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ABSTRACT: The functionalization of covalent organic frame-
works (COFs) with biomacromolecules can extend their functions,
which is the premise of their application in biomedical research.
However, strategies to functionalize COFs with biomacromole-
cules, which can ensure the stability in complex medium and
minimize the undesired effects, are still lacking. In this work, we
have proposed a strategy to functionalize COFs with DNA by
covalently linking DNA to the functional group on the COF
surface through Cu(I)-catalyzed azide/alkyne cycloaddition
(CuAAC) reaction. The as-prepared DNA-functionalized COFs (DNA-COFs) can exhibit good hybridization ability and cargo
loading ability; thus, we have designed a DNA-COF-based nanoprobe and then fabricated an electrochemical biosensor for the
detection of exosomes. In this design, the functionalization with DNA enables COFs to recognize and capture exosomes, and the
encapsulation of a large number of methylene blue (MB) in COFs facilitates signal amplification, which can enhance the sensitivity
of the biosensor. Moreover, by simply replacing the oligonucleotide sequences, the strategy proposed here can generally be used to
build different DNA-COFs with diverse functions for broader biomedical applications.

■ INTRODUCTION
Covalent organic frameworks (COFs), as an emerging kind of
porous material built from organic linkers via reversible
covalent bond formation, have received extensive attention
due to their distinguished properties.1−4 First, the high specific
surface area and tunable nanoscale channels make COFs ideal
carriers for cargo loading.1,2,5,6 Second, a great number of
available ligands allow COFs to achieve diverse structures and
functions.3,4 Third, the unsaturated sites of COFs enable them
to be postmodified, which can adjust or extend the properties
of COFs.7−9 Furthermore, compared with most nanoparticles,
COFs are more biocompatible and less toxic because they are
composed of solely light-organic elements.5,6 The above
properties may indicate the great potential of COFs in
biomedical applications. However, their biomedical applica-
tions are still very limited due to some reasons; for instance,
they lack recognition ability for specific biological entities.
To endow nanomaterials with biorecognition ability,

biomacromolecules are usually used to functionalize the
surface of nanomaterials.10−12 There are usually three
strategies to functionalize nanomaterials with biomacromole-
cules. The first strategy is the physical adsorption of
biomolecules on nanomaterials.12−14 Due to the weak
interaction between nanomaterials and biomacromolecules,
the as-prepared nanomaterials usually have poor stability in
complex environments. The second strategy is the post-
synthetic functionalization of nanomaterials with entities that
are amenable to modification of biomacromolecules.15,16 The
introduction of additional units often impacts the intrinsic

properties of nanomaterials. So, the third strategy, i.e., covalent
modification of the nanomaterials with biomacromolecules will
be ideal, which can ensure the stability in complex medium and
minimize the undesired effects.10,11,17 At present, the first two
strategies have been used to functionalize COFs,16,18−22 and
thus those functionalized COFs exhibit limited stability or
poor homogeneity as well as reduced porosity. To the best of
our knowledge, there is still no report to covalently
functionalize COFs with biomacromolecules.
Herein, we have first proposed a strategy for covalent

modification of COFs with DNA, and then developed an
electrochemical biosensor for the detection of exosomes based
on the DNA-functionalized COFs (DNA-COFs). Exosomes
are an emerging type of biomarkers, which carry more disease
information than traditional biomarkers.23−25 Therefore,
exosomes possess a significant detection value, which may
help to achieve more accurate and convenient early diagnosis.
However, the abundance of exosomes in biofluids is relatively
low, which hinders its clinical application. Presently, many
methods have been developed for the detection of exosomes,
such as enzyme-linked immunosorbent assays (ELISA),
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fluorescent assays, colorimetric assays, electrochemical bio-
sensors, and etc.26−30 Currently, there is an urgent need to
develop exosomes detection methods with high sensitivity,
high specificity, short detection time, easy operation, and low
cost. So, we have also fabricated an electrochemical biosensor
for the assay of exosomes by using our prepared DNA-COFs.

■ EXPERIMENTAL SECTION

Reagents and Apparatus. 1,3,5-Tris(4-aminophenyl)-
benzene (TPB) and tris[(1-benzyl-1H-1,2,3-triazol-4-yl) meth-
yl] amine (TBTA) were ordered from Aladdin Reagents Co.,
Ltd. 2,5-Bis(2-propynyloxy) terephthalaldehyde (BPTA) and
tetrahydrofuran were purchased from Shanghai Macklin
Biochemical Co., Ltd. Tris(2-carboxyethyl) phosphine hydro-
chloride (TCEP) were obtained from Beyotime Biotechnology
Co., Ltd. All oligonucleotides were synthesized and HPLC-
purified from Sangon Biotech Co., Ltd. The sequences of
oligonucleotides were listed in Table S1. All other reagents
were of analytical grade and used without further purification.
All solutions were prepared by Millipore water obtained from a
Millipore water purification system (Milli-Q, 18.2 MΩ).
The transmission electron microscopy (TEM) images were

acquired on a Tecnai G2 F20 S-TWIN instrument (FEI,
United States). X-ray diffraction (XRD) patterns were
recorded by a D8 Advance diffractometer (Bruker, Germany).
Fourier transform infrared (FT-IR) spectroscopy was
performed on a NEXUS640 infrared spectrometer (Nicolet,
United States). Fluorescence intensity was measured with an
F-7000 spectrometer (Hitachi, Japan). The electrochemical
measurements were conducted on a CHI660D electrochemical
workstation (CH Instruments, USA) with a platinum electrode
as the counter electrode, an Ag/AgCl electrode as the
reference electrode, and a modified gold electrode as the
working electrode.

Synthesis of COFs. COFs containing an alkyne group
were synthesized at room temperature according to a previous
report with a slight adjustment.31 Briefly, 70.3 mg of TPB and
72.65 mg of BPTA were dissolved in 25 mL of acetonitrile and
mixed by ultrasonic oscillation. Then 2 mL of 12 M acetic acid
were added into the mixture and swirled immediately for 10 s.
After standing for 72 h, the solution was centrifuged at 10 000
rpm for 10 min to obtain COFs precipitation. The obtained
COFs were washed three times with tetrahydrofuran and
ethanol and vacuum-dried at 60 °C. The collected COF
powder was stored at room temperature for further use.

Functionalization of COFs with DNA. COFs were
functionalized with DNA by CuAAC reaction between COFs
containing alkyne groups and DNA modified with azide
groups. Briefly, 1 mg of COFs was dissolved in 2 mL of
CuAAC Buffer (0.5 M NaCl, 50 μM CuCl2, 0.5% DMSO, 1
mM ascorbic acid, 200 μM TBTA, and 1 × PBS), and 20 μL of
N3-DNA were added. The solution was shaken at room
temperature for 4 h and then centrifuged at 10 000 rpm for 10
min. The collected precipitate was added to 1 mL 1×PBS
containing 1% BSA and allowed to shake for 4 h, followed by
centrifugation again at 10 000 rpm for 10 min. The precipitates
were washed three times and then dispersed in 1×PBS, and the
obtained DNA-COFs were stored at 4 °C for further use.

Hybridization Experiments of DNA-COFs. FAM-labeled
DNA (FAM-DNA) was used to verify the successful
functionalization of COFs with DNA and its complementary
pairing ability. Briefly, 1 μL of 100 μM FAM-DNA was added
into 200 μL of DNA-COFs solution (containing 1×PBS, 0.5 M
NaCl), and the solution was incubated at room temperature
for 1 h. The reaction solution was washed three times with
1×PBS and then suspended in 200 μL of 1×PBS for
fluorescence measurement.
Strand displacement assay was then performed. Briefly, 1 μL

of 100 μM Competitor DNA was added in 200 μL of DNA-

Scheme 1. Schematic Illustration for the Construction of DNA-COFs and Its Application on the Development of
Electrochemical Biosensor for the Detection of Exosomes
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COF solution hybridized with FAM-DNA, and the reaction
was performed at room temperature for 1 h. Then the reaction
solution was washed and dispersed with 1×PBS for
fluorescence measurement.
Preparation of COF Probe. To prepare the COF probe,

25 μL of 1 mg/mL MB solution was added in 1 mL of DNA-
COFs dissolved in 1×PBS (containing 0.5 M NaCl). The
solution was incubated for 24 h before the centrifugation to
remove the unloaded MB. Chol-DNA in 1×PBS (containing
0.5 M NaCl) was then added into the precipitate and reacted
at room temperature for 1 h. Finally, the mixture was washed
three times and then dispersed in 1×PBS to obtain COF probe
for further use.
Cell Culture and Exosome Isolation. The medium

supernatant of Hela cells was collected and centrifuged at
2000g for 20 min to remove large particles such as cell debris.
Then the larger vesicles were removed by centrifugation at
10 000g for 30 min and ultrafiltration with a pore size of 220
nm. The resulting solution was then centrifuged (120 000g, 2
h) to obtain the exosome precipitation. After being suspended
with 1×PBS, the obtained exosomes were stored at −80 °C for
use and the concentration of exosomes was determined by
nanoparticle tracking analysis (NTA).
Electrochemical Detection of Exosomes. Before the

detection of exosomes was performed, the gold electrode was
treated and modified according to our previous report.32 The
electrode was first soaked in piranha solution for 5 min and
polished in turn with 1.0 and 0.3 μm aluminum powders.
Then, the electrode was sonicated in ethanol and double-
distilled water for 5 min to remove the aluminum powder.
Finally, the electrode was scanned by cyclic voltammetry in 0.5
M H2SO4 and prepared for use. After being treated with TCEP
to reduce disulfide bonds, 10 μL of 1 μM CD63 aptamer were
added to the electrode surface and incubated for 1 h. Then the
electrode was rinsed with double-distilled water and incubated
with 10 μL of 2 mM MCH for 15 min to block the electrode.
To detect exosomes, 10 μL of exosomes were dropped on

the aptamer-modified electrode and incubated at room
temperature for 2 h. After being rinsed, the electrode was
incubated with a 100 μL of COF probe for 1 h. Finally, the
electrode was rinsed for electrochemical measurements.
Electrochemical impedance spectra (EIS) were performed in

5 mM [Fe(CN)6]
3−/4− electrolyte containing 1 M KCl with

the frequency ranging from 0.1 to 10k Hz. Square wave
voltammograms (SWV) were recorded from −0.4 to −0.1 V in
PBS. The data were obtained by three parallel measurements.

■ RESULTS AND DISCUSSION
Principle of the Method. The principle of the

functionalization of COFs with DNA and its further
application in electrochemical biosensing is illustrated in
Scheme 1. The alkynyl-COFs are first synthesized by the
condensation of TPB and BPTA at room temperature. Then,
the DNA-COFs are synthesized by directly functionalizing
azide-DNA on alkynyl-COFs. Specifically, using a Cu(I)-
catalyzed azide/alkyne cycloaddition (CuAAC) reaction,33,34

we have efficiently functionalized clickable alkynyl-containing
COFs (alkynyl-COFs) with azide-modified DNA (azide-
DNA). Significantly, the DNA-COFs exhibit good hybrid-
ization ability and cargo loading ability. Cholesterol-modified
DNA has the ability to recognize phospholipid bilayers and is
widely used in the isolation and detection of exosomes.35,36

MB is an excellent redox probe and has been widely employed

in the construction of electrochemical biosensors.37,38 Mean-
while, MB can be adsorbed to a variety of nanomaterials for
various applications.39,40 So, the fabricated DNA-COFs can
specifically recognize the exosome membrane after hybridizing
with cholesterol-tagged DNA, while the encapsulation of a
large number of methylene blue (MB) in COFs facilitates
signal amplification, which results in enhanced sensitivity.
To utilize the DNA-COFs in the construction of an

electrochemical biosensor, MB is first loaded into DNA-
COFs, followed by Chol-DNA hybridization. The affinity of
cholesterol to the phospholipid bilayer endows COFs with the
ability to target membrane vesicles. The rigid structure of
double strands causes cholesterol to have better orientation
and improved recognition ability. The biosensor can achieve
satisfactory detection performance. Moreover, since no enzyme
or additional reaction steps are needed, the fabricated
biosensor is simple to operate and easy to store, showing
excellent practical application potential. By simply replacing
the oligonucleotide sequences, the strategy proposed here to
construct DNA-functionalized COFs can also be generally
applied in other designs.
Therefore, the prepared COFs have redox reporting ability

and phospholipid bilayer targeting ability, so they are denoted
as a COF probe. For exosome detection, a CD63 aptamer-
immobilized electrode is first prepared to specifically recognize
and capture the exosomes via CD63 protein expressed on the
surface. Then, the COF probes are introduced onto the
electrode surface to form a sandwich structure. So, in the
presence of exosomes, a large number of MB loaded in the
DNA-COFs can be brought to the electrode surface and
generate great enhanced electrochemical response. Therefore,
exosomes can be detected and quantified with high sensitivity.

Characterization of DNA-COFs. Transmission electron
microscopy (TEM) and scanning electron microscopy (SEM)
analysis reveal that the obtained COFs are homogeneous
spherical particles with a diameter of 500 nm (Figure 1A, 1B).
The powder X-ray diffraction (PXRD) pattern of COFs is
consistent with previous studies31 and reveals that COFs have
good crystallinity (Figure 1C). Fourier transform infrared
spectroscopy (FT-IR) has been used to characterize the
functional groups on the fabricated COFs. As shown in Figure
1E, the FT-IR spectrum has obvious absorption peaks at 3300
and 2150 cm−1, corresponding to the CC−H bond and C
C bond in alkynyl group, respectively. These results indicate
that COFs do have an alkynyl group, which may be further
used for the functionalization of COFs by DNA molecules.
Further studies reveal that the prepared DNA-COFs have

better dispersion in aqueous solution, which can be stable in
solution without precipitation (Figures S1 and S2). The reason
is that the DNA functionalized on COFs increases the negative
charge of COFs, so the solubility of COFs is improved. To
prove that, we have measured the zeta potentials of COFs and
DNA-COFs. As shown in Figure 1E and Figure S3, the zeta
potential of COFs is about −26.5 mV. After functionalization
with DNA, the zeta potential of COFs decreases to about
−46.5 mV. The nitrogen adsorption−desorption isotherm of
the COFs at 77 K has also been performed (Figure 1F). After
DNA functionalization, the specific surface area of DNA-COFs
decreases from 496 m2/g to 130 m2/g and the pore volume
decreases from 0.41 cm3/g to 0.14 cm3/g. These results
indicate the presence of DNA on the COF surface. TEM and
SEM images show that the functionalization reaction has
negligible damage to the COF particles (Figures S4, S5). The
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DNA-COFs exhibit similar diffraction peaks with COFs in
PXRD patterns (Figure S6). All these results indicate the
successful functionalization of DNA on the COF surface.

The Hybridization Ability and Cargo Loading Ability
of DNA-COFs. Hybridization ability is one of the most
appealing characteristics when DNA is used for the
functionalization of nanomaterials. Therefore, we have carried
out a hybridization experiment to verify the hybridization
ability of DNA-COFs. Specifically, we have used a comple-
mentary FAM-labeled DNA (FAM-DNA) strand to hybridize
with the DNA molecules on COFs surface. We first measured
the emission spectrum of DNA-COFs, which shows
fluorescence emission in the wavelength range 500−650 nm,
while no obvious emission peak at 520 nm can be observed
(Figure 2A). However, after hybridization with FAM-DNA, a
new fluorescence peak arises at 520 nm, which is attributed to
the presence of FAM on the COF surface. In contrast, the
emission peak cannot be induced by a noncomplementary
FAM-labeled DNA, suggesting the FAM-DNA is sequence-
dependent hybridized to the DNA-COF surface. It is worth
noting that the DNA-COFs used here and later experiments
are passivated by BSA, which can reduce nonspecific
adsorption. In fact, the passivation can improve the hybrid-
ization ability of DNA (Figure S7). In addition, the
fluorescence intensity of DNA-COFs can be modulated by
adjusting the functionalization concentration of azide-DNA
(Figure 2C) and the hybridization concentration of FAM-
DNA (Figure S8). These results imply that our strategy can
accurately regulate the number of functional molecules on the
surface of COFs.
To further investigate the hybridization ability of DNA-

COFs, a DNA strand displacement assay has been carried out.
Specifically, a competitor DNA is used to displace the FAM-
DNA away from the surface of DNA-COFs, which has a longer
complementary sequence to FAM-DNA compared to azide-
DNA. As shown in Figure 2C, compared with the FAM-DNA-

Figure 1. (A) TEM images, (B) SEM images, (C) PXRD pattern, and
(D) FT-IR spectra of alkynyl-COFs. Scale bar is 500 nm. (E) ζ-
Potential of COFs and DNA-COFs. Error bars represent the standard
derivation of three independent experiments. (F) Nitrogen
adsorption−desorption isotherm of COFs and DNA-COFs.

Figure 2. (A) Fluorescence spectroscopy of DNA-COFs, DNA-COF hybridized with FAM-DNA, and DNA-COFs hybridized with
noncomplementary FAM-DNA. (B) Relationship between the fluorescence intensity of DNA-COFs hybridized with FAM-DNA and the
functionalization concentration of azide-DNA. (C) Fluorescence spectroscopy of FAM-DNA-COFs and FAM-DNA-COFs hybridized with
competitor. (D) UV−vis spectroscopy of DNA-COFs, MB, and MB@DNA-COFs. Inset is the photograph of MB@DNA-COFs. (E) The loading
amount and the loading ration at different MB concentrations. (F) Relationship between the loading amount and the incubation time. Error bars
represent the standard derivation of three independent experiments.
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COFs alone, the fluorescence intensity of FAM-DNA-COFs is
significantly decreased by the addition of competitor chains,
indicating the DNA-COFs can participate in strand replace-
ment reactions. Indeed, the decrease of fluorescence intensity
is concentration-dependent (Figure S9). All the results above
indicate that the obtained DNA-COFs possess satisfactory
DNA hybridization ability and wide application prospects.
High cargo loading capacity is one of the most important

characteristics of COFs in biomedical applications. Therefore,
we have explored the cargo-loading capacity of DNA-COFs. In
the strategy proposed in this work, additional post-translational
modification steps can be avoided, which can maximize the
cargo loading capacity of COFs. Methylene blue (MB) is
selected as a model cargo molecule because of its wide
application in electrochemistry. MB is encapsulated into DNA-
COFs by simple incubation, and the unabsorbed MB is
removed by centrifugation. The MB-adsorbed DNA-COFs
(MB@DNA-COFs) exhibit similar diffraction peaks with
COFs in PXRD patterns (Figure S10). An SEM image
shows that the functionalization reaction has negligible damage
to the COF particles (Figure S11). The specific surface area of
MB@DNA-COFs further decreases to 24 m2/g, and the pore
volume decreases to 0.09 cm3/g (Figure S12). The color of
DNA-COFs is changed from yellow to green after the
introduction of MB molecules, indicating the successful
loading of MB (Figure 2D inset). Meanwhile, DNA-COFs
show obvious absorption peaks at 300 and 650 nm after
incubation with MB (Figure 2D), which is ascribed to the MB
molecules. By measuring the amount of MB in the supernatant
after centrifugation, the loading amount of MB within DNA-
COFs and the optimal incubation conditions have been
evaluated. With the increasing MB concentration, the loading
amount of MB increases (Figure 2E). We have also explored
the effect of incubation time on MB loading. As is displayed in
Figure 2F, the loading amount of MB increases with time in
the first few hours and reached a plateau at 5 h. The maximum
loading amount is about 16 μg/mg. All the results above
indicate that the obtained DNA-COFs possess satisfactory
cargo loading capacity.
Feasibility of the Biosensor. Electrochemical impedance

spectroscopy (EIS) has been first performed to investigate the
stepwise modification of the electrode. As illustrated in Figure
3A, the aptamer-modified Au electrode shows a low electron
transfer resistance. After stepwise incubation with exosomes
and MB@DNA-COFs, the electrode exhibits gradually

increasing diameters of semicircles. It is attributed to the
steric hindrance of exosomes and the COF probe, as well as
the negative charge of exosomes and the phosphate group of
DNAs, proving the successful formation of the sandwich
structure on the electrode surface. To verify the feasibility of
the fabricated biosensor, the square wave voltammograms
(SWV) have been measured. As shown in Figure 3B, the bare
electrode and the exosome-free electrode exhibit weak signals.
By contrast, a significant peak is shown in the presence of

exosomes. It is because the exosome-mediated proximity of the
COF probe to the electrode surface enables MB to generate
currents, which confirms the feasibility of this biosensor.

Detection Performance. To improve the performance of
the biosensor, the concentration of the COF probe has been
optimized. As displayed in Figure S13, enhanced electro-
chemical signal can be observed with the increase of the
concentration of COF probe, and 0.5 mg/mL is chosen as the
optimal concentration.
We have employed the DNA-COF-based biosensor to

quantitatively analyze different concentrations of target
exosomes. As illustrated in Figure 4A, the current response

increases correspondingly with the concentration of exosomes.
A linear relationship between the current response and the
logarithmic value of exosomes concentrations ranging from 104

to 107 particles/μL can be established (Figure 4B). The linear
equation is I = 2.04 lgc − 7.56 with a correlation coefficient of
0.9919. The limit of detection is calculated as 9661 particles/
μL based on the average of the background signal plus 3 times
the standard deviation, indicating the satisfactory sensitivity of
the fabricated biosensor.
The specificity of this biosensor for exosomes detection has

been also evaluated. The specificity of the biosensor is mainly
achieved by the specific binding of CD63 aptamer to CD63
protein on the surface of exosomes. Therefore, we have
employed a random single-strand DNA to replace the CD63

Figure 3. (A) EIS corresponding to the stepwise treatment of the
electrode. Electrode modified with aptamer (black curve), after
incubation with exosomes (red curve), and further incubation with
COF-probe (blue curve). (B) SWV responses obtained on the cases
with bare electrode (black curve), exosomes-free (red curve), and 1.0
× 107 particles/μL exosomes (blue curve).

Figure 4. (A) SWV responses of electrochemical biosensor at
different concentrations of exosomes. a−h: 0, 104, 3.16 × 104, 105,
3.16 × 105, 106, 3.16 × 106, 107 particles/μL. (B) Relationship
between the values of peak current and the exosome concentrations.
Inset is the linear range. (C) Peak current corresponding to the
biosensor modified with exosome aptamer or random single strand
DNA. (D) Peak current corresponding to the biosensor treated with
BSA, lysozyme, Cyt C, and exosome. Error bars represent the
standard derivation of three independent experiments.
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aptamer on the electrode and observed the signal response. As
shown in Figure 4C, no significant signal is observed in the
presence of exosomes when a random single-strand DNA is
modified on the electrode surface, suggesting that this
biosensor has good selectivity toward exosomes with high
expression of CD63. We have also tested the specificity of the
biosensor by several proteins, such as BSA, lysozyme, and Cyt
C, and the biosensor also exhibits good selectivity (Figure 4D).
The reproducibility of the biosensor has been tested by

deploying six independent biosensors for exosomes quantifi-
cation. The relative standard deviation (RSD) value for the six
biosensors is 2.0%, indicating the good reproducibility of the
biosensor (Figure S14). The electrochemical biosensor can be
reused by washing the electrode at 95 °C with minor signal
loss (Figure S15). We have also tested the durability of COF
probes. After 2 weeks of storage, the PXRD patterns, SEM
image, and nitrogen adsorption−desorption isotherm of COF
probes shows no significant change (Figures S16, S17, S18).
And the COF probe shows only slight signal loss after 2 weeks
of storage at 4 °C (Figure S19), indicating the good durability
of COF probes.
Determination of Exosomes in Complex Environ-

ments. To deploy in practical applications, electrochemical
biosensors must be able to withstand the challenge of complex
medium. To validate the application potential of the proposed
biosensor, the anti-interference ability of the biosensor in
complex environments has been tested. Figure 5 shows the

detection performance of the sensor in 10% human serum and
buffer. No significant difference is observed, whether the target
exosomes are presented. The above results demonstrate that
our biosensor works well in complex biological samples and
has the potential for clinical diagnosis.

■ CONCLUSIONS
In this work, we have realized the nucleic acid functionalization
of COFs for the first time by modifying the azide-tagged DNA
onto alkynyl-containing COFs through the CuAAC reaction.
Our strategy to functionalize COFs possesses several
advantages. First, the CuAAC reaction is robust and highly
efficient under ambient conditions, which causes little damage
to functional biomolecules. Second, the reaction between an
alkyne- and azide-terminated molecule is orthogonal, which
can achieve site-specific immobilization of biomacromolecules
on the surface of COFs. Third, directly functionalizing DNA
on COF ligands can minimize the impact on the characteristics
of COFs. Fourth, the strategy can maintain the uniform
distribution of DNA on the surface of COFs. So, the obtained

DNA-COFs possess satisfactory DNA hybridizing ability and
cargo loading ability, which can be used to design COF probes.
The COF probes have further been used to construct an
effective electrochemical biosensor for the detection of
exosomes by forming a sandwich structure. Therefore, the
nucleic acid functionalized COFs have been proven to possess
great potential for biomedical applications. We believe that
more properties of DNA-COFs will be explored, as well as its
applications. Additionally, more types of functionalized COFs
can be developed by changing the sequence of modifying DNA
to extend their functions and applications.
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Figure 5. Values of peak current at buffer and serum without and with
exosomes. The serum used here was 10% ultracentrifuged fetal bovine
serum. Error bars represent the standard derivation of three
independent experiments.
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