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a b s t r a c t

The development of a single analytical platform with different functions is highly desirable but remains

a challenge at present. Here, a paper-based device based on fluorescent carbon dots (CDs) functional-

ized paper/MnO2 nanosheets (MnO2 NS) hybrid devices (PCD/NS) was proposed for single-device multi-

function applications. MnO2 NS functioned as a fluorescence quencher of CDs and recognizer of H2O2

released from the oxidase catalyzed system. Fluorescence recovery would occur after the decomposition

of MnO2 NS induced by H2O2, by which a simple and effective strategy could be developed for fluores-

cence monitoring multiplex biological events. Xanthine (XA) sensing, xanthine oxidase (XOD) inhibitors

screening analysis and chiral recognition of glucose enantiomers were performed on PCD/NS to inves-

tigate the multifunctional application of the paper-based device. By means of PCD/NS, XA could be de-

termined in the range of 0.1–40 μmol/L with a low detection of limit of 0.06 μmol/L. The IC50 value of

allopurinol, the model inhibitor of XOD, was sensitively detected to be 7.4 μmol/L. Glucose enantiomers

were also recognized in terms of the specific fluorescence response to d-glucose. This work firstly pre-

sented a paper-based device capable of biomarkers detection, inhibitors screening and chiral recognition,

which enlightened a promising strategy for the construction of multifunctional devices and hold the great

potential application in clinical diagnosis and drug discovery.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Enzyme is a natural catalyst that takes part in the catalysis of

almost all biochemical processes with high efficiency and speci-

ficity [1]. This arouses the considerable interest of researchers to

engineer various ingenious enzymatic analytical devices, furnish-

ing clinical diagnosis and biomedicine with sensitive and selective

monitoring platforms [2]. Oxidase, the widely distributed enzyme

in the human body, can catalyze the transformation of numer-

ous metabolites (e.g., glucose, cholesterol, choline, sarcosine) in the

presence of oxygen, and induce the generation of hydrogen per-

oxide at the same time [3,4]. Monitoring oxidase catalyzed reac-

tions is of ongoing interest for analytical science due to its signif-

icant role in early cancer diagnosis, drug discovery and evaluation

of prognosis [5–7]. The method to identify and quantify the related

biological events in an oxidase-mediated catalysis system is, there-

fore, the fundamental and central task of the monitoring work.

Up until now, numerous strategies based on electrochemistry [8],

chemiluminescence [9], and high-performance liquid chromatogra-
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phy [10], have been developed to achieve the signal readout in the

oxidase-mediated catalytic systems. However, most of these ap-

proaches are rather limited on account of the necessities of com-

plicated operations, skilled personnel and large instruments, which

impede their widespread utilization in practical application. There-

fore, simple, affordable and effective strategies are highly desirable

and necessary.

Paper-based devices, a class of emerging analytical platforms,

have drawn much attention owing to its advantages of simple op-

eration, light weight and great biocompatibility [11–14]. As a uni-

versal substrate, the porous structure of the paper, along with

an easily modifiable surface and a large surface-to-volume ra-

tio [15–18], make it a splendid supporter for the incorporation

of functional nanomaterials and a flexible platform for the de-

velopment of elaborate analytical devices. Especially, a multifunc-

tional analytical system relying on paper-based devices has re-

ceived great concerns. Kamei’s group achieved the automation

of target analytes preconcentration, capture and signal amplifi-

cation on a paper-based device [19]. Sahatiya et al. proposed a

MoS2/Cu2S hybrid paper-based sensor that could be applied in

sensing of humidity, temperature, breath, and ethanol adulter-
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ation [20]. Nevertheless, many problems need to be solved in the

present stage. For instance, multiple modules were usually as-

sembled onto paper surface to perform different functions, which

would increase the complexity of the operation and add cost to

the fabrication of multifunctional paper-based devices [21]. Multi-

functional paper-based devices signify an advancement of paper-

based assays, which also show promising prospects in the con-

struction of flexible and portable multiparameter monitoring de-

vices in the field of in vitro diagnosis (IVD). Thus, the develop-

ment of novel strategies for engineering multifunctional paper-

based devices with simple structures and low cost is necessary and

significant.

Herein, a renovated multifunctional paper-based device for

monitoring biological events of oxidase catalyzed reactions based

on fluorescence “turn-on” sensing mode was proposed. The cellu-

lose paper was functionalized with fluorescent carbon dots (CDs)

as sensing element, and manganese dioxide nanosheets (MnO2

NS) as fluorescence quencher and recognition element simulta-

neously, resulting in the CDs functionalized paper (PCD)/MnO2

NS hybrid platform (PCD/NS). The quenched fluorescence of CDs

on paper could be recovered after the decomposition of MnO2

NS caused by H2O2 released from oxidase catalyzed reactions.

The feasibility of PCD/NS was demonstrated by the implemen-

tation of xanthine (XA) sensing, inhibitors screening analysis of

xanthine oxidase (XOD) and chiral recognition of d-/l-glucose

on a single paper-based device. To our best knowledge, such

a multifunctional paper-based device enabling biomarkers de-

tection, inhibitors screening and chiral discrimination has never

been explored, and it provides a flexible and powerful platform

for monitoring multiple biological events of oxidase catalyzed

reactions.

The amine-terminated CDs were synthesized according to the

previous report with some modifications [22]. Briefly, citric acid

(5.260 g) and ethanediamine (2512.5 μL) were dissolved into 50mL

water. Then, the transparent solution was sealed into a poly

(tetrafluoroethylene) (Teflon)-lined autoclave for hydrothermal re-

action. After 6-h heating at 130 °C and cooling to room tempera-

ture, the dark yellow colored CDs solution was obtained. Finally,

the CDs solution was kept at 4 °C before use.

For the synthesis of MnO2 NS, a simple and time-efficient

method was adopted following literature reports with minor mod-

ifications [23]. Firstly, 3-morpholinopropanesulfonic acid (MOPS,

209.3mg) and KMnO4 (15.8mg) were added into 10mL water.

The mixture was then sonicated for 30min at room tempera-

ture. After ultrasonication, the resulting solution was centrifuged

at 12,000 rpm for 5min to collect MnO2 precipitate. The precipi-

tate was washed with ultrapure water for several times. At last,

the as-synthesized MnO2 NS were dispersed in ultrapure water

with a concentration of 486 μmol/L (ε =9.6×10−3 L mol−1 cm−1

at 380nm [24]) for the subsequent investigation.

The PCD/NS was fabricated by the covalent immobilization of

CDs and followed the deposition of MnO2 NS on paper (Scheme

1A). The CDs were grafted on paper by Schiff base chemistry (Fig.

S1 in Supporting information), to obtain PCD, the fluorescence

sensing substrate of the proposed paper-based devices. To begin

with, the filter paper was cut into paper discs with a diameter of

6mm and activated with HCl (0.2mol/L) for 30min. The resulted

paper discs were then immersed into periodic acid (34mg/mL) for

two hours, by which aldehyde groups were generated on the paper

surface. Next, the paper discs with aldehyde groups were soaked

into the CDs solution with NaCNBH3 (4mg/mL) for 8min (Fig. S2A

in Supporting information), followed by thoroughly washing three

times with ultrapure water to remove the CDs adsorbed by phys-

ical adsorption. After that, MnO2 NS was coated onto the surface

of PCD by through a direct deposition method with 243 μmol/L of

MnO2 NS for 2h (Fig. S2B in Supporting information), and then the

obtained PCD/NS was rinsed 3 times with ultrapure water. Finally,

the PCD/NS was dried and stored at room temperature before to

use.

For fluorescence “turn-on” sensing of XA, PCD/NS was incu-

bated with the oxidase catalyzed reaction system containing XOD

(1U/mL, 200 μL), NaAc-HAc buffer (0.2mol/L, pH 7.0) and XA with

various concentrations at the final volume of 1mL for 24min at

room temperature. Then, PCD/NS was taken out and dried. Next,

for the acquisition of fluorescence spectra, PCD/NS was embed-

ded in a homemade holder (Fig. S3 in Supporting information)

and 8 μL NaAc-HAc buffer (0.2mol/L, pH 7.0) was added to satu-

rate the paper. The fluorescence spectra were recorded with the

excitation wavelength at 370nm. For the detection of XA in real

samples, the human serum was diluted to 10 times [25], and

XA was added into the serum and detected with the identical

procedures.

Allopurinol was selected as the model inhibitor for XOD inhibi-

tion assay based on the proposed PCD/NS platform. Different con-

centrations of allopurinol were added into the oxidase catalyzed

reaction system with XA (40 μmol/L), XOD (25U/L), and NaAc-HAc

buffer (0.2mol/L, pH 7.0). The fluorescence spectra were measured

after incubation for 40min at room temperature.

The chiral discrimination of glucose enantiomers by the PCD/NS

was performed as the procedures followed. PCD/NS was incubated

with the reaction solution of d-glucose (d-Glu) (80 μmol/L), glu-

cose oxidase (GOD) (100U/mL) and phosphate buffer (0.01mol/L,

pH 6.0) for 24min at room temperature. Meanwhile, the fluores-

cent response of PCD/NS to l-glucose (l-Glu) was observed by con-

ducting identical measurement.

The amine-terminated CDs were prepared by a facile hydrother-

mal method using citric acid as a carbon source and ethylenedi-

amine as modification reagents. The transmission electron micro-

scope (TEM) images (Fig. 1A) presented the spherical morphology

of the as-prepared amine-terminated CDs, with the diameter dis-

tribution in the range of 3.5 nm to 5.5 nm (Fig. S4 in Supporting

information). High resolution TEM image showed well-resolved lat-

tice structures with a spacing of 0.21nm (Fig. 1A), which was cor-

responding to the (100) facet of graphite and unveiled a graphite-

like structure. FT-IR was performed to identify the surface func-

tional groups. As shown in Fig. 1B, the absorption peaks at 3371

cm−1 and 1568 cm−1 were attributed to the stretching and bend-

ing vibrations of N−H respectively, which demonstrated the exis-

tence of amine on the surface of the CDs. Besides, the other char-

acteristic peaks in the spectrum could be assigned to the stretch-

ing vibrations of C=O (1633 cm−1) and O−H (3053 cm−1), bend-

ing vibration of C−N (1269 cm−1). The optical property of the as-

prepared CDs was investigated with UV–vis absorption and fluo-

rescence spectra. As shown in Fig. 1C, the strong characteristic ab-

sorption bands at 344nm were attributed to the n-π ∗ transition

of C=O. A bright blue fluorescence of the CDs under a 365nm UV

lamp can be observed by naked eyes, and the fluorescence spec-

tra suggested an emission peak located at 440nm upon excited

360nm (Fig. 1C).

The MnO2 NS was synthesized here by a redox reaction be-

tween MOPS and KMnO4. The TEM image (Fig. 1D) of the prepared

MnO2 NS showed a typical two dimensional sheet-like morphol-

ogy with some wrinkles, along with the ultrathin and transpar-

ent structure. Additionally, zeta potential measurement (Fig. S5 in

Supporting information) revealed that the obtained MnO2 NS were

negatively charged (−22.7mV) [26]. The XPS exhibited characteris-

tic peaks centered at 653.2 eV (Mn 2p1/2) and 641.5 eV (Mn 2p3/2)

(Fig. 1E), which fully confirmed the successful synthesis of MnO2

NS [27]. More importantly, as exhibited in Fig. 1F, the MnO2 NS

displayed a wide UV–vis absorption band ranging from 240nm to

700nm, overlapping well with the excitation and emission spectra

of CDs.
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Scheme 1. Schematic illustration of the fabrication of PCD/NS (A) and fluorescence sensing principle of PCD/NS for monitoring oxidase catalyzed reactions (B).

Fig. 1. (A) TEM images of CDs (inset: high magnification TEM image of the CDs). (B) FT-IR spectrum of the CDs. (C) UV–vis absorption spectrum, fluorescence excitation and

emission spectra of the CDs. Inset: the images of CDs solution under daylight and 365nm UV lamp. TEM images (D), XPS spectrum (E) and UV–vis absorption spectrum (F)

of MnO2 NS.

PCD/NS were fabricated by the covalent immobilization of CDs

on cellulose paper, followed by the deposition of MnO2 NS. The

cellulose paper was initially immersed in hydrochloric acid to ac-

tivate the hydroxy groups and remove the additives [28]. Then,

a multitude of aldehyde groups were generated on the paper

through the oxidation reaction between periodic acid and 1,2-

dihydroxyl (glycol) groups of glucose units (Fig. S1). Next, the ox-

idated paper was bathed in a CDs solution, where the Schiff base

reaction between -CHO exposed on paper fiber and -NH2 on the

surface of CDs could be initiated. Since the formed Schiff base was

unstable in an aqueous solution, NaCNBH3 was added into the re-

action solution to reduce the C=N bond [29]. At last, the PCD were

thoroughly washed with water to remove the loosely immobilized

CDs which were anchored on paper by physical adsorption. Due

to the relatively small particle size of CDs, the scanning electron

microscopy (SEM) images showed no distinct difference between

bare paper (Fig. 2A) and PCD (Fig. 2B). However, the fluorescence

spectra revealed that PCD showed much higher fluorescence inten-

sity over the bare paper, confirming the successful immobilization

of CDs on paper (Fig. S6 in Supporting information). The distribu-

tion of CDs on paper was also examined by the detection of flu-

orescence intensity of 30 sites from different PCD, and the result

showed the CDs were uniformly immobilized on paper (Fig. S7 in

Supporting information). To offer a more stable fluorescence signal

and a more favorable reproducibility of the proposed paper-based

platform, the CDs were grafted onto the surface of the paper by a

covalent modification strategy. As illustrated in Fig. S8 (Supporting

information), the fluorescence intensity of PCD prepared by direct

physical adsorption was much lower than its counterpart, and the

CDs could be removed from the paper after a simple washing pro-

4407



W. Li, X. Zhang, S. Chen et al. Chinese Chemical Letters 33 (2022) 4405–4410

Fig. 2. SEM images of paper (A), PCD (B), PCD/NS (C-E) with different magnifications and mapping images of PCD/NS (F). MnO2 NS deposited on PCD were indicated with

yellow arrows (E). The scale bar is 10μm (F).

cess. MnO2 NS, as a recognizer and a fluorescence quencher, was

deposited on PCD, for construction of the multifunctional paper-

based devices. The hydroxyl groups on the surface of MnO2 NS

would strongly interact with amino groups of CDs and hydroxyl

groups of cellulose paper substrate through electrostatic interac-

tion and hydrogen bond, leading to a stable adsorption of MnO2 NS

on PCD. SEM and mapping images (Figs. 2C-F) of PCD/NS suggested

that there was a uniform distribution of MnO2 NS in the fiber

of PCD. These results demonstrated that the CDs and MnO2 NS

were successfully introduced onto paper, which laid the foundation

of the fluorescence sensing system of the proposed paper-based

device.

The proposed paper-based device enables the multiple func-

tions of biomarkers detection, inhibitor screening and chiral dis-

crimination and so forth, which are based on the H2O2-released

oxidase reaction system. As illustrated in Scheme 1B, MnO2 NS, the

fluorescence quencher of CDs, would be decomposed by H2O2 re-

leased from the oxidase catalyzed reaction, resulting in the occur-

rence of fluorescence recovery, which could be monitored by flu-

orescence measurements. In Fig. 3A, after the deposition of MnO2

NS, the fluorescence of the paper-based platform drastically weak-

ened, and the fluorescence distribution of PCD/NS was also sat-

isfactory (Fig. S7). According to the previous reports, the inner

filter effect (IFE) or Förster resonance energy transfer (FRET) is

deemed to be the main cause of the MnO2 NS induced fluores-

cence quenching of CDs [30]. To give a detailed explanation for

that, the fluorescence lifetime of CDs in the absence and pres-

ence of MnO2 NS were measured respectively. As shown in Fig.

S9A (Supporting information), the lifetime of the CDs without

MnO2 NS was 16.3 ns, which was nearly the same as that of

the mixture of both (15.7 ns). Therefore, it excluded the existence

of FRET, which usually occurred in accompany with the change

of fluorescence lifetime [31]. Apart from this, the UV–vis spec-

tra denied the possibility of a static quenching mechanism, be-

cause there is no new peak in the absorption band of the mix-

ture of CDs and MnO2 NS (Fig. S9B in Supporting information)

[31]. Thus, IFE is principally responsible for the quenched fluores-

cence of CDs, because the UV–vis absorption spectrum of MnO2

NS overlapped well with the excitation spectrum of CDs (Fig. S9C

in Supporting information). Further, the response of PCD/NS to-

wards H2O2 was also investigated. In Fig. 3A, the introduction of

H2O2 yielded the recovered fluorescence of PCD/NS apparently,

which was resulted from the H2O2 induced MnO2 NS degrada-

tion to Mn2+ [30], evidencing the capability of the proposed paper-

based device as an effective tool for monitoring the oxidase-related

reactions.

The well-constructed PCD/NS offered the function as a sensing

platform for the quantification of the oxidase-catalyzed biomark-

ers, which could be catalyzed by the corresponding oxidase and

then trigger the generation of H2O2. Accordingly, these biomarkers

are capable of being detected by the fluorescence “turn-on” strat-

egy. As a proof-of-concept, XA was chosen as a target to give a ver-

ification of the application of PCD/NS in biomarkers detection. XA

plays a vital role in purine nucleotide metabolism and correlates

with diagnose of hyperuricemia, gout, xanthinuria and so forth

[32]. Therefore, it is significant to develop a simple, low-cost and

sensitive method for quantification of XA. To achieve the efficient

fluorescence sensing, the effect of incubation time and the concen-

tration of XOD were investigated here. As shown in Fig. S10A (Sup-

porting information), with the increment of the incubation time,

the recovered fluorescence of PCD/NS increased quickly, and then

leveled off after 24min. Then the concentration of XOD used in the

sensing process was also studied. From Fig. S10B (Supporting in-

formation), it was notable that 0.2U/mL of XOD was sufficient for

the fluorescence sensing process. Therefore, the incubation time of

24min and 0.2U/mL of XOD were selected as the optimal condi-

tions for sensing of XA with PCD/NS.

The sensing performance of the PCD/NS for detection of XA was

then investigated under the optimal conditions. As depicted in Fig.

3B, the fluorescence of PCD/NS gradually restored as the increase

of the concentration of XA. A well plotted linear relationship be-

tween F1/F0 of PCD/NS and the concentration of XA in the scope

of 0.1–40 μmol/L was shown in Fig. 3C, giving the linear equa-

tion expressed as F1/F0 =0.1329CXA +1.2148 (R2 =0.99705). F0 and

F1 were the fluorescence intensity of PCD/NS in the absence and

presence of XA. The LOD was calculated to be 0.06 μmol/L based

on 3σ /k (“σ ” represents the standard deviation of blank determi-

nation, “k” represents the slope of calibration curve), which was

lower than most of the previous reports (Table S1 in Supporting in-

formation) and verified that the proposed PCD/NS could be a sen-

sitive and effective platform for biomarkers detection.

The selectivity of PCD/NS for sensing of XA was evaluated by

investigating the fluorescence response to the potential interfer-

ences. As displayed in Fig. S11 (Supporting information), the flu-

orescence recovery of the PCD/NS towards interfering species were

negligible, confirming good specificity of the XA sensing system.

The repeatability of PCD/NS was also tested, PCD/NS fabricated

from the same batch and different batches were utilized for sens-
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Fig. 3. (A) Fluorescence spectra of paper, PCD, PCD/NS and PCD/NS after the incubation with H2O2 (90 μmol/L). Inset: photographs and fluorescence images of paper (a),

PCD (b), PCD/NS (c) and PCD/NS+H2O2 (d). (B) Fluorescence spectra of PCD/NS after being incubated with different concentrations of XA (from bottom to top: 0, 0.1, 0.5, 1,

5, 10, 15, 20, 25, 30, 35, 40 μmol/L). (C) The relationship between F1/F0 and XA concentrations from 0.1 μmol/L to 90 μmol/L. Inset: the calibration curve of the concentration

of XA versus F1/F0 from 0.1 to 40 μmol/L (n=3). (D) Fluorescence spectra of PCD/NS with different concentrations of allopurinol (from top to bottom: 0, 2, 4, 6, 8, 10, 12, 14,

16, 18 μmol/L). (E) The relationship between inhibition efficiency and the concentration of allopurinol from 2 μmol/L to 18 μmol/L (CXA =40 μmol/L, CXOD =25U/L, n=3). (F)

Fluorescence spectra of PCD/NS after the incubation with blank solution, d-Glu, and l-Glu, respectively. Inset: photographs of PCD/NS+blank solution (a), PCD/NS+d-Glu (b),

and PCD/NS+l-Glu (c) under visible light (top) and 365nm UV lamp (bottom).

ing of XA with varying concentrations (5 μmol/L, 20 μmol/L and 40

μmol/L). The results of intra- and inter-assay (n=5) gave the low

RSD of 4.1% and 5.1%, respectively. That result reflected the pro-

posed PCD/NS possessed good repeatability. In addition, stability

made great sense in the practical application of the paper-based

devices, and thereby, the storage stability was examined by the

measurement of the sensitivity of PCD/NS on the sensing of XA.

The results suggested a good stability of PCD/NS since its response

towards XA had no distinct discrepancy after 120 days of storage

at ambient temperature (Fig. S12 in Supporting information). The

feasibility of the proposed paper-based devices was further investi-

gated by detection XA in spiked serum samples. The results (Table

S2 in Supporting information) showed that good recoveries in the

range of 97.62%−105.2% were obtained and the RSD was less than

5.1%, which demonstrated the practicability of PCD/NS in the as-

say of biological samples. Therefore, it was exemplified by the XA

sensing with PCD/NS that the proposed novel paper-based device

displayed a promising prospect for the detection of the oxidase-

catalyzed biomarkers.

XOD is a vital enzyme involving in purine metabolism and ex-

ists extensively within mammalian tissues [33]. Nevertheless, high

levels of XOD may also lead to the occurrence of hyperuricemia

and gout [34]. It is therefore essential to develop analytical strate-

gies for the screening of XOD inhibitors. Here, the PCD/NS was

evaluated as a novel platform for the inhibitors screening analy-

sis of XOD. Allopurinol, a clinical drug for the treatment of gout

[35], was selected as the model inhibitor of XOD for the following

investigation. The fluorescence quantitative analysis of allopurinol’s

inhibition effect was achieved by the calculation of inhibition effi-

ciency (IE) expressed as follows (Eq. 1):

Inhibition efficiency% = F1−F2
F1−F0

× 100% (1)

where F2 and F1 referred to the fluorescence intensity of PCD/NS

(in the presence of XA and XOD) with and without inhibitor, and

F0 referred to the fluorescence intensity of PCD/NS in the absence

of both XA and inhibitor. (F1-F0) reflected the intact XOD activity,

while (F1-F2) reflected the inhibited XOD activity by allopurinol.

As displayed in Fig. 3D, the fluorescence recovery was distinctly

restrained with the increase of the concentration of allopurinol.

The attenuated fluorescence recovery could be attributed to the

decrease of released H2O2 resulting from the inhibited XOD activ-

ity. IC50 value, the concentration of inhibitor when IE reached a

level of 50%, was employed to evaluate the efficacy of inhibitor. By

plotting IE and the concentration of allopurinol (Fig. 3E), the IC50

was calculated to be 7.4 μmol/L, which was lower than the previ-

ous reported strategies [34,36], suggesting a higher sensitivity of

the PCD/NS for XOD inhibitors screening. The results proved that

PCD/NS hold the potential of acting as a simple and sensitive tool

for inhibitors screening and further, drug discovery for the oxidase

related diseases.

Discrimination of enantiomers is of paramount significance for

biomedical and pharmaceutical research all the time due to ex-

tensive involvement of chiral molecules in physiological process.

Up until now, a number of strategies on the basis of chromato-

graphic technologies relying on sophisticated instructments and

operations have been developed for chiral identification [37–39].

However, reports on enantioselective recognition based on sim-

ple and portable paper-based device have been scarce [40]. In

the present work, the proposed multifunctional paper-based de-

vice was further employed for the recognition of glucose enan-

tiomers, by means of that GOD was capable of specifically catalyz-

ing d-glucose rather than l-glucose to produce hydrogen perox-

ide. As illustrated in Fig. 3F, PCD/NS presented a considerable flu-

orescence recovery towards d-glucose, and yet exhibited little re-

sponse to l-glucose and other monosaccharides (Fig. S13 in Sup-

porting information). Meanwhile, the chiral discrimination based

on PCD/NS could be also visualized under daylight or UV lamp (in-

set in Fig. 3F). Moreover, the determination of d-glucose in human

serum using PCD/NS also gave good consistency with clinical glu-

cose detection kits (Table S3 in Supporting information). In terms

of the remarkable performance of PCD/NS, it was illuminated that
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enantiomers discrimination based on paper-based device was an

alternative strategy for analysis of chiral molecules in the future

research.

In conclusion, a multifunctional paper-based device (PCD/NS)

was designed and fabricated in this work. The proposed PCD/NS

presented a sensitive response to the generated H2O2 in the ox-

idase catalyzed reactions, by which for the first time, biomark-

ers detection, inhibitors screening analysis and chiral discrimi-

nation were achieved on a single paper-based device. The an-

alytical performance of PCD/NS was investigated by the detec-

tion of XA and XOD inhibitors screening, respectively. PCD/NS

enabled the sensitive and selective detection of XA with a

low LOD of 0.06 μmol/L, and exhibited favorable repeatabil-

ity, stability and practicability. The inhibitors screening analy-

sis of XOD was also performed on PCD/NS, which gave the

low IC50 of 7.4 μmol/L. Further, the PCD/NS was developed

as a novel chiral recognition platform with enantioselective re-

sponse towards glucose enantiomers. PCD/NS presented a con-

siderable fluorescence recovery towards d-glucose, and yet ex-

hibited little response to l-glucose. Besides these, the proposed

versatile paper-based device is also anticipated to be applied in

other oxidase-related or biologically produced H2O2 system, re-

alizing more applications in clinical diagnosis and biochemical

analysis.
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