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SUMMARY

I. Title
Development of the Bio—electrode using Enzyme to detect the residual pesticide in the

eco—friendly agricultural products.

II. Aim and Needs

> Detections of the residual pesticide in the distributing agricultural products were
carried out by high price instruments such as GLC or HPLC responding slowly. So,
Taiwan developed a rapid detection methode comparing to previous method, so
called Acetylcholineesterase—-based inhibition method (AChEBIM) that already

imported and used in Korea.

o Qur team and a partner company already completed to develop and started to sell
AChEBIM in the market from 2004. However, this method provide convenience for

the researchers in the well-established laboratory but for the farmers in the field.

> The previous pesticide detection methods consist of the complicate processes such
as the process to extract solution from agricultural products, the mixing process to
mix enzyme(AChE), substrate, stoping solution, and coloring solution, and the
measuring process to detect the changed color by spectrophotometer. Those
complicate processes provide the large measurement fluctuation for the non-experts.
So, we needed the new, simple, and accurate detection method based on a

Bio-electrode.

o It consists of many complicate processes to arrange the enzyme into a strip
formation. We needed to simplify this method, because it requires the sever steps

and the careful treatments for storing enzymes unchanged.

o For the social and cultural aspect, government recommends to reduce the usage of
pesticide and fertilizer while the consumer also prefer the eco-friendly products. For

these reasons, it is necessary to develop the residual pesticide detection Kit.



o Qur project aims to develop the rapid and simple detection method to measure the
residual pesticides using Bio—electrode. Also, Our project aims to develop the
detection method to measure easily the residual organophosphorous and Carbamate

pesticides for the farmers in the field.

II. Contents
Our project aims to improve the previous AChE strip method and to develop the more
reproducible and accurate residual pesticide detection kit for detection in the field.

For these reasons, we needed to develop the following techniques.
o Development of the Bio-electrode using Enzyme to detect the residual pesticide

- Develop the measuring electrode and technique for preventing oxidation on the

electrode surface

- Develop the Current measuring technology with ultra low nosy and the

GUI(Graphic User Interface)

o Develop the AChE mutant technique for raising detection sensitivity and the

bio—electrode attachment technique for raising stability.

- Develop the Enzyme for bio—-electrode and a purification method

- Develop the Enzyme Fixing method and the stability measurement method.
— Transfer the enzyme producing technology to the companies.

o Develop a prototype instrument and the related methods

IV. Results

o Development of the reproducible and sensitive AChE based on a bio—-electrode for

the rapid residual pesticide detection.

We developed the bio—electrode measuring the variance of the amount of

acetylcholine affected by residual pesticide. The working electrode of Bio—electrode



was made by combination of CoPh and carbon organic compounds. Detection result
of our detection method were more reproducible and more reliable comparing to the

strip or spectrophotometric methods.

o develop the prototype detector for using in the field.

Using the developed bio—electrode and sensing circuit, we developed the new
detector for measuring the residual pesticide. This instrument was potable,
reproducible, sensitive, and faster twice than the previous methods. We also applied

the acting software to the prototype circuit for the consumer's easy use.

o development of a reproducible and sensitive AChE mutant method.

We developed several mutant AChEs for the reproducibility and high sensitivity
using point mutagenesis. We also developed the method that prevent denaturation

by mixing enzyme and X1213 compound.

V. Outcome and application plan
We develop the electrode detector that provides the better sensitivity and the better
reproducibility comparing to the previous simple measurement method. Our research

results will be applied in the such ways described below.

o To make possible to detect the residual pesticides in the field and to ensure the

safety of our agricultural products

o To export the residual pesticide detector based on the AChE.

o To contribute to the eco-friendly products certification system

o To guarantee the security of our agricultural products and to raise the consumers'

preference to our products

o Import replacing effect for AChE from Taiwan.
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SEZYHEIHM
50% K30l HIOIRF=22Z | HI0|QAE =22 =2
HE s SHosle woto) EX &t =Xs Hls2
MoH=[% HEHEHX
=% [ppm] EINA t
ORI EZAME 0.15 61 + 8.8
2221022 A 0.01 45 + 7.3
CHOIOFXl &= 0.02 65 + 11.5
EPN 0.28 57 + 8.3
HUEZX2 4 55 + 9.6
SIICHAH _
aetx S 1.5 49 + 8.9
HIXICHX & 0.55 60 + 74
HEWOIE 0.1 47 + 6.2
TAZ 0.5 65 + 6.6
20 ZAHE 0.15 49 + 9.6
)| 3="] 1.5 56 + 10.2
JtHIHIOI E A —
e S 0.35 52 + 5.3
H 55 + 8.31

[F 4-2] E33AA 50%8 AfE&ES ZE BF %9 vl A= 54 2%
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A3 A wole A= 24 N

7}. site direct mutagenesis
lipid anchor®¢% AIAE 9% polymerase chain reaction < pGEM-T
Easy(promega) vectore] £9°¢]¢+= AChEY #dx AL FoA 254 FA4= A As

7] $]3%F primerE

5" ~AAACTCGAGGCCATCTCCTGT=-3"
5" -GGGGTACCCTGGAGCCTCGGGGATATG-3"

9ok ol AAste] o] F primerg 7FAil PCRE #3k3lth. PCRel AHES taqe
InvitrogeneAFe] A|E& AFE3F3 o™, 95T 2%, 94T 18, 60T 1%, 72T 2%, 35
3|2 HESAIA HFSAI7l T ATR L5 Yo eSS Wt

2zt d o] e AchE9 mutation productE X&3sFe] o]lo tE FH99

mutagenesisE F%E3}7] 938le] site direct mutagenesisE 93+ polymerase chain

reaction ° A& A 719 oligonucleotide primerE t}h&3} o] A A &} c}.

HEl OFOl

rz

Xl 2 Jlge Ul ek X2 HEI|okA

o
0l0

¥ mutagenesis

a. S370X : 5" -TCCTACTCGGGCATCCTCAXXXTTCCCTCGG-3"

H VM SCMRBRSVDAIKTITTIZSVQOQWHN 360

CACGTGATGAGCTGCATGCGTTCCGTGGACGCCARGACCATATCGGTGCAGCAGTGGARC 1080

S YSGGILSTFT?PSAPTIDGAT FTLS?P 380

TCCTACTCGGGCATCCTCAGCTTTCCCTCGGCGCCCACCATTGATGGIGCGTTCCIGCCG 1140
5370X

A DPMTILMETADLIE K?DYDTITLMSG 400

GCGGATCCCATGACGCTGATGARGACGGCGGATCTGARGGACTACGACATCCTGATGGGA 1200
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b. C330X : 5" -TGATCAACGAXXXAACTGCAATGCA-3"

Q S 6 TMNAPWS HMTS SET KA ATVETI 320

CAGTCGGGCACTATGAACGCCCCCTGGAGCCACATGACCTCCGAGARGGCCGIGGAGATIC 960

KALIIIDC}ICIIASMLKI}IPA 340
CGACTGCAACTGCAATGCATCTATGCTGARGRCCARTCCCGC 1020

€330X
HVMS5CMRSVDAKTTIS SYVQQWHN

CACGTGATGAGCTGCATGCGTTCCGTGGACGCCARGACCATATCGGTGCAGCAGTGGAAC

= W
(=T

(<
[=1

C. I374X © 5" -GGCGCCCACCXXXGATGGTXXXTTCCTGCCG-3"

HVMSCMRSYVDAEKTTI SVYVQQWHN 360

CACGTGATGAGCTGCATGCGTTCCGTGGACGCCAAGACCATATCGGTGCAGCAGTGGARC 1080

§ Y56 I LSFPSAPTTIDGATFTILS?P 380
TCCTACTCGGGCATCCTCAGCTTTCCCTCGGCGCCCACCATIGATGGTGCGITCCIGCCG 1140

I374X A376L
PMTILMEKTA ADLIEKT DT YUDTITLMG 400
Ci GG

A
G CCRTGACGCTGATGRAGACGGCGGATCTGARGGACTACGACRTCCTGATGEGA

D
CGGAT

d. E107X : 5" -TCCGCCACCTGCGTCCAAXXXCGTTACGAGTAC-3"

G K CE GV R GV XY CF G E P Y & KB PR W OE IR D 80
GECAGEEAGGT GCATGTCTACACGEECATCCCCTACGCCARGCCGCCCEGICGAGEACCIG 240

R FR K P V PAETPWHGYVY L Ina TUERL iga
CECITCCEARAGCCGETICCCGCGEGAGCCAT GECACGECGICCTICGRACGCCACGCGETITIA 300

5 A CFf W g E R Y OE Y F P G F S G E E I 1z0
TCCECCACCTGCRICCARGRECETTACGAGTACTICCCCGECTICT CCOECEAGGRAGRATC 360
E107X

e. F368X : 5" -TCGGGCATCCTCAGCXXXCCCTCGGCGCCCACC-3"

H VM S ECMERSY YD AKTTISISVRGGWHN 360
CACGIGATGAGCIGCATGCGITICCGTGGACGCCARGACCATATCGETIGCAGCAGTGGARC 1080

5 ¥ 8 6 ¥ LS FPS APT I DG AT L P 380

TCCTACTCGGGCATCCICAGCTITTCCCICGGCGCCCACCATTIGATGGTGCGITCCIGCCGE 1140
F368X

a 0P MTLMEKTA ABRTIDILIEKTIDIYIDTIILMMSG 400

GCGGERTCCCAT GACGCTGATGARGACGGCGEATCTGRAGGACTACGACATCCTGATGGGRE 1200

f. Y408X : 5" -GGGATGAGGGCACXXXCTTCTTGCTGTCG-3"

A 0D PMTLMETZ RTDULIEKT D D?Y?DTIILMS®EG 400
GCGGRICCCATGACGCTGRATGAAGACGGCGGAT CTGAAGGACTACGACATCCIGATGGGR 1200

F ¥vR DE T ¥F L LYDFPTTIDTITIEDEK 420
BATGTCAGGGATGAGGGCACIILCTTCTTGCTIGTACGATTICATCGATTACTTCGRATRAG 1260

bp p AT A L PRUDIEKUDYULETMMDHNMNTIEITF G 449
GACGATGCCACGGCCCTIGCCACGGERCARATACCTGGARATTATGRACARTATTTITIGRC 1320
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el oA 7FA] primerE ©] €34 mutagenesisE 3T WA MLy
mutagenesisE FESW = primer dE ©] €39 mutagenesisE 3 PCRE 3% 2
H, PCR pfuTaqs AF&3F3 . PCR producti= TA cloning ¥ sequencings 3}¢]
mutation site7} & W primer eE ©]&sto] 9 LI WHOoE AP F A
primer c¢& °]&3to] T & F9¢ mutagenesisE X3t PCREA2 95T 30
% 18], 95T 30%, 55T 30%, 68T 10+, 1532 HFSA|7l & 4TE 255 Y39

[Ie)
E‘l"c?‘é‘ 1= )\}\T:"

Y. pFASTBAC cloning

PCREZ ZZ A7l AchE ###AE  pGEM-T Easy(promega) vectors ©]-8 3}
cloning® Y& colonyE screening® AchE?% mutagenesis’} A &3 productE 29l
& plasmidE F=35Fe] Adtasl kpnl# xhold o] &3] Ausldt). dusto]
< fFAARE Bac-to-Bac Baculovirus Expression System(Invitrogen co.)¥]
pFastBac™ HTb vector(4,856bp)E o] &3] cloning$ screeningdte] A x34

mutagenesis AchE bacmid DNA(AChE bacmid)E <L Att.

t}. Bacmid #3 %2 transfection

Azx%E bacmid DNAZF 99 %& celle 100 mL LBuA]o| Al 37TlA 24A1%t
shaking HI%¥%, 1,500rpmellA  10&3F A8t cell& 2o buffer
I(resuspension), buffer I[I(lysis), bufferlll(nutralization)S *#ste] A& A5 Ao
559 isoprophanols #*2]3te] DNAE AUt ©] DNAE 500402 nucleotid free
watero] %9l o} EF 3 F -70Co H#3AEA cell?] transfectiono] AR5} T
HA 23 recombinant bacmid DNAT #lX]d] 41¢] 5%t incubation$ of7]¢] t}
Al vl lifopectamin(TM 2000)& ®i#] 2} 4o] 583t incubationd HiX & ¥ &
ThAl 15%7F incubation®th. wlEl wjA¢ 7x10°/mle] cell& FHAAELS Gwell
platedl WA & AA F HA2HA F HEH "ojmd tF 5AL F
incubation@tth. ¥ Th3 A WA E 2 ml¥aL, 27C9] ajF7]ol A 4Lzt n) s},

it $ dAEEste] 92 AedEs FFAHAE7E 25 tissue culture flaskel A]

1x10° cell/flaske] ZA o2 MOIZ} 100 HEE §x3te] 7FAA 7 & 27ColA 3Y

o

b skt 919 LS W o g 3 U infection A7l ¥ 247F vl & AE
Wik & AL ATNS -70TCo BASHA den] o] AL-&3F3A ).



Total RNA

AchE

[2¥ 4-55] AIZ=%H AchEE

transfection © A E oA ¢

totalRNA ¢} RT-PCR product

oMol e flaskere] AEE AU o]€A AL MEE ol g3t RNAE o
2 U cDNAE 3AsIY Y. cDNAE ¥4 F AchE primerE ©] &34 RT-PCRE&
stel 7bg wdol @8 212 Al s,

t}. Bacmid ¥32 2 transfection

M Er k] Ao ASHS

— 7S =

[l

AAPRE Al Qs

R AEH
flaskel]
A ste] ZFAAIZ AL, ol 24A1F 27T w7l A
#AE T175 flaskell wiFstar Qe

27C2 #j¥7lol A 120rpmS. = shaking st A 3Y

7] 918ke] T175

= o
e dE

ZaL

93] WA Affinity gel> CNBr-activated sepharose 4Bel
AZAA g, 1M HCl(pH4.5)9l
0.IM 1-(3-dimethylaminopropyl)-3-

procainamide(Fluka Co.)Z e = TAIZE sk =9l

ethylcarbodi—-imide hydrochloride solution®l

procainamide(5.44g; 100umol/ml)S 2o} 20-25TCoA 24A17F shaking 3} gelol] &
o] 278nmol A

affinity columns WHEU.  Proainamide &2t H= FH =TIt
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16150M o] HAEA ] ofRg olatgitt. S HAE histidine tails o83 affinity

column® 2 Ni-NTA columns ©o|-&3] 2] AASA . 183l sensorol] F2Hs}7] ¢ sk

)

29 HEAAE 80%5 Al ammonium sulfateE ¥-& ¥ salting out 59 HHES o &

sto] w2l & ARgslSlt)
7}. AChEY] f-AA Ay ZZF e mE Fofd s 974 v

Al L
wAF st ol % Sld EATAS Ellman®dS ofzk WMEAZ SHOEA 0.1M
%43

&M (pH 8.0) 220pbel #HEA

o
2

ol 10t 20ul color substrate
reagent®l (2.7mM acetylthiocholine iodide(ATCD® 4.5mM 5, 5" -dithiobis—
2-nitrobenzoic acid(DTNB)E 7}3&t}. 37Tl Al 5&3F incubationAlZl ¥ cholin®}
DTNB7} Agsted A ¥ 5-thio-2-nitrobenzoateE ELISA(SUNRISE, TECAN
co)s ol&ste] 412nm¢ HAFeNA e FFLEE FAHstY] ¥ 27 HLREA
AChE®] @4 =S Faglvh. 1efa sofe aael 3t AseS 4589 220u=
I G489 108t ethanole]l 5 EFFEHAR 20WE Wi TG &g wl
Sg&dog Fta, of7]e] ATCI®F DTNB 40uE 4o

SUNRISE) 412nmollA SA&Av. a40249 A& va A3 2ol ALtsad
=3

o

2504 (%] = Control @A E—-UYAAANE G2 E
= Control €24

_75_



a0 a0

1 AchE e C330X-S370X
—a—AchE —e— C330X-5370X
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=
= 40 } 1 40
=2 ]
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20 | 4 20
O L 22 L L L L o
4 2 3 4 5 6 T 8 9 10
min
a 2=+
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a0 | 41 80
£ 60 80
f =l
=]
= 40 40
=
20 20
0 0
min
b, HIEHOI =
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ol

ojddle] e WAEE SAG A tintasiot MPFHGaALE o] &3 A
2 A TdFA WA 9A] S E mutationA 7] S370XE A7 THE W
< AalEakS YUEREYla 7 d mutationA] 2] C330X-S370X9} [374X-A376X &4
MM = AslE #tol O =A HERtH® 4-57(c)). tholopA=el e W=
54 Ade givtaiwmo AchEellA oz 2 A& glo] vewa, sdatdE
mutationA] 71 S370X& Ao A= Fokel digh WEE A YEuA FATHH
4-57(d). AYERA 2 i WREE ST Ay divas, WY d a4, 1
213l 7 74 E mutationA]Z] C330X-S370X @A A & Fofol 3t =2 UHAEE
e AT 4-58(e)). Fehx| Lo = ghattlE mutationAl ] S370X & Aol A
Mg g A ESs UEtdllon, ymA ghdA s gAA R 52 AdE s v
B AT (LH 4-58(0). F71UA %S ol &3 MAEE SAHY 2= dAHeR
fwtg Aol Wd d @47F mutationA| 7l EAHTGE =& A& S BHIon, 3t

THE WA gaHTOE F TUE HIAZ G405 o83 s SHo ¢ ¥

4

=

= BAY(24E 4-57,58).

KeR
T

(3) FHetH | EAl FFo] o A= 53
w2 M EA s Fg o] 835t Zh7he] a4 wofe dig e E A

Aol th( 19 4-59,60 ).

o]AavtH, FEOE, Jtutd, wWAWE o] &3] Zt7te] AchEE o] &8 o
of M3 Af&S SAHNAHITH 4-59). o]27tE (¥ 4-59(a)dM e duta
o 71E& 49 AchEZF 25 9 2 Adl&e Blom, S370X AchEx o] 47t
gk A &e]l a2tk #A e Ao ugth 2 a F - dl mutationAl 7
= oH5E Ade S EIAT C330X-S370X7F & © He AAE&S Hol: 3
4 F AT AEq)E(LYH 4-59b)ANAE Z17te] EaEe] dig wofo Wfe
gtol olaztr el Wl dt FAE BHAAY o|aTtHd HE o W AE&ES Bt
FhabE (29 4-59(c)oll A= Wetas, AchE, 283 F 4 mutationA? &4 E
o 4] As|&o] obF EA YEFEA R S370X AchEx @& A &S BTk vi
L™ 4-59(d)ell gt s of TE 5AH3 A3 S370X AchEE A w42
e Asgs wolx @gtoen Hvtasx We Aol SAHUG. AW
AchE¢} ¥ +d mutationA] 7] C330X-S370X¢} 1374X-A376X AchEell A+ diwta
ARuE o & Adfgo] SAEHJARTH 4-59).
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AZZA (ANEE 3 mmAE AE == A AN 43S AA- 9 AA
) ) » o= B A8 BT AT
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Hee 2 mLE F& Wets 1 mL H7}h
HES 40 ul 7 F=2 ) bromosuccinamide 40ul(&F E2Q)
= =0l
TE=% oltex ¥ 282 W3 37T 287 v AR
Py
i ] Q2kelE g9 3 mL W7}
A Al &4 A Al &4
11 - = ) ) I ol [<= N =1 oz U
A7) o FFx, FFEEA d¢E ¥ /‘]u{’}(Blank; Az
Control, Al &) £H]
Blank, Control @ A|E 7 A& 9
olAtbENM 5mLe} EA8N 100 uLS 73
no sample % AlE7F AP FEH
Blank A3 #ell= ¥ A H 100 uLE 500 ul 7}8F & &2 40 uLE 7}3}
Control A] &9l Methanol 100 uLE
ABZT Addolle =594 100 uLE 7HE
voltex & 37 C, 58 W& (F2F4%) zE
71488 100 uL 7} 7148 40 ul 7}
voltex ¥ 37 T, 103 ¥ (F=2FX) voltex & 37 C, 38 W& (F2F%)
H-g A 100 ul 7+3t Byg
voltex & 37T, 2% WHg(d24%) £33
gEA Al 100 ul Y & voltex$ =A] 7]7]
RN |
7171« EFF=A
4 412 nm )
7171 A
Blank, Control 7+ =7 : Base line A5 500 uLE electroded] Eojxd
ANET &4 < 717184
A &S (%
N 1((:Hgt( 1)% FHE-A2T FBE)/(Control A
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IFEE| pag gojray Az
awl | woruy v |z | (FEH) (E3FEA) (ko] 2.2 )
o | o=t | = e a1z [1a/mze[aac
Chlorpyrifos | Tt 0.5 2.429 2.233 8.1 2093 | 1768 0.845 35
Chlorpyrifos | A% 0.5 2.429 2.083 14.2 972 899 0.925 17
Chlorpyrifos A 0.4 2.429 2.402 1.1 3797 | 1757 0.463 100
Diazinone -t 0.3 2.429 2.201 94 2093 | 1861 0.889 25
Diazinone A 0.8 2.429 2.137 12.0 972 550 0.566 96
Diazinone A 0.3 2.429 2.293 5.6 3797 | 1850 0.487 100
Ethoprophos =t 0.1 2.429 2.344 3.5 2093 | 1365 0.652 77
Ethoprophos | A% 0.5 2429 | 1.942 20.0 972 | 638 0.656 76
Ethoprophos A} 0.3 2.429 222 8.6 3797 | 1354 0.357 100
Methidathion | & 0.3 2.429 2.274 6.4 2093 | 1451 0.693 68
Methidathion | A& 0.6 2.429 1.484 38.9 972 834 0.858 32
Methidathion | A3 0.3 2.429 1.746 28.1 3797 | 1440 0.379 100
Phosalone =t 0.3 2.429 2.337 3.8 2093 | 1072 0.512 100
Phosalone A 0.5 2.429 1.799 259 972 829 0.853 33
Phosalone A 0.8 2.429 2.139 11.9 3797 | 2082 0.548 100
[£ 4-6] F& LA AX& /7194 AF5F SH 27
=g ulm AE(R7/0A) R i
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AFREE| pug dolBAY AF
a | wopge | gm | 39W) (=22 = A) (o1 2 A5 )
(mg/kg, .
27| FZ= | AHE%) | HE2T| A2 (ANE/ 2T AN (%
Le/pipy | BET | ERE A& | BET | AR |NR/HET| A5 &%)
1 Carbaryl <t 0.08 2.933 2.721 7.2 6048 2088 0.345 100
2 Carbaryl A 0.18 2.789 2.5 104 6048 | 2266 0.375 100
3 Carbaryl o 0.27 2.933 2.897 1.2 6048 4101 0.678 72
4 Carbofuran | <t 0.03 2.948 2.658 9.8 7399 3305 0.447 100
5 Carbofuran | A% 0.12 2.948 2.294 222 7399 3220 0.435 100
6 Carbofuran | 735 0.05 2.789 247 114 7399 | 4357 0.589 91
7 Isoprocarb =0 0.02 3.163 | 2.968 6.2 5093 | 1734 0.340 100
8 Isoprocarb A 0.12 3.163 2.726 13.8 5093 2067 0.406 100
9 Isoprocarb | &5 0.03 2.789 | 2.458 119 5093 | 3147 0.618 85
10 Propoxur =0 0.03 2948 | 2.895 1.8 6120 | 2091 0.342 100
11 Propoxur A 0.11 3.158 | 2.613 17.3 6120 | 1427 0.233 100
12 Propoxur &+ 0.04 2.789 2.76 1.0 6120 | 3626 0.592 91
[£ 4-7] @ LAA AAE JHuto| EA 75 SAH 23
X EH| WA (FHEHH 0| EH)) @20 248 mHio| @MY
x5 & (% x5 & (%
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