}
231K Dringen et al., 2000). Al Woj] ROS ¥4 A], GSH=
2 GPx9l| J3} 4] glutathione disulfide (GSSG)= A+3}=| 11,
GSSG+ GRef| 9J3|A4 t}A] GSHZ 3+ %+ redox cycleS
Sl 73l 2 323 (conjugation) 2} of] I3}l glutathione
S-transferase (GST)2} 22 A49] =2-3 ol AA]| 9|2 u
A AZIcE o] gt A3 A HEK biotransformation) 2H-&- 5510
T3 2 A =) 2] 58F ROS+= DNA, RNA 9 chel 2.8 &~
ZHAIA Aol A zret 5442 23kt Liu et al., 2005).

Acetylcholinesterase (AChE)«= dF5=9] AlAA= A
EHE A Fd LA=Hol QeA e FrEs 8o
7]of sk ol et 27174 KA &= ARE-F o] tth(Kramer,
1994). 53] /71 9aA19} 7Huto| EA| 5-oFo] o]sf 2Hdo]
A= Ao r dHA o, Tasol LHH A9 s
AE A %= cholinesterase®] A|3l|7} 2 11¥ v QItH(Devi and
Fingerman, 1995; Guilhermino et al., 1998; Diamantino et al.,
2003). E3F, 2] 0|72 AChE &40l 3k v|A 54
74 d FugAA S A=5to] ol dlee 2Rtk Halet
7 AChEw 2] k=0l whet f-03 84 ¥skE Ho| &
23} biomarker= €& 7127} Qlth= ® 17} QItk(Shin et al.,
2003; Gioda et al., 2013).

oA 7 A= gl 8 4SS S5 (Oplegnathus fas-
ciatus)ol| TRt 2] 9] R kS Lotk 7| flsiA EH, 71,
op7fm], x| 9 TS0l A Fte] ST ¥ Qe 49 aas
o] B& Al

ERTRTS

A=
= ot Addd 2o A 45 ol =4 Al F
AYZA7E gl A7 AREA, 12.14£1.03 cm; A=,
33.78£1.74 g)S Adste] Aolrd 120f2) 4 =gste] A9

o} 54 3l AchE 29| Ho} 875

sttt
Sk

AL F2AR20E1T)oNA F24=2(50 x28 X 31 cm)=
ARgste] 1dutch AEgolS walshs 34 08 AAIEHY]

31, A 2 A2 Table 13} ek A 842 Copper (11) sulfate
minimum 99% (CuSO,, Sigma-Aldrich Co. LLC)E e
o &3l A]7 stock solutionS TH= &, o3| 2 5|4 5)0] 1
55712210, 200 2 400 ug/Lo] HE= AAsAT B
& 7 w20 109 3 2097F l=EA]X1 -, heparin-Na (5,000
LU., S2A )& A 23t A& ol-8-3ho] n] it ol 4] 2|
2k o7, v 9 52 AEshoinh BE AY-2 23]

>~ qu
£

YR BN 1417 B 2] YA F, 4T 6,000

iitetg A 3 AChE &4

2tk opztulof A= 4kt 242(GSH, GPx, SOD)E, ¢}
ol 4 AChE®] /& HES}7| flsto] th5at 2ol x1gyst
Art. &3t 7+ 7] washing buffer (0.1 M KCl, pH 7.4)&
Al# 3, homogenizing buffer (0.1 M K.HPO,, 0.15 M KCl,
I mM DTT, 1 mM EDTA, 1 mM PMSF, pH 7.8)& ©o]&3}
o] Teflon-glass homogenizer (099CK4224, Glass-Col, Ger-
many) =2 FASSFACE 22 FA LS 4T oA 12,000 g2 25
21 A 2ot AeHe A 24 A7 T5ToA B
sk

GSH #2F-2 Richardson and Murphy (1975)2] ¥ o] &J5}
o] 2431t LATFS] AlZ ol working solution (0.01 M 35,

Table 1. The chemical components of seawater and experimental
condition used in the experiments

Test parameters Value

Culture type Renewal 24h toxicity test
Temperature (°C) 20.0+1

pH 8.120.5

Salinity (%o) 33.5£0.6
Dissolved oxygen (mg/L) 7.140.3
Chemical oxygen demand (mg/L)  1.13+0.1
Ammonia (mg/L) 12.5+0.7
Nitrite (mg/L) 1.310.3
Nitrate (mg/L) 11.48+1.0
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5'-dithiobis, 2-nitrobenzoic acid (DTNB), 0.1 M PBS buffer,
pH 8.0)& #718lo] E33-3= A (Zenyth 200, Anthos Labtec
Instruments Gmbh, Austria)E AF8-5}0] 412 nmoj| 4] 43}
4t GSH g AlAR2 10 nM reduced glutathione standard
solution& ARE-3F S o]--5k3iTt.

GPx 4 T4 Belletal. (1985)2] B W o & =435}
3L, HO, 5 7|4 &, sodium axideE catalase 4| 4| = AR
SFATE Al&o] 1 mM GSH, 0.1 M NADPH, 0.5 U glutathione
reducatase, 1 mM EDTA, 2 mM sodium azide & 50 mM ¢l
4HeHs-8-H(pH 7.4)0] 23k E-8-HE 7Fskar 587 20T
o4 QY AIZ 3, 2.5 mM H,0,2 H7Fakat A1 ukgo] A
2] 9Tt NADPH7F 4Fhe] = H]&-2 340 nmof| 4] 42 &<t
20z T2 S48 a1, T+ nmol/ min/ mg protein®]t}.

SOD 42 A|ZE 0.1M PBS buffer2 3]45}0] A|THE=
SOD assay kit (WST, Dojindo Labs. Co. Japan)Z 450 nm]|
A 24314t SOD 1 unit> WST (2-(4-lodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophynyl)-2H-terazolium, monoso-
dium salt)®] 5-3&-2 50% JA|5l= Cu, Zn-SODL] o|t}.

AChE 242 Ellman (1961)9] 3HS 7|22 ate] Hag
oz SAsIth A RE a4 54 e W= 50 mM Tris-
HCl buffer (pH 7.5)°] #43] 3|43t %, 1.875 mM DTNBS
E3lslo] 7]- 2 8.25 mM Acethylcolinesterase iodideS -2
5 ZA] 34 412 nmof A 587 2489,

Protein

B AFAS A
o
Qo 23

o
g B Aalo] st BAIER 72142 SPSS T4 T2
2(SPSS Inc.)S ©]-8-35F0] ANOVA testE AA|31aL, AR A
© & Duncan’s multiple range testS 53f P<0.05Y o 2143
o] Gk A0 7751,

M

i - U k-
2 Lo A E5(0. fasciatus)o| A TL2] Q] THIA =20
w2 o] 7o) e B W3S ulefdl 4= Q1= biomarker A}
£ 9lsll @7 ma @ 2k oprfulof A O] fHAkS} B 49 o
ol 4 2] AChE®] /& S7dstqitt. o dtof mh=
2lo] ot S50] 24417 YA ARSE(LC, )= 1. 73 mglL,
vo}(Oplegnathus fasciatusy= 1.03 mg/L, B2 three-
spined stickleback (Gasterosteus aculeatus L.)-2-2.78 mg/L %1
tH(Park and Kim, 1979; Svecevicius and Vosyliene, 1996). =
Ao A= 71E AR} o H| A S v 2 g 2] e
=S §I5H0] T 25 2002+ 400 ng/L 2 A2 g sto] sl
A A HES Tas5 =3 Al WEA ¥-gsh=d], o™
Hsh= Sa5ol s d o RO A 1 7T ol H =28
7] &2 efnlshr] wlzell ofFellA dolsha] At 2h ol
LY FEe HAISHE 837 ez o] 85 AL JItH Witters
al,, 1990). & AtollAl, FHejof| leEH & EH O aad
/g #&2 Table 29 YERH ITh ALT (KU) 8442 =5 20
A, 200 ug/L ARGE Al Qstale Be APTolA s 7|17t
I} geof EA o & tfzTto] Hsto] f-o5HA & BAE
HATHP<0.05). AST (KU)X= ALT} ARSHA| 2]l kgl
H= ATl gzt vlste] foahA w2 e HAL
LH(P<0.05), =% 717+ 2 Feof w2 23k Aol = ¥ 4]
ottt 18U, &3¢ €% LDH (IUL) 872 94| k=2 20
Aol 400 pg/L Aol At tfzTof Hlsto] 251 3=
2 ZH& R tK(Table 2). &4 U] 24201 ALT2FAST= )
o B8 o] aholul Al B il S8 o
Fe 510, AR 20 Bl nlge EAjsi, 1), 4
b9l 280] 273H Sabol} oA A B v ol
A= A 0.2 oA 9lo, of 5ol Qo] S48 o] et mue
2 X2 ARE-E] 3 Qltk(Blasco and Puppo, 1999). & 510
A B3l dF ALTFAST S7He ]9} 2ol 2] 9] vhd 4] 1=
2o] of3t o] ]| 2B o] Yelofeka Theker,

LDHY: AL 2afaha Aot fia, A Ag wet

@
=
—_
=)

oX, ok
=

fr

Table 2. Changes of plasma enzymes parameter of rock bream Oplegnathus fasciatus exposed to Cu for 10 and 20 days.

Copper concentrations (ug/L)

Parameters Exposure time (days)
Control 200 400
10 56.04+8.322 60.34+7.192 88.29+8.64
ALT (KU)
20 55.78+4.482 78.88+2.32° 92.14+5.75¢
10 32.31+2.88°2 39.98+2.58° 44.21+4.32°
AST (KU)
20 31.50+1.49° 38.77+3.75° 45.59+4.12°
10 105.43+7.4° 117.79£12.9% 125.99+11.12
LDH (IU/L)
20 107.7515.22 128.37+14.0% 132.659.3°

Values are mean+S.E. Values with different superscript are significantly different (P<0.05) as determined by Duncan’s multiple range test

(n=12).
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= o BAE Zate® QIS FA9| 4SS Alofsk= 7E
= ohw, ool ofsf ol | A Ak A zof o)fe] WAd
49 71 gHAJo] HBhh(Vieira et al., 2009). & A7 Ak} &
AFsH|, e sl|Ak o] %0l ZulE2(Sebastes schlegeli)ol A=
21100 % 200 pg/L) == JsijA LDH &do] -4JsHA
57151 th(Baeck et al., 2014). E3F, 7142021 ©-5-o|(Poma-
toschistus microps)l| A+ 5-2]LDH (U/mg protein)7} 2]
(200 2 400 pug/L) 2 2225 2 50 ug/L)o] elaiA] G-2]a1A)
7V, ol e lZof Qg AEHY A Aol A oA
WA F E71H AR ALe] £712 elulgitha sl g
th(Vieira etal., 2009). ZL2{L}, 0|5 o]0 tjgt 2| 9] k= %7]
7hE g2 4ol gl o, 2 AtolA= =F 717tko] 1091} 20
A= 79}goliE B7511 LDHIHS] 27} Aol A4
B2 UERd AS 50 & off, v A e] Aol gt specific
biomarker=2#] 9] 7H5A3-& AAE 4= Q1S Flo]Th,

T8 =Eof 93t ZA4L2 oxidative stressE Sl pro-
oxidant®} antioxidant AT Q] Ew& 1} Aol JATh(Liu et
al., 2005). o] 7ol A, F-efofl &gt oxidative stress= FA] 71 &
o}e} J ool Al B oty v} QIth(Niyogi et al., 2006; Gert et al.,
2002). +2]o €]t oxidative stresst dietary, waterborne S
< injection¥} o] =& F2E G| 9|k fego| Ha At
(Lushchak, 2011). o]} Zro| Z<40f 93} free radical ¥} oxi-
dative stress HF-3-2 redox cycling& 5412 2 GSH ¥ SOD2}
-2 antioxidant defense systemof| A Tl 3| A @o] HA-Lx]of 2F
TH(Valavanidis et al., 2006). & Ao A= 2] 9] Aksha] ~AE
gl 2ol tRk 4] A7) = 7t ofrue] & A Elskgl om, 71 A,
o}7}m] 2] GSH, SOD ¥ GPx, 25 7oA B o 5hgo
HAARE, G| gl whE Ed WRS A Lol A oF frAlst
HCH(Fig.1-3). T3F, 2 5ol Al Hibsl & 4 2H4 of ¥k} 7t
ol A= =F 20420l -of3HA Urehd A Blsf ofru]of| A=
=E 109340] % ©f e Uehd 22, waterborne =3 A], -
28] 38 2 7= 1t op7hu] o] Aut, =8 F A 27} o}
7GRt opel, Fe| & Q1% ofrbu]| ub Ak wiEel A
0 2 Al Et(Campbell et al., 1999; Tao et al., 2000; Handy,
2003). t]=2-°] Bopp et al. (2008)2 FA] 7] 4:01(O. mykiss)2]
of7fu] Alzzof| A te]of oJgt Ak AEY A0 AutE ROS
2FA 3} lipid peroxidation @ DNA 44 B 113} v} 9},

GSH+ A A Y] free radical scavenger©] A} SASHA| 2 S
4 =F A 55 8E U= 523 X324, redox reac-
tion& 7511, ROSSH 21914 B o] tia] ofal Zg
oI3F-S- ShcH(White et al., 2003). £ QLo A= =3 2094,
200 pg/L AFG-E AlQlstar, 2o eEH Be Ao &
=9 2k} oprfmfof A GSHE| ] Feofl whE /23t S7H7t
T I HFig. 1). o= thE of%9l ZulEeK(S. schlegeli)
3} 5-0](Carassius auratus)©f| A 2} F-AFsH 2 12 (Baeck, 2012;
Liu et al., 2005), &5 A= F-2]of| 2Jste] HAYE ROSE A

)

o} 54 3l AchE 29| Ho} 877

= 10 days c ¢ A
'© 300 [ 20 days l
g
2 250 i
— ab
o
3 200 f a a
@2
%’ 150
£
I 100}
%)
10}

50

0 , , ,

0 200 400

100 | 5 ¢
= bc
c
: I
g 8ot
g’ b
3 T

60 -
3 a
L2 a
§ 40 | a
£
5 20t
10)

O 1 1

0 200 400

Concentrations of Copper (ug/L)

Fig. 1. Glutathione (GSH) levels in liver (A) and gill (B) of Rock
bream Oplegnathus fasciatus exposed to copper for 10 and 20
days. Vertical bar denotes one standard deviation of the mean. Dif-
ferent letters indicate significant difference (P<0.05) between the
groups (n=12).

As}7] $1sto] GSH 440l %71 1 Ao AR ojgo)
rol A Fasol 2gt GSHE| F7h= 712 amino-acid sub-
strates S-7& 571k AR 50 B4 STt ot e
=, 53], 1413} mHgo] 243t | o GSH7} H< Zash|

Folgtal dHA Jth(Gallagher et al., 1992; Maracine and
Segner, 1998). E3F, Zhang et al. (2005)%= +-2](5-250 pg/L)
of leZ¥l B0}(C. auratus)o| Al GSH T4 S712 53f Zu|gt
4et AE g 2of 2-3517] 913t HlAYE S = GSH g] 5
7k 4= Qlokar Harshgic)

Fele, Qe AAUEo] Wil AL oy, GSHet 2
Fato] wek ebgajel Wefel GS-Cull) RS F4oh= A
o2 e glon, F& FEe 72 kd 270l GSHL
=7 At B vl Qi (Conners and Ringwood,
2000). o5 Aol A, o] 23 GSHE] 7+4~= GSH regenerat-
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Fig. 2. Superoxide dismutase (SOD) activities in liver (A) and gill
(B) of Rock bream, Oplegnathus fasciatus exposed to copper for
10 and 20 days. Vertical bar denotes one standard deviation of the
mean. Different letters indicate significant difference (P<0.05) be-
tween the groups (n=12).

ing system (GSH reductase, GSH synthetase)©o] &S 431
7Fs e AAeHH, = Feo] wE ¥t F5513tHCa-
nesi et al., 1999; Sanchez et al., 2005). 38, 42| 2} GSHS] &
34121 GS-Cu(l)o]] &Jafj 4= ROS7} A =1, o]= & SOD
9 cytochrome oxidase®?} 22 E T2 metalloenzymes?] 3t
A& XA ZIckal ok (Freedman et al., 1989).

2 Aol A Bl F] eEol thE &m0 1H ofrir| o)A
9] SOD®] F7}He o€} -2 wgtoflA] sl 4= §l& Zlolt}.
Tl leEH S5 TtolA= e s B e 7|7l T
SOD®| S717F HAE AL, o7 Hof| A = F e B ks 7|7t
= AEglo] o =S Be ARTolA ot SHE B
S thFig. 2). SOD+= CAT, GPx 4 GSHE £§lsto] S2%
o] oJaf W=l ROSO|| that A HA Hho] A © & A, superoxide
¢} hydrogen peroxideE Al 7 o= 9 &S @3tk (Hayes and

R
250
Il 10 days
A a =1 20 days

— a a
£ 200 :|_ a
° I
g 150
€
€
= b
é 100 b
&
o

50 b

0 1 1 1

0 200 400

20
5
e 15 a T a
<]
o
(o))
<
£ b
E w0t
E b
£
g c
O 5t ‘J_‘

0 . . .
200 400

0

Concentrations of Copper (ug/L)

Fig. 3. Glutathione peroxidase (GPx) activities in liver (A) and gill
(B) of Rock bream, Oplegnathus fasciatus exposed to copper for
10 and 20 days. Vertical bar denotes one standard deviation of the
mean. Different letters indicate significant difference (P<0.05) be-
tween the groups (n=12).

McLellan, 1999). Hansen et al. (2006)%= brown trout (Salmo
trutta) 73} ol 7] ol A] 2] 1= A, A SODSHCAT 2]
Z7}E]H, 0]30]] GR¥} metallothionein®] -&-FE ch1l X 113}
Atk E3E FA7)E0)(O. niloticus)o)| A= 2o B4 (4841
203k §H(209) =% A SOD o] Z7Hskic At
and Canli, 2010).

GPx=H OZE 2aliste] H 09} 0,= e g4 82 GPx7}
32 welaly] YA GSHE RR2 50, H,0,5 23
= L}ﬂ 21 redox-cycleo]| 4] antioxidant enzymes 2.2 4] 2] 1

7]%5-Z SFcH(Winston and Giulio, 1991). & d1Lof A 2] o]
L %%4 7+ d of7jujof A GPx:= 748 th(Fig. 3). ©]
3t Gae e E 5k 9 e E 7|t wheh B2 7R3 E S e
4], o= X207 ”‘ 2 ]2 o] 2o A &= {A}eE A ko] tHOssola et

al., 1

Nel

97; Zhang et al., 2000; Ahmad and Santos, 2004; Baeck,
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2012). GPx+= GR¥} 317 GSH2| 4k}, 29l 1p7gof] a3k 3
Abel g4, 4] o] g GRE 74 oxidized GSHS!
GSSG9| %48 H=3HHZhang et al., 2005). & Lo A],
GSH7} 5715t A o2 Hol GRY} IR &2 GPxo] 74 E
gk GSHY A3k FaAlA 2hed% (reduced) GSHE] %21
Grste] B2 HAFA Q] redox cyclingS Wal5lAS AL
2 AR

A A 2 A Ao FHSHA EA 5tz AChE:= 5
S Lx AFANA Fagt AFAGEAR, 2| o FollA
= 5N =EEHUS A Lol HaEHeE AR g
4], 41735/ oll tht biomarker=2 4] A|QHE B} Q1TH(Shin et
al., 2003; Modesto and Martinez, 2010). = Ao A, 552
AChE®] ZA-L Yol A= 40+522, 259 25+1.2 nmol/
min/mg protein®=t} oF 1.68] A% =Qth(Fig. 4). o] A ¢

504
a a
l A
40
c
5 b
Q
2 b b
o
2 30- l
=
€
g 20
£
w
S
<
10
0
0 200 400
50
I 10 days
B [ 20 days
40
c
5
o
[=%
g 30+ a a a
= ab
S b
g 20- b
0
S
<
10
0
0 200 400

Concentrations of Copper (ug/L)

Fig. 4. Acethylcholinesterase (AchE) activities in brain (A) and
muscle (B) of Rock bream, Oplegnathus fasciatus exposed to cop-
per for 10 and 20 days. Vertical bar denotes one standard devia-
tion of the mean. Different letters indicate significant difference
(P<0.05) between the groups (n=12).

A= E5 22 50153l A (Pagrus majon) 2| ot 59
A ZAHE HEebE F-ARSF THKIm, 2013). 1 AtolAl, 7-e] o]
5% &350 AChE 42 AR A1} HollA= =% 10Y
AHEE o3k Zarh R LAl TSl A= 204 Aol 12
ok ra7h A E IKFig. 4). o9k AR cadmiumof] =3
%l AEroi(Seriola dumerili)@} A ZA| o] ‘=5 21| 7| (Rham-
dia quelen)®l %= AChE2] 20| §-9JsHA| Zhago] Bk
Qlt}(Jebali, 2006; Miron et al., 2005). E3}, <AF2](Oryzias
latipes)°| Al F-2] =0l oA e F-old A=A S|
T, waoll Al A4 Erdo] k= ARk T v ARl 9
o] 2% vl: Qltk(Shin et al., 2003). ]2} 2+ AChE <]
Alol| w2 acetylcholine®] F7H= 79| 444] 9 35of o]
= fraste] o] 2714 218 4= Slth(Bretaud, 2000). 1
21}, gilthead seabream (Sparus auratus)of| 41+ 500 pg/L 72
o] 2097t leZ &, AChES] &/ 0] k| e} TH50f| 4] 2l 0]/
S7HE B, A2k T 7|l A 2] o] o)A Ql 42
2| 2] ¢hSk oLt AChES] /4t Z71gt 21 0.2 Kol @ 47|
2l Z13Hd (affinity) S-7}oll 27} o]l 2] 9] TS A|gk
3} tHRomani et al., 2003). 3R, L2 & E35I0] 4
ezl whE AChE®] #3t AA-H= wlH| 67 o] AChE * 3]
A2 &H A tetrodotoxin (Shin et al., 2003) 5= o]-&3alo] 1
of Bulg 7S SiF A7} Was Aol

o1AFe] ol mE yhg A o) o] it BEe) AR &
2eb it aa Y AR EE 249 He2 At &
ol tiek U B RO o= o] 8 = QIS A O R AR E
o, AR} 4o QlojA = =50 7HETE ofu 2} o7t e 3
& HEUEH O Az 2H 7HA]7F )l A o= TeE T

Al AL

B o= BAg sk 242 8k 91 “E5-9] acetylcho-
linesterase W AFg}E A0 vz SAAEAY] & (Project
Number C-D-2013-0351) 2] x| o] oal| =3 =] 9151 Tt
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