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Abstract

A portable evanescent wave optic fiber immunosensor was developed for de-
tection of 2,4-dichlorophenoxyacetic acid(2,4-D) using a indirect competitive
immunoassay. In this paper, hapten conjugates 2,4-D-OV A were immobilized
with covalent binding methods. After pre-reacting, 2,4-D-antibody-Cy5.5 in
sample specifically recognized the 2,4-D antigens binding sites on surface of
the optical fiber probe. Under optimum conditions, 2,4-D could be detected
in less than 18 min for each assay cycle. The regeneration of the optic fiber
surface allowed more than 200 times without losing performance. The limits
of detection of 0.039 ug/L and the quantitative detection range of 0.47 - 81.02
ug/L were obtained when the concentration of 2,4-D was 1 mg/L. This im-
munosensor shows great potential in rapid simultaneous detection of 2,4-D in
waters samples.
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1. Introduction

2,4-Dichlorophenoxyacetic acid(2,4-D) is one of the most widely used herbicides
in agriculture all over the world. It has been associated with the occurrence of
cancer in humans, endocrine-disrupting activities, acute congestion and dege-
nerative changes in central nerve system. The maximum admissible concentra-
tion for pesticides in drinking water is restricted by the European Drinking Wa-
ter Act to 0.1 ng/ml for an individual pesticide and to 0.5 ng/ml for the com-
bined total of pesticides. To satisfy the lowest level of the standard and guarantee
the quality of drinking water and human health, many detection methods in-
cluding HPLC, GC/MS and biosensors have been developed. The traditional de-

2017


http://www.scirp.org/journal/gep
https://doi.org/10.4236/gep.2017.56006
http://www.scirp.org
https://doi.org/10.4236/***.2017.*****

W. Lietal.

tection methods require expensive instruments, skilled operators, extensive
sample pretreatments and relatively large amounts of reagents'.

Compared with conventional detection methods, Evanescent wave fiber optic
immunosensors (EWFI) developed to determine trace amount of 2,4-D based on
the principle of immunoreaction and total internal reflect fluorescent (TIRF) has
many advantages of feasible miniaturization, sensitivity, simplicity of opration,
cost-effectiveness and capability of real-time rapid measurements. The stability
and reusability of the sensing surface were evaluated in order to show the
enormous potential of this immunosensor for more than 200 times analysis of
2,4-D.

2. Characterization of 2,4-D-OVA Conjugate Modified
Biosensor

2,4-D-OV A conjugate, regarded as a bio-recognition molecule, was immobilized
onto the surface of optic fiber probes. As shown in Figure 1, we conducted sev-
eral experiments to evaluate the modification effect of biosensor. The mixture of
1 mg/mL Cy5.5 labeled anti-2,4-D antibody and PBS, 1 mg/mL Cy5.5 labeled
anti-2,4-D antibody and 1000 ug/mL 2,4-D antigen and 1 mg/mL Cy5.5 labeled
anti-atrazine antibody and PBS pre-reacted for 5 min, were flowed into the opt-
ical fiber probe, respectively. When the mixture of anti-2,4-D antibody and PBS
were added, the visible fluorescence signal can be examined, which suggested
that the specific binding between anti-2,4-D antibody and the 2,4-D-OVA con-
jugate modified onto the optic fiber probes surface. When the mixture of anti-
atrazine antibody and PBS were added, the fluorescence signal value was tiny. It
meaned the atrazine antibodies could not bind with 2,4-D-OVA conjugate im-

mobilized onto the probe surface. When the mixture of anti-2,4-D antibody and
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Figure 1. Assessment of the immobilization effectiveness. The mixture of Cy5.5-labeled
anti-2,4-D antibody and PBS, Cy5.5-labeled anti-atrazine antibody and PBS and
Cyb5.5-labeled anti-2,4-D antibody and 1000 ug/mL 2,4-D antigen were pumped over the
fiber optic sensor surface modified by 2,4-D-OVA, respectively.
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1000 ug/mL 2,4-D antigen were added, the fluorescence signal can be obviously
observed, but it is far less than the fluorescence signal which the mixture is 2,4-D
antibody and PBS and far higher than that of adsorption of non-specific antibo-
dies. These results demonstrated that the 2,4-D-OVA conjugate was successfully
modified onto the sensor surface and had specific binding with anti-2,4-D anti-
body and non-specifically adsorbed with anti-atrazine antibody.

Calibration curve (Figure 2) was obtained with anti-2,4-D antibody concen-
tration of 1 ug-mL™" pre-reacted with 2,4-D standard solution of various concen-
tration in the range of 0 - 1000 ug-L™! for 4 min. Standard curves were standar-
dized by describing the signal of each standard point as the ratio of the maxi-
mum response. The vertical error bars represent to the standard deviation of the
data points in three experiments, the standard deviations of all these data points
were within 3%. The ICs, value was calculated to be 5.48 ug/L, the linear working
range of 2,4-D was 0.47 - 81.02 ug/L and the limit of detection (LOD) for 2,4-D
was 0.039 pg/L .The biosensor performance meets the requirement for the de-
termination of 2,4-D in the drinking water set by the European Union Drinking
Water Directive and national standard. The entire test time is less than 20 min

for each assay cycle.

3. Regeneration and Biosensor Reusability

The stability and reusability of immunosensor is critical to the successful reuse
of the optical fiber probe and the accuracy of detection results, so this property
was also evaluated. After the 450 s reaction between Cy5.5-labeled 2,4-D anti-
body and 2,4-D-OVA conjugate on the sensor surface, the biosensor was rege-
nerated by 0.5% SDS solution (pH 1.9). As shown in Figure 3, after 200 times
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Figure 2. Standard curves of EWFI for determination of Cy5.5-labeled 2,4-D antibody
concentrations of 1 ug/mL.
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Figure 3. Signal recovery after 200 times of measurements regenerated with 0.5% SDS
solution at pH = 1.9.

test assays, the optical fiber probe still maintained good performance. The signal
values of all measured decreased less than 8% and the standard deviation was
within 6%. It indicated the regeneration of the sensor which can be used more
than 200 times, thereby achieving a cost-effective and reliable 2,4-D determina-

tion.
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