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g r a p h i c a l a b s t r a c t
� Conducting polymer PEDOT/GPS was
prepared by a simple electrochemical
way.

� The PEDOT/GPS demonstrated good
conductivity and antifouling
property.

� The low fouling, label-free biosensor
based on PEDOT/GPS has been con-
structed for MicroRNA.

� The biosensor based on PEDOT/GPS/
AuNPs has shown excellent sensing
performances.
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Biosensors have tremendous revolutionary potential for the precise location and rapid detection of
biomarkers for human disease. However, the minimization of nonspecific protein adsorption interactions
and surface contamination is critical for their application in complex media. We report herein, the
antifouling interface was constructed by electrochemical copolymerization of poly (3,4-
ethylenedloxythlophene) (PEDOT) and glycyrrhiza polysaccharide (GPS). Hydrophilic PEDOT/GPS can
reduce the interference and nonspecific adsorption of biological protein macromolecules, which has
been verified by electrochemical and fluorescent characterization. Gold nanoparticles (AuNPs) were
subsequently modified onto PEDOT/GPS surface to attach biomacromolecules containing thiol groups.
MicroRNA, the promising biomarker of a large numbers of genetic diseases, was used as the testing
model. Due to the robust antifouling capability of PEDOT/GPS as well as high biocompatibility of GPS/
AuNPs, the fabricated biosensor based on PEDOT/GPS/AuNPs demonstrated excellent sensing perfor-
mance, such as a wide detection range (0.01 nMe10 nM), a low detection limit (300 fM) and high
reproducibility, showing great potential of medical applications.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, great progress has been made in the develop-
ment of biosensors for human disease prevention detection, hor-
mone quantitative analysis and drug serum level monitoring [1e3].
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However, due to the nonspecific adsorption of protein on the
sensing surface and the accumulation of substrate fouling, the
biosensor surface is gradually passivated, which seriously affects
the performance of the biosensor [4]. In order to obtain the superior
antifouling surfaces, enormous efforts have been made to excavate
more antifouling materials. Polyethylene glycol (PEG) and oligo-
ethylene glycol (OEG) have become the most widely used anti-
fouling materials due to their surface hydrophilicity [5e9].
Zwitterionic polymers are considered to be more promising
candidate materials for biomedical applications due to their easy
functionalization and high biocompatibility [10,11]. However, PEG
and OEG are easily oxidized in the presence of transition metal ions
or oxygen in complex real media [12]. The synthesis of zwitterionic
polymers is time-consuming and complex.

Polysaccharide (PS), as a promising alternative for antifouling
material, has received much attention in biomedical fields such as
biosensors, drug delivery and biological purification [13e15]. PS is
an important biological macromolecule, which widely exists in
animals, microbe and plants and plays an important physiological
function [16]. PS is a kind of natural polymer linked by mono-
saccharide with glycosidic bond. The chemical composition of PS
makes it highly hydrophilic and antifouling [17]. PS is non-
conductive, and its application in the sensors can reduce the
sensitivity. It is expected that the integration of PS with conducting
polymers, such as poly (3,4-ethylenedloxythlophene) (PEDOT),
may help to address this challenge.

Poly (3,4-ethylenedioxythiophene) (PEDOT) has the broad ap-
plications in electrochemical transistors, small bioelectrode coat-
ings and various biosensors due to its characteristics (good
conductivity, environmental stability, transparency and biocom-
patibility) [18e21]. In particular, PEDOT-based nanocomposites
exhibit many excellent properties, such as large specific surface
area, high mechanical properties, good biocompatibility and syn-
ergistic effect of functional groups [22e24]. PEDOT/PS composites
combine the inherent biological activity, biocompatibility, biode-
gradability of PS with excellent electrical conductivity of con-
ducting polymer [25,26]. For instance, dextran sulfonate,
hyaluronic acid, chondroitin sulfate and heparin have been directly
incorporated in PEDOT as the stabilizer and dopant [27,28]. PEDOT-
dextran sulfate composite had no interference with L-929 cell
growth in media and was absorbed into the PC12 cells, proving
better biocompatibility [27]. PEDOT-hyaluronic acid composite was
found to have good antifouling property. The biosensor based on
PEDOT-hyaluronic acid was highly sensitive for the detection of
carcinoembryonic antigen and capable of sensing in complexmedia
without biofouling [28]. The antifouling interface of poly-
saccharides and conducting polymers has biocompatibility and
excellent conductivity, so it has great application potential in
biosensors.

The immobilization of bioprobes onto sensing interface can be
achieved by gold nanoparticle linkages. Gold nanoparticles (AuNPs)
are widely used in biosensors due to their good electrical conduc-
tivity, high catalytic properties, and good biocompatibility. AuNPs
can immobilize biomolecules via gold-sulfur bonds [29] or gold-
ammonia bonds [22,30]. The AuNPs-modified sensors have higher
current response, which is conducive to the application of elec-
trochemical biosensors. For instance, AuNPs/PEDOT/PEG supplied
an ideal substrate for the attachment of alpha fetoprotein anti-
bodies. The biosensor based on AuNPs/PEDOT/PEG has good anti-
fouling performance and can detect alpha fetoprotein in 10%
human serum samples, which has high clinical diagnostic potential
[31].

In this work, we aim to combine the hydrophilic glycyrrhiza
polysaccharide (GPS) with the conducting polymer PEDOT, thereby
forming a new antifouling interface. The mechanism and process of
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the fabrication of the electrochemical sensor has been shown in
Scheme 1. GPS with a negative charge can be used as a dopant to
balance the positive charge of the PEDOT backbone. AuNPs were
then bonded to PEDOT by gold-sulfur (provided by PEDOT) covalent
bond (Scheme 1 B). The antifouling property of PEDOT/GPS surface
was estimated through electrochemical impedance technique and
confocal fluorescence experiment. The antifouling interface has
demonstrated good electrochemical activity and antifouling per-
formance, which provides an ideal substrate for the construction of
new biosensors (Scheme 1 A). MicroRNA (miRNA) dysregulation is
closely associated with a wide range of genetic diseases and can
serve as promising biomarkers for many types of cancer [31].
MiRNA24was used as the test model in this work. The combination
of conductive PEDOT/GPS/AuNPs with DNA/RNA specific binding
reaction was envisaged to support both antifouling property and
high sensitivity for the electrochemical miRNA biosensor.

2. Experimental

2.1. Reagents

EDOT, K3 [Fe(CN6], K4 [Fe(CN)6]$3H2O, KCl, NaH2PO4, Na2H-
PO4$12H2O and other chemicals were all purchased from Aladdin
Reagent Co. Ltd. (Shanghai, China). Hemoglobin from bovine blood
(Hb), bovine serum albumin (BSA), albumin human serum (HSA),
lysozyme (LYS) and diethyl pyrocarbonate (DEPC)-treated water
were purchased from Beijing Solibao Technology Co. Ltd. (Beijing,
China). The base sequences of the DNA capture probe and miRNAs
are as follows: DNA probe 50eHSeC TGT TCC TGC TGA ACT GAG CCA-
30; miRNA24 (T) 50-UGG CUC AGUUCAGCAGGA ACAG-30; miRNA21
(M1) 50-UAG CUU AUC AGA CUG AUG UUG A -30; three-based
mismatch miRNA24 (M2) 50-UGG CUG AGU UGA GGA GGA ACA G-
30; single-based mismatch miRNA24 (M3) 50-UGG CUC AGU UGA
GCA GGA ACA G-30. The extraction method of glycyrrhiza poly-
saccharide (GPS) and the preparation method of low-molecular-
weight glycyrrhiza polysaccharide (LGPS) are shown in the sup-
porting materials. In this experiment, DEPC water was used to dilute
miRNA. PBS (0.2 M, pH 7.4) was used to dilute the protein. Other
solutions used for experiments were prepared with pure water
produced from a water purifying system (Milli-Q water system).

2.2. Instruments

The electrochemical impedance spectra (EIS) and cyclic vol-
tammetry (CV) experiments were performed on a CHI660E elec-
trochemical analyzer (Shanghai Chenhua Co. Ltd., China). EIS tests
were carried out in phosphate buffered saline (PBS, 0.2 M, pH 7.4)
containing 5.0 mM redox probe [Fe(CN)6]3-/4- and 0.1 M KCl. EIS
conditions were set as follows: frequency range from 1 to
100 000 Hz; the amplitude of the applied sine of 5 mV; the current
potential of 0.20 V. CV conditions were set as follows: scanning
range from �0.2 to 1.2 V; and scan rate of 0.10 V s�1. The three-
electrode system consisted of a modified glassy carbon electrode
(GCE 3.0 mm diameter) as the working electrode, a saturated
calomel electrode as the reference electrode (SCE, saturated KCl)
and a counter electrode (Pt wire, 5 mm length,1 mmdiameter). The
nanostructures and morphologies of the PEDOT/GPS and PEDOT/
GPS/AuNPs nanocomposites were characterized by scanning elec-
tron microscopy (SEM) using JEOL JSM-7500F of Hitachi Corpora-
tion. Thermo-VG Scientific ESCALAB 250 spectrometer (Al
monochromatic source, a voltage of 15 kV) was used to perform X-
Ray photoelectron spectroscopy (XPS) analysis. TCS SP5 confocal
laser microscope (Leica, Germany) was used to record the fluores-
cence images. DSA25 goniometer (KRÜSS GmbH, Germany) was
used to carry out static water contact angle tests.



Scheme 1. (A) Demonstration of antifouling property of the constructed GCE/PEDOT/GPS/AuNPs/DNA/RNA. (B) The formation mechanism of PEDOT/GPS/AuNPs nanocomposites.
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2.3. Synthesis of PEDOT/GPS interface

Before use, GCEs were polished to a mirror using alumina (0.3
and 0.05 mm) slurries. After polishing, it was rinsed with doubly
distilled water, and then ultrasonicated in ethanol and pure water
for 3 min successively. The PEDOT/GPS was electrodeposited onto
the GCE using a polymerization solution of 5 ml (containing
2.0 mg l�1 GPS and 0.02M EDOTmonomer) by CV for 30 cycles. The
scanning potential was set from �0.2 to 1.5 V at a scan rate of
100 mV s�1. Meanwhile, the electrodeposition of AuNPs onto GPS/
PEDOT nanocomposite was also performed using CV for 8 cycles in
a solution containing 1.0 mM HAuCl4. The electrodeposition po-
tential was set from �1.5 to 0.5 V with a scan rate of 100 mV s�1.
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2.4. Characterization of antifouling ability

To evaluate the antifouling properties of the PEDOT/GPS inter-
face, different protein samples were used to test the nonspecific
adsorption by EIS technique, including single protein solution
(1.0 mg ml�1) and real biological samples (porcine serum). At the
same time, fluorescence imaging technology was used to show the
antifouling property of the interface more intuitively. All interfaces
were immersed in 0.1 mg ml�1 FITC-BSA solution for 0.5 h at room
temperature and washed three times in turn with PBS and pure
water. Finally, the images of the three interfaces were recorded
under a confocal fluorescence microscope.
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2.5. Immobilization of capture probes

The biosensor was constructed as illustrated in Scheme 1. In
brief, electrodes modified with PEDOT/GPS/AuNPs nanocomposite
were incubated in 1.0 mM thiol-functionalized DNA probes solution
(prepared with 0.2 M PBS, pH 7.4) for 90 min at room temperature.
In this process, DNA probes terminal thiol groups were covalently
attached with AuNPs. To prevent nonspecific adsorption on the
AuNPs surface, GCE/PEDOT/GPS/AuNPs/DNA was incubated in
1 mg mL�1 BSA solution for 30 min to block nonspecific binding
sites before detection. GCE/PEDOT/GPS/AuNPs/DNA was obtained
successfully.
2.6. Sensing with the constructed biosensor

EIS measurements were performed to test the specific binding
reaction between DNA and miRNA at GCE surfaces in a solution
containing 0.1 M KCl and equimolar 5 mM [Fe(CN)6]4-/3- at the
frequency range from 1 to 100 000 Hz. The amplitude of the applied
sine was set as 5 mV with the current potential of 0.22 V. The
constructed biosensor was incubated in different concentration of
miRNA24 solution in PBS (0.2 M, pH 7.4) for 45 min at room tem-
perature. To test the specificity of the method, M1, M2, M3 se-
quences were utilized as controls.
3. Results and discussion

3.1. The formation and characterization of PEDOT/GPS

The voltage range of PEDOT/GPS deposition, the deposition cy-
cles of CV, and the quality of GPS were optimized in details, as
Fig. 1. SEM images of electrodes modified with PEDOT/GPS (A and C) and PEDOT/GP
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shown in Fig. S1. The deposition voltage range was selected as -
0.5e1.5 V. The deposition cycles of CVwas chosen to be 15 cycles. At
these conditions, the EIS value of the modified electrode was the
minimum, which can effectively improve the sensitivity of the
sensor. The optimum dopant quality of GPS was selected as
2.0 mg l�1 and PEDOT/GPS composite has the uniformmorphology.

The PEDOT/GPS and PEDOT/GPS/AuNPs composites were elec-
trodeposited on GCE by cyclic voltammetry under the optimized
conditions, and their microstructure and surface morphology were
evaluated by SEM. As shown in Fig. 1 (A and C), the prepared
PEDOT/GPS nanocomposite manifested a rough and porous
morphology, which is composed of many nano-microspheres to
form a prominent porous network. Micellar anionic in the GPS
solution played a guiding role in the growth of PEDOT, proving
successful electrochemical deposition of the PEDOT/GPS nano-
composite [28]. In Fig. 1 (B and D), it can be seen that PEDOT/GPS/
AuNPs antifouling interface was significantly smoother and more
tightly covered after AuNPs were modified. Therefore, the porous
nanocomposite increases the specific surface area and supply large
area for the immobilization of DNA probes.

XPS analysis was used to evaluate the successful preparation of
PEDOT/GPS and PEDOT/GPS/AuNPs composites as well as the suc-
cessful attachment of DNA capture probes. The PEDOT/GPS showed
strong signals at 164, 286, and 532 eV (curve a, Fig. 2), which are
typical characteristic peaks of S (2p), C (1s), and O (1s). After AuNPs
deposition onto PEDOT/GPS, an Au (4f) characteristic peak at 84 eV
appears newly (curve b). The new appearance of P (2p) and the
increase of N (1s) (curve c) confirms the successful immobilization
of the DNA probes onto the PEDOT/GPS/AuNPs composites.

Moreover, the successful synthesis of PEDOT/GPS composites
was also verified by FTIR technique. Fig. 2B showed the FTIR spectra
S/AuNPs (B and D) interfaces (low and high magnification images, respectively).



Fig. 2. (A) XPS spectra of PEDOT/GPS (curve a), PEDOT/GPS/AuNPs (curve b), and PEDOT/GPS/AuNPs/DNA (curve c). (B) FTIR spectrum of GPS (curve a) and PEDOT/GPS (curve b).

Fig. 3. Static water contact angles of bare electrode (A), GCE/PEDOT/LiCO4 (B), GCE/PEDOT/GPS (C), GCE/PEDOT/GPS/AuNPs (D), and GCE/PEDOT/GPS/AuNPs/DNA (E) surfaces.
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of (a) GPS and (b) PEDOT/GPS. Both GPS and PEDOT/GPS showed
absorption bands at 3450 cm�1 (-OH tensile vibration), 2896 cm�1

(CeH surface bending vibration), 1644 and 1310 cm�1 (C]O tensile
vibration) and 845 cm�1 (absorption peak of a-pyranose) [32]
These characteristics are attributed to GPS. Expectedly, for the FTIR
spectrum of PEDOT/GPS, new bands appeared at 1011 and
2100 cm�1, which corresponded to CeSeC tensile vibration of
PEDOT [33]. In a word, these results demonstrated that PEDOT/GPS
composites have been successfully synthesized.

As shown in Fig. 3, static water contact angles of PEDOT/GPS
(38.8�) PEDOT/GPS/AuNPs (26.7�) and PEDOT/GPS/AuNPs/DNA
(17.8�) were much lower than that of bare electrode (45.1�) and
PEDOT/LiCO4 (82.6�). It is worth noting that when GPS and AuNPs
were incorporated into PEDOT, the hydrophilicity of the PEDOT/GPS
and PEDOT/GPS/AuNPs composites increased significantly. The
enhanced hydrophilicity indicated that the prepared material had
good potential of antifouling property and the PEDOT/GPS/AuNPs/
DNA composite was successful prepared [34].
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3.2. Assessment of antifouling property of PEDOT/GPS、PEDOT/
LGPS and PEDOT/LiCO4 surfaces

To verify the antifouling ability of the nanocomposite interface,
PEDOT/GPS, PEDOT/LGPS and PEDOT/LiCO4 were separately
deposited onto the electrode surface by cyclic voltammetry under
the same conditions. The nonspecific adsorption of single protein
(Hb, BSA, HSA, LYS) was characterized by EIS, and the results are
shown in Fig. 4 and Fig. S2. HSA (pI ¼ 4.7e4.9), BSA (pI ¼ 4.9), Hb
(pI ¼ 7.07) and LYS (pI ¼ 6.99) have different isoelectric point (pI).
In PBS (pH 7.4), HSA and BSA are negatively charged; Hb and LYS
carries little charge. In a typical experiment, the modified elec-
trodes were immersed in the different protein for 30 min. Fig. 4
shows that the impedance values change significantly for PEDOT/
LiCO4 and PEDOT/LGPS before and after soaking the protein, while
that of PEDOT/GPS hardly change under the same conditions. This is
because a large amount of protein adsorbed onto the surfaces of
PEDOT/LiCO4 and PEDOT/LGPS, and these protein molecules pre-
vent electron transfer of these surfaces. These results proved that



Fig. 4. EIS responses of GCE/PEDOT/LiCO4, GCE/PEDOT/LGPS and GCE/PEDOT/GPS
before and after incubation in different protein solutions (1: BSA; 2: HSA; 3: Hb; 4: LYS;
10�6 g mL�1 of each protein solution). Error bars here represented the standard de-
viations across three repeated measurements.
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PEDOT/LiCO4 and PEDOT/LGPS have no antifouling property while
PEDOT/GPS exhibits excellent resistance to single protein
adsorption.

To further test the antifouling property of these interfaces,
different concentrates of porcine serum were used to test
nonspecific adsorption in the complex media. As shown in Fig. S3,
the EIS values on the PEDOT/GPS surface has no evident change
while those of EDOT/LGPS and PEDOT/LiCO4 surface increase
significantly after immersing in porcine serum, demonstrating that
the PEDOT/GPS interface had better antifouling performance in real
media. PEDOT/GPS composite is a new antifouling material with
good biocompatibility and electrochemical activity, which has
revolutionary potential in the clinical application of biosensors.

PEDOT is considered as one of the most commercial conducting
polymers at present. In particular, the surface of PEDOT/GPS com-
posite is much smoother and closer, and its antifouling perfor-
mance is superior to other materials. Moreover, the antifouling
ability of GCE, PEDOT/LiCO4 and PEDOT/GPS modified surfaces
were further investigated using FITC-BSA (Fig. 5), where almost no
FITC-BSAwas detected at the PEDOT/GPS interface. All these results
showed that the PEDOT/GPS interface had excellent antifouling
ability in nonspecific protein adsorption in both single protein so-
lution and real complex media. The excellent antifouling ability of
PEDOT/GPS is mainly attributed to GPS. Polysaccharides are a
promising material for nonfouling surfaces because they are highly
hydrophilic and have the ability to store water [35,36]. Then the
surface of PEDOT/GPS can be used to produce inert coatings.

3.3. Electrochemical characteristics of PEDOT/GPS based biosensor

Both CV and EIS techniques were utilized to characterize the
construction process of the biosensor. The charge transfer resis-
tance (Rct) is equivalent to the semicircle diameter. Fig. S4A showed
the EIS plots of the bare GCE, GCE/PEDOT/GPS, GCE/PEDOT/GPS/
AuNPs, GCE/PEDOT/GPS/AuNPs/DNA, and GCE/PEDOT/GPS/AuNPs/
DNA/RNA. Obviously, compared to the Rct value of bare GCE, the Rct
of GCE/PEDOT/GPS was much smaller, proving that PEDOT/GPS is
an acceptable conductivematerial. The Rct value increased after the
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DNA probed were immobilized by the AueS bond, because the
negatively charged phosphate backbone of the DNA probes repels
[Fe(CN)6]3-/4- (the negative probe) and inhibits electron transfer [5].
Subsequently, withmiRNA specific binding to the electrode surface,
the Rct value of PEDOT/GEC/AuNPs/DNA/RNA also became large. In
order to further characterize the modified electrode by CV, after the
bioprobes were attached onto the modified electrodes, the peak
current value was significantly reduced (Fig. S4B). These experi-
mental results were consistent with those of EIS. It can also be
confirmed that the DNA probes and miRNA were successfully
attached onto the modified electrodes.

3.4. Analytical performances of the biosensor

As shown in Fig. S5A, the Rct value of the modified electrode
increased with the increase of the incubation time from 60 min to
90 min. After the DNA probes incubation time is longer than
90 min, the Rct value did not increase with time because the bio-
logical probes reached saturation. The results showed that the
optimal incubation time of DNA probes was 90 min. With the in-
crease of incubation time, the Rct value of the biosensor continu-
ously increased, and reached the maximum value at 2.0 h,
indicating that the incubation time of miRNA24was 2.0 h (Fig. S5B).

The biosensor performance of PEDOT/GPS/AuNPs/DNA on target
miRNA24 related sequences was evaluated by CV and EIS test in PBS
containing 5.0 mM redox probe [Fe(CN)6]3-/4- and 0.1 M KCl under
the optimized conditions. As shown in Fig. 6A, the concentration of
miRNA24 was investigated from 10�14 M to 10�9 M. The peak
current (Ip) of the biosensor is unchanged when the concentration
of miRNA24 was larger than 10�9 M. As shown in Fig. 6B, the peak
current changes (DIP/I0) changed linearly with the logarithm of
miRNA24 concentration in the range from 10�14 M to 10�9 M, with
the limit of detection (LOD) of 1.07Х10�14 M (Please refer to the
supplementary materials for calculation method). A regression
equation of y ¼ 0.0498 xþ0.7295 (R2 ¼ 0.9941) was obtained,
where y represents the DIP/I0 value, and x corresponds to the log-
arithmic concentration of miRNA24 (Fig. 6B). Additionally, as
shown in Fig. S6, the Rct changes (DR/R0) changes were also linear
with the logarithm of miRNA24 concentration.

In order to test the feasibility of the fabricated biosensor to
complex biological samples, spiking experiments were performed
by adding specified concentration of miRNA24 into 3% (V/V) human
serum (Fig. 6C). As shown in Fig. 6D, the peak current changes (DIP/
I0) changed linearly with the logarithm of miRNA24 concentration
in the range from 10�14 M to 10�9 M, with the limit of detection
(LOD) of 3.45Х10�14 M. A regression equation of
y ¼ 0.0413xþ0.6371 (R2 ¼ 0.9987) was obtained, which proved the
potential of this biosensor in practical application.

3.5. Selectivity, stability and reproducibility of the sensing system

To estimate the selectivity of the sensing surface, the Rct
changes of the constructed biosensors were tested in different so-
lutions containing M1, M2, M3 and the target miRNA24, respec-
tively. As shown in Fig. S7A, the prepared biosensor showed good
selectivity towards its target miRNA24, and the biosensors showed
much smaller Rct changes towards the base mismatch miRNA24.
Therefore, the fabricated miRNA biosensor has a good selectivity
towards its target miRNA24, which is due to the antifouling prop-
erty of the PEDOT/GPS and the strong specific binding of DNA/
miRNA.

To assess the long-term stability of the biosensor, the prepared
biosensor was immersed in BSA (0.1 M) solution and its EIS was
measured every 24 h for 7 consecutive days. As can be seen from
Fig. S7B, the EIS profile demonstrates no large changed, proving



Fig. 5. The fluorescence microscopy images of bare GCE, GCE/PEDOT/LiCO4 and GCE/PEDOT/GPS after incubation in 0.1 mg mL�1 FITC-BSA solution for 0.5 h.
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Fig. 6. CV response of the biosensor towards different miRNA24 concentration in PBS (A), or in 3% (V/V) human serum (C), peak current changes (DIp/I0) of the biosensor as a
function of miRNA24 concentration (B and D) (miRNA24 at concentrations from 10�14 M to 10�9 M).
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that the biosensor has excellent antifouling ability and acceptable
long-term stability.

For the inter-sensor and intra-sensor reproducibility tests, seven
biosensors independently prepared were used to detect target
miRNA24 (0.10 nM), and the relative standard deviation (RSD) was
2.46%. The same biosensor was used to detect the same miRNA24
(0.10 nM) repetitively for seven times, and the RSDwas 1.15%. These
experimental results proved a good reproducibility of the
biosensor.
4. Conclusion

A biocompatible PEDOT/GPS nanocomposite with a rough and
porous morphology, large electrochemical active surface area, and
good long-term stability was successfully prepared by the one-step
copolymerization of PEDOT and GPS. A sensitive and low fouling
miRNA biosensor was constructed through the attachment of
AuNPs and DNA probes in sequence. Owing to the excellent anti-
fouling ability of PEDOT/GPS and the excellent biocompatibility of
AuNPs, GCE/PEDOT/GPS/AuNPs/DNA shows strong binding affinity
toward miRNA24, and the biosensor exhibits high stability and
sensitivity, and the low detection limit. More importantly, the
biosensor was capable of detecting miRNA24 in 3% (V/V) serum
samples, proving a very promising advance for clinical diagnostic
application. Therefore, this strategy has a bright avenue for the
preparation of versatile electrochemical biosensors with
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antifouling property and high sensitivity based on copolymerized
PEDOT/GPS.
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