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ABSTRACT: Developing a sensitive and reliable method for detecting xanthine (XT) and hypoxanthine (HX) is 

crucial for the early diagnosis of diseases such as hyperuricemia. Herein, we developed a ratiometric fluorescence 

sensor based on a target-triggered cascade reaction by integrating 3-hydroxyphenylboronic acid (3-HBA) with 

lysozyme-functionalized gold nanoclusters (MTL@AuNCs), enabling ultrasensitive and highly accurate detection of 

XT and HX. In the sensing system, hydrogen peroxide (H2O2) was generated through the catalytic oxidation of 

XT/HX by xanthine oxidase (XOD) in the presence of O2. The unique nucleophilic reaction between H2O2 and the 

boric acid group resulted in the conversion of 3-HBA into resorcinol (Res), which then reacted with dopamine (DA) to 

form blue fluorescent azamonardine (λem = 465 nm) compounds. This Res-DA system acts as the 

fluorescence-responsive unit, producing a progressively intensified emission, while the red-emitting MTL@AuNCs 

(λem = 660 nm) serve as an invariant reference signal. The proposed fluorescence sensor exhibited a linear response 

range of 0.005-300 μM for XT and 0.01-300 μM for HX, with ultralow detection limits of 1.7 nM and 3.4 nM, 

respectively. This method was successfully applied to detect XT and HX in real serum and urine samples, yielding 

satisfactory results. Furthermore, this study provides valuable insights for designing biosensors with enhanced 

stability and sensitivity by incorporating a cascade reaction and internal reference fluorescence. 
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1. Introduction 

Xanthine (XT) and hypoxanthine (HX) are purine bases that are widely present in various human 

tissues and body fluids, as well as in other organisms. They serve as key intermediate products in the 

metabolic pathways of purine nucleotides and deoxyribonucleotides, and are eventually converted into uric 

acid through the catalytic action of xanthine oxidase (XOD), with the simultaneous production of hydrogen 

peroxide (H2O2)[1-4]. Abnormal levels of XT or HX in the body may serve as indicators for several 

pathological conditions, including hyperuricemia, gout, xanthuria, or cerebral ischemia. Therefore, the 

establishment of a highly sensitive, selective, and stable detection method is crucial for the early diagnosis 

of these diseases[5-7]. Currently, commonly used detection techniques include high-performance liquid 

chromatography, gas chromatography, capillary electrophoresis, and colorimetric analysis. However, these 

approaches are often limited by factors such as high equipment costs, complicated operational procedures, 
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prolonged detection times, and limited signal output formats[3, 8, 9]. Fluorescence detection is widely used due 

to its simplicity, speed, and high sensitivity. However, single-signal sensors rely on one fluorescence signal 

and are easily affected by variations in excitation light or interfering substances, reducing measurement 

stability. In contrast, ratiometric sensors operate by measuring the ratio between two or more signals. This 

approach not only substantially improves sensitivity and accuracy but also enhances selectivity and 

resistance to interference[10-13]. Hence, the development of a highly sensitive and selective ratiometric 

fluorescence method for XT and HX detection holds significant promise for clinical diagnostics and health 

monitoring. 

Atomically precise gold nanoclusters (AuNCs), comprising of a small number ranging from a few to 

several hundred metal atoms, represent a unique class of materials situated at the interface between atomic 

and nanoparticle dimensions[14, 15]. These ultrasmall nanoparticles possess distinctive quantum size effects, 

superior fluorescence stability, favorable biocompatibility, and facile functionalization capabilitie[16-19]. 

Compared to conventional fluorescent materials such as quantum dots, organic dyes, and metal-organic 

frameworks, the optical properties of AuNCs can be precisely tuned by modifying their surface ligands or 

core architecture[20-22]. This tunability endows AuNCs with notable advantages in sensing applications. 

Owing to these features, AuNCs are widely recognized as promising reference signal sources for 

constructing ratiometric fluorescence response systems. For instance, Chen's group[23] developed a 

dual-emissive BSA-AuNCs probe that exhibits a significant enhancement in BSA fluorescence upon the 

addition of doxycycline, while the fluorescence of AuNCs remains nearly constant. This differential 

response generates a stable fluorescence ratio change, enabling rapid and sensitive detection of doxycycline. 

In another study, He et al.[24] fabricated Zr(IV)/AuNCs with pyrophosphatase-mimicking activity, which 

effectively catalyzes the hydrolysis of 4-methylumbelliferyl phosphate (4-MUP) into 4-methylumbelliferyl 

(4-MU), emitting blue fluorescence at 450 nm. Upon introduction of phosphate ions, the catalytic activity of 

Zr (IV)/AuNCs is suppressed, leading to a decrease in 4-MU fluorescence, whereas the red fluorescence of 

AuNCs remains unaffected. This system thus establishes a ratiometric fluorescence platform for selective 

phosphate detection. 

Boric acid and its esters have been widely utilized as H2O2 detection probes for many years. This is 

because H2O2 can specifically cleave the B-C bonds in these compounds, leading to the formation of 

hydroxyl-containing products that can participate in subsequent reactions[25-27]. Catechol and catecholamine 

derivatives can undergo oxidative coupling with resorcinol (Res) to generate a strongly blue-fluorescent 

compound. The core structure of this product is 4,9-dihydroxy-3,4-dihydro-1H-4,11a-dimethylbenzofuro 

[2,3-d] azocine-5(2H)-one[28-31]. By rationally designing the probe substrates and integrating these two 

reaction mechanisms in a sequential manner, it becomes feasible to achieve highly sensitive and efficient 

fluorescence-based detection of hydrogen peroxide and its precursor substances. 

In this study, we proposed a XT/HX-induced cascade reaction-based ratiometric fluorescence sensing 

strategy utilizing 3-hydroxyphenylboronic acid (3-HBA) and lysozyme-functionalized gold nanoclusters 
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(MTL@AuNCs) for ultrasensitive and highly accurate detection of XT and HX (Scheme 1). The 

investigation of the sensing mechanism revealed that XOD first reacted with XT/HX to generated H2O2, 

which subsequently oxidized 3-HBA into Res; the Res then coupled with DA to form azamonardine, a 

compound exhibiting robust blue fluorescence (λem = 465 nm). This 3-HBA/DA system acts as the 

fluorescence-responsive unit, producing a progressively intensified emission, while the red-emitting 

MTL@AuNCs (λem = 660 nm) serve as a stable internal reference. The 3-HBA/DA/MTL@AuNCs-based 

ratiometric fluorescence sensor exhibited ultralow detection limits of 1.7 nM for XT and 3.4 nM for HX. 

This strategy provides a sensitive and reliable approach for the accurate determination of XT and HX, with 

promising applications in clinical biochemical analysis. 

 
Scheme 1 Schematic diagram of 3-HBA/DA/MTL@AuNCs-based ratiometric fluorescence sensor for XT and HX sensing. 

2. Experimental 

2.1. Materials and apparatus 

Trichloroauric acid trihydrate (HAuCl4ꞏ3H2O), 3-hydroxyphenylboronic acid (3-HBA), L-Histidine 

(L-His), and L-glycine (L-Gly) were supplied by were supplied by Macklin Biochemical Technology Co., 

Ltd. (Shanghai, China). 5-Methyl-2-thiouracil (5-MTU), dopamine hydrochloride (DA), and potassium 

chloride were obtained from Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). Other chemicals 

such as sodium hydroxide, sodium chloride, calcium chloride, magnesium chloride, sodium bicarbonate, 

disodium hydrogen phosphate, monosodium dihydrogen phosphate, potassium nitrate, sodium sulfate, 

sodium chloride, lysozyme, 30% H2O2, uric acid, and L-Histidine (L-His) were provided by Chengdu 

Kolong Chemical Reagent Co., Ltd. (Chengdu, China). Furthermore, xanthine (XT), hypoxanthine (HX), 

xanthine oxidase (XOD), hemoglobin (HGB) and bovine serum albumin (BSA), and alkaline phosphatase 

(ALP) were purchased from Yuanye Bio-Technology Co., Ltd. (Shanghai, China). 
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Fourier transform infrared spectroscopy (FTIR) analysis of lysozyme, 5-MTU, and MTL@AuNCs was 

performed on a Nicolet IS10 spectrometer (Thermo Fisher Scientific, USA). The morphological 

characterization of MTL@AuNCs was conducted via transmission electron microscopy (TEM) with a 

JEM-2100F microscope (JEOL, Japan). Fluorescence and UV-visible absorption measurements were carried 

out using a Hitachi F-4600 fluorescence spectrometer (Japan) and a Shimadzu UV-2700 UV-visible 

spectrophotometer (Shanghai, China), respectively. The pH of the buffer solutions was measured using a 

PH-100B portable pH meter (Changsha LICHEN Instrument Technology Co., Ltd., China). 

2.2. Preparation of MTL@AuNCs 

For the preparation of MTL@AuNCs, 180 µL of a 50 mM 5-MTU solution was dropwise added to 200 

µL of a 25 mM HAuCl4 solution, followed by the addition of 20 µL of a 1.4 M NaOH solution. After 

stirring continuously at 37°C for 1 h, 200 µL of a 20 mgꞏmL⁻¹ lysozyme solution was introduced, and 

stirring was continued for an additional 2 h. Finally, the resulting MTL@AuNCs were purified by dialysis 

(MWCO: 1000 Da) for 2 h to remove excess impurities and stored at -20 °C for later use. 

2.3. Analysis of XT and HX 

For XT analysis, 200 µL of XT (0-300 µM) were added to the mixture of 40 µL of XOD (20 UꞏmL⁻¹) 

and 40 µL of PBS buffer (pH 9.0). After incubation at 37 ℃ for 20 min, 20 µL of 3-HBA (100 µM), 200 µL 

of Gly-NaOH buffer (pH 10.4), and 20 µL of DA (100 µM) were added, followed by a 10-min reaction. 

Finally, 50 µL of MTL@AuNCs was introduced, and the total volume was adjusted to 1 mL with ultrapure 

water. For HX analysis, test conditions were identical to those used for XT detection, except that the pH of 

the buffer solution for incubating HX with XOD was adjusted to 7.5. The emission spectra of all samples 

were recorded using a fluorescence spectrometer over a wavelength range of 400-720 nm, with an excitation 

wavelength of 382 nm. 

2.4. Analysis of XT and HX in serum and urine samples 

Serum and urine samples from healthy individuals were collected from the Third Bethune Hospital of 

Jilin University. After centrifugation and dilution, XT concentrations of 25, 100, and 200 µM, as well as HX 

concentrations of 25, 150, and 300 µM, were separately spiked into serum and urine samples to create 

spiked samples. Real sample analysis was then performed as described in Section 2.3. 

3. Results and discussions 

3.1. Synthesis and characterization of MTL@AuNCs 

Red-emitting MTL@AuNCs were prepared using a simple self-assembly strategy (Fig. 1a). The 

carbonyl and amino groups of the 5-MTU molecule can form hydrogen bonds with the guanidinium groups 

of lysozymes, effectively enhancing the stability and optical properties of the MTL@AuNCs. The 

morphological and structural characteristics of the MTL@AuNCs were further investigated. As shown in 

Fig. 1b and 1c, MTL@AuNCs exhibited a spherical morphology with a relatively uniform size distribution, 

displaying an average diameter of 2.3 ± 0.3 nm. In the X-ray diffraction (XRD) spectrum of MTL@AuNCs 
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(Fig. S1), the distinct peak at 32.1° corresponded to the (111) crystal plane of Au, confirming the formation 

of the amorphous gold nanoclusters[32, 33]. The FTIR spectrum (Fig. 1d) revealed that lysozyme displayed 

characteristic absorption bands at 1650 cm-1 (amide I band) and 1540 cm-1 (amide II band), which 

correspond to the stretching vibration of the C=O group and the bending vibration of the N-H group in 

peptide bonds, respectively[34]. For 5-MTU molecules, the absorption peaks observed at 1643 cm-1 and 1560 

cm-1 were assigned to the stretching vibration of the C=N double bond within the pyrimidine ring and the 

deformation vibration of its cyclic structure. In MTL@AuNCs, new peaks emerged at 1600 cm-1 and 1366 

cm-1, indicating modifications in the vibrational environment of the peptide bond C=O as well as alterations 

in the conjugated system of the pyrimidine ring. The peak at 1366 cm-1 was attributed to the bending 

vibrations of C-N and C-C bonds in lysozyme, and its intensity was markedly altered compared to the native 

protein. Importantly, the characteristic 5-MTU absorption at 1560 cm-1 was completely absent in the 

composite system, while a broad and distinct absorption band appeared near 1600 cm-1[35]. These spectral 

transformations provide clear evidence that lysozyme was effectively functionalized and chemically 

immobilized onto the surface of MTU@AuNCs. X-ray photoelectron spectroscopy (XPS, Fig. 1e) exhibited 

the signals of Au, C, N, O, and S, verifying the elemental composition of MTL@AuNCs. In the 

high-resolution Au 4f spectrum (Fig. 1f), the two peaks at 88.32 eV and 84.73 eV corresponded to the 

chemical states of Au 4f5/2 and Au 4f7/2, respectively. The S 2p XPS spectrum in Fig. 1g displayed two 

characteristic peaks at 167.58 eV (oxidized sulfur) and 163.18 eV (Au-S bond), confirming that the thiol 

groups of 5-MTU coordinate with Au(I) through sulfur binding to stabilize the nanoclusters[36-38]. These 

results unambiguously confirm the successful synthesis of MTL@AuNCs. 
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Fig. 1 (a) Synthesis procedure of MTL@AuNCs. (b) TEM image of MTL@AuNCs. (c) Size distribution of MTL@AuNCs. 

(d) FTIR spectra of lysozyme, 5-MTU, and MTL@AuNCs. (e) Full-range XPS spectrum of MTL@AuNCs. (f, g) 
High-resolution XPS spectra of Au 4f and S 2p XPS. 

3.2. Optical properties of MTL@AuNCs 

The optical properties of MTL@AuNCs were characterized using UV-vis absorption and fluorescence 

spectroscopy. As shown in Fig. 2a, MTL@AuNCs exhibited a maximum emission wavelength of 660 nm 

and a maximum excitation wavelength of 420 nm. The UV-visible spectrum revealed a distinct absorption 

peak at approximately 300 nm, which was attributed to π→π* electronic transitions[8]. No absorption peaks 

were observed in the 350-520 nm, confirming the MTL@AuNCs exhibited a relatively small size[39]. 

Moreover, MTL@AuNCs displayed strong red fluorescence under UV irradiation (inset of Fig. 2a). When 

the excitation wavelength was varied from 350 to 450 nm, the fluorescence emission spectrum remained 

nearly unchanged, exhibiting excitation wavelength-independent emission behavior (Fig. 2b and 2c). 

 

Fig. 2 (a) Fluorescence excitation, emission, and absorption spectra of MTL@AuNCs (Inset: the images of MTL@AuNCs 
under visible (left) and 365 UV light (right)). (b) Emission spectra of MTL@AuNCs at different excitation wavelengths 

(350-450 nm). (c) Excitation-emission matrix of MTL@AuNCs. 
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3.3. Sensing mechanism investigation 

As shown in Fig. 3a, the boric acid moiety of 3-HBA participated in a nucleophilic reaction in the 

presence of H2O2, resulting in the formation of a negatively charged tetrahedral boronate species with H2O2. 

Following this, the boric acid moiety was cleaved to produce Res (Fig. 3b)[26, 40]. The specificity of 3-HBA 

conversion to Res were confirmed using Fluorescence spectroscopy and high-resolution mass spectrometry. 

As shown in Fig. S2, a fluorescence emission peak at 460 nm was observed in the 3-HBA/H2O2/DA system, 

matching the characteristic peak of the Res/DA system. The high-resolution mass spectrometry (Fig. S3) 

analysis revealed the presence of both 3-HBA and Res characteristic peaks in the mixture after the reaction 

of 3-HBA with H2O2, further confirming the specific conversion of 3-HBA to Res in the presence of H2O2. 

Therefore, the generated Res could reacted with DA to yield green-emissive azamonardine[41]. As depicted 

in Fig. 3c, in the absence of H2O2, no fluorescence was observed in the 3-HBA/DA/MTL@AuNCs system, 

as 3-HBA could not be transformed into Res. However, in the presence of H2O2, the 

3-HBA/DA/MTL@AuNCs system exhibited robust blue fluorescence. The reliable fluorescence response of 

3-HBA/DA/MTL@AuNCs toward H2O2 suggested its potential as a promising fluorescence biosensor for 

detecting H2O2 and related H2O2-generating analytes. XT or HX could be specifically catalyzed by XOD to 

produce H2O2, which then triggered the coupling reaction between Res and DA. Accordingly, the feasibility 

of 3-HBA/DA/MTL@AuNCs-based fluorescence sensing platform for XT and HX detection was further 

evaluated in Fig. 3d and Fig. 3e, respectively. As shown in Fig. 3d, neither XT nor XOD alone induced any 

significant fluorescence change in the 3-HBA/DA/MTL@AuNCs, confirming the selective fluorescence 

response of XOD/3-HBA/DA/MTL@AuNCs to XT. Notably, a pronounced fluorescence enhancement at 

465 nm was observed upon the addition of both XT and XOD (Fig. 3d), validating the feasibility of the 

ratiometric fluorescent sensor for XT detection. Similarly, the fluorescence response of 

XOD/3-HBA/DA/MTL@AuNCs after the addition of HX was similar to that obtained from XT and 

XOD/3-HBA/DA/MTL@AuNCs (Fig. 3e), confirming the feasibility of the ratiometric fluorescence sensing 

strategy for HX analysis. 
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Fig. 3 Proposed mechanism for fluorescence behavior of 3-HBA in presence of H2O2 (a) and DA (b). (c) The feasibility of 
3-HBA /DA/MTL@AuNCs for H2O2. (d) The feasibility of XOD/3-HBA /DA/MTL@AuNCs for XT. (e) The feasibility of 

XOD/3-HBA /DA/MTL@AuNCs for HX. 

3.4. Detection of H2O2, XT, and HX 

A comprehensive optimization of key experimental parameters was conducted, focusing on factors 

such as the concentration of 3-HBA, the incubation time between XT and XOD, and the pH environment. 

As shown in Fig. 4a, the fluorescence signal at 465 nm increased with increasing the concentration of 

3-HBA and reached a maximum at 125 μM; when the concentration exceeded this value, the fluorescence 

intensity slightly decreased and then stabilized (Fig. 4b). Further investigation into the incubation time 

between XT and XOD revealed that the maximum fluorescence intensity was achieved after 20 min of 

incubation. The impact of pH on the detection performance was further assessed during the incubation 

process(Fig. 4c), and the results indicated that the XOD/3-HBA/DA/MTL@AuNCs system exhibited the 

highest fluorescence intensity under mildly alkaline conditions (pH 9.0).  

Under optimized experimental conditions, the sensing performance of the 

XOD/3-HBA/DA/MTL@AuNCs system for H2O2, XT and HX were evaluated. As shown in Fig. 4d, the 

fluorescence intensity at 465 nm progressively increased with rising H2O2 concentration, while the 

fluorescence intensity of MTL@AuNCs at 660 nm remained constant. The fluorescence ratio F465/F660 

exhibited a continuous upward trend, and the corresponding linear regression equation was determined as 

F465/F660 = 0.0045[H2O2] + 0.21 (R² = 0.992) within the range of 0.01-200 μM (Fig. 4e). In the CIE 

chromaticity diagram (Fig. 4f), the color coordinates shifted from red to blue with increasing concentrations 

of H2O2 and XT, which aligned with the observed spectral changes. The limit of detection (LOD) was 

calculated to be 6.3 nM. As shown in Fig. 4g, the fluorescence intensity at 465 nm steadily increased, while 

the signal at 660 nm remained stable as the XT concentration increased. The relationship between F465/F660 

and XT concentration (0.005-300 μM) followed the linear equation F465/F660 = 0.0046[XT] + 0.067 (R² = 
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0.992), with a LOD of 1.7 nM (Fig. 4h and 4i), demonstrating the favorable sensitive response of the method 

for XT detection. 

 
Fig. 4 Optimization of reaction conditions between XT and XOD: (a) 3-HBA concentration, (b) reaction time; (c) reaction 
pH. (d) Fluorescence spectra of the XOD/3-HBA/DA/MTL@AuNCs under varying H2O2 concentrations. (e) Fitting curves 

between F465/F660 and H2O2 concentrations. (f) H2O2-triggered CIE chromaticity coordinates of the 
XOD/3-HBA/DA/MTL@AuNCs. (g) Fluorescence spectra of the XOD/3-HBA/DA/MTL@AuNCs under varying XT 

concentrations. (h) Fitting curves between F465/F660 and XT concentrations. (i) XT-triggered CIE chromaticity coordinates 
of the XOD/3-HBA/DA/MTL@AuNCs.  

As shown in Fig. 5a and 5b, the optimal reaction time and pH value between HX and XOD were 

determined to be 20 min and 7.5, respectively. As shown in Fig. 5c, the fluorescence intensity at 465 nm 

steadily increased, while the signal at 660 nm remained stable, as the HX concentration ranged from 0 to 

300 μM. The relationship between F465/F660 and HX concentration (0.01-300 μM) followed the linear 

equation F465/F660 = 0.0048[HX] + 0.069 (R² = 0.990), with a LOD of  3.4 nM (Fig. 5d), demonstrating the 

favorable sensitive response of the method for HX detection. In Fig. 5e, a clear shift in chromaticity from 

red to blue was observed. Additionally, the results of XT/HX analysis with the 

XOD/3-HBA/DA/MTL@AuNCs-based sensing strategy were very close to the values by the ratiometric 

fluorescence sensing strategy [42] (Fig. S4), illustrating the favorable practicability and accuracy of the 
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XOD/3-HBA/DA/MTL@AuNCs-based sensing strategy for XT/HX assay. To comprehensively evaluate the 

performance of this ratiometric fluorescence sensor, the sensing performance for XT/HX detection was 

compared with those data reported in the literature (Tables S1 and S2). The results revealed that this 

platform achieved a lower LOD and a broader detection range, highlighting its potential for practical 

analytical applications. 

 
Fig. 5 Optimization of reaction conditions for HX and XOD: (a) reaction time; (b) reaction pH. (c) Fluorescence spectra of 

the XOD/3-HBA/DA/MTL@AuNCs under varying HX concentrations. (d) Fitting curves between F465/F660 and HX 
concentrations. (e) HX-triggered CIE chromaticity coordinates of the XOD/3-HBA/DA/MTL@AuNCs. (f) Selectivity 

investigation. 

3.5. Selectivity and real sample analysis 

To evaluate the selectivity and anti-interference capability of the XOD/3-HBA/DA/MTL@AuNCs-based ratiometric 

fluorescent sensor for XT and HX analysis, the potential interfering substances, including ions (Na+, K+, Ca2+, Mg2+, Cl-, 

HCO3
-, H2PO4

-, HPO4
2-, NO3

-, SO4
2-), small molecules (uric acid, glycine, serine), and proteins (alkaline phosphatase, 

lysozyme, hemoglobin, bovine albumin) have been systematically investigated. As shown in Fig. 5f, the signal increased 

significantly only with XT or HX; it remained stable in the presence of interferents alone or together with XT/HX (Fig. S5), 

demonstrating excellent selectivity and interference resistance. To estimate the applicability of the 

XOD/3-HBA/DA/MTL@AuNCs-based fluorescence sensor for detecting XT and HX in real biological matrices, spike 

recovery experiments were conducted using human serum and urine samples, with the results summarized in Table 1. In 

serum samples, XT recoveries ranged from 92.84% to 108.20%, while HX recoveries varied between 95.12% and 107.67%. 

For urine samples, XT recoveries were between 95.32 % and 99.56%, and HX recoveries ranged from 100.09% to 108.54%. 

Relative standard deviations (RSD) for XT and HX were consistently below 4.73% and 3.05%, respectively, highlighting the 

high accuracy and reproducibility of the XOD/3-HBA/DA/MTL@AuNCs-based fluorescence sensing platform in complex 
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biological samples. All these findings indicated that the XOD/3-HBA/DA/MTL@AuNCs ratiometric fluorescence sensor 

holds significant potential for the reliable detection of XT and HX in real samples. 

Table 1. Results for XT and HX analysis in real sample. 

 
Spiked 
(μM) 

XT  HX 
Sample Found 

(μM) 
Recovery 
(%) 

RSD 
(n = 3, %) 

Spiked 
(μM) 

Found 
(μM) 

Recovery 
(%) 

RSD 
(n = 3, %) 

Urine 
25 24.89 99.56 4.18 25 25.16 100.64 2.48 
100 95.60 95.60 1.96 150 162.81 108.54 1.94 
200 190.63 95.32 3.21 300 300.26 100.09 2.26 

 25 27.05 108.20 3.97 25 26.16 104.64 0.93 
Serum 100 97.74 97.74 3.33 150 158.82 105.88 1.65 
 200 192.56 96.28 4.73 300 312.21 104.07 3.05 

Patient 
serum 

25 23.21 92.84 3.36 25 23.78 95.12 1.27 
100 107.85 107.85 2.17 150 167.81 111.87 2.28 
200 189.23 94.62 1.98 300 323.01 107.67 1.96 

4. Conclusions 

In summary, we have developed a 3-HBA/DA/MTL@AuNCs-based ratiometric fluorescence sensor 

based on a XT/HX-induced cascade reaction for the detection of XT and HX, demonstrating high sensitivity 

and reliability in complex biological samples. The specific nucleophilic reaction between H2O2 and the boric 

acid group, along with the Res-DA chemistry, enables selective XT and HX perception. Analytical results 

show excellent linearity for XT (0.005-300 μM) and HX (0.01-300 μM), with detection limits of 1.7 nM and 

3.4 nM, respectively. The successful analysis of XT/HX in urine and serum samples further validates the 

practical application of the 3-HBA/DA/MTL@AuNCs-based fluorescence probe. This work not only 

presents a stable and sensitive XT/HX detection probe but also demonstrates the potential for developing 

new biosensors through integrated cascade reactions, which enhance recognition efficiency and detection 

sensitivity. Therefore, this strategy opens up new possibilities for designing versatile biosensors with 

improved stability and sensitivity by incorporating cascade reactions and internal reference fluorescence. 
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