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ABSTRACT

This study was carried out with the detection for multiresidue of the organophosphorus pesticides such as
malathion, parathion, diazinon, and carbamate pesticide such as carbaryl, by enzyme—inhibition method. The
acetyicholinesterase (AChE) and cholinesterase (ChE) activities in chicken brain determined by the Ellman’s
method were 166.6 and 5.8 pmol/min/g protein, and in chicken plasma were 23.1 and 8.3 pmol/min/g protein,
respectively. The optimum pH of AChE and ChE was 8.2 and 7.8, respectively. The Km of AChE and ChE
was 0.034 and 0.045 mM, respectively. Iso for AChE and ChE by some organophosphorus was 55.82 and 99.42
mg/L of malathion, 31.16 and 29.13 mg/L of parathion, and 17.89 and 19.62 mg/L of diazinon, respectively. Isp
for AChE and ChE by carbaryl of carbamate was 0.10 and 0.05 mg/L, respectively. The 0.07 mg/L of drinking
water advisory level for carbaryl could be detected with Isy of AChE and ChE. Enzyme~Inhibition (EI) method
with AChE and ChE was used the multiresidue method to detect the 1 mg/L of the carbamate pesticides.

Key words : Multiresidue method, Enzyme inhibition, Bioindicators, Acetylcholinesterase, Cholinesterase,
Organophosphorus pesticides, Carbamate pesticides.

Mo B

#7BA 8 F Fo AFFE A dele
F OERS BHTA ATHe) AUk ok WY
224 (SRM, Single-Residue Methods)# o}
¥ AFEA4H (MRM, Multiresidue Method).o 2
FREC B BFEYS Sk BF FA
* To whom correspondence should be addressed.

Tel: 82-53-819-1416, E-mail: kim@ik.ac kr

Al g AR Foe ARRASE AFEA
Wolvh. o2 AFENYL 37N FA T
AEyc e oA R ke HE: & 4 Qe 3
FEA Y o]} (Abad et al., 1998; Bachmann and
Schmid, 1999; Bachmann et al., 2000). A% A5
2ol ) AF S AP 84 A=
o ZATHE wool AN A4 ¥EE 2T
o e} SE AFEAWS AF ok 2A
HAde] TFH ol FDAE w3 ©e B4 7|3
< AE AFEMYes pof AFeke AGR

—265 —



266 KOR. J. ENVIRON. TOXICOL.

A7) Aol Fo7 Mg FlA AF FHE =
3 Algrt AEAE deotrs] $43 A =2
Hol| s AT AR AFEHEE 25
o] 43t}

AR AFEMYES o438 AF o A
< ¥l AFHLV|EIY WA 7|EE 23
of EAs=rtE way s #AE 4 Qg
(Saul et al., 1995). o|2] &t H4> /) ALg &
Mg 7)o A AXEE AR AREAYHe
2x 54U Y9EMY, Cholinesterase 2% 8] A1
¥ o] 9]t} 7|4} cholinesterase &4 A3 A
YL $719A == carbamated] AEAE FA
3= "} o]} (Evtugyn et al., 1996; Ghindilis et al.,
1996; Mionetto et al., 1994).

AANY] gL ZAELS e 28 gk
& WErl #7124 9 carbamate#) 522 acetyl-
cholinesterase 84-& A&tz AA7% 3
A= 24314 "o} (Eto, 1974; Kuhr, 1977). 2173 A
ZEA FolA 53] acetylcholined 7Hp¥-sfdh=
FA4AE acetylcholinesterase (E.C. 3.1.1.7., AChE,
specific cholinesterase, truecholinesterase, redcell
cholinesterase)®} cholinesterase (E.C. 3.1.1.8., ChE,
nonspecific cholinesterase, pseudocholinesterase, se-
rum cholinesterase)7} 1t} (Bergmeyer, 1984). $-7]
A 2 carbamated] 5-2k2] 79 AChE ¥ ChE<¢}
H43ne, olF BAE FHE AE T 4 AU
biosensorZ. o]-4 ¥ 4 gl& Zlo|t}(Aprea ef al.,
2002).

EAE o4 SR BREAYE e, )
717 Ay mo gddes A¥Agel 2w
3 e A2 W Al AAE 2e 4
(Collier et al., 2002). in vitro 27| A] AChE$%}
ChEE ©] 83 a4As|H& §7]2A9} carbamate
A ot A2 1ol ol4eEh o E ool
g% WA PR SHE AED o4 5 3o
B2 o)t Bope) AR A Yo £
I )t (vanov et al., 2002).

A = B HAeyel 93 H= B 4750
A Feko gy AAASNAN &3 f71UAA B
%3} carbamated] goF9] H471EE AAstT Q)
o} $712A <o 2= malathione] 0.25 mg/L,
parathion& 0.06 mg/L, diazinon& 0.02 mg/L& 4
2 33 FA8kR slv}. Carbamated] 5-0F o 23+
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carbaryl /1A 5k A8l Q=4 0.07 mg/L&
2 X3 sk U (3AR, 2002). He B 43
71N AR e $71942} carbamate ]
okl EHA BMel UM maAsges o
e 27)el 43 whaw P32 4 97 dE
o], enzyme inhibition7)&-& 7§sl W oAl =7
LTFE38) T} in vitro 274 enzyme inhibition
Wiez 2% 72+ §7]UA ¢ carbamateA]
%% AChE ¥ ChEZA Asiele] #AE £7)
A B carbamateA] gkl AE 7Y Al $
£ 4 oo

AChE$} ChE€& o}£3]4] Reybier 5 (2002)
potentiometric ChE biosensorsZ-, Gulla 5 (2002)-&-
amperometric ChE biosensors&-, Dzyadevych %
(2002)-8- conductomeric ChE biosensorsel] &3] 2
213} Collier 5 (2002)-2- ChE biosensors2 o]
B3)A oke] "ol k7% diazinon3} chlorfenvinp-
hos 52 #7]1AA5kE A3} Albareda 5
(2001)3} Dzyadevych®} Chovelon (2002)-2 AChE
9} ChEE o] 43 A& FAAYoz & FoA §7)
AA FoF3 carbamated] oFe] &) s B
2 vl ok 3y 2aANYE o] 43 -85
3 47]% AA *<Fel malathion, parathion, diazin-
onz} carbarylel] Pha 97 239 w} gch

metd & dFollAl= AChES} ChES o] 43
aAHH o2 3845 FHEIE AANA A=
F71QA % carbamateA| 2] zoke] AR HE7)
W& AEsnA 3

W

1. B3Aset % SE

2 g7l A" #7104 39S malathion
[S-1, 2-bis (ethoxycarbonyl)ethyl O, O—dimethyl
phosphorodithioate], parathion [O-4-nitrophenyl O,
O~diethyl phosphorothioate}3} diazinon [0-2-iso-
propyl-6-methylpyrimidin-4-yl O, O-diethyl pho-
sphorothioate]-& €}3}¢3c}. Carbamated] »oFe
carbaryl [1-naphthyl methylcarbamate] & #)3}%c}
(Tomlin, 2000). FAg-S oA FAaolA Hof
W g Z2I(EE 99.9% o|AhH& acetoneol] -4-348}
of A4
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FAEEE 28} 3 195 Wobe] (Hy-Line W-
77, mail) FoIA 43~47 g H= AT AAE AL
23t

a4 gyE 3

AChE ¥ ChE &A% X2
e b e \;}__,,} 7ol 3l9dot. AChE &4y
< AFEEY H ARE e AArEEE8 (0.1
M, pH 8.2)& —r*ﬂ-fl 2“H A7vsla #3353 o8
15,000 rpm (4°C) 2.2 2087+ 94 223 ¥ A%
4& A}-4-319let. ChE &40 A58 AHRE
A3l heparino 2 A2 4Ll A&
AT F, o] 2 3000rpme =2 20%-7E AA4)E-e)st
o AFdad AL A3

713 2% acetylthiocholine iodide (0.075 M)3}
butyrylthiocholine iodide (0.075 M)2 A}-g-3}¢i}
BAPA SALE 25°ColA JAHEE (0.1 M,
AChEX:= pH 8.2, ChEx pH 7.8) 3mL, 7]1A 501L,
dithiobisnitrobenzoic acid (DTNB 0.01 M) 50 puLo
T4 S0uLg 713k} 12 & cholind} DTNB#}
Zgtsle] PYAIEl 5-thio—2-nitrobezoate & spectro-
photometer (Shimdzu UV-200)2 412 nmo|Ay &3
st &4 A2 umol acetylthiocholine/min/g
- protein® 2 vjehliic}. «f7]A A g Lo-
wry 5(1957)¢] ubile] Fslgdon] RFEEL bov-
ine serum albumin (Sigma A])-& AM2-3}% v} pH 3
e QARGEE oA 2047 28 ¥ aAE
& FAsH

Ellman (1961) 5-¢]

3. oM ¥

AAHAS-8-4 (0.1 M) 3mLel]l &2 50ulst F
A2sekg 50 pL-g 7}31edv}. Enzyme-inhibitor ¥
A& YA shed Fad 227 4AEA 30
Foz 3jgled, 37°ColN 308 & &4 FA4HE
A3k 2T acetone® FUF H7MEA
o, 482 AHEL oL o] AAki

. A-B
Inhibition (%) = X 100

A7 Ax Hx7e &4 o0, By 5o
M2 Fe a2 et A& &2 vlue a2YA
2} 50%7F AsHAEd 2% vsd 9 y=d
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Isp.o2 %33}, plso= —1og Iso] v}

23 g n@

1. 54 g4z

Ellman 5 (1961)8] ul o=z »AChES} A
ChE 24 243 23 Table 13} 2} A 7]
A2 acetylthiocholine iodide$} butyrylthiocholine
iodided W &AZAL Zzt 166.67 umol/min/g
proteind} 5.80 umol/min/g proteino] gt} A ol A
L 7]|A & acetylthiocholine iodide2} butyrylthio-
choline iodide?d @} Z}z} 23.12 pmol/min/g protein
2} 8.32 umol/min/g protein o] e}, a}ebr] HoA=
butyrylthiocholine iodide 2.5} acetylthiocholine iodi-
deol] 7]A E-o]A}o] el Acetylcholinesterase

T AAzA, AT 2 ZF% Sl Skt A
73224 Q] acetylcholinesl] 7)ABo)Ade] glowm
2 AAA-AD] 283 9&e 3o} Cholinesterase
= 82 7 9 A Sel] €431 acetylcholine
of 71" 5e]de] gl o]l Heo FollA HY T
0E AL acetylcholinesterase (AChE)gtil 3},
Ao 9)+= A& cholinesterase (ChE)g} 3t} (Ber-

gmeyer, 1984).

Acetylcholine-2 AChE % ChEe| 2]s] 7}p5-s)
o] choline#} acetic acid2 o} «47]4] AChE 2
ChEg&Ale] &A-2 cholinee &A%+ Ellman
H (1961)°] ¢lt} Ellman*§-& 7|& 2 ARR-H acetyl-
thiocholino] 7}pE38)Ee] YA thiocholine&
dithiobisnitrobenzoic acid¢} ¥FS-AlA AAR 5-
thio-2-nitrobenzoic acid& W) A gsl= vl o]
o} Ellman-& AJ@wyo] viwd zhdep e

Table 1. Acetylcholinesterase and butyrylcholinesterase ac-
tivity in brain and plasma of chickens

Substrate
Acetylthiocholine Butyrylthiocholine
Tissue min;lgng‘lc{tein mml}L gn;)(irlétein
Brain 166.67 3.8V 5.80%0.35
Plasma 23.12+0.38 8.32+1.57
Yn=5, Mean+SD
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Azke) 24 4 91T Aok ¥ del & <
Fol Al ACKE 0 ChE %4 374o] A-315ic.

2. 549 84

QUARF4-A g ALS-3le] pHE 2AT S-ofeA
ChE®] A& #A =+ Fig 13 2o «7]4
AChE @ ChE®] #3 pH¥ 8.2} 7.8¢|¢lv}. wie}
4] AChE ¥ ChE &# 49 2] pH: 8.2¢} 782 3}
At

71A 3 &4 vFe45E Lineweaver—Burk plot
(Stryer, 1981)3}H Fig. 29} 2t} AChE ¥ ChE<]
Km-& z+7} 0.034¢} 0.045mM o] gt} of 7ol ] 3)
Az 7194 % Malathiong 5.00x 104M A
7}t A& & 2AFSEg Tl Malathion®] Isp2
AChE 9 ChEel|+ ztzt 1.69x 104 % 3.01 x 10-*
Mo| = (Table 2), 6| & 7|20 2 1.5~3u x5
e3}ech. A8 4] malathiono] 715 AChE+I
ChE+I12] Km& Z+7z} dg=¢ 3o} =2 0.052¢
0.048 mM o}l o] A7} ety

Yubd oz FAnkeS of AF Zo] &4}
714 o] ¥k-8-3lc} (Stryer, 1981).

E+S 2 ES »E+P

(E: 4~ S: 712, P: AAE)

714 AsfiA D7F A7EEE A A7 71" v
49 Ao o Z A$ AsAe} Aslo
'2A-A Al B3 (ED7}F Al =L

E+S+IZ2EI+S
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= 80f gg

2z 8
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Fig. 1. Effect of pH on the acetylcholinesterase and cholin-
esterase activity.
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Fig. 2. Lineweaver—Burk plot of the acetylcholinesterase
and cholinesterase activity.

old AsAl (D& HE37] A3 &2 A &&
A& 2> 9]=dl o]E Enzyme-Inhibition (EI)H
%‘——J %, 1991)¢]e} e} o7)A] Fig. 20 A{ 2}
o] ~,-,—7]°l¢1] =¢ko]] 2]3} AChE+I % ChE+I¢]
216117} vebste (Stryer, 1981).

Fr71d A5 carbamated] o2 F7|H4A
ouchs 3{7)70e] ®o}t AlAYE &4
AChES} ChES A3jste} Aej=Ale] Zhaich. meh
A] o]2&t AChE$} ChEE A& A& A
Z) & (Biomarker) 2. o]4-3d #7191 4%2F} car-
bamated] & A& 4 o (Varo et al., 2002).

r,-' m,d ;1'; -!l)t-

3. ®IIA s

§7191 4%k 2 malathion, parathion, diazinon
o] ple} as A=) WAL Fig 33 Agte
™, 471 AR Iso?} Kid= Table 28} 2t} plso
< 220 A=) 50%e2 ANSHeY o
A& A 2] log F=olt} Lso Fh2 BA] S =7} v
o2 AajEed 23 MaAY s=2 4, In kel
AE&45 Fhel 78 A7} Do Malathion,
parathion, diazinon®}] AChHE Iso 3t-2 Z+7+ 55.82,
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31.16 % 17.89 mg/L o] ¢l 31, ChE Isp k-2 99.42,
29.13 9 19.62 mg/Lo]glt}

f710A%5 % A P=S¥3} ALy P=
0oz FEFL & ed dWHoz P=S53]
P=03 ®tc} 1000~ 10000v] Ax ZAdo] <3}
(Eto, 1974). Malathion, parathion, diazinon-> =%
P=S380]|7] W fe] Iso Fto] ZA ehgton, car-
bamateA|Ql carbaryl®c} w]-$- =A eldo
(Table 2). H&= & =y 2 = & $47]
F9 2 malathion2 0.25 mg/L, parathion-2 0.06 mg
/L, diazinon-& 0.02 mg/L (37 %, 2002)2. & A3
o ]2} AChE$} ChEel]l i3 plsp2 HE B 43
7129 Heezid A ol M HE
E 4 7183 AR A8A B Are F
& 9 53 AL AX 5714 s AR ¥
=8 A I9E aaAEHEe A4E 5
=3 7HA&73=7} =2 potentiometric ChE biosen-
sors (Reybier et al., 2002), amperometric ChE bio-
sensors (Gulla er al., 2002), conductomeric ChE bio-
sensors (Dzyadevych et al., 2002)8} 712 HPH £ o]
gota et

$7121A2] AChES] ojat Ah87)7-8 AW uw,
AChE®] esteratic site®} anionic siteol] Z}z} §-7]¢l
A] pAAte}l A27)7F AEe] AArEIH =, o
+ oA JeEel 2 ©labstE oA AChE 84 3]
Fo] o]Foixirt. o]l €©lAlE} A o] wjp 2
A dof}r] W] o] A7} AChE &AA st
A7 ot ol d AL s vkl ez o
ebiE o3 3 (Eto, 1974).

XH POH

K
EH -+ PX o> EHpPX 25, pp £ THQpy
%
T |
ki X k
4714 Kiz—— (o] ¥4 $2ADE Aol &)
2

A& Yeplis e AR Lot A=
. 0.695
Ki=
IsoX T
71914 2= Kix Table 29} Z3}t}. AChEC| A
malathion2] Ki¥= 137 moles™! mim~!o]¢] 2, pala-
thion®] 73$ 216 moles™! mim~!°]™, diazinon-2
393 moles™! mim~' ¢] 3]t} o] 9} 7o) §-7]Q1A e

(T: ¥E-&-A1ZF 30%8) o} (Eto, 1974).

(A) Malathion

80

g sf=,
g3 0
%0
2 E 0 = AChE
8 20 e ChE
us
o .
3.5 4 4.5 5
plgo(M)
100 r
(B) Parathion
—~ 80 .-B
3‘5
g‘; 60
%0 =
33 -
2o ®F « AChE
gt a ChE
0
35 4 4.5 5
p]f,o(M)
100
g w| (O Diazinon
>
23 &
£3
E‘é 40
R o ChE
w
o .
3.5 4 4.6 5

Dlso(M)

Fig. 3. Inhibition of acetylcholinesterase and cholinesterase
activity on the organophosphorus pesticides, such as
(A)malathion, (B)parathion, and (C)diazinon.

of uie} Ki gkeo] zHzt o= A vepd 72 AChE
2] anionic site$} esteratic site?] ZA3A a2} UAS
g 53 7104 s Felo} A3 33} Aol
w Zolch & Ki ko] = AChEs} ChES| #4317
st $71904 sekae] A3E - AAA Hx, oje}
4} 21735 o] o] 7}l A}t (Matsumura, 1975).

4. Carbamate#| =of

Carbamate %-2fol] 43} carbaryl®] ple} &4
gd=ele] RAL Fig 49 Zgrer, 7|4 Ak
% Iso7} Kix Table 29} 7t}

CarbamateA] == AChE$} ChE7} carbamyl®} =|of
FAEA o] A3 H 1) (Kuhr, 1977) KiZh-& Table 2
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Table 2. Iso and bimolecular rate constant (Ki) of acetycholinesterase (AChE) and cholinesterase (ChE) by some organopho-

sphate (OP) and carbamate (Ca) pesticides

AChE ChE
Pesticides F}\IZ(; ({\5/?) (mlg/]L) (molesl‘?min‘l) gﬁg (11\5’(1)) (mI;L) (mOICSI_(llmin_l)
Malathion | 3.77 1.69 x 104 55.82 137 3.52 3.01x10 99.42 76
OP | Palathion | 3.97 1.07x10 31.16 216 4.00 1.00x 104 29.13 231
Diazinon 423 5.88x10°5 17.89 393 4.19 6.45%x 103 19.62 359
Ca | Carbaryl 6.30 5.01x107 0.10 46,240 6.55 2.82x 107 0.05 82,151
o} 7ok}, &) 7)A] carbaryl®] Kit AChE7} 46,240 100
moles™! min~!, ChE7} 82,151 moles™! min~!o]g]c}.
Carbamate”) 7% =7 carbamic acid ((CONHR) & %
9} alcohol (-OX)2 7454, alcohol ¥ F 23
zo| WebH A B4do] Febalch Carbamic acid & &
(-CONHR)##44 R& N-metyldl7}h ethylst = € 0
propyldl Bv} &4 BAIA 7} =} =3 N,N- E oot
dialkyld] o] AJe}&A-2 N-alkyldol] v]3le] o
B2 carbamated] AEAlE -NHCH;Y o 713 0 ' '
o) ¥ohdEsk 23, 1990). o2} 2ol > " oan ’
50

Carbamated] ¥¢= F3o) welr A=r} g2
A 4 ik

Carbaryl®] AChE ¥ ChE9] Is 22 Z+2+ 0.10
2 0.05mg/Lo|lw} (Table 2). W& & el 2
3 Hi=8 $z7]F02 carbaryl-Z 0.07 mg/Lo]t}
(3733, 2002). wpefr] 2 A e ¢] AChE2}
ChEell w3} plso2 W& & $A7|E9 HE5E
9} v)3he, 84 Fo e carbarylg 1 mg/L
o|3}7}A &A 7VFs3lch o|9} Ze] AChE ¥ ChE
A4S o] 83} carbamated] <o} 23+ AChE
9 ChE &4 ¥4 Adll=g FA T, carbaryl
3] AAA FHZE o] 73

At A=A AChE % ChE2| A&7} vepd
ot AChE % ChE A3 EAe] Fef Uee
oju)e]w, o§7]olli= AChE Y ChE2| Aol Fo
Ade] Q& carbamated] -ofo] EAME rhsAdol
Uths F7olch atetr wt= 3 2kHAE AChE ¢
ChE sl o2 carbamated] FoFo] &8 7154
& ZA3l3, §7]4 AChE ¥ ChE®] A7} e}
dopd o2 77| EA el whgoe= carbamate]
soke] w8 25 Wk (Saul ef al., 1995). o
714 AChE @ ChE 84 A3 =2¢ Ellman 5
(1961)2] W o=z FL A|7E el w-¢ k3t n

Fig. 4. Inhibition of acetylcholinesterase and cholinesterase
activity on the carbamate pesticides, such as carbaryl.

w2A 2% 4 3ok
Albareda-sirvent 5-(2002)-2 AChE$} ChEE o]
43 AE APz {4 & FAM R7IQA%
ofz} carbmated k& FHEIAG Q7|4 A&
A= §7]¢lA 59k 2 paraoxone] 1Xx10-1°M
0]4] 17, carbmated] *<Fo 2 carbofurano] 1x 10~
Melgie}. A8 FAH-& HPLC, GC 53 22 7]
AR uehe Sepshas et $AAEE A
o, ks W= sl FHE & e A
-& 7}A o} (Albareda-sirvent et al., 2002).
wiebr] 2 g FoA] 2el¥ enzyme inhibitiony
< o83 Yy & FolA] carbamated] HA4E
g way s AT 5 U 2ol A
g Kitz e 4 gloh
e <%

Enzyme-Inhibition ¥ e 2 AR A
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A& Y& L) 96, S84 H871E AR
=okql 7|14 %<¢ke® malathion, parathion,
diazinon®} carbamate ¥¢F© 2 carbaryle] i3t
acetylcholinesterase (AChE)3} cholinesterase (ChE)
A #AE FEEA

wolg] »¢] AChE$} ChE A=+ 717 166.6
2 5.8 umol/min/g protein o] 31, A M= 7k
23.1 pmol/min/g protein3} 8.3 umol/min/g proteino|
%ic}. AChES} ChE®| ## pH: 77 82 % 7.8
o]glc}h. Km2- 0.034 2 0.045mM o] giet

$712 A%kl A AChE$} ChE2| Isogte] mala-
thiono] 55.82 W 99.42 mg/L. ¢4 32, parathion<
31.16 ¥ 29.13 mg/L°]¢l 1, diazinon2 17.89 ¥
19.62 mg/L. o]l

Carbamatex-2¥Q] carbaryl®] AChE<®} ChE®] Iso
2] 0.10 8 005 mg/Lolgich Be & el
©J3t carbaryl?] My & 34 £37]E< 0.07mg
/L& AChES} ChE9 LsoellM ZHE2E 4 Sl
AChE % ChE-& ¢]£3} enzyme-inhibition(ET)*§
& carbamate %2}Ql carbaryl & & E 3§ £2
A% 007 mglrAA) HE ¥ & fems oy
£ A5 (MRM, Multiresidue Method) 2.5 o)
28 4 9Jo}. wkelr Enzyme Inhibition B S o]
43}e] A7 F carbamated] FoFE i w
27 A2E 4 9= A28 bioassayj o= 24
& 4 gl

FEY, oA, AAY, FHF 2, BUlE
1991.

Aoz, wtedAl, F et A 71EAY =, FAAF 1990.

373 2 http://nkkfem.or.kr/sub3/% +=87]4.htm. 2002.
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