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Glucose biosensors have attracted increased attention, as the rapid and sensitive detection of glucose is highly desirable 

for diabetes diagnosis. In this article, we designed a type of lysozyme functionalized fluorescence copper nanoclusters 

(Lys−CuNCs) to detect glucose levels in blood samples. Fluorescence measurements were carried out to optimize the 

synthesis conditions (eg. mass ratio, pH and reaction time) for the biosensor. Under optimum conditions, the obtained 

Lys−CuNCs with an average diameter of 2 nm exhibited bright orangey-red fluorescence with high quantum yields (up to 

5.6%). The fluorescence signal of Lys−CuNCs was quenched upon the addition of glucose, presumbly due to the reduction 

of Cu(I) on the NCs surface by glucose. Thus the Lys-CuNCs can be served as a biosensor for glucose detection and two 

linear response ranges respectively in 0.03−10 µM and 0.5−10 mM of glucose were observed with a detection limit of 1.9 

nM. Furthermore, this biosensor showed superior selectivity for various interferences, including light radiation, metal ions, 

carbohydrates and amino acids. In view of these properties, the Lys−CuNCs biosensor was applied in the determination of 

glucose in blood samples, and the results agreed well with that obtained from a currently used clinical method. Finally the 

visualized fluorescence variation of Lys−CuNCs may further enable the rapid and simple detection of glucose level in blood.  

 

Introduction 

Glucose is one of the most important metabolic carbohydrate 

energy sources, which is crucial to maintaining health. The 

blood glucose concentration beyond the normal range of 

3.1−6.6 mM may cause hyperglycemia (above 6.6) or 

hypoglycemia (under 3.1).1,2 Abnormal glucose levels can 

result in diabetes mellitus, which causes serious health 

problems including blindness, heart disease, kidney failure and 

hypertension.3 Therefore, it is of great significance to monitor 

glucose levels for diagnosis and treatment of diabetes in a 

simple, sensitive and efficient way. Since the appearance of 

the first glucose biosensor in 1962, a lot of effort has been 

devoted to developing glucose biosensors.4 Based on the 

detection method, these biosensors may be classified into 

colormetry,5 electrochemistry,6,7 electrochemiluminescence,8 

and fluorescence method.9 Among them, fluorescence 

biosensors became a hotspot in recent years, owing to their 

operational simplicity, excellent sensitivity, low cost and the 

availability of multiple signals. 

Metal nanoclusters (NCs) have gained great interest because 

of their unique physicochemical, optical, and electrical 

properties,10,11 and thus are widely used in biological imaging, 
12,13 catalysis,14 and chemical sensors.15−17 In the past decades, 

metal NCs are one of the most popular fluorescence materials 

for glucose biosensors. Especially gold nanoclusters (AuNCs) 

have attracted much attention due to their ultrasmall sizes, 

bright fluorescence, good biocompatibility and high 

stability.18,19 For instance, Xia et al. reported a glucose oxidase 

(GOD)-functionalized AuNCs as probes for glucose.20 

Radhakumary et al. developed a colormetric probe for glucose 

using a glucose oxidase/gold nanoparticles bioconjugate.21 The 

biomolecule-stabilized AuNCs were also used as a novel 

fluorescence probe for sensitive and selective detection of 

glucose.22  

Compared with Au, the non-precious Cu is earth-abundant 

and significantly cheaper. CuNCs have also been proved to 

possess unique photoluminescence (PL) properties, low 

toxicity and excellent biocompatibility.10,23 In present work, we 

developed CuNCs as a fluorescent biosensor for glucose 

detection. Lysozyme was chosen as template for the 

preparation of CuNCs, and the fluorescence signals of as-

prepared Lys-CuNCs bioconjugates exhibited smart response 

to the presence of glucose in aqueous solution. This attractive 

feature enables the CuNCs to serve as probe for glucose-
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responsive functional materials. Hence, we explore the utility 

of the Lys−CuNCs for glucose detection in blood.  

Experimental 

Materials and apparatus 

Lysozyme (CAS number: 12650-88-3, E.C. number: 235-747-3) 

from chicken egg white was purchased from MP Biomedicals 

(Irvine, CA). Carbohydrates (eg. glucose, lactose, fructose, 

sucrose, soluble starch) and amino acids (cysteine, glycine, 

tryptophan, glutamic acid, lysine, leucine, alanine, proline and 

methionine) were ordered from Sigma-Aldrich (St. Louis, MO, 

USA). Copper sulfate (CuSO4⋅5H2O), sodium hydroxide, 

hydrazine hydrate (N2H4⋅H2O) and ethanol were acquired from 

Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). All the 

chemicals were of analytical grade and used as received 

without further purification. Deionized water was used in all of 

the experiments. 

UV-Vis absorption spectra were recorded with a Lambda 800 

spectrophotometer (PerkinElmer, USA). PL experiments were 

performed with a Shimadzu RF-5301 PC spectrofluorimeter 

(Shimadzu, Japan) with excitation at 400 nm. X-ray photoelectron 

spectroscopy (XPS) analysis was performed on a VG ESCALAB MKII 

spectrometer (ThermoFisher Scientific, USA) with Mg Kα excitation 

(1,253.6 eV); the binding energy was calibrated with the C 1s band 

at 284.6 eV. Fourier transform infrared spectroscopy (FT-IR) spectra 

were recorded in the range of 4000−500 cm–1 with a Nicolet Avatar 

360 FT-IR spectrophotometer (ThermoFisher Scientific, USA). To 

study the morphology and estimate the mean diameter of the 

resultant Lys–CuNCs, transmission electron microscopy (TEM) 

analyses were conducted on a TECNAI F20 (FEI, USA) operating at 

an accelerating voltage of 200 kV. Glucose detection was conducted 

on the blood samples by the standard clinical instrument (Hitachi 

7080, Japan) as compared. 

Lys−−−−CuNCs Synthesis and optimization  

The lysozyme-stabilized CuNCs were prepared by hydrothermal 

synthesis. To examine the influence of different experimental 

parameters, we investigated the content of lysozyme 

(CuSO4⋅5H2O/lysozyme, mg/mg), the amount of N2H4⋅H2O, the pH 

values of reaction mixture and the reaction time. Here, the reaction 

time refers to the time after heating up to the required 

temperature.  

In a typical procedure, lysozyme (12.5 mg) and CuSO4⋅5H2O (6.4 

mg) were added to 5 mL of deionized water under vigorous stirring 

to produce Lys-Cu ion complex. Then 1 mL of N2H4⋅H2O was 

introduced to the fully dissolved solution. The mixture was heated 

to 40 °C under stirring, and the reaction time was 2 h. 

Subsequently, the NaOH solution (1 M) was added dropwise until a 

light yellow and transparent solution was obtained, and the 

corresponding pH was about 12. After cooling to room 

temperature, the product was collected by precipitating with 

alcohol and centrifugation at 6,000 rpm. The above purification 

process was repeated three times. The resultant Lys−CuNCs were 

freeze-dried under vacuum and stored in a refrigerator for 

subsequent use.  

Glucose detection 

Glucose detection in solution. An amounts of 0.2 mL of purified 

Lys−CuNCs was mixed with various concentrations of glucose (0.03 

µM − 1 mM), and then the mixture was diluted to 2 mL with 

phosphate buffer solution (0.02 M PBS, pH = 7.4). After incubating 

for 10 min, the fluorescence spectra were recorded with an 

excitation wavelength of 365 nm. The change in fluorescence 

intensity was used to construct the calibration curve and evaluate 

the performance of the resultant Lys−CuNCs.  

Interference studies. Various potential interferences, including 

light radiation, metal ions, carbohydrates and amino acids, were 

considered to evaluate the selectivity of Lys−CuNCs. This procedure 

was assayed under the condition identical to those described in 

glucose detection in solution.  

Glucose detection in blood. Samples were collected from healthy 

persons and the serum was separated from the blood. An 

ultrafiltration process was conducted to remove large molecules 

and proteins by using a 3 kDa ultrafiltration tube. Then, 2 mL of 

treated serum sample was incubated with standard glucose (0.5−17 

mM), and diluted 10-fold with PBS. The spiked solution (2 mL) were 

added to 2 mL of Lys−CuNCs (2 mg/mL) at ambient temperature 

and the mixture was incubated for 20 min before the variation in 

fluorescence intensity was monitored at 380 nm.  

Results and discussion 

Design of Lys−−−−CuNCs biosensor 

Owing to the size control ability and the mild reaction conditions,24 

proteins have played an important role in the synthesis of metal 

NCs, involving bovine serum albumin (BSA),10,25 insulin,26 pepsin27 

and lysozyme.28,29 Lysozyme is an alkaline protein consisting of a 

single amino acid chain of 129 residues, which are abundant with 

free carboxyl and amino groups, as well as four disulfide bonds. 

Such special groups in lysozyme have high affinities with metal ions 

and facilitate to the formation and stabilization of metal NCs.30 

Thus, we designed a CuNCs biosensor using lysozyme as a template 

for glucose detection based on the variation in its fluorescence 

intensity (Scheme 1). 

 
Scheme 1. Schematic diagram of the synthesis of fluorescent 

lysozyme-stabilized CuNCs and the detection of glucose. 
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Fig. 1 Effect of (a) lysozyme contents, (b) reaction time, and (c) pH values on the PL intensities at λmax = 600 nm of the resultant Lys−CuNCs. 

Three important reaction parameters, i.e., the mass ratio of 

lysozyme and CuSO4⋅5H2O (Lys/Cu), the pH values of reaction 

solution and the reaction time were optimized to improve the PL 

intensity of the Lys−CuNCs. The corresponding PL spectra were 

recorded, and the results are shown in Fig. 1. With the increase of 

the lysozyme content, the fluorescence intensity increased, 

reaching the maximum value at Lys/Cu = 2. Once the ratio is 

exceeded, the free Lys molecules could adsorb on the CuNCs 

surfaces, causing a decrease in the fluorescence of the Lys−CuNCs 

(Fig.1 a). As for the effect of the reaction time, the PL intensity 

increased with the increase of time up to 120 min (Fig.1 b). A 

prolonged reaction time caused rapid decrease in the PL intensity, 

suggesting the formation of the non-fluorescent copper 

nanoparticles.31 Therefore, we set the reaction time to 120 min. 

Moreover, it is necessary to control the end-point by monitoring 

the pH value of the solution. As shown in Fig. 1(c), the highest 

fluorescence intensity was achieved at the pH value of 12, 

presumably due to lysozyme turned into a partially unfolded 

structure that provided larger internal spaces at this pH 32,33. Such 

structure helped the formation of more fluorescent CuNCs, 

resulting in the great increase of PL intensity. 

 

Fig. 2 UV-Vis absorption and emission spectra of the resultant 

Lys−CuNCs. Inset: photographs of the Lys−CuNCs under the 

irradiation of visible (left) and UV (right) light. 

Characterization of the Lys−−−−CuNCs 

According to the above experiments, we synthesized the Lys−CuNCs 

at 40 °C followed by 120 min incubation with a mass ratio of 

Lys/Cu=2, maintaining the pH at 12. The UV-Vis and PL spectra of 

the resultant Lys−CuNCs are shown in Fig. 2. The Lys−CuNCs with 

good dispersion show a yellow color under ambient light, and a 

bright orangey-red fluorescence under UV irradiation (see inset of 

Fig. 2). In addition, the presence of a strong absorption peak below 

300 nm and the absence of characteristic surface plasmon 

resonance of the copper particles both implied the formation of the 

Lys−CuNCs. Upon excitation at 365 nm, the CuNCs exhibited strong 

orange emission with a peak centering at approximately 600 nm, 

whereas a weaker fluorescence in the range of 400−450 nm 

resulted from the lysozyme. The QY of the Lys−CuNCs was 

determined to be 5.6%, using rodamine 6G (QYs of 95% in ethanol) 

as the reference. 

The sizes of the Lys−CuNCs were estimated by transmission 

electron microscope (TEM), and the results are shown in Fig. 3(a). 

The Lys−CuNCs are uniformly dispersed with an average size of 

around 2 nm, without visible large metal nanoparticles or 

aggregation. Moreover, DLS measurement was used to provide 

sufficient evidence for particle size, and the result showed the 

average size was 2.6 nm (Fig.S2 a), which was slightly larger  than 

that in TEM images due to the presence of hydrodynamic radius. X-

ray photoelectron spectroscopy (XPS) was utilized to determine the 

oxidation state of Cu in the Lys−CuNCs. As shown in Fig. 3(b), two 

peaks appear at 932.5 and 952.8 eV, which can be ascribed to the 

binding energies of the 2p3/2 and 2p1/2 electrons of Cu(0), 

respectively.34 The absence of the Cu 2p3/2 satellite peak around 

942.0 eV confirms that the Cu(ΙΙ) electrons are not present.43 As the 

binding energy of Cu(0) is only 0.1 eV away from that of Cu(I),36 it is 

not possible to exclude the formation of Cu(I), and the valence state 

of the Cu in CuNCs most likely lies between 0 and +1. The Cu atoms 

in such tiny clusters were expected to be positively charged, and 

the presence of Cu(Ι) could have contributed to the enhancement 

of both the stability and the PL intensity of the CuNCs, as supported 

by previous reports.37−39 The XPS spectra of other elements (i.e., S 

2p, C 1s, N 1s and O 1s) are shown in Fig. S1 in the ESM. The 

formation of CuO/Cu2O could be excluded by the HRTEM and XRD 

analysis. As shown in Fig. S2(b), the crystal lattice fringes are 2.05 Å 

apart which indicates the (111) planes of the metallic Cu, and there 
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was no other crystal lattices in HRTEM image. Moreover, there was 

no apparent diffraction peaks in the range of 2θ = 30°–60° as 

shown in Fig. S2(c). As reported by literatures, the NCs are too small 

to possess all of the characteristic diffraction peaks of bulk 

nanoparticles. 

 

Fig. 3 (a) Transmission electron microscopy (TEM) micrograph (inset: 

size distribution) of the synthesized fluorescence Lys−CuNCs. (b) X-

ray photoelectron spectroscopy (XPS) spectra of Cu 2p in 

Lys−CuNCs.  

The chemical composition of the Lys−CuNCs was further 

examined by FT-IR measurements (Fig. S3). The absorption band 

located between 3,330 and 3,400 cm−1 is assigned as the absorption 

peak of the N−H or O−H group, respectively, and the band at 2,960 

cm−1 is related to C−H stretching. Moreover, lysozyme is a globular 

protein, and it exhibits a number of characteristic IR absorption 

bands of protein secondary structures,40,41 i.e., amide I (C=O 

stretching vibration, 1645 cm−1), amide II (N–H in-plane bending 

vibration coupled with C–N stretching vibration, 1527 cm−1) and 

amide III (1238 cm−1). The peak observed at 2932 cm−1 and 2872 

cm−1 can be assigned to the C–H symmetric and antisymmetric 

modes, respectively. Owing to the weak absorption of disulfide 

bonds, their characteristic IR bands cannot be seen in Fig. S3. 

Moreover, the amide I band showed no discernible shifts, but the 

peak intensity decreased after assembled to CuNCs, indicating 

disorder in structure increased and few helical structure were still 

present.42,43 

Sensitivity and selectivity of Lys−−−−CuNCs biosensor 

To explore the potential application of the obtained Lys−CuNCs for 

sensing of glucose in blood, we investigated their performance in 

the aqueous solution. The PL spectra were measured by adding 

different concentrations of glucose into Lys−CuNCs solutions. By 

increasing the concentration of glucose from 0.03 µM to 10 mM, 

the fluorescence intensity of Lys−CuNCs exhibited a gradual 

decrease at 600 nm (Fig.4 (b)). Moreover, no discernible changes in 

the maximum peaks or shape of the fluorescence spectrum 

accompanied quenching, except a slight red shift at higher glucose 

concentration, as listed in Fig. 4(b). The two different linear 

relationships of fluorescence intensity versus the glucose 

concentration are shown in the inset of Fig. 4(c). For glucose 

concentration from 0.03 to 10 µM, the calibration equation is I = 

−4.8 C + 662.2 with a correlation efficiency of 0.996, and the 

detection limit at a signal-to-noise ratio of 3 was estimated to be 

1.9 nM.44 Moreover, a second calibration range can be obtained for 

the glucose concentration from 0.5 to 10 mM with an equation of I 

= −0.03 C + 457.4. This detection range covers the normal level 

(3.1−6.6 mM) of glucose in blood from healthy persons, suggesting 

the applicability of our Lys−CuNCs as a blood glucose biosensor. 

The effect of pH was investigated in order to evaluate the 

feasibility of fluorescent Lys−CuNCs, and the results were shown in 

Fig. 4(a). The as-prepared Lys−CuNCs displayed relative high 

fluorescent intensity in the pH range of 5–9. As shown in Fig. S4(a), 

the fluorescence intensity of Lys−CuNCs at pH=5 did not respond to 

the addition of glucose until the concentration up to 0.01 M, 

suggesting the probe at this pH was not suitable for glucose 

detection. In contrast at pH 9, the fluorescence intensity of 

Lys−CuNCs exhibited a gradual decrease with the increase of 

glucose concentration from 0.01 µM to 0.1 mM (Fig.S4 b and c), but 

the sensitivity of the sensor was substantially lower than that 

obtained at the physiological pH 7−8（Fig.4 b and c）. According to 

the above analysis, the Lys−CuNCs exhibited good applicability as a 

blood glucose biosensor at the physiologically relevant pH range. 

The effect of ionic strength was also considered in present work. As 

shown in Fig. S5, the PL intensity and maximum peaks or shape of 

Lys−CuNCs did not changed up to the addition of 200 mM KCl or 

NaCl, which corresponds to the concentration of 0.9% Saline (w.t.). 

Thus it can be concluded that the Lys−CuNCs showed the high 

stability, suggesting a promising applicability of the probe for serum 

analysis. 

As we know, the fluorescence quenching follow different 

mechanisms, (a) exited state reactions, (b) energy transfer, (c) 

dynamic quenching and (d) static quenching. The last two 

mechanisms were mainly considered, and the static quenching is 

usually resulted from the formation of a stable complex between 

the protein and quencher, while, the dynamic quenching is usually 

resulted from collisional encounters between the protein and 

quencher.45,46 The dependence of PL intensity on the quencher 

concentration can be used to predict the quenching 

mechanism.47−49 This was done by fitting our experimental data to 

the Stern-Volmer equation (1).  

I0

Ii
=1+ Kq⋅τ0⋅�Q�      (1) 

where I0 and Ii are the PL intensity of the Lys−CuNCs in the absence 

and presence of glucose, respectively, Q is the glucose 

concentration, τ0 is the average lifetime of fluorescence molecules 

in the absence of quencher, and Kq is the dynamic quenching rate 

constant.  

According to the data from Fig. S6, the average lifetime of 

Lys−CuNCs in the absence of glucose was measured by a 

picosecond-resolved time correlated single-photon counting (TCSPC) 

technique. The numerical fitting of the luminescence collected at 

495 nm reveals time constants of 2.03 ns (22%) and 8.21 ns (78%), 

and the average lifetime of Lys−CuNCs is 6.85 ns. After putting it 

into the equation (1), the Kq is calculated to be 2.2×1011 L⋅mol−1
⋅s−1, 

which is much larger than the constant of Collision-Diffusion 

between quencher and fluorescence molecules (2×1010 

L⋅mol−1
⋅s−1),47 and thus the mechanism can be ascribed to static 
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quenching, i.e., a ground-state non-fluorescent complex is formed 

between Lys−CuNCs and glucose. Two factors may be responsible 

for fluorescence quenching in our hypothesis. First, the oxidized-

state Cu(Ι) on the surface of CuNCs could be reduced to Cu(0) by 

glucose, of which the mechanism is similar to the silver mirror 

reaction. The presence of Cu(Ι) greatly increases the PL intensity of 

Lys−CuNCs, hence its reduction could cause the quenching 

fluorescence. In order to further investigate the fluorescence 

provider in our hypothesis, the fluorescence quenching of pristine 

lysozyme (without copper) in the presence of glucose was 

considered, and the result was shown in Fig. S7. Apparently, 

lysozyme had no response to glucose, which confirmed that the 

fluorescence signal was belonged to CuNCs provider. 

According to the experiments of pH effect, the fluorescence 

intensity of Lys-CuNCs were highly sensitive to glucose detection in 

the weakly alkaline or neutral aqueous solution as shown in Figure 

S4. As reported by references,50,51 the alkaline condition was helpful 

for promoting the oxidization of glucose to gluconic acid. Therefore, 

these results could confirm the detection of glucose followed the 

redox mechanism. Another possibility could be ascribed to the 

coordination reaction between the carboxyl groups on the 

produced gluconic acid (GluC) and Cu(I) in Lys−CuNCs, leading to 

the subsequent formation of the non-fluorescent GluC@CuNCs.52 

Meanwhile, this complex could have prevented CuNCs from 

absorption with each other and hence no aggregation occurred. 

This hypothesis was confirmed by the results shown in Fig. S8. 

When the 1 mM glucose was added, the color of Lys−CuNCs 

became lighter than that in inset of Fig. 2. In addition, the solution 

was still well dispersed with no precipitation, and the size of 

Lys−CuNCs increased to 4−10 nm after adding glucose, which may 

prove the formation of the GluC@CuNCs complex. 

To investigate the ability of the Lys−CuNCs as sensors for the 

selective detection of glucose, the interferences of light radiation 

and metal ions were examined, and the results are shown in Fig. 5. 

The Lys−CuNCs solution was transferred into a 1 mL quartz cuvette, 

which was put in the cell holder of spectrofluorimeter with 450 nm 

Xenon lamp. Fig. 5(a) shows the time evolution of PL intensity of 

CuNCs during a 120 min light radiation period. Within the 

investigated duration, Moreover, a variety of metal ions (Na+, K+, 

Zn2+, Fe3+, Ca2+, Mg2+, Cu2+, Cr2+, Pb2+, Cd2+, Co2+, Mn2+, Ni2+ and 

CrO4
2−) were respectively introduced into the Lys−CuNCs solution 

with pH 7.4 PBS buffer, ensuring the ion concentration at 10 
µM. As 

could be seen in Fig. 5(b), these foreign ions do not lead to any 

significant fluorescence changes at all. 

 

Fig. 4 (a) Effect of pH values on the fluorescence intensity of Lys−CuNCs. (b) Fluorescence spectra of Lys−CuNCs in the presence of different 

glucose concentrations. The arrows indicate the signal changes as increases in glucose concentrations (0, 0.03, 0.1, 0.5, 1, 2, 5, 10, 25, 50, 

100, 300, 500, 800, 103, 2×103, 3×103 and 104 µM). (c) Fluorescence intensity at λmax = 600 nm for Lys−CuNCs against the glucose 

concentrations. Inset: plots of fluorescence intensity vs concentration over two ranges of 0.03−10 µM and 500 µM − 10 mM, respectively. 

 

Fig. 5 Fluorescence spectra of Lys−CuNCs measured after (a) light radiation maintaining in different times; (b) the addition of various 

foreign ions with PBS buffer at pH 7.4. The concentration of each analyte is 10 
µM. 
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Subsequently, the as-prepared Lys−CuNCs were treated 

respectively with other carbohydrates (eg. lactose, fructose, 

sucrose, starch solutable) and amino acids (eg. cysteine, glycine, 

tryptophan, glutamic acid, lysine, leucine alanine, protine and 

methionine), and the fluorescence intensity rations were recorded. 

As shown in Fig. 6, the highest value of (I0−I)/I0 was observed in the 

case of glucose treatment. The addition of lactose, fructose and 

cysteine also showed some influence on the fluorescence intensity, 

whereas the remaining analytes had a negligible effect under 

identical conditions. These results further illustrated that non-

reducing analytes cannot cause the quenching effect on the 

fluorescence, suggesting the Lys−CuNCs sensors have good 

selectivity for glucose detection. 
 

Fig. 6 Relative fluorescence intensity [(I0−I)/I0] at 600 nm of 
Lys−CuNCs in pH 7.4 PBS buffer after the addition of (a) glucose, (b) 
lactose, (c) fructose, (d) soluble starch, (e) sucrose, (f) cysteine, (g) 
glycine, (h) methionine, (i) tryptophan, (j) glutamic acid, (k) lysine, 
(l) alanine, and (m) proline. The concentration of glucose and each 
analyte are respectively 10 and 100 

µM.

Glucose sensing blood samples 

To evaluate the feasibility of our proposed method, the 

Lys−CuNCs sensor was employed to detect glucose in blood 

samples. A series of blood samples from healthy persons were 

collected, and the serums were separated from the coagulated 

blood. The spiked samples were respectively added to the 

Lys−CuNCs and were incubated for 15 min. The photographs of 

serum/glucose@Lys−CuNCs complexes are presented in Fig. 7, and 

the corresponding PL spectra are shown in Fig. S9. As can be seen, 

the color of all samples look very similar by naked eyes. Under UV 

irradiation, the pure serum and Lys−CuNCs exhibit blue and bright 

orangey-red fluorescence, respectively. After adding glucose, the 

color changed from light orange to pale blue, therefore, it is 

particularly convenient to detect blood glucose by colorimetric 

assay, without any complicated instrumentation or operation 

procedure. Fig. S4 shows that the fluorescence intensity at about 

600 nm decreases with the increase of glucose concentration, and 

these data are similar to that calculated from the second calibration 

equation as shown in the inset of Fig. 4(b).  

According to the above investigations, the good correlation was 

obtained between the PL intensity and the glucose concentrations, 

suggesting the feasibility of the use of our method for the 

quantitative measurement of glucose in blood. To validate the new 

method, glucose detection was further conducted on the blood 

samples with unknown concentration levels, and the results were 

compared with that obtained from the standard clinical method 

(STM). The glucose levels were quantified using the calibration plot 

(I = −0.03 C + 457.4), and the results are shown in Table 1. The data 

obtained by our method are close to that by STM. Hence it is 

feasible to determination of glucose level in blood by the lysozyme-

stabilized CuNCs sensors. 

Table 1 Glucose detection in serum samples diluted by 10-flods (n=3) 

Sample 
Glucose concentration / mM 

AVERAGE SD RSD / % 
Detection by STM∗ Detection by our method 

1 14.1 14 13.7 13.4 13.7 0.3 2.2 
2 2.9 2.1 2.2 2.0 2.1 0.1 4.8 
3 5.5 4.8 5.1 5.2 5.0 0.2 4.1 

∗ STM: Standard clinical method 
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Fig. 7 Photographs of the serum/glucose@Lys−CuNCs for 7 input modes under the irradiation of visible (a) and UV (b) light. The initial 

serum (first) and Lys−CuNCs (last) samples were used as the control.  

Conclusions  

We present a convenient method to prepare fluorescence 

copper nanoclusters using lysozyme as a template. The 

resultant Lys−CuNCs show a number of remarkable features, 

including water solubility, bright orangey-red fluorescence, 

and high quantum yields. Significantly, the PL intensity of 

Lys−CuNCs is found to be selectively quenched by glucose, and 

two linear ranges from 0.03 to 10 µM and 0.5 to 10 mM with 

high sensitivity were obtained for glucose quantification. 

Meanwhile, the visualization fluorescence variation of 

Lys−CuNCs may further enable the rapid and simple detection 

of blood glucose level. Given the attractive fluorescence 

features, Lys−CuNCs biosensor are quite promising for 

applications in sensing blood glucose level. 
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