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A Biosensor for the Rapid Detection of the Fungicide Iprovalicarb Residuess
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In this study, a biosensor was developed using an enzyme-linked immunosorbent assay (ELISA) to rapidly measure the
fungicide iprovalicarb residues in agricultural products. The biosensor was designed to include micro-pumps and solenoid
valves for fluid transport, a spectrophotometer cuvet as a reaction chamber, a photodiode with a light-emitting diode for
optical density measurement, and a control microcomputer to implement assay. The rate of change in optical density of
the cuvet was read as final signal output.

Micro-pumps were evaluated to investigate their delivery capability, the highest values of the error and the coefficient
of variation were 4.3% and 4.6% respectively. As the incubation period was reduced from 15 minutes to 11 minutes to
shorten the total processing time, the sensor sensitivity was decreased as the antibody dilution ratio was reduced to a half.
The maximum usable period of the coated cuvet was found to be two days with 1% error limit. To predict the concentration
of the iprovalicarb residue in agricultural products, a linear calibration model was obtained with r-square values of 0.992
for potato and 0.985 for onion. In validation test for the samples of potatoes and onions against the high performance liquid
chromatography, very high correlation values were obtained as 0.996 and 0.993 respectively. Using the cuvet immobilized
with antigen, it took 21-minutes for the biosensor to complete the measuring process of the iprovalicarb residues.
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Fig. 1 Scheme of competitive indirect ELISA.

Table 1 Protocol for the ELISA used in the biosensor

Immobilization of Antigen (By hand)

. Immobilize antigen on cuvet (1 mL, 0.1 ug/mL, 12 hr, 47C)
. Washing cuvet (1xPBS + 0.05% Tween20, 5 times)
. Blocking cuvet (2 mL, 1xPBS + 3% skim milk, 1 hr, 37C)
. Washing cuvet (1xXPBS + 0.05% Tween20, 5 times)

Binding (By the biosensor)

. Add 500 uL of sample (5000, 200, 8, 0.32, 0.0128 ng/mL)

. Add 500 uL of the 1st-antibody (1:4,000)

. Incubate for 5 or 3 minutes at 24°C

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

. Add 1 mL of the 2nd-antibody (1:1,000)

. Incubate for 5 or 3 minutes at 24T

. Washing cuvet (1xPBS + 0.05% Tween20, 5 times)
Development (By the biosensor)

12. Add 1 mL of substrate buffer

(citrate buffer, 0.6% TMB, 1% H202 )

13. Incubate for 5 minutes at 24C
14. Read optical density

BN =
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[

3150t} 23} &A)Q1 horseradish peroxidase-conjugated goat
anti-rabbit IgG(Z1494] 1:1,000)8} 7142 3,3',5,5'tetramethyl
benzidine(TMB)+= Sigma Chemical Co.(St. Louis, MO,
US.A)ZHE ikt nlele M) AsB7HE 98l
HPLC(HP 1100 series, Agilent Technologies Korea, Young-
In Scientific, Korea)Z AH-3F3 11, ¢8-S EPA Guideline
(Lee 5 2004)°] whe} AZ3ksich
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o] M9+ 340-900 nm, £ 4.0 mL, ZL7]& 10x10x40
mm©|t},
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Fig. 2 Fluid handling system for the biosensor.
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Table 2 Control sequence for the biosensor

Binding cycle
* Sample valve (500 pL), Reagent pump (10 strokes)
* 1st antibody valve (500 L), Reagent pump (10 strokes)
* Mix pump (28 strokes)
* Incubate 5 or 3 min. (247C)

Washing cycle x 5

* Drain cuvet

* Washing valve (1.2 mL), Reagent pump (26 strokes)
* Mix pump (28 strokes)

Labeling cycle

* 2nd antibody pump (19 strokes)
* Incubate 5 or 3 min. (247C)

Washing cycle x 5

Development cycle

Substrate valve (1 mL), Reagent pump (17 strokes)
Incubate 5 min. (24C)
Calculate OD rate (10 s)

Cleaning cycle

* Clear sample valve
* Clear substrate valve
* Add washing solution
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Table 3 Test results of dispensed volume to a cuvett by micro-pumps
. Reagent .. -
Micropump 2nd-Ab Mixing Drain*
Sample 1st-Ab Substrate Wash
Set volume (mL) 500.0 500.0 1,000.0 1,200.0 1,000.0 1,200.0 1,200.0
Average (mL) 510.5 507.8 1,019.2 1,208.2 1,042.7 1,219.6 1,239.8
Error (%) 2.1 1.6 1.9 0.7 43 1.6 33
CV*¥ (%) 0.5 15 0.3 0.3 46 1.6 0.1

*1: Dispensed volume from a cuvett.
*2: Coefficient of variation
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where y :
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Table 4 Parameter values of sigmoidal modeld for each incubaiton
time

Incubation time, minutes Sigmoidal model parameter
(Bind-label-develope) a b c d
5-5-5 0.202 0.055 | 18.609 | 0311
3-3-5 0.552 -0.349 | 68.477 | 0.069
3) EHel S=Z7I00 U2 HO|RMAM Ms

I8 5T FAY Fg7el] mE Hlo] Q4K 9) %S 1)
e e RoiFrh ABATHCho 5, 2006)014 A= 3}e
FAEZAR A FA] 10 4,000, 23 A M0 1
1,000)8} 2812 =21 FAFTARF LA 3A8) 1: 2,000, 23}
A #AH] 1: 500)°]
ofEth 19 5ol BAIE gk 33 wkE EAghe] Hitold,
Z723k 7H] WO AIHCV)E= 3.6% o8k Aoz VERF

J. of Biosystems Eng. Vol. 32, No. 6.

0'24'_ 5 Incubation : 5-5-5 min
0.22 £ Incubation : 3-3-5 min

020
0.18
016
014
012
0.10

Optical density

0.08
0.06

0.04 4
0.02

0.00 —herr——rrrrr—r T Tt
0.01 01 1 10 100 1000 10000

Iprovalicarb concentration, ng/mL

Fig. 4 Calibration curve of the biosensor with the incubation period
for 15 and 11 minutes.
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Table 5 Parameter values of sigmoidal model for each antibody
dilution level

Antibody dilution Sigmoidal model parameter
(1st, 2nd) a b ¢ d

1:4,000, 1:1,000 0.202 0.055 18.609 0.311
1:2,000, 1:500 0.552 -0.349 68.477 0.069
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Fig. 5 Calibration curve of the biosensor with dilution of the rabbit
D antiserum and the goat anti-rabbit IgG-HRP.
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