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HIGHLIGHTS

e The loading rate of DNA cross-linked
hydrogel-capped mesoporous silica
nanoparticles was effectively
increased.

e MIL-101 (Fe), as a signal amplified
material, improved the detection
sensitivity.

e The aptamer DNA chain acts as a
“switch” to prevent luminol from
leaking.

e The CL biosensor was successfully
used for adenosine determination in
actual samples.

ARTICLE INFO

Article history:

Received 16 September 2021
Received in revised form

9 December 2021

Accepted 17 December 2021
Available online 7 January 2022

Keywords:

Chemiluminescence

Adenosine

Metal organic framework

Magnetic mesoporous silica nanoparticles
DNA hydrogels

GRAPHICAL ABSTRACT

o g 23R

DNA wrapping

9
OOE

4 Moo @ Asdenosine ++
“; Fe;0,@nSi0,@msio, ,,9,, Luminol +++
Q222 st t;"

Loading

ABSTRACT

At present, a host of high-sensitivity and selective tumor marker detection methods play a central role in
various research fields and assay platforms. Here, a method for DNA cross-linked hydrogel-capped
magnetic core-shell structure mesoporous silica nanoparticles (Fe304@nSiO,@mSiO;) based on target
stimulus was proposed. Specifically, Fe304@nSiO,@mSiO, nanoparticles with nucleic acid promoter units
were prepared. The promoter induces the predesigned modified polyacrylamide DNA strand to carry out
hybridization chain reaction on the surface of Fe304@nSiO,@mSiO, nanoparticles, forming a hydrogel
coating on the surface of Fe304@nSiO,@mSiO, nanoparticles. Under the stimulation of adenosine,
Fe304@nSi0,@mSiO; released the signal molecule luminol. Simultaneously, the MIL-101 ( Fe ) material,
a signal amplification molecule, was released from the DNA hydrogel. Compared with the traditional
gated mesoporous silica system, the DNA hydrogel-coated Fe304@nSiO,@mSiO; is not easy to leak and
has a higher loading capacity. In addition, the optical background of DNA hydrogels is low, combined
with MOFs materials, even about 1.4 x 10~'° M adenosine can be detected in this biosensor. Based on the
combination of DNA hydrogels, MOFs conjugates and gating systems, the construction of biosensors will
be more eye-catching, which will expand new ideas for biosensor platform manufacturing.
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1. Introduction

Adenosine is an endogenous regulator of neuronal excitability
and has anticonvulsant and neuroprotective effects. In addition,
adenosine overexpression is often associated with tumorigenesis
[1]. Fast-growing solid tumors can cause local hypoxia in the tissues
and accumulate large amounts of adenosine [2]. Therefore, the
detection of adenosine content is of great significance for the
practical clinical diagnosis of solid tumors. Biosensors are basic
tools for analyzing biomarkers variations in vivo. Recently, people
have made tremendous efforts to build varieties of promising
biosensor platforms (including fiber optic particle plasmon reso-
nance biosensor [3], photoelectrochemical biosensor [4], optical
biosensor [5], fluorescent biosensor [6—8], microbial fuel cells
(MFCs) biosensor [9], electrochemical biosensor [10], colorimetric
biosensor [11—14] to effectively detect biomarkers. With its unique
advantages of low background noise, high sensitivity and simple
instrument [15], chemiluminescence has stimulated researchers’
strong interest in biosensor design, and its applications range from
environmental analysis to clinical diagnosis and related fields. The
most classic chemiluminescence reaction is that luminol is oxidized
by hydrogen peroxide in alkaline medium [16,17]. He et al. prepared
AuNPs/MOGs (Fe) using an in-situ growth method and discovered a
new chemiluminescence method for detecting organophosphorus
pesticides [18]. Lu et al. constructed a chemiluminescence sensor
based on FeCo alloy@N-doped carbon layers with peroxidase-like
activity, and the sensor successfully detected glucose [19]. Based
on this, it is necessary to find some methods to expand the appli-
cation of chemiluminescence. But bioensors that combine the ad-
vantages of chemiluminescence and controlled release systems are
rare [20—22].

The latest report about mesoporous silica and its derivatives has
been widely used in controlled release systems. The system can be
triggered by different stimuli, such as temperature, pH, magnetic
field, etc [23—27]. Recently, a controlled release system based on
mesoporous silica nanoparticles has been combined with a variety
of detection technologies to establish biosensors for detecting
different targets. Mar Oroval et al. used MCM-41 to load rhodamine
B, and the aptamer chain blocked the mesopores of MCM-41
through electrostatic interaction. Based on this, the constructed
controlled release system successfully detects As(III) [28]. Gu et al.
used DNA nuclease or bacterial lysate to decompose the DNA gate,
the mesoporous silica released hemin to catalyze the chem-
iluminescence system, and finally successfully detected Escherichia
coli 0157:H7 (E. coli) or Staphylococcus aureus (S. aureus) [29].
Mesoporous silica is a strong candidate for the development of low-
cost chemiluminescent biosensors. However, the participation of
mesoporous silica in the traditional mesoporous silica controlled
release system will affect the background signal, so the intervention
of magnetic materials is necessary. In addition, the risk of leaking
the loaded material after the pore size is closed, compared with the
traditional controlled release technology, the controlled release
system that uses DNA hydrogels to block the mesoporous silica has
advantages. DNA hydrogel is a three-dimensional network formed
by Watson-Crick base pairing. DNA hydrogel has biocompatibility,
adjustable mechanical and chemical properties, and exhibits a
sensitive response to external stimuli [30]. These unique properties
make DNA hydrogels have great potential in applications such as
biosensors, environmental analysis, and controlled drug release
[31-33].

Classically, the chemiluminescence reaction based on luminol is
widely used for its low price and high sensitivity. But the original
chemiluminescence signal is very weak. Therefore, various nano-
zymes are widely used to amplify signals, such as metal-organic
framework [34—36] and DNA nanotechnology [37—40]. As a well-
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known metal-organic framework, the iron-based metal-organic
framework has the ability to combine with polymers, proteins, ions
and aptamers [41]. Many biosensors based on iron-based metal
organic frameworks have been studied, which can detect proteins,
nucleic acids, viruses, and cancer cells with high sensitivity and
selectivity [42,43]. He et al. used the electrostatic interaction be-
tween MIL-101 and aptamers to construct a fluorescent amplifi-
cation strategy biosensor for sensitive detection of thrombin and
oxytetracycline [44]. Luan et al. used DNAzyme-labeled Fe-MIL-88-
Pt combined with circular strand-displacement polymerization to
amplify the signal of the colorimetric biosensor platform. Finally,
the platform successfully detected chloramphenicol [45].

In this work, a chemiluminescence biosensor based on cross-
linked hydrogel-capped magnetic core-shell structure meso-
porous silica (Fe304@nSiO,@mSiO;) nanoparticles was designed.
First, the surface of the synthetic Fe304@nSiO,@mSiO, was modi-
fied by surface amination, and then the mesopores of Fe304@n-
Si0,@mSiO, were used to load a large amount of luminol. Finally,
the modified polyacrylamide DNA strands were cross-linked to
form the DNA hydrogel shell. The DNA hydrogel can retain the
skeleton structure of the hydrogel and make the DNA hydrogel
biocompatible. In addition, mil-101 (Fe), which as a peroxidase-
like, was incorporated into DNA hydrogels to amplify chem-
iluminescence signals. Adenosine binds to the aptamer through
strong specific recognition, which acts as a switch to open the gate
of the mesoporous silica, and then luminol as the signal molecule
was released. Magnetic mesoporous silica can effectively avoid
signal interference from loaded materials. This effective controlled
release system provides a potential method for the detection of
adenosine.

2. Experimental
2.1. Reagents and instruments

The detail was shown in Supporting Information. The DNA base
sequences are as follow: DNA1 (S1), 3’-GGCTTTCGAAGAA-
CA—(CH3)s—NH,-5"; DNA2 (S2), 3’-TTGGAAGGAGGCGTTAT-
GAGGGGGTCCAAGAGATATACCGAAAGCTTCTTG-5"; DNA3 (S3), 3'-
AACGCCTCCTTCCAA-Acrydite-5'; DNA4 (S4), 3'-TATATCTCTTG-
GACCCAATTCATGCATGACTAAGGGTTTAACTTGCTTGCCCTAGGT-
Acrydite-5"; DNA5 (S5), 3'-TACGTACTGATTCCCTTT—(CH;)s—NH>-5'.
These sequences were purchased from Sangon Biotech Company
(Shanghai, China).

2.2. Adenosine detection process

The prepared Fe;04@nSiO,@mSiO, was blocked by DNA
hydrogel for quantitative analysis of adenosine, the experimental
steps were as follows.

Step 1: Adenosine were added to the prepared DNA hydrogel-
capped Fe304@nSiO,@mSiO; and incubated for 60 min. The su-
pernatant was obtained.

Step 2: Sample and NaOH flow through the main pump, Tris-
buffer and H;0; flow through the vice pump. The flow injection
chemiluminescence analyzer was started to run for 311s to obtain
CL intensity (I), as shown in Fig. S1.

2.3. Synthesis of Fe304@nSi0,@mSiO2-S1 and MIL-101(Fe)—S5

The preparation of Fe304@nSiO,@mSiO; refers to the work that
has been reported. Method for preparing Fe3O4 was shown in
Supporting Information. At room temperature, 0.2 g Fe304 was
dispersed in 200 mL 0.1 M HCl and ultrasonically dispersed for
10 min. After magnetic separation, Fe304 was washed three times



Y. Hou, R. Han, Y. Sun et al.

with H0, and then was dispersed in the mixed solution containing
160 mL ethanol, 40 mL H,0 and 2 mL NH4OH. 0.2 mL Ethylsilicate
(TEOS) was added dropwise to the vigorously stirred mixed solu-
tion and reacted for 6 h Fe304@nSiO, was washed with ethanol and
H,O0 respectively. Fe304@nSiO; was ultrasonically dispersed in the
mixed solution containing 0.6 g cetyltrimethylammonium bromide
(CTAB), 160 mL H,0, 120 mL ethanol and 2.2 mL NH4OH for 30 min.
Then, the mixed solution was mechanically stirred. Then 0.6 mL
TEOS and 0.4 mL 3-aminopropyltriethoxysilane (APTES) were
added dropwise to it. After stirring for 6 h, the product was washed
with ethanol and H;O. Finally, in order to remove the porogen CTAB
in Fe304@nSi0,@mSi0,, the mixture of Fe304@nSi0,@mSiO, and
6 g/L ammonium nitrate-ethanol was transferred to a reactor with
Teflon liner and reacted at 110 °C for 48 h. The product was washed
with H,0 to obtain Fe304@nSiO,@mSiO, with mesoporous struc-
ture [46].

After 5 mg Fe304@nSiO,@mSiO, was activated by 0.1 mL
glutaraldehyde for 2 h, 5 uL 3 x 10~% M S1 was added it to incubate
overnight. The product was washed with Tris-HCl buffer and
magnetically separated. Fe30,@nSiO,@mSiO,-S1 was stored at 4 °C.

The preparation method of MIL-101(Fe) refers to previously
published work [47]. 0.6622 g FeCl3-6H,0 and 0.2246 g 2-
aminoterephthalic acid were dissolved in 15 mL DMF. Ultrasonic
treatment for 15 min to completely dissolve the solid, the mixed
solution was transferred to a reactor with Teflon liner and reacted
for 20 h at 110 °C. The dark orange solid was obtained by centri-
fugation, which was purified twice with hot ethanol (60 °C, 3 h).
Then, the purified product was dried at 70 °C for 30 min. Finally, the
material was activated in an oven at 150 °C for 8 h.

0.5 mL glutaraldehyde was added into 100 mg MIL-101(Fe) to
activate its amino group for 2 h, then 0.1 mL 2 x 10~% M S5 was
added the mixture and incubated for 8 h. After incubation, the
mixture was centrifuge and the product was washed with Tris-HCI
buffer. The product was stored at 4 °C.

2.4. Synthesis of DNA hydrogel-capped Fe30,@nSiO,@mSiO

4% acrylamide was added to the mixture containing 2.5 pL
0.1 mg/uL Fe304@nSi0,@mSi0,-S1, 5 uL 10> M S2, 5 ulL
12 x 107> M S3,12 pL 4.0 x 10°® M S4 and 12 pL 0.2 g/L MIL-
101(Fe)—S5, and deoxygenated at 37 °C for 10 min. The mixture was
added with APS (0.15%) and TEMED (0.125%) to initiate polymeri-
zation. The polymer solution was incubated at 80 °C for 5 min, then
incubated in an ice bath for 30 min to ensure effective closure be-
tween DNA. The residual monomer was removed by centrifugation.

3. Results and discussion
3.1. Experimental principles

In this work, a chemiluminescence biosensor based on cross-
linked hydrogel-capped Fe3;04@nSiO,@mSiO, nanoparticles was
constructed. Firstly, the surface of the Fe304@nSi0,@mSiO, was
modified by amination, then the mesopores of Fe304@nSiO,@m-
SiO, were used to load a large amount of luminol as the signal
molecule. Finally, the modified polyacrylamide DNA chains were
cross-linked to form DNA hydrogel. DNA hydrogel serves as a shell
to retain the backbone structure of the hydrogel and make the DNA
hydrogel biocompatible. In addition, as a peroxidase-like MIL-
101(Fe) was also integrated into the DNA hydrogel to amplify the
chemiluminescence signal. The controlled release system was
completed by adenosine stimulating the release of luminol from
Fe304@nSi0,@mSiO, by opening the DNA hydrogel shell. The
experimental schematic diagram is shown in Fig. 1.
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3.2. Characterizations of Fe304@nSiO,@mSiO

In Fig. 2(A-E), Fe304@nSi0,@mSiO; has the core-shell structure
with a uniform size of about 800 nm. The TEM image and SEM
image of Fe30,4@nSiO,@mSiO, with multiple images clearly shows
that the thickness of the silicon dioxide layer of Fe304@nSiO; was
about 10 nm, and the thickness of the mSiO, shell of Fe304@n-
Si0,@mSiO, prepared after acetone removal of the CTAB template
was about 50 nm. As shown in Fig. 2(F), in contrast to the smooth
spherical shape of Fe304@nSi0,@mSiO,, the introduction of Mil-
101(Fe) causes the sphere to appear as an octahedral tip, which is
attributed to the successful attachment of Mil-101(Fe) to
Fe304@nSi0,@mSiO, and indicates the successful synthesis of
Fe3;04@nSi0O,@mSiO,-MIL-101(Fe). The additional TEM image
(Fig. S2) and EDS spectrum (Fig. S3) further confirmed the suc-
cessful preparation of Fe304,@nSiO,@mSiO,-MIL-101(Fe).

In Fig. 3(A), the XRD image further was shown that the crystal
form of the prepared Fe304@nSiO,@mSiO; is perfect. The FTIR
spectrum of Fe30,4@nSi0,@mSiO, was shown in Fig. 3(B). 588 cm™!
is the characteristic vibration peak of Fe—0, and 1076 cm™! is the
stretching vibration peak of the partial Si—0—Si group. 1647 cm™! is
the bending vibration peak of —NHj, and 2844 cm™~! and 2923 cm™!
are the stretching vibration absorption peaks of carbon-hydrogen
bond. The removal of CTAB in the material leads to a decrease in
the intensity of the absorption peak of C—H bond. 3447 cm ! is the
bending vibration peak of O—H. The FTIR spectroscopy showed that
Fe304@nSi0,@mSiO, was successfully prepared. According to the
BET characterization in Fig. 3(C), Fe304@nSiO,@mSiO; is a meso-
porous nanomaterial with a pore diameter of about 3.5 nm and a
specific surface area of 234.89 m?/g. As shown in the UV spectrum
(Fig. S4), the peak value of luminol after wrapping is significantly
reduced compared with that before wrapping, which indicates that
luminol was well encapsulated in the pore cavity of Fe304@n-
Si0,@mSiO; through oligonucleotide chains (S1-S5).

3.3. Characterizations of MIL-101(Fe)

The SEM image of Fig. 3(D) shown that MIL-101(Fe) has a uni-
form octahedron, which is consistent with the work reported in
previous reports. In the FTIR spectrum of MIL-101(Fe), the charac-
teristic peak of O—H appears at 3462 cm™ . The peak at 3379 cm™!
is the stretching peak of N—H. The strong peak at 1592 cm™! is
attributed to the stretching peak of 0—C—0. The peak at 533 cm™!
corresponds to the characteristic peak of Fe—O. In Fig. 3(F), the
diffraction peaks at 26 = 5.6°, 5.8°, 8.4°, 9.0°, 10.3° and 16.5°
correspond to (440), (531), (822), (911), (1022) and (1571) crystal
planes of MIL-101(Fe) (CCDC 665510). The BET characterization of
MIL-101(Fe) (Fig. S5) shows the specific surface area of MIL-101(Fe)
is 28.25 m?/g, and average pore diameter is 24.9 nm. The above
proves that the synthesis of MIL-101(Fe) was successful.

3.4. Mechanism exploration

As shown in Fig. 4(A), the maximum emission wavelength in the
MIL-101(Fe)-luminol system is 450 nm, which is the same as the
luminol system. This means that the excited 3-aminophthalate
anion in the MIL-101(Fe)-luminol system is the luminophore.
H,0,; is decomposed into free radicals by MIL-101 (Fe) to undergo a
chemiluminescence reaction with luminol. Phenylhydrazine and
thiourea are - O3 and -OH radical quenchers, respectively. As shown
in Fig. 4(B), phenylhydrazine and thiourea were added to the sys-
tem to prove the existence of -0O3 and -OH radicals. It was also
found that the chemiluminescence intensity of the system con-
taining the catalyst MIL-101 (Fe) was more than 5 times that of the
system without MIL-101 (Fe). Next, experiments were performed in
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Fig. 1. Schematic illustration of the CL biosensor.
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Fig. 2. The TEM images (A—D) and SEM image (E) of Fe30,@nSi0,@mSiO,, the TEM imageof Fe304@nSiO,@mSiO,-MIL-101(Fe) (F).

N>, O2 and air atmospheres, and it was found that oxygen is of vital
importance in chemiluminescence biosensors.

3.5. Optimization of experimental conditions

A standard curve of luminol was drawn with the concentration
range of 0.4—4.0 mol/L 50 pL 0.1 mg/uL Fe304@nSiO,@mSiO,-S1,

1.2 mL 0.01 M luminol and 50 pL 10~> M S2 into a 50 mL volumetric
flask. And shake for 24 h at 37 °C to detect the CL signal of the su-
pernatant. Calculate the loading of Fe304,@nSiO,@mSiO5. In Fig. 5(A),
the chemiluminescence value of the supernatant after Fe304@n-
Si0,@mSiO, was loaded with luminol. According to the calculation,
the saturation capacity of luminol on Fe304@nSiO,@mSiO, was
Q = Muminol:NFe304@nSi0,@mSiO; = 1.12 pmol/mg (194.42 pug/mg),
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Fig. 4. The CL spectrum. (A) luminol-H,0, and luminol-MIL-101 (Fe)—H,0,. (B) luminol -MIL-101 (Fe)—H,0,-phenylhydrazine (a); luminol -PBS-H,0 (b); luminol -MIL-101 (Fe)—
H,0,-thiourea (c); luminol -MIL-101 (Fe)—H,0; (d). (C) luminol -MIL-101 (Fe)—H;0,—N, (a); luminol -MIL-101 (Fe)—H,0,—0; (b); luminol -MIL-101 (Fe)—H;0-air(c). luminol:

3.0 x 107 mol/L; MIL-101 (Fe): 0.02 mg/mL; NaOH: 0.05 mol/L; H,0,: 0.04 mol/L.

which means 198.42 pg of luminol is loaded on 1 mg of Fe304@n-
Si0,@mSiO,. A series of 50 uL 0.1 mg/uL Fe304@nSiO,@mSiO,-S1,
560 uL 0.01 M luminol and 50 pL 10~> M S2 were prepared. The above
solutions were adjusted to 50 mL with Tris buffer. Pipette the mixed
solution of different loading time, detect the chemiluminescence
signal and compare the intensity with the chemiluminescence
analyzer. According to the change of chemiluminescence intensity,
the optimal loading time of Fe304@nSiO,@mSiO, to luminol was
measured. Fig. 5(B) showed the study of the optimal loading time of
Fe304@nSi0,@mSiO, loading luminol. The CL intensity decreases
with the increase of loading time, which is caused by the gradual
loading of luminol into Fe304@nSi0,@mSiO,. After 3 h, the chem-
iluminescence signal was stable, indicating that the loading reaction
was complete. Therefore, the loading time was 3 h. Fig. 5(B) also
further proved that the adsorption capacity of Fe304@nSiO,@mSiO;
loaded luminol was 1.12 pmol/mg.

In this work, luminol-H,0, was used as the chemiluminescence
system. In order to obtain the maximum chemiluminescence in-
tensity to ensure the system has high sensitivity, the luminescence
conditions that can affect the chemiluminescence intensity of the
system were optimized by controlling the single variable method.
As shown in Fig. 5 (C—F), the optimal conditions for the flow rate of
the main pump, the flow rate of the vice pump, the concentration of
NaOH and the concentration of HO, were 15 r/min, 35 r/min,
0.050 mol/L and 0.04 mol/L, respectively. Furthermore, optimize
the reaction time of adenosine and hydrogel shell. Adenosine
stimulates the hydrogel shell, Fe304,@nSiO,@mSiO, releases lumi-
nol to produce chemiluminescence signals. In the absence of
adenosine, the possibility of leakage of Fe304@nSiO,@mSiO;
encapsulated by hydrogel is small. As shown in Fig. 6(A), the
optimal time for adenosine to react with the hydrogel shell was
60 min.
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Table 1

Comparison results of different methods.
Methods Liner range (mol/L) Detection limit (mol/L) references
colorimetric biosensor 2x10°%-50x10°© 1.7 x 107 [48]
colorimetric biosensor 5x107%-50 x 10°° 048 x 1076 [49]
electrochemical biosensor 10 x 1072 -100 x 10~° 10 x 107° [50]
SERS biosensor 5x10°-5x10"7 5x107° [51]
ECL biosensor 1.0x10°-1.0x 10°% 2.7 x 10710 [52]
electrochemical biosensor 5 x 1079 - 2000 x 10~° 5x107° [53]
fluorescence biosensor 1x10%-6x107° 1.3 x 1077 [54]

This work 0.01 x 10°8-100 x 108

14 x 10710 -

3.6. Analytical performances study

In Fig. 6(B), the chemiluminescence signal increases with the
increase of adenosine concentration in the solution, which lays
the foundation for the subsequent detection of adenosine. Based
on the above exploration, a series of standard concentration
adenosine solutions were prepared. Under the best experimental
conditions, the flow rate of the main pump was 15 r/min, the
flow rate of the vice pump was 35 r/min, the NaOH concentration
was 0.050 mol/L, and the concentration of HyO, was 0.04 mol/L,
the chemiluminescence intensity of adenosine solution was
measured. The drawn working curve was shown in Fig. 6(C). In
the range of adenosine concentration of 0.01 x 10~% mol/L-
100 x 1078 mol/L, there was a good linear correlation between
chemiluminescence intensity and logarithm of adenosine con-
centration, the linear equation was I = 5762.27 + 484.74 log
Cadenosine, RZ = 0.99, the detection limit was 1.4 x 10~ mol/L.
The chemiluminescence intensity increased with the increase of
adenosine concentration in the system. Because as the concen-
tration of adenosine increases, the hydrogel shell was hydrolyzed,
the luminol was released from Fe304@nSiO,@mSiO,, and MIL-101
(Fe) catalyst enters the solution, which leads to the enhancement
of chemiluminescence signal.

Table 1 showed the comparison between this work and plat-
forms that have been published to detect adenosine. Among the
many distinguished detection platforms, the chemiluminescence
method still has the advantage of high sensitivity.

3.7. Repeatability and selectivity performances study

The reproducibility study of the sensing platform was shown
in Fig. 6 (D, E). Fig. 6 (D) shown that continuous detection of the
chemiluminescence signal of the same sample, and it is found
that the change of the chemiluminescence signal was within a
controllable range. Moreover, seven samples of the same con-
centration were prepared to study the difference between
duplicate samples. As shown in Fig. 6(E), the RSD of the chem-
iluminescence signal in the seven samples was 2.0%. In this work,
the sample with only adenosine standard solution was the con-
trol group. The chemiluminescence signals were detected on the
solutions containing interfering substances such as lysozyme,
glycine, uric acid, epinephrine, urea, glucose, bovine serum al-
bumin (BSA), SO7~ and K*. All the selected interferers are easily
existing or common substances in the body environment. In
addition, interference experiments were also carried out on the
chemiluminescence method for detecting adenosine in the
absence of MIL-101 (Fe). Fig. 6(F) shows that the relative error of
the intensity signals of this proposed method was 1.5% while that
of the simple chemiluminescence method was 6.4%. This proves
that the proposed chemiluminescence aptamer sensor has good
selectivity and anti-interference ability.

3.8. Application of the CL biosensor

As shown in Table S1, under the best experimental conditions,
this method was used to detect the adenosine content in urine. The
recovery rate of standard addition was between 98.0% and 102.6%.
These results indicate that this method can productively analyze
adenosine in actual samples.

4. Conclusions

All in all, the constructed biosensor based on DNA cross-linked
hydrogel-capped magnetic core-shell structure mesoporous silica
nanoparticles has the following advantages: (1) Through DNA
cross-linked hydrogel-capped mesoporous silica nanoparticles, the
loading rate of Fe304@nSi0,@mSiO; was effectively increased. (2)
The aptamer DNA chain acts as a “switch” to prevent luminol from
leaking in advance. (3) The aptamer DNA chain specifically recog-
nizes adenosine, and the released luminol as the signal molecule in
the luminol chemiluminescence system. (4) The peroxidase-like
MIL-101 (Fe) loaded by DNA hydrogel has the effect of amplifying
the signal. In addition, the biosensor has been successfully applied
to the detection of adenosine in actual samples. This work can
provide theoretical help for other detection methods to detect tu-
mor markers. However, the proposed biosensor is currently only
available to detect adenosine in urine at the laboratory level, and
more samples need to be tested. Therefore, further research is
needed before the biosensor can be used in medicine.
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