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Abstract

A new ratiometric fluorescent sensor based on the bifunctional carbon quantum dots (CQDs)@metal—organic framework
(MOF) nanocomposite possessing peroxidase-mimicking catalytic and luminescent characteristics was developed for hydro-
gen peroxide (H,0,) and cholesterol detection. The incorporation of fluorescent CQDs into the cavities of MIL-101(Fe)
MOF with peroxidase-like activities endows the nanocomposite with bifunctional properties. The CQDs@MOF can oxidize
o-phenylene-diamine to 2,3-diaminophenolazine by H,0, with yellow fluorescence (556 nm). Meantime, the intrinsic fluo-
rescence signal (455 nm) of CQDs@MOF is inhibited due to the inner filter effect. Therefore, the ratio of the fluorescent
intensity is employed as the signal output to construct the H,0, ratiometric biosensor. In addition, the cholesterol can be
determined by the ratiometric sensor with high sensitivity. In addition, the total cholesterol in human serum is determined
with high accuracy using our ratiometric biosensor. This ratiometric fluorescent platform based on the bifunctional CQDs@
MOF provides new insights in the field of bio-sensing.
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1 Introduction

Cholesterol (Chol) is the most important sterol produced by
human cells and an important metabolite that reflects the
health condition of the human body [1]. Furthermore, Chol
is a core member of cell membranes and a precursor of many
biomolecules, such as anabolic steroids, bile acids and vita-
min D. The total Chol (TC) content is commonly composed
of free cholesterol (about 30%) and cholesterol esters (about
70%) in human serum [2]. It has been shown that Chol can
be converted to hydrogen peroxide (H,0O,) in the presence
of cholesterol oxidase (ChOx). To date, various techniques,
including absorption spectroscopy [3, 4], electrochemistry
[5, 6], fluorescence [7], chemiluminescence [8, 9] and lig-
uid chromatography [10], have been used for the detection
of H,0,. The fluorescence detection has been widely used
due to its unique advantages, such as high sensitivity, high
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accuracy and simplicity [11-14]. However, fluorescent sens-
ing methods that rely on single signal response are more
susceptible to be affected by many environmental factors
in detection environment. The ratiometric sensor based on
dual-emission fluorescent probe can effectively eliminate
the influence of detection instrument and environment to
reduce the error response and improve the accuracy of signal
response [7, 15, 16]. Therefore, the construction of a dual-
emission fluorescent probe is of great significance for the
reliable detection of H,0,.

Metal-organic framework (MOF) is a kind of mixed
organic and inorganic crystalline material, which has been
widely used in catalysis field because of its large specific sur-
face area, adjustable porosity and a large number of exposed
active sites [17-19]. In recent years, some MOF materials
with redox metal nodes have peroxidase-mimetic catalytic
activity similar to biological enzymes [20-23]. Such as
MIL-53 (Fe) [24], MIL-88 (Fe) [25], MIL-101 (Fe) [26] and
Fe-based MOFs with peroxidase-mimetic catalytic ability
[27, 28], can catalyze H,O, reaction, oxidize 3,3',5,5"-tetra-
methylbenzidine (TMB), o-phenylene-diamine (OPD) and
other chromogenic reagents, resulting in color reaction. At
the same time, the stability of MOF nano-enzyme can break
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through the limitations brought by the environment. The
adjustable porosity of MOFs provides a rich space for the
introduction of luminescent guests, affording an excellent
platform for the construction of luminescent sensors. Com-
pared with the luminescence of MOF which mainly comes
from ligands, introducing the luminescent guests through
post-modification synthesis shows more fluorescence diver-
sity and tunability. Fluorescent carbon quantum dots (CQDs)
can be considered as good luminescent guest with many
advantages, such as facile synthesis, easy functionalization,
good dispersibility, stable photochemical properties and
good biocompatibility [29-32]. However, CQDs are easy to
agglomerate. Loading carbon dots into the MOF cavity can
avoid agglomeration and ensure the fluorescence stability of
CQDs effectively [33, 34].

Here, we design and construct a new ratiometric fluo-
rescent biosensor based on the CQDs loading iron-based
organic framework (CQDs@MIL-101(Fe)) nanocomposite
with fluorescent and peroxidase-like catalytic characteris-
tics (Scheme 1). After post-modification and incorporation
of fluorescent CQDs, the nanocomposite shows blue fluo-
rescence at 455 nm, and the Fe**/Fe?* redox pair in MOF
makes it possess good peroxidase-mimicking activity. With
the participation of CQDs@MOF, OPD can be oxidized to
2,3-diaminophenosine (DAP) by H,O, with significant yel-
low fluorescence at 575 nm. Due to the strong absorption
of DAP at about 450 nm, the fluorescence inner filter effect
(IFE) between DAP and CQDs @MOF (455 nm) can signifi-
cantly inhibit the blue fluorescence signal of the nanocom-
posite. While, the yellow fluorescence of the product DAP
significantly enhanced with the increase of H,0O, concen-
tration. So the ratio fluorescence detection of H,0O, can be
achieved. As cholesterol can be hydrolyzed by cholesterol
oxidase to produce H,0,, the ratiometric fluorescent sensor
also can be used for the determination of cholesterol. Finally,

Scheme 1 Schematic repre-
sentation of the fluorescent
ratiometric sensor based on
bifunctional CQDs@MIL-
101(Fe) nanocomposite for
cholesterol detection
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the detection of TC in serum samples was achieved using
the bifunctional nanocomposite-based ratiometric fluores-
cent sensor.

2 Experimental
2.1 Materials

FeCl;-6H,0, ethylene-diamine, N,N-dimethyl-formamide
(DMF), H,0, (30%), ethanol, methanol, glutathione (GSH),
ascorbic acid (AA), dopamine (DA), cysteine (Cys), glucose
(Glu) and serine (Ser) were bought from Sinopharm Chemi-
cal Reagent Co., Ltd. (Shanghai, China). 1,4-dicarboxyben-
zene (H,BDC), cholesterol and citric acid were bought from
Aladdin Reagent Co., Ltd. (Shanghai, China). Cholesterol
oxidase and cholesteryl ester oxidase were purchased from
Yuanye Bio-Technology Co., Ltd. (Shanghai, China).

2.2 Synthesis of CQDs

CQDs were synthesized directly by a hydrothermal method
[35]. In brief, citric acid (1.0507 g) and ethylene-diamine
(335 pL) were dissolved in deionized water (10 mL) and
stirred for 30 min. The precursor was then transferred to a
Teflon-lined stainless steel autoclave (25 mL) and heated at
200 °C for 5 h. CQDs aqueous solution with good dispersion
was obtained after the reactor cooling to room temperature
naturally. The solution was then purified by a dialysis mem-
brane (500 MWCO) for 24 h.

2.3 Synthesis of MIL-101(Fe)

Using a one-pot solvothermal method, MIL-101(Fe) was
prepared [36]. FeCl;-6H,0 (1.350 g) and H,BDC (0.412 g)
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were added into DMF (30 mL) and magnetically stirred for
30 min. The solution was switched to a Teflon-lined stain-
less steel autoclave (50 mL) and heated at 110 °C for 20 h.
After cooling, the mixture was centrifuged and washed with
DMF and ethanol, respectively. Then, the organic ligand in
the frame was removed with methanol solvent for 24 h by the
Soxhlet extraction method [37]. Finally, the resultant solids
were dried in a vacuum oven at 60 C.

2.4 Preparation of CQDs@MOF

CQDs@MOF nanocomposite was prepared as follows: the
solution inside the dialysis bag was diluted with ultrapure
water to 10 mL and prepared CQDs solution. 1 mL CQDs
solution, 10, 30, 50, and 100 mg MIL-101 (Fe) powder, and
10 mL deionized water were added into a 20 mL glass bottle
and then were dispersed evenly by ultrasonic. After mag-
netic stirring for 48 h, the brown powder was obtained by
centrifugation at 10,000 r/min and dried in an oven at 60 C
for 24 h. According to the condition optimization results, the
bifunctional nanocomposites material synthesized under the
addition of 50 mg MIL-101 (Fe) powder was selected for the
subsequent detection experiments.

2.5 Materials Characterization

The fluorescence measurement was performed by the spec-
trofluorometer (FS-5, Edinburgh Instruments, Britain).
The crystal structure and morphology analyses of materi-
als were performed by the X-ray powder diffraction (XRD,
D8 Advance diffractometer with Cu Ka radiation, Bruker
Co., Germany) and the scanning electron microscope (SEM,
Zeiss_Supra55, Carl Zeiss AG, Germany), and the morphol-
ogy analysis of CQDs was observed by the high-resolution
transmission electron microscope (HRTEM, Tecnai G2
F30S-TWIN, FEI USA, Inc., USA). Electron paramagnetic
resonance (EPR) analysis was conducted using an A300-
10/12 EPR spectrometer (Bruker Co., Germany).

2.6 Detection of H,0,

100 pL H,O, solutions of different concentrations (10.0,
50.0 pmol/L and 0.1, 0.25, 0.5, 1.0, 2.5, 5.0, 10.0 mmol/L)
were added into OPD and composite material solution which
dispersed in NaAc-HAc buffer (10 mmol/L, pH 5.0). And
then the mixed liquor was oscillated at 37 °C for 45 min.
The fluorescence spectra of 410-700 nm were measured at
395 nm excitation wavelength.

2.7 Detection of Cholesterol

For selectivity test, 100 pL cholesterol oxidase solution
(50 mg/mL) was added into 100 pL of Chol, Glu, Ser, GSH,
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Cys, DA and AA, respectively, and the mixture liquid was
oscillated at 37 °C for 1 h. Then 200 pL. OPD solution and
200 pL composite solution (0.1 mg/mL), 1400 pL NaAc-
HACc buffer (10 mmol/L, pH 5.0) were added, and the mix-
ture liquid was oscillated at 37 “C for 45 min. The fluores-
cence spectra were measured. For sensitivity test, 100 pL
cholesterol oxidase solution (50 mg/mL) was added into 100
pL cholesterol solutions of different concentrations (0.1,
0.2,0.5,1.0, 1.5, 2.0, 5.0, 10.0 and 20.0 mmol/L), respec-
tively, and the mixture liquid was oscillated at 37 °C for 1 h.
Then 200 pLL OPD solution and 200 pL. composite solution
(0.1 mg/mL), 1400 pL. NaAc-HAc buffer (10 mmol/L, pH
5.0) were added, and the mixture liquid was oscillated at 37
°C for 45 min. Then the fluorescence spectra were measured.

2.8 Detection of Cholesterol in Serum Samples

The TC in diluted serum samples was determined by the
standard recovery method. 100 pL cholesterol esterase
oxidase solution (50 mg/mL) and 100 pL cholesterol oxi-
dase solution (50 mg/mL) were added in 20 pL serum sam-
ples, and then the mixture was oscillated at 37 °C for 1 h.
Then 200 pLL OPD solution and 200 pL composite solution
(0.1 mg/mL), and 1400 pL NaAc-HAc buffer (10 mmol/L,
pH 5.0) were added, and the reaction solution was oscillated
at 37 C for 45 min. The fluorescence spectra were deter-
mined. Different concentrations (50, 100 and 150 pmol/L) of
cholesterol solutions were added to the serum samples, and
the test was conducted according to the same experimental
operation.

3 Results and Discussion
3.1 Materials Characterization

In this work, MIL-101 (Fe) was synthesized using a facile
solvothermal method. To verify the successful preparation
of MIL-101 (Fe), the morphology and structure were sys-
tematically characterized by SEM, XRD and XPS analysis.
The SEM image of Fig. 1a shows the as-synthesized MIL-
101 (Fe) presents a spindle shape with a relatively uniform
size of 1 pm. After Soxhlet extraction, obvious holes were
observed on the surface of the spindle structure, which are
favorable for the subsequent loading of CQDs. In Fig. 1b, the
size of CQDs is uniform and the clear atomic plane of CQDs
shows a d-spacing of 0.34 nm which is consistent with pre-
vious reports [35], indicating the successful preparation of
CQDs. The multifunctional fluorescent-catalytic nanocom-
posite of CQDs@MIL-101(Fe) was prepared by introduc-
ing fluorescent CQDs into Fe MOFs with peroxidase-like
activity. Compared with MIL-101 (Fe), the SEM image of
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Fig.1 a SEM image of MIL-101 (Fe); b TEM image of CQDs; ¢
SEM image of CQDs@MOF; d XRD patterns of MIL-101 (Fe)
and CQDs@MOF; e Full scan XPS spectra for MIL-101 (Fe) and
CQDs@MOF; f XPS spectra of Fe 2p for MIL-101 (Fe); g XPS spec-

MIL-101 (Fe) loading with CQDs shows that most of the
holes on the surface were filled (Fig. 1c).

By comparing the XRD characteristic peaks of MOF
before and after CQDs loading, it was found that the XRD
characteristic peaks of the synthesized MOF material were
consistent with that of the simulation of MIL-101 (CCDC:
605510) [36] (Fig. 1d), and there was no change in crystal
structure after loading of CQDs, indicating that MOF still
keeps its structural integrity. The wide-scan XPS spectra
(Fig. le) prove that CQDs @MOF is composed of Fe, O, N
and C elements, while N element is not observed in MIL-
101 (Fe) [38], further validating the loading of CQDs.
In addition, the Fe 2p XPS spectra (Fig. 1f) confirm the
presence of Fe** and Fe?* [39]. The peaks of 725.93 and
712.38 eV were corresponded to the 2p spectrum of Fe’™,
and the peaks of 724.08 and 710.78 eV were attributed to

Al
395 390

Binding cnergy (eV)

tra of Fe 2p for MIL-101 (Fe) and CQDs@MOF; h XPS spectra of
N Is for CQDs@MOF; i Zeta potential of CQDs, MIL-101 (Fe) and
CQDs@MOF

the 2p spectrum of Fe?*, respectively. The Fe**/Fe?* redox
couple makes MOF possess peroxidase catalytic activity
[35]. By comparing the XPS spectra of Fe 2p before and
after loading CQDs, it is found that the peak of Fe 2p;,,
has a weak redshift, which might be caused by electro-
static binding between the CQDs and Fe ions (Fig. 1g).
Figure 1h shows three peaks of N 1 s spectra for CQDs@
MOF are corresponded to three nitrogen groups: O=C-N
(399.34 eV), C-N (400.39 eV) and N-H (402.09 eV) that
come from CQDs [40, 41]. Figure 1i shows that the Zeta
potential of CQDs and MIL-101 is located at — 19.23 and
38.60 mV, respectively, and the Zeta potential of CQDs@
MOF shifts to 4.95 mV after the combination, which
proves that the CQDs@MOF complex is formed through
electrostatic binding of CQDs and MIL-101 (Fe).
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3.2 Study on the Catalytic Activity of Fluorescence
CQDs@MOF

Fluorescent CQDs@MOF nanocomposites were obtained
by incorporation of CQDs into the MOF matrix. The fluo-
rescence spectrum of the nanocomposite was recorded. As
shown in Fig. 2a, CQDs@MOF displays the fluorescence
emission peak of 455 nm belonging to CQDs under the
excitation wavelength of 395 nm. This shows that the as-
prepared CQDs@MOF nanomaterial possesses the photolu-
minescence properties, and its fluorescence comes from the
incorporation of CQDs. Under the excitation of UV lamp
(365 nm), CQDs@MOF shows bright blue fluorescence
(Fig. 2a inset). To study the peroxidase-mimetic property of
CQDs@MOF nanocomposite, it was used to catalyze com-
mon H,0,+ OPD color reaction. The peroxidase-mimicking
characteristics were studied by recording color change of
the solution. When CQDs @MOF was added to H,0, + OPD
system, the solution changed from colorless to yellow obvi-
ously, while the color of other systems does not change
(Fig. 2a inset). The color change is caused by the oxidation
of colorless OPD to yellow product DAP. It demonstrates
that CQDs@MOF has a catalytic activity similar to that of
peroxidase, which can catalyze H,0, and then oxidize OPD
to DAP. The catalytic activity of CQDs@MOF is mainly
attributed to its redox couple of Fe**/Fe?* [42]. In the cho-
lesterol, ChOx and OPD systems, the results show that the
color of the solution also changed, it is because that ChOx
could catalyze cholesterol to produce H,0,.

It is interesting to find that the catalytic oxidation of OPD
by CQDs@MOF could cause the fluorescence change in the

Fig.2 a The fluorescence

1

whole system. As shown in Fig. 2a, after adding CQDs @
MOF to H,0, + OPD, a yellow fluorescence signal appeared
at about 575 nm, which was caused by the oxidation of OPD
to produce DAP product with yellow fluorescence [43, 44].
Meanwhile, the fluorescence signal of CQDs@MOF at
455 nm is inhibited. To investigate the mechanism of the
fluorescent change of the CQDs, the UV-Vis absorption
spectra and fluorescence emission spectrum of DAP oxi-
dized from OPD using different amounts of CQDs@MOF
were recorded. As shown in Fig. 2b, the absorption spectra
of DAP and the fluorescence emission spectrum of CQDs @
MOF overlap significantly. With the amount of OPD increas-
ing, the overlap ratio increases. In summary, the quenching
effect is mainly caused by the IFE between CQDs@MOF
and DAP [39, 45, 46].

To investigate the peroxide-like catalytic oxidation
mechanism of H,0, 4+ OPD by CQDs @MOF, possible reac-
tion intermediates were analyzed by the EPR spectroscopy
analysis. Typical -OH signal was observed by EPR analysis
(Fig. 2¢), indicating that -OH was formed during the reac-
tion, while there was none O,~ captured. Therefore, the
mechanism that CQDs @MOF catalyzes H,O, to promote
the oxidation of OPD is that nanocomposite acts as a perox-
ide mimicking enzyme to decompose H,O, into -OH, and
then oxidizes OPD substrate to produce DAP with yellow
fluorescence signal. Subsequently, the fluorescence spectra
of the H,0,+ OPD products catalyzed by CQDs @MOF
nanocomposites, which were synthesized at different amount
of MOF, were recorded. Figure 2d and Fig. S1 show that the
fluorescence peak and absorption peak of DAP gradually
increased at first and kept stable later with the increase of
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MOF amount, and the peak intensity reached the maximum
when the amount of the MOF increased to 50 mg. It indi-
cated that the peroxidase-mimicking activity of the material
reached the highest when the amount of MOF was 50 mg.
Therefore, the nanocomposite synthesized under this condi-
tion was used for the subsequent studies.

3.3 Detection of H,0, and Cholesterol

Next, the ratiometric fluorescence sensor based on the bi-
functional CQDs@MOF nanocomposite was constructed
and utilized for detecting H,O, and cholesterol. To obtain
the high detection performance for the ratiometric fluores-
cence sensor, the effects of excitation wavelength, reac-
tion time, pH value and cholesterol oxidase concentration
on the ratio fluorescence sensor system were studied. As
shown in Fig. S2a, the fluorescence spectra of the mixed
system of CQDs@MOF +H,0,+ OPD changed with exci-
tation wavelength varying. When the excitation wavelength
was set as 405 nm, the fluorescence peak of CQDs was not
obvious. However, the fluorescence emission peaks of DAP
and CQDs@MOF both showed obvious at the excitation
wavelength of 395 nm, which was selected in the following
experiment. The reaction time was further optimized, and
the fluorescence emission peak intensity of DAP increased
gradually with the increase of time and reached equilibrium
in 45 min (Fig. S2b). In Fig. S2c, when pH was about 5.0,
the composite material showed the strongest peroxidase-
like activity to catalyze the oxidation of OPD into DAP. As

displayed in Fig. S2d, with the concentration of cholesterol
oxidase gradually increased, the amount of H,0, produced
by cholesterol oxidation also increased, and more -OH were
generated under the catalysis of CQDs@MOF, leading to
the increase of fluorescence intensity for DAP. The optimal
catalytic activity can be achieved when the concentration of
cholesterol oxidase was 50 mg/mL. Therefore, subsequent
experiments were carried out under the optimal reaction
conditions mentioned above.

The fluorescence spectra of CQDs@MOF + OPD sys-
tem after the addition of different concentrations of H,O,
were measured under the optimum conditions. As shown in
Fig. 3a, the fluorescence peak intensity at 575 nm gradually
increased as the concentration of H,O, increased from O to
500 pmol/L, while the fluorescence peak intensity at 455 nm
gradually decreased. When H,O, concentration is in the
range of 2.5-500 pmol/L (Fig. 3b), the fluorescence intensity
ratio (I5;5/1,55) with H,O, concentration has a good func-
tioning relationship. This indicates that CQDs@MOF-based
ratiometric fluorescence sensor can be used for the quantita-
tive detection of H,0,. And the fluorescence intensity ratio
I5;5/1,455 and H,O, concentration follow a good linear rela-
tionship within the concentration range of 2.5-125 pmol/L
(R*=0.9951). The linear equation can be fitted as follow:
15511455 =0.44575 +0.02633 cy,,, and the limit of detec-
tion (LOD) is 1.354 pmol/L. Furthermore, the fluorescence
spectra of the CQDs@MOF + OPD + ChOx system with
different concentrations of cholesterol were measured. The
fluorescence peak at 575 nm gradually increased with the
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cholesterol concentration increased from 0 to 1000 pmol/L,
while the fluorescence peak at 455 nm gradually weakened
(Fig. 3c¢). As shown in Fig. 3d, the fluorescence intensity
ratio (I5;s/1455) has a good linear relationship with cho-
lesterol concentration in the range of 5-100 pmol/L and
100-1000 pmol/L (R?=0.9647 and R*>=0.9940), respec-
tively. It demonstrates that the dual-function fluorescent
ratio probe CQDs@MOF can also be used for the quanti-
tative detection of cholesterol. The LOD for cholesterol is
4.55 pmol/L. Compared with other MOF-based fluorescence
sensors for cholesterol detection (Table S1), this sensor
shows good detection performance. Therefore, the CQDs@
MOF-based ratiometric fluorescent sensor has great applica-
tion potential in H,0, and cholesterol detection.

To investigate the specificity of the prepared bifunctional
CQDs@MOF nanocomposite-based ratiometric fluores-
cence sensor for cholesterol analysis, the effects of common
coexisting substances in serum samples on detection were
performed, including reductive substances (GSH, AA and
DA), amino acids (Cys and Ser), and sugar (Glu). Figure 4a
shows that the intensity of I5;s/I,55 changed significantly in
the presence of the target cholesterol, while the presence of
other substances had little effects on the fluorescence inten-
sity, indicating that the nanocomposite material has good
peroxidase-like catalytic activity and high selectivity for
cholesterol detection. Subsequently, the anti-interference
performance of the fluorescent probe was studied. As seen
from Fig. S3 and Fig. 4b, the fluorescence intensity changed
same in the presence of other biomolecular interferents as

Fig.4 a Fluorescence spectra of a
300000 -

that in the presence of cholesterol only, demonstrating that
the presence of these interferents does not affect the detec-
tion of cholesterol. Overall, this ratiometric fluorescent sen-
sor based on the bifunctional CQDs@MOF nanocomposite
achieves highly specific and accurate detection for H,0, and
cholesterol. The main merits of this detection method were
discussed as follows: (1) Cholesterol oxidase has a unique
ability to hydrolyze cholesterol, and the fluorescent nano-
composite can effectively catalyze the product H,0,, so it
has a good selectivity. (2) Compared with the fluorescence
method based on single emission, this ratiometric fluores-
cence sensing method can eliminate the influence of other
factors caused by the external environment to reduce the
error response and improve the accuracy of signal response.
(3) The sensor detects cholesterol by measuring the concen-
tration of H,0, in the sample, so other analytes that can be
converted to H,0O, can also be measured using this sensing
system, such as glucose, uric acid and lactic acid.

Finally, the possibility of using the CQDs@MOF-based
dual-function ratio-metric fluorescence sensor to analyze TC
in actual serum samples was evaluated. The TC level is com-
posed of cholesteryl ester and free cholesterol level. First,
the cholesteryl ester was hydrolyzed to cholesterol by ChOx,
and then the total free cholesterol level was determined.
The serum samples were diluted 100 times with NaAc-HAc
buffer to avoid auto-fluorescence interference of serum. As
shown in Fig. 4c, d and Table S2, the TC levels in the serum
samples of the two normal people were determined as 2.86
and 3.07 mmol/L, respectively, indicating that the TC levels
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are within the normal range [1, 2]. Then, by adding different
standard concentrations of the target substance into the two
serum samples, high recovery rates of 95.4-107.0% can be
obtained. The above results verify the reliability and accu-
racy of our designed dual-function fluorescence ratiometric
probe in the analysis of TC in real serum samples.

4 Conclusion

In summary, we constructed a ratiometric fluorescent bio-
sensor based on the bifunctional CQDs@MIL-101(Fe)
nanocomposite possessing luminescent and peroxidase-
mimicking catalytic characteristics for the determination of
TC in human serum. On the one hand, the incorporation of
fluorescent CQDs into the cavities of MOF endows the nano-
composite with blue fluorescence at 455 nm. On the other
hand, the nanocomposite shows high peroxidase-mimicking
catalytic activity, which can trigger the oxidation of OPD to
DAP by H,0, with yellow fluorescence at 556 nm. Due to
the IFE between DAP and the nanocomposite, the inherent
fluorescence of nanocomposite was inhibited. The ratio of
the fluorescence intensity at 556 and 455 nm was employed
as detection signal to construct the H,O, ratiometric bio-
sensing platform. Cholesterol, which can be hydrolyzed
by cholesterol oxidase to produce H,0,, was also can be
determined by the ratiometric fluorescent biosensor with
high sensitivity and selectivity. The successful application
of the ratiometric fluorescent sensor based on bifunctional
CQDs@MOF in cholesterol determination of serum samples
validates its application prospect in complex environment
analysis. Overall, our work not only establishes a novel ratio-
metric fluorescence sensing platform with excellent perfor-
mance, but also provides insights for the rational design of
multifunctional MOF nanozymes in the bio-sensing field.
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