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Graphical Abstract
In this work, the gold nanoclusters (AuNCs) and hydroxyl double salt (HDS) were
composited by a simple confinement effect to prepare highly fluorescent AuNCs@HDS
composites. Based on the sensitive response of AUNCs@HDS to pH, a highly efficient
sensing platform for pH-related enzyme urease and its drug inhibitors detection was
constructed for the first time.
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Abstract

Sensitive and convenient sensing of urease and its inhibitors is exceptionally
urgent in clinical diagnosis and new drug development. In this study, the gold
nanoclusters (AuNCs) and hydroxyl double salt (HDS) were composited by a simple
confinement effect to prepare highly fluorescent AuNCs@HDS composites to monitor
urease and its drug inhibitors. HDS was used as a matrix to confine AuNCs
(AuNCs@HDS), facilitating the emission intensity of AuNCs. However, acidic
conditions (low pH) can disrupt the structure of HDS to break the confinement effect,
and quench the fluorescence of AUNCS. Therefore, a sensing platform for pH-related
enzyme urease detection was constructed based on the sensitive response of
AUNCs@HDS to pH. This sensing platform had a linear response range of 0.5-22.5 U/L
and a low limit of detection (LOD) of 0.19 U/L for urease. Moreover, this sensing
platform was also applied to monitor urease inhibitors and urease in human saliva
samples. Additionally, a portable hydrogel kit combined with a smartphone was
developed for urease detection to achieve portable, low-cost, instrument-free, and on-

site monitoring of urease.

Keywords: Fluorescent sensing; Gold nanoclusters; Confinement effect; Urease

activity; Hydrogel kit
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1. Introduction

Urease was the first prepared crystalline enzyme [1]. It was also the first
discovered nickel-containing metal enzyme [2] and is ubiquitous in bacteria, fungi,
animals, and plants [3]. Although urease from different sources varies in subunits, they
have highly conserved tertiary structures and similar catalytic functions [4]. Urease
catalyzes the hydrolysis of urea to carbon dioxide and ammonia [5]. The overexpression
of bacterial urease in the human body can damage the cells of living systems [6, 7], and
is, therefore, closely related to the onset of clinical symptoms caused by bacterial
infections. These include urinary stones, pyelonephritis, hepatic coma, and peptic
ulceration [8, 9]. Urease inhibition is a crucial method for treating diseases caused by
urease-producing bacteria [10, 11]. Thus, it is crucial to advance biomedicine to create
practical and affordable methods for the sensitive and precise detection of urease
activity and its inhibitors.

So far, various analytical techniques have been applied in urease detection, such
as fluorimetry [12-14], electrochemistry [15] and colorimetry [16]. Among them, the
fluorescence method is widely used owing to its fast response and high sensitivity.
Consequently, many fluorescent sensors based on various nanomaterials have been
developed for urease detection, such as carbon dots [17], graphene quantum dots [18],
silica dots [19], and gold nanoclusters [20]. Shi et al. described a turn-on fluorescent
test that used chitosan and reduced graphene quantum dots as an integrative self-
assembly probe to selectively and sensitively assess urease activity [18]. By the N-
acetylcysteine-directed synthesis of fluorescent AuNCs, Deng's group created a
practical fluorescent sensor for measuring urease activity and inhibitor [20]. However,
these urease detection procedures often require complex experimental operations or the
synthesis of special materials. Therefore, it is the need of the hour to develop a
convenient and efficient method for measuring urease and inhibitors.

Gold nanoclusters (AuNCs) have attracted the attention of the biomedical research
community due to their excellent optical stability and biocompatibility [21-23]. Among

the many methods for synthesizing AuNCs, the template method is the most commonly
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used for preparing gold nanoclusters [24, 25]. Accordingly, AuNCs with varied optical
properties can be prepared using different templates [26, 27]. Although AuNCs have
excellent physical and chemical properties, their relatively low quantum yield (QY)
limits their biosensing applications. Various methods have been proposed to compound
fluorescent AuNCs with other matrix materials to prepare highly fluorescent AuNCs-
based composite probes to address the problem of low QY of AuNCs [28, 29]. Among
them, the noncovalent interaction-based way is a convenient strategy. In order to
immobilize weak fluorescent AuNCs on the SiOz2 surface, Cai's group used electrostatic
adsorption [30]. This excited the aggregation-induced emission (AIE) features of the
AuNCs, which in turn amplified the fluorescent signal. Thus, a current research hotspot
is a simple method to synthesize AuNCs-based composite fluorescent probes with
excellent fluorescence performance.

Layered double hydroxide (LDH) is a two-dimensional (2D) layered material
consisting of positively charged layers with charge-balancing anions and water
molecules between the layers [31]. Due to its low toxicity and good biocompatibility,
LDH 1is crucial as host matrices in catalysis, biology, optical devices, and
electrochemical sensors [32, 33]. Hydroxyl double salt (HDS), a related family of LDH,
has a much higher charge density [34], suitable for enhancing the fluorescence of
AuNCs [31]. Considering these properties, HDS was used as a host material to prepare
AuNCs@HDS by electrostatic interaction for biosensing.

Inspired by the studies discussed above and previous work done by this research
group [35], a simple electrostatic interaction strategy was utilized to confine glutathione
stabilized AuNCs onto the surface of zinc-containing HDS (AuNCs@HDS) to
substantially enhance the AuNCs fluorescence, which exhibits typically fluorescent
response to acid (H"). Based on this fact, a simple and efficient fluorescence detection
platform was constructed for urease and its inhibitors using AUNCs@HDS as a probe
(Scheme 1). After adding H', the HDS was hydrolyzed, and subsequently, the surface
confinement effect of HDS was disrupted, resulting in the fluorescence quenching of

AuNCs@HDS. When urea and urease were introduced into the system, urease
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hydrolyzed urea to produce OH, reducing H" in the system. Consequently, the
fluorescence of AuNCs@HDS was restored. Urease inhibitors can inhibit the
hydrolysis of urea by urease, and the fluorescence of AuNCs@HDS was quenched,
thereby detecting urease inhibitors. This sensing platform was used to monitor urease
activity in human saliva samples; the results were satisfactory. A portable hydrogel kit

with agarose as the carrier was also developed to realize the visualization and
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Scheme 1. Principle of the AuNCs@HDS fluorescence method for urease and urease inhibitor

activity detection.

2. Experimental section

2. 1 Fabrication of AuNCs and AuNCs@HDS composite

For AuNCs, according to a previous report [36], 2 mL HAuCls (10 mM) was added
to 7.7 mL H20 at 25 °C. GSH (300 pL,100 mM) was added dropwise under gentle
stirring (500 rpm), and after the mixture was reacted for 5 minutes, heated to 70 °C for

24 h. Finally, the AuNCs solution was purified by a dialysis process (through a dialysis
5
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bag with MWCO 1000 Da) for 24 h.

The AuNCs@HDS was prepared based on our previous work [35]. Briefly, AUNCs
(500 pL, 1.5 mg/mL) and HDS (100 pL, 1.6 mg/mL) were added to 2.4 mL ultrapure
water. The combined solution was permitted to react at room temperature for 2 hours.
The supernatant was removed after centrifugation (rpm 10000, 15 min), and the
precipitate was rehydrated to 3 mL. The AuNCs@HDS were obtained by ultrasonic

dispersion.
2. 2 Fluorescence detection of urease activity

For urease detection, different concentrations of urease and urea solution (140 pL,
10 mM) were mixed with Tris-HCI buffer solution (pH=7.0, 10 uL, 10 mM), and the
resulting mixture was incubated at 37 °C for 50 minutes. After that, the catalytic process
was stopped by adding AuNCs@HDS (500 pL, 0.3 mg/mL) and acetic acid buffer
solution (pH=3.5, 60 pL, 10 mM). After 3 minutes, the fluorescence spectra were

recorded with an excitation wavelength of 405 nm.

2. 3 Urease inhibitor detection

To detect urease inhibitors, urease (30 pL, 1.0 U/mL) was reacted with different
concentrations of urease inhibitors (AHA or dimethoate) at 37 °© C for 1 hour.
Subsequently, urea (140 uL, 10 mM) and Tris-HCI buffer solution (pH=7.0, 10 pL, 10
mM) were introduced to the aforementioned solution, and the reaction was maintained
at 37 °C for 50 minutes. The steps that followed were identical as those for the analysis
of urease activity. The inhibition efficiency (IE, %) can be calculated by the following
equation.

IE (%)= (F’—F)/ (F’—Fo) x 100

In this formula, Fo is the fluorescence intensity of AuNCs@HDS containing urea,
F' is the fluorescence intensity of AuNCs@HDS containing urea and urease, and F is
the fluorescence intensity of AuNCs@HDS containing urea, urease and inhibitor (AHA

or dimethoate).

2. 4 Fabrication and application of a portable kit for urease
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The agarose (4 mg) was mixed with ultrapure water (4 mL) and the mixture was
heated at 100 °C until dissolved. When the aforementioned mixture was cooled to 50 °C,
AuNCs@HDS (400 pL, 0.3 mg/mL) was added to it. After mixing well, 400 uL of the
above solution was added to the centrifuge tube cap and cooled to obtain the
AuNCs@HDS hydrogel. This hydrogel was stored at room temperature for further use.

To apply the prepared hydrogel for urease analysis, the reaction procedure in
Section 2.2 was first carried out. After the end of the reaction, the reacted solution was
allowed to react with the prepared hydrogel for 10 min by inverting the centrifuge tube.
To identify urease quantitatively, the color of the hydrogel was captured under UV light

using a smartphone (iPhone 14) and analyzed with the Color-Collection APP.
2. 5 Detection of urease in the saliva samples

Saliva samples were provided by informed volunteers. The assay for urease in
saliva was performed as follows: first, the saliva samples were diluted 10-time and
centrifuged to remove particulate matter from the saliva samples. After that, the pH of
the saliva samples was brought to a neutral pH level of 7.0 by using HCI or NaOH on
a PHS-3C pH meter. Finally, urease activity in the saliva samples was measured by

means of the standard addition method.

3. Results and Discussion

3. 1 Characterization of AuNCs, HDS and AuNCs@HDS

The successful synthesis of AuNCs@HDS fluorescent composites was confirmed
via TEM, SEM, and STEM. The morphology and particle size of AuNCs obtained by
TEM (Fig. 1A) revealed that AuNCs were approximately spherical and well dispersed
with an average particle size of ~2.04 nm (Fig. 1A inset). The SEM image of HDS in
Fig. 1B showed the quadrilateral sheet of HDS with a size <5 pm. The SEM image of
AuNCs@HDS in Fig. 1C confirmed that after anchoring AuNCs, the surface of HDS
exhibited a rough morphology. Fig. 1D and Fig. 1E showed the TEM images of
AuNCs@HDS, and the uniformly dispersed AuNCs were observed in the HDS matrix.
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Additionally, STEM was used to demonstrate the distribution of AuNCs on HDS. Also,
Fig. 1F and Fig. 1G demonstrated the elemental mapping of Zn, Au, N, and S of
AuNCs@HDS using EDS. These distribution ranges were aligned with the TEM
images and the STEM image of AuNCs@HDS, indicating that the AuNCs were

uniformly distributed on the HDS surface.
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Fig. 1. (A) TEM pictures of AuNCs. (B, C) SEM pictures of HDS. (D, E) TEM images of
AuNCs@HDS. (F) STEM images and the Zn, Au, N, and S elemental mapping images (G) of
AuNCs@HDS. (H) Ultraviolet-visible absorption spectra and fluorescence spectra, (I) Zeta

potentials, and (J) FT-IR spectra of AuNCs@HDS, AuNCs and HDS, separately.

The successful synthesis of AuNCs@HDS was further confirmed by UV-Vis
absorption spectra, fluorescence spectra, zeta potentials, XRD patterns, and FT-IR
spectra. A previous study from our group have systematically demonstrated that the

HDS could efficiently enhance the fluorescence of AuNCs simply through the surface
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confinement effect [35]. Briefly, when the excited electrons and holes are effectively
confined by the HDS with a broad band gap, it can promote the radiation transition and
enhanced fluorescence performances of AUNCs. As revealed in Fig. 1H, compared with
AuNC:s, the fluorescence intensity of AuNCs@HDS strengthened 8-fold. This UV-Vis
absorption spectra showed that the entire absorption spectra of AuNCs showed only a
slight upshift after AuNCs were confined to the HDS surface. According to the zeta
potentials (Fig. 11 and Fig. S2), HDS had a positively charged state with an average
zeta potential of +24.97 mV, AuNCs had a negatively charged state with an average
zeta potential of —48.56 mV, and the combination of AuNCs and HDS displayed a
partially neutralized zeta potential of —16.63 mV. Therefore, AuNCs were adsorbed and
confined to the surface of HDS via electrostatic interactions, forming AuNCs@HDS.
The FT-IR spectra of AuNCs@HDS, AuNCs and HDS are shown in Fig. 1J. The
O-H stretching vibrations that produced the peaks at 3480 cm™ and 1638 cm™! suggest
that HDS contains hydroxyl groups. The N-O stretching vibrations at 1380 cm’!
confirmed the nitrate anion in HDS [31]. For AuNCs, the vibrations at 1730 cm™ (C=0
stretching), at 3460 cm™ and 1650 cm™ (O-H stretching) indicated the presence of
carboxyl groups on the surface of AuNCs [37, 38]. Additionally, characteristic
stretching vibrations of N-H was shown at 1530 cm™! [38]. The successful complexation
of AuNCs on the surface of HDS was demonstrated by similar absorption peaks from
HDS and AuNCs in the AuNCs@HDS spectrum.
The XRD patterns of AuNCs@HDS, AuNCs and HDS are displayed in Fig. S3.
The typical diffraction peaks of HDS correspond to the (003), (006), and (009)
diffraction peaks of HDS, indicating that HDS possessed a highly crystalline phase [31,
39]. A characteristic (111) diffraction peak at 33° was observed in the XRD spectrum
of AuNCs [40]. The distinctive diffraction peaks of HDS and AuNCs were seen in the
XRD pattern of AuNCs@HDS, confirming the effective synthesis of AuNCs@HDS.

3. 2 pH sensing mechanism and feasibility analysis of urease

AuNCs@HDS was used as the probe to establish a highly selective and sensitive

urease detection platform. Scheme 1 shows the mechanism of urease detection. First,
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AuNCs were adsorbed and confined to the surface of HDS via electrostatic interactions,
enhancing the fluorescence of AuNCs. Next, based on the previous synthetic research
[31], as HDS is a related family of LDHs with formula [Zns(OH)s] (NO3s)2-nH20, H*
can combine with OH" in the structure, thereby disrupting its layered structure to
destroy its surface confinement effect and lead to a significant quenching of the
fluorescence of AuNCs. Also, urease specifically hydrolyzed urea to generate ammonia,
thus, urease activity increased the concentration of OH™ in the solution, which
consumed H" and restored the fluorescence of AuNCs@HDS. Urease could be detected
based on the changes in fluorescence intensity in the system. Thus, the following
experiments were conducted further to validate the principle and feasibility of this
scheme.

The fluorescence intensity of AuNCs@HDS exhibited a quick quenching tendency
in 3 minutes (Fig. S4). The fluorescence at 585 nm of AuNCs@HDS showed a
quenching tendency as the pH changed from 10.0 to 3.0 (Fig. 2A). However, the
fluorescence intensity of AuNCs did not change significantly with change in pH (Fig.
2B). At pH 3.0, the fluorescence intensity of AuNCs@HDS decreased to an intensity
similar to that generated by AuNCs alone. The orange fluorescence of AuNCs@HDS
gradually dimmed as the pH changed from 10.0 to 3.0 under UV light, while the
fluorescence of individual AuNCs remained almost unchanged (Fig. 2A and Fig. 2B
inset). Fig. 2C showed that the fluorescence intensity of AuNCs@HDS depended on
the pH. Furthermore, the fluorescence intensity of AuNCs@HDS was linearly
correlated with the H" concentration, indicating that the AuNCs@HDS-based probe

could be used for pH-related sensing applications (Fig. S5).
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Fig. 2. (A, B) The fluorescence spectra of AuNCs@HDS and AuNCs with various pH

concentrations. Inset: the corresponding fluorescence pictures under ultraviolet light (365 nm). (C)

Relationship between fluorescence intensity (AuNCs@HDS and AuNCs) and different pH. (D, E)

UV-Vis absorption spectra and secondary scattering spectra of AuNCs, AuNCs@HDS, and

AuNCs@HDS + H". (F) The secondary scattering spectra of HDS and HDS + H”. Figure inset: the

corresponding images of HDS with different pH. (G-I) The SEM images of HDS were collected at

different times after adding H". (J) Diagram depicting the fluorescence sensing platform for urease

activity detection based on AUNCs@HDS. (K) FL spectra of the AuNCs@HDS system with blank,

HY, urea, urease, and urea/urease.

Next, the H'-induced quenching mechanism of AuNCs@HDS was investigated
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using UV-visible absorption spectroscopy, secondary scattering (SOS) spectroscopy,
and SEM characterizations. The UV-visible absorption spectra showed that the
absorption spectra of AuNCs@HDS were consistent with that of pure AuNCs after the
addition of H', indicating that H" modified the structure of HDS to release AuNCs (Fig.
2D). Fig. 2E exhibits the SOS patterns of AuNCs and AuNCs@HDS before and after
addition of H'. It could be seen that the SOS intensity of AuNCs@HDS was strongest
before the addition of H', indicating that the particle size of AuNCs@HDS was the
highest. After adding H', the SOS intensity of AuNCs@HDS was significantly reduced
and was similar to that of AuNCs, indicating that the addition of H" destroyed the
composite structure of AuNCs@HDS. Fig. 2F shows that adding H" significantly
decreased the SOS intensity of HDS, indicating that H" destroyed the structure of HDS.
Fig. 2F inset also shows that the HDS solution gradually became transparent from
white turbidity as the pH decreased from 10.0 to 3.0. Also, Fig. 2G-I show SEM images
of HDS at different times after adding H'. Thus, HDS was in a relatively regular shape
initially (Fig. 2G), which changed rapidly to an irregular state after the addition of H*
(1 min) (Fig. 2H); the SEM image showed that the HDS was almost completely
hydrolyzed after 5 min (Fig. 2I). These results indicated that H' could efficiently
hydrolyze HDS, which caused fluorescence quenching of AuNCs@HDS.

Since the AuNCs@HDS system had good sensitivity and fast response to acidity
and alkalinity (pH), the AuNCs@HDS probe was used for monitoring bio-enzyme
associated with physiological pH changes (Fig. 2J). Fig. Sé6 illustrates that urea urease
and urea/urease did not affect the fluorescence of AuNCs or AuNCs@HDS. The
fluorescence of AuNCs@HDS was dramatically quenched by H', as seen in Fig. 2K.
Adding individual urea or urease had no recovery impact on the fluorescence of the
AuNCs@HDS/H" system. However, the fluorescence of AuNCs@HDS was restored
after adding urease/urea to the AuNCs@HDS system. These results indicated that this

assay was feasible for urease activity detection.

3. 3 Detection of urease activity

12
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The analytical performance of this fluorescent method was investigated to
determine urease concentration under the established best experimental conditions (Fig.
S7). Fig. 3A shows the fluorescence spectra of the AuNCs@HDS/H /urea system at
different urease concentrations. With an increase in urease concentration, the
fluorescence intensity of the AuUNCs@HDS/H/urea system gradually increased, and
the fluorescent color of the solution gradually brightened (Fig. 3A, Fig. 3A inset). In
the range of 0.5 to 22.5 U/L, it was a strong linear relationship between the fluorescence
intensity of the system and urease amount (Fig. 3B). The linear regression equation was:
F = 15105.65 + 3833.89 [urease] (U/L), with a linear correlation coefficient (R?) of

0.998, and a LOD value of 0.19 U/L. Also, this method was contrasted with previously
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published urease analysis approaches. (Table S1). The outcomes demonstrated that the
established fluorescence methods for detecting urease had a wide detection range and
low detection limit, suggesting the urease detection method was capable and sensitive.

The selectivity and anti-interference ability of the urease detection platform offer
several advantages for practical applications. Herein, common biological substances,
including ions, biological enzymes, amino acids, proteins and other biomolecules, to
simulate the complex biological matrices were selected to assess the distinctiveness of
the urease detection based on the AuNCs@HDS sensor platform. The fluorescence
intensity  significantly increased when urease was introduced to the
AuNCs@HDS/H "/urea detection system (Fig. 3C), while it remained unchanged in the
presence of other substances, indicating that this assay was highly selective for urease
sensing. Furthermore, the interference experiment showed that when the urease in the
detection system coexisted with other interfering substances, the fluorescence of the
system remained unaffected, indicating that the urease assay had good anti-interference
ability (Fig. 3D). These findings suggested that this sensing platform had reasonable
specificity for detecting urease activity in biological samples.

The factors that contribute to the high precision and repeatability of urease
measurement systems can be summarized as follows: (1) The recognition of urease to
its catalytic substrate ensure the specificity. (2) Fluorescence methods have many
advantages of high sensitivity and efficiency. Besides, HDS, as a carrier, can enhance
the fluorescence of AuNCs while also being sensitive to H', significantly improving the
detection sensitivity of the platform. (3) The excitation wavelength of AuNCs@HDS
was at 405 nm and emission wavelength was at 585 nm, which can resist various
interferences from the biological matrix. All above results demonstrated that the
AuNCs@HDS/H"/urea detection system possessed excellent performance for

monitoring urease.

3. 4 Urease inhibitor assay

Acetohydroxamic acid (AHA) [41], an essential drug for the treatment of urinary

tract infections, as well as a pesticide (dimethoate [42]), were employed as
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representative samples to assess the inhibitor detecting capability to verify its potential
value of the biosensor in urease inhibitor detection. AHA and dimethoate did not affect
the fluorescence of AuNCs@HDS or H'-induced fluorescence quenching of
AuNCs@HDS (Fig. 4A and Fig. 4D), guaranteeing the specific recognition of this
platform  for  inhibitor = sensing. @ The  fluorescence  intensity  of
AuNCs@HDS/H " /urea/urease showed a decreasing tendency when urease reacted with
increased concentration of AHA or dimethoate (Fig. 4B and Fig. 4E). In the range of
1-9 uM, the inhibition efficiency (IE, %) showed linear correlation with the AHA
concentration (Fig. 4C), and the linear equation was IE (%) = 1.7193+ 7.3062 [AHA]
(uM), R? = 0.986, and a LOD of 0.11 uM. As for dimethoate, the inhibition efficiency
gradually increased with an increase in dimethoate concentration (0.5-30 mg/L), and
the linear equation was IE (%) = 0.9869 + 2.1620 [dimethoate] (mg/L), R?> = 0.989, and
a LOD of 0.41 mg/L (Fig. 4F). Besides, the ICso (the inhibitor concentration to inhibit
50% of the urease activity) of AHA was calculated as 6.61 uM, and 1Cso of dimethoate
was 22.67 mg/L. These results suggested that our proposed biosensor could be used to

detect potential urease inhibitors.
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Fig. 4. Effect of AHA (A) and dimethoate (D) on the AUNCs@HDS and AuNCs@HDS/H"/ system.
FL spectra of AuNCs@HDS/H"/urea/urease with varied AHA (B) and dimethoate concentrations

(E). (C, F) The relationship between inhibition efficiency (IE) and inhibitor concentration (AHA,
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3. 5 Urease portable kit assay

Owing to the excellent analytical performance of the AuNCs@HDS sensing
platform for urease activity, a portable kit was built for on-site analysis of urease,
increasing the portability in practical use. Therefore, an AuNCs@HDS-based
fluorescent hydrogel kit combined with a smartphone was prepared for the visual and
quantitative on-site monitoring of urease (Fig. SA). First, the stability of the hydrogel
kit was explored. There were no significant changes in the fluorescence color of the
hydrogel kit after 60 min of irradiation under a UV lamp and one month of storage (Fig.
S8 and Fig. S9), which indicated that the AuNCs@HDS-based hydrogel kit was stable.
Fig. 5B inset shows an apparent change in color from pink to orange was observed with
increasing urease concentration. Next, using the Color-Collection software on a
smartphone, the fluorescent images were broken down into color intensity values for
the red (R), green (G), and blue (B) channels, and the urease activity was quantified
using the color intensity RGB values. There was a clear linear correlation between
(R+G)/B and urease concentration in the range of 6.0 —22.5 U/L, with a linear equation
of (R+G)/B = 2.0121 + 0.0946 [urease] (U/L) and R? = 0.992 (Fig. 5B). The findings
indicated that the portable kit in conjunction with a smartphone provided a simple,

intuitive, and easily transportable on-site quantitative assay for urease.
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Fig. 5. (A) Schematic diagram of the procedure for the detection of urease activity using the portable

agarose hydrogel kit. (B) Linearity between channel intensity ratio and the urease amount. The inset
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displays UV light images of agarose hydrogel at different urease concentrations.

3. 6 Analysis of human saliva samples for urease

The detection of oral urease activity is an effective method for preventing dental
caries and screening for helicobacter pylori infection [43]. To further assess the
usefulness of our strategy in actual samples, the standard addition method was used to
detect urease in saliva samples. Fig. S10 shows that the human saliva samples 1 — 3
displayed no influence on the AuNCs@HDS or AuNCs@HDS/H", eliminating the
interference from human saliva samples. As shown in Table S2 and Table S3, no urease
was found in the human saliva samples provided by healthy volunteers, which was
consistent with previous work [44, 45]. The recovery of urease detection by this method
varied from 91.1% to 106.8%, and the relative standard deviations (RSDs) were < 6.3%
(Table S2). The recovery of urease detection by the portable agarose hydrogel kit varied
from 95.2% to 106.6%, and the relative standard deviations (RSDs) were < 4.26%
(Table S3). In addition, we also used a colorimetry based on Nessler reagent to verify
the accuracy of our method in detecting urease (demonstrated in Fig. S11). The results
obtained by colorimetric method were consistent with our fluorescence method and
hydrogel kit (Table S2 and Table S3). These results further indicated that this
constructed fluorescence sensing platform and hydrogel kit had high accuracy and
reliability for detecting urease in real samples. Besides, it should also be noted that this

method is limited in the medium with strong buffering ability.

4. Conclusion

Here, a simple and sensitive fluorescence sensing platform was prepared to detect
urease and its inhibitors. The fluorescence sensing platform leverages the unique
fluorescence enhancement effect of AuNCs induced by HDS and the specificity of
urease-catalyzed hydrolysis of urea. The H'-induced fluorescence quenching of
AuNCs@HDS was combined with the OH™ production from urea-catalyzed hydrolysis

of urea to achieve the changes in fluorescence response of AuNCs@HDS as an output
17
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signal, achieving highly sensitive and precise identification of urease and urease
inhibitors. According to the results of the sensitive detection of urease by the sensing
platform, it was also used to detect urease in human saliva samples. The results
confirmed the utility and accuracy of the sensing platform in detecting urease in the real
samples. Also, an AuNCs@HDS-based hydrogel kit was prepared for the portable
detection of urease combined with a smartphone. We believe that this work not only
provide powerful technical support for urease-related biochemical studies and portable

detection, but also give inspirations for constructing AuNCs@HDS-based sensors.
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Highlights
® The AuNCs@HDS with excellent fluorescence property was strategically designed.
® The AuNCs@HDS system had good sensitivity and fast response to pH.
® A AuNCs@HDS-based sensor was constructed for urease and its drug inhibitors.
® This assay realized the urease analysis in saliva samples with robust performance.

® A portable and low-cost hydrogel kit was fabricated for urease analysis.
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