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leading to ≈16.7 million death toll per year 
owing to its sudden onset and short-term 
course.[1] Importantly, the cardiac myocyte 
is not renewable that later treatment will 
cause irreversible myocardial necrosis to 
induce cardiac arrest.[2] Therefore, rapid 
and accurate diagnosis of AMI is first and 
essential to life saving. In hospital, elec-
trocardiography,[3] coronary angiography,[4] 
and blood assay[5] are most applied for the 
diagnosis of AMI. Electrocardiography 
enables to quickly indicate the myocar-
dial ischemia according to the elevated or 
depressed ST-segment signals.[6] However, 
it sometimes shows no obvious change 
only if patients have severe clinical symp-
toms. Coronary angiography relied on the 
contrast agent in the cardiovascular to vis-
ually observe narrowed or blocked lesions 
of the coronary arteries.[7] Nevertheless, in 
order to inject the contrast agent to body, 
this method is invasive and time-con-
suming. Besides, above two techniques 
always require specific instruments and 

professional operations to only support the diagnosis in hos-
pital. Blood assay to detect cardiac troponin I (cTnI)[8] is proved 
as a highly sensitive and specific measurement for accurate 
evaluation of disease course of AMI. Currently, there are two 
main principles, solid-phase chromatography immunoassay 
(SPCI)[9] and electrochemiluminescence (ECL),[10] to test cTnI 
content in blood for clinical diagnosis. The SPCI method 
showing a rapid result within 15  min without any support of 
instrument, but it can only provide a semi-quantitative judg-
ment on the increase of cTnI concentration. Although ECL 
enables to further decrease the detection time to 9 min, it also 
demands the specific reagent and biochemical analyzer to only 
allow operation in hospital. Overall, a much quicker and port-
able detector for the quantitative test of cTnI is desired for the 
early or non-hospital diagnosis of AMI.

The electrochemical biosensor is an advanced bioana-
lytical method due to its fast signal response, low-cost, and 
miniaturization.[11] Nowadays, its work for cTnI detection 
mainly adopted the principle of immune reaction as a immu-
nosensor[12] or DNA binding as a aptasensor.[13] The former one 
depends on the specific combination of antibody/antigen with 
cTnI to establish the relation between electric signal and target 

Due to the short course and high mortality of acute myocardial infarction 
(AMI) which will cause irreversible myocardial necrosis to induce cardiac 
arrest, its early diagnosis within minutes is always a challenge in clinical 
emergency. In this work, an ultrafast and ultrasensitive aptasensor is 
designed to achieve quantitatively detection of cardiac troponin I (cTnI) which 
is proved as a highly specific and sensitive biomarker to AMI, and within only 
4 min, the cTnI concentration can be accurately reported. This aptasensor 
is constructed via an in situ growth of the oriented Pt-polyaniline (PANI) 
needle-like nanoarrays providing both high electrocatalysis and abundant 
active sites as the signal magnifier and DNA carrier. A target-induced strand 
release strategy is proposed to remarkably accelerate the recognition process 
of cTnI through the specific design of DNA stand for binding. The as-prepared 
aptasensor can exhibit an ultrawide linear detection range of cTnI from 
1 pg mL−1 to 100 ng mL−1 satisfying the clinical demand for AMI diagnosis, 
together with excellent selectivity among various biomarkers. Based on its 
fast recognition ability, this aptasensor presents a high accuracy in the prac-
tical detection of human serum to prove its promising ability in the early and 
on-site diagnosis of AMI.
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1. Introduction
By 2019, there are more than 19.6 million people globally died 
of cardiovascular diseases (CVDs), which have been one of the 
highest causes of death according to the statistics from Word 
Health Organization. Among various CVDs, acute myocar-
dial infarction (AMI) showing the most threat to life, already 
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concentration. Although it is of a high sensitivity and selec-
tivity, the immunosensor often spends more than half an hour 
to finish the analysis owing to the long period of the immune 
reaction.[14] The aptasensor applies the DNA strand whose bases 
are designed to produce a specific affinity for fast catching 
cTnI, generating the current or resistance change on the elec-
trode surface. Using this strategy, the detection period can be 
shortened to several minutes, however, response signal derived 
from only DNA binding is not strong enough to show enough 
sensitivity. In order to address this issue, various nanomate-
rials owning high electrocatalysis or conductivity have been 
constructed on electrode as the signal magnifier to serve as the 
aptasensor. Among them, noble metals including Au, Ag, and 
Pt[15] are most applied on account of their high catalysis and 
abundant sites for DNA immobilization.[16] Nevertheless, their 
crystals especially in nanoscale prefer aggregation[17] together to 
cause poor distribution to affect catalysis and conductivity for 
DNA signal generation and transfer which directly determine 
both sensitivity and analysis time of the cTnI detection.

In this work, an oriented Pt-polyaniline (PANI) nanoarrays 
based label-free aptasensor was proposed to achieve an ultra-
fast and ultrasensitive detection of cTnI in real human serum 
within only 4  min (Figure  1). On a carbon cloth (CC), PANI 
nano-needles (NNs) were in situ synthesized along the direc-
tion perpendicular to the plane through a controllable chem-
ical polymerization route. Then serving each nanowire as the 
growth skeleton, Pt nanoparticles (PtNPs) of 8  nm were uni-
formly prepared to decorate whole PANI surface, contributing 
excellent electrocatalytic ability to the electrode. This archi-
tecture of the Pt-PANI nanoarray enables to provide an ultra-
large bioactive surface serving as numerous nano-electrodes 
for the DNA immobilization. Using a target-induced strand 
release strategy, the as-prepared aptasensor was capable to sen-
sitively capture trace cTnI in serum to generate and magnify 
the current signal due to the created abundant DNA catchers, 
achieving an ultralow detection limit of 0.3 pg mL−1 with a wide 
linear range between 1 pg mL−1 and 200 ng mL−1 that satisfies 
the clinical demands of AMI diagnosis.

2. Results and Discussion

2.1. Nanostructure Evolution of the Pt-PANI Nanoarrays

The challenge of the aptasensor is always the signal intensity 
derived from the aptamer binding with the target molecule. In 
this case, when constructing an electrode material, its active 
surface area which is closely related to the immobilization 
amount of DNA or RNA strands often dominates the sensing 
performance. Therefore, as our expectation in Figure  1, we 
desired to build a 3D interface composed of independent nano-
probes to provide abundant binding sites for loading the cTnI 
recognition aptamer, so that achieving the rapid signal response 
and magnification during the detection of trace cTnI. Following 
this design, PANI which is of remarkable conductivity and 
biocompatibility[18] was first synthesized on a CC to form a 
needle-like nanostructure providing a 3D feature through a low-
temperature polymerization route. In this reaction, aniline and 
sodium persulfate were served as the monomer and initiator, 
respectively. The morphology evolution of this PANI film was 
controlled according to the polymerization time. As shown in 
Figure 2a, at the beginning of this reaction, the CC surface only 
revealed many tiny and irregular particles to present wide gaps 
between each one. These gaps were rapidly and totally occupied 
to show a dense distribution of needle-like nanoparticles at  
12 h, which hardly observed the feature of CC (Figure 2b). Fur-
ther prolonging the growth time to 24 h, the radial length of 
these needles was obviously increased, together with the rare 
change of their axial length (Figure 2c). It can be observed that 
there was a layer of oriented needle-like units with the size of 
≈20 nm diameter on the substrate (the inset of Figure 2c). This 
is because that along the axial direction, there are so many 
crowding needle units to produce strong space-confined effects 
to hinder the further growth of the diameter of these NNs. In 
this case, the NNs preferred to grow toward the direction per-
pendicular to the surface with much lower hindrance, causing 
the length increase of the NNs. Nevertheless, the over-long NNs 
would result in the aggregation and intergrowth of NNs, finally 

Figure 1. Schematic of the designed Pt-PANI nanoarrays based cTnI aptasensor.
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producing a complete plane to loss almost needle nanostructure 
(Figure 2d). Therefore, in order to obtain the sufficient surface 
area, the PANI film forming NNs morphology in Figure 2c was 
selected as the skeleton for the aptamer loading. Furthermore, 
we also confirmed that the density of PANI NNs can be well 
controlled through the adjustment of the aniline concentration. 
When using 10 mm aniline as the reactant for polymerization, 
a uniform and dense distribution of NNs was obtained to show 
an ultrahigh surface area (Figure S1, Supporting Information).

However, due to the weak interaction between PANI and 
aptamer, only using PANI to immobilize of DNA or RNA may 
bring a poor binding amount leading to a lack of active sites 
for capturing cTnI. Hence, we introduced PtNPs serving as 
the anchor to provide abundant binding sites for aptamer. The 
PtNPs were in situ synthesized on the surface of each PANI 
NNs through a hydrothermal route. This process was inves-
tigated by FTIR (Figure  2e) to monitor the change of typical 
adsorption peaks of PANI at 1252, 1306, 1468, and 1564 cm−1 
which represent the bonds of CN, CN, and CC, respec-
tively.[19] Compared with the bare CC, after the formation of 
PANI film on CC, the peaks of CC were revealed to represent 
the bond in the benzene ring of PANI. Then the deposition of 
PtNPs produced rare influence of these peaks, indicating the 
non-damage effect to PANI during the hydrothermal synthesis 
of platinum. Besides of the original peaks belonging to CC, the 

XRD results (Figure 3a) revealed that the formation of PtNPs 
enabled to add three peaks at 39.8°, 46.4°, and 67.7° which cor-
responds to the Pt crystal faces of (111), (200), and (220), respec-
tively.[20] This proved that Pt crystals were successfully loaded on 
the surface of the PANI film. In order to clarify the bond infor-
mation of the prepared nanocomposite, XPS was applied to 
monitor the evolution of valances for each element. According 
to the survey map in Figure  3b, the in situ polymerization of 
AN on the CC had presented an extra wide peak at 399.1 eV cre-
ated by the N1s orbit. As observed in the magnification of this 
peak (Figure 3c), typical bonds of PANI, such as N, NH, 
NH, and NH, were separated to indicate the polym-
erization of AN through the bonding of amino.[21] Meanwhile, 
according to the C1s map (Figure 3d), it can be obviously found 
that after the formation of PANI, the CN peak was generated 
at 285.0 eV,[22] and the introduction of PtNPs had not produced 
any peak shift to confirm the rare chemical interaction to affect 
the bonds of PANI. Furthermore, the Pt4f spectrum (Figure 3e) 
showed two main peaks at 70.9 and 74.2  eV which indicated 
the zero-valent Pt, and two satellite peaks with higher binding 
energy appear at 72.47 and 76.31 eV which may be contributed 
by some few oxidized Pt, such as Pt(OH)2 and PtO/PtO2.[23]

The nanostructure of the Pt-PANI was then revealed by the 
HRTEM images in Figure 3f. It can be observed that the out-
line of the PANI needle is a cone with the tip size of 15  nm. 
Besides, there was lots of tiny particles showing ≈8 nm diam-
eter with a high density on the surface of this needle. The par-
ticle was further analyzed by the electron diffraction to present 
a d-spacing of ≈2.26 Å for adjacent lattice planes of the Pt pre-
sented the predominance of (111) planes[24] (Figure  3g), which 
is in accordance with above XRD results in Figure 3a. Further-
more, according to the analysis of Pt element on a carbon fiber 
of the CC (Figure 3h,i), it has been proved that Pt atoms were 
uniformly deposited to cover the whole surface of the fiber, ena-
bling to abundant binding sites to attract the aptamer through 
creating the PtS bond.

2.2. Electrochemical Behaviors of the Pt-PANI/CC Electrodes

Normally for the electrochemical biosensor, electrocatalytic 
activity and conductivity of the electrode material determine the 
amperometric sensing performance according to the Faraday's 
law. Therefore, we tested these two abilities of the films pre-
pared at each fabrication step. Especially, the PANI films pro-
duced under different polymerization time to present different 
morphologies in Figure 2b,d were carefully studied to confirm 
the effects derived from the nanostructure on performance. As 
shown in Figure 4a, the pair peaks of each film were resulted 
by the electrochemical reaction of the probe Fe(CN)6

3−/4−, and 
their peak values Ip and potential differences ΔEp enable to 
indicate the electrocatalytic ability and electron transfer resist-
ance, respectively.

For clarity, these two parameters obtained from the CV dia-
grams were concluded in Figure  4b. It can be found that the 
bare CC showed the lowest ΔEp to illustrate the best medium 
for the electron transfer. However, its Ip is also lowest to pre-
sent the poor electrocatalysis on the reaction. Comparing var-
ious prepared PANI films, the one synthesized at 24 h is of the 

Figure 2. FESEM images presenting the surface features of the PANI/CC  
films prepared at different polymerization time: a) 6 h, b) 12 h, c) 24 h,  
and d) 48 h, and the bar is 500 nm. e) FTIR diagrams of the bare CC, 
PANI/CC, and Pt-PANI/CC.
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superior Ip and ΔEp which were 2.95  mA and 0.37  V, respec-
tively. Nevertheless, other PANI films shows these two proper-
ties as 2.82 mA and 0.38 V, 2.78 mA and 0.39 V for the prepara-
tion time of 12 and 48 h, respectively. This confirms that the 
construction of needle-like PANI is beneficial to improve the 
electrocatalytic ability because of its high surface area. It is 
worth noting that the employment of PtNPs enabled to greatly 
enhance Ip to 3.12  mA and decrease ΔEp to 0.35  V attributed 
to the excellent catalysis and conductivity of PtNPs. In order 
to directly evaluate the resistance, electrochemical impedance 
spectroscopy (EIS) test was applied to examine above films. 
Figure  4c exhibited Nyquist curves of these films modified 
CC electrodes. Obviously, the coating of PANI films generally 
increased the original resistance of CC. Among them, the PANI 
film prepared at 24 h presented the most closely value of resist-
ance (31.56 Ω) to the bare CC (30.81 Ω). Further deposition of 
PtNPs slightly reduced the resistance to 31.21 Ω, which is in 
agreement with above CV results.

As our expectation, the proposed needle-like nanoarrays are 
capable to provide an ultrahigh surface area containing abun-
dant binding sites for aptamer to promote the electrochemical 
performance. Hence, the effective electrochemical surface areas 
of above prepared films were then investigated by following the 
Randles–Sevcik equation:[25]

( )= × ∗I

v
n D C A2.69 10p

1/2
5 3

o
1/2

o
 

(1)

where Ip, v, and n are the redox peak current, scan rate, and 
total number of electrons transferred during the redox pro-
cess, respectively. Do, Co, and A refer to the molecular diffusion 
coefficient, probe molecule concentration, and electrode area, 
respectively. Because A is proportional to Ip/v1/2, then above 
parameters can be obtained according to the CV results of these 
films tested with different scan rates. The relations between Ip 
and v1/2 had been shown in Figure 4d. According to the linear 

Figure 3. a) XRD images of the bare CC, PANI/CC, and Pt-PANI/CC electrodes; b–e) XPS survey map and element analysis of N1s, C1s, and Pt4f;  
f,g) HRTEM image of single Pt-PANI nano-needle and its electron diffraction map; h,i) HRTEM photos of a Pt-PANI modified carbon fiber and the 
element mapping of Pt.
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calibrations, the effective electrochemical surface areas of the 
PANI/CC prepared at 12, 24, 48 h, and Pt-PANI/CC were cal-
culated as 1.118, 1.242, 0.956, and 1.309, respectively (Table S1, 
Supporting Information). This proved that the construction of 
uniformly distributed PANI NNs with the decoration of PtNPs 
can evidently increase the surface area of the electrode, which 
would supply more electrochemical active sites to attract more 
DNA stands for the signal magnification.

2.3. Strategy and Performance of the cTnI Recognition

Due to the short course and high mortality of AMI, the detec-
tion period is essential to realize an early diagnosis for the 
emergency. In this case, the response time of the biosensor 
which is qualified to the accurate report of cTnI is desired to 
require as fast as possible. Thereby, a target-induced strand 
release strategy was designed to sensitively capture cTnI with a 
high specificity (Figure 5a). In this reaction, a ferrocene grafted 
DNA stand was specially designed with a thiol terminal to 
form a stem-loop structure on Pt-PANI NNs through the ionic 
bond of DNA-S-Pt. The base sequence of ″CGT GCA GTA CGC 
CAA CCT TTC TCA TGC GCT GCC CCT CTT A″ can spe-
cifically recognize cTnI protein, in which the complementary 
sequence of the front eight bases (CGT GCA GT) was added 
behind the sequence as ″GCG TAC TG″. Here, the ferrocene 
terminal serving as the signal source is close to the electrode 
surface, therefore, the redox current of the ferrocene enables 
to be collected due to the smooth pathway of electron transfer. 

Only if cTnI exists in the detection system, the loop will be 
opened because of the specific affinity derived from the DNA 
base sequence to cTnI. Right now, the ferrocene molecule is far 
from the electrode surface, hindering the electron transfer to 
attenuate the response current. The higher the concentration of 
cTnI, the lower the current value.

Based on above principle, we first investigated the influence 
of incubation time representing the immobilization amount 
of DNA to the signal strength. As shown in Figure  5b, the 
response current produced by the ferrocene in DNA showed 
a change of first rising and then decreasing. This is because 
that initially the surface of NNs is clear to present abundant 
free sites, hence, the aptamer is easy to be captured to rapidly 
increase the surface concentration of ferrocene, causing the 
fast current enhancement. However, with the continuous dona-
tion of binding sites on Pt-PANI NNs, the space hindrance is 
also fast increasing to result in the block of electron transfer, 
showing the sudden reduction of the current signal after 16 h. 
Therefore, we adopted 16 h as the preferred loading time of the 
DNA for the fabrication of the aptasensor.

After finishing the preparation of this aptasensor, the 
optimum detection time directly determining the diagnosis 
efficiency of AMI was carefully evaluated by monitoring 
the change of the electrode current with time after adding  
1 ng mL−1 cTnI as the target. As shown in Figure 5c, in the first 
one minute, the current greatly dropped by 9.1%, and then 
reaching stable immediately. This indicates that the opening 
rate of loop through the hybridization reaction between 
DNA stand and cTnI mostly happened at early stage due to the 

Figure 4. The electrochemical performance of the prepared films including bare CC, PANI polymerized by different time on CC and Pt deposited  
PANI/CC. a) CV diagrams in the probe solution containing 10 mm Fe(CN)6

3− with 0.1 m KCl, and b) their changes of oxidation peak current Ip and 
potential difference ΔEp. c) EIS maps and d) effective electrochemical surface area characterized in 10 mm [Fe(CN)6]3−/4−.
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original high concentration of cTnI in system, and then the 
desorption and adsorption of cTnI reached a balance to bring 
a steady current. For shortening the detection time together 
with ensuring the enough current signal, we selected 4  min 
as the optimum hybridization time for the cTnI recognition. 
Besides, 1 min of detection time is possible to choose in emer-
gency and qualitative detection process. Under this test condi-
tion, the available detection range of the as-prepared aptasensor 
was determined by a differential pulse voltammetry (DPV) 
technique (Figure  5d). With continuously increasing the cTnI 
concentration from 1 pg mL−1 to 200 ng mL−1, the current was 
keeping reduction which indicated the gradual hybridization 
process for the loop opening. Then these peak current values 
were collected to make the relation with the cTnI concentration, 
and then fitted to a linear calibration with the logarithmic trans-
formation of the concentration. The linear equation was calcu-
lated as follows:

∆ = +i C28.03 7.19 log cTnI  (2)

where Δi represents the difference between the currents before 
and after adding cTnI. CcTnI is the concentration of cTnI in the 
detection system. Using this standard equation, we can calcu-
late the unknown cTnI concentration according to the tested 
current change.

2.4. Stability, Reproducibility, and Selectivity of the Prepared 
Aptasensor

For the practical analysis of serum, the electrochemical stability 
of the film is essential to ensure the reliability of the detection 
result. Hence, we repetitively impose 100 times of CV scans 
from −0.2–0.6  V on the as-prepared aptasensor to investigate 
the current change of redox peaks. As shown in Figure  6a, 

Figure 5. Strategy and detection performance of the Pt-PANI/CC based aptasensor. a) Schematic of the target-induced strand release strategy for the 
signal generation during capturing cTnI. b) The influence of the DNA incubation time on the current signal. c) The change of current with prolonging 
the hybridization time for DNA on the aptasensor and 1 ng mL−1 cTnI in solution. d) DPV results of the as-prepared aptasensor for the detection of 
cTnI with the concentrations from 1 pg mL−1 to 200 ng mL−1. e) The linear calibration of response current versus cTnI concentration according to the 
original data in the inset.
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after the repetitive electrochemical scanning, both PANI and 
Pt-PANI films were of excellent stability on CC to show less 
than 6.6% attenuation of peaks’ currents, which demonstrated 
the satisfactory electrochemical stability and strong interac-
tion of the films on CC substrate. Then we further studied the 
reproducibility of this aptasensor through testing the detection 
performance of the prepared eight sensors. The concentrations 
of other biomarkers were 100 ng mL−1, while the applied con-
centration of cTnI is 1  ng mL−1. By comparison, the current 
signal produced by cTnI was much higher than those of other 
biomarkers (Figure 6c). When mixing them together with cTnI, 
the current value showed only less than 3.4% average error in 
detection. Above evidences confirm that the proposed detection 
strategy enables to accurately capture cTnI among various inter-
fering species to exhibit outstanding selectivity. Besides, the 
reuse ability of the aptasensor was also studied through con-
tinuous repetitive test of cTnI within 30 days for three times 
per day. As shown in Figure 6d, after nearly 100 times of tests 
for one month, the response current can remain 91.7% perfor-
mance of the fresh sensor, demonstrating the remarkable long-
term reuse and storage ability of the as-prepared apatsensor.

2.5. Practical Analysis of Human Serum Samples

In order to verify the practical performance of the as-prepared 
aptasensor, the human serum was collected for the hospital 

to serve as the target sample. The as-prepared aptasensor 
was used as the analysis tool to recognize the different con-
centrations of cTnI added by the standard addition method to 
evaluate its detection accuracy. The original content of cTnI in 
serum was tested to present 13.00 pg mL−1 by using a com-
mercial biochemical analyzer in hospital. After each addition 
of 0, 50, and 100 pg mL−1 cTnI, this aptasensor was applied 
to test each sample for three times. According to the anal-
ysis results in Table  1, the recovery values were calculated 
as 104.97%, 98.95%, and 100.58% from the 0 to 100 pg mL−1 
additions, respectively. Moreover, all test results were obtained 
within 4  min. This performance proved that the as-prepared 
aptasensor is capable to satisfy both requirements of high 
accuracy and fast detection time, showing the promising in the 
early diagnosis of AMI without any limits of assay occasions 
and specific operation.

Figure 6. a) Electrochemical stability of the prepared PANI/CC and Pt-PANI/CC investigated by 100 times of repetitive CV scans. b) The response cur-
rents of the Pt-PANI/CC in eight times of independent detections to 1 ng mL−1 cTnI. c) Selectivity test of the aptasensor using various biomarkers as 
the interfering substances. d) Examination of the usage stability of an aptasensor for continuous reuse within 30 days.

Table 1. Detection results of cTnI concentration in real serum sample by 
using the as-prepared aptasensor.

Sample Added  
[pg mL−1]

Founded  
[pg mL−1, n = 3]

RSD  
[%]

Recovery 
[%]

Serum (13.00 pg mL−1) 0 13.85 14.18 12.91 0.54 104.97

50 61.01 62.25 63.76 1.12 98.95

100 116.52 111.66 112.79 2.08 100.58
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3. Conclusion

We have successful achieved an ultrafast and ultrasensi-
tive detection of serum cTnI via constructing an oriented Pt-
PANI needle-like nanoarrays based label-free aptasensor. This 
aptasensor is of the high electrocatalysis and conductivity to 
specifically capture cTnI with an ultrawide linear range to 
produce current response relying on a target-induced strand 
release strategy. Using real human serum as samples, the as-
prepared aptasensor is capable to accurately recognize cTnI 
with a high selectivity only requiring 4 min. This biosensor is 
proved to own potentials in the early and on-site diagnosis of 
AMI for non-hospital patients, enabling to effectively save test 
time for the emergency and treatment. Meanwhile, this pro-
posed detection strategy is promising to shorten detection time 
for other physiological species, such as serum electrolytes and 
cancer biomarkers.

4. Experimental Section
Reagents and Apparatus: The DNA strand was synthesized by Sangon 

Biotech Co., Ltd. (Shanghai, China), and its base sequences was as 
follows: cTnI-Apt: 5′-SH-(CH2)6-CGT GCA GTA CGC CAA CCT TTC 
TCA TGC GCT GCC CCT CTT AGC GTA CTG AGC-Ferrocene-3′. CC 
(CF, W0S1009) was purchased from Phychemi company, Hong Kong. 
Aniline (AN, 99.5%), potassium tetrachioropalladate(II) (K2PtCl4, 
99%), and sodium citrate dihydrate (C6H5Na3O7·2H2O, 99%) were 
provided by Sinopharm Chemical Reagent Co., Ltd., China. Ammonium 
persulfate (APS, 98.0%), tris(2-carboxyethyl) phosphine hydrochloride 
(TCEP, 98%), tris(hydroxymethyl)aminomethane (Tris-HCl, 99.0%), and 
ethylenediaminetetraacetic acid (EDTA, 99.5%) were purchased from 
Aladdin, China. All the chemicals were directly used without further 
purification. DNA immobilization buffer (I-buffer, pH = 7.4): 10  mm 
Tris-HCl, 1 mm EDTA, 10 mm TCEP, 0.1 m NaCl+10 mm MgCl2. Washing 
buffer (W-buffer, pH = 7.4): 10 mm Tris-HCl. All aqueous solutions were 
prepared with deionized water (≥18.2 MΩ, Smart2Pure6, ThermoFisher 
Scientific, USA).

Human serum was obtained from Nanjing Drum Tower Hospital 
(Nanjing, China). The Institutional Review Board for Clinical 
Investigations at Affiliated Drum Tower Hospital of Medical School of 
Nanjing University approved this study on November 27, 2018 (2018-
252-01). Informed and signed consent was obtained from each subject 
in all clinical experiments of this manuscript.

Electrochemical Measurements: All electrochemical experiments 
including cyclic voltammetry (CV), EIS, and DPV were performed with 
a CHI660E electrochemical workstation (Shanghai Chenhua Instrument 
Co., Ltd., China). CV was performed at a scan rate of 100  mV s−1 
in an electrolyte containing 10  mm K3[Fe(CN)6] and 0.1 m KCl. EIS 
was implemented at frequencies from 0.1  Hz to 106  Hz with a 5  mV 
amplitude signal in 5 mm K3[Fe(CN)6]/K4[Fe(CN)6] containing 0.1 m KCl. 
DPV was carried out from 0 to 0.5 V with a pulse amplitude of 50 mV in 
10 mm PBS (pH 7.4). A conventional three-electrode configuration was 
employed during the experiment. The modified ITO electrode, a Pt wire, 
and an Ag/AgCl (saturated KCl) electrode were utilized as the working 
electrode, counter electrode, and reference electrode, respectively.

Synthesis of Highly Oriented PANI Arrays Modified CC Electrode: The 
PANI/CC was prepared through a low-temperature chemical oxidation 
process. Prior to use, the CF was ultrasonic cleaned in acetone, 
ethanol, and deionized water for 15  min, respectively. Then the clean 
CF was stored in deionized water at 2 °C for further use. 10 mm AN in  
0.5 m H2SO4 and 15 mm APS in 0.5 m H2SO4 were prepared to form the 
uniform solution and stored at 2 °C for 30 min. Then 20 mL APS solution 
was quickly injected into 20 mL AN solution and stirred uniformly. After 
that, CC was immersed into the mixture solution to react for 24 h at 

2 °C. After the chemical oxidation process, the PANI/CC was rinsed by 
0.5 m H2SO4 and deionized water for three times, and dried at 60 °C for 
6 h.

Synthesis of Pt-PANI Modified CC Electrode: The PtNPs was deposited 
on the surface of PANI arrays through a chemical reduction method. 
Briefly, 200  µL sodium citrate (30  mm) was added to 10  mL K2PtCl4 
(5 mm) aqueous solution, and then the above PANI/CC was immersed 
into this mixture for 1 h at 90 °C. After the reaction, the Pt-PANI/CC was 
washed with deionized water and dried at 60 °C for 6 h.

Fabrication of Pt-PANI/CC Electrode Based cTnI Aptasensor: The 
Pt-PANI/CC was incubated with 1 µm cTnI-Apt in I-buffer for 12 h at 4 °C. 
Then the obtained electrode was treated with 1  mm MCH solution for 
2 h to block the nonspecific sites, following by washing with W-buffer 
for three times to reduce the physical adsorption and used for the 
performance tests.
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