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Abstract: Exploring high-performance sensors for toxic arsenic detection is highly
desired because of its great threat to the environment. Herein, we report a ratiometric
fluorescent biosensor based on acid phosphatase and hemin loaded multifunctional
Zn-based metal-organic framework (ACP/hemin@Zn-MOF) for high-performance
arsenate (As(V)) sensing. ACP/hemin@Zn-MOF is constructed by self-assembly,
where hemin exhibits peroxidase-like activity and 2-aminoterephthalic acid ligand
endows ACP/hemin@Zn-MOF with an intrinsic fluorescence (452 nm). When
ACP/hemin@Zn-MOF catalyzes the oxidation of o-phenylenediamine (OPD),
fluorescent 2,3-diaminophenazine (DAP) with an emission signal (564 nm) is
produced and weakens ACP/hemin@Zn-MOF intrinsic fluorescence (452 nm) due to

inner filter effect; after adding ascorbic acid 2-phosphate (AAP), ACP can hydrolyze
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AAP and produce ascorbic acid, which competitively suppresses the oxidation of
OPD, resulting in the decrease of DAP signal (564 nm) and the recovery of
ACP/hemin@Zn-MOF signal (452 nm); when As(V) is added, it irreversibly poisons
ACP against hydrolyzing AAP, and the fluorescence signal at 564 nm recovers and the
one at 452 nm is suppressed again. High-sensitivity and high-selectivity detection of
As(V) (3.33-300 ug L™ is realized, with a detection limit of 1.05 pg L™ The

biosensor was also successfully employed to detect total arsenic and As(V) in rice.
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1. Introduction

Inorganic arsenic (As) is a serious threat to the survival environment and health
security of human due to its extreme toxicity and carcinogenicity ™! High doses of
inorganic arsenic can result in skin disease, organ failure, malignant tumor and even
death, because it can interact with natural enzymes to influence the physiological
processes in vivo 1. In consideration of the high dangerousness of inorganic arsenic,
many countries and organizations have strictly limited its levels in different matrices.
For example, the World Health Organization (WHO) has set the maximum level of
inorganic arsenic in drinking water as 10 pg L™, and China limits the maximum
inorganic arsenic content in rice as low as 0.2 mg kg [ &, Hence, designing and
developing detection methods with high sensitivity, perfect selectivity, and good
practicability for inorganic arsenic analysis are extremely urgent.

Up to today, inorganic arsenic detection mainly relies on instrumental methods and
biochemical sensors. Although instrumental methods can determine inorganic arsenic
selectively and sensitively, they are highly dependent on bulky instruments, tedious
operations, and complex pretreatment, which are not conducive to further application
of inorganic arsenic detection * %, Contrastively, biochemical sensors are based on
the interactions between inorganic arsenic and signal indicators (optical signals,
electrochemical signals, et al.). Thanks to favorable performance, operation ease and
miniaturized devices, they have been attracting growing attention “**3!. However, a
common challenge in the field is how to design highly selective sensors for the

specific and reliable detection of inorganic arsenic ¥ because most of currently



developed sensors are easily disturbed by some interferents, especially phosphate ion
[14-16] " Another challenge is to develop sensors with enough sensitivity for low-content
analysis. In general, the ratiometric fluorescent strategy is supposed to have the
capacity of overcoming the above two problems: on the one hand, ratiometric
fluorescent sensors based on the ratio of two fluorescence signals instead of a single
signal can provide built-in calibrations to reduce external interferences and improve
the detection reliability ™" ¥ and on the other hand, the ratio of two fluorescence
signals changed upon a stimulus reversely is able to offer amplified readouts for
highly sensitive detection ™. As a result, scientists have been trying to explore
ratiometric fluorescent principles and sensors for high-performance arsenic
determination 1224,

Nanozymes as emerging nanomaterials possess some enzyme-like activities, such

22281 Due to the favorable

as oxidase-like activity and peroxidase-like activity
properties of high stability, low cost, controllable activity and easy preparation, they
are widely utilized for the detection of various targets ranging from ions and small
molecules to bioactive species 2432 Attractively, nanozyme-based detection is able to
amplify signal readouts via catalyzing reactions, beneficial for obtaining enhanced
sensitivity 2%, At present, a lot of nanostructured materials are found exhibiting
enzyme-mimicking activity, among which metal—organic frameworks (MOFs) attract
special attention because of their unique features of tailored porosity and flexible

n [34 31,

desig (1) the redox metal nodes can act as active sites to catalyze some

reactions like natural enzymes; (2) large surfaces and pores benefit the mass transfer



through MOFs; (3) the organic ligands may play roles as optical or electrochemical
labels to provide internal signal outputs. Beyond these, MOFs are often employed as
carriers to load enzymes or nanozymes efficiently 2. It is found that integration of
nanozymes or natural enzymes into MOFs can (1) simplify detection process; (2)
enhance the catalytic efficiency of the loaded enzymes or nanozymes; (3) increase the
stability of the loaded enzymes or nanozymes (shielding the loaded enzymes or
nanozymes from proteolysis and chelating). In this regard, MOF nanozymes can be
designed as multifunctional sensing platforms and hold huge potential in the
analytical chemistry field (7).

In the present work, we propose a ratiometric fluorescent biosensor with acid
phosphatase and hemin loaded Zn-based metal-organic framework nanosheets
(ACP/hemin@Zn-MOF) as a multifunctional sensing element for high-performance
inorganic arsenate (As(V)) determination. As illustrated in Scheme 1, the
ACP/hemin@Zn-MOF synthesized through a one-step self-assembly of Zn®* ion,
terephthalic acid (BDC), 2-aminoterephthalic acid (NH,-BDC), acid phosphatase
(ACP), and hemin in one pot at room temperature plays multiple roles: (1) the
NH,-BDC ligand enables the material to offer an intrinsic fluorescence at 452 nm; (2)
the loaded hemin can act as a peroxidase mimic to catalyze the oxidation of
o-phenylenediamine (OPD) to 2,3-diaminophenazine (DAP) with an emission
fluorescence at 564 nm, which in turn reduces the ACP/hemin@Zn-MOF intrinsic
fluorescence (452 nm) because of inner filter effect; (3) the loaded ACP has the ability

of hydrolyzing ascorbic acid 2-phosphate (AAP) to produce ascorbic acid (AA),



which has certain reducibility and can competitively inhibit the oxidation of OPD,
leading to the suppression of the DAP signal (564 nm) and the recovery of the
ACP/hemin@Zn-MOF one (452 nm); (4) if As(V) exists, it can irreversibly poison
the loaded ACP against hydrolyzing AAP, and as a result, the fluorescence signal (564
nm) attributed to the oxidation of OPD to DAP recovers and the one (452 nm) of
ACP/hemin@Zn-MOF is suppressed again. With the use of the designed
multifunctional ACP/hemin@Zn-MOF, a new ratiometric fluorescent sensor was
fabricated for inorganic As(V) detection with good sensitivity and excellent
specificity. Its reliable application in analyzing As(V) in food samples was also
verified.
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Scheme 1. Illustration of the ratiometric fluorescent detection of inorganic As(V) by

using ACP/hemin@Zn-MOF as a multifunctional sensing element.



2. Experimental

2.1. Reagents and One-pot construction and characterization  of
ACP/hemin@Zn-MOF

The details of reagents, one-pot construction and characterization of

ACP/hemin@Zn-MOF are displayed in Supporting Information.

2.2. Peroxidase-like activity and intrinsic fluorescence of ACP/hemin@Zn-MOF

The peroxidase-mimicking feature of ACP/hemin@Zn-MOF was studied by using
OPD and H,0, as a substrate couple. All colorimetric and fluorescent measurements
were carried out on a Cary 8454 ultraviolet-visible (UV-vis) spectrophotometer
(Agilent Technologies) and a F98 fluorescence spectrophotometer (Shanghai
Lengguang  Technology, China), respectively.  Typically, 100 L
ACP/hemin@Zn-MOF (1 mg mL™, dissolved in deionized water), 100 uL H,O, (9.8
M), and 100 pL OPD (5 mM, dissolved in ethanol) were dispersed in 2700 pL
NaAc-HAc buffer (0.2 M, pH 4.0). The reaction was incubated at room temperature
for 45 min. After that, the absorbance of the ACP/hemin@Zn-MOF+H,0,+OPD
system was recorded by UV-vis, and its emission fluorescence signals were recorded

by the fluorescence spectrophotometer with an excitation wavelength of 410 nm.

2.3. Ratiometric fluorescent detection of As(V) using ACP/hemin@Zn-MOF
The ratiometric fluorescent detection of As(V) with the use of ACP/hemin@Zn-MOF

as a multifunctional  sensing element was investigated by the



ACP/hemin@Zn-MOF+H,0,+OPD+AAP system. Typically, 100 ulL
ACP/hemin@Zn-MOF (1 mg mL™, dissolved in deionized water) and 100 uL As(V)
solution (0.1-100 mg L™) were added to a 5 mL tube and incubated at room
temperature for 30 min. Then, 2500 pL NaAc-HAc buffer (0.2 M, pH 4.0) and 100 pL
AAP (5 mM) were added to the above mixture and incubated at 37°C for another 30
min. After that, 100 uL H,0O, (9.8 M) and 100 uL. OPD (5 mM, dissolved in ethanol)
were added and incubated at room temperature for further 45 min. The fluorescence
of the ACP/hemin@Zn-MOF+H,0,+OPD+AAP system with different concentrations
of As(V) was recorded by the fluorescence spectrophotometer immediately.

To check the practical application of the fabricated biosensor, it was employed to
determine inorganic As(V) and total arsenic in rice samples. The original rice samples
collected from Huai’an, China were processed into rice husk, rice bran, unpolished
rice, and polished rice. The inorganic As(V) in these samples was extracted by dilute
nitric acid, and total arsenic in these samples was obtained by microwave digestion in
concentrated nitric acid. After pretreatment, the levels of inorganic As(V) and total
arsenic in these samples were tested with a similar process mentioned above. The

detailed processes are stated in Supporting Information.

3. Results and discussion
3.1. Fabrication and characterization of ACP/hemin@Zn-MOF
In the present work, ACP/hemin@Zn-MOF is synthesized via a one-pot self-assembly

of Zn?* ion, BDC, NH,-BDC, ACP and hemin at room temperature (Fig. 1A), where



both BDC and NH,-BDC with an appropriate ratio (9:1) are employed as organic
ligands to coordinate Zn®** ion as well as providing a certain intrinsic fluorescence,
and hemin and ACP are loaded into the framework structure to play different catalytic
roles. To ensure the successful fabrication of the proposed ACP/hemin@Zn-MOF, it
was well characterized by several means. The XRD spectra of pure Zn-MOF and
ACP/hemin@Zn-MOF are compared in Fig. 1B. It is found that the XRD spectra of
the two materials are generally consistent with that of simulated MOF-5 [,
Differently, the peak positions of the synthesized Zn-MOF and ACP/hemin@Zn-MOF
shift to the left slightly (0.8°). This is because, in comparison with the BDC ligand in
simulated MOF-5, the introduction of NH,-BDC to ACP/hemin@Zn-MOF and pure
Zn-MOF slightly increases the distances between interplanar layers “*. In addition,
the consistency of the XRD spectra of ACP/hemin@Zn-MOF with that of Zn-MOF
indicates that the loading of ACP and hemin into Zn-MOF has no notable influences
on the MOF structure. Fig. S1 (Supporting Information) and Fig. 1C present the
microstructures of pure Zn-MOF and ACP/hemin@Zn-MOF prepared. Both Zn-MOF
and ACP/hemin@Zn-MOF display nanosheet-like structures. The AFM proofs (Fig.
1D and Fig. S2, Supporting Information) also confirm the sheet-like structures of the
two materials. As measured, pure Zn-MOF nanosheets have a diameter of ~600 nm
and a thickness of ~150 nm, and the ACP/hemin@Zn-MOF sheets possess a diameter
of approximately 250 nm and a thickness of about 50 nm. Apart from size, the
synthesized ACP/hemin@Zn-MOF is completely the same as that of Zn-MOF, also

suggesting that the loading of ACP and hemin has no notable impacts on the



self-assembly of Zn-MOF. Additionally, the nanosheet-like structures of these
materials are supposed to be beneficial to expose rich active sites for catalyzing

reactions.
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Fig. 1. (A) illustrates the one-pot fabrication of ACP/hemin@Zn-MOF. (B) compares
the XRD spectra of Zn-MOF and ACP/hemin@Zn-MOF. (C) and (D) present the

SEM and AFM images of ACP/hemin@Zn-MOF nanosheets, respectively.

The surface groups of Zn-MOF and ACP/hemin@Zn-MOF were also investigated.
As shown in Fig. 2A, the Fourier transform infrared (FTIR) peaks at 3419 and 1648
cm™ are corresponded to the N-H bond 1%, and the weak signal at 1250 cm™ should
be ascribed to the stretching vibration of C—N. This proves the presence of the organic

ligand NH,-BDC in ACP/hemin@Zn-MOF. Meanwhile, the FTIR peaks at 1587 and
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1379 cm™ are attributed to coordinated carboxyl groups, and the weak signal at 546
cm™* should be ascribed to the Fe—N bond, suggesting the successful loading of hemin.
To further confirm the loading of ACP into Zn-MOF, it was labeled with fluorescein
isothiocyanate (FITC) and characterized by laser scanning confocal microscopy
(LSCM). As displayed in Fig. 2B, both FITC-labeled ACP (green) and NH,-BDC
(blue) in hemin@Zn-MOF are observed. ACP is uniformly distributed in the MOF
nanosheets, suggesting that it has been successfully incorporated into Zn-MOF. As
displayed in Fig. 2C, the element mapping images of ACP/hemin@Zn-MOF
demonstrate the presence of Zn, N, Fe, and S. Among them, the elements Fe and S
come from hemin and ACP, respectively, again proving that both hemin and ACP have
been integrated into Zn-MOF. Also, the porous features of synthesized Zn-MOF and
ACP/hemin@Zn-MOF were studied by N, adsorption-desorption isotherms (Fig. 2D),
and  corresponding  physicochemical ~ parameters  obtained from N,
adsorption-desorption measurements are listed in Table S1 (Supporting Information).
The specific surface area (Sger) of pure Zn-MOF (40.96 m? g™) is much larger than
that of ACP/hemin@Zn-MOF (9.03 m? g™). Moreover, the average pore size of
ACP/hemin@Zn-MOF is extremely close to that of pure Zn-MOF. However, the pore
volume of ACP/hemin@Zn-MOF is much smaller than that of pure Zn-MOF,

indicating that both ACP and hemin were loaded into the pores of Zn-MOF.
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Fig. 2. (A) compares the FTIR spectra of ACP/hemin@Zn-MOF and pure Zn-MOF.
(B) shows the LSCM images of ACP/hemin@Zn-MOF, where ACP is labeled with
FITC. (C) presents the element mapping of ACP/hemin@Zn-MOF. (D) depicts the N,
adsorption/desorption isotherms of pure Zn-MOF and ACP/hemin@Zn-MOF, and the

inset shows the corresponding pore size distribution plots.

3.2. Peroxidase-like activity and intrinsic fluorescence of ACP/hemin@Zn-MOF

Next, we featured the peroxidase-like activity of ACP/hemin@Zn-MOF by using
OPD and H,0, as a peroxidase substrate couple. As demonstrated in Fig. S3A
(Supporting Information), in comparison with the ACP/hemin@Zn-MOF+OPD and

ACP/hemin@Zn-MOF+H,0, systems, the ACP/hemin@Zn-MOF+H,0,+0OPD one
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exhibits a strong UV-vis absorption peak at ~450 nm, which should originate from the
oxidation of the colorless OPD substrate to its yellow oxide called DAP (the inset in
Fig. S3A, Supporting Information). This result indicates that the fabricated
ACP/hemin@Zn-MOF can act as a peroxidase mimic and catalyze the OPD
chromogenic reaction in the presence of H,O,. Meanwhile, the time-dependent
absorbance changes of these systems (Fig. S3B, Supporting Information) also
demonstrate the acceleration role of ACP/hemin@Zn-MOF on the OPD+H,0,
chromogenic reaction. To understand the mechanism of the OPD+H,0, chromogenic
reaction accelerated by ACP/hemin@Zn-MOF, the possibly generated free radicals
were captured by 5,5-dimethyl-1-pyrroline N-oxide (DMPQ) and further detected by
EPR. As depicted in Fig. S4 (Supporting Information), typical characteristic peaks
ascribed to hydroxyl radicals (-OH) are observed. Therefore, it can be inferred that the
loaded hemin in ACP/hemin@Zn-MOF plays the peroxidase-like role to catalyze the
decomposition of H,0, to generate hydroxyl radicals (-OH), which then oxidize the
colorless OPD to yellow DAP (the inset in Fig. S4, Supporting Information).

In addition to the above color changes, the fluorescence spectra of the
ACP/hemin@Zn-MOF+H,0,+OPD and ACP/hemin@Zn-MOF systems were also
collected (Fig. 3A). In ACP/hemin@Zn-MOF, an emission peak at about 452 nm is
observed when using 410 nm as an excitation wavelength, which is ascribed to the
organic ligand NH,-BDC in ACP/hemin@Zn-MOF [¢ % This indicates that the
introduction of NH,-BDC endows ACP/hemin@Zn-MOF with a remarkable intrinsic

fluorescence. After the addition of H,O, and OPD, the ACP/hemin@Zn-MOF
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material plays the peroxidase-mimicking role to catalyze the oxidation of OPD to

DAP, which can give a notable fluorescence signal at around 564 nm. Interestingly,

the intrinsic fluorescence (452 nm) of ACP/hemin@Zn-MOF is suppressed to some

extent. To uncover the reason behind the phenomenon observed, both the intrinsic

fluorescence signal of ACP/hemin@Zn-MOF and the UV-vis absorption peak of

yellow DAP were recorded. As found in Fig. 3B, the ACP/hemin@Zn-MOF emission

fluorescence peak at 452 nm significantly overlaps with the UV-vis absorption peak

of DAP centered at 450 nm. With this result, inner filter effect (IFE) should be the

main reason for the quenching of the ACP/hemin@Zn-MOF intrinsic fluorescence at

452 nm, as illustrated in the inset of Fig. 3B 71,
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In addition, the two fluorescence signals at 452 and 564 nm highly depend on the
excitation wavelength used. As depicted in Fig. S5 (Supporting Information), the
ACP/hemin@Zn-MOF intrinsic fluorescence at 452 nm decreases rapidly with the
increase of the excitation wavelength, and the DAP signal at 564 nm almost remains
unchanged. Hence, the excitation wavelength is set as 410 nm in the following study.
As expected, the two fluorescence peaks given by the
ACP/hemin@Zn-MOF+H,0,+OPD system change over reaction time. When the
reaction time increases, more fluorescent DAP is generated, thus increasing the
fluorescence signal at 564 nm and decreasing the one at 452 nm because of IFE (Fig.
S6A, Supporting Information). By calculating the fluorescence ratio Fjsp/Fsgq, it
decreases along with reaction time until a gradual saturation state appears after 45 min
(Fig. S6B, Supporting Information). Thus, the reaction time of ACP/hemin@Zn-MOF

and H,0O,+0OPD is selected as 45 min for use.

3.3. Feasibility ~ of ratiometric  fluorescent  As(V)  detection  using

ACP/hemin@Zn-MOF

Considering that toxic As(V) is able to irreversibly inhibit the catalytic activity of
ACP [20: 2L 51 the ACP/hemin@Zn-MOF+H,0,+OPD system is supposed to be
feasible for detecting As(V). As illustrated in Fig. 4A, with the addition of the AAP
substrate, it can be hydrolyzed by the loaded ACP to generate AA, which has certain

reducibility and can competitively suppress the formation of DAP catalyzed by the
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peroxidase-mimicking hemin loaded in ACP/hemin@Zn-MOF. As a result, the DAP
fluorescence peak at 564 nm should decrease, which in turn increases the
ACP/hemin@Zn-MOF intrinsic fluorescence at 452 nm due to less IFE. As
demonstrated by Fig. 4B, the  fluorescence  changes of the
ACP/hemin@Zn-MOF+H,0,+OPD and ACP/hemin@Zn-MOF+H,0,+OPD+AAP
systems are well consistent with that illustrated in Fig. 4A. After the addition of As(V),
it can irreversibly inhibit the catalytic activity of the loaded ACP due to their
competitive binding . As a consequence, the AAP substrate cannot be hydrolyzed to
produce AA, and such that the OPD oxidation reaction is restored to generate
fluorescent DAP. In this regard, the DAP emission fluorescence at 564 nm should
increases, which in turn results in the decrease of the ACP/hemin@Zn-MOF intrinsic
signal at 452 nm again, as illustrated in Fig. 4C. Also, the fluorescence changes of the
ACP/hemin@Zn-MOF+H,0,+OPD+AAP and
ACP/hemin@Zn-MOF+H;,0,+OPD+AAP+As(V) systems (Fig. 4D) are the same as
the above hypothesis. These results verify that the fabricated ACP/hemin@Zn-MOF
indeed can be used as a multifunctional sensing element for the ratiometric

fluorescent sensing of As(V).
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Fig. 4. (A) illustrates that the addition of AAP can impact the fluorescence signals of
the ACP/hemin@Zn-MOF+H,0,+0OPD system, and (B) displays the corresponding
spectra. (C) indicates that the presence of inorganic As(V) can affect the fluorescence
signals of the ACP/hemin@Zn-MOF+H,0,+OPD+APP system, and (D) presents the

corresponding spectra.

3.4. High-performance ratiometric fluorescent detection of As(V)

With the above ratiometric fluorescent principle, we further employed the
ACP/hemin@Zn-MOF+H,0,+OPD+AAP system to detect toxic As(V). To obtain
better analytical performance, possible impacts of several parameters, including the
amount of AAP used and the reaction time between AAP and ACP, on the
fluorescence signals were investigated. As depicted in Fig. S7 (Supporting
Information), the fluorescence ratio Fss,/Fse4 increases along with the increase of AAP
concentration and gradually tends to equilibrium. As a consequence, a 166.7 uM

concentration of AAP is selected as the optimal amount. As for reaction time, as
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presented in Fig. S8 (Supporting Information), the ratio F4s,/Fseq also increases with
the increase of AAP hydrolysis time, and it gradually reaches to a saturation state
after 30 min. Hence, the hydrolysis time of AAP is set as 30 min for As(V) sensing.
Under these optimal conditions, the fluorescence spectra of the
ACP/hemin@Zn-MOF+H,0,+OPD+AAP system with different levels of As(V) were
recorded (Fig. 5A). With the increase of As(V) concentration, the
ACP/hemin@Zn-MOF intrinsic fluorescence at 452 nm decreases gradually, and the
DAP signal at 564 nm increases reversely (Fig. S9, Supporting Information).
Furthermore, as depicted in Fig. 5B, the fluorescence ratio Fss,/Fsg4 exhibits a linear
decrease dependency on the As(V) level ranging from 3.33 to 300 pg L™, providing a
fitting equation of Fasy/Fses = -0.0024C sqv) + 2.16 (R2:0.997) and a limit of detection
(LOD) of 1.05 pg L™ based on S/N = 3. Such a low LOD can fully meet the demands
of detecting toxic As(V) in many matrices, as the maximum amount of inorganic
arsenic in drinking water is permitted as 10 pg L™.

Apart from sensitivity, selectivity is also an important parameter for As(V)
detection in complex matrices. In our study, 16 kinds of possibly co-existing ions
(As(I11), Hg?*, Pb?*, Cu®*, Fe**, Mn**, AI**, Na*, Zn**, Mg?*, SO,*, CI', CO5*, HCOs,
NO; and PO,*) were used to study the detection selectivity of the
ACP/hemin@Zn-MOF+H,0,+OPD+AAP system towards As(V). As can be seen in
Fig. 5C and D, these ions, including phosphate ion (Pi), have negligible impacts on
the selective detection of As(V) using the ACP/hemin@zZn-MOF+H,0,+OPD+AAP

system. Such good selectivity should result from the following two aspects: on the
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one hand, the loaded ACP can be inhibited by As(V) with excellent specificity

[20, 21,

51 and on the other hand, the ratiometric fluorescent sensing mode is able to provide

built-in calibrations for external interference elimination. As a result, the fabricated

biosensor can offer good selectivity towards As(V) detection. To further highlight the

features of our sensor, we compared it with previously reported typical methods for

As(V) detection. As listed in Table S2 (Supporting Information), our biosensor based

on the ratiometric fluorescent strategy can provide high sensitivity in a wide range

with a very low LOD. More attractively, it efficiently resists the interference of Pi

with the use of ACP and the ratiometric sensing mode. With these advantages, it holds

great potential for the high-performance sensing of toxic As(V).
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Fig. 5. (A) shows the fluorescence spectra of

ACP/hemin@Zn-cMOF+H,0,+OPD+AAP with the presence of different levels of

As(V), and (B) shows the relationship between the fluorescence ratio F4s,/Fsg4 and the

concentration of inorganic As(V). (C) and (D) record the possible effects of

commonly coexisting cations and anions on the selective detection of As(V),

respectively.

19



Finally, to check its

practicability,

we

utilized the

ACP/hemin@Zn-MOF+H,0,+OPD+AAP system to determine inorganic As(V) and

total arsenic in rice samples. The detection results (Table 1) show that the recovery

rates range from 95% and 105%, indicating that our sensor possesses good detection

reliability. Additionally, the detection results determined by our biosensor are well

consistent with that detected by ICP-MS, also suggesting its high accuracy.

Additionally, the low relative standard deviation of inorganic As(V) detection

indicates a good precision of our biosensor. Thus, the biosensor fabricated in the study

shows enormous application potential for food and environmental analyses.

Table 1. Detection of total arsenic and inorganic arsenic (As(V)) in rice samples (N =

3).
Detected (ng Recovery rate  ICP-MS (pg
Target Sample Spiked (ng kg™)
kg™) (%) kg™)
- 438.4+21.1 - 455.6+£23.1
Rice husk
200 629.6+24.6 95.6 641.4+32.8
- 286.5+20.3 - 280.7£17.1
Rice bran
200 495.,9+26.8 104.7 505.2+25.3
Total arsenic
- 84.3+15.3 - 80.4+15.4
Unpolished rice
200 280.2+24.1 97.9 274.8+20.4
- 64.8+8.7 - 70.5+10.7
Polished rice
200 259.4+21.6 97.3 264.1+15.9
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- 416.5+26.4 - 432.1+26.0

Rice husk
200 619.3+24.1 101.4 627.6+£19.3
- 277.4+18.6 - 262.3+20.5
Rice bran
200 469.7+7.3 96.2 454.9+23.4
Inorganic As(V)
- 74.9£5.8 - 67.1£10.6
Unpolished rice
200 279.3¥15.9 102.2 261.5+19.7
- 55.4+10.1 - 56.419.4
Polished rice
200 264.3+16.3 104.5 264.1+15.8

4. Conclusions

To sum up, we have developed a ratiometric fluorescent biosensor for inorganic
arsenate detection by using ACP/hemin@Zn-MOF as a multifunctional sensing
element. The ACP/hemin@Zn-MOF material fabricated through a one-step
self-assembly of precursors in one pot at room temperature plays triple roles: (1) the
loaded hemin offers peroxidase-mimicking catalytic activity; (2) the MOF ligand
gives an intrinsic fluorescence; (3) the ACP component acts as a specific unit to
recognize the analyte As(V). By combining the ACP catalyzed AAP hydrolysis with
the hemin catalyzed OPD oxidation, sensing of toxic inorganic As(V) with high
sensitivity and excellent selectivity has been realized. Use of the fabricated sensor in
analyzing rice samples has also been demonstrated, indicating its potential in practical
food and environmental analyses. This work not only provides a new strategy for

inorganic As(V) detection with desired performance, but will also inspire the design
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and development of integrated bioenzyme/nanozyme platforms with attractive

multifunctions for various sensing applications.
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Table

Table 1. Detection of total arsenic and inorganic arsenic (As(V)) in rice samples (N =

3).
Spiked Detected Recovery rate ICP-MS
Target Sample
(ng kg) (ng kg™ (%) (ng kg™
- 438.4+21.1 - 455.6+23.1
Rice husk
200 629.6+24.6 95.6 641.4432.8
- 286.5+20.3 - 280.7£17.1
Rice bran
200 495.9+26.8 104.7 505.2+25.3
Total arsenic
- 84.3+15.3 - 80.4+15.4
Unpolished rice
200 280.2+24.1 97.9 274.8+20.4
- 64.8+8.7 - 70.5+10.7
Polished rice
200 259.4+21.6 97.3 264.1+15.9
- 416.5+26.4 - 432.1+£26.0
Rice husk
200 619.3+24.1 101.4 627.6+£19.3
- 277.4+18.6 - 262.3+20.5
Rice bran
200 469.7+7.3 96.2 454.9+23.4
Inorganic As(V)
- 74.945.8 - 67.1+10.6
Unpolished rice
200 279.3+15.9 102.2 261.5+19.7
- 55.4+10.1 - 56.4+9.4
Polished rice
200 264.3+16.3 104.5 264.1+15.8
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Highlights
Both ACP and hemin were loaded on Zn-MOF nanosheets via a one-step
self-assembly.
ACP/hemin@Zn-MOF acted as a multifunctional platform.
Arsenate detection was realized by a ratiometric fluorescence strategy.

Total arsenic and inorganic arsenic from rice samples were successfully detected.
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