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A B S T R A C T

As a newly emerged photoactive material, Cu2MoS4 has motivated wide research interests in the field of pho-
toelectrochemistry. Based on manganese doped CdS (CdS:Mn) sensitized graphene (G)/Cu2MoS4 composite, we
developed a label-free photoelectrochemical (PEC) immunosensor for the detection of cardiac troponin I (cTnI).
G as an excellent 2D conductive material, combined with Cu2MoS4 could improve its charge transfer efficiency.
CdS:Mn nanoparticles (NPs) loaded on G/Cu2MoS4 further enlarged the light absorption range of Cu2MoS4 and
restrained the electron-hole pairs recombination. Under optimal conditions, the proposed PEC immunosensor
responded sensitively to cTnI with a low detection limit of 0.18 pg/mL and a wide linear range (0.005–1000 ng/
mL). Moreover, as-fabricated immunosensor also exhibited high sensitivity, excellent selectivity and good sta-
bility. This work also was extended to real samples analysis and obtained satisfied results.

1. Introduction

Cardiovascular disease (CVD) is a common type of circulatory dis-
ease, the prevalence and mortality continue to rise (Kim and Sillah,
2013). The patients with myocardial injury generally have chronic or
severe acute skeletal muscle injury (Adams et al., 1993). In order to
improve the survival rate, CVD needs early diagnose. The biochemical
markers of early myocardial injury are mainly limited to creatine
phosphate kinase (CK) (Kucherenko et al., 2015), myoglobin (MB)
(Qing et al., 2015), creatine kinase MB subform (CK-MB) (Mcdonnell
et al., 2009) and cardiac troponin I (cTnI) (Shumkov et al., 2013; Zhang
et al., 2018). However, CK, MB and CK-MB exist not only in myocardial
tissue, but also in non-myocardial tissue. When skeletal muscle is da-
maged, they also increased in varying degrees. As for cTnI, not only it
can reveal the tiny myocardial damage, but also can remain in myo-
cardial tissue for a long time. Therefore, cTnI is an ideal biomarker of
myocardial cell damage (acute coronary syndrome and acute myo-
cardial infraction) (Falahati et al., 1999; Kim et al., 2016). For all the
above reasons, a valid and sensitive method to diagnose CVD by de-
tecting cTnI is reasonable.

Till now, various methods of detecting cTnI have been reported,
such as electrochemical (Ahammad et al., 2011; Chekin et al., 2018; Ko
et al., 2007), enzyme-linked immunosorbent assay (ELISA) (Asiabanha

et al., 2016; Cummins and Cummins, 1987), radioimmunoassay
(Cummins et al., 1987; Zhou et al., 2018), surface plasmon resonance
(SPR) (Masson et al., 2004; Wu et al., 2017), electrochemiluminescence
(Shen et al., 2011), etc. Compared with the above methods, photo-
electrochemical (PEC) immunoassay as a new analytical method, is
more convenient, economical and easier miniaturize (Haddour et al.,
2006). PEC immunoassay has excellent combination of the immanent
sensitivity of the PEC bioanalysis and the specific bioaffinity properties
of the immunomolecules (Zhao et al., 2017). In the process of PEC
detection, light energy is used to excite photoactive materials and
current is used as the detection signal. This procedure is inverse of
electrochemiluminescence (Wang et al., 2009b). PEC immunosensor is
evolved from electrochemistry, because the total separation and the
diverse energy form of the motivation source and detection signal, its
sensitivity is more higher than the traditional methods (Fan et al.,
2014b; Lv et al., 2017).

Recently, various semiconductor materials have been used to fab-
ricate the PEC biosensors. Such as metal sulfide, including Bi2S3 (Sun
et al., 2014), MoS2 (Wang et al., 2017b), SnS2 (Zhang et al., 2017b),
ZnIn2S4 (Han et al., 2015), Cu2MoS4 and so on, get more and more
attention. Among them, Cu2MoS4 as a representative ternary transition
metal chalcogenide, is earth-enough, pollution-free and low-cost (Ma
et al., 2017; Chen et al., 2014). Nevertheless, Cu2MoS4 has low
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photocurrent conversion efficiency and high electron hole recombina-
tion rate. In order to enhance the photocurrent intensity of Cu2MoS4, a
narrow band gap material could be introduced as a sensitizer to enlarge
its light absorption range. CdS is a narrowband gap semiconductor and
often used to sensitize wide band gap semiconductors (Wang et al.,
2016; Zhan et al., 2016). Because CdS could enhance the light energy
utilization rate and promote the electron-hole separation efficiency.
Furthermore, when Mn is doped in CdS, the light absorption ability of
CdS could be further enhanced (Zhang et al., 2017a). Graphene (G)
with the large superficial area and unexceptionable bonding perfor-
mances, could be used to improve the electron transfer rate of semi-
conductors (Gopalan et al., 2016).

In this protocol, a novel label-free PEC immunosensor by using G/
Cu2MoS4@CdS:Mn as a matrix to detect cTnI is developed. Scheme 1
illustrated the fabrication process of the PEC immunosensor. First, the
Indium-Tin Oxides (ITO) electrode was modified with G/Cu2MoS4
composite, then the CdS:Mn nanoparticles (NPs) were added to form G/
Cu2MoS4@CdS:Mn matrix for the immobilization of cTnI antibody
(Ab). Next, the bovine serum albumin (BSA) was employed to block the
nonspecific active sites of electrodes (Li et al., 2017a; Ren et al.,
2017b). Then, the cTnI antigen (Ag) was bound to the electrode surface
by the specific Ab-Ag reaction. Finally, a label-free PEC immunosensor
for cTnI detection was finished.

2. Experimental section

2.1. Materials and reagents

Ascorbic acid (AA) and Chitosan (CS) were purchased from
Sinopharm Chemical Reagent Co., Ltd (China). NaOH was obtained
from Jinan reagent general plant. Manganese acetate (Mn(Ac)2·4H2O)
was obtained from Tianjin Kermel Chemical Co., Ltd. N-(3-
Dimethylaminopropyl)-N-ethyl-carbodiimide hydrochloride (EDC) and
N-hydroxy succinimide (NHS) were purchased from Shanghai Civi-
Chem Co., Ltd. The phosphate buffer solution (PBS) was used in the
whole experiment with pH=7.4. All other chemical reagents were
used without further treatment.

2.2. Apparatus

PEC tests were carried on a PEC workstation (Zahner Zennium
PP211, Germany) with light excitation source which was purchased
from Zahner (Germany). Other apparatus was provided in
Supplementary information.

2.3. Preparation of the G/Cu2MoS4 complex solution

0.25mg of G was added to 0.5 mL deionized water and ultrasonic

for 2 h. Following, 0.5 mL 6mg/mL of Cu2MoS4 (the preparation of
Cu2MoS4 was given in Supporting information) was added and stirred
for 5 h to disperse it evenly.

2.4. Construction process of ITO/G/Cu2MoS4 and ITO/G/
Cu2MoS4@CdS:Mn electrodes

The ITO slices (20×7mm2) must be washed before use. The ITO
slices was washed (under ultrasonic) with acetone, ethyl alcohol,
1 mol/L NaOH ethyl alcohol/ultrapure water mix solution (v/v = 1:1)
and ultrapure water for 30min separately, and then dried at 70 °C in
nitrogen atmosphere for 140min. In order to obtain the ITO/G/
Cu2MoS4 electrodes, 10 μL of the above synthesized G/Cu2MoS4 sus-
pensions were dropped onto ITO electrodes and dried in darkness.

CdS:Mn NPs loaded on G/Cu2MoS4 electrodes were through the
successive ionic layer adsorption and reaction (SILAR) method and with
some modifications (Fan et al., 2014a). Before the preparation of G/
Cu2MoS4@CdS:Mn electrodes, 5 μL of CS (0.5 wt%) solution was
dropped on the surface of G/Cu2MoS4 electrodes to form a film, which
could enhance the adhesion force between semiconductor materials and
ITO. Then, the G/Cu2MoS4 electrodes were successively immersed into
0.1 mol/L Cd(NO3)2 methanol solution (containing 0.08mol/L Mn
(Ac)2), 0.1 mol/L Na2S methanol/water mixture (v/v = 1:1) for 30 s,
respectively. The electrodes were washed with methanol after each
immersion. The SILAR cycle was repeated several times to modify
CdS:Mn on G/Cu2MoS4 electrodes, and then the ITO/G/
Cu2MoS4@CdS:Mn electrodes were obtained.

2.5. Construction of the immunosensor

First, as-fabricated ITO/G/Cu2MoS4@CdS:Mn electrodes were im-
mersed in thioglycolic acid (TGA) aqueous solution (10mmol/L) for
10min to immobilize -COOH groups ((CdS)--S-CH2-COOH) (Han et al.,
2017) on its surface. Following the electrodes were rinsed with water to
remove excess TGA. Next, 5 μL 0.4 mol/L EDC +0.1mol/L NHS mixed
solution was added and stored in a 4 °C refrigerator for 1 h to activate
-COOH groups, following washed with water as well (Han et al., 2017).
Whereafter, 5 μL 10 μg/mL cTnI Ab was added onto the electrodes and
incubated at 4 °C for 3 h, and then rinsed with water to remove physi-
cally combined Ab. Then, 5 μL 1% BSA (PBS solvent) was added to
block nonspecific binding sites (Tong et al., 2018). After incubated at
4 °C for 3 h, the electrodes were rinsed with water thoroughly. After
that, 5 μL different concentrations of cTnI Ag were dropped onto the
electrodes and incubated at 4 °C for 2 h, then washed with water to
remove nonspecific bonds. Finally, a label-free PEC immunosensor for
cTnI detection was obtained.

Schemee 1. Fabrication process of the proposed PEC biosensor.
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2.6. PEC detection

PEC detection was carried out in PBS solution (containing 0.1 mol/L
AA) on a PEC workstation (light intensity 180W·m-2 with 0 V applied
potential). A three-electrode system was used in the measurements,
consisted of a Pt wire electrode (counter electrode, CE), a saturated
calomel electrode (SCE reference electrode, RE) and a working elec-
trode (ITO, WE).

3. Results and discussion

3.1. Characterization of the synthesized materials

Fig. 1 A shown the scanning electron microscopic (SEM) of
Cu2MoS4. As can be seen from the picture, the Cu2MoS4 was a sheet-like
structure and with a size of ~1.5 µm. In addition, Cu2MoS4 has a larger
specific surface area which could load more CdS:Mn to increase the
absorption of light energy. Fig. 1 B indicates that Cu2MoS4 was loaded
at G by physical commixture to enhance conductivity. From Fig. 1 C we
could see that CdS:Mn NPs loaded on G/Cu2MoS4 and formed the G/
Cu2MoS4@CdS:Mn hybrid structure. As shown in Fig. S1 (Supporting
information), the diameter of CdS:Mn NPs is about 11 nm and the lat-
tice fringes are clear. As depicted in the energy dispersive spectrometer
(EDS) spectrum (Fig. 1 D), the main component elements of G/
Cu2MoS4@CdS:Mn specimen is Cu, Mo, S, C, Cd and Mn. The result of
elemental mapping images (Fig. S2) agreed with the EDS spectrum,
demonstrated the successfully synthesized of G/Cu2MoS4@CdS:Mn.

Furthermore, the high crystallinity and crystalline structure of the
synthetic materials were verified by the X-ray power diffraction (XRD).
Fig. 2 A (a) shows that the diffraction peaks matched well with the pure
Cu2MoS4 (Chen et al., 2014). After Cu2MoS4 coupling with G, there was
no other diffraction peaks appeared (Fig. 2 A (b)), indicating the G
introduction did not change the phase structure of Cu2MoS4. And the
diffraction peaks became weaken, the reason might be that Cu2MoS4

crystals were covered by G (Yan et al., 2016) and the crystallinity of
composites were reduced (Si et al., 2018). As shown in Fig. 2 A (c), the
diffraction peaks at 29.37°, 38.03°, 47.41° and 69.55° were corre-
sponding to the crystal planes (111), (200), (220), and (400) of Mn
doped CdS (JCPDS No. 21–0829). In order to further analyze the oxi-
dation state of the synthesized Cu2MoS4, the X-ray photoelectron
spectroscopy (XPS) spectrum (Fig. 2 B) of the specimen was also per-
formed, and the detailed analyses were revealed in Fig. S3. In addition,
the element oxidation state in CdS:Mn NPs was Cd2+, S2- and Mn2+,
respectively (Fan et al., 2014a; Sankapal et al., 2000; Santra and Kamat,
2012).

3.2. Characterization of the as-fabricated PEC immunosensor

In order to restrain the electron-hole recombination rate and pro-
mote electron-hole separation efficiency, AA (0.1 mol/L) was used as
the electronic donor to capture the photogenerated hole of CdS:Mn.
Each modification step could be monitored by the time-based photo-
current response (Fig. 3 A), and all the tests were carried out under the
irradiation of 450 nm light. The bare ITO (Fig. 3 A; curve a) shows no
photocurrent.

After the addition of Cu2MoS4 (curve b), the ITO/Cu2MoS4 electrode
shows a bigger photocurrent than curve a. When Cu2MoS4 and G
physically mixed (curve c), the photocurrent continuously increased,
which could ascribe to the good electrical conductivity of G. After the
CdS:Mn NPs (curve d) modified onto the surface of ITO/G/Cu2MoS4 by
SILAR method, the photocurrent increased greatly (about 41.5 μA). This
could be attributed to the fact that the CdS:Mn NPs enhanced the ab-
sorption of visible light and suppressed the recombination of electron-
hole pairs. Next, the -COOH groups was added (via TGA CdS reaction)
and activated by EDC/NHS. The obtained ITO/G/Cu2MoS4@CdS:Mn
electrode was used as matrix for the following immobilization of Ab
(curve e), BSA (curve f), and cTnI (curve g). The gradually reduced
photocurrent could attribute to the modified protein (Ab, BSA, cTnI)

Fig. 1. SEM image of (A) Cu2MoS4, (B) G/Cu2MoS4 composite, (C) CdS:Mn modified G/Cu2MoS4 electrode and (D) EDS figure of the G/Cu2MoS4@CdS:Mn electrode.
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impeded the charge transfer and hindered the surface reaction between
the electron donor and the photoinduced holes.

The Electrochemical impedance spectroscopy (EIS) is a powerful
tool to monitor the electron transfer resistance, which can be used to
demonstrate whether or not the PEC immunosensor was successfully
fabricated. (Fan et al., 2016; Wu et al., 2016; Xing et al., 2018). In the
EIS test, the counter electrode (Pt wire), reference electrode (SCE) and
working electrode were immersed in a 5.0mmol/L [Fe(CN)6]3-/4- so-
lution containing 0.1mol/L KCl without irradiation and the applied
frequency range of EIS spectra was 0.1–105 Hz. The Nyquist plot of
different modified steps was shown in Fig. 3 B. From the picture we
could see that the impedance spectrum is a semicircular at the higher
frequency and straight at the lower frequency. In the picture, the
semicircle part represents the charge transfer resistance (Ret, associated
with the electrode surface change), and the linear part equals to the
diffusion step throughout the process (Ren et al., 2017c). The upper
inset of Fig. 3 B is the corresponding equivalent circuit, which consisted
of electron transfer resistance (Ret), the solution resistance (Rs), the
double layer capacitance (Cdl) and the Warburg impedance (Zw). The
lower inset of Fig. 3 B is the magnified image of curve (a), (b) and (c). It
can be seen from Fig. 3 B (a), there is a very small semicircle diameter
of the bare ITO electrode. After Cu2MoS4 (curve b) loaded on the sur-
face of ITO electrodes, the semicircular diameter obviously increased,
this could be attributed to the characteristic of the semiconductor
materials. However, when the electrodes modified with the G/Cu2MoS4
(curve c) composites, the semicircular diameter reduced, this is because
G improved its electron conduction ability. After the electrodes

modified with chitosan (CS) (curve d), the semicircular diameter in-
creased, which could be attributed to the insulation characteristic of CS
(Wang et al., 2009a). The semicircular diameter slightly increased after
CdS:Mn (curve e) loaded on the surface of ITO electrodes because of its
semi-conduction. Following, with the modification of Ab (curve f), BSA
(curve g), and cTnI (curve h), the resistance Ret continuously enhanced,
which could be ascribed to the non-conductive feature of the proteins.
All of the above results proved that each of the modification steps was
successfully.

Scheme 2 illustrates the mechanism of electron-hole transfer of the
proposed immunosensor. As shown in the scheme, when the CdS:Mn
NPs absorbed photon energy is higher than its band gap, the electron
could transfer from the valence band (VB) to the conduction band (CB).
After CdS:Mn coupled with Cu2MoS4, the electron of CdS:Mn could be
rapidly transferred to the CB of Cu2MoS4 and G, leaving the electrons to
be collected by ITO glass as a photocurrent and the holes neutralized by
the reductive AA.

3.3. Optimization of experimental conditions

In order to obtain the best performance of the as-fabricated PEC
immunosensor, the experimental conditions need to be optimized (Ren
et al., 2017a). The influences of different Cu2MoS4 concentrations are
shown in Fig. S4 A. The photocurrent intensity increased with the
concentration of Cu2MoS4 from 2.0 mg/mL to 3.0mg/mL. However,
with the concentration of Cu2MoS4 further increased, the photocurrent
intensity decreased gradually. This phenomenon could be interpreted as

Fig. 2. (A) XRD patterns of (a) pure Cu2MoS4, (b) G/Cu2MoS4, (c) G/Cu2MoS4@CdS:Mn. (B) XPS survey spectra of the Cu2MoS4.

Fig. 3. (A) The photocurrent response of (a) ITO, (b) ITO/Cu2MoS4, (c) ITO/G/Cu2MoS4, (d) ITO/G/Cu2MoS4@CdS:Mn, (e) ITO/G/Cu2MoS4@CdS:Mn/Ab, (f) ITO/
G/Cu2MoS4@CdS:Mn/Ab/BSA and (g) ITO/G/Cu2MoS4@CdS:Mn/Ab/BSA/cTnI. (B) The Nyquist diagrams of (a) ITO, (b) ITO/Cu2MoS4, (c) ITO/G/Cu2MoS4, (d)
ITO/G/Cu2MoS4/CS, (e) ITO/G/Cu2MoS4/CS@CdS:Mn, (f) ITO/G/Cu2MoS4/CS@CdS:Mn/Ab, (g) ITO/G/Cu2MoS4/CS@CdS:Mn/Ab/BSA and (h) ITO/G/Cu2MoS4/
CS@CdS:Mn/Ab/BSA/cTnI.

H. Chi, et al. Biosensors and Bioelectronics 132 (2019) 1–7

4



follows: at low concentration, the thickness of Cu2MoS4 film enlarged
with the increased concentration, resulted in more photoactive mate-
rials and light absorption. However, when the concentrations were
higher than 3.0mg/mL, the thicker Cu2MoS4 film could augment dif-
fusional resistance for electron motion (Yang et al., 2015). Therefore,
we selected 3.0mg/mL Cu2MoS4 suspension as the optimum con-
centration for the next experiments.

G as a superb conductive material could increase the photocurrent
intensity. Fig. S4 B shows that the photocurrent intensity increased
accordingly with the G concentration increased from 0.10mg/mL to
0.25mg/mL. Nevertheless, when the G concentration increasing to
0.85mg/mL, the photocurrent intensity gradually decreased, which
could attribute to that the excess G caused more resistance rather than
conductivity (Tsai et al., 2011). Thus, 0.25mg/mL G suspension was
employed as the first-rank concentration for further experiments.

The coating numbers of CdS:Mn could reflect the thickness of
CdS:Mn. The effect of coating numbers was investigated in the range of
1–10 (Fig. S4 C). The photocurrent intensity increased significantly
with the increase of coating number, which could be attributed to that
the CdS:Mn enlarged light absorption range and accelerated the charge
transfer rate. When the coating numbers were 8, the photocurrent in-
tensity was the highest. Therefore, 8 coating numbers of CdS:Mn NPs
were chosen as the optimal condition for the subsequent use.

AA was served as an ideal electron donor to capture photogenerated
holes to inhibit the recombination of electron-hole pairs (Han et al.,
2018; Wang et al., 2017a). The influence of AA concentrations to
photocurrent was shown in the Fig. S4 D. The photocurrent intensity
increased with the increasing concentration of AA, and got the optimal
value at 0.1mol/L. As the concentration of AA further increased, the
photocurrent showed a downward trend because of the quenched ab-
sorbance of the electrolyte solution (Wang et al., 2017a), which thus
decreased the light intensity and formation efficiency of excited elec-
tron-hole center (Kang et al., 2010). Hence, 0.1mol/L AA was selected
as the appropriate concentration of electron donor for these experi-
ments.

Fig. S4 E exhibited the optimizational result of light wavelength
response. We investigated the light wavelength response of the syn-
thesized materials in the wavelength range of 365–530 nm because the
composites had a strong UV–vis absorption in 300–600 nm (Fig. S5).
When under the irradiation of 450 nm light source, the photocurrent

intensity had a maximum value (51.57 μA). As a result, 450 nm was
chosen as the best illumination for the following use.

3.4. Performance of the PEC immunosensor for the cTnI detection

Under the optimum immunoassay conditions, the different con-
centrations of cTnI were tested by the as-fabricated PEC immunosensor.
Fig. 4 A exhibits the photocurrent responses of different concentrations.
The photocurrent gradually decreased as the cTnI concentration in-
creased, meaning more cTnI Ag was hatched on the electrode and in-
volved in the PEC process. It can be seen from Fig. 4 B, with the
logarithm of cTnI concentration in the range from 5 pg/mL to 1000 ng/
mL, the photocurrent intensity was linearly decreased. The calibration
equation was I=-2.60 logc +31.01 with the correlation coefficients of
0.9946. The detection limit was estimated in line accordance with the
signal-to-noise ratio was 3 (S/N=3) (Li et al., 2016). In this method,
the first was to calculate the standard deviation (S.D.) of PEC responses
of five replicated measurements of G/Cu2MoS4/CS@CdS:Mn/Ab/BSA
electrodes. Then the calculated 3 S.D./k as the value of detection limit,
in which k was the slope of the linear regression quation of calibration
curve. Therefore, the detection limit (3 S/N) was estimated to be
0.18 pg/mL. Compared with other reported works for cTnI detection,
our work had a lower detection limit and wider detection range
(showed in Table S1), which indicated this immunosensor had high
sensitivity and could be used in detecting of cTnI. Meanwhile, com-
pared with other works (Li et al., 2017b; Tan et al., 2017), PEC im-
munoassay for cTnI detection had fast response, simple operation and a
low background signal.

3.5. Stability, selectivity and reproducibility of the PEC immunosensor

For the application, excellent stability, high selectivity and good
reproducibility are the important characteristics of the immunosensor
(Wu et al., 2018; Xiang et al., 2018a, 2018b). Fig. 4 C shows the re-
cording of the photocurrent response for the detection of 10 ng/mL cTnI
under repeated 10 times on-off-on operation. There are no obvious
photocurrent changes were observed, indicating the proposed im-
munosensor had excellent stability for the detection of cTnI.

Selective research of the PEC immunosensor for cTnI detection was
carried out with some interfering substance, such as insulin, glucose,

Scheme 2. Schematic diagram of electron-transfer mechanism.
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human immunoglobulin antigen (HIgG) and uric acid (UA). 10 ng/mL
of cTnI solution comprising 50 ng/mL interfering substances were
tested respectively under the same experimental condition and the
tested results were shown in Fig. 4 D. Compared with the result of
10 ng/mL cTnI, there were no distinct change in photocurrent, and the
relative standard deviation (RSD) of the measurement was within 5.0%,
indicating the selectivity of the immunosensor was acceptable.

Reproducibility of the biosensor was investigated by measuring five
fabricated electrodes with 10 ng/mL cTnI under the identical experi-
mental conditions. Fig. S6 shows the photocurrent intensities of five
electrodes were similar, and the RSD of measurements was 1.7%, in-
dicating the reproducibility of this immunosensor was satisfactory.

3.6. Real sample analysis

To further research the feasible application of the biosensor for real
sample analysis, the different concentrations (20, 40, 60 pg/mL) of cTnI
in normal serum samples were measured via standard addition
methods. Table S2 exhibits the analytical results, from which we can
see the recovery was in the range of 99.3–100.6%, the RSD was in the
range of 1.5–2.0%, demonstrating that the fabricated biosensor could
be preliminarily applied in clinical diagnosis.

4. Conclusion

In this work, we developed a novel label-free PEC biosensor for the
detection of cTnI based on CdS:Mn NPs sensitized G/Cu2MoS4 compo-
site. The sheet structure of G/Cu2MoS4 provided a large specific surface

for the loading of CdS:Mn NPs. What's more, graphene also improved
the electron conduction ability of the G/Cu2MoS4@CdS:Mn matrix,
further enhanced the photocurrent. The CdS:Mn NPs as an outstanding
photosensitizer effectively enhanced the PEC performance of the pro-
posed PEC biosensor. Under optimal experimental conditions, the
constructed PEC biosensor showed excellent stability, acceptable se-
lectivity and satisfactory reproducibility, with a broad detection range
of 0.005–1000 ng/mL and a low detection limit of 0.18 pg/mL. In view
of the outstanding merits of designed PEC immunosensor, it may offer a
promising method for cTnI detection in clinical diagnosis and also
provide a potential application for other disease biomarker detection.
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