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A B S T R A C T

We reported a facile strategy to assemble a ratiometric nanosensor for the ovalbumin (OVA) fluorescence de-
termination and meanwhile it can be utilized for selective visual identification by naked eyes with fluorescent
test papers under 365 nm UV lamp. The nanosensor was prepared through simply mixing blue color carbon dots
(CDs) and green color core-shell imprinted polymers. Blue CDs were used directly as the internal reference
without participating in the imprinting process and modified molecularly imprinted polymers (MIPs) were
synthesized by post-imprinting, using fluorescein isothiocyanate (FITC) as fluorescence enhanced signal. Upon
the addition of different concentrations of OVA, the fluorescence intensity of FITC was enhanced, while the
fluorescence intensity of CDs was almost unchanged, leading to a detection limit as low as 15.4 nM. Accordingly,
the fluorescence color was gradually changed from blue to dark olive green to green with naked eyes ob-
servation. Moreover, the ratiometric nanosensor was successfully applied to detect OVA in the human urine
samples with satisfactory recoveries attaining of 92.0–104.0% with relative standard deviation (RSD) of
3.3–3.9% and 93.3–101.0% with RSDs of 2.7–3.8% for the spiked chicken egg white samples. This strategy
reported here opens a novel pathway for biomacromolecule detection in real applications and can realize the
visual observation on fluorescent test papers.

1. Introduction

Glycoproteins, which belong to glycan-conjugated proteins, play
key functions in molecular recognition, cell adhesion, immune response
and signal transduction [1–3]. Moreover, many glycoproteins are pro-
posed as disease biomarkers and therapeutic targets, since diverse dis-
eases closely correlate with abnormal structural changes and expression
of glycoproteins [4]. Ovalbomin (OVA), the most common glycoprotein
in egg white, has been used as a model of protein in immunoassay and
allergy studies [5,6]. Thus, a series of articles have been reported about
OVA assay in fetal bovine serum, human serum and eggs [7–10].
However, because of the low abundance of glycoproteins in complex
biological samples and serious matrix disturbance, precise and specific
analysis of these kinds of biomolecules is still a great challenge. Hence,
the withdrawal of the macromolecule target from the complicated
samples is a vital task. Various techniques have been extended for

glycoprotein recognition and amongst them, molecularly imprinting
technology has succeeded in raising attention owing to remarkable
throughput, excellent specificity, cost-effectiveness, and controllable
structure.
Molecularly imprinted polymers (MIPs), with specific recognition

sites matching the shape, size and functional groups of the template
molecules, can selectively recognize and enrich target analytes, which
have been applied in a wide range of fields [11]. In contrast with small
molecule imprinting, protein imprinting is still sophisticated because of
its large size, water solubility, environmental variability and structural
complexity. Sol-gel based macromolecule imprinting is an influential
method for the preparation of superior MIPs in aqueous media at mild
conditions [12]. Meanwhile, post imprinting modification is an in-
novative approach for producing MIPs by further functionalities to
make a mature sorbent to attain higher efficiency. Thus, the combina-
tion of sol-gel and post imprinting methods can interestingly promote

https://doi.org/10.1016/j.talanta.2020.120727
Received 9 October 2019; Received in revised form 4 January 2020; Accepted 7 January 2020

∗ Corresponding author.
∗∗ Corresponding author.
E-mail addresses: wangxy@yic.ac.cn (X. Wang), lxchen@yic.ac.cn (L. Chen).

Talanta 211 (2020) 120727

Available online 08 January 2020
0039-9140/ © 2020 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00399140
https://www.elsevier.com/locate/talanta
https://doi.org/10.1016/j.talanta.2020.120727
https://doi.org/10.1016/j.talanta.2020.120727
mailto:wangxy@yic.ac.cn
mailto:lxchen@yic.ac.cn
https://doi.org/10.1016/j.talanta.2020.120727
http://crossmark.crossref.org/dialog/?doi=10.1016/j.talanta.2020.120727&domain=pdf


MIPs for selective capturing proteins. On the other hand, with the ad-
vances of nanotechnology, various versatile excellent nanomaterials for
diverse kinds of applications are constantly emerging, such as carbon
dots (CDs), quantum dots (QDs), graphene QDs, gold nanoclusters
(AuNCs) and so on. Recently, the utilization of fluorescent nanoma-
terials in the imprinting technology has developed rapidly and fluor-
escence detection has evolved from early single fluorescence response
to ratiometric response. As we know, the change of single wavelength
emission intensity can be interfered by the stability of excitation source,
environmental change and the local concentration of the fluorescent
probe [13,14]. Ratiometric fluorescence method possesses self-refer-
encing ability by measuring two emission peaks ratio, eliminating the
above unwanted effects and improving sensitivity and accuracy [15]. In
addition, ratiometric fluorescence can provide distinct color changes
with the increase of target analyte under the UV lamp.
Generally, constructing of ratiometric fluorescence sensing systems

include two strategies. One is to build ratiometric fluorescence based on
fluorescence resonance energy transfer (FRET). This needs to select a
suitable donor and receptor. Besides, it is important to control the
distance between the donor and receptor in the imprinting process
which if properly selected pledges the specificity [16,17]. Another is to
construct reference type ratiometric fluorescence that in this strategy, a
sensitive to target analyte is regarded as a response signal and the other
one is not affected by the analyte, remaining unchanged and used as a
reference signal. This construction method is similar to the analysis
method with an internal standard that has an auto-calibration im-
pression to grow the detection process with high accuracy, minimized
the matrix impact. In the imprinting process, how to keep the reference
fluorescence intensity unchanged is a critical problem. Usually, the
fluorescent materials (QDs, carbon dots, AuNCs, etc.) as reference
materials can be isolated from the target molecules by embedding
method. In one study our group used red QDs embedded in silica na-
noparticles as a core and NBD as a signal unit, to prepare core-shell
MIPs for the ratio detection of 2,4-dichlorophenoxyacetic acid (2,4-D)
[18]. Numerous works have been employed embedding method to
make the fluorescence intensity of reference materials constant
[19–21]. Despite the satisfactory efficiency of this procedure, several
synthesis steps and tedious optimization are needed. This inspired us to
further extend the construction strategy.
Herein, we developed the assembly of a ratiometric nanosensor by

the combination of nanomaterials: blue CDs directly as the internal
reference without participating in the imprinting process, and core−-
shell imprinted polymers synthesized by post-imprinting to enhance the
fluorescence signal. The core−shell imprinted polymers were com-
posed of SiO2 nanoparticles as support, 3-aminopropyltriethoxysilane
(APTES) as a functional monomer to react with the isothiocyanate
group of FITC to form a stable thiourea bond, tetraethyloxysilane
(TEOS) as cross-linker and FITC as fluorescence signal amplifier.
Ovalbumin (OVA) was acted as a model protein to validate the proof-of-
principle of our strategy. By exposing OVA to MIPs@FITC at the pre-
sence of CDs, the fluorescence intensity of FITC increased, while the
fluorescence intensity of CDs had a slight variation. With the increase of
OVA concentration, a continuous fluorescence color changed from blue
to dark olive green to green on test strips by naked eyes, providing a
facile way for OVA identification.

2. Experimental

2.1. Reagents and materials

Citric acid (CA), dimethylsulfoxide (DMSO), ethylenediamine,
ethanol, tetraethoxysilane (TEOS), ammonium hydroxide (25%), me-
thanol, acetic acid, and phosphate buffered saline (PBS) were bought
from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China).
Ovalbumin (OVA), bovine hemoglobin (BHb), lysozyme (Lyz), bovine
serum (BSA), 3-aminopropyltriethoxysilane (APTES) and fluorescein

isothiocyanate (FITC) were supplied by Sigma-Aldrich (Shanghai,
China). Phycocyanin (PC) was kindly provided by Shandong Oriental
Ocean Co. (Yantai, China). Ultrapure water of 18.2 MΩ specific re-
sistance (Millipore, USA) was used in all experiments.

2.2. Instrumentation

Fluorescence spectra and UV–Vis absorption were measured on a
Fluoromax-4 spectrofluorometer (Horiba Scientific) and NanoDrop
2000/2000C (Thermo Fisher Scientific, Waltham, MA), respectively. A
transmission electron microscope (TEM, JEM-1230, operating at
100 kV), high resolution TEM (HRTEM, JEM-2100, operating at
200 kV) and scanning electron microscope (SEM, Hitachi S-4800 FE-
SEM, operating at 5 kV) were used to observe the morphology of na-
nomaterials. Dynamic light scattering (DLS) measurements were de-
termined by a Malvern Zetasizer Nano-ZS90 (ZEN3590, UK). FT-IR
spectra were performed using a Thermo Nicolet FT-IR spectrometer
(USA). Elemental analysis was carried by a Vario Micro-cube elemen-
tary analyzer (Elementar Company, Germany).

2.3. Preparation of CDs

Blue CDs were synthesized by a hydrothermal method according to
the previous report [22]. (with synthesis details in Supporting In-
formation).

2.4. Preparation of OVA fluorescent imprinted nanoparticles (MIPs@FITC)

SiO2 nanoparticles were prepared as our previous report [16]. (with
synthesis details in Supporting Information). 20.0 mg OVA and 30 μL
APTES were added into 20 mL of ultrapure water containing 0.5 mL of
20.0 mg mL−1 SiO2. After stirring for 1 h, 50 μL TEOS and 50 μL
NH3·H2O were added and the whole reaction system kept stirring for
24 h. The precipitate was centrifuged and washed by methanol/acetic
acid (9:1, v/v) to elute OVA until no OVA was detected in the elution
solution, and then washed with ethanol three times. Subsequently, the
MIPs were post-conjugated with 1 mL of 10.0 mg mL−1 FITC (solvent,
DMSO) for 2 h. Then ethanol was used to remove excess unreacted
FITC. Finally, the resultant MIPs@FITC was stored in water for further
experiments. As a control, the non-imprinted polymers (NIPs@FITC)
were prepared by the same procedure in the absence of the template
OVA.

2.5. Assembly of the molecularly imprinted ratiometric fluorescence
nanosensor (designated C-MIPs@FITC)

To construct the C-MIPs@FITC nanosensor, 50 μL of CDs solution
(4.7 μg mL−1) and 50 μL of MIPs@FITC solution (3.165 mg mL−1) were
mixed in 0.9 mL PBS solution (0.01 mol mL−1). The fluorescence
spectrum of C-MIPs@FITC was recorded under a single wavelength
excitation at 390 nm. The construction schematic of the C-MIPs@FITC
sensor is shown in Fig. 1.

2.6. Preparation of chicken egg white sample

The chicken egg white sample was prepared as follows. The chicken
egg white was separated from the egg yolk and then was diluted 50-fold
with 10 mM PBS (pH 8.0). After the solution was under ultrasound
sonication for 30 min, it was filtered three times by using a 0.2 μm
membrane filter and then was further diluted in the linear range for
future detection.

2.7. Preparation of fluorescent test papers

The filter paper-based strip (Whatman chromatography No. 1 paper,
GE) was printed by a wax printer (XEROX Phaser 8560DN) to obtain a
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line of spots (diameter: 0.5 cm). The wax-patterned paper was put into
the oven at 120 °C for 120 s, so that the wax can penetrate through the
whole paper completely and thus form hydrophobic barriers. For OVA
detecting, different concentrations of OVA solution (10 μL) were added
into the C-MIPs@FITC nanosensor, and then 3 μL of the mixed solution
was dropped onto per spot for further observation. For OVA testing in
human urine, varying concentrations of OVA spiked samples (PBS
buffer pH 8.0) into 100-fold diluted urine were dropped in the C-MIPs@
FITC nanosensor, and then 3 μL of the mixed solution was dropped onto

per spot. For OVA testing in chicken egg white sample, diluted chicken
egg white samples were spiked with OVA at the concentrations of 0.3,
0.5 and 1.0 μM by dropping in the C-MIPs@FITC nanosensor, and then
the mixed solution was dropped onto per spot. After drying, the color of
the test papers was observed and photos were taken with a digital
camera (CANON EOS 6D) under a 365 nm UV lamp.

3. Results and discussion

3.1. Assembly and characterization of molecularly imprinted ratiometric
fluorescence nanosensor

As seen in Fig. 1, the core−shell MIPs@FITC were prepared through
a simple sol-gel process. In detail, SiO2 nanoparticles were used as
support, ATPES as functional monomer, OVA as a template, TEOS as
cross-linker and NH3·H2O as the catalyst, after polymerization and
eluting OVA, plentiful specific binding sites were created on the surface
of SiO2 nanoparticles, complementary to OVA terms of functionality
and stereochemistry. This phenomenon can be proved according to the
physical characterization (SEM images in Fig. 3e and f) and the se-
lectivity experiments (section 3.4. Sensitivity and selectivity of the C-
MIPs@FITC nanosensor). Then FITC was conjugated to OVA MIPs
through post-imprinting treatment since imprinted cavities had amino
groups, which can react with the isothiocyanate group of FITC to form
thiourea bond. The resultant MIPs@FITC exhibited an emission at
520 nm with green fluorescence (Fig. 2a). CDs displayed an emission at
454 nm with blue fluorescence (Fig. 2b). When MIPs@FITC were mixed
with CDs in appropriate proportion, the C-MIPs@FITC nanosensor was
obtained with two fluorescence emission peaks at 454 and 520 nm
under a single excitation at 390 nm (Fig. 2c). Since FITC acted as re-
cognition signal and MIPs provided selective recognition sites, OVA can

Fig. 1. Schematic illustration of the synthesis and the assembly of C-MIPs@FITC nanosensor.

Fig. 2. Fluorescence emission spectra of (a) MIPs@FITC, (b) CD dots, and (c) C-
MIPs@FITC.
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enter into the imprinted cavities, and enhanced the fluorescence in-
tensity of FITC, as seen in Fig. S1. This phenomenon might be attributed
to the bounded OVA that changed the hydrophobic/hydrophilic en-
vironment condition of the imprinted cavities around FITC, which was
in favor of FITC emission and resulted in the fluorescence intensity
increasing [23–26]. As seen in Fig. S2, the absorption spectrum of OVA
had no spectral overlap with the emission spectrum of FITC. Therefore,
fluorescence resonance energy transfer between FITC and OVA was
excluded. With the concentration of OVA increased, the green fluores-
cence of FITC was enhanced, while the blue fluorescence of CDs was
almost unchanged and thus acted as a reference signal. Based on this,
OVA can be detected by the variation of fluorescence intensity ratios
with the fluorescence color change from blue to dark olive green to
green.
The size and shape of SiO2, MIPs@FITC, and NIPs@FITC were ex-

amined by SEM and TEM. As observed in Fig. 3, the surface of SiO2
nanoparticles was velvety and uniformly dispersed with an average
particle size of 70 nm (Fig. 3a and d). Compared to SiO2 nanoparticles,
the particle size of MIPs@FITC and NIPs@FITC was approximately
90 nm due to the process of polymerization (Fig. 3b, c, e, and f). No-
ticeably, MIPs@FITC showed a highly rough imprinting layer (Fig. 3b),
by comparison, the surface of NIPs@FITC particles was still smooth
(Fig. 3c), suggesting that a large number of imprinted cavities were
formed on the surface of MIPs, which was a benefit for rebinding of
OVA. It should be pointed out that, slim imprinted layer benefit from
unique advantages viz. more specific sites accessibility, facility mass-
transfer of the analyte, and also hinder stereo avoidance for the large
target protein to entire MIPs’ cavities. The size distributions of SiO2,
MIPs@FITC, and NIPs@FITC were also displayed by DLS measurement
in Fig. S3. The main distribution peak of SiO2 was around 72 nm and
the diameters of MIPs@FITC and NIPs@FITC were mainly around
95 nm. This is consistent with the results of TEM images.
Elemental analysis was carried out to examine N, C, H and S content

(Table S1). As shown, SiO2 nanoparticles contain a low amount of N
that is attributed to the residual of ammonium hydroxide. On the other
hand, compared to the low N content of SiO2, more grain N can be
found in MIPs@FITC and NIPs@FITC, suggesting that –NH2 was suc-
cessfully introduced. As seen in Fig. S3 and Fig. 3, the size of NIPs is
more than MIPs and therefore the amount of polymeric layer in NIPs is
more than MIPs. However, the vacant location in MIPs’ skeleton is more
than NIPs due to the template removal. Hence, owing to the higher
imprinting cavities of MIPs compared with NIPs, more amount of FITC
can be grafted to the MIPs. This phenomenon is proved by higher

percentages of S (0.930%), H (3.482%), and C (18.043%) elements in
MIPs and suggested successful post-imprinting treatment, and the
coarser surface of MIPs in contrast with NIPs (Fig. 3e and f) demon-
strated this fact as well.
Furthermore, the successful synthesis of MIPs@FITC and NIPs@

FITC was proved by the existence of expected functional groups in FT-
IR spectra (Fig. S4). As seen, MIPs@FITC and NIPs@FITC displayed the
characteristic peak of amino groups at about 1393 cm−1 and the ali-
phatic stretching of the C–H bond at 2954 cm−1, suggesting that amine
groups are in both MIPs@FITC and NIPs@FITC and feasibility interacts
with OVA [27,28]. The characteristic peak of the benzene ring frame
vibration appeared at about 1577 cm−1 and C]O stretching vibration
of carboxyl at about 1654 cm−1 meant that FITC had been successfully
conjugated to MIPs@FITC and NIPs@FITC through post-imprinting
treatment. Moreover, the similarity in FT-IR spectra of MIPs@FITC and
NIPs@FITC revealed that template spices were removed from MIPs@
FITC completely.

3.2. Ratio optimal for MIPs@FITC and CDs in the C-MIPs@FITC
nanosensor

The fluorescence peaks intensity at 454 and 520 nm were attributed
to the CDs and MIPs@FITC, respectively. When dispersing both MIPs@
FITC and CDs simultaneously, and the ratio of them was 5:1, the
fluorescent color changed only from light green to green upon the ad-
dition of OVA (Fig. S5A). As the proportion decreases to 1:1, wide
colors from blue to dark olive green to green were obtained. Continued
to increase the amount of CDs and the ratio reached 1:2, the color
changed from blue to light blue (Fig. S5B). For the optimal OVA vi-
sualization, the C-MIPs@FITC system consisted of 1:1 MIPs@FITC and
CDs.

3.3. Condition optimization for the C-MIPs@FITC nanosensor

The fluorescence performance of the C-MIPs@FITC nanosensor was
mainly influenced by the parameters, like pH, stability and response
time, which were optimized as follows. The influence of pH was eval-
uated by the value of (F–F0)/F0, using as the index of enhancing effi-
ciency. F0 and F represented the fluorescence emission intensity of FITC
in the absence and presence of the OVA, respectively. As shown in Fig.
S6A, in the pH range of 5.0–9.0, the enhancing efficiency increased and
then decreased. At pH 8.0, the enhancing efficiency reached a max-
imum. As we know, under high or low pH, OVA may be denatured.

Fig. 3. TEM and SEM images of nanoparticles (a, d) SiO2, (b, e) MIPs@FITC, and (c, f) NIPs@FITC, inset: HRTEM image.
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Besides, under acidic conditions, the emission intensity of FITC was
greatly reduced, mainly due to the dominant formation of neutral and
cationic forms, which gave lower intensity fluorescence [29]. On the
other hand, the NH2 groups of APTES at pH lower than 6.0, induced by
positive charge (NH3+) that leads to the poor affinity toward OVA. At a
pH higher than 7.0, the NH2 groups are in neutral form, the binding
affinity of MIPs@FITC to target species increased. Therefore, the pH
value was fixed at 8.0 for the following work.
The stability of the C-MIPs@FITC nanosensor was measured by

fluorescence spectra. The fluorescence intensity ratios (I520/I454) was
not significantly changed over 2 h (Fig. S6B), indicating that the system
had supreme fluorescence stability.
In addition, to investigate the kinetics of the C-MIPs@FITC

nanosensor, the fluorescence intensity at 520 nm was investigated at
different time intervals when adding OVA (Fig. S6C). As seen, the
fluorescence intensity increased immediately with the addition of 1 μM
OVA and then kept stable in 10 min. Thus, 10 min was set for the in-
cubation time.

3.4. Sensitivity and selectivity of the C-MIPs@FITC nanosensor

The sensitivity performance of the C-MIPs@FITC nanosensor was
evaluated by adding the different concentrations of OVA. As seen in
Fig. 4A, the fluorescence intensity of FITC gradually increased while
that of CDs remained constant with increased OVA concentration.
Thanks to the fluorescence intensities increasing and stability, the

Fig. 4. Fluorescence spectra and corresponding fluorescence intensity ratio of (A,a) C-MIPs@FITC, (B,b) MIPs@FITC, and (C,c) C-NIPs@FITC upon the addition of
different amounts of OVA; The ratio of MIPs@FITC or NIPs@FITC and CDs is 1:1.
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fluorescence intensity ratio changed, resulting in the color change from
blue to dark olive green to green, which can be easily observed by the
naked eyes. A good linear relationship was displayed between the ratio
of the intensities (I520/I454) and the concentration of OVA ranging from
0.05 to 2 μM with correlation coefficient r = 0.9972 (Fig. 4a). The
detection limit was calculated to 15.4 nM based on 3σ/s, where σ re-
presents the standard deviation of the blank measurements and s meant
the slope of the linear calibration.
To demonstrate the superiority of the C-MIPs@FITC nanosensor in

sensitivity and visualization, the single emission peak of MIPs@FITC
was also measured and is shown in Fig. 4B. The linearity trend of the
MIPs@FITC sensor was the same as C-MIPs@FITC while the LOD was
25.1 nM that demonstrates lower sensitivity of MIPs@FITC. By in-
creasing the concentration of OVA, the color change was not obvious
and can not be distinguished by naked eyes. By comparing, the ratio-
metric nanosensor showed higher sensitivity and more remarkable
color changes for easy naked eyes observation.

The sensitivity of the C-NIPs@FITC was also investigated as shown
in Fig. 4C. Compared to C-MIPs@FITC, when the same concentration of
OVA was analyzed, the fluorescence intensity of FITC increased slightly,
leading to the color change unobvious (Fig. 4C, inset). According to
Fig. 4, a high imprinting factor of 2.5 was obtained based on the ratio of
the slopes of linear relationships of MIPs and NIPs. The MIPs had su-
perior sensitivity than the NIPs owing to the specific imprinted re-
cognition sites on the surface, so the OVA have more chance to combine
for recovering the fluorescence intensity of FITC. Therefore, the C-
MIPs@FITC based on dual emitting ratiometric fluorescence nano-
sensor performed high sensitivity for OVA detection and can be easily
recognized by the naked eyes.
Meanwhile, the selectivity of C-MIPs@FITC nanosensor was further

investigated by adding the same concentrations of OVA and other
proteins (BHb, PC, Lyz, and BSA). As shown in Fig. 5, OVA led to a
significantly high fluorescence enhancing of FITC in the ratio C-MIPs@
FITC nanosensor and olive green fluorescence color was present.
Whereas, other proteins didn't present obvious changes in fluorescence
intensity ratios (I520/I454) and the blue colors were unchanged. It can be
explained by creating a large number of specific imprinted recognition
sites into the C-MIPs@FITC nanosensor that perfectly matched with
OVA through the hydrogen bond interaction between the amine groups
and OVA. OVA can easily recombine with the tailor-made binding sites,
but other proteins had less chance to access due to the big differences
from OVA in shape, size, and structure. In addition, C-NIPs@FITC was
also observed to have similar color changes and slightly fluorescence
intensity ratios for OVA and the other four proteins. Hence, the C-
MIPs@FITC nanosensor has shown a great selectivity for the detection
of OVA.

3.5. Application of the C-MIPs@FITC nanosensor to real samples

In order to evaluate the utility of the formed C-MIPs@FITC nano-
sensor, human urine which was randomly taken from one of three
healthy volunteers and chicken egg white were used as the real sam-
ples. The human urine was diluted 100-fold and spiked with different
concentrations (0.3, 0.5, 1.0 μM) of OVA. The analytical results showed
that no OVA was found in human urine and also the endogenous OVA
concentration was calculated to be 0.21 μM in the egg white. Based on
spectrofluorometer determination, satisfactory recoveries of
92.0–104.0% with relative standard deviation (RSD) of 3.3–3.9% for
the spiked urine samples and 93.3–101.0% with RSDs of 2.7–3.8% for
the spiked chicken egg white samples were attained, respectively

Fig. 5. Selectivity of C-MIPs@FITC nanosensor and C-NIPs@FITC for OVA over
other proteins including BHb, PC, Lyz and BSA at concentration of 1 μM and the
inset showed the corresponding fluorescence color change of the test paper
from left to right. The concentration of C-MIPs@FITC or C-NIPs@FITC was
0.16 mg mL−1; excited light, 390 nm; silt widths of excitation and emission,
6 nm. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

Table 1
Results for the determination of OVA in human urine samples and chicken egg white using the C-MIPs@FITC
nanosensor.
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(Table 1). Meanwhile, the fluorescent test papers presented the obvious
color responses to the different concentrations of OVA. Promisingly, the
C-MIPs@FITC nanosensor showed remarkable merits of application and
reliability for OVA detection.

3.6. Method performance comparison

The performance of the developed fluorescence methods for in-
tensity increase determination was compared as listed in Table S2.
Sometimes, indirect fluorescence detection methods can provide in-
novative ways to efficiently detection. The OVA detections were few,
like Ref. 30, 31. In Ref. 30, the OVA-antibody modified NOP-CDs were
quenched by GO due to the FRET effect. The introduced OVA competed
to displace the GO by special binding with the anti-OVA, resulting in
the recovery of the fluorescence with a good detection limit [30].
However, there was only one emission peak without obvious color
change. About Ref. 31, the authors ingeniously used protein binding-
induced surfactant aggregation variation for both pepsin and oval-
bumin egg detection [31]. But the specificity for OVA needed to be
improved. Nowadays, there are many ways to fabricate the MIPs with
fluorescence enhancement for detection based on the specific interac-
tion between the templates and the recognition cavities [18,32–34].
Although, the responding mechanisms were diverse, like in Ref. 32, 33,
the glycoprotein combined with the boronic acid was the key for de-
tection. These ways produced new considerations of indirect fluores-
cence detection. Additionally, the sensitivity of our present sensor was
also compared with other fluorescent sensors, as shown in Table S2.
Our LOD is comparable to or lower than that of the former methods.
Overall, the present C-MIPs@FITC nanosensor in our study demon-
strated excellent sensitivity and selectivity for convenient and visual
ratio detection of OVA.

4. Conclusions

To summarize, we assembled the ratiometric nanosensor by mixing
blue CDs and green core−shell imprinted polymers (MIPs@FITC) for
sensitive visualization of OVA. This development strategy was facile
and convenient: the CDs did not need any further chemical modification
and directly used as the internal reference; MIPs@FITC was prepared by
the sol-gel process and then through post-conjugation, providing
fluorescence enhanced signal and selective recognition cavities.
Moreover, the sensitive and selective detection of OVA can be displayed
on fluorescent test papers by naked eyes observation. Consequently, we
expect our work will pave the way for the growth of sensing bioma-
cromolecule in biological applications.
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