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ABSTRACT

This paper demonstrated a new method for preparing fluorescent molecularly

imprinted polymer (MIP) for specific recognition of a target protein. The MIP-

based fluorescent receptor was developed by coating MIP layer on the surface of

L-cysteine modified Mn2?-doped ZnS quantum dots (QDs) using the surface

molecular imprinting process. These MIP-QDs composites demonstrated fast

adsorption kinetics, high stability, and good dispersibility in aqueous media.

Since the fluorescence quenching of MIP-QDs composites is proportional to the

concentration of the lysozyme, the MIP-based fluorescent receptor was suc-

cessfully applied to the direct fluorescence quantification of lysozyme without

further pretreatment. The MIP-based fluorescent receptor exhibited good

selectivity and sensitivity for lysozyme detection. The optimum fluorescence

intensity of the MIP-QDs was found to be at pH 6.0, and the linear range of

lysozyme was from 0.1 to 2.0 lM with the detection limit of 25.2 nM. Moreover,

the proposed fluorescent receptor was satisfactorily applied to the determina-

tion of lysozyme in real samples. This study provides a new approach for rec-

ognizing and detecting of specific proteins in biological samples.

Introduction

Lysozyme (lyz), which widely exists in body tissues

and secretions, plays an important physiological role

in the innate immune system [1]. It is a small single

chain protein consisting of 129 amino acids that can

break down bacteria by hydrolyzing the major com-

ponent of bacterial cell walls [2]. The abnormal con-

centration of lysozyme in body fluid and tissues is the

potential indicator for many diseases, such as leuke-

mia, renal diseases, and meningitis [3]. To date,

extensive of strategies for the lysozyme detection

have been reported, including enzyme-linked

immunosorbent assays (ELISAs) [4, 5], resonance

rayleigh scattering method (RRS) [6, 7], quartz crystal

microbalance (QCM) [8], surface plasmon resonance

(SPR) [9], colorimetric [10], chemiluminescence (CL)

[11, 12], mass spectrometric detection (MASS) [13],
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high performance liquid chromatography (HPLC)

[14], and electrochemistry [15, 16]. However, many of

these methods have its own limitations such as

complex sample pre-treatment, higher cost, unsatis-

factory detection limit, and lower selectivity [17–21].

Therefore, a low-cost, reliable, and selective strategy

for lysozyme detection is in high demand.

Molecular imprinting technique (MIT) is a process

to synthesize artificial receptors with specific binding

sites that are complementary to target molecule [22,

23]. Due to their significant advantages, such as

highly physical/mechanical stability, high selectivity,

and low cost for preparation, molecularly imprinted

polymers (MIPs) are successfully applied in analysis

of various analytes [24, 25]. The imprinting of small

molecules is well achieved and straightforward.

However, imprinting of protein is still a challenge to

people. The difficulty of this process is mainly caused

by the large molecular size, the structural complexity,

and diversity of functional groups of the protein,

which leads to more non-specific absorption, mass

transfer blocking and increases the difficulty in

removing template protein from interior binding sites

[26–28]. Surface imprinting on nanoparticles has high

surface area to volume ratio and high binding

capacity, which facilitates easy removal of the tem-

plate protein, fast rebinding kinetics and good

accessibility of the target protein to the recognition

sites [29]. The design of chemical sensors based on

surface imprinting on the nanostructured materials

can provide an effective approach to overcome many

of these difficulties in imprinting of proteins.

In most cases, synthesis of MIP-based sensor

mainly combined imprinted polymers and a trans-

ducer [30]. As a kind of nanomaterial, quantum dots

(QDs) have the potential as a fluorescent transducer

for molecular imprinting sensing of proteins due to

their unique optical properties, such as high lumi-

nescence efficiency, good photo stability, narrow and

symmetric emission spectra, and size-dependent

emission wavelengths [31–33]. The unique size of

QDs allows them both as a fluorescence signal source

and a multifunctional support for the binding with

biomolecules or other analyte [34]. Surface imprint-

ing proteins on quantum dots are providing new

forms of transducing the biological recognition pro-

cess into an optical analytical signal [35, 36]. The

coupling of MIPs and QDs into one system produces

a new fluorescent sensor that not only makes protein

imprinting possible or easier but also improves the

specific recognition and provides more sensitive

detection [37].

In this study, a facile approach to imprint protein

on the surface of L-cysteine-modified Mn2?-doped

ZnS QDs was developed. L-cysteine was used to

modify the surface of ZnS QDs by the ligand com-

petition. This process increased the water dispersion

ability, reduced cytotoxicity, and provided carboxylic

acid group that can bind with amino group of tem-

plate protein [38]. The fluorescent receptor was fab-

ricated by surface graft imprinting in aqueous

solutions using L-cysteine modified Mn2?-doped ZnS

QDs as supports, acrylamide as functional mono-

mers, N, N0-methylenediacrylamide as cross-linker

and lysozyme as template. These MIP-based QDs

composites combined the advantages of molecular

imprinting with the optical properties of the QDs,

which could be a potential as fluorescence sensor for

recognizing and detecting of proteins [39, 40]. The

feasibility of using the MIP-based fluorescent sensor

for lysozyme detection is mainly based on the fact

that the L-cysteine-capped Mn-doped ZnS QDs acts

as receptor for recognizing signal amplification and

optical readout, while the MIP shell on the QDs

provides analyte selectivity and prevents interfering

molecules from binding with the fluorescent receptor.

The MIP-QDs composites were more strongly quen-

ched by the template molecule (lysozyme) and the

fluorescence quenching was proportional to the con-

centration of lysozyme. Based on the efficient

quenching of the MIP-QDs composites by target

protein, this MIP-based fluorescent receptor provides

a simple strategy for selective, sensitive, and direct

fluorescence sensing of target protein in biological

samples.

Experimental

Reagents and materials

Zinc sulfate heptahydrate, sodium sulfide nonahy-

drate, manganese (II) chloride tetrahydrate, and

acetic acid were obtained from Beijing Chemical

Works. L-cysteine was obtained from J&K Scientific

Ltd. Acrylamide (AAM), sodium dodecyl sulfate

(SDS), N, N0- methylenediacrylamide (MBAAM),

ammoniumpersulfate (APS), and N,N,N0,N0,-tetram-

ethylethylethylenediamine (TEMED) were purchased

from Tianjin Fine Chemical Research Institute.
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Lysozyme (Lyz, MW 14.4 kDa, pI 11.2), bovine serum

albumin (BSA, MW 68 kDa, pI 4.9), bovine hemo-

globin (BHb, MW 66 kDa, pI 6.7), and ovalbumin

(OVA, MW 45 kDa, pI 4.7) were purchased from

Sigma-Aldrich stock. All chemicals were analytical

grade, and all the solutions were prepared with

double distilled deionized water.

Characterization

All the fluorescence measurements were performed

on a RF-5301 spectrofluorometer (Shimadzu, Japan)

equipped with a quartz cell (1 9 1 cm). The UV

spectra were recorded on a UV-1800 spectropho-

tometer (Shimadzu, Japan). The morphology of the L-

cysteine-capped ZnS QDs and MIP-coated QDs were

characterized by high-resolution transmission elec-

tron microscopy (HRTEM) on a H9000 (Hitachi,

Japan), operating at a 300 kV accelerating voltage.

Synthesis of L-cysteine-capped ZnS QDs

L-cysteine-capped ZnS QDs were prepared based on

previous publication procedures with some modifi-

cations [41, 42]. In brief, an aqueous solution of

ZnSO4�7H2O (0.25 M), MnCl2�4H2O (0.02 M), L-cys-

teine (0.15 M) was added to a three-necked flask. The

mixture was stirred under dry nitrogen at room

temperature for 90 min. Then 5 mL of the Na2S�9H2O

aqueous solution (0.25 M) was dropwise added. The

above solutions were kept stirring for another 12 h

under dark conditions. The obtained L-cysteine-cap-

ped ZnS QDs were precipitated with ethanol, sepa-

rated by centrifuging, washed with water and

ethanol for three times to remove the unreacted

substance, and dried under vacuum for further use.

Preparation of MIP-coated QDs composites

The MIP-coated L-cysteine-capped ZnS QDs com-

posites (MIP-QDs) were prepared by a surface

molecularly imprinting process. To a 50-mL flask,

acrylamide monomer (200 mg) and lysozyme

(30 mg) were first dissolved in 25 mL phosphate

buffer (0.02 mol/L, pH 6.0) and stirred for 20 min.

Then, 280 mg L-cysteine-capped Mn-doped QDs, N,

N0- methylenediacrylamide (200 mg) was added.

After continuously stirring for another 30 min, 15-mg

ammonium persulphate and 10 lL N, N, N0, N0-te-

tramethylethylenediamine (TEMED) were added into

the mixture in sequence. Subsequently, the mixture

solution was deoxygenated by purging with nitro-

gen, and the reaction proceeded at room temperature

for 20 h. As a control group, non-imprinted polymer-

coated L-cysteine-capped ZnS QDs composites (NIP-

QDs) were prepared through the same procedure

without using lysozyme. The MIP- and NIP-coated

QDs were centrifuging, washed by water several

times to remove the unreacted substance. The resul-

tant MIP- and NIP-QDs were washed repeatedly

with a mixture of sodium dodecyl sulfate (10 %, w:v)

and acetic acid (10 %, v:v) solution to remove the

lysozyme until the fluorescence intensity of MIP-QDs

similar to that of their non-imprinted counterparts.

Finally, the products were washed by methanol, and

dried under vacuum.

Response time of the MIP-capped ZnS QDs

The incubation time influence on the fluorescence

quenching efficiency of MIP-QDs composites was

first examined. To carry out the response time test,

the as-prepared MIP- or NIP-coated QDs were

placed into lysozyme solutions (1 lM), and then

were shaken at 25 �C for different periods of time. At

last, the incubated composites were taken out, and

the fluorescence intensity was recorded at different

times.

Effect of pH on the fluorescence emission
of MIP-capped ZnS QDs

The effect of pH on the fluorescence intensity change

of MIP-QDs was investigated. For a 10-mL calibrated

test tube, 1 mL of 0.6 g L-1 MIP-coated QDs was

diluted to volume with different buffer solutions (pH

4.0–11.0). After 25-min incubation at 25 �C, the change
in fluorescence intensity of MIP-coated QDs in the

presence and absence of lysozyme in different buffer

solutions was recorded by a spectrofluorometer.

Measurement procedure

To carry out the rebinding experiments, 1 mL of

0.6 g L-1 MIP- or NIP-coated QDs, a lysozyme stan-

dard solution with a given concentration was

sequentially added in a 10-mL calibrated test tube.

The mixture was diluted to 10 mL with phosphate

buffer (pH 6.0), and the concentration of lysozyme

ranging from 0.1 to 2.0 lM. After being mixed
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thoroughly, the mixture incubated for 25 min at

25 �C, the change in the fluorescence spectra of the

MIP- and NIP QDs were measured by using a

spectrofluorometer.

Rebinding specificity

The selectivity experiments were carried out by using

BSA, BHB, and OVA as references. To a 10-mL cali-

brated test tube, MIP- or NIP-coated QDs, a lysozyme

with a given concentration or reference proteins

(BHB, OVA, and BSA) were sequentially added.

Various samples with the concentration ranging from

0.1 to 2.0 lM were prepared with phosphate buffer

(0.02 mol L-1, pH 6.0). After being shaken for 25 min

at room temperature, the fluorescent intensity of the

solution was recorded at excitation wavelength of

302 nm.

Real samples

In this study, two different chicken egg whites were

used as real samples for analysis. For each sample,

the chicken egg white was separated from a fresh

egg, and homogenized in an ice bath for 30 min. Then

3 mL of the homogenized egg was diluted to 600 mL

with phosphate buffer (0.02 mol L-1, pH 6.0). After

the diluted solution was immersed in an ice bath, and

centrifuged at 6000 rpm for 30 min, the supernatant

solution was used as a lysozyme source. All of the

samples were filtered through a 0.45 lm filter. The

MIP-QDs were added into the samples, and incu-

bated for 25 min at room temperature. The changes

in fluorescence intensity of the MIP-QDs were

recorded, and the concentrations of lysozyme in egg

white samples were detected by the proposed

method. To evaluate the accuracy of the developed

method, a recovery test was also carried out by the

samples spiked with lysozyme standard solution.

Results and discussion

Preparation of MIP-QDs fluorescence
biosensors

The proposed fluorescence biosensor fabrication

process is mainly based on coating molecularly

imprinted polymer on the surface of QDs, as illus-

trated in Fig. 1. First, L-cysteine was used as a non-

toxic material to coat the surface of Mn2?-doped ZnS

QDs to form L-cysteine-capped ZnS QDs by covalent

bonds. This process indicates that carboxylic acid

group to QDs not only improves the water dispersion

ability for chemical sensing, but also makes it avail-

able to bind with amino group of lysozyme. Besides,

L-cysteine-modified ZnS QDs can act as assistant

monomers to create effective recognition sites. Sec-

ondly, acrylamide was chosen as a functional

monomer as acrylamide had multiple hydrogen

binding sites with the lysozyme. N, N0- methylene-

diacrylamide and ammonium persulphate were used

as a cross-linker and catalyst, respectively. The

molecularly imprinted polymer layer was immobi-

lized on L-cysteine-capped ZnS QDs via a facile sur-

face imprinting process. After the removal of the

template molecular, the binding sites are exposed on

the surface of polymers, which are complementary to

the template in size, shape, and position of the

functional groups, and are able to selectively rebind

with the template molecule.

Template removal

To investigate the effect of template removal, the

emission spectra of MIP- and NIP-QDs were recor-

ded before and after removing the lysozyme. In this

work, direct fluorescence detection to examine the

template removal was more convenient and sensitive

than the indirect UV detection. As shown in Fig. 2,

prior to the removing of the lysozyme, the fluores-

cence emission intensity of the MIP-QDs was

approximately 40.6 % of their non-imprinted ones. It

is mainly because of the excitation electron transfers

from QDs to lysozyme, which results in weak emis-

sion. After template removal, the fluorescence inten-

sity of the MIP-QDs was restored dramatically to

92.8 % compared to their non-imprinted ones. Based

on this fluorescence quenching model, the selective

and sensitive MIP-QDs biosensors for the direct flu-

orescence detection of lysozyme were developed.

Characterization

Figure 3 depicts the excitation spectra and emission

spectra of the as-prepared L-cysteine-capped Mn-

doped ZnS QDs and MIP-QDs nanosphere. As

shown in Fig. 3, the maximum emission of both the L-

cysteine-capped ZnS QDs and MIP-QDs is located at

586 nm. The excitation wavelength of L-cysteine-
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capped ZnS QDs is centered at 307 nm; however, the

maximum excitation wavelength of MIP-QDs blue

shifts to 302 nm. The MIP-QDs exhibit novel optical

properties, including wide excitation, as well as

narrow and symmetric emission spectra. Figure 4

shows the ultraviolet absorption spectrum of MIP-

QDs and lysozyme. The maximum UV absorption of

lysozyme is located at 282 nm and the absorption of

the MIP-QDs is centered at 305 nm. There were no

overlap bands between the absorbance of lysozyme

and the excitation of the QDs; the excitation energy is

unlikely to transfer from QDs to lysozyme. The flu-

orescence quenching mechanism may be caused by

the transfer of the electron of the conductive bands of

the QDs to the UV band of lysozyme molecules,

which hinders the electronic transition of the d elec-

trons of the Mn2? to the excited state, resulting in the

orange fluorescence emission quenching of the Mn2?-

ZnS QDs [43].

The shape and size distribution of the obtained L-

cysteine-capped Mn-doped ZnS QDs and MIP-QDs

were characterized by high-resolution transmission

electron microscopy. As shown in Fig. 5a, the L-cys-

teine-capped ZnS QDs are close to spherical mor-

phology, aggregated on a rough surface with

Figure 2 Fluorescence spectra of the as-prepared (a) NIP-QDs,

(b) MIP-QDs after removing template (lysozyme), (c) MIP- QDs

before removing template.

Figure 3 Fluorescence spectra of L-cysteine-capped Mn2?-ZnS

QDs (a and b) and MIP-QDs (c and d).

Figure 4 Ultraviolet spectrum of MIP-QDs and lysozyme.

Figure 1 Schematic illustration of the preparation of MIP-coated L-cysteine-capped Mn2?-ZnS QDs.
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diameters ranging from 3 to 4 nm. Figure 5b displays

that the MIP-QDs particles sizes are larger and the

average diameter is about 6 nm, indicating that the

MIP successfully coats on the L-cysteine-capped Mn-

doped ZnS QDs through surface molecular imprint-

ing process. The results of TEM image show that the

fluorescent sensing receptor is successfully prepared

by embedded the QDs into the molecularly imprinted

polymer matrix.

Response time

In order to use MIP-QDs for fluorescence detection of

lysozyme, the time response of the biosensor was first

investigated. Figure 6 shows the kinetics of MIP-QDs

composites. As shown in Fig. 6, both the MIP- and

NIP-QDs had a rapidly absorb kinetics for lysozyme.

They reached the maximum adsorption capacity in a

short time. There is a significant initial decrease in

fluorescence intensity after the addition of lysozyme

to the MIP-QDs composites. After incubation for

21 min, the MIP-QDs obtained stable fluorescence

intensity, which indicated that the MIP-QDs reached

the adsorption equilibrium for adsorption and des-

orption. As a control, the adsorption equilibrium of

NIP-QDs emerged at eight minutes, and the change

in fluorescence intensity of NIP-QDs was lower than

that of MIP ones. It indicates that no binding sites

were formed in the NIP-QDs; thus the fluorescence

quenching of NIP processed slightly. However, in

MIP-QDs, more lysozyme molecule specific binding

with the recognition sites makes obvious fluorescence

quenching.

Effect of pH

The effect of pH on the fluorescence intensity of MIP-

and NIP-QDs were investigated in the presence and

absence of lysozyme. As shown in Fig. 7, the fluo-

rescence intensity of both MIP- and NIP-QDs was

obviously decreased in the range of pH 6.0–11.0

before the addition of lysozyme. After adding lyso-

zyme, both the MIP- and NIP-QDs were obviously

Figure 5 TEM images of a L-cysteine capped Mn-doped ZnS QDs and b MIP-QDs composites. Inset graphs HRTEM image of MIP-

QDs.

Figure 6 Influence of incubation time on the fluorescence

quenching of (a) MIP-QDs composites and (b) NIP-QDs

composites.

6080 J Mater Sci (2016) 51:6075–6085



quenched, although the change in fluorescence

intensity for the MIP-QDs composites is larger than

that of the NIP-QDs ones. As is known, lysozyme is a

amphoteric protein, the pI of lysozyme is 11.2. Thus,

when the pH\ 11.2, the lysozyme molecules were

positively charged and L-cysteine-modified QDs were

negatively charged. Therefore, the lysozyme mole-

cule was more easily bonded with MIP-QDs com-

posites in the weak acid environment. The

experiment results showed that the maximum change

of the fluorescence intensity of MIP-QDs composites

occurred at pH 6.0 when lysozyme were added

(Table 1, DFMIP). The best recognition ability of the

MIP-QDs composites was also achieved at pH 6.0

(IF1), indicating that the best lysozyme binding gen-

erated at pH 6.0. The results above suggest that pH

6.0 was the optimal pH value for further experiments.

Fluorescence sensing of lysozyme by MIP-
QDs composites

Orange fluorescence is generated by the photoexci-

tation of the host nanocrystal (ZnS) recombined by

the lower-lying states of Mn2? ion (4T1–
6A1). When

the target protein are trapped by the molecularly

imprinted polymer shell of MIP-QDs composites, the

electron of QDs transfers to the lysozyme resulting in

the fluorescence quenching of the MIP-QDs com-

posites. Figure 8 depicts the results of fluorescence

sensing of lysozyme by using MIP-QDs composites.

As shown in Fig. 8, both the MIP- and NIP-coated

QDs composites were quenched by adding lysozyme.

However, the MIP-QDs composites showed more

than two times of fluorescence quenching efficiency

on lysozyme (F0/F - 1) than that of NIP ones. The

noticeable quenching efficiency of the MIP-QDs

composites was mainly achieved by the specific

binding of imprinted cavities with lysozyme in the

aqueous media. These analysis results showed that

the fluorescence quenching depends on the adsorp-

tive of lysozyme. In the case of the MIP-coated QDs,

the fluorescence quenching efficiency is proportional

to the concentration of lysozyme. Based on the

Figure 7 PH influence on the fluorescence intensity of MIP- and

NIP-QDs composites in the presence and absence of lysozyme.

Experimental condition: buffer solution (pH 4.0–11.0,

0.02 mol L-1), room temperature.

Table 1 The pH-dependent fluorescence intensity changes of

MIP- and NIP-QDs composites by lysozyme

pH DFMIP
a DFNIP

b IF1
c = DFMIP/DFNIP

4.0 402.06 ± 1.87 212.52 ± 3.52 1.89

5.0 467.77 ± 3.63 195.28 ± 2.07 2.40

6.0 522.32 ± 3.53 185.30 ± 2.91 2.82

7.0 383.77 ± 3.66 166.42 ± 2.76 2.31

8.0 374.11 ± 1.76 158.60 ± 4.65 2.36

9.0 275.48 ± 1.39 119.95 ± 2.22 2.30

10.0 209.80 ± 6.88 108.62 ± 3.41 1.93

11.0 171.04 ± 3.04 96.92 ± 3.50 1.76

a DFMIP,
bDFNIP: the change of the fluorescence intensity of MIP-

or NIP-QDs composites with lysozyme, respectively. cIF1 was

used to evaluate the recognition ability of the MIP-QDs

composites

Figure 8 Fluorescence emission spectra of MIP-QDs composites

with increasing concentration of lysozyme. Inset graphs: Stern–

Volmer plots from MIP-QDs. Experimental condition: lysozyme,

0.1–2.0 lM; pH 6.0; room temperature.
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fluorescence quenching system, a facile and direct

fluorescent quantification method for detecting lyso-

zyme has been successfully developed. The fluores-

cence quenching in this system follows the Stern–

Volmer equation:

F0=F ¼ 1þ KsvQ ð1Þ

where F0 is the initial fluorescence intensity in the

absence of the lysozyme, F is the fluorescence inten-

sity in the presence of the quencher, Ksv is the

quenching constant of the quencher, and Q is the

concentration of the quencher.

Under the optimal conditions, the calibration plot

of F0/F - 1 versus Q showed a good linear rela-

tionship in the range from 0.1 to 2.0 lM with a cor-

relation of 0.9863. The linear regression equation is

F0/F - 1 = 0.6251 Q ? 0.0709. The 3r limit of

detection (IUPAC criteria, 3r/S) was 25.2 nM, where

r is the standard deviation of the blank signal, and

S is the slope of the calibration plot. The precision for

five replicate detections of 1.0 lM of lysozyme was

0.94 % (relative standard deviation). These results

suggest that the MIP-QDs composites were success-

fully applied to selective, sensitive, and direct fluo-

rescence detection of lysozyme without any

preconcentration and expensive instruments.

Specificity

During the imprinting process, the MIP shell of QDs

formed a stable recognition sites between the mono-

mers and the template protein through strong

molecular interactions. This interaction makes good

recognition selectivity of the MIP-QDs composites,

which are supported by the data shown in Fig. 9. As

shown in Fig. 9, three kinds of proteins, BHB, OVA,

and BSA, were chosen as references to evaluate the

selectivity of the MIP-QDs composites. Compared to

the reference protein, lysozyme exhibits a significant

quenching effect on the fluorescence of the MIP-QDs.

The target analyte has more chance to access the MIP-

QDs composites because of the formed imprinting

cavity by the removal of the template, so the MIP-

QDs show larger KSV than the NIP-QDs. The Ksv,MIP

of lysozyme is much larger than the reference pro-

teins due to the selectively rebinding of MIP-QDs.

The imprinting factor (IF) was used to evaluate the

selectivity of the materials:

IF ¼ KSV;MIP=KSV;NIP ð2Þ

The imprinting factor for lysozyme was 4.65, which

was higher than that of BSA, OVA, and BHB (1.42,

1.29, and 1.28, respectively). These results show that

the MIP-QDs composites display selectivity to the

template protein (lysozyme), and have the ability to

discriminate the interference proteins and target

protein on the basis of different molecular shape,

size, and structure.

Real sample analysis

Application in real samples is an important facet of

the fluorescence sensor. As shown in Table 2, the

concentrations of lysozyme in the diluted chicken egg

whites samples were 1.15 and 1.09 lM, respectively.

A recovery test was also carried out by standard

addition method in order to evaluate the accuracy of

the developed method. The recovery of lysozyme

spiked samples ranged from 100.15 to 103.21 %, and

the relative standard deviations were between 1.13

and 1.85 % (n = 3).

Figure 9 Selectivity and imprinting factor of MIP-QDs compos-

ite. Experimental condition: target analyte, 0.1–2.0 lM; pH 6.0;

room temperature.

Table 2 Analytical results of lysozyme in egg white samples after

dilution

Sample Found

(lM)

Added

(lM)

Found

(lM)

Recovery

(%)

RSD

(%)

1 1.15 0.3 1.46 103.21 1.22

0.6 1.76 101.56 1.85

2 1.09 0.3 1.40 102.44 1.45

0.6 1.69 100.15 1.13
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A recycling test was also implemented to evaluate

the recyclability of the prepared MIP-QDs compos-

ites. As shown in Fig. 10, in the first three rebind/

elution cycles, the fluorescence intensity of MIP-QDs

composites was slightly changed. After six regener-

ation cycles, the fluorescence intensity of the MIP-

QDs composites decreased 15.5 %. It might be a

partial destruction of their structure by excessive

washing. Additionally, the MIP-QDs composites

could be stored under dry and dark conditions for a

long period. The fluorescence intensity of MIP-cap-

ped QDs did not change significantly change after

30 days. These results suggested that the MIP-QDs

composites were successfully fabricated, and could

detect lysozyme with good regeneration and

stability.

The analytical characteristics of the proposed

methods were compared with previously reported

techniques for lysozyme detection (Table 3). Each

method has its advantages and limitations, the most

of reported techniques need the preconcentration and

purification pretreatment. The MIP-QDs-based fluo-

rescence sensor shows rapid respond time, low cost,

better or comparable limit of detection, and good

selectivity compared to the other reported tech-

niques. The results above suggest that the MIP-QDs

has the potential as a lysozyme sensor since it could

be selective, accurate and does not need further

pretreatment for detecting of trace lysozyme in bio-

logic samples.

Conclusion

In this paper, a new type of MIP-coated L-cysteine-

capped Mn-doped ZnS QDs composites was suc-

cessfully prepared as a fluorescent sensor for the

specific recognition and determination of lysozyme.

The prepared fluorescent receptor can selectively

capture the target protein (lysozyme), and then the

electron transfer between the QDs and the target

protein is able to result in the fluorescence quenching

of the QDs. Based on the fluorescence quenching

mechanism, the fluorescent receptors can be

Figure 10 Reusability of MIP-QDs composites.

Table 3 Comparison of the proposed method with previously reported analytical techniques for the determination of lysozyme

Recognition element Method Linearity (lM) LOD(nM) Respond time

(min)

Reference

ELISA ELISA 2.66 9 10-2–

3.36 9 10-1

18.5 240 [5]

RRS HPLC-RRS 1.75 9 10-2–

1.75 9 10-1

14.0 16 [7]

Lysozyme-imprinted

nanoparticles

QCM 1.3 9 10-2–1.1 9 102 0.08 200 [8]

Aptamer- SPR SPR 0.35–3.5 70 720 [17]

HSA-Au NPs Colorimetric 0.1–1.0 50 40 [10]

Aptamer–Lyz Fluorometric 0–2.78 55.9 30 [18]

HPLC HPLC 1.40–6.99 268.5 40 [14]

Electrochemical aptasensor Electrochemical 0.0–1.40 36 10 [15]

Aptamer -MWCNT Electrochemical impedance

spectroscopy

0–27.97 862 15 [16]

L-cysteamine capped ZnS

QDs

Fluorescence quenching 0.1–2.0 25.2 21 This

work
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successfully used to recognize the target protein

specifically. Furthermore, a series of rebinding

experiments show that the MIP-QDs-based fluores-

cence sensor has good selectivity and sensitivity for

lysozyme over references proteins. The MIP-QDs

composites also display good practicability, stability,

and reusability. By combining the selectivity of MIPs

with the excellent optics properties of QDs, the MIP-

QDs composites can successfully detect of trace

lysozyme in biological fluids without any expensive

instruments or time-consuming analysis processes

involved.
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Jesús Lobo-Castañón M, Jand Miranda-Ordieres A, Tuñón-
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