Microchimica Acta (2024) 191:185
https://doi.org/10.1007/500604-024-06268-6

ORIGINAL PAPER

=

Check for
updates

Smartphone-assisted hydrogel platform based on BSA-CeO,
nanoclusters for dual-mode determination of acetylcholinesterase

and organophosphorus pesticides

Yin Dai' - Wei Xu? - Xinyi Wen' - Huizhu Fan' - Qing Zhang' - Jun Zhang' - Hongsong Zhang? - Wanying Zhu' -

Junli Hong'

Received: 8 December 2023 / Accepted: 17 February 2024 / Published online: 7 March 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2024

Abstract

A dual-mode sensor was developed for detecting acetylcholinesterase (AChE) and organophosphorus pesticides (OPs) via
bifunctional BSA-CeO, nanoclusters (NCs) with oxidase-mimetic activity and fluorescence property. The dual-mode sen-
sor has the characteristics of self-calibration and self-verification, meeting the needs of different detection conditions and
provide more accurate results. The colorimetric sensor and fluorescence sensor have been successfully used for detecting
AChE with limit of detection (LOD) of 0.081 mU/mL and 0.056 mU/mL, respectively, while the LOD for OPs were 0.9 ng/
mL and 0.78 ng/mL, respectively. The recovery of AChE was 93.9-107.2% and of OPs was 95.8-105.0% in actual samples.
A novel strategy was developed to monitor pesticide residues and detect AChE level, which will motivate future work to
explore the potential applications of multifunctional nanozymes.
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Introduction

An important role played by AChE, which could hydro-
lyze acetylthiocholine (ATCh) into thiocholine (TCh), was
keeping ATCh levels in check [1]. Studies have shown that
imbalances of ATCh can lead to numerous neurodegenera-
tive diseases, like Alzheimer's dementia, Parkinson's dis-
ease and myasthenia gravis [2—4]. Hence, it was extremely
important to monitor AChE levels and screen for potential
inhibitors. The misuse of organophosphorus pesticides
(OPs) in recent years has posed major ecological and human
health problems [5]. Furthermore, the OPs inhibited irre-
versibly the AChE and caused abnormal accumulation of
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ATCh, resulting in various diseases and ultimately death
[6]. Most of the current methods for detecting pesticide
residues required expensive instrument and complicated
operation such as high performance liquid chromatography
with photo-diode array detector, surface-enhanced Raman
spectroscopy and electrochemical methods (e.g. square wave
voltammetry, differential pulse voltammetry, etc.), making
it impossible for rapid and real-time detection [7-9]. Thus,
it is imperative to design a reliable onsite detection way for
OPs residues in food and environment.

Nanozymes have attracted more attention in recent years
due to the high stability, modifiable catalytic activity and
low cost [10]. However, most of the current nanozyme-based
sensors were limited to single-mode detection, existing dis-
advantages such as false positives or false negatives [11].
The dual-mode sensor not only possessed inherent self-cal-
ibration and self-verification capabilities, but can also met
the requirements of different detection conditions, promis-
ing more reliable detection results [12, 13]. Nanoclusters,
as common fluorescence material, exhibited enzyme-like
catalytic activity, making them a potential bifunctional
nanozymes [14, 15]. However, few studies have combined
the enzyme-like catalytic properties of NCs with their
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fluorescence properties to achieve multimodal sensing of
analytes [16]. Therefore, our group have synthesized BSA-
CeO, NCs by doping bovine serum albumin (BSA), which
with great fluorescence properties and the oxidase-like prop-
erty, meeting the demands of fluorescence and ultraviolet
(UV) detection. Although this method could be influenced
by the instability of natural enzymes, it still could provide
more accurate detection results. Therefore, the bifunctional
nanozyme can provide a promising approach for dual-mode
analysis.

Sodium alginate was able to crosslink with divalent
cations (e.g. Ca’*, Zn?>* and Co?*) to form a hydrogel
in aqueous solution, which was a green and gentle way
[17]. The hydrogel matrix provided a relatively inert
environment and allowed molecules to diffuse through
the porous structure, enhancing the stability and func-
tionalization of the material [18, 19]. Importantly, the
hydrogel platform demonstrated a more distinct catalytic
signal in function of the same condition than that of the
aqueous solution, owing to the highly hydrophilic envi-
ronment [20, 21]. Meanwhile, the constructed hydrogel
platform could aggregate oxidation product, bringing
about more significant color change [22]. These colors
can be converted to specific RGB values by an applica-
tion called “Color Detector” on a smartphone, realizing
the real-time monitoring of the analyte on site [23]. The
ability to analyze data rapidly of smartphone combined
with the portability of hydrogels, exhibiting the potential
to serve as a cost-effective and user-friendly point-of-
care sensor [24, 25].

A novel bifunctional BSA-CeO, NCs was prepared
for the dual-mode ratiometric fluorescence/colorimet-
ric quantification of AChE and OPs. The nanoclusters
were modified by doping BSA, which could keep a steady
microenvironment and prevent the CeO, NCs from being
reduced. The BSA-CeO, NCs with enzyme-like catalytic
ability enable to catalyze colorless o-phenylenediamine
(OPD) to yellow 2,3-diaminophenothiazine (DAP) for
colorimetric detection. In the presence of AChE, the
UV signal was weakened attributing to the production
of reductive TCh, which could be recovered with OPs
or AChE inhibitors. On the other side, the fluorescence
of BSA-CeO, NCs at 440 nm was decreased by DAP
(550 nm) because of fluorescence resonance energy
transfer (FRET), enabling ratiometric fluorescence
detection. In the pathway for detecting AChE, the fluo-
rescence signal of the BSA-CeO, NCs recovered as the
DAP decreased (fluorescence at 570 nm weakened). How-
ever, the presence of OPs or AChE inhibitors inhibited the
AChE and correspondingly increased DAP generation,
resulting in the fluorescence of BSA-CeO, NCs reduced.
This study not only realized the dual-mode detection of
dual targets, but also applied to the real-time monitoring
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of pesticides with the help of hydrogel platform and
smartphone (Scheme 1C). In brief, this study offered a
promising strategy for the dual-mode quantification of
analytes, simultaneously inspiring the application of
nanozyme in point-of-care detection.

Experimental section
Reagents and apparatus

All reagents and apparatus were provided in the Supplemen-
tary material.

Synthesis of BSA-CeO, NCs

The BSA-CeO, NCs were synthesized by a BSA incuba-
tion strategy according to the previous method [26]. Typi-
cally, 125 mg BSA powders were dissolved in 50 mL deion-
ized water at 37 °C along with magnetic stirring, and 1 mL
(CH;C0O0);Ce-xH,0 solution (42 mg/mL) was gradually
added. Then, NaOH was added to the solution to adjust its
pH to 10-11. After 6 h reaction, BSA-CeO, NCs powder
was obtained via freeze drying.

The oxidase-like activity of BSA-CeO, NCs

The OPD was utilized as catalytic substrate to study the
oxidase-like activity of BSA-CeO, NCs. The first step was
to mix 50 pL BSA-CeO, NCs (20 pg/mL) and 50 pL OPD
(10 mM) with 200 pL acetic acid-sodium acetate buffer solu-
tion (ABS) (pH 4.0, 0.2 M). The UV absorption spectrum
was obtained after reacting for 0.5 h.

In order to determine the kinetic constants, we assayed
the absorbance at 650 nm for different concentrations of
TMB systems. 50 pL BSA-CeO, NCs were mixed with
100 pL of ABS and 50 pL of different concentrations of
TMB. The Km of BSA-CeO, NCs was calculated as fol-
lows [27]:

_ [S]

Fluorescence property of BSA-CeO, NCs

The fluorescence signal of BSA-CeO, NCs was inves-
tigated following: 50 pL BSA-CeO, NCs was added to
250 pL ABS. The fluorescence curve was recorded under
380 nm as the excitation wavelength. The collection of
fluorescence spectra in the emission ranged from 400 to
650 nm.
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Scheme 1 A Illustration of the synthesis of BSA-CeO, NCs. B Dual-mode determination of AChE and OPs. C On-site detection of OPs residue

in vegetables based on smartphone-assisted hydrogel platform

Dual-mode determination of AChE and OPs

Different concentrations of AChE and 20 pL ATCh (10 mM)
were dispersed to Tris—HCI buffer solution (pH 7.4, 50 mM),
and the total system was mixed evenly with 300 pL and incu-
bated at 37 °C for 0.5 h. Then, 50 pL of the above system
was reacted with 50 pL BSA-CeO, NCs, 50 pL OPD and
150 pL. ABS. Following reaction for 0.5 h, the fluorescence
and the UV spectra were obtained.

The potential impacts of OPs were also assessed on the
BSA-CeO, NCs+ AChE + ATCh system. In the first step, the
concentration of AChE was fixed (final concentration was
25 mU/mL), and different concentrations of CPF were added
for subsequent experiments. The subsequent experimental
procedure was the same as AChE determination.

Screening of AChE inhibitors from natural alkaloids

The acetylcholinesterase inhibitory activity of four natural
alkaloids (berberine hydrochloride, camptothecin, matrine,

and evodiamine) was investigated using donepezil as a
positive control. Firstly, 12 pL alkaloids (10 mM), 30 pL
AChE (1 U/mL) and 20 pL. ATCh (10 mM) were dispersed
to Tris—HCI buffer solution. The following steps were the
same as detecting CPF, and the absorbance values were
acquired at 450 nm (A,). Parallel experiments were also car-
ried out without the alkaloids (A) and without the alkaloids
and AChE (A). The calculation of inhibition rate [28] was
performed using formulas (2).

Inhibiti (<7)—A1_A><100
nhibition o—A 2 )

0

On-site detection of OPs via hydrogel sensor

Sodium alginate (10.0 mg) was added to the BSA-CeO, NCs
(50 pL)+TMB (10 mM, 50 pL)+ ABS (150 pL) system and
incubated for 10 min. The 10 pL CaCl, solution (60 mM)
and 10 pL poly(acrylic acid) (PAA) (5 mM) were dropped
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into obtained viscous liquid and inverted the centrifugal tube
to obtain hydrogel spheres in the snap cap of centrifugal
tube. Meanwhile, different concentrations CPF were reacted
with AChE (1 U/mL, 60 pL) and ATCh (10 mM, 20 pL) in
Tris—HCI buffer solution at 37 °C for 0.5 h. Subsequently,
50 pL reaction solution was dropped into the hydrogel sen-
sor at room temperature for 10 min and recorded the RGB
value by the color recognition application on a smartphone.

Analysis of AChE and OPs in actual samples

In order to investigate the practicality of this method, actual
samples were analyzed [29]. The protein precipitate was
obtained by mixing the whole blood sample with 10%
trichloroacetic acid (v/v, 1:1) and ice bath for 10 min. Above
mixture was centrifuged at 12,000 rpm for 15 min to obtain
the supernatant of the suspension, which was used for the
subsequent AChE assay. Specifically, 20 pL supernatant
was reacted with ATCh (10 mM, 20 pL) in Tris—HCI buffer
solution for 0.5 h firstly. Then 50 pL reaction solution was

incubated with 50 pL BSA-CeO2 NCs, 50 pLL. OPD and 150
pL ABS for 0.5 h for further quantification.

The actual samples used for determination of CPF resi-
due were river water and apples, collecting from the local
supermarket and Tianyuan river. Firstly, 2.0 g of apples was
added to 10 mL of ethanol and extracted by ultrasonication
for 2 h. The extracted food samples and water samples were
then centrifuged at 12,000 rpm for 10 min and the superna-
tant was collected for further analysis [30]. Subsequently,
colorimetric and fluorescence measurements were carried
out using the same methods as in section of “Dual-mode
determination of AChE and OPs”.

Results and discussion
Feasibility and sensing strategy
The synthesis of BSA-CeO, NCs was depicted in Fig. 1A.

The prepared BSA-CeO, NCs exhibited great fluorescence
property and oxidase-like activity, which could catalyze the
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Fig. 1 A Synthesis process of BSA-CeO, NCs. B-C HRTEM images of BSA-CeO, NCs. D XRD pattern of BSA-CeO, NCs. E XPS results of
BSA-CeO, NCs. F Ce3d spectra of BSA-CeO, NCs. G TGA analysis of BSA-CeO, NCs and BSA
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production of O, from free oxygen. The generated O, ™ can
oxidize the colorless OPD to the yellow oxidation state
DAP, exhibiting the UV signal. Moreover, a FRET effect
between the DAP and BSA-CeO, NCs occurred, resulting
in decreased fluorescence of BSA-CeO, NCs (Scheme 1A).

As displayed in Scheme 1B, ATCh can be catabolized
by AChE to produce TCh. And the TCh with sulfhydryl
groups (-SH) inhibited the oxidase-mimetic properties of
the BSA-CeO, NCs, leading to a reduction in DAP content
and thus a weakening of the UV signal. Meantime, FRET
was also inhibited and the DAP fluorescence signal was
reduced while the fluorescence signal of the BSA-CeO, NCs
was restored. Nevertheless, OPs could inhibit AChE activ-
ity, resulting in reduced TCh production and restoration of
absorbance. Meanwhile, DAP fluorescence enhanced and
NCs fluorescence decreased. As a result, a dual-mode sen-
sor capable of measuring AChE and OPs simultaneously
was developed.

Characterization of BSA-CeO, NCs

The morphology and lattice structure of BSA-CeO, NCs
were investigated by high-resolution transmission electron
microscopy (HRTEM) (Fig. 1B and 1C). The BSA-CeO,
NCs were uniformly distributed and approximately 2 nm in
diameter. The lattice spacing of 0.33 nm was belonged to
(111) plane of CeO, that was in accordance with X-ray dif-
fraction (XRD) result [31, 32]. The XRD patterns (Fig. 1D)
displayed several diffraction peaks of CeO, structure,
including the (111), (200), (220), (311) and (222) crystal
planes [33]. The X-ray photoelectron spectroscopy (XPS)
were explored to reveal the elemental compositions and
chemical states of the BSA-CeO, NCs. The results of XPS
(Fig. 1E) and table of elemental content (Table S1) showed
that the nanoclusters contained C, N, O and Ce (Fig. IF
and Fig. S1). In the Ce3d spectrum in Fig. 1E, the peak at
888 eV, 900.1 eV and 906.5 eV were ascribed to Ce>* and
other peaks at 881.5 eV, 897.5 eV and 916.2 eV were related
to Ce** in the prepared nanoclusters [34, 35]. The weight
ratio of CeO, clusters was calculated by thermogravimetry
analysis (TGA) and represented 16.05% of the weight of
BSA-CeO, NCs (Fig. 1G) [36]. The UV—-vis spectroscopy of
BSA-CeO, NCs was depicted in Fig. S2, indicating that the
absorption peak of Ce—O bonding was around 330-340 nm
and the peak around 280 nm attributed to BSA [37]. Above
information confirmed the successful preparation of the
BSA-CeO, NCs.

Oxidase-like activity of BSA-CeO, NCs
As can be seen in Fig. 2A, there was no UV absorption from

the OPD and BSA-CeO, NCs alone. However, an evident
UV absorption at 450 nm occurred when OPD coexisted

with BSA-CeO, NCs, supporting that OPD was oxidized
to DAP. In Fig. 2B, when AChE and ATCh were presented
in the system of BSA-CeO, NCs and OPD, the UV absorb-
ance was significantly reduced, demonstrating that the gen-
eration of TCh with -SH possessed inhibitory effect on the
oxidase-like activity of BSA-CeO, NCs (curve b). Neverthe-
less, OPs could inhibit AChE activity, resulting in reduced
TCh production and restoration of absorbance (curve c).
The Electron spin resonance (ESR) experiments were
used to investigate the radicals generated by of BSA-CeO,
NCs+ OPD system. As shown in Fig. 2C, a clear superoxide
radical (O, ") signal was captured, indicating that BSA-CeO,
NCs possessed oxidase-like activity. Furthermore, the effect
on the reaction system of different reactive oxygen species
scavengers were studied, including isopropanol (-OH), tryp-
tophan (102), catalase (H,0,) and p-benzoquinone (O, ") as
scavenger. The absorbance of the system decreased only in
the presence of p-benzoquinone, proving that the existence
of O, in the reaction system (Fig. 2D). In addition, BSA-
CeO, NCs could also effectively catalyze other chromogenic
substrates (TMB, ABTS, etc.), demonstrating great substrate
universality (Fig. S3).

Additionally, the Km of BSA-CeO, NCs was shown in
Fig. S4. Meanwhile, the oxidase-like activity of BSA-CeO,
NCs prepared with diverse ratios of BSA and CeO, were
compared in Table S2. And the optimal ratio of BSA and
CeO, was 3: 1.

Fluorescence property of BSA-CeO, NCs

The fluorescence property of BSA-CeO, NCs was evalu-
ated in detail under the excitation wavelength of 380 nm. As
displayed in Fig. 3A, the fluorescence emission of the BSA-
CeO, NCs was approximately 440 nm. In addition, OPD
itself does not fluoresce; When BSA-CeO, NCs co-existed
with OPD, OPD oxidized to DAP, and fluorescence was gen-
erated at 570 nm. FRET between DAP and BSA-CeO, NCs
led to a reduction in the fluorescence of BSA-CeO, NCs,
thereby constructing a ratiometric fluorescence sensor. In
Fig. 3B, following the successive addition of AChE + ATCh
and incubation with BSA-CeO, NCs, the fluorescence inten-
sity of the DAP decreased evidently and the fluorescence of
BSA-CeO, NCs recovered (curve b). The results showed
that TCh inhibited oxidase activity, DAP production was
reduced, FRET was weakened, and the fluorescence of NC
was restored. However, OPs can inhibit AChE activity,
resulting in reduced TCh production, resulting in enhanced
DAP fluorescence and decreased NC fluorescence (curve c).

The fluorescence quenching mechanism was also investi-
gated. The UV absorption spectrum of DAP overlapped with
the fluorescence spectrum of BSA-CeO, NCs, suggesting
there was a FRET or inner-filter effect (IFE) between the
NCs and DAP (Fig. 3C). Meanwhile, fluorescence lifetime
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was also investigated to further determine the mechanism
(Fig. 3D). Due to the fluorescence lifetime reduction of
BSA-CeO, NCs in the presence of DAP, it was clear that
FRET has taken place.

Dual-mode determination of AChE and OPs

To ensure the dual-mode sensor was carried out under
ideal conditions, related factors were optimized. In
colorimetric detection mode, the incubation time of
AChE + ATCh was 0.5 h (Fig. S5A) and the BSA-CeO,
NCs+ AChE + ATCh + OPD system was incubated at pH=4
and 37 °C for 30 min (Fig. S5B-D). Additionally, the ratio-
metric fluorescence detection was under the same condition
(Fig. S6).

In Fig. STA-B, the absorbance at 450 nm of the BSA-
CeO, NCs + AChE + ATCh + OPD system was reduced
because of AChE. The linear range was 0.1-25 mU/mL
(Y =-0.0026X +0.372, R?=0.998), while the LOD was
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CeO, NCs in ethanol. (E) The results of the system under various
scavengers

0.081 mU/mL based on the 38/slope. On the other hand, the
fluorescence value of the BSA-CeO, NCs (Fs,) moderately
increased and the intensity of DAP (F,,,) weakened with the
increasing concentration of AChE (Fig. S7C-D). The linear
equation was Y (Fy,¢/ F570) =0.0115X +0.526 (0.1-25 mU/
mL, R?=0.994), while the LOD was 0.056 mU/mL. Com-
pared with other methods, the dual-mode sensor designed
has higher sensitivity and wider linear range (Table S3).
As depicted in Fig. 4A-C, the UV absorbance of the BSA-
CeO, NCs + AChE + ATCh + OPs + OPD system (CPF cho-
sen as a representative OPs) was linearly with the logarithm
of CPF concentration (In[CPF]) ranging from 0.001 to 6 pg/
mL (Y =0.007InX +0.347, R%= 0.995). Moreover, the LOD
was as low as 0.9 ng/mL. On the other hand, the fluorescence
ratio (Fs;(/F,40) was linearly with the In[CPF] (Fig. 4D-F).
The linear equation was Y (Fs;y/ F440) =0.0863InX 4 1.834
(R*=0.992, 0.001-6 pg/mL), while the LOD was 0.78 ng/
mL. Overall, these results suggested that the dual-mode sen-
sor outperformed other OPs detection strategies (Table S4).
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Screening of natural AChE inhibitors

The effects of four alkaloids on AChE were evaluated at a
concentration of 100 pM. The inhibition result in the pres-
ence of various alkaloids was shown in Fig. 5C. It was clear
that berberine hydrochloride exhibited an outstanding inhi-
bition effect on AChE. Additionally, the inhibition rate of
donepezil (used for the treatment of Alzheimer's disease)
was calculated as 91.98% and the inhibition rate of berberine
hydrochloride was 88.34% (Table S5). These results sug-
gested that the method could be used to screen for AChE
inhibitors from natural alkaloid, which was of great impor-
tance for the early diagnosis and treatment of nervous system
diseases.

Study of selectivity and stability

Further investigation was conducted into the selectivity,
anti-interference ability, and stability of the sensor. In
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Fig. 5A, only AChE could induce an obvious change in
the sensing signal of the BSA-CeO, NCs + ATCh + OPD
system. Additionally, the sensor's response did not change
when interferents and AChE were added to the system
(Fig. 5B), indicating distinguished anti-interference
capability.

In the system for determination OPs, only OPs (such
as CPF, ETH, DDVP and ACEP) (Fig. S8) significantly
affected the response of the dual-mode sensor, while other
non-OPs and interfering ions had no significant effect
(Fig. 5D). The impact of OPs on the sensor was further
explored via statistical analysis. Since principal compo-
nent analysis (PCA) could recognize linear combinations
of features that differentiate among more events types,
it maximizes the variance ratio of events and results in
maximum data separation [38]. In Fig. 5E, the results of
OPs were classified into four categories, demonstrating
that CPF can be easily distinguished from other OPs using
the sensing strategy we developed.
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Furthermore, the fluorescence and colorimetric response
could remain almost constant, although BSA-CeO, NCs had
been kept at 4 °C for 3 months (Fig. 5F).

On-site determination of OPs based on hydrogel
platform

The dual-mode sensor could be further applied for on-site
detection of OPs based on smartphone and hydrogel plat-
form. As displayed in Fig. 6A, the hydrogel platform was
developed using TMB as chromogenic substrate to obtain
noticeable color changes. The color information of photo-
graphs was gathered from a color recognition application
called “Color Detector” on the smartphone (as shown in
Fig. S9). In order to exclude the interference of external
light sources on the results, we also designed a smartphone-
assisted sensing platform, including a dark box, a fixed light
source and a fixed smartphone (Fig. S10). The values of B/R
were linearly related (Y =0.2192X + 1.6457, R?=0.996)
to CPF content from 0.1 to 40 pg/mL (Fig. 6D), while the
LOD was 49.5 ng/mL. Compared with the linear relation-
ship in solution (Fig. 6C), hydrogel platform exhibited more
obvious color change under the same condition, owing to
the highly hydrophilic environment of the hydrogel layer.

@ Springer

varied with CPF. F The linear relationship between the Fs;,/F,,, and
In[CPF]

Accordingly, the proposed sensor allowed on-site visual
detection of OPs residues.

Determination of AChE in human serum

To investigate the reliability and practicability of the sen-
sor, determination of AChE in human serum was carried
out. The samples were also tested for recovery by adding
different concentrations of AChE (80%, 100% and 120% of
detected concentrations) to the samples. The recoveries of
ratiometric fluorescence detection modes were calculated
ranging from 97.5% to 107.2% and the results of the col-
orimetric mode ranged from 93.9% to 105.6% (Table S6),
exhibiting excellent reliability for AChE determination in
real samples.

Quantification of CPF in actual samples

The dual-mode sensor was used for the quantification of CPF
utilizing vegetables and river water as the real samples. Dif-
ferent concentrations of CPF were added to the pretreated
samples to determine the recovery rate. With the dual-mode
analysis (Table 1), the recoveries were 95.8—-105.0% (col-
orimetric mode) and 95.8-104.0% (ratiometric fluorescence
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Table 1 Determination results of CPF in real samples (n=23)

Sample Detected Added Colorimetric sensor Fluorescence sensor
(ng/mL) (ng/mL) Found (pg/mL) Recovery RSD Found (pg/mL) Recovery RSD
(%) (%) (%) (%)
Vegetables ND 0.100 0.105 105.0 0.49 0.102 102.0 0.43
1.00 0.991 99.1 0.24 0.975 97.5 0.41
5.00 4.93 98.6 0.19 4.79 95.8 0.24
Tianyuan lake 0.100 0.101 101.0 0.23 0.099 99.0 0.89
1.00 0.972 97.2 0.10 1.03 103.0 0.72
5.00 4.79 95.8 0.43 5.20 104.0 0.38

ND =not detected (or < LOD)

mode). The results indicated that the sensor exhibited out-
standing practical application prospects for CPF detection.
Furthermore, the colorimetric analysis was in accordance
with the ratiometric fluorescence results, indicating that the
quantification results were validated mutually.

Conclusion

In this study, a dual-mode sensor based on BSA-CeO, NCs
with oxidase-mimetic activity and optical property has been
designed for the determination of AChE and OPs, which
also offered a new way for screening of AChE inhibitors
from natural alkaloid. Since the catalytic activity of BSA-
CeO, NCs could be inhibited by TCh, the hydrolysate of
ACHhE, leading to the oxidase-like activity decreased, AChE
could be detected based on this principle. And the inactiva-
tion behavior of OPs toward AChE allowed for detecting
OPs. Meanwhile, we further established a hydrogel platform
with smartphone-assisted for on-site detection. Although
the accuracy needed to be improved compared with dual-
mode detection, it can meet the demand of on-site, portable,
and rapid analysis of OPs residue in food and environment.
This study not only enabled the use of nanozymes in pes-
ticide detection, but also provided inspiration for the use
of nanozymes in the screening of natural AChE inhibitors.
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