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Fig. 1. Acetylcholine by hydrolysis and inhibition of acetylcholinesterase by organophosphate or carbamate insecticides.

202 {7104 A5AY] aA= fAlslch aeEE 72
2 YUE o83l in vitwollN ZFOERE £l AChES
T gt AFARE gobd F A= Aolu).

£ AFoME AChEE o|§3 7to] 75 ZHARH &
8%, AChE®] 719074 & 7o) EA AFAl] dg 2
’do] 718 AChEMMACHE)E thgoZ Akl Al2ge +
3l Ak 49 EAS A3t Membrane bound &
401 AChES BAARES 71H‘_& lipid7} €% A& A
7% AChES THEo] 2% celld] WolE2o 82X o5 *zﬂ
AE gte] wiXZ AChEE WEAT|EE SFAHXS APHS ¥
ABlaL A&H o2 AChEE A4kd 4= 9loH, F3x) Z:Zl
Alell BF histidine tag2 ©1-8-3} affinity columng- ©]-8-3F
B4 £FEEE U 7HasH T S, AChEY] site direct
mutagenesis WHE o83t {F7IAA g el Fvt
he A0 g ofmAbs WA 71Ee] AChERT} F
ofd ek IRkt Bo AAE WSl AFESF SAHA
71EQ] AFR AFREIAT). 3 Insect cell - baculovirus A2
A o83t A= T tigAake A% TAA7] L u)
Azl gt 277 celle] tiFEMde g AYS 3
Yol tiger vizs A= 718 7FA st

Mz A

AChE bacmid A2+ 3 transfection. AChE®] F-3x} MQ
FoM g FE AA] Hst v 2ol Al
primerS 7FX|2Z, polymerase chain reaction(PCR)S 33} 3o
PCRAMES pGEM-T Easy vector(Promega, USA)Y 224 &
Rt

AChE forward primer: 5-AAACTCGAGGCCATCTCCTGT-3'

AChE reverse primer: 5-GGGGTACCCTGGAGCCTCGGG
GATATG-3'

PCRel] A}&3F Tag DNA polymerases= iNtRON(Seoul,
Korea)"}iq AFE AHE3INeH, 95°C 2%, 94°C 137, 60°C 1

, 72°C 2%, 358]2 WhgAlA WAIRl F 4CE 255 W

—;—01 Hke-5 BT}, Site direct mutagenesisE $1¥t primers=
ohea 7o) AR, PCRS 3F2m, PCRY ARSRE pfu
Tag DNA polymerase, Dpnl's Stratagen(La Jolla, USA)A}
oA FYste] ARESIATE

E107Y: 5-TCGGCCACCTGCGTCCAATACCGTTACGAGT
ACTTC-3'

F368L: 5-TCGGGCATCCTCAGCTTACCCTCGGCGCCCA
CC-3'

1A408F: 5-GGGATGAGGGCACTTTCTTCTTGCTGTACG-3'

PCREZS 95°C 30i 18], 95°C 30z, 55°C 1%, 68°C 2
B 1532 9h3AR] F 4CE LEE Yo WS &
o328 pCRE ZFZA]Z] AChE +%AE pGEM-T Easy
vectors o|g3l] &Y ¢ & AL colonyE screeningdtd
AChE7} S0l plasmidE F&3 § Aasl Kpnldt
Xhol(New England Biolab, UK)2 ©]&-3lo] Adksisitt. At
3le] A& §HAE Bacto-Bac Baculovirus Expression
System(Invitrogen, USA)2] pFastBac™ HTb vector(4856 bp)yE
o] -&3}o} cloning$ screeningdt] AZFPE AChE bacmid
DNA(MAChE bacmid)g 93127, o] vector= 4062-4079%-%]
o his tage] Eo]Jo] affinity chromatographyZ ©]8-3 A
A AHEE1TE. Cloning® 34 A€e] E<13} mutation

B R 39 Terminator Big-Dye kitE ©]-83, ABI
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PRISM 3100 genetic analyzer(Applied Biosystems, USA)&
AME3FAIL, sequencing®- primer vector primer®} AChE -
FAAE ol gste] dukd B9E ddsie Agsturt. floA
A8 RE primers Bioneer(Seoul, KoreayA}ol| i A2k &
AHERITE AEFE bacmid DNAZE E01Je cellS 20ml
LBujA]ol|A 37°CollA 24A)7} shaking B1%RF, 1,500 rpmollA
1057 AHET ] cell& Hol buffer I(resuspension), buffer
I(lysis), buffer M(neutralization)E *|2]3le] AL “Fedd] &
#2] isopropanold ##|dled DNAZ AT} B2 DNAES 50
ul®] nucleotide free water®ll =< transfection®] A|E=2 AN}
ATt

MEu|F, ALeE ZEAE Trichoplus niBTI-Tn-5B1-4,
High 5)¢] Hj%Fell A& WA= Express Five SFM(Gibeo-
BRL, USA)HMIAE 7]E WA & 3l oJ7]o 292¢/19] L-
glutamineS 410 AME-811.21, Spodoptera frugiperda(SfO) ¥l
ol AFEE iR SF 900 I SFM(Gibco-BRL, USA)E 7]
HujRl2 AR23199T). TC-100(Gibeo-BRL, USAY7|EHIAE SO
o] vIRIAZ 10%2] FBSE WL ARSIl o] 7 cell line
2 27°Ce] 255 FAISIHA vlFelel o, shaking WA=
27°C, 1201pme] F7o2 wjeksisitt.

Infection. 4 ¥ AZ2FE  bacmid DNATE
lipofectamine reagent(Invitrogen, USA)$t 42 F 1587+
incubation™ ] 0.8 mi3} 4o wE] 7TX10cel/mi] cellS
RANAZL 6 well plated]] FHEHA T by Hoj=gy]
2 5AI7F B9t shaking incubation ¥- Al WIAE 2mi¥,
27°C2] F710lA 47t viRRIT}. Shaking culturer]olE 3%
10° cel/m/o] H%=2 ZZAZE || w3 3 subcultured}t
o 1X10° cel/mi®] F59] cello] {9+ shaking culture
bottlell T75 flaskol ®l2] sh8<t A LFHEE Bol
HHOO]::S}_(}D\QQ_‘I.]Z,”)

MACHhE 424, npolyAE Z9ARl F 353 ez
media® AFH St AHEL7ZE AEE AT 3 96 well

Py

platelX Ellman¥& o7 W3AR] whiosX 01M <)
ARIEF 58N (pH 8.0) 220wel E48 10wt 20l
color substrate reagent®! 2.7mM acetylthiocholine iodide
(ATCD®}+ 45mM 5, 5'-dithiobis-2-nitrobenzoicacid(DTNB)E
7Fs &, 37°ColA 587} incubationA]# cholinet DTNB7}F
AE3te] A" 5-thio-2-nitrobenzoateE ©]-8-3+] 412 nme)
BR8] FAEE Sk 9h3e] 27| £=2A MACHhE
o] BYEE T3t

MACHhE®] A, AxE wieFele] 4EE (1000 pm, 10
min at 20°C)%F 44L& A5 33mlol|l sucrose cushion(25%
sucrose(w/w) in SmM NaCl, 10mM EDTA)® 3mi& 23
Z o] 80,000X g, 75min, 4°C2] A0 2 ZY4EI.
T¥ o A5AE Fsle EaAdE AAGAY AER A}
439 tl.  Affinity gel CNBractivated sepharose 4Bo]|
procainamide(Fluka, USAYE Z38AA &A=, 1M HC
(pH 459 FAZF H¢b =9 01M  1-(3-dimethyl-
aminopropyl)-3-ethylcarbodi-imide ~ hydrochloride  solution %
procainamide(5.44 g; 100 pumol/ml)S o] 20-25°CollA 24417t

jrel]

ot Abak A gelo] £ affinity columng YHEQIT.
Procainamide”} & EEA9] %= 278 nmolA S8
F7} 16150 Mo] HAeA 9] F2 RIS AR
histidine tagS ©]€-3 affinity column2E Ni-NTA column
(Novagen, USA)S |83l £ AAsisict >

MAChE ¢F84. MAChE 49 vX|= pHe} 259 9
S AESNT pHAl e ghe] d3e SA3P] sk
AP &N AMEshe 98 pH 3-107H4] WH3kg +
o] 1087 Bk3A7) & Ao EEYEE S ol

3 =8N pH 3, 4, 5, 62 citrate-phosphate buffer,

pH 6, 7, 82 Tris-HCl buffer, pH 8, 9, 102 carbonate
buffers AL EAEA vXE & FTFE FAES
7] 98l WL EE 10-50T] HMeolA 100CHE s gad)
< 105992 AT Sl i FEYYEE ST

Fof2Zdo] §4d UAe 9% 4. Methanol EE
cthanol 1 mo] EEFHANES 22 F bromide water 20 WE
YT hooddlld 5EZF WRSIGAtt. 18 v FEAE 75 wet
gl 125 uE 40 TUFE Bk AlRR ARSI

Fol thg MAChES] ASI@E &%, 96 well plaeol] &
g NOWE ¥ 489N 10w ethanolo] =<1 #FEs
RN F 20 WS B TS S TGN R SlaL, o7
ATCIS} DINB 40 WE ol 587+ 412 nmollA £33kt

A4 Afled the 2 Zol ALt

A& (%) = (Controld] FABHE - FIANEY 4084
%) /Control®] FAEAE))X 100

Control?] &4 BT = F9o] F7IEA] ol AdHe=w
Holgle F4%

FNES BABET =FYo] FEo] v 2B

i

Insect cell 252} vjA]o] W& MAChES] &4dvla. X<
A QAL 3l 9= ZEAENA baculoviruse] AEAI7]
©J3 MAChES] H3FS AR 2 Ax Ax7] 2EA
1= Ao] AT waLo] O™ (data not shown), Tn-5B1-
4(High 5)9}F SO cell line®] baculovirusE ZHAIAR A3t o]
% cell line ZF 24g937T Al MY wye E4do] ZopA7)
AZpsted Ul W wf 7P Eof olmf A ¥iX|E virus stock
o sl HaAslnh. Cell linedFEE 433 A3 High
5L 7H(Fig. 24) SOY o (Fig. 2B) B} Sui/Fg aaggeo]
A Ueken], o] % cell line FBS7} gliz viAollA =
Hloke] 2 HER WPt & FBSE X ¥4 2= 9
e Thlde 9g 4 dT) AT High 5 celld wix]Q)
Express Five SFMEIAS} SO celld wiA= mi9- 3L7telolA
A7pe] MAE ARgEle] 2o AgS wkEsidtt. &, 710
oF 108) 713 A7F TC-100E 71 Eu|A =2 &ted 7]l 10%
o] FBSE #7131 SFOg Wi § AAAF o Bae] 24
& 713 v S8 SdtvhFig. 2C).
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Fig. 2. Total AChE activity changes upon infection times. A: High
S(Express Five SFM), B: Sf9 (SF 900 I SFM), C: Sf9 (TC-100). -

cell lineS High 5 AFE3}e baculoviusE ZEA
MAChEE ¢+ Zlo] ZHHo2E Arte] izt 9,
€ H¥E High 5 cellg o831 MAChEY] 232 93 4
AR ER AMEEIACE ST YO 2% High 5 cell?] A3
ok A7kl 8l E NEE gane Jria Alsdn

AZ3F MAChE®] H3ES #ol7] 93 71 233 Alx
SEE 7o) 93 & " AIAE vlelE& Al Mol
(multiplicity infection)E 1022 A& A3 MEs=
H7 A9 A3 AE5T 9X10°, 1X 1009 2R 7399} 4%
1059] MEFE7E & Aeole MEESo] Axgs dude
LHA)7)7] B AZT 1A, Az de] vy
o] It B4 4Sith. B2 A EFEo Y] BEH o] B
YAoZ2E Py YRR 17, FHE Adlehs 429 =
A, NE TEER QIS MEZF A3zg, vy 4k 125
of A% Aoz AlgHch. wiEr] MES7E 2X 105 73904
AZ3 MACKE E4¢] 78 &4 YeldthFig. 3).
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Fig. 3. Optimal cell density of the infection for maximum
production of MAChE.
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Fig. 4. Relative MAChE activities after four day culture with
different amount of virus infections. For the reinfection, full grown
virus containing madia was diluted and reinfected in new cell culture
(2X 10° cell/mi). Total AChE activity was measured after 4 day culture
and compared with activity of inoculated media.

A|Z3E MAChES] 7 238&S 97| 93 AEXssE o
A HABIAA wAE 3AEld SMuleEE ZHEAA 2
A3}, 3Mujdrt 1029 W) MAChES] 2de] 7p3 =9ith
Fig. 4). |

MAChES] 22 R AAl. Celle wikate] 94221000
pm, 10min at 20°C)F 42 45 Y| sucrose cushion®-S
2y Z 4o 2UAET I A5dE 7R FAE sIY
Tk, R4 CNBr-activated sepharose 4Bl procainamideE 2%
A7 THE procainamide linked CH-Sepharose columng ©]&
sHon, JSHAR histidine tagS ©]-4-3t affinity column®
2 Ni-NTA columng )83 £ BAF 274 63kDaol 3
AE ddg g 7 AATHFg. 5).

MAChE®] pH¢} 2% u}& ¢F84. MAChE® pHel tf
g QAL EXS ST W SFEY0E AMSIe 9E
4ol pHE 3-107K H3A7IEA 84S 8% 45 RE
pHOlA 4% e BIANE, pH 79K 2B sttt
(Fig. 6A).

20°CAMFE] 50°C7A] 10°Ce] 2HE A 2o g <
RS 24T A9 2EAEE 50°C7EK MAChES] 82443}
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Fig. 5. SDS PAGE analysis of the purified recombinant MAChE.
A: Enzyme expression media, B: Purified MAChE by Ni-NTA column.
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Fig. 6. Effect of pH and temperature on the stability of MAChE
activity. A: Activity after 5 minutes incubation at each temperature
(20-50°C) at pH 7, B: Activity was measured in different pHs at 30°C.

2AY & YrkFg. 6B). ot AWHoE Lxe| VR
S w3 zﬂz@ﬂ MACHES] 4% &% tste] she

o, o= BAE o]8F e} A4
Fom sVl 98 2a0% 48T 2oz A

-, ol
N
TE e
i
f
ih

o

o
il

9] g MAChES] Tzhe u)

K
™
5
olf

[}

(od
¥
Gl

100

A

B Methanol
Ethanotl

80+

60

Inhibition activity (%)

20

Cabofuran  Chloropyrifos Chiorofevinphos

100

Methanol
Ethanol

60+

40+

Inhibition activity (%)

20 +

Diazinon EPN Azinphos-methy Phenthoate

Fig. 7. Effects of extraction solvents on MAChE inhibition by
organophosphosphates and carbamates insecticides.

&7] {3 ANEERE TS FEE W71 sted £uE A
g3k, o] gufo] EAlle &40 BN GFL & F )
el &3] AMgshs Sl tHf:f_ o] AHHARE 243
At o1E flstd 77k BEEepER 50%AEHE FEe
FEEGS S5dog /\FQ-QL ethanolJJr methanole- 72t &
T3 5 Aol uEt g4 H=E EAsIY. 2 2
3 Fig 790A B ke 72o] methanols FEEV|2 AMES
7} ethanolg AMHE-FE wjRTE woF FR/el wet 0.54
3 A% Fofol] gt Amrt T2 Ao Uehdth o]
ok ﬁiO“EE ethanol 2T} methanolS AFR-3h= Ao] &
\:1—6]—.2 01— 1%__13] —3] 'F‘E)‘] p=Xe) XN 1%1;(] %17-_7_ _7;:_%014

ChakE=3
2l ethanola} methanol T+

rtr > e

238 e MAChES] E4delle 9
gle] o]z} =A] ¥9tth(data not shown).

7} PR 50%AEkS Hole EEFEE FA AR
Zale] FEgulel TS TR R 9% MAChES] Asl&
< g3 o A% ?}H}OlE%ﬂ AFAIQ] RSN =
tieka Ay AChE, MAChE BF &2 A3&S EAthFEg. 8).

gt o) EA] Al BF 400dE0] AMSHE el &
A AFA AIA R7IA AAl TR & ARE B4
3ol dow, A AAHcE Jda] AREHA ok f7IAAe

13} 7hotelolEAIE 7HAe] 5 HMAIRE AAdo] 1] Hoju
o, §710A4] AFAZ WA7F 23 F711A AR
< | 25 ool et it e FolgtA 71l
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Fig. 8. Inhibition assay of the MAChE activity on the cabofuran
for carbamate insecticides.
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F710A Al FoM 2 ARG AEAQ toloAlE
I ol EAW AN AL Tholopx == vl AChE,
MAChE &5 H|$:3h As)8-8 B9XT, MAChEOIA ¢ &
A g-S BT E3] FREHANEAS $= MAChEIA
ol T2 3] Asi&S JERITHFig. 9C, 9D).
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Fig. 9. Inhibition assay of the MAChE activity on the organophosphorus insecticides. A: Chloropyrifos, B: Chlorofevinfos, C. Diazinon, D

Azinphos-methyl, E: Phenthoate, F: EPN
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BT 5oF AESAA Fdithe e dSie A3E By
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ofge] 7103k Ao2 AlEHL)

o] AChEE ©]&3ld 7104 & Fhupro|EA A2
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AL A58 AR AR os Jde AMSET IA F
g AAojr},

ol gt FHR-gef SRS ArE 5 %l% % oFo]
A9} o] BEA] AFAlR Y Ee] <
ofo] et Tz IAFI=AIE U F 7} uﬂ% A
Y dnk, ey AAE ujella] FabEe RSt 7
zHehe TR hRR(70-80%)°] 71914 & Fli}

Hlo|EA] AFAE Yeptar °‘°ﬂ% A48l SR <l
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Mass-Production of Acetylcholinest;erase Sensitive to Organophosphosphates and Carbamates Insecticides
Youngmee Kim, Moonjae Cho* and Somi K. Cho'* (Medical School; 'Cheju National University, Jeju Hi-Tech
Industry Development Institute, Jeju 690-756, Korea)

Abstract: For the simple rapid bioaésay of organophosphorus and carbamate pesticide residues, a mass-production
system of acetycholinesterase (AChE, EC 3.1.1.7, MAChE) using baculovirus and insect cell culture was constructed.
The ¢cDNA for AChE was syntheswsd from Drosophila melanogaster in Halla Mountain, the lipid anchor tail was
removed by PCR and was used for the site-directed mutagenesis of three amino acid residues (E107Y, F368L,
LA08F). The mutated cDNA was inserted into the baculovirus vector and expressed in insect cells. Maximum cell
growth and enzyme activity were réached when the cells (2x 10° cell/ml) were infected four times.at four-day-
intervals. His-tag containing MAChE was purified using Ni-NTA column and used for characterization. The activity
was maintained under various pHs (3-10) and temperatures (20-50°C) under experimental conditions. As an extraction
solution for pesticides, methanol is more effective than ethanol. Against major organophosphate and carbamate
pesticides, the MAChE showed better sensitivity than AChE and AChE from housefly (Taiwan).
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