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ABSTRACT: An electrical resistance-based particle counter (ERPC) with simple -
operation and high resolution has proved to be a promising biosensing toolkit, A =
whereas amplification-free ERPC biosensors are incapable of analyzing trace small @. N
molecules due to their relatively low sensitivity. In this work, click chemistry- cu(ll) ®§m
mediated particle counting sensing of small-molecule hazards in food samples with + E—

high sensitivity was developed. In this strategy, unbound alkyne-functionalized b b b AA

polystyrene microspheres were collected by magnetic separation from the copper- Magnetic l
ion-mediated click reaction between alkyne-functionalized polystyrene microspheres separation U
and azido-functionalized magnetic beads, which could be used as signal probes for
the readout. This click chemistry-mediated ERPC biosensor converts the detection
of targets to the quantification of copper ions or ascorbic acid by performing
competitive immunoassay-based coordination chemistry and enzymatic reaction,
respectively. The sensitivity of the ERPC biosensor has been improved by an order
of magnitude due to the signal amplification effects of click chemistry, coordination adsorption, and enzyme catalysis. Furthermore,
because of the efficient separation and enrichment of immunomagnetic beads and the robustness of click chemistry, the interference
from food matrixes and immunoassay is effectively reduced, and thus, our strategy is exceedingly suitable for detecting trace targets
in complex samples.

b Particle
counting 4
_____

Particles number

Size distribution

1. INTRODUCTION biomarkers, small molecules, pathogenic bacteria, and even
cells.’ In this sensing strategy, magnetic beads (MBs) coupled
with antibodies or molecular probes were employed to capture
the target of interest, and polystyrene (PS) microspheres

Food contamination occurs often and may involve relatively
small batches of food or very large ones, where millions of tons
of food must be discarded.”” During food production,

preservation, distribution, and consumption, it is possible to coupled with recognition elements were used as signal probes
introduce hazardous substances, leading to great public health to detect the target. After the occurrence of molecular events,
risks.? For example, the use of pesticides during the cultivation the unbound signal probes can be rapidly separated and
of fruits and vegetables may result in excessive pesticide accurately counted by an electrical resistance-based particle
residues and increase the risk of cancer for consumers.”’ counter (ERPC), which can be used to quantify the amount of
Therefore, the availability of safe and pollution-free food is an target. Based on this principle, the highly sensitive detection of
ongoing and long-term requirement. To meet increasingly biomarkers and foodborne pathogens was achieved using
rigorous food safety standards, it is crucial and indispensable to antigen—antibody interaction and DNA hybridization, but the
explore highly sensitive, easy-to-use, rapid, and inexpensive sensitivity was limited to the detection of small molecules
detection techniques for monitoring food quality and ensuring because there is only one existing binding site between the
food security. In addition, the accurate and timely assessment antigen and antibody of small molecules.’® To address this
of food quality is of great significance to prevent needless food issue, 10 um PS microspheres were applied to increase the
wastage and enormous economic losses. sensitivity due to its greater resistance that can be measured by

Current commercial detection platforms used in the field of ERPC. However, the suspension stability of 10 um PS

food safety mainly include enzyme-linked immunosorbent
assay (ELISA) and lateral flow immunoassay (LFIA)."® The
bottleneck for LFIA is low sensitivity and poor matrix
tolerance, which limits its application. Compared with LFIA,
ELISA employs enzymes to amplify detection signals, but its
sensitivity is still incapable of detection of hazardous factors at
trace levels. In our previous work, an electronic particle
counter-implemented versatile biosensing toolkit was devel-
oped for detecting a range of targets including protein

microspheres is inferior to that of 3 gm PS microspheres,
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Figure 1. Schematic illustration of the Cu(I)-catalyzed azide/alkyne cycloaddition (CuAAC)-mediated electrical resistance-based particle counter
(ERPC) sensing strategy. In this strategy, Cu(II) and ascorbic acid can be used as variables to establish quantitative relationships with other targets
using competitive immunoassay-based coordination chemistry and enzymatic reaction.

which increases the difficulty of the operation and decreases
the accuracy of the analysis. Therefore, it is necessary to
develop an eflicient signal amplification strategy to increase the
sensitivity of the ERPC biosensor and meet the requirements
for trace food hazards analysis.

In this study, a click chemistry-mediated ERPC biosensor
was explored for highly sensitive detection of multiple targets
such as pesticide residues and mycotoxins. The alkyne-
functionalized PS microspheres and azido-functionalized MBs
were first prepared using EDC/NHS chemistry. Next, Cu(II)
and ascorbic acid (AA) were introduced to trigger Cu(I)-
catalyzed azide/alkyne cycloaddition (CuAAC), which inte-
grates the modified PS microspheres and MBs. After magnetic
separation, the unbound PS microspheres were subjected to
micropore, and the number of particles was counted by the
ERPC (Figure 1). In this sensing strategy, the number of
microspheres can reflect the amount of Cu(Il) or AA in
samples, which is the basis of quantitative analysis of this
sensing strategy. In addition, the number of unbound
microspheres can be regulated by changing the amount of
Cu(II) or AA using coordination chemistry and immunoassay,
and thus, the detection of targets of interest can be logically
transformed into the quantification of Cu(II) or AA."' ™" For
instance, alkaline phosphatase, a labeling enzyme in immuno-
assays, can catalyze ascorbic acid phosphate to generate AA via
dephosphorylation."* This process can be used to develop the
sensing analysis of aflatoxin B, by competitive immunoassay.
Compared with our previous work, the sensitivity of this
sensing strategy is expected to be high due to the signal
amplification of click chemistry, coordination adsorption, and
enzyme catalysis. Because this sensing strategy can also
effectively eliminate the interference of nonspecific absorption
by magnetic separation and click reaction, it is highly feasible
for usage in real-world settings. Overall, a convenient, robust,
highly sensitive, and multifunctional click chemistry-mediated
ERPC sensing platform is proposed, which endows it with the
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ability to detect any small molecule in a complex sample at
ultralow concentrations.

2. EXPERIMENTAL SECTION

2.1. Experimental Procedure for Assaying Cu(ll).
Alkyne-PS microspheres (40 pg mL™, 100 uL) were mixed
with azido-MBs (0.4 mg mL™', 100 uL); 100 uL of Cu(II)
solutions with specific concentration was added into the above
mixture; and 100 uL of ascorbic acid (AA) was added to a final
concentration of 1.0 mM. After gently shaking the mixture for
10 min, the unbound alkyne-PS microspheres were collected
via magnetic separation for signal readout. The measurement
procedure was carried out according to our previous work as
follows: the signal value of normal saline was measured as
background, 100 uL of the collected solution was added to
measure the particle number. Particles with a size distribution
of 2.6—3.7 um are counted as 3 um microspheres, whose
average size is 3 um.” LOD was calculated based on the
calibration curve with 3S/M, where S is the value of the
standard deviation of blank samples and M is the slope of the
standard curve at a low-concentration range.

2.2. Detection of Chlorpyrifos. To evaluate the perform-
ance of this biosensing platform for detecting chlorpyrifos,
methanol was used to dissolve chlorpyrifos to prepare a stock
solution, then a series of chlorpyrifos solutions were mixed
with MB-Ab (100 uL), respectively. The final concentration of
chlorpyrifos ranged from 0 to 1000 ng mL™'. The mixture
solution was softly stirred at room temperature for 20 min.
After washing the complex three times by washing buffer, the
PGA-PS-Ag was added to incubate with the unused MB-Ab for
30 min to enable the production of immune complex. Then,
the immune complex (MB-Ab-chlorpyrifos and PGA-PS-Ag-
MB-Ab) was obtained by magnetic separation and resus-
pended by Cu** solution (1 mM, 500 yL) to react at room
temperature for 20 min. After the interaction between PGA-
PS-Ag-MB-Ab and Cu(II) and washing, the excess AA (1 mM)
was added to ensure the reduction of remaining Cu(1l) to

https://doi.org/10.1021/acs.analchem.1c05127
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Figure 2. Click chemistry-mediated ERPC assay for sensing of Cu(II). (A) Scheme of click chemistry-mediated ERPC assay for sensing of Cu(II).
(B) Standard curve and (C) linear range for detection of Cu(Il). (D) Evaluation of anti-interference ability for sensing of Cu(II). The final
concentration is 20 M for Cu(II) and 200 uM for the others. Detailed ions are listed at the bottom. (E, F) Scanning electron microscopy (SEM)
images of the conjugate of alkyne-PS microspheres and azido- MBs after the CuAAC reaction. (G) Hydrodynamic size change and (H) ¢ potential
of MBs, azido-MBs conjugate, PS microspheres, and alkyne-PS microspheres conjugate. Error bars represent the standard deviation of three

measurements (n = 3).

Cu(I). Cu(I) then can catalyze the CuAAC between alkyne-PS
microsphere and azido-MB, and after magnetic separation, the
unbound alkyne-PS microsphere was collected for signal
readout. The measurement procedure was the same as
above. The concentration of chlorpyrifos in real samples was
obtained using the linear equation of the relationship between
[chlorpyrifos] and particles number.

2.3. Sensing of AA. Various concentrations of AA were
mixed with Cu(II), alkyne-PS microspheres, and azido-MBs to
incubate at room temperature for 10 min, and the particle
number of separated solutions was measured by ERPC.

2.4. Sensing of ALP. ALP was mixed with 2-phospho-L-
ascorbic acid trisodium salt (AAP) (20 mM, 20 uL) and Tris-
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HCl buffer (0.0 M, 60 plL, pH 7.4), and the final
concentrations of ALP ranged from 0.05 to 500 U L™". The
mixture solution was incubated for 1 h at 37 °C. After that, the
mixture solution was instantly added to the centrifuge tube
that included Cu(II) (1 mM, 100 uL), alkyne-PS microsphere
(40 ug mL™", 100 pL), and azido-MB (0.4 mg mL ™", 100 uL)
for the CuAAC reaction. After magnetic separation, the
unbound alkyne-PS microspheres were collected for signal
readout. The measurement procedure was the same as above.

2.5. Detection of AFB,. First, various concentrations of
AFB, antigen were incubated with antibodies of AFB, at 37 °C
for 20 min, respectively. Next, S0 yL of MBs-bovine serum
albumin (BSA)-AFB; conjugate was added to the above

https://doi.org/10.1021/acs.analchem.1c05127
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Figure 3. Detection of chlorpyrifos by CuAAC-mediated ERPC biosensor via Cu(Il)-polyglutamic acid (PGA) coordination chemistry. (A)
Scheme of Cu(II)-PGA coordination chemistry-based CuAAC-mediated ERPC immunoassay for detection of chlorpyrifos. (B) Standard curve,
(C) linear range, and (D) specificity for detection of chlorpyrifos. The concentrations of all analytes are 10 ng mL™". (E) Comparison of CuAAC-
mediated ERPC biosensor, ELISA, and gas chromatography—mass spectrometry (GC-MS) for the detection of chlorpyrifos in apple samples. “\/
represents positive samples. Error bars represent the standard deviation of three measurements (n = 3).

mixture solution. Each mixture was gently shaken for 45 min at
37 °C. All of the tubes were then put on a magnetic separation
rack for 30 s and washed by PBST (PBS buffer containing 0.5%
Tween-20, pH 7.4) three times. ALP-labeled goat anti-mouse
IgG conjugate solution (100 yL) was added into the above
mixture and shaken at 37 °C for 30 min. After the washing
step, AAP (20 mM, 100 pL) was added to the above immune
complex for incubating 45 min, and subsequently, the
supernatant of each sample was added into the mixture
solution of Cu(Il) (1 mM, 100 uL), alkyne-PS microsphere
(40 ug mL™", 100 pL), and azido-MB (0.4 mg mL™", 100 uL)
for 10 min. After magnetic separation, the unbound alkyne-PS
microspheres were collected for signal readout. The measure-
ment procedure was the same as above.

3. RESULTS AND DISCUSSION

3.1. Sensing of Cu(ll) by Click Chemistry-Mediated
ERPC Assay. As a proof of concept, this click chemistry-
mediated ERPC sensing strategy was initially employed to
detect Cu(II), which is generally used as a substrate in
CuAAC.">"® Given that AA has the reducing ability to convert
Cu(II) to Cu(l), this sensing strategy was applied to measure
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the concentration of Cu(Il) in phosphate-buffered saline
(PBS) solution by a one-step operation (Figure 2A). To obtain
highly sensitive detection of Cu(Il), the coupling amount of
alkyne ligand molecules, the mass ratio of azido-MBs to alkyne-
PS microspheres, the concentration of AA, and the response
time of the click reaction were optimized (Figure S1). Under
optimized conditions, the number of particles decreased when
the concentration of Cu(II) increased from 0 to 200 uM
(Figure 2B). Moreover, this sensing strategy exhibited a broad
linear range from 0.1 to 100 yM with the linear equation Y = —
145.5 X + 1576.9 {X = log [Cu(1I) (uM)], R* = 0.996}, and
the limit of detection (LOD) for Cu(II) by particle number
change is as low as 54 nM (S = 47.1, M = 2389.8) (Figure 2C).
Notably, the proposed strategy exhibited a more optimal
performance for Cu(Il) detection than other developed
methods (Table S1). The high sensitivity of this sensing
strategy is attributed to two main factors: (1) CuAAC
increases the efficiency of the binding between functionalized
MBs and microspheres;'”'® (2) the high sensitivity of ERPC
for 3 um PS microspheres that as low as 2 microspheres can be
measured.” These results indicate that this sensing strategy can
detect trace amounts of Cu(Il) in aqueous solutions. To

https://doi.org/10.1021/acs.analchem.1c05127
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evaluate the anti-interference ability of this strategy for Cu(1I)
sensing, the experiment was performed in the presence of
mixtures containing three random metal ions. The four groups
of mixtures with other metal ions are incapable of influencing
the particle number change of the detection system (Figure
2D). These results suggest that this sensing strategy is
sufficiently effective so that assays in complex samples can
successfully be performed.

To confirm the aggregation at the microscale, scanning
electron microscopy (SEM) was utilized to image the alkyne-
PS microspheres and azido-MBs after the CuAAC reaction.
The SEM images display that the CuAAC reaction results in
the azido-MBs gathering around the surface of the alkyne-PS
microspheres (Figure 2E,F). The coupling of functional
molecules to MBs and PS microspheres was assessed by
Fourier transform infrared spectroscopy.'”*’ The absorption
bands at approximately 2120 and 2200 cm™ mainly derived
from the N=N=N band of azido molecules and the C=C
band of alkyne molecules, respectively (Figure S2). Dynamic
light scattering was also employed to characterize the MBs, PS
microspheres, and their conjugates. According to the hydro-
dynamic size distribution results, the sizes of MBs, azido-MBs,
PS microspheres, and alkyne-PS microspheres were 1.25, 1.53,
3.24, and 3.68 um, respectively (Figure 2G). In addition, the ¢
potentials of MBs, azido-MBs, PS microspheres, and alkyne-PS
microspheres were —32.3, —26.7, —48.55, and —39.85 mV,
respectively (Figure 2H). The characterization experiments
fully demonstrated the successful coupling of functional
molecules to MBs and PS microspheres and the occurrence
of click reaction between azido-MBs and alkyne-PS micro-
spheres.

3.2. Detection of Chlorpyrifos in Apple Samples by
Click Chemistry-Mediated ERPC Biosensor. Chlorpyrifos,
a broad-spectrum organophosphorus insecticide, is widely used
to increase crop yield and control pests.21 However, the
residues of chlorpyrifos in food and the environment are major
concerns for the public because of the accompanying severe
health hazards.”>** Thus, the development of a sensitive and
specific method is required to detect chlorpyrifos. To
investigate the practicability of this sensing strategy, a click
chemistry-mediated particle counting immunoassay was
employed to detect chlorpyrifos in PBS and apple samples
via the coordination interaction between Cu(II) and
polyglutamic acid (PGA) (Figure 3A). The presence of
chlorpyrifos will compete with PGA and complete antigen-
functionalized PS microspheres for antibody-labeled MBs.
After magnetic separation, the immunocomplex was obtained
and cannot change the amount of Cu(Il) in the solution.
When chlorpyrifos is absent, the PGA-PS-Ag-MB-Ab complex
was obtained. The obtained complex can then adsorb Cu(II)
in the solution via coordination chemistry between PGA and
Cu(Il), and after the second magnetic separation, the
remaining Cu(Il) in the solution can be used to trigger
CuAAC between azido-MBs and alkyne-PS microspheres by
adding AA. Hence, the number of unbound alkyne-PS
microspheres with an average size of 3 gm can be employed
to signal readout by ERPC.

The ability of the coordination chemistry-based CuAAC-
mediated ERPC immunoassay to detect chlorpyrifos was
confirmed by measuring the particle number of the samples
with different concentrations of chlorpyrifos from 0.01 to 500
ng mL™" (Figure 3B). To obtain the best analysis performance,
the concentration of Ab-MB was first optimized, and the

1
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optimal concentration was 0.2 mg mL™" (Figure S3). The
LOD is 0.078 ng mL™" (S = 352, M = 1369.1), and linear
range is from 0.1 to 100 ng mL ™}, with a linear equation of Y =
—144.3 X + 1682 {X = log [chlorpyrifos (ng mL™")], R* =
0.99} (Figure 3C). As a comparison, the ERPC biosensor and
conventional ELISA were also used to test for chlorpyrifos. For
the ERPC biosensor, the LOD is 0.81 ng mL™" (S = 25.8, M =
95.6) and linear range is from 1 to 100 ng mL™", with a linear
equation of Y = 128.2X + 1257.9 {X = log [chlorpyrifos (ng
mL™")], R* = 0992} (Figure 3B). For the conventional
horseradish peroxidase (HRP)-based ELISA, the LOD is 1.1
ng mL™' (S =0.0216, M = 0.0589) and the linear range is from
S to 1000 ng mL™" (Figure S4). Based on our previous
work,'”"* PGA and Cu(II) can be well combined through
coordination adsorption and form steady chelates. This is a key
factor for productive signal conversion and highly sensitive
detection of chlorpyrifos. The high sensitivity and broad linear
range of this method allow dilution of the sample as much as
possible in practical application to reduce substrate interfer-
ence and nonspecific binding. The specificity of this sensing
strategy was also evaluated. The number of particles from
chlorpyrifos measurement was much less than those from
dimethoate, acetamiprid, and isocarbophos (Figure 3D),
indicating that there is satisfactory selectivity for chlorpyrifos
detection with this approach due to the high specificity of
CuAAC and antigen—antibody interaction.

The accuracy of this method was assessed by detecting
chlorpyrifos in spiked apple samples. The recoveries ranged
from 84 to 110% with a coefficient of variations (CVs) from
8.1 to 9.09% (Table S2). The satisfactory recovery and CVs
imply that this strategy has great potential for the detection of
chlorpyrifos in complex samples. To prove the availability of
this method, 12 apple samples were analyzed. For comparison,
a screening method (ELISA) and a gold standard method (gas
chromatography—mass spectrometry (GC—MS)) were used to
detect those samples. It was determined that samples 2, 8, and
10 were positive by the GC-MS method and CuAAC-mediated
ERPC biosensor (Figure 3E), indicating that the proposed
method has satisfactory consistency with the GC-MS method.
However, only sample 2 and sample 8 were positive by ELISA,
due to its limited sensitivity. These results validate the
capability of the proposed method as a promising tool for
trace pesticide residue detection in real-world applications.

3.3. Sensing of Ascorbic Acid by Click Chemistry-
Mediated ERPC Assay. To further expand its application,
this sensing strategy was used to detect ascorbic acid (AA)
(Figure SSA), which is an important reducing agent that
converts Cu(II) to Cu(I). As shown in Figure SSB, there was a
decrease in the particle number with increasing amounts of AA
from 0 to 1000 yuM. The LOD for AA by this sensing strategy
can reach 0.82 uM (S = 15.7, M = 57.5), with a linear range
from 1 to 500 M, with a linear equation of ¥ = —154.5X +
1869.4 {X = log [AA (uM)], R* = 0.997} (Figure SSC). The
results demonstrated that the change in the AA-induced
particle number has a wide linear range and high sensitivity,
which could be applied to develop AA-mediated bioassay.

3.4. Sensing of Alkaline Phosphatase by Click
Chemistry-Mediated ERPC Assay. Alkaline phosphatase
(ALP) is a hydrolytic enzyme that plays a vital role in many
fields, such as immunoassay and disease surveillance.”"*
Given that 2-phospho-L-ascorbic acid (AAP) can be trans-
formed into AA by ALP-catalyzed dephosphorylation, this
principle can be applied to measure the concentration of ALP

https://doi.org/10.1021/acs.analchem.1c05127
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through a change in the number of CuAAC-mediated particles number value reflects the amount of ALP that could be used
(Figure 4A). In this sensing strategy, the change in the particle for quantitative detection of ALP. The concentration of alkyne-
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PS microspheres was first optimized, and its optimal
concentration for signal readout was 40 ug mL™' (Figure
S6). As shown in Figure 4B, the particle number gradually
decreased when the concentration of ALP ranged from 0 to
500 U L™". The LOD for ALP detection is 0.35 U L™ (S =
18.6, M = 160.4) and the linear range is from 0.5 to 100 U L™!
(Figure 4B). The linear equation is Y = —175.5X + 1766.5 with
R* = 0987 {X = log [ALP (U L™")]}. To evaluate the
specificity of this particle count sensing strategy for ALP
detection, a group of other enzymes and proteins (horseradish
peroxidase, glucose oxidase, human IgG, and bovine serum
albumin) were employed as analogues (Figure 4C). It was
found that only ALP can trigger the click reaction and cause a
significant change in particle number due to the outstanding
specificity of an enzyme to its substrate. These results
confirmed that the developed method could be used to detect
other targets of interest using ALP as an immunolabeling
enzyme. For proof of application, ALP in 12 human serum
samples was detected by CuAAC-mediated ERPC assay and
conventional p-nitrophenyl phosphate (pNPP)-based method.
The CuAAC-mediated ERPC assay has a good coincidence
with the pNPP-based method (Figure S7), which proves the
reliability of this proposed method in a real-world application.
3.5. Detection of Aflatoxin B; in Maize by Click
Chemistry-Mediated ERPC Biosensor. Aflatoxin B, (AFB,)
is the most common and poisonous mycotoxin of natural
origin, and it can contaminate almost all crops, including maize
and peanuts. Once contaminated food is ingested, AFB, can be
activated by hepatic cytochrome P450 to form AFB,-8,9-exo-
epoxide, which can cause DNA damage and induce
aflatoxicosis when it combines with proteins or amino
acids.”*~** Considering its high toxicity and harmfulness, it is
necessary to establish a rapid, facile, and highly sensitive
method for AFB, detection. Herein, the particle counting-
based sensing strategy can detect AFB, using ALP-mediated
click chemistry (Figure SA). In the presence of AFB,, it will
compete with the bovine serum albumin (BSA)—antigen
conjugate coupled on the surface of the MBs for the antibody
of AFB,. After magnetic separation and washing steps, the
ALP-labeled antibody will be captured by the BSA—antigen—
antibody complex on the surface of the MBs, and then, the
ALP-triggered click reaction integrated with magnetic separa-
tion will change the number of alkyne-PS microspheres in
solution. In the absence of AFB;, more antibodies will be
bound by the BSA—antigen conjugate followed by additional
ALP-labeled antibodies, resulting in fewer alkyne-PS micro-
spheres in solution. Therefore, the number of microspheres in
solution is positively correlated with the amount of AFB,.
Based on the described principle, the quantitative detection
of AFB, was performed. In this assay, the optimized
concentration of alkyne-PS microspheres for readout was 40
ug mL™' (Figure S8). Under optimal conditions, a
concentration-dependent response was obtained, with the
concentration of AFB, from 0.01 to 50 ng mL™" (Figure SB).
The LOD is 34.9 pg mL ~' (S = 21.2, M = 1822.6), and the
linear range is from 0.05 to 10 ng mL™", with a linear equation
of Y = 252.8X + 1617.2 {X = log [AFB, (ng mL™")], R* =
0.995} (Figure SC). For comparison, the sensitivity and linear
range of the ERPC biosensor for sensing AFB, were studied.
The particle number value gradually increased with the
concentration of AFB, from 0.1 to 200 ng mL™' (Figure
5B). The LOD is 0.31 ng mL™" (S = 23.6, M = 227.6), and the
linear range is from 0.5 to 100 ng mL™! with a linear equation
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of Y = 201.6X + 1148.1 {X = log [AFB, (ng mL™")], R* =
0.992} (Figure SC). Its analysis capability was also compared
with conventional ALP-based ELISA using pNPP as the
substrate. The LOD of pNPP-based ELISA is 0.17 ng mL™" (S
= 0.03, M = 0.533), and the linear range is from 1.0 to 100 ng
mL™" (Figure S9). These results show that the proposed
strategy outcompetes the ERPC biosensor and ELISA for
detecting AFB,. There are greater advantages in using the
proposed strategy over the ERPC biosensor and ELISA due to
two factors: (1) enzyme amplification effect can produce
abundant AA that reduces Cu(Il) to Cu(I)*’ and (2) the
CuAAC-based bio-orthogonal reaction between alkyne-PS and
azide-MB is a highly efficient covalent binding modality,
resulting in a si%niﬁcant particle number change and signal
amplification.**?

The selectivity of this method was assessed using AFB,,
AFG,, and AFG, as AFB, analogues to conduct the
competitive immunoassay (Figure SD). The specific inter-
action between the antibody and AFB, guarantees a significant
change in particle number compared with other analogues,
confirming its expected specificity. The accuracy of this
strategy was proved by detecting AFB, in spiked maize. The
recoveries ranged from 75.2 to 83.6%, with a CV from 6.8 to
13.9% (Table S3), demonstrating that this strategy has the
potential to detect AFB, in real samples.

To confirm the real-world application of this strategy, a blind
test was performed using 12 maize samples. The HPLC
method and ELISA were also employed to analyze the same
batch of samples. It was determined that samples 2, 6, and 7
were AFB,-positive by the CuAAC-mediated ERPC biosensor
and the HPLC method, and the other samples were negative
(Figure SE), indicating that our strategy has the ability equal to
that of the HPLC method to detect AFB; in maize samples.
However, only sample 6 tested as AFB;-positive by ALP-based
ELISA, suggesting that the accuracy of this strategy for AFB,
detection is greater than that of ELISA due to its higher anti-
interference capability. The obvious advantage of our strategy
compared with the HPLC method is that it enables accurate
and rapid detection of a target at trace level in complicated
samples but does not require complex and expensive
equipment.

4. CONCLUSIONS

Herein, a click chemistry-mediated ERPC biosensor via
coordination chemistry and enzymatic reaction is presented,
offering a robust and highly sensitive analysis of small-molecule
hazards in food samples. This CuAAC-mediated particle count
sensing strategy increases the sensitivity of the ERPC biosensor
by signal amplification of click chemistry, coordination
adsorption, and enzyme catalysis and also widens the
application range of the ERPC for testing of food quality. In
future work, we will focus on integrating this sensing strategy
with microfluidic and microfabrication technology for
automation and high-throughput analysis.
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