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A B S T R A C T

The versatile fluorescence biosensors were implemented based on multipurpose nano metal organic frameworks
(nMOFs) nanocomposites, which were obtained as fluorescence signal probes through encapsulation nMOFs. In
this modulation process, the encapsulant bind with nMOFs through electrostatic attraction and hydrogen bond.
Meanwhile, fluorescence enhancement of nMOFs were observed, accompanied by an increased in water solu-
bility. The specific combination of target analyte triggers the release of the encapsulant and allows the target
analyte to bind encapsulant to form a stable analyte-encapsulant complex. The complex binds tightly and
promotes the photoinduced electron transfer from MOFs nanocomposites to the complex, thus resulting in re-
duce the fluorescence intensity of the MOFs nanocomposites. The results indicated that this novel system enables
the specific and versatile detection of target biomolecules such as hemin and folic acid with high sensitivity and
selectivity based on the choices of different encapsulant. Under optimized conditions, these biosensors show high
sensitivity with a linear range from 0.16 to 12.5 μg/mL for hemin and 0.15–17.5 μmol/L for folic acid and
detection limit of 47 ng/mL for hemin and 45 nmol/L folic acid. Moreover, it exhibits good performance of
excellent selectivity, high stability, and acceptable fabrication reproducibility. This new multipurpose MOFs
nanocomposites open avenues for combining together their properties and functionalities, and displaying novel
important applications in fluorescence biosensors.

1. Introduction

MOFs greatly expand the applications in many fields such as bioa-
nalysis, biocatalysis, and biomedical engineering [1–5]. Remarkably,
fluorescence MOFs have blossomed out as advantageous chemical
biosensors because of their easily introduced photoluminescence, var-
ious properties in structural, permanent porosity, functional recogni-
tion sites and numerous response mechanisms, meanwhile, regulable
functionality stick out compare to other traditional fluorescence sensors
[6–8]. It has been reported that MOFs have been satisfactorily used as
effective fluorescence probe for bioactive molecule [9–11]. These sug-
gested that MOFs have advantages of extending applications of the
functionalized MOFs in the field of biosensors [12,13].

Among the fluorescence MOFs, nMOFs are preeminent candidates to
be applied to photoluminescence devices because of their structural
diversity and adjustable emission [14–16]. It demonstrated that fluor-
escence water solubility nMOFs may exhibit various and excellent op-
tical properties. Therefore, optimized nMOFs can promisingly represent
the new generation of fluorescence materials with a profound impact

[17]. However, following with the size of MOFs reducing to nanoscale,
the metal ions and organic ligands of nMOFs surface will not be totally
coordinated and lead to the nMOFs carry different charges [18], and the
fluorescence property of nMOFs need to be further improved. Fluores-
cence can be fine-regulated by kinds of strategies within MOFs. Firstly,
the spectra of MOFs can be accurately adjusted by the number of cap-
tured fluorophores [19]. The other is the emission spectra can be ad-
justed by using the commixture of lanthanide ions in diverse ratios
[20]. The most importantly, the efficient passivation for the surface of
nMOFs by encapsulating on the host allows for an increment of the
fluorescence properties [21,22]. In recent years, multipurpose en-
capsulated nMOFs have been obtained more and more attention. Kinds
of multipurpose encapsulated nMOFs have been prepared through the
introduction of functional molecules [23–25]. The mild obtaining
conditions of surface adsorption make it ideal for the preservation and
activation of structure [26–28]. Therefore, the fluorescence regulation
and encapsulation of nMOFs will finally affect the properties of the
constructed biosensing platforms. However, the preparation of multi-
purpose nMOFs with biological functions remains a major challenge.
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Therefore, multipurpose nMOFs are the significant strategy for the
construction of functionalized MOFs and signal-transduction pathway.

Herein, multipurpose nMOFs with biological functions were rea-
lized through encapsulation of thrombin and Au NCs respectively.
Simultaneously, the blue fluorescence of Cu-MOFs nanosheets was en-
hanced with binding thrombin or Au NCs, accompanied by greatly
improved in water solubility of MOFs nanocomposites (Scheme 1A, 1B).
The results indicated that the strategies of multipurpose MOFs nano-
composites were constructed. In this encapsulation process, the formed
MOFs nanocomposites displayed strong fluorescence, and can be used
to develop the biosensors for the recognition of target biomolecules
with high selectivity and sensitivity. When hemin and folic acid (FA)
was introduced to the formed MOFs nanocomposites, thrombin-hemin
complex and Au nanoparticles-folic acid complex was formed respec-
tively, photoinduced electron transfer (PET) from MOFs nanocompo-
sites to thrombin-hemin complex or Au nanoparticles-folic acid com-
plex was realized, and resulted in quenching fluorescence of the MOFs
nanocomposites (Scheme 1C, 1D). This unique multipurpose en-
capsulation properties of nMOFs provided a novel concept for con-
struction versatile fluorescence biosensors.

2. Experimental section

2.1. Synthesis of water-soluble fluorescence NH2-Cu-MOFs nanosheets

The synthesis of MOFs nanosheets was developed from the reported
reference [29,30] with modifications. Described as follows: 35mL of
deionized water dissolved with 3mmol Cu(NO3)2·3H2O and then
3mmol NH2-H2BDC was added to the solution under magnetic stirring.
After 30min, appropriate amount of urea was added into the above
solution, and then continuing magnetic stirring for 30min. Then the
obtained mixed solution was placed in a 50mL Teflon-lined autoclave
and maintained the temperature at 150 °C for 10 h. And then cooling it
down to room temperature, the dark-green solution was obtained by
centrifugation at 6000 rpm for 10min. Then the excessive amounts of
acetone was added to the supernatant and dark-green precipitates were
collected by centrifugation at 10000 rpm for 15min. The above dark-
green precipitates were purified by refluxing in DMF at 120 °C for 6 h
and then the resulting dark-green production was separated from the
resulting solution by suction filtration and washed with excess DMF and
acetone respectively. The obtained products were dried at 50 °C over-
night and then collected.

2.2. Synthesis water solubility GSH-Au NCs

GSH-Au NCs were obtained according to the literature procedures
with modifications [31]. The brief description is as follows: the fresh
prepared GSH aqueous solutions (6mM, 20mL) were added into
100mL three flask under gentle stirring at room temperature and then
bubbled N2 for about 30min to dislodge dissolved oxygen. Then,
HAuCl4 (4mM, 20mL) were added the above solution drop by drop.
The formed solution was heated to 90 °C under magnetic stirring for
24 h under the atmosphere of nitrogen. The obtained GSH-Au NCs
(1×10−4mol/L) were stored at 4 °C for further use.

2.3. Synthesis water solubility fluorescence MOFs-Thrombin
nanocomposites and MOFs-Au NCs nanocomposites

In a typical experiment, at room temperature, a solution of MOFs
nanosheets (25 μg/mL, 300 μL), 200 μL pH=7.4 Tris-HCl, and appro-
priate amounts of thrombin (500 μg/mL) and GSH-Au NCs
(1×10−4mol/L) were added to a 2mL reaction tube and mixed suf-
ficiently with gentle shake respectively. And then about 30min, MOFs-
thrombin and MOFs-Au NCs nanocomposites were obtained respec-
tively. They were quite stable at 4 °C for a month without any change
and were stored in the fridge at 4 °C for further use.

2.4. Fluorescence detection of hemin and folic acid

MOFs nanosheets (25 μg/mL, 300 μL), 200 μL pH=7.4 Tris-HCl,
and thrombin (500 μg/mL, 250 μL) were added into a 2mL colorimetric
tube and mixed thoroughly with gentle shake. About 30min later, ap-
propriate amounts of hemin or folic acid was added into the 2mL
colorimetric tube, then diluted it with deionized water to the mark and
mixed thoroughly. After incubated for 10min, the fluorescence spectra
and UV–vis spectra of the solution were measured.

2.5. Real samples detection

The potential application of the developed methods for hemin and
folic acid analysis in biological media was verified, the assay of hemin
and folic acid in human serum samples was performed. Different con-
centrations of hemin and folic acid were gain the result the human
serum samples, and the results were obtained by the method of stan-
dard addition.

3. Results and discussion

3.1. Encapsulation and characterization of MOFs-thrombin nanocomposites

To demonstrate such multipurpose encapsulated MOFs nano-
composites formed process, fluorescence MOFs nanosheets were suc-
cessfully synthesized with urea as the synthesis morphology modulator
and the obtained MOFs nanosheets displayed water solubility in aqu-
eous solution. Transmission electron microscopy (TEM) was utilized to
characterize the MOFs nanosheets (Fig. 1A). It illustrated that MOFs
nanosheets remained drastic aggregation although the concentration of
MOFs nanosheets was very low (3.75 μg/mL). After thrombin was
added into the MOFs nanosheets suspended liquid, MOFs-thrombin
nanocomposites showed excellent water solubility and monodispersed
nanosheets (Fig. 1B). The XPS (Fig. S1) revealed that the bind energy of
Cu2+ was 932 eV and 952 eV for MOFs nanosheets, which are readily
assigned to the Cu2p3/2 and Cu2p1/2. According to the XRD patterns
(Fig. 1C) of the MOFs obtained with different concentration of urea, it
can be found that MOFs nanosheets with good crystallinity can be ob-
tained with relatively low concentration of urea. Interestingly, the
formed MOFs-thrombin nanocomposites emit stronger blue fluores-
cence (445 nm) under the excitation of 365 nm than MOFs nanosheets
(Fig. 1D). Besides, the FL intensity of MOFs-thrombin nanocomposites

Scheme 1. A: Schematic illustration of thrombin encapsulated MOFs na-
nosheets process. B: Schematic illustration of Au NCs encapsulated MOFs na-
nosheets process. C: Schematic illustrations of the analysis of hemin using
thrombin encapsulated MOFs nanocomposites. D: Schematic illustrations of the
analysis of FA using Au-NCs encapsulated MOFs nanocomposites.
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was enhanced with the increase of thrombin concentration (Fig. S2).
UV–vis spectra response of MOFs nanosheets upon addition of thrombin
before and after were studied and shown in Fig. 1E. From UV–vis
spectra, it displayed that characteristic absorption peak (275 nm) of
thrombin disappeared simultaneously produced a new absorption peak
(223 nm). It was illustrated that the MOFs-thrombin nanocomposites
were formed successfully. Furthermore, FTIR spectra of the MOFs na-
nosheets and MOFs-thrombin nanocomposites were shown in Fig. 1F.
From the FTIR spectra, it can be seen that N-H (1147 cm−1) and C]O
(1685 cm−1) stretching band of MOFs-thrombin nanocomposites get
weaker, identifying the successful encapsulation of thrombin on the
surface of MOFs nanosheets through hydrogen bond. The reason for the
fluorescence enhancement of MOFs nanosheets in this system may be
the formation of a conjugate junction between MOFs nanosheets and
thrombin, thus causing reduction of surface defects on MOFs na-
nosheets. The UV–vis absorption of the MOFs-thrombin nanocompo-
sites was greatly higher with the presence of thrombin (Fig. 1E), which
indicated that the enhancement fluorescence intensity may be induced
by the increase in the excitation wavelength [32]. These results in-
dicated that functionalization of thrombin onto MOFs nanosheets could
effectively reduce its surface defects, thereby enhancing the

fluorescence emission (Scheme 1A).

3.2. Construction of fluorescence biosensor

Considering the strong fluorescence of MOFs-thrombin nano-
composites, we aim to utilize this novel system to develop a new sen-
sing platform for specific determination. Hemin, as powerful electron
receptor, was found to have a strong quenching effect on fluorescence
of MOFs-thrombin nanocomposites, offering a possibility for its ana-
lysis, as depicted schematically in Scheme 1C. To obtain optimal sen-
sing performance of the proposed chemical probe, experimental con-
ditions were systematically investigated (Fig. 2). Firstly, the thrombin
concentration response to the fluorescence intensity of MOFs was in-
vestigated. In Fig. 2A, the fluorescence intensity of MOFs-thrombin
nanocomposites stably enhanced about double than the original MOFs
nanosheets when 62.5 μg/mL of thrombin was incorporated into 300 μL
MOFs nanosheets (25 μg/mL) suspended liquid. Therefore, the con-
centration of thrombin 62.5 μg/mL was chosen for the further experi-
ment. The effect of functionalized reaction time between MOFs na-
nosheets and thrombin in solution was shown in Fig. 2B. The FL
intensity enhanced with the increasing of reaction time and then

Fig. 1. A: TEM image of MOFs nanosheets B: TEM image of MOFs-thrombin nanocomposites. C: XRD spectra of MOFs nanosheets. D: Fluorescence emission spectra of
MOFs nanosheets and MOFs-thrombin nanocomposites. The concentration of MOFs nanosheets: 3.75 μg/mL, thrombin: 62.5 μg/mL. E: UV–vis spectra of MOFs
nanosheets, thrombin and MOFs-thrombin nanocomposites. The concentration of MOFs nanosheets: 3.75 μg/mL, thrombin: 62.5 μg/mL. F: FTIR spectra of materials
and the system. a: FTIR spectra of NH2-H2BDC; b: MOFs nanosheets; c: MOFs-thrombin nanocomposites.
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reached a relatively stable value after 30min, so the suitable time was
30min for the combination MOFs nanosheets with thrombin. The effect
of the buffer solutions, such as sodium acetic acid-sodium acetate, Tris-
HCl and PBS buffer solutions on the fluorescence intensities of the
system was discussed. The results illustrated that Tris-HCl was the op-
timal buffer solution for the system. The pH range of the system is an
important relevant to MOFs-thrombin nanocomposites formation and
the fluorescence detection of hemin. Considering the probable appli-
cation in real samples, pH 7.4 Tris-HCl was chosen as the optimal pH
value for the further experiments. According to the results shown in
Fig. 2C and 200 μL of Tris-HCl buffer solution of pH=7.4 was then
chosen for the reaction. The incubation time of MOFs-thrombin nano-
composites combination with hemin was discussed. After the incuba-
tion time for 10min, the fluorescence intensity signal increased and
approached a stable platform (Fig. 2D). Consideration of the sensitivity
and time efficiency of the system, 10min was chosen for further ex-
periments.

3.3. Mechanism of the fluorescence sensing

To explore the mechanism of the fluorescence quenching of MOFs-
thrombin nanocomposites by hemin, the TEM observations (Fig. 3A)
confirmed the dissociation of MOFs-thrombin nanocomposites and the
formation of thrombin-hemin complex. Besides, the corresponding SEM
images (Fig. S3) were obtained. From the SEM images, the structure and
morphology of MOFs-thrombin nanocomposites changed from mono-
dispersed spherical particles to cubic aggregation and thrombin-hemin
aggregation. We know that thrombin was immobilized onto MOFs na-
nosheets surfaces through hydrogen bonding or electrostatic attraction
between -NH2 of MOFs nanosheets and -COO- of thrombin. So we
speculated that hemin could compete to bind with thrombin through
intermolecular hydrogen bonding interaction, leading to disintegration
of MOFs-thrombin nanocomposites and resulting in cubic aggregation
of nMOFs. To confirm the speculation, UV–vis absorption spectra of
thrombin, hemin and thrombin-hemin complex were obtained and
shown in Fig. 3B. It can be seen that the slight blue shift absorption
peak is assigned to the n−π* transition of the C]O band at about
325 nm [33], which indicated that hemin may react with thrombin and

form thrombin-hemin complex. As further evidences for the formation
of thrombin-hemin complex, FTIR spectra of hemin (-C]O,
1700 cm−1) changed obviously and was shown in Fig. 3C. It indicated
that hydrogen bonds may play a key role in the interaction between
thrombin and hemin.

As we all know, hemin has powerful electron receptor effect and can
accept the excited state electron [34]. In this case, we studied the in-
teraction between MOFs nanosheets and hemin to further explain the
fluorescence quench mechanisms. From Fig. S4, it can be seen that the
fluorescence of MOFs nanosheets was quenched by hemin with a series
of different concentrations, which indicated that hemin was a crucial
factor in quenching FL of MOFs nanosheets. Therefore, we deduced that
excited state electron of MOFs-thrombin nanocomposites was captured
by hemin when MOFs-thrombin nanocomposites were excited by UV
light (365 nm), which induced the electron-hole of MOFs-thrombin
nanocomposites cannot be combined and FL of MOFs-thrombin nano-
composites was quenched by hemin. To verify the process of FL
quenching, time-resolved fluorescence decay spectra (Fig. 3D) in the
absence and presence of hemin were obtained and it indicated that the
fluorescence lifetime of MOFs-thrombin nanocomposites unchanged
after addition hemin, which illustrated that the fluorescence quenching
of MOFs-thrombin nanocomposites triggered by hemin may be dom-
inantly due to static quenching effect rather than dynamic quenching
effect [35]. Therefore, photoinduced electron transfer and the cubic
aggregation of nMOFs might synergistically induce to FL quenching of
MOFs-thrombin nanocomposites.

3.4. Sensitivity and selectivity

Under the optimum experimental conditions, applicability of the
sensing system for quantitatively detection of hemin was evaluated. As
shown in Fig. 4A, the fluorescence of the MOFs-thrombin nano-
composites was quenched obviously with increasing the concentration
of hemin with a wide response range (0.16 μg/mL-12.5 μg/mL) and a
very low detection limit (0.047 μg/mL, 3σ/K) with a regression coeffi-
cient of 0.9932. The linear regression equation is
I=172.44C+ 166.08 (where C is the concentration of hemin, μg/mL).
The relative standard deviation (RSD) for eleven replicate detection is

Fig. 2. A: The effect of thrombin concentration on
MOFs nanosheets fluorescence intensity. MOFs na-
nosheets: 3.75 μg/mL, Tris-HCl, pH=7.4, 200 μL. B:
The effect of incubation time on MOFs nanosheets-
thrombin nanocomposites fluorescence intensity.
MOFs nanosheets: 3.75 μg/mL, thrombin: 62.5 μg/
mL, Tris-HCl, pH=7.4, 200 μL. C: The effect amount
of Tris-HCl on MOFs nanosheets-thrombin nano-
composites-hemin fluorescence intensity. MOFs na-
nosheets: 3.75 μg/mL, thrombin: 62.5 μg/mL, Tris-
HCl, pH=7.4. D: The time dependent fluorescence
intensity of the system after addition of hemin. MOFs
nanosheets: 3.75 μg/mL, thrombin: 62.5 μg/mL,
hemin 12.5 μg/mL, Tris-HCl, pH=7.4, 200 μL.
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2.7%. It indicates that the developed strategy is sensitivity and will be a
valuable strategy for detection hemin.

To evaluate the stability of the developed strategy, the high se-
lectivity is important in real sample detection. Therefore, the selectivity
of the MOFs-thrombin nanocomposites fluorescence sensing system was
estimated and shown in Fig. 4B. Besides, the effects of five other kinds
of enzyme and protein, including lysozyme, trypsin, papain, BSA and
HSA at the same concentration of hemin, on the fluorescence response
of MOFs-thrombin nanocomposites containing 12.5 μg/mL hemin were
investigated simultaneously. From the experimental results, it can be
found that the fluorescence intensity of MOFs-thrombin nanocompo-
sites was significantly quenched by hemin, however, almost no effect of
the fluorescence intensity was observed in the presence of other enzyme
and protein. Considering the complex components of the human serum
samples, the selectivity of the MOFs-thrombin nanocomposites-based
biosensor for hemin over some commonly existing cation, anions and
amino acid including Na+, K+, Ca2+, Mg2+, Cl−, NO3−, SO42−, gly-
cine, tryptophan, valine, leucine, phenylalanine, proline, serine, as-
paragine, lysine, arginine, glutamic acid were considered. The experi-
mental results indicated that common cation, anions and amino acids
have no effect on the biosensor performance. Obviously, the results
indicated that the MOFs-thrombin nanocomposites biosensing system
exhibits high selectivity for hemin.

3.5. Application in human serum samples

The potential application of the MOFs-thrombin nanocomposites to
detection of hemin in human serum samples was verified. Volunteers
(Sichuan university Hospital, Chengdu, China) supplied human serum
samples. The International Ethical Guidelines for Biomedical Research
Involving Human Subjects were conformed in all experimental proce-
dures, and protocols were approved by Medical ethics committee of
Sichuan University. 200 μL of human serum samples was added into a
2mL reaction tube. Following the experimental procedure, RSD and
recovery were examined by using the method of standard addition. The
results were displayed in Table S1. The recoveries for samples detection
were in the range of 97%–101%. The results indicated that the devel-
oped strategy was suitable for hemin assay in human serum samples
with high reliability and accuracy.

3.6. Universality of the strategy

The universality of present proof-of-concept was demonstrated by a
homogeneous model, which was implemented for detection of folic
acid. As shown in Scheme 1B, Au NCs adsorbed on the surface of the
MOFs nanosheets through electrostatic attraction, and self-assembly of
the MOFs-Au NCs nanocomposites. After the FA introduced, Au NCs

Fig. 3. A: TEM image of MOFs-thrombin nano-
composites-hemin complex. B: UV–vis spectra of
hemin, thrombin and thrombin-hemin complex. The
concentration of MOFs nanosheets: 3.75 μg/mL,
thrombin: 62.5 μg/mL, hemin: 12.5 μg/mL. C: FTIR
spectra of materials and the products. a: FTIR spectra
of hemin; b: MOFs nanosheets-thrombin nano-
composites; c: hemin-thrombin complex. D: Time-
resolved fluorescence decay spectra of thrombin
functionalized MOFs nanosheets and MOFs na-
nosheets-thrombin nanocomposites-hemin complex.

Fig. 4. A: Fluorescence spectra and validation (in-
sert) of the use of MOFs-thrombin nanocomposites as
probe for detection of hemin. MOFs-thrombin nano-
composites: MOFs nanosheets 3.75 μg/mL, thrombin
62.5 μg/mL, Tris-HCl, pH=7.4, 200 μL. B:
Selectivity of the MOFs-thrombin nanocomposites
biosensor for hem in presence of interference. The
concentration of them is 12.5 μg/mL, respectively.
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competed to bind with FA to form Au NCs-FA complex, thus leading to
quenching of fluorescence of the MOFs-Au NCs nanocomposites
(Scheme 1D). From the results shown in Fig. 5, it could be seen that
TEM was utilized to characterize the MOFs nanosheets (Fig. 5A). It il-
lustrated that MOFs nanosheets remained drastic aggregation. After Au
NCs was added into the MOFs nanosheets suspended liquid, MOFs-Au
NCs nanocomposites were formed (Fig. 5B). Meanwhile, fluorescence of
Au NCs declined while that of MOFs-Au NCs nanocomposites increased
(Fig. 5C) when Au NCs adsorbed on surface of MOFs nanosheets, il-
lustrating the formation of MOFs-Au NCs nanocomposites. It was fur-
ther confirmed by UV–vis spectra deriving from the interaction between
Au NCs and MOFs nanosheets (Fig. 5D), where an apparently new ab-
sorption peak at 275 nm appeared. Interestingly, the resonance light
scattering intensity of the MOFs nanosheets gradually decreased
(Fig. 5E) and the fluorescence intensity of the MOFs-Au NCs nano-
composites increased (Fig. 5F) with the presence of Au NCs of in-
creasing concentrations. We concluded that the water solubility of the
MOFs-Au NCs nanocomposites improved obviously [36], and it may be
the reason of fluorescence enhancement of MOFs-Au NCs nanocompo-
sites.

We further researched the impact of FA on MOFs-Au NCs nano-
composites by means of TEM and UV–vis absorption spectroscopy.
According to TEM images in Fig. 6A, we speculated that FA could bind
with Au NCs, which induced desorption of Au NCs from the MOFs-Au
NCs nanocomposites surface and aggregated to form Au nanoparticles
(Au NPs) and finally self-assembled Au NPs-FA complex. The UV–vis
spectra results (Fig. 6B) showed that there were two peaks at 280 nm
and 350 nm for FA, while intensity of the absorption peak at 280 nm
was weakened after interaction with MOFs-Au NCs nanocomposites. As
energy receptor and photoelectron acceptor, lead to quenching of the
fluorescence of the MOFs-Au NCs nanocomposites.

Under the optimum experimental conditions (Fig. S5), fluorescence
spectra of the MOFs-Au NCs nanocomposites after addition to different
concentrations of FA were measured. Fig. 6C showed the relationship
between the quenched fluorescence of the MOFs-Au NCs nanocompo-
sites and the FA concentration, and the inset showed the related cali-
bration curve. The results illustrated the linear range of
0.153–17.5 μmol/L and LOD of 45 nmol/L (3σ/K) for FA, which is much
lower than the average FA level in human serum. Therefore, the de-
veloped method is expected to be used for FA detection in human serum

Fig. 5. A: TEM image of MOFs nanosheets. B: TEM image MOFs-Au NCs nanocomposites. C: Fluorescence emission spectra of Au NCs, MOFs nanosheets and MOFs-
Au NCs nanocomposites. Au NCs: 5 μmol/L, MOFs nanosheets, 3.75 μmol/L. D: UV–vis spectra of the materials. a: Au NCs, b: MOFs nanosheets, c: MOFs-Au NCs
nanocomposites. d: MOFs-Au NCs nanocomposites (MOFs nanosheets as reference). RLS spectra (E) and Fluorescence spectra (F) of MOFs nanosheets in the presence
of different concentration of Au NCs. K: MOFs nanosheets. The concentration of MOFs nanosheets: 3.75 μmol/L. 1–8: Au NCs: 0.25, 0.5, 0.75, 1, 2, 4, 6, 8 μmol/L.
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samples. Subsequently, we tested interferences of various cations, an-
ions and biomolecules commonly existed in human serum samples on
the proposed sensing system so as to evaluate its feasibility. From the
results in Fig. 6D, it was found that apart from FA, all the tested sub-
stances nearly had no quenching effect on fluorescence of MOFs-Au NCs
nanocomposites, illustrating the high selectivity of this strategy for FA
detection. Based on the excellent analytical performance of the pro-
posed method, the application of MOFs-Au NCs nanocomposites as a
fluorescence probe for detecting FA in human serum was carried out.
The recoveries for samples detection via standard addition method
were in the range of 98%–103% and the relative standard deviation was
3.3% (Table S2). This method exhibits outstanding in a range and sa-
tisfactory selectivity and successfully applied to FA detection in serum.
The comparison between the properties of merit of MOFs-Au NCs na-
nocomposites probe with the previously reported (Table S3). It illu-
strated that the biosensor may be categorized among the good FA probe
ever reported. All the results show that the MOFs-Au NCs nano-
composites has a good application prospects in the construction of
biosensors.

4. Conclusions

This work achieved that the strategies can be apply to multiple
targets with only modulating encapsulant. The introduction of multiple
encapsulant triggered the binding with targets and subsequent forma-
tion of specific binding complex. This work designs a new system in-
volving enhancement nMOFs fluorescence through formation of MOFs
nanocomposites that can be utilized to improve the sensitivity and se-
lectivity of fluorescence biosensors for detection hemin and FA.
Compared to the traditional MOFs, encapsulated enhancement water
solubility fluorescence nMOFs show the specific and excellent appli-
cation prospect. The strategies avoids complex labeling processes and
do not require troublesome procedures. The MOFs-thrombin nano-
composites and MOFs-Au NCs nanocomposites were obtained via one-
pot encapsulation of MOFs nanosheets with thrombin and Au NCs re-
spectively, which showed better water solubility and higher fluores-
cence properties. This research also provided a successful strategic

thought for exploring new and interesting properties of functionalized
nMOFs and extending their applications in analytical chemistry.
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