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SUMMARY

Experiment 1 : Rapid detection method

I m dacl opri d[ 1- (6- chl or o- 3- pyri di nyl ) net hyl - 4, 5-di hydro-N-ni t
ro-1Hi mdazol e-2-anmne] belong to a new class of substances
with a great affinity for insect nicotinergic acepylcholine
receptors. Imdacloprid has been widely used in rice
paddi es to control sucking insects soil insects, and some
chewi ng insects and in apple orchards to control various
i nsect pests in korea.

Several nmethods have been developed for the anal ysis of
i m dacl oprid, high-performance |iquid chronmatography (HPLO
and gas chronat ography-nmass spectronetry(GC M). These
instrumental nethods are accurate but expensive and
time-consuming, requiring lengthy sanple extraction and
cl eanup procedures. Therefore a conpetitive enzyne-linked
i munosorbent  assay (ELI SA) for the chloronicotiny
insecticide imdacloprid was developed using a polyclona
anti body produced against a hapten conjugated through the
i m dazl oi di ne to keyhol e |inpet henmocyanin. The ELI SA provi des
advant ages of being rapid, sensitive, and cost-effective. But
this method is not suitable for the biosensor use because of
relatively | ong process tine which takes 2 hours.

For the devel opment of an ELISA for a biosensor which
is to detect imdaclopridr residues inreal tinme basis, the
ELI SA devel oped earlier was nodified. Incubation tine was

changed from1 hour to 30, 15, 5 minutes. The dilution of



an antiserum was changed from 1: 16000 to 1:8000, 1:4000.
The coating antigen concentrati on was changed from5 pg/ ml
to 50 ug/ ml. Wth nodification of these factors, the
foll owi ng results were obt ai ned:

The 1 GCso val ues were showed 38.4 ng/m¢ and 45.7 ng/ ml at
the incubation time for 30, 15 nmin. Wen the coating
antigen at 50 pggm and the dillution of the antiserum at
1: 8000, 1:4000, 1Gs values were showed 59.9 ng/ m¢ and 34.6

ng/ mé.

Experiment 2 : Biological reaction and measurement
control system

In this experinent, the objectives was to design a
bi ol ogi cal reaction and measurenent control system to
automate the rapid detection nethod for imdacloprid
devel oped in experinent 1. The biological reaction part
was designed for using mcro-punps and valves for fluid
transport, and the measurenent part consisting of a
phot odi ode, a light-emtting di ode for light
measurenent, and a control computer to inplenent assay.
A polystyrene cuvet was used as a reaction chanber
taking place of a mcroplate used in ELISA application.
Signal output was read as the rate of change in optical
density at 645 nm The system could execute a
nmeasur enent cycle in about 19 mn.

The real -tine assay showed sensitivity of
3.8ng/ m(1GCse) in incubation time of 3 mn, and simlar

sensitivity conparing with a standard assay. Sensor

_10_



calibration tests for real-time assay showed reduction
of opti cal density as increase of i m dacl oprid
concentration, and gave a similar tendency, indicating

that the detection chem stry was successful |y aut omat ed.

Experiment 3 : Production of monoclonal antibody

The insecticide imdacloprid has been in w de use for
the control of various insect pests of nany crops and
fruits in Korea as well as many other parts of the world.
For the analysis of its residues in the agricultural and
environmental sanples resulting from its frequent use
HPLC and GC/ M5 have been the nmajor tools. Although these
instrumental nethods are accurate, they are rather
expensi ve, | abori ous, and tine-consuning. As an
alternative nmethod, immunoassays have been introduced
because they are generally sensitive, sinmple, fast, and
much | ess expensi ve.

In this i nvestigation, an ELI SA(enzyne- | i nked
i mmunosor bent assay) for imdacloprid has been undertaken
usi ng pol ycl onal and nonocl onal antibodies. For the ELI SA
by polyclonal antibodies, the previous antibodies were
used. Meanwhil e, for the devel opnent of an ELISA by
nonocl onal antibodies, hapten I-KLH and hapten II-KLH
were used to obtain sone desirable hybridomas. Only the
hapten 1II-KLH conjugate produced 17 positive hybridomas.
The hybri domas exhibiting strong inhibition were used for

t he subsequent ELI SA. The sel ected nonocl ona

_11_



anti body(D6) exhibiting 95.8% inhibition at 1,000 ug/ nL
i m dacl oprid was used for the ELISA It showed an |G
val ue of 7,000 ng/nL, which is very high conpared to the
val ue(17.3 ng/nL) by the polyclonal antibody. This high
value is not suitable for the monitoring of crop and
envi ronmental sanpl es whi ch usually contain trace
amount s of i m dacl oprid.

For the developnent of a nore sensitive ELISA by
nonocl onal antibodies to detect inidacloprid residues,
anot her hapten whi ch can conjugate the carrier proteinto
the pyridine ring of imdacloprid night be used to produce
the hybridoma which can recognize the imnmdazolidine

noi et y.

Experiment 4 : Development of a sample pretreatment

technique

This study was conducted to elucidate extraction
efficiency by microwave in conparison with sonication for
extraction of insecticide residues in a pear. The acetone
extraction by mnmicrowave of Inmidacloprid in pear was
efficient. The extraction efficiency by mcrowave with
power of 300 and 700 watts and extraction tenperature of
60 to 120 C, heating time 1 to 3 minutes and sol vent
volume 10 nL was conpared with that of sonication wth
extraction tinme 20 minutes and sol vent volune 20 mL. The

extraction efficiency by mcrowave power of 300W with

_12_



extraction tenperature of 100 C, heating time of 1 minute
was shown to be higher than the extraction efficiency by
soni cati on.

VWhen pear spiked with Inmdacloprid was analyzed to
know the extraction efficiency of microwave, t he
extraction efficiency by mcrowave wth extraction
tenperature of 100TC was shown to be higher than the
efficiency of soni cation extraction. The optinm
condition for extraction of Imdacloprid in pear by
mcrowave were 300 watts of power supply, 100TC of
extraction tenperature, 1 minute of heating time and 10 m

of acetone.

_18_
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AgS 913 FE3 A7t (binding time)o] A ¥, wh
of BXES AFe) W F(29Y o) E47F EAE oA S F13d

(29 1d). L v 718 W3S 7hskd &adl ofsf Asirp H35] A

Aoz vk =TT (development time, 138 le). o]2]3k ¥-&o] th3k 4 A

3=

Ll

3= ¢17] 9 vlolmZEZ#olE H 5= 7| (microplate Reader)® &
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@ (b) ©

High conc. Low conc.

;

i
L L
@ ©

L) sope A e

JAN Target antigen abeled
anti-g anitbody

* Primary antibody

Fig 2. ELISA in which (a) antigen is
immobilized on to a test cell, (b)
sample solution and l1st antibody are
added, then sample and antigen compete
for 1st antibody, (c) excess solution is
washed away, (d) 2nd antibody with
enzyme label is added, and (e) substrate
solution is added and the absorbance is
measured.
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2001 ; Lee &, 2001 ; Li & 2000).
WA 9%6-well microtiter plate(Nunc-Immuno plate, Maxisorp surface,
Roskilde,Denmark)2] 2z} wH-&-Z(well)oll pH 9.69] Z®W Wz A3 =

P (A 05 opg/ml)e 100p0¥ FRZE 25 4TAA sk
WAk & AlE A H(0.1xPBST)S.2 53] A|H3te] FolEe FHE

2 ere S AAF I, WSFeo IHEZ P RS B
(blocking)a}7] f1&te] Z} wkg-Zo] FA1(3% skim milk in 1xPBS)E 200
WA F7ret 1% 37°Cel A 1A vike ohg thAl ] W o ® kg
Z ZYoEE AAdt ot ZHE FeolEd 1xPBSe| 1:16000
2 gAg tFE gAY 24 g AlRQl oW taRZ = vrd

o0 504 Fhka & BEshe] ALolA 147 WAL whg

ol

T oAl AFHsta, oA Ae &4A7F EAH  goat anti-rabbit

IgG-Horseradish peroxidase 341 <} (1:10000 diluted with 1xPBST)<

10004 F7bske}. Aol A 1AIZE whg = AlAHsta 712 &5 1000

NS Zb Wb xol F7hs) seo g MAA 7Y, of 16% Fo 7} whg

Zol A agk3-S JAIAI7] 7] 98] AN-HSOs= 50 F7hekch. &

Mo g Wi ZYolEE 450-6565 nm e dual wavelength modeol A
=

nfol a2 Z#o]E % 7] (Model 550 , Bio-Rad, Herucles, CA, USA)&
FHAEE FA T (Lees, 2001 ¥, 2003).

oMt AREFYE AFEHRY FEE 25000ng/mlel Al 0.0128ng/ml=
sl A skl AREEFATE EEE Al o3 FEAe ¥ 29 o] SAY
o8 vrEal(fitting), 4709 AlFE 2te AF Aoz A (DI #Zo] ®A

#t}h (Rodbard, 1981). ©] =49 ICx(C)E FAHLE 3 AA™ S ICy -
ICy7F AAHQ] oAz Ee| = AU dn. SR o=
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& 3% % (absorbance)

=

x: ol AR EYE FE (ng/ml)
A olnttazEe el Ay FAE

B 4471l 7147]

© 2 50% Az olvirkamEel=e] B Eng/m),

FARY FYEES

ICs0(ng/ml)
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Fig. 2 Four parameter log-logistic curve fitting model
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ol 4 A|Z%F hapten-1-BSA¥ hapten-2-KLH

AdA

A 91 horseradish

5}

sl 22

e A

|
peroxidase—conjugated goat anti-rabbit IgGe} 7] &<l 33

"

10°

Sigma Chemical Co.(St. Louis, MO.,

R
.

5,5’ -tetramethyl benzidine(TMB)

US.A)ERE 79

ST},
Z] ©] E (microplate)

3

Maxisorp 96-well microtiter

fu
L.

=
=

vlo]l a2
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plate(Nunc-Immuno plate, Maxisorp surface, Roskilde, Denmark)&

AREEE AL, rlo] A2 &Y o] E 55 7]+= Bio-Rad Model 550(Hercules,

CA, USA)E AH&&Faith

Table 1. Modified procedure for imidacloprid ELISA

Immobilization of antigen

AW N~

. Immobilize antigen on plates(100x¢ , 5 pg/ml , 50 pg/ml, 12h, 47C)
. Washing plate(I1XPBS + 0.05% Tween20, 5 times)

. Blocking plate(200x0 , 1xPBS + 3% skim milk, 2h ,37°C)

. Washing plate(IxPBS + 0.05% Tween20, 5 times)

Binding

¥ X =N

Add 5010 of standard or sample solution.(25000, 5000, 1000, 200, 40,
8, 1.6, 0.32, 0.064, 0.0128 ng/ml)

Add 50l of the dilute polyclonal antibody(1:16000 , 1:8000, 1:4000)
Incubate for 30, 15, 5 minute at 25C

Washing plate(1xPBS + 0.05% Tween20, 5 times)

Add 10040 of 2nd-antibody(goat anti-rabit IgG-Horseradish peroxidase,
1:10000)

. Incubate for 30, 15, 5 minute at 25C
11.

Washing plate(1xPBS + 0.05% Tween20, 5 times)

Development

12.
13.
14.
15.

Add 10040 of substrate buffer (citrate buffer, 0.6% TMB, 1% H,O, )
Incubate for 15, 5 minute at 25C
Add 500 of stop solution(4N-H,SO.)

Read optical density on microplate reader.
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EAAGEANS 93 =N Ee EPA Guideline(Lee 5 2001, ©]

ojf

2001, ¥+ 2003)ell wheb vhe o] AlZskar, F 20 293 &S B
ol

- Coating buffer: Na;CO; 0.795g¥} NaHCOs 1.465g< <F 500mee] =%
TE FHF Holau pHE 9602 D F HFHIE 500ml
& sto] 4T aLe] Bk AFESER]

- 10xPBS (phosphate buffered saline): NaCl 640g, KIH.PO, 16g,
NaHPO, 91.96g, KCl 16g2 °F 7L Zw&® Sl A3 uw

StHAl Zmola pHE 752 %E F HFTHIE SLE oo 4
ol A B ARSI T

- 1xPBS : 100m¢e] 7] 10xPBSE Z+% THTE 100 438tx
dasttty pHE 82 2 & A2d B AFEskSth

- 1xPBST(0/05% Tween 20): 100m¢e] 4}7] 10xPBS <} 400u09]
Tween 205 &7]° ¥ & 7Fe] A7A s FostHA 2
L SHTFE AL 9RE FuE BE & Ao B AFE SR Th

- Washing buffer(0.1xPBS + 0.05% Tween 20): 80m(2] 47]
10xPBS®} 4 mee] Tween 205 &7]° ¥& F AxFol A7[A &
L& FYUA 2 THTE JATHYE 8LV HEF S3ATh

- Horseradish peroxidase 2 @& citrate-acetate buffer: 13.61g9]
sodium citrate(100 mM)E ¢F 1L 2+% SHFo %<9 $F acetic
acid® pHE 55% Fd3atal 1L&E gFof A

+1 9% H02 €9 30% HOp ImlS 29ml 2 SHol Yol Zetagg

7]ell wob wadarel A skl

=
o

of
S
3R
i)

- 0.6% 3,3'5,5-Tetramethylbenzidine(TMB): 60mg 2]
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Tetramethyl-benzidineS 10m¢<] dimethyl sulfoxide(DMSO)el =<l %
229 Qhael A3ttt

- 3 substrate buffer: DMSO°l =<l 06 % TMB & 0.4m¢} 1
% HxO» 0.1 mbS 4719 citrate-acetate buffer 25miol] 7}sfe] & 412
T BlE ARE, o] 4§ buffer?t TMBO| &%= A 2o]ojof g},

Table 2. Buffers used and their preparation procedures

Buffers

Preparation procedure

Coating buffer

10xPBS (phosphate

buffered saline)

1xPBS

I1xPBST(0.05%
Tween 20)
Washing
buffer(0.1xPBS +
0.05% Tween 20)
Horseradish peroxidase
citrate-acetate buffer

1 % H0O,

0.6 %
3,3%,5,5 -tetramethyl
benzidine(TMB)

Substrate buffer

0.795g Na,COs, 1.465g NaHCOs 500ml high purity water
pH 9.6 , store at 4T

640g NaCl , 16g KH,PO4, 91.96g Na,HPO, , 16g KCl
were mixed with 7¢ high purity water at pH 7.5,
last volume 8¢, store at room temperature

100m¢ 10xPBS, 900 m{ high purity water at pH 8,
store at room temperature

100m¢ 10xPBS , 40040 Tween 20 were mixed with high
purity water about 1{, store at room temperature.

80m¢ 10xPBS, 4ml Tween 20 were mixed with high
purity water about 8.

13.61g sodium citrate(100 mM), 1¢ high purity water were
controlled with acetic acid to pH 5.5

1mé 30% H,0, , 29m{ high purity water store at 4C

60mg tetramethyl-benzidine, 10m¢ dimethyl sulfoxide(DMSO)
store in dark room at room temperature.

0.1m¢ 1% H202 and 0.4m¢ 0.6 % 3,3°,5,5’-tetramethyl
benzidine(TMB) in dimethyl sulfoxide(DMSO) were added to
25m, of citrate-acetate buffer. store at room temperature.
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Fig. 3 The standard curve of the incubation

for 30 minute.
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Fig. 4 The standard curve of the incubation for 15

minute.

Table 3. Conditions for the Imidacloprid ELISA at the incubation

for 30 and 15min

incubation coating rabbit D A ICso Au detection
time  antigen( antiserum(d ( A)x (ng/md) (I;“)n A/D  range(ng/ml)(I
(min) ugml)  ilution) © Cao-ICs0)
30 5 1:16000  0.207 384 0.010  20.7 8-193
15 5 1:16000  0.220 45.7 0.055 4 8.9-236.6
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Fig. 5 The standard curve of the coating antigen at
50 wg/ml and the dillution of the antiserum
at 1:8000.
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Absorbance at 450-650 nm
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0.004—-
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IC,,=34.6ng/ml
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10* 10* 10* 10" 10° 10" 10° 10° 10* 10° 10°

Concentration of imidacloprid (ng/ml)

Fig. 6 The standard curve of the coating antigen at 50 pg/ml

and the dillution of the antiserum at 1:4000.

Table 4. Conditions for the Imidacloprid ELISA of the coating
antigen at 50pg/ml and the dillution of the
antiserum at 1:8000 and 1:4000.

Incgbatlon Coating Ra.bblt A 1Cso A Detection
time antigen(zg/ml) Dantiserum @A) (ng/md) D) A/D  range(ng/ml)(1
(min) gens (dilution) ©) Cao-ICx0)

5 50 1:8000 0.0428 599  0.0029 14.8 5.3-671.3
5 50 1:4000 0.0163 346 00004 4075  3.6-331.0
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gursloR sk Ha 243k ool RAATe] aTA wed £3 &
(2003)= 71€9 a4AUIEAH(Lee et al, 2001)s WE3 7= (ICs)
£ 346 ng/mLE APAE EaWARAMA Hal T WA ey

A 7 A9 (competitive indirect ELISA)
le:

S
A= Lee et. al, (2001)°] 7023k Aek4 3 E4aWgR
AWME FASte] AR, v o W sfEFrHe dyelt
96-well microtiter plate(Nunc-Immuno plate, Maxisorp surface, Nalge
Nunc International, Roskilde, Denmark)2] Z} ®+-$-Z(well)oll pH 9.69] =

Y W H (buffer) 2 343 ZEFA(HE F: 0.1 pg/mL)S 100 uLA
FAgth 4ToA 2472 A3 & AlFH SFA(AxPBS + 0.05%
Tween20) &2 53] A|Fsto] ZolEd] sdo] A &2 IS A
At WhExe] AW HA g F9E & =F (blocking)dt7] #13 Z
gk 2ol BA (3% skim milk in 1xPBS)E 200 plL¥ F7bgtch 3
TCoAM 1A Mg tg vA] 47 BRier dtgx ZHoEE Al
Mo, Ad¥ FHolEd 1xPBSe 1
4t Al5< imidacloprid®] F=W EF8& S 50 uLA H7bska

ekl A2(24 Ol A 1AIZE RES A B Al Al H 8taL, o] 23

.

Aol &A7F A% goat anti-rabbit IgG-horseradish peroxidase 3] 4]
ol (1:20,000 diluted with 1xPBST)S 100 ulL® 713ttt A0 A 1
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17171 918 AN-H,SOs4& 50 pL¥ F7hetth o=z wig Fe o
EZ 450-655 nm W99 dual wavelength modec] A wlo] == Z o]
E 3E7](Model 550, Bio-Rad Laboratories Inc., Hercules, CA, USA)
2 F3=E5 43 (Lee et al, 2001).

Imidacloprid &899 T%+= 25000 ng/mLolA 0.0128 ng/mL#Z
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Imidacloprid®] #HF % H&ES 93 #8 FYo =2 hapten-3-BSAES
Algglom 3-A) 2E hapten-5-

Agagd. os we

ot

= SHdstal s3tetat FoFst A AHolA
A zaAqrk.  olxk  &A S horseradish peroxidase-conjugated  goat
anti-rabbit IgGe¢} 7182 3, 3,5, 5-tetramethyl benzidine(TMB)+ Sigma
Chemical Co.(St. Louis, MO, USA)Z5FE 33t

Microplatet= Maxisorp 9%-well microtiter plate(Nunc-Immuno  Plate,

Maxisorp surface, Roskilde, Denmark)E AF83}%3l, microplate reader=
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Bio-Rad Laboratories AF2] Model 550(Hercules, CA, USA)E AH&3191

t}. 9= A (Buffer) ZA|
FAHAREMANS 93 d=Z=HE EPA Guideline(Lee %, 2001;
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4 0pre olFeds 7H ahe] &@wel= = (LPLA1220050L,

The Lee Co)E AHESFTH. HX AleF39l8 WH 9 o]FH3e] o9&
2

(Mix) 32Zx Az A9 Imidacloprid EF8 K-S &3al7] Y&, w4

(Drain) B2+ 79 ko] AJ8E o= wjEsty] 9l Abgatdvh. &

& WH(LFAAI1201710H, The Lee Co. USA): A&dt Aloks F9]8}7]

el Argsta, A e wWBE(LFAAI201410H, The Lee Co)E A &9

et FRlE BAsaL olFd ol deldde AlEE AASH] A A

Ak olw FolglE AlEE Wety] 98 Wk FU|FQ WHE
=

AZ4HE olE#ow Y7ol 14 mmel AT FHI} A

-

A, YA olF#HoR = Aol 1.6 mmel HEolE FE.(06434-01,
Cole-Parmer Instrument Corp., Vernon Hills, Ill. USA)7} AF&¥ )z, HE
$z7 dA9E vgoerE= WA 1.0/mmeol 74 147mmel AH g~

7 FH(HTX-17, Small Part Inc., Miami Lakes, Ca. USA)7} A& 5 2t}
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Table 1. Specification of main parts used in biological reaction
Feature

system
Type
Standard cell with polystyrene
Standard 2 Windows polished
12.5mm Sq x 45.0mm high
Standard volume : 50 pl

Operating voltage : 12 Vdc
Operating voltage : 12 Vdc

Power : 280mW
: 1.5ms

Item

Cuvet
LPLA1220050L

Solenoid pump
LFAA1201710H(2-way)
LFAA1201410H(3- .
01410H(3-way) Response times
Stainless steel 1.47 mm OD, 1.07 mm ID
3.17 mm OD, 1.59 mm ID

Solenoid valve
Viton

Tubing

Qsl7] 918 645 nm W3Frio] & = (HLMP-4101,
X Ert}o] 2 = (BPX6I,
O -

[¢] = T
Hewlett Packard, San Jose, CA, USA)$t
Sienmens Components, Inc., Cupertino, CA, USA)E Al&3}o] Fxo] o
At AtH(Delwiche %, 2001). =3t}
ExE =2 A4 59 o

tﬂ—/\_]'l 7(3_1;_
1S =(LED)= 19 394 HE& nle} o]
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Table. 2. Specification of main parts for the measurement and control system

Item Type Features
Photodiode BPX61 #00nm ~1100nm
Short switching time
LED HLMP-4101 AlGaAs red (645nm)
AD549 II:E:vv ?nffilett \iitf; € noise
Op-amp P &
0.6 nV/°C max drift
AD705 100 pA max input bias current
. . Darlington array of 8 pin
Darlington driver ULN2803 Output current to S00mA
8-channel, 10bit ADC
Microcontroller ATmega8535 8K Bytes in system

Self-programmable flash
Operating voltage : 2.7~5.5Vdc

_45_



Wash Imidacroprid 1St Substrate
Solution  Sample  Antibody

! ! ! !

Air —» @ VR
Manifold \_/ Priming Valve
Reagent (3-way)
Drain
Pump Pump
— A @:" Waste
Conjugate @ @ Mix
Pump Pump
Stainless steel
tubes
—
t Photodiode ::ﬂ: (C_ =645 nm LeD
2nd
Antibody
Reaction
Chamber

Fig. 3. Scheme of the biological reaction system (Delwiche et al., 2001).
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Final Gain Stage
And Offset Adjust
(gair=10 V)

Photovaltaic
Amglifier
(gair=10° VIA)

Sensor Reaction
Chamber

Fig. 2. Circuit diagram for the signal processing (Delwiche et al., 2001).

_47_



— O
—> @ wash
— @ Sample
— @ 1% Antibody
Photodiode Microcontroller — @ Substrate
LED
NN @ 3-way valve
: ; N NN Reagent
LCD Darlington driver
N @ Drain
N @ Conjugate
(o)

Fig. 3. Block diagram for the system control.
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Table 3. Control sequence for the system.

Binding cycle

Imidacloprid valve(600 uL), Reagent pump(20 strokes)
Ist antibody valve(600 pL), Reagent pump(15 strokes)
Mix pump(33 strokes)

Incubate 5, 3 min(24°C)

Washing cycle x5

Drain cuvet
Washing valve(1.2 mL), Reagent pump(30 strokes)
Mix pump(36 strokes)

Antibody Labeling cycle

2nd antibody(1 mL), pump(20 strokes)
Incubate 5, 3 min(24°C)

Washing cycle x5

Development cycle

Substrate valve(l mL), Reagent pump(32 strokes)
Incubate 5 min(24°C)

A/D converter

Calculate OD rate(10 s)

Cleaning cycle

Clear imidacloprid valve
Clear substrate valve

Add washing solution

_49_



B FA0] TbedteE SANESS ALEE AN IIA FE HAdA =
ol 28F = A7HE H2dEAn £22A47HS G587 e A
o HEAAE HAEhE 7| 2AES AT 2 A 1A
F rasE G AE EEEH7] fske] 12 FA9] 84 E 1:16,000
oA 1:8000, 1:4000 2 1:2,0000%, 22} &-Ae 3 Au]Z 1:20,0000] A
1:10,0009F 1:5,0000. 2 WstetHA Akt A s4n] F7ke] ot
Hj QR A 7S 1A 7Rl A 304, 168 % SR o R dEduA FHEE =7

sttt & 4= EF

fo

1=
ENEEI

L
o,
E
ol
)
Sh
1
g
o
)
O,
e
u)

_50_



Immobilization of Antigen
Immobilize antigen on plates(10040 , 0.1 ug/ml , 12h, 47C)

Table. 4. Modified procedures for imidacloprid ELISA
Washing plate(1xPBS + 0.05% Tween20, 5 times)
Blocking plate(2000 , 1xPBS + 3% skim milk, 1h ,377C)

Binding

B

Washing plate(1xPBS + 0.05% Tween20, 5 times)
Add 500 of standard or sample solution.
(25000, 5000, 1000, 200, 40, 8, 1.6, 0.32, 0.064, 0.0128 ng/ml)
Add 5040 of the dilute polyclonal antibody

(1:8000, 1:4000, 1:2000)
Incubate for 15, 5, 3 min at 24C
Washing plate(1xPBS + 0.05% Tween20, 5 times)

o0 .

Add 10040 of 2nd-antibody
(goat anti-rabit IgG-Horseradish peroxidase, 1:10000, 1:5000)

10. Incubate for 15, 5, 3 min at 24C
11. Washing plate(1XxPBS + 0.05% Tween20, 5 times)
Development

12. Add 100u{ of substrate buffer
(citrate buffer, 0.6% TMB, 1% H>0, )
13. Incubate for 15, 5 min at 24°C
14. Add 50x0 of stop solution(4N-H,SOj)
15. Read optical density on microplate reader.
2) N=d A3t
N&F ZAL 98 AN BEEER 448 GAURAYS 4
BWg % AZAo] Azdel gt BEW sEEag oxE Ak
Fata el Agar] flal 49Ae BaRGRA P AHYD AR
FS 100 F7kstth Al=glel] A8H ZREFS 3 33 2k AENS
AzRle] WE 4B e SAstel $R4E ol gt 7 BEEE ¢
dkg ok AW A 2(XT220A, Precisa instrument, Dietikon, Switzerland) &
AT, AZA 28] AR A9 2030 WEEHS AA
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Table 3. Protocol for the ELISA used in the system.

< Manual operation >

Immobilization of Antigen

1. Immobilize antigen on cuvet(l mL, 0.1 pg/ml, 12h, 4C)
2. Washing cuvet(1xPBS + 0.05% Tween20, 5 times)
3. Blocking cuvet(2 mL, 1xPBS + 3% skim milk, 1h, 377T)
4. Washing cuvet(1xPBS + 0.05% Tween20, 5 times)

< Automatic operation >

Binding

5. Add 500 pL of standard or sample solution.
(200, 40, 8, 1.6, 0.32 ng/mL)
6. Add 500 pL of the dilute polyclonal antibody(1:2000)
7. Incubate for 5, 3 min at 24TC
8. Washing cuvet(1xPBS + 0.05% Tween20, 5 times)
9. Add 1 mL of 2nd-antibody
(goat anti-rabit IgG-Horseradish peroxidase, 1:5000)
10. Incubate for 5, 3 min at 24C
11. Washing cuvet(1xPBS + 0.05% Tween20, 5 times)

Development

12. Add 1 mL of substrate buffer

(citrate buffer, 0.6% TMB, 1% H>0, )
13. Incubate for 5 min at 24C
14. Read optical density on sensor

3+A) 7} imidaclopridoll thel A gt Eo]ld o2 wk$-3ta o}

SgEol talM s Asho] olop RAEL HeHoE Hiha

AHEFREAS & = v} A ¥4 imidacloprid®] ICs0#k 3k Al
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Table 4. Optimized conditions for the imidacloprid ELISA

Goat
Coating Rabbit D . abb't A S ICso A Detection
anti—rabbi . Slope fin
antigen antiserum : P (ng/mL. MTAD range(ng/mL)
o IsG-HIRP (A @B D)
(ugml) (dilution) =~ | © (IC%-1Cs0)
(dilution)

0.1 1:16000  1:20000 0.386 0.460 0.78 -0.007 55.1 0.038-15.926
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9131, 7+ imidacloprid®] =& € 71322 0.05~6 pg/mL(e] 5, 2003) R
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Imidacloprid concentration (ng/mL)

Fig. 4. Effect of dilution of the rabbit D antiserum and the goat
anti-rabbit IgG-HRP on the sensitivity of the ELISA.
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Output voltage(V)

Fig. 6. Calibration of ovoltage utput versus imidacloprid
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Fig. 7. Calibration of optical density versus imidacloprid

concentration with two incubation periods.
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Table 5. Cross-Reactivity of Some Structurally Related Compounds to the
Rabbit D Antiserum in the ELISA

) I - —
Compound Chemical structure (ng?t;oL) Cross (roza)ctlwty
Imidacloprid ol N N )\ N’ 2.88 100
NO, H
CH,4
o = N _—C=N-CN
Acetamiprid | h 10 28.8
Thiacloprid ~ /l\s 19.7 14.6
P ci” N7 N
CN

% Cross-reactivity (CR) = (ICso of imidacloprid/ICsy of test

compound)
4. 29 9 Ae
B Axs FAE FIFsle A5 A imidaclopride] AES $8] 2d
Ao A AlgEo] oF FAUARARS V|Eow dho] A& HEo
s vtol Al A 98, AR WEALT R AZA ] A2
o el BH2 Fovw AT ANE aokd e 2,
AU EAYE S VR0 ® AN ARR ThestH 20 oluie] A%
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A3d A=A Imidacloprid®] @& =34 A4t

1. /\-]i

T

19841 9 Bayer Alel ¢ate] A7R¥ imidaclopride # FoldAdo] =
< nitroguanidine group? HEA 45 A o]t} Imidaclopride] 25282
S LR
Agstel AAAES Asisk= Aoz dejd 9tk (Abbink, 1991
Shiokawa &, 1994). S utetel A= 2003 13,984 M/T(A = =F)e]

Al Ee E9A FHE AdHo 8 ¥ dq8ew AgHI

2

S5 = A4 synapse F92] acetylcholine receptor©l

2

HAANE  Fol FFIE imidaclopride]  AE flste]  HPLC
(HPLC/MS) % GC (GC/MS)E ©] &3 ¥ (Placke®t Weber, 1993; Ishii
S, 1994; Fernandez-Alba &, 1996; Valverde Garcia &, 1996, Vilchez
5, 1996; Baskaran %, 1997, Navalon %, 1997; Martinez Galera %,
1998; MacDonald$} Meyer, 1998)0] X1 ittt 18y olE 7|7|&= A+
gl avbEelal 34 dwAA el agHH, 7I71EA d AR A

Eetar JoFdel w=FHol a5 A imidacloprid]
T FR7MA 28 = AR ARE] Ao oY gk oY g R &
Tokal o[l E] o2l 7] 7|EA o] AREH AL Ak A olef A

st = Q&= A7) oA Al gAY 71714l 9] imidaclopride] A %F



Wy lom 98 Ut AE g 9 Yo &om AR e HFEA
A=Al imidacloprid® WA FoFo 2 MAste] HAdom A HEs Lz

o 4% hapen AAs] FHF F A (antibody)E  AAFshol

competitive indirect ELISA ol ]3] 2 3} (optimization) #3S A3

ot A= dutd oz tEFE A (polyclonal antibody)9l ©EE 8]
(monoclonal antibody)® T&E3t=H, ttEFE A= A7 o] 3-670€

AEE G2E GA o 1A v ol Ay AW BFE G

= W Ate] Thestal =7 Eof SolAe] vEE Al HlEl =2

v B3 4ot
AT E @98 SAFA B8 TLAGRAY net A
3 RFEFAY PArES AL AL B0 G

E

7]-. Hapten?]

EA 4 FoFel imidaclopride= A% (MW.=255.7)°¢] Y& ZFo} 1

QL'EE

AA = WP ow Abgstrlol= AdstA 7] wiel A EF  haptens
/g efornt gt} Hapten A Aol Ztopx Wgdow A4 A§ed
T flomz Exge & @AGMA(BSABovine serum  albumin®]
KLH:keyhole limpet hemocyanin)¥ H$A|A A4S FEA] Ak 3
o webA A 2ol A9 haptens BAGHMARO] Hiro] §olg H
7]1(-OH, -COOH, -NH2)& AYaL lofeof &tar 2 327} 45tz st
= W SFF=Y Fxo fAkske AatE AV A0 sEES 5
o] o & wkg-afofyt gt} (Szurdoki &, 1995).
23 A2 97 =2 FAE e F %S haptens
% immunogen©. 2 A}-&3}¢
SEYGAE WEs dojth B ATl A= FAANS S

&& %kl imidacloprid®t frAbgE Skt RE JEAW Eg
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carboxyl #5715 A 5&9] o|n] ¥ hapten oA FEg WA

S Aeir3S B9 hapten I ¥ haptenlI S A&t}

1) Hapten 19 €A
a9 1ol HyE upe} Zo] AL 7]F Floll A imidacloprid 3.84g (15
mmol)S 71Z % chloroform 81 mLol *¢1 th 3 triethyl amine (3.64 g)

S FHHAE] 7telz w87 E 0CE YA 7l & 81 mLe chloroformell

%2l methyl succinyl chloride 94 A3 A7Fstvh. A7 § 30
A LA awwkelal Aol A ThAl 24413 wRkelith wkg-= gt
Aol 5 mLe 10% @4HS 7Fsk § chloroforme 2 33 F&38t9 715
S XA AFE MAFHE = FaEd3btavges Ax o3 F535he]
ZAAES A& t}& column chromatography (ethyl acetate)ol] <]s}o]

methyl ester (761 mg; vield, 15.6%)& 43t}
Methyl ester (489 mg, 1.32 mmol)< A %9 chloroformo] ¢
5C= WZHA AT o] &dd &

2 mLol lithium hydroxide (166 mg,
3.96 mmol; LiOH - H:O )& =< &9 Hds| Arietdrt. o] vbg-&3

NS 4 AZFHFor (5710C) wweE & 1 N 94 (396 mL)S 7teta =
et SvwiE AdAASe 2AHEE 22 F column
chromatography [methanol: ethyl acetate (1:2, v/v)]ol ¢&}o] 357 mg9]

WA hapten 1 (vield, 83.0 %)& A3t}

2) Hapten 119 A4

2% 20014 Hi= wkel #Zo] 10 mLe| dry dimethylformamide (DMF)e]
=ol &= 5114 mg (2 mmol)e] imidaclopride] 52.8 mg (2.2 mmol)9
NaHE #H7bste] 0ColAl gk AIZE &<k vhEA]7] 3 9753 mg (5 mmol)

o] ethyl-4-bromobutyrateE X413 A 7Fgk thg 12413 &<t Ao A

HES AT, WhSE8 3 UES-Eo 80 mLe] B2 ¥ 99 pHE &
S Aato g 6-72 ZAT g 80 mL9 chloroformoZ 23] F&3}9]
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71 u5S A sFsAY s5AFE WA 10 mLe 2N HCIS
23 60TColA 4213 &t 7FEdls th s IN NaOH=Z pHE 6-7= =
Asle] 50 mLe| ethyl acetate® 23] F&3A o 77 Svj&EL 25 Wb

ol 79t w53t} silica gel flash column chromatography 2}

chromatotrong AF-&3}e] 150 mge] WA 142 haptenI = 2t}

o
N
}\I \ )|\ Methyl succinyl chloride >
C14<:>7 CH,-N N—H EtsN, CHCI;
o
N 0
N .
H LiOH/H,O0 _
Cl / \ CHz—N)LN)WOC 3 2 -
o
N o
N |
OH

Hapten I (M.W.=355.73)
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Fig. 1. Synthesis of hapten [ for the antigenic imidacloprid.

>/ N 1 NaH/CH3CH2COOCH2CH2CH2BI'=
o N7 v B 2w

/

NO,

CH,. /ﬁ
N N
| >/N\
/> CH,CH,CH,COOH
N

{0,

Hapten I (M.W.=341.75)

Fig. 2. Synthesis of hapten II for the antigenic imidacloprid.

1}, Hapten?] &4 ester §A4

[e18 /K(:)]

2 AgE 5

3 hapten AARWOTE BA o] U o} my
T 87

EDEREE

rlo

o]
uj Fof Ex}Fo] & BSA(bovine serum albumin)$t

KLH(keyhole limpet hemocyanin)S 7 Al # oF 3kt}, whul 2 vl o] % glo]



o] L= Fig. 33 #o] A esterz "ol F20t} (Langone and
Van Vunakis, 1975). <, 0.04 mmol hapten, 0.04 mmol NHS
(N-hydroxysuccinimide), =33 0.044 mmol DCC(1,3-dicyclohexyl
carbodiimide)E 0.2 mL9 dry DMF (dimethylformamide)ol] 211 Ao
A BAIZE EQF uRkgk § ojdtste] A E HA=(DCU)S Al 7ste] 24
A AT

ester hapten<
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N
o)
oY+ OO
O

N-hydroxysuccinimide  1,3-dicyclohexylcarbodimide

|
N
w N
a _<\Nj/>‘ CZ_ N N - CH2CH2CH20(X)H
'l\lOz
N o Q
DMF(02 L) Sh N H )k o0—N
"o Csimng . SN\ /¢ VN
: \/ g

(Active ester of hapten- 1)

C

NG,
Q

|
N
ST
G_<:>_32_N \— CHzCHCH,C00—N
\ 7/ \
o}

(Active ester of hapten- IT)

Fig. 3. Synthesis of activated esters of the carboxylic haptens.
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oo wHA S Ao A

gA3Hd  ester FEIS haptens YA FES BSA(bovine serum
albumin)®t KLH(keyhole limpet hemocyanin) @9 &g o] z+-z} 3713}
o] hapten-9¥ 4 conjugateE ZA A (Fig. 4). ¢4 A4S 1 mL
9] 0.05 M borate buffer(sodium borate - 10H-O, pH 8.0)°] 10 mg<]
BSA %= KLHE 7t7} Holal A™3s] uwkstdaA] flelA 42 &4 s}
hapten o2} <oF 200 pulLE °F 208 F AAE HrrsEAh o]
hapten—protein conjugate:= 4TColA 24h F<e W&A 7 F FEA9
(6000-8000 MW cutoff)S ©o]-&3te] oF 10v] &< $&F8&H(1 x PBS ,
pH 75)& el A wukstH Al 4Tl A 543 &
=2 AAsA. F4o] Faud FA YU &45 polypropylene vial

o ¥e& & -70Co|sloll A ALE A7LA] BB T}

gt G2 A A

1) 3¢ (Antigen)

Hapten I,0-KLH conjugatet dY4o =2 A83¥ . 5 hapten 1,10
-KLH conjugates ©@Z&2&a] 2SS 935t mouse Wl hapten I,
O-BSA conjugates A X§3 F imidaclopride] Eeo]& oz wWhesl+=
%A hybridomas A&7 Y3 &AW capture antigen(coating

antigen) &8 A3} T}
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No2

*—<\:/>'C —N J\/\”/ ; + H,N—Proteins (BSA or KLH)

(Active ester of hapten- [ )

No2
N= O—N—BSA (Coating antigen)
m@—c —N or
No2
N (o]
N= H )k O— N—KLH
N  N—
(Immunogen) a \ / c—N N
(0]
NO,
| Q
H2 )k /CH20H20H2COO—N + HzN_PI'OteiIIS (BSA or KLH)
——<\ />—C —N
(6]
(Active ester of hapten-11) ¢
1
N
— . L .
Cl‘Oﬁ'(";_f\j -~ CHZCH,CH,COONH—BSA (Coating antigen) ~ OF
NO,

(Immunogen) 4@722_,\‘ )k \— CHzZCH2CH;COONH—KLH

Fig. 4. Conjugation of the carboxylic acid haptens to carrier proteins

via NHS esters.
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2) Mouse W%

Al gl AHEE mouses 4-6 %2 BALB/c strain®® (5°)AEFaL
A Fh3te] A&t Mouse HE L footpad HEHES A A5
Footpad HETWL 4Y FH2Z moused footol hapten- I -KLH
conjugate 10 pg proteing Z+7} 0.85% HA94 1 mLol|l &3iA171 &
1 mL¢ Freunds complete adjuvante} 43| #3}ste] zzbe]l dubd

o 200uL” 33 HEFstH o, 15 HF AW complete Freund's adjuvants
AVg3ta 128 E o] F o= incomplete Freund's adjuvantZ AM&3tgth m}
A2 HZ 39 ¥ inguinal ¥ axillary lymph node’} A% A& elgt &

AEEE AAISAT

3= 98-S 3= polyethylene glycol (PEG; M.W. 1500)& A&

WAel ALl wel Adstgivh. olu) BAZs B4 F% AL

HAT(0 uM Hypoxanthine, 0.4uM aminopterin, 16 uM thymidine)”} 3+
FE A FEaj A EHA7 oS 96-well platee] well B 100 uL¥®

alo] 37°C, 5% o] AFstEkA i k) o 4wl ket gl

ool

-1 71 H

4)

ol

hapten] Eol& oz ubtgsle= A IAHAAE 3 g4AHIH
(ELISA)E= 96-well microplate©] coating buffer (G0 mM NaHCOs;, pH
96)% lpg/mLe == 343 Z}Z+2] hapten II-BSA conjugates
well & 100 uL¥ F7bste] 4T 12A13F REGAI A F2A 7o o 5
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L

% 3% non-fat dry milkZ well B 100 pL# H7}ske] 37Tl A 14

N
T

SN A o] FEEA e FHE ADEAZY. Tween 200

0.05% #7}9 PBS(PBS-T)& 53] &3 & 7238t hybridoma A%

25

o

100 pL(1:10 = hybridoma & : PBS, v/v) 3 7}8taL 24TCollA 1AI3F ¥H-3-
ANZth PBS-T=Z 53] Az % 1:20000.% 3]A% goat anti-mouse
IgG-horseradish peroxidaseZ well & 100 uL H7}&}e] 24TolA 1A17F wh
SAIZT. PBS-T®= 53] A% %  citrate-acetate bufferel TMB(0.6%
3,3’ 5,5 - tetramethylbenzidine)®} HzOs mixtureE well & 100 uLA ¥ o]
24T A 1587 E2W3S F=d § AN #ikgds Hrlste] wee A
AN A, o]F  ELISA reader Microplate Reader 550, BIO-RAD
Instruments)®E 4507655 nmol| 4] &F =S =A3sle] %A hybridomas i

stk (Fig 5)
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& Anligen me

Coating .l.

] Primary antihady Mﬁ.ﬂl

®  Ind Antibody m

®  Subsirate @ éT |

®  Absorbance Reading

Earyme labelled
anii-1g antibody

Ensymoe substrafe

L1 Sadid phase

Fat Target antigen

A Priia

Cobered product of
enzyme ymbsiraie

L

Fig. 5. Scheme of noncompetitive indirect ELISA.

M (Enzyme-linked immunosorbent assay:ELISA)Z o] &3} AH3 3t}
Hapten I-KLH conjugated] o34 dojll  FEAEF(culture
supernatant)&©] imidacloprid H+241& 913t A2 AFA & A& st

v 1L3}3 Tk Coating antigen?! hapten IT-BSA conjugate®] %+ 27 1,



0.1, 0.0lug/mL= 3k om, 10812 1xPBSTl| 8|41k w289} 20000
2 343 23 &4 (Goat anti-mouse IgG-horseradish peroxidase)E Al-&
st} Imidacloprid®] EATEE Gotry] flste] o] 4)¢F 22 Wygo
2 A gt ojwf FAHe] HA 2 ojn| A AFHE tEFE FAE

°]-&-7F imidacloprid®] &4 24 7Tt o] kit (Lee 5, 2001)

Z &3} 249(Cloning)

96-well plateE o]-&3te] A 3] A4 H (Limiting dilution)S A8 ST}
ket FEAxe] & S48t &7 well & 0570A 171 A=
7 Eo7HAIE A st i EAI 71 shube] MV S8k Ak well

o AEZE 2 wFe

3 A3 2 B

&
227} 93+ imidacloprid®t Eo)%¥ o2 &3l GFE A= AL
7] ¢8le] imidacloprid®] hapten I ¥ hapten I ol KLHE HgA 7 &
A& AFEEe] G FE A AAS A =39 44 hybridoma
th. 22y hapten [ d9s ©o]&3 A= FAAA= Y I35 AEF
Eo] YERHA] @kl hapten I 3FAE o] &3 FAE T 1719 44
FEAETE o} AW AY(ELISA) o2 ZAFSHSIth Tablelo] Al B%
o] Z}7ke] Wouitt M §3F § £ inhibition %& WEMHE $4 F

T MEFE E2 YEUST olES F23 2 (Limiting dilution)<S

i
W~
i
QL
2

N
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A EeolA o imidaclopridE 4% + A= GEFE IFAE ot AH

How AP FupAw 2ed FPe A

A 2 st4-= A9 activity 7)
Hojx] GFE FAZ o] &3 HZ ELISAC #=7F "ojxd. 2 5 D6

£ o] &3}9] imidaclopridE #2413 2 A3} °F 7000 ng/mLe] ICHhE H

0&‘#

s gkt wEkA FAE AR
o] 4 ppb & < ppm¢ o} n|
A S o] &3t ELISAE imidacloprid® monitoringdl il A #al=d % &s)

A ki FE AT

37 o+ imidacloprid®] 5

o]m & mouse A AitE @EFE 3

*H-C

EAToA AR G FE AMEFE FEIEIY A2 GEFE FAELS
25 A imidacloprid®} Sold oz 283 Lt F AFH g4y
WS o]&3te] imidacloprid® #HZ3t7] 918141+ imidacloprid®t 72 31
At GFE A7 2oy A7 AdYgeA B F Kol HEe] o
FojR A kUt o] AL imidacloprid®] pyridine3t F9 Bt haptend

BSA =2 KLHE dZ3s= linker H$917F immunodorminantdte] -2
hybridoma”} ©] H#¢ol thak Ao] oldr} AZHAT}. o] AL imidacloprid
o] pyridine$hS JAA T F d= AHE dEFE FAE & Aol = A
2bE A e RAow AzZtEY. e 9EFE dAls ZUe A A

7]

Sl
A
=
%2
o
=
rio,
o
rr
b
rin
ey
fjy
rl
ot
2
Ll
rﬂ
il
~N
N
)
i
>

ol a7
%S GHdS 7HA 2
B Ao Aol o] imidaclopridet ZAEsHA Agste GEFESAE
Aaket7] YalA &= imidazolidine 915 AAT = U= #HAF AE
Azrsl 4= =, °o] AL imidacloprid®] pyridinest F9] o wA| vl A
< HA3AA imidazolidine 9 & <A 4 & hybridomas A4+HslH
imidacloprid& &3t ZF4 E4aHAH o]&d F s Ao= A

7g},
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Table 1. Screening of the monoclonal antibodies(MADb) obtained from
test mice by homologous ciELISAs for the inhibition by the

analyte imidacloprid.

Coating antigen

Conc. of imidacloprid

Immunization MAD Immrli)rhitzeation Immunogen (OD at 450~655 nm)
1000 10
% Inhibition” "
E5 FP"’ H-11-KLH 15.5 8.4
I E7 " H-1I-KLH 55.7 11.1
F4 " H-II-KLH 20.3 14.2
El FP H-1I-KLH 14.0 3.9
1 F6 " H-11-KLH 25.9 19.6
G3 " H-11-KLH 14.1 0.0
B2 FP H-11-KLH 12.9 3.0
il D4 " H-11-KLH 43.7 13.5
F7 " H-11-KLH 54.1 26.1
B7 FP H-11-KLH 13.3 7.5
\Y D2 " H-11-KLH 33.4 28.2
F5 " H-1I-KLH 3.1 32.6
B4 FP H-1I-KLH 5.0 29.2
\Y B5 " H-1I-KLH 80.0 26.7
C8 " H-11-KLH 6.3 25.9
D6 FP H-1I-KLH 95.8 39.8
Y F2 " H-1I-KLH 4.0 10.0

"Letters and numbers represent the positions in the 96-well plates.

“"FP, footpad inoculation.

: % Inhibition = [1-(Aimidacloprid/Acontrol)] x100
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o

'I'I'I'I111'|_I_I'I'I'I111'|_I_I'I'I'I111'|_I_I—I'I1111'|_I_I'I'
10°  10° 10"  10°
acloprid (ng/mL)

Fig. 6. Inhibition curve for imidacloprid ELISA, using a D6/VI
monoclonal antibody (diluted 1:10 with 1xPBS), and a coating
antigen ( hapten II1-BSA conjugate, 1.0 xg/mL). The curve was
obtained by a four-parameter curve fit.
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JAE= Aty oz tFE A (polyclonal antibody)ot ©EE A
(monoclonal antibody)® F-i-3h=d], & A= AiH7]3e] 3-671€
AER GS8 A oF 1de] vls] aol Aiksty] AW G2 E FA
= Aol ThsEtal vt Eof SolAdo] vEE Ao vl

=
W EFEeL Ak oY olfE s @Fsom AN AR F o

rr
N\
o
o
©
Folf
rE
12
i
g
3
rr
aV)
il
il
ot
—_>‘i"4
o,
>
oo
o,
ui
il
i
ot
b
ui

i
r&

o = imidacloprid®t Eo]F o2 &5l GFE AAS A
A5l 98kl imidacloprid®] hapten I ¥} hapten O o] KLHE F3Az]

gAS ALgsle] GFE A APAS A L] A hybridomas 4d s}

H%o] Z}zbe] WHultt AX §3 & £ inhibition %E YEIWE &
A FE AEXFE EZE YUEAYL olES FE83 #<d(Limiting
dilution)S AX Eo]d 22 imidacloprid® 4% 4 d+= GFE 44

Z2 Zo} AEAHoR AL FRYAE FES

B
L
ind
o
™
O:?‘:,“
et
&
B{il
o
__)rl_/’l
Lo

activity 7} @ojx ©EF &2 A E o] &3 ¥ ELISAS #A=7F HojHit)

I
ol
e
-z
il
o
oo
_0|L
2
5
o
Q
@)
<)
S
=.
Q.
il
M
£
)
T
i)
&
HE
flo
oy
k1
il
g
3

o webA BAE A RU #7 Fo RBFEE 4 ppb £ & ppmel of
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.60 OO0

31.0%

60.6%n

OVery Important

o Moderatehly Important
B Mot Important

o Minimally Tmportant

“hn Owerview of Sample Preparation™ LC-GC, Vall9, Ne.1, 1991

Fig. 1. Importance of Sample Preparation.

27%
61%0

o Sample Preparation o0 Data Management
= Aralyis m Collection

“An Owerview of Sample Preparation® LC-GC, Wol.9, No.1, 1991

Fig. 2. Distribution of time Analytical Chemists Spend on Sample
Analysis.
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2. A% % Y

D A=
7hH Alg AR

Aol AFEE vi(pear) Almi= AT wrHuAlA FYsloH,
AR Zrol EAZIE 24 A § WYEae] B

1%
dtol 8= ARSI 7= ATl #jE= $=A(BW-3300,

AHgE AlF F acetoned} Celite 545% S SAIHESH(F)oNq Aok
138S +9 AF83t9 1, hexaned WakoAHWako pure chemical
Industries, Ltd, Japan)e] &F&oFiAd8S AL&3F3 ).

EAE s AA sdelA bl 23ur, A9 E, HET T
WAE el e, AR, 3 F, dl, Heol HovlsAtel FRSIEA AR
3t+= Imidacloprid® neonicotinoidd AEA|o]w, JEFFL WakoA}

st

S

ol

(Wako pure chemical Industries, Ltd, Japan)ol A +¢

g

) s of

Imidacloprid®] — ##3t @#maWAYsS A "W Fdom
hapten-3-BSAS A&-gom IAZE hapten-5-KLHE W Po 2 3}
of AAg FdAS Abgsadn ols Fdd FA= FHUR 53

o AFANA  AFEYT  aglm o]z &Ael horseradish

N\

peroxidase-conjugated goat anti-rabbit IgGe} 71€<¢l 3 , 3, 5,
5-tetramethyl benzidine(TMB)+= Sigma Chemical Co.(St. Louis,
MO., USAZFE TYsi3lth

Microplate= Maxisorp 96-well microtiter plate(Nunc-Immuno Plate,
Maxisorp surface, Roskilde, Denmark)E ARSIt A3 Ay 54 2344
SZ=A|(Spectrophotometer) & AFE-8le] Z7d3}= Bio—Rad Laboratories, Inc.2]

microplate reader(model 55002 o]&-3}ith.
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2) AFEEA

uto] AR SOl BE o] &3 HikE AR HMAE AT AFFA ] T
Zx 1% 33 Zr) mlolaRgelr AdAHL wlaY EE(magnetron)
oM wAE wlolamYolBnrt  EMPCH, waveguide)E  whE)
microwave cavity®] Z=9sbH ARkl BAL7|(splitter)7} wlo|lZ &2}

2 Zb7) gE weko g BAAA vessel -] 9= AREE 7HEA 71T

/— waveguide

splitter —
. ; 1
C =
- . i
= E o magnetron
= m = - microwave
= =
= . L =
. = = - e ~<~—— microwave
extraction W i — .. oven
vessel - =
_\ /—

Fig. 3. Scheme of microwave system

pfol Az eoln A2 EIAdS olgetH Ao RE 3

vtol AR utE WA = gloy F¥o] ofstar EetAst HEe At

b el At et whebd, vlolAmybE WA HE 5 A
A, FEYOlAER, tAVEER, oA & 21 dFde T2 A

_84_



25 &4 olF viadlEEC] 7 dd olgH=dH mavEER

-

(magnetron)< =3 502 FAH Y339 ol FH(diode) o2
Foj9lth. Microwave oven U&= XF9 2 7ML Foz IddE o Yit
Aol Aol BEE 8 oven WH-2 F71E 2.8 m/minodo 2
7N A G vk g vpe]A R wEs WAE] fls ite] A

A 9L wo= Y ERe] FEE

5y
&2
b
Jfu
)
o
30
o

Extraction vessel: Al&9 & WAstal F= H o] d7bA] Al
25 A& 7tEdE ¢ e ZHA P (closed type)oE Holglom, &
7= 300me A7|=A wholAutE F4ekA] al Fdelal visietd g
S zra = v=FA AFe "HEZE2Z(PFA, perfluoroalkoxy)o] AFE-5$1
o HEZESY 554 30002 oo #7]8vel vkgaA] e
a8 4% B Ao A AL8E extraction vessel?] FEREE UERATH
2eolre ogt A EFEE &7|(extraction vessel)]

A3l AFEES o, 3T == 3rpmo|th.

4
me
ro
N
ng
tlo
4 N
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Fig. 4. Scheme of extraction vessel in microwave
system.

i

3) A
7h) Alm AAE

2ZF A Imidacloprid®] 7% £41S 9l 49 v A8 2.0gS F
=& vesseld ¥i Imidacloprid® 0.5ppm¥ 1.0ppmE #7}se] gk
Zlm EF 5 307 sk weAA FESSl AEdAEY A T
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Fig. 6. Heating curve of various solvents by microwave.
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Table 4. Physical properties of the solvents

sovent o Direle - Dideric U
(C) 25C)
Hexane 68.7 0 1.88 0.65
Acetone 56.2 2.77 20.7 0.78
Dichloromethane 39.8 1.14 8.93 1.32
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Table 5. Comparison of extraction efficiencies of Imidacloprid
fortified in pear by sonication and microwave power
300W extraction

Extracted efficiencies (%)

Sample fortification microwave (300W)

crops  (mg/kg) e sonication
oo~ lmin 2min 3min (20min)
05 . 842t 140 BT0:1457 906+ 651 968+ 243
1.0 86.6+12.33 89.9+ 947 90.0+ 834 982+ 431
05 904+ 135 921+ 321 964+ 102
Pear 80T
10 0.8+ 1.44 93.0+12.22 98.4+16.23
05 o 1026+14.2 1028+ 761 1025+ 7.78
1.0 9911491 1036+ 6.12 103.9+ 467
05 1007100 1039+ 547 101.2+11.58
20C 10372
10 315 1054+ 816 1034+ 4.27

Table 6. Comparison of extraction efficiencies of Imidacloprid
fortified in pear by sonication and microwave power
700W extraction

Extracted efficiencies (%)

Sample fortification microwave (700W) N
crops  (mg/kg) nEE ‘ . ' somca't1on
oo~ lmin 2min 3min (20min)
05 60°C 83.2+ 1.18 90.1£ 055 92.6+ 540 96.8+ 2.43
1.0 871+ 232 90.0+ 1.76 93.3+ 3.11 98.2+ 4.31
0.5 . 91.8+£13.40 90.6+17.93 93.3+ 4.20
Pear 80T
1.0 90.1£1052 94.1+ 424 98.0+ 7.70
0.5 100%C 952+ 2.19 102.7+ 2.33 104.8+ 7.55
1.0 95.6+ 3.99 1054+ 4.92 105.1+ 5.19
0.5 120%C 80.4+ 2.65 84.8+ 498 91.3+ 531
1.0 80.3+ 5.61 87.0+18.72 &7.7+ 2.05
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§=1I. Control program for AVR

#include <progmem.h>
#include <interrupt.h>
#include <sig-avr.h>
#include <io.h>

#include "lcd.c"
#include "lcd.h"
#include "Adc.h"
#include "Adc.c"

volatile unsigned int flag,sec;

SIGNAL(SIG_OVERFLOWO0) /I signal handler for tentO0 overflow
interrupt
{
if(flag==524) // 8mhz -> 20ms
{
flag=0;
if(sec>25000)
sec=0;
else
sect+;
h
else
flag++;

outp(0x00,TCNTO); /I reset TCNTO

int main(void)

{

volatile unsigned int a,b,c,d,adc_result,text, adc sum=0 ;
int 1iz;
unsigned char input=0x00,result[6];

outp(0x80,SREG);
outp(0xff, DDRB);
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outp(0xff, DDRC);

outp(0xff, DDRD);

outp((1<<TOIE0), TIMSK); /I enable TCNTO overflow

outp(0x00,TCNTO); /I reset TCNTO

outp(0x01,TCCRO); /lcount with cpu clock/1024

InitADC(); //ADC 1initialization

lcd_init(LCD_DISP_ON); // LCD #%7]3%}

sei();

led_clrser(); /] ©]2=Zd o] Z7]§} 2L AXE Fel AXAF

led_puts("!Start!\n"); // PD5 AAE ~9X= TEE’i K

input=0x00; /! *]H ] dg WrE 2718 g

input=inp(PIND); // D PORTZ H-E 2% 9J8& wreth
for(;;)

{

if(inp(PIND)== 0x40) // PD6 ol AAH ~9x] =H

{

led_clrser();
led_puts("Optical Density!"\n");/ \-AtE & F b3 o= AKX ol
led_puts("Output:");

outp(0x40,PORTC); // Led on
for(;;)
{ -
for (i=0;i<=20;i++) /R0 =Aste] gk ko)
{

adc_result=adc[0];
adc_sum = adc_sum + adc result;

if 1 == 19) text = adc_sum ;

if i == 20) adc_sum=0;

H
text=text/20; /AL HolE] 20719 H
text = 5*text; // 1000%5* 2 3} 71/1024
d=text%10; 2 AR A

text=text/10;

c=text%10; I 2 =4 A
text=text/10;
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b=text%10; I a5 AR 24
text=text/10;
a=text%]10; /]

¥
1z
i

result[0]=a+'0';
result[1]="";
result[2]=b+'0";
result[3]=c+'0";
result[4]=d+'0";
result[5]=0;

led_gotoxy(8,1);

led_puts(result); // LCDe Ax &9
led_puts(" V");

sec=0;

while(sec<50){}

}

if(inp(PIND)==0x20) // PD5Cl 2=91%7F =2l A
{
while(sec<50){}
sec=0;

/!
/I stepl--Imidacroprid Sample
/1

led_clrser();
led_puts("!Imidacroprid \n");
sec=0;
for(i=0;i<=19;i++) // 600 ul
{
outp(0x12,PORTC); // Imidacroprid Sample Valve,
Priming Valve
outp(0x01,PORTD); /I Reagent Pump

while(sec<13){}
sec=0;

outp(0x00,PORTD);
while(sec<13){}
sec=0;

}
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outp(0x00f0,PORTC); //Air Valve, Priming Valve

for(i=0;1<=22;i++)

{
outp(0x01,PORTD); // Reagent Pump
while(sec<12){}
sec=0;
outp(0x00,PORTD);
while(sec<12){}
sec=0;

}
outp(0x00,PORTC);
while(sec<20){}
sec=0;

//
/I step2--1St antibody
//

led_clrser();
led_puts("!2:1st antibody '\n");
sec=0;

for(i=0;i<=14;i++) /I 1st antibody 600ul
{
outp(0x14,PORTC);//Imidacroprid Sample Valve, Priming Valve
outp(0x01,PORTD); /I Reagent Pump

while(sec<13){}
sec=0;

outp(0x00,PORTD);
while(sec<13){}
sec=0;
h
outp(0x00f0,PORTC); // Air Valve, Priming Valve

for(i=0;i<=21;i++)
{
outp(0x01,PORTD); /| Reagent Pump
while(sec<12){}
sec=0;
outp(0x00,PORTD);
while(sec<12){}
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1
1

1/

sec=0;

}

outp(0x00,PORTC);

Step3--Mixing

led_clrser();
led_puts("!3:Mixing!\n");
sec=0;

for(i=0;1<=45;i++)

{
outp(0x08,PORTD);
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

1

Step4--Incubation

1
1

led_clrser();

lcd_puts("!4:Incubation!\n");

while(sec<9000){}
sec=0;

sec=0;

led_clrser();

led puts("!Washing!\n");
outp(0x00,PORTC);

for(i=0;1<=28;i++)

{
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// Valve off

// Mixing Pump

// '3 min incubation



outp(0x02,PORTD);
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

for(i=0;i<=38;i++)
{
outp(0x11,PORTC);
outp(0x01,PORTD);

while(sec<11){}
sec=0;

outp(0x00,PORTD);

while(sec<11){}

sec=0;

H
outp(0x00,PORTC);
while(sec<14){}

for(j=0;j<=2;j++)
{
for(i=0;1<=40;i++)

{
outp(0x02,PORTD);
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

for(i=0;i<=28;i++)

{
outp(0x11,PORTC);
outp(0x01,PORTD);
while(sec<11){}
sec=0;

outp(0x00,PORTD);
while(sec<11){}
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// Drain Pump

//" Washing solution 1.2ml

// Wash Soution,Priming Valve
/I Reagent Pump

//Drain Pump

// Wash Soution,Priming Valve
/I Reagent Pump



sec=0;

}
outp(0x00,PORTC);

for(i=0;i<=35;i++)
{
outp(0x08,PORTD); // Mixing Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

for(i=0;i<=43;i++)
{
outp(0x02,PORTD); // Drain Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

i

for(i=0;i<=25;i++)
{
outp(0x08,PORTD); // Mixing Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

outp(0x20,PORTC); /I Air valve on
for(i=0;i<=20;i++)
{

outp(0x01,PORTD); /I Reagent Pump

while(sec<11){}

sec=0;

outp(0x00,PORTD);

while(sec<11){}
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sec=0;

}

outp(0x00f0,PORTC); // Air Valve, Priming Valve
for(i=0;i<=10;i++)
{
outp(0x01,PORTD); /I Reagent Pump
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;
H
outp(0x00,PORTC);

for(i=0;i<=43;i++)

{
outp(0x02,PORTD); // Drain Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}
while(sec<25){}
sec=0;

//
/I Step6--2nd Antibody
//

led_clrser();
led_puts("!'6:2nd Antibody!\n");
sec=0;

for(i=0;i<=21;i++)
{
outp(0x04,PORTD); /I 2nd antibody Pump,1000ul
while(sec<14){}
sec=0;
outp(0x00,PORTD);
while(sec<14){}
sec=0;
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//
/I Step7--Incubation

/
led_clrscr();
led puts("!7:Incubation!\n");
while(sec<9000){} /'3 min Incubation
sec=0;
/
/I Step8--Washing
/

led_clrser();
lcd_puts("!8:Washing!\n");
outp(0x00,PORTC);
for(i=0;i<=28;i++)
{
outp(0x02,PORTD); //Drain Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

for(i=0;1<=38;i++) // 1.2ml
{
outp(0x11,PORTC); /I Wash Soution,Priming Valve
outp(0x01,PORTD); /I Reagent Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;
}
outp(0x00,PORTC);
while(sec<14){}

for(j=03j<=3;j++)
{

for(i=0;1<=40;i++)
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outp(0x02,PORTD);
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

for(i=0;1<=28;i++)
{
outp(0x11,PORTC);
outp(0x01,PORTD);
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;
§
outp(0x00,PORTC);

for(i=0;1<=35;i++)

{
outp(0x08,PORTD);
while(sec<10){} //
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;
§

}

for(i=0;1<=43;i++)

{
outp(0x02,PORTD);
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;

}

for(i=0;1<=25;i++)
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// Wash Soution,Priming Valve

/I Reagent Pump

/I Mixing Pump

// Drain Pump



outp(0x08,PORTD); // Mixing Pump
while(sec<10){}

sec=0;

outp(0x00,PORTD);

while(sec<10){}

sec=0;

}

outp(0x20,PORTC); /I Air valve on
for(i=0;i<=20;i++)
{

outp(0x01,PORTD); /I Reagent Pump

while(sec<11){}

sec=0;

outp(0x00,PORTD);

while(sec<11){}

sec=0;

}

outp(0x00f0,PORTC); // Air Valve, Priming Valve
for(i=0;i<=15;i++)
{
outp(0x01,PORTD); /| Reagent Pump
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;
}
outp(0x00,PORTC);

for(i=0;i<=43;i++)
{
outp(0x02,PORTD); // Drain Pump
while(sec<10){}
sec=0;
outp(0x00,PORTD);
while(sec<10){}
sec=0;
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/I Step9-- Substrate
/!

led_clrscr();
lcd_puts("!Substrate!\n");
sec=0;

for(i=0;i<=10;i++)
{
outp(0x10,PORTC); //Substrate Valve
outp(0x01,PORTD); /I Reagent Pump
while(sec<11){}
sec=0;

outp(0x00,PORTD);
while(sec<11){}
sec=0;

}

for(i=0;1<=30;i++)
{
outp(0x18,PORTC); // Substrate Valve, Priming Valve
outp(0x01,PORTD); // Reagent Punp
while(sec<13){}
sec=0;

outp(0x00,PORTD);
while(sec<13){}
sec=0;
¥
outp(0x00,PORTC);

outp(0x40,PORTC); // Led on

//
/I Step10--Incubation
//

led_clrser();

led_puts("!10:Incubation!\n");

while(sec<14000){} //'5 min Incubation
sec=0;

I
/I Stepl1--Read optical density
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I

led_clrser();
led_puts("!11:Led On!\n");

while(sec<50){}
/
/I Output
/

led_clrser();

led_puts("Optical Density!\n"); / #ALEHF ThP o= AAXolF
led_puts("Output:");
for(j=1;j<=10;j++)
{
for (i=0;i<=20;i++) /12001 A3kl Hatgk 78t
{
adc_result=adc[0];
adc_sum = adc_sum + adc result;
if (i == 19) text = adc_sum ;
if i = 20) adc_sum=0;
j
text=text/20; /) Bt
text = 5*text; // 1000*5* 2 3} 71/1024
d=text%10; I 2 AR A

text=text/10;

c=text%10; I a2 =4 A
text=text/10;

b=text%10; I 2 AR A
text=text/10;

a=text%10; I AT &

result[0]=a+'0";
result[1]="";
result[2]=b+'0";
result[3]=c+'0';
result[4]=d+'0";
result[5]=0;
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led_gotoxy(8,1);

lcd puts(result);
led_puts(" V"),
sec=0;
while(sec<50){}
}
while(sec<20){}
outp(0x00,PORTC); //Led off
}
1
// WH&-3 Pump, tube Al Z 3}A
/

if(inp(PIND)==0x80)
{
led_clrser();
lcd_puts("!Cleaning tube!\n");
sec=0;

for(i=0;i<=19;i++)
{
outp(0x02,PORTC);
outp(0x01,PORTD);

while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;
}
outp(0x20,PORTC);

for(i=0;i<=12;i++)
{
outp(0x01,PORTD);
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;

}

/A2 2

/| Az}

i
L)

// PD7O 2=$91A|7F =2 A

/I imidacroprid valve

/I Imidacroprid Sample Valve
/I Reagent Pump

// Air valve on

/| Reagent Pump
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for(i=0;1<=33;i++)
{
outp(0x11,PORTC);
outp(0x01,PORTD);

while(sec<11){}
sec=0;

outp(0x00,PORTD);
while(sec<11){}
sec=0;

}

outp(0x00,PORTC);

outp(0x00f0,PORTC);
for(i=0;i<=40;i++)

{
outp(0x01,PORTD);
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;

H

outp(0x00,PORTC);

for(i=0;i1<=29;i++)

{
outp(0x02,PORTD);
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;

}

//" input manifold
if(inp(PIND)==0x10)
{
while(sec<50){}
sec=0;

// Wash Soution,Priming Valve
/I Reagent Pump

//Air Valve, Priming Valve

/I Reagent Pump

//Drain Pump

=)
S
oft

// PD5°] 2~9X7} =3



// Imidacroprid Sample

led_clrser();
led_puts("!Input manifold \n");

sec=0;

for(i=0;1<=5;i++)
{
outp(0x12,PORTC); // Imidacroprid Sample Valve, Priming Valve
outp(0x01,PORTD); /I Reagent Pump

while(sec<13){}
sec=0;

outp(0x00,PORTD);
while(sec<13){}
sec=0;

}
outp(0x00,PORTC);

outp(0x00,PORTD); /I Reagent Pump

while(sec<20){}
sec=0;

/I 1St antibody

for(i=0;i<=5;i++)
{
outp(0x14,PORTC); // Imidacroprid Sample Valve, Priming Valve

outp(0x01,PORTD); /I Reagent Pump

while(sec<13){}
sec=0;

outp(0x00,PORTD);
while(sec<13){}
sec=0;
§
outp(0x00,PORTC); /l Valve off

// 2nd Antibody
for(i=0;i<=7;i++)
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{
outp(0x04,PORTD); /I 2St_antibody Pump,1000ul

while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;

}

/I Substrate
for(i=0;i<=6;i++)
{
outp(0x18,PORTC); //Substrate Valve, Priming Valve
outp(0x01,PORTD); // Reagent Punp
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;
}
outp(0x00,PORTC);

/' Washing tube
for(i=0;i<=20;i++) /' Washing solution 1.2ml
{
outp(0x11,PORTC); // Wash Soution,Priming Valve
outp(0x01,PORTD); /I Reagent Pump

while(sec<11){}

sec=0;

outp(0x00,PORTD);

while(sec<11){}

sec=0;

}

outp(0x00,PORTC);
while(sec<14){}

outp(0x20,PORTC); /" Air valve on
for(i=0;i<=20;i++)
{
outp(0x01,PORTD); // Reagent Pump
while(sec<11){}
sec=0;
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outp(0x00,PORTD);

while(sec<11){}

sec=0;

}
outp(0x00,PORTC);
outp(0x00f0,PORTC);

for(i=0;i1<=7;i++)

{
outp(0x01,PORTD);
while(sec<11){}
sec=0;
outp(0x00,PORTD);
while(sec<11){}
sec=0;

}

outp(0x00,PORTC);

}
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FEII1. AES A

(D Control board (2 LCD @ Solenoid valve
@ Micro pump (& Reagent vesse (6 Reaction chamber block

Fig 1. An overview of the prototype biosensor
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