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Graphical abstracts 

 

 

An electrodeposition method was used to prepare polyaniline (PANI) based 

conducting polymer hydrogel through the assembly of PANI and phytic acid (PA) by 

dynamic boronate bond. The biosensor based on PANI/PA hydrogel has shown 

excellent sensing performances with wide linear range (1.0 fM-1.0 pM) and low 

sensing limit (0.34 fM). 
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Absract：：：：A rapid, sensitive and low-fouling sensor for application to detect clinical 

biomarkers directly in biological media is highly desirable. Herein, we report a 

versatile strategy to prepare polyaniline (PANI) based conducting polymer hydrogel 

through the assembly of PANI and phytic acid (PA) by dynamic boronate bond. 

PANI/PA, a conductive hydrogel with high specific area and multiple pore structures 

have demonstrated excellent antifouling ability and electrochemical property. The 

electrochemical biosensors for microRNA can be developed by the immobilization of 

DNA probes onto PANI/PA interface (microRNA24 is used as a model case), and 

redox currents of PANI were utilized as the sensing signals to assay DNA/RNA 

hybridization reaction. Owing to the typical characteristics of PANI/PA hydrogel, the 

biosensor has shown excellent sensing performances with wide linear range (1.0 

fM-1.0 pM), low sensing limit (0.34 fM), and efficient ability to detect microRNA 

mismatches. Given the facile processability, excellent stability and good antifouling 

property of the PANI/PA hydrogel, the proposed hydrogel-based biosensor may find 

broad applications in clinical diagnostics and biomedical devices. 

 

Keywords: Conducting polymer hydrogel; Polyaniline; Phytic acid; Antifouling; 

Nonspecific adsorption; Biosensor 
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1. Introduction 

Disease diagnostic methods are required to be rapid, sensitive, specific, and 

economical [1, 2]. MicroRNAs (miRNAs), approximately 19-23 nucleotides, are a 

large group of small RNAs related to tumour transformation [3], stem cell 

regeneration [4] and viral spread [5]. MiRNAs are also emerging biomarkers that can 

show the occurrence of disease and predict the prognosis of the disease. For the assay 

of miRNAs, their properties, such as short sequence, high similarity in size and low 

concentration, cause great difficulty using conventional strategies including Northern 

blotting [6, 7] and polymerase chain reaction (PCR) [8]. Lots of new technologies, 

such as colorimetric assay [9, 10], fluorescence technology [11, 12], electrochemical 

assay [13-15], have been established to improve the sensitivity and applicability of the 

measurement. Among these ways, electrochemical sensors have received more and 

more attentions due to their merits (low test cost, simple instrument operation, fast 

test data and high sensitivity) [16]. 

Due to the serious nonspecific adsorption and biological penetration of complex 

biological media, the practical clinical application of biosensors still remains 

enormous challenges [2]. Therefore, depressing nonspecific protein adsorption on the 

sensor interfaces is very important for the application of biosensors in complex 

samples, and many attempts have been made to solve the problem. It is well known 

that surface hydrophilization is crucial to the improvement of interfacial antifouling 

ability [17]. The self-assembled antifouling monolayer [18] was utilized to modify the 

surface of the polymer layer [19] and the polymer brush [20] to inhibit the adhesion of 
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nonspecific proteins. For example, a label-free electrochemical DNA sensor based on 

self-assembled antifouling peptide layer was constructed for the direct assay of breast 

cancer marker BRCA1 in human serum samples [21]. Polyethylene glycol (PEG), a 

hydrophilic polymer grafted onto the surface of polyaniline (PANI), has been used to 

determine DNA in human serum [22]. However these antifouling interfaces have 

many preparation steps and the process is relatively complicated. Therefore, it is of 

great significance to develop antifouling materials that can deposit antifouling 

coatings directly through simple, scalable and economical synthesis methods. 

Conductive polymer hydrogels, owing to their excellent biocompatibility, high 

electrical conductivity, three-dimensional nanostructures, and large specific surface 

area, have been employed as bases for the preparation of electrochemical sensors [23]. 

Hydrogels are polymeric networks that have a high level of hydration and 

three-dimensional (3D) microstructures bearing similarities to natural tissues [24]. 

Hydrogels based on conducting polymers (e.g., polythiophene, polyaniline, and 

polypyrrole) represent a novel polymeric material platform that synergizes the 

advantages of both organic conductors and hydrogels [25-26]. Among numerous 

conducting polymer hydrogels, PANI-based hydrogels have received extensive 

concerns because they own lots of promising properties including excellent 

mechanical properties, label free, high electronic conductivity, reversibility in redox, 

and good biocompatibility [27-30]. In addition, the amino group of PANI (-NH2) can 

be easily modified with biomacromolecules, making it very desirable for biosensor 

construction. Moreover, the antifouling material is inspired by hydrophilicity to 
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construct the interface of the biosensor. Phytic acid (PA) is an ecologically friendly, 

renewable, abundant biomass, which is easily gained from grains [31-33]. The six 

phosphate groups supply all kinds of feasible crosslinking sites that may “suture” 

many conducting polymers sheets, forming the three-dimensional assembly body 

[34]. In previous reports, PA was used to construct a super-hydrophilic interface. For 

instance, Zhao's group reported the use of PA to construct a super-hydrophilic coating 

in a one-step assembly process [35]. Herein, a conductive polymer hydrogel with 

good antifouling property was synthesized by one-step electrochemical method with 

3-aminobenzene boric acid (ABA) as crosslinking agent, PA doped PANI. 

In this work, we aim to construct a novel PANI/PA conducting polymer hydrogel 

by one-step electrochemical copolymerization way. Boronic acid groups were 

covalently inserted into PANI chains through aggregating of 3-aminophenylboronic 

acid (ABA) and aniline [30, 36]. Boronic acid as the functional group has been chosen 

to crosslink PA and PANI at molecular level to form PANI/PA hydrogel [30]. The 

gelation mechanism of PANI/PA hydrogel is illustrated in Figure 1. The resulting 

PANI/PA conducting polymer hydrogel, combining strong hydrophilicity and 

biocompatibility of PA with the good electrochemical property of PANI, supply a 

good base for the development of antifouling electrochemical sensors. MiRNA24 was 

used to be a model case, which plays important roles in cancer cell proliferation and 

differentiation. As shown in Scheme 1, the DNA probes were attached onto the 

surface of the synthesized PANI/PA hydrogel by covalent bond modification to 
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construct an electrochemical biosensor with both antifouling property and good 

selectivity for miRNA24. 

Scheme 1. 

2. Experimental 

2.1. Reagents and apparatus 

Aniline, PA, ABA, sodium phosphate monobasic dihydrate (NaH2PO4), sodium 

phosphate dibasic dodecahydrate (Na2HPO4·12H2O), N-hydroxysuccinimde (NHS), 

1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), were bought from Aladdin 

regent (Shanghai, China). Hemoglobin from bovine blood (BHb), 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 synthetic 5′-carboxyl group terminated DNA capture 

probe, miRNA24 (T), miRNA21 (M1), three-based mismatch miRNA24 (M2) and 

single-based mismatch miRNA24 (M3) were obtained from Shanghai Shenggong co. 

LTD (Shanghai, China). And the base sequences of the DNA and miRNAs are shown 

in the supporting information.  

2.2. Apparatus  

All electrochemical measurements were carried out with a CHI660E 

Electrochemical Workstation (Shanghai CH Instrument Co., China) at room 

temperature with conventional three-electrode system consisted of glassy carbon 

electrode (GCE, 3.0 mm in diameter) as the working electrode, a platinum wire as a 

counter electrode, and a saturated calomel electrode (SCE) as the reference electrode. 
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Scanning electron microscope (SEM) with the model of JEOL JSM-7500F (Hitachi 

High Technology Co., Ltd., Japan) was used to characterize nanostructures and 

morphologies of prepared PANI and PANI/PA nanomaterials. X-Ray photoelectron 

spectroscopy (XPS) analysis was performed using a Thermo-VG Scientific 

ESCALAB 250 spectrometer with a Al monochromatic source operated at a voltage 

of 15 kV. Fourier transform infrared spectroscopy (FTIR) was carried out using a 

Nicolet iS10 spectrometer made by Syme fisher company (United States). The 

fluorescence was monitored using TCS SP5 confocal laser microscope (Leica, 

Germany). Static water contact angle measurements (CA) were carried out using a 

DSA25 goniometer (KRÜSS GmbH, Germany). 

2.3. Synthesis of PANI/PA hydrogels 

Before use, GCE was polished according the method previously reported [22]. 

PANI/PA hydrogels were electrochemical prepared through a galvanostatic way onto 

the surface of GCEs. The electrochemical polymerization was finished at a constant 

current density (0.01 mA cm-2) for 60 minutes at room temperature, and the 

deposition solution was 1.0 M HCl solution containing 1 M aniline, 0.05 M ABA and 

0.2 M PA. Meanwhile, the pure PANI hydrogel was prepared by the same 

electrochemical deposition method. And the deposition solution was 1.0 M HCl 

solution containing 1 M aniline, 0.05 M. The PANI/PA containing -NH2 groups can 

be utilized for the following covalent attachment of DNA probe, and its 

electrochemical redox signals can be utilized as the detection signals of the prepared 
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biosensor [37]. Cyclic voltammetry (CV) technique was used to assess the stability of 

PANI/PA nanomaterial interface. 

 

2.4. Characterization of PANI/PA antifouling property 

In order to monitor the antifouling property of PANI/PA interface, single protein 

solutions and real media were examined. Differential pulse voltammetry (DPV) 

technique was employed to monitor the nonspecific adsorption of electrode surfaces 

before and after soaking in single protein solution or complex media (30 min). At the 

same time, we use fluorescence imaging technology to display the antifouling 

performance of the interface more intuitively. Both bare electrode and pure PANI 

modified GCE were utilized as controls. All interfaces were soaked in fluorescein 

isothiocyanate labelled bovine serum albumin solution (FITC-BSA, 0.1 mg mL-1) for 

30 minutes and gently washed with PBS and pure water thoroughly three times 

respectively. Finally, the visions of these interfaces were obtained by a confocal 

fluorescence microscope. 

 

2.5. Immobilization of capture probe 

PANI/PA modified electrodes (GCE/PANI/PA) were soaked in 1.0 µM 

carboxyl-functionalized DNA probe solution (configured with 0.2 M PBS, pH 7.4) 

containing 0.4 M EDC, 0.1 M NHS for 1 h at room temperature. In this process, DNA 

probes were covalently bonded with amino groups of PANI/PA. GCE/PANI/PA/DNA 

was successfully achieved. The synthetic PANI/PA conducting polymer hydrogel has 
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many amine groups on the surface. The DNA probes have been modified with 

carboxyl groups. The immobilization of DNA probes on the PANI/PA hydrogel were 

completed by covalent binding between carboxyl group of DNA probes and the amine 

groups of PANI/PA conducting polymer hydrogel using EDC and NHS as coupling 

reagents. The chemical reaction mechanism has been shown in Scheme S1. 

 

2.6. Sensing with the biosensor 

The DPV technique was carried out to monitor the specific bio-recognition 

activities on GCE surfaces, recording in PBS (pH 5.7) in the range of -0.4 to 0.8 V, 

with the pulse width of 0.05 s and the amplitude of 0.05 V. The constructed biosensor 

was soaked in different concentrations of miRNA24 solution for 45 minutes at 

ambient room temperature. To test the specificity of the assay, M1, M2 and M3 were 

used as controls. 

 

3. Results and discussion 

3.1. Characterization of PANI/PA hydrogels 

As shown in Figure 1A, when a constant oxidation current passes through a 

colourless solution of PA, aniline, and ABA, a dark hydrogel formed quickly onto the 

GCE surface (Figure 1B left). Boronic acid groups were covalently installed on a 

PANI chain by copolymerization of 3-aminophenylboronicacid (ABA) and aniline 

(AN) (Figure 1A) [30]. The intermolecular interaction between boronic acid groups 

on PANI and hydroxyl groups on PA serves as the crosslink between PANI and PA, 
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resulting with a quick gelation (Figure 1B). Notably, without ABA, aniline and PA 

cannot form hydrogels under the same electrochemical oxidation conditions. ABA is 

crucial to the formation of PANI/PA hydrogels. The microstructure and surface 

morphology of PANI/PA hydrogels were characterized by SEM. As shown in Figure 

1B, PANI/PA hydrogels exhibit a hierarchical porous structure consisted of clustered 

nanosphere with uniform diameters of 0.5-0.8 μm. Moreover, it can be clearly 

observed from Figure 1 that the surface of nanospheres presents a relatively smooth 

and flat feature, which is beneficial to enhance the antifouling properties of hydrogels 

[38]. As the substrate nanomaterial for biosensor, the newly obtained hydrogels with 

excellent antifouling performance, porous structure, high specific surface area, and 

label free are favourable to use as an ultrasensitive biosensor. 

The successful synthesis of PANI/PA was proved using FTIR. Figure 2A shows 

the FTIR spectra of (a) PANI and (b) PANI/PA conductive polymer hydrogels. PANI 

(curve a) and PANI/PA (curve b) also showed absorption bands at 1450, 1594 and 

1645 cm-1 (C=C stretching deformation of quinoid), 1278 and 1299 cm-1 (C-N 

stretching of the secondary aromatic amine), 3425 cm-1 (N-H stretching modes) and 

849 cm-1 (C-H out of plane bending vibration) [39]. As expected, for the FTIR 

spectrum of PANI/PA (curve b), new bands appear at 1454, 1563 and 2928 cm-1, 

which are ascribed to hydroxyl bands [40]. In summary, these results confirmed that 

PANI/PA conducting polymer hydrogel, with a large number of hydroxyl groups on 

the surface, has been successfully synthesized. The FTIR spectra suggested that 

PANI/PA conductive polymer hydrogel was successfully synthesized. Moreover, 
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wetting property and hydrophilicity of newly designed hydrogels were measured by 

static water contact angle. As shown in Figure 2C and Table S1, static water contact 

angle of PANI/PA hydrogels (17.9°) is significantly lower than those of bare 

electrode (70.9°) and PANI (55.5°). It is worth noting that when PA was doped into 

PANI, the hydrophilic property of PANI/PA is significantly increased comparing with 

pure PANI. The obvious hydrophilicity enhancement of PANI/PA can successfully 

improve the antifouling property of the nanomaterial [38, 41]. 

The stability analysis of PANI/PA hydrogel was detected by continuous CV tests 

in PBS (0.2 M, pH 5.7) with the potential range from -1 to 1 V. As shown in Figure 

2B, a sharp oxidation peak at about 0.3 V and a reduction peak at about 0.08 V were 

observed for the PANI/PA conductive polymer hydrogel modified GCE due to the 

oxidation and reduction of PANI [37]. Clearly, the transducing signal is obviously 

unchanged after 50 cycles. The results showed that PANI/PA, a synthesized 

conductive polymer hydrogel, had good stability as the substrate of biosensor. In 

summary, we have synthesized a porous, hydrophilic and stable conductive polymer 

hydrogel. 

Fig. 1 

Fig. 2 

XPS analysis was employed to evaluate the successful copolymerization of 

PANI/PA as well as the immobilization of DNA capture probe. As illustrated in 

Figure 3A, strong signals (at 284, 399, and 531 eV) of PANI XPS pattern are assigned 

to C (1s), N (1s), and O (1s), respectively, which is the typical characteristic of PANI 
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[42]. As shown in Figure 3B, after incorporation of PA and ABA, the O 1s peak 

greatly enhanced, together with the emergence of P 2p peak (from PA) and B 1s peak 

(from ABA), confirming the successful copolymerization of PANI with both ABA 

and PA. As shown in Figure 3C and Table S2, the quantified XPS results of PANI, 

PANI/PA and PANI/PA/DNA display the atomic composition of P 2p and N 1s. The 

increase of both P 2p and N 1s of PANI/PA/DNA confirmed the successful 

modification of DNA probe onto the PANI/PA hydrogel (Table S2). 

Fig. 3 

 

3.2. Evaluation of nonspecific protein adsorption of PANI and PANI/PA 

In order to inspect the antifouling property of different modified surfaces, we 

fabricated PANI and PANI/PA hydrogel to compare the antifouling property in 

various single protein solution (BHb, BSA, HSA, Lys). In a typical experiment, the 

modified electrodes were immersed in PBS (0.2M, pH 5.7) to establish stable DPV 

base responses, and then their DPV responses were recorded in the same PBS again 

after incubation in aqueous solutions with 10-6 g mL-1of different proteins for 30 min, 

respectively. As shown in Figure 4, after immersion in different protein solution 

(30min), the changes of DPV response of GCE/PANI/PA are much smaller than those 

of pure GCE/PANI. This is because a large amount of protein can adsorb onto the 

pure PANI surface, and these protein biomacromolecules hinder the electron transfer 

of the surface [43]. Compared with pure PANI, the conductive polymer hydrogel 

PANI/PA can effectively prevent the adverse effects caused by such nonspecific 
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adsorption. Moreover, the antifouling ability of pure PANI and PANI/PA hydrogel 

modified surfaces were further investigated using FITC-BSA (Figure 5), where 

almost no visible FITC-BSA is obvious at the PANI/PA interfaces. All results 

demonstrate excellent antifouling capability of the PANI/PA hydrogel interface 

towards single protein. 

Fig. 4 

Fig. 5 

Besides single protein solutions, two complex biological media including bovine 

serum and milk samples were used to further evaluate the antifouling performance of 

the synthesized hydrogel. As shown in Figure S1, after serum or milk immersions (30 

min), the decreases of DPV response of PANI/PA surfaces were significantly smaller 

than those of pure PANI surfaces, proving antifouling capability of PANI/PA 

hydrogel. 

 

3.3. Characterization of the PANI/PA hydrogel-based biosensor  

In order to efficiently characterize stepwise of the GCE/PANI/PA/DNA (Figure 

6), the corresponding CV and DPV were performed in the absence of solution phase 

oxidation-reduction probes (PBS 5.7). From Figure 6A, CV curves show a 

well-defined redox peak, which could be contribute to the redox of PANI [37]. As 

expected, after the immobilization of DNA capture probes on the surface of hydrogel 

matrix, an obvious decrease of peak currents is observed (curve b), which is due to the 

fact that most biological macromolecules (including DNA) are low electron transfer 
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and can cause hindrance to the charge transfer [44]. The peak current of the biosensor 

decrease after the specific binding of target (miRNA24) again, because the 

electrostatic repulsion of double stranded DNA/RNA severely restrict the electron 

transfer of the biosensor. Therefore, based on the specific probes-target reaction, an 

ultrasensitive miRNA24 biosensor has been successfully constructed. The biosensor 

construction process was also monitored using DPV (Figure 6B). Undoubtedly, after 

DNA probes and miRNA targets were immobilized onto the PANI/PA surface, a 

successive decrease of the current (a-c) was detected. All DPV results are consistent 

with CV results, which prove the successful construction of miRNA biosensor with 

ultrasensitive electrochemical response changes. 

The CV technology was measured to investigate the charge transport 

characteristics of GCE/PANI/PA at different scan rates. It is shown in Figure 6 (C and 

D) that the slight peak potential changes with the increase in scan rate. The anodic and 

cathodic peak currents of the modified electrode increases with the increase of scan 

rates. The linear regression equation between the anodic peak current and scan rate is 

I / μA = 3775.59 v +1066.20 (R2=0.9957) (R2 = 0.998) with the range from 0.1 to 2.5 

V s-1. The linear regression equation between the cathodic peak current and scan rate 

is I / μA = -2031.35 v -950.78 (R2=0.9978) with the range from 0.1 to 2.5 V s-1. The 

results demonstrated that the redox process of the GCE/PANI/PA surface is 

adsorption-controlled process. 

Fig. 6 

3.4. Optimization of conditions for the miRNA detection 
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GCE/PANI/PA/DNA has been optimized to improve miRNA24 detection 

performance. The electrodeposition time of PANI/PA hydrogel, the immobilization 

time of DNA probes onto GCE/PANI/PA and the hybridization time between 

miRNA24 and DNA were taken as important parameters of the analysis method, 

which were investigated in detail. The experimental results and discussion have been 

shown in the supporting information (Figure S2). The electrodeposition time of 

PANI/PA hydrogel has been selected as 60 min. The immobilization time of DNA 

probes was optimized for 60 min. The hybridization time between miRNA24 and 

DNA has been selected as 45 min. 

The DPV parameters optimization has been shown in Figure S3. The 

experimental results show that the optimal setting parameters are as follows: increase 

E is 0.004 V; amplitude of 0.05 V; pulse width of 0.05 s; pulse period of 0.5 s. At the 

conditions, the peak current of DPV is the largest, which is beneficial to improve the 

sensitivity of the method. 

 

3.5. Analytical performance of the miRNA24 biosensor 

The biosensing achievements of the proposed GCE/PANI/PA/DNA for label free 

determination of target miRNA24 related sequence was assessed in PBS (0.2 M, pH 

5.7) by DPV tests. The incubation time of the biosensor for miRNA24 sensing was 45 

minutes. As shown in Figure 7A, the DPV signals decrease with the increasing of 

miRNA24 concentration, and the peak current changes [ΔIp/I0] vary linearly with the 

logarithm of miRNA24 concentrations in the range from 1.0 fM to 1.0 pM. A 
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regression equation of y = 0.2623x + 1.722 (R2 = 0.9876) was obtained with the 

sensitivity of 3.71 ss cm-2, where y is the ΔIp/I0 value and x is the logarithmic of 

miRNA24 concentration (nM), as demonstrated in Figure 7B. The limit of detection 

(LOD) is calculated to be as low as 0.34 fM (S/N=3). The CV method was also used 

to detect miRNA24 concentration. The linear regression equation of 

y=0.2096x+1.187 (R2=0.9942) (R2 = 0.9876) was obtained and the linear range is 0.1 

pM - 0.1 nM with the LOD of 0.033 pM and the sensitivity of 2.96 ss cm-2. Obviously, 

DPV method has wider linear range, lower LOD and higher sensitivity compared to 

CV method. The biosensing achievement of this biosensor was compared with 

previous biosensors reported (Table S1). The good biosensing performance of 

biosensor results from the following reasons: firstly, PA, with excellent 

biocompatibility and eco-friend, can provide friendly surroundings for DNA probes to 

maintain high binding affinity and bioactivity [45]. Secondly, PANI/PA nanoplatform, 

as a stable substrate for biosensor, was firmly deposited onto GCE surface by a simple 

electrochemical strategy, which can provide numerous amino of synthetic hydrogel as 

the biding sites for DNA probe immobilization. A high fixed quantity of 

biomolecules, high and specific binding affinity, and good bioactivity indicate that the 

constructed biosensor guarantee an ultra-low detection limit. 

Fig. 7 

To evaluate the selectivity of GCE/PANI/PA/DNA, the biosensor was exposed 

to solutions containing M1, M2, M3 and target miRNA24, separately, and monitored 

the changes in current. As shown in Figure S4, GCE/PANI/PA/DNA shows the 
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largest response towards miRNA24, and can successfully distinguish M1, M2 and 

M3. 

The long-term stability and reproducibility are two important criteria to assess a 

successful biosensor for practical application. So as to investigate the reproducibility 

of GCE/PANI/PA/DNA, five biosensors developed independently were used to assay 

miRNA24 (0.10 nM), and the relative standard deviation (RSD) was 3.9%. The 

biosensors were used to detect the same target miRNA24 repetitively for seven times, 

and the RSD was 2.6%, proving good reproducibility. As shown in Figure S5, a 

longer-term analysis result of the biosensors across six days shows a retention of 

>91% signals. 

 

4. Conclusion 

In summary, PANI/PA hydrogel with mesoporous structure was prepared 

by one-step electrochemical method. In the conductive hydrogel, PANI 

inherent electroactivity, good conductivity and excellent chemical stability, 

while PA enables the hydrogel with good biocompatibility and antifouling 

property. Notably, the PANI/PA hydrogel can not only supply a large number 

active sites for DNA fixation, but also generate the inherent reduction and oxide 

signal from PANI as the electrochemical signal (without addition of other redox 

probes). A low-fouling and ultrasensitive electrochemical biosensor based on 

PANI/PA hydrogel has been developed for miRNA detection. This study 

provides an effective and reliable method for the construction of ultrasensitive 
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and antifouling biosensors, especially for the assay of biomarkers in real 

biological samples in practical applications. 
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Captions 

Scheme 1 The description of structure of PANI/PA antifouling interface and its 

application for miRNA24 sensor. 

 

Fig. 1 (A) Synthesis of boronate-bearing PANI by copolymerization of ABA and 

aniline. (B) SEM images (a, b) (low and high magnification images) and chemical 

structure (c) of electrodes modified with PANI/PA hydrogels. 

 

Fig. 2 (A) FTIR spectrum of PANI (curve a) and PANI/PA nanocomposite (curve b). 

(B) The cyclic voltammetry curve of PANI/PA swept in PBS 5.7. (C) Static water 

contact angles of bare electrode (a), PANI (b), and PANI/PA (c) surfaces. 

 

Fig. 3 XPS spectra of PANI (A), PANI/PA (B), and PANI/PA/DNA (C). 

 

Fig. 4 The changes of DPV response of PANI (A) and PANI/PA (B) before (black 

line) and after (red line) soaking in single protein solution (1: BHb; 2: BSA; 3: HSA; 

4: Lys; 10-6 g mL-1). 

 

Fig. 5 The fluorescence microscopy versions of GCE, GCE/PANI, and 

GCE/PANI/PA after soaking in FITC-BSA solution (0.1 mg mL-1) for 30 minutes. 
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Fig. 6 CV (A) and DPV (B) curves recorded in PBS 5.7. (a, PANI/PA; b, 

PANI/PA/DNA; c, PANI/PA/DNA/miRNA). (C) CVs of the electrode modified by 

PANI/PA in PBS (0.2 M, pH 5.7) at diffierent scan rates from 0.1 to 2.5 V s-1. (D) The 

relations of the PANI/PA modified GCEs with the anodic and cathodic peak current 

against the scan rate. 

 

Fig. 7 (A) DPV responses of GCE/PANI/PA/DNA to miRNA24. Curve a represent 

the blank solution and curves b-i refer to miRNA24 concentrations from 1 fM to 10 

nM. (B) The corresponding calibration curve of the biosensor with different 

concentration of miRNA24 in PBS 5.7. (C) CV responses of the PANI/PA/DNA to 

miRNA24. Curve a represent the blank solution and curves b-h refer to miRNA24 

concentrations from 100 fM to 1 nM. (D) The corresponding calibration curve of the 

biosensor with different concentration of RNA24 in PBS 5.7. 
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Fig. 2 
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Fig. 3  
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Fig. 4 
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Fig. 5 
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Fig. 6 

 

 

 

 

Fig. 7 

 























Highlights 

 

1. Conducting polymer hydrogel PANI/PA was prepared by one-step electrochemical 

copolymerization way. 

2. The PANI/PA hydrogel demonstrated antifouling property towards four single 

protein and two complex biological media. 

3. The low fouling, label-free biosensor based on PANI/PA hydrogel has been 

constructed for MicroRNA24. 

4. The biosensor based on PANI/PA hydrogel has shown excellent sensing 

performances with wide linear range (1.0 fM-1.0 pM) and low sensing limit (0.34 

fM). 
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