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Abstract

An electrochemical aptasensor is reported for the sensitive and specific monitoring of 17p-estradiol (E2) based on the
modification of electrodeposited poly(3,4-ethylenedioxythiophene) (PEDOT)-graphene oxide (GO) coupled with Au@Pt
nanocrystals (Au@Pt). With excellent conductivity, chemical stability and active sites, the PEDOT-GO nanocomposite film
was firstly in situ polymerized on the glassy carbon electrode by cyclic voltammetry. Subsequently, one-step synthesized Au@
Pt were decorated on the conductive polymer, providing a platform for immobilizing the aptamer and enhancing the detecting
sensitivity. With the addition of E2, since the interfacial electron transfer process was retarded by the E2-aptamer complex, the
differential pulse voltammetry signal decreased gradually. Under optimum conditions, the calibration curve of E2 exhibited
a linear range between 0.1 pM and 1 nM, with a low detection limit (S/N=3) of 0.08 pM. The developed aptasensor showed
admiring selectivity, stability, and reproducibility. It was tested in human serum, lake water and tap water samples after low-
cost and simple pretreatment. Consequently, the developed platform could provide a new design thought for ultrasensitive
detection of E2 in clinical and environmental samples.

Keywords 17f-Estradiol - Aptasensor - Poly(3,4-ethylenedioxythiophene)-graphene oxide - Au@Pt nanocrystals - Human
serum - Environmental samples

Introduction

17p-Estradiol (E2), one of the most significant endocrine-

disrupting chemicals (EDCs), could enter exogenously and
be enriched in the body with the strongest estrogenic effect.
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Also, E2 could interfere with the homeostasis, agonistic
behavior, and growth of the offspring health or eliminate
the natural hormones in the body, leading to various diseases
[1]. Chronic exposure to E2 even in extremely low concen-
trations as low as 1 ng L™! can disorganize the activity of the
endocrine system [2]. When E2 in water reaches 10~'2 mol
L~!, male fish may be feminized [3]. As a consequence, the
development of accurate, fast, and sensitive analytical meth-
ods for E2 detection in aquatic samples and clinical samples
is imperative.

In recent years, instrumental analytical approaches, like
high-performance liquid chromatography (HPLC), liquid
chromatography-mass spectrometry (LC-MS), and gas
chromatography-mass spectrometry (GC-MS), have been
widely utilized in E2 detection with satisfactory accuracy
and stability [4—7]. In the analysis of E2, derivatization is
often required due to the polarity and low volatility [8];
therefore, most of them are environmental unfriendly and
time-consuming and have strict requirement. Moreover,
immunological techniques such as enzyme-linked immu-
nosorbent assay (ELISA) are relatively unstable, because of
which are generally affected by site conditions, enzymatic
activity, and protein modification [9].

Aptamers, a kind of short DNA or RNA fragments, are
screened randomly from an oligonucleotide library by sys-
tematic evolution of ligands by exponential enrichment
(SELEX) system. Aptamers are able to spatially couple tar-
get substance with high specificity and affinity [10]. With
low-cost, easy synthesis and preservation, high resistance
against denaturation, and low toxicity, aptamers have been
new alternatives for bio-receptors except antibodies in the
construction of biosensors [11]. Among different aptasen-
sors, electrochemical aptasensors consisting of biological
ingredient and electrode transducer have obtained great
attention for the biomarker detection researches, owing to
the high sensitivity, low-cost, and easy to miniaturize.

Poly(3,4-ethyldioxythiophene) (PEDOT) is a kind of
conductive polymer with remarkable redox reversibility,
biocompatibility, and electrochemical properties [12].
Consequently, PEDOT has been widely used as decorated
conductive substrate on the electrode in the electrochem-
istry field. However, pristine PEDOT has physical and
chemical limitations like the process ability, mechanical
and thermochemical stability, and its electrochemical per-
formances are not outstanding. With the development of
nanomaterials and nanotechnology, graphene oxide (GO)
has been utilized as the binder to construct PEDOT-based
conducting polymer composites, because the resulting
composites not only improve the electrochemical activity
of PEDOT but also mitigate the defects of GO [13, 14].
Large amounts of the oxygen-containing functional groups
shown on the GO sheets and the high mechanical strength
of the graphene are both able to enhance the low cycling
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stability of PEDOT. In turn, the low conductivity of GO
resulting from its largely disrupted sp? hybridized network
could be improved when PEDOT is integrate with it [15].

Recently, bimetallic nanomaterials have been developed
as sensing substrates for the attachment of bio-receptors.
Compared with single metal, bimetallic nanomaterials dis-
play superior properties thanks to the strain and electronic
effects of the bimetals. Among them, Au@Pt nanocrystals
(Au@Pt), with calliandra-like shape and roughly porous sur-
faces, could afford prominent improvement in the surface
area of the electrodes and electrocatalytic performance [16].
Alloying of Pt with Au can tune the d-band center position
on Pt, weaken the adsorption of poisoning intermediates
to the metal active sites, and promote the electrochemical
durability [17]. Nicely, the conductive polymers are ideal
substrates for the uniform deposition of metallic nanoparti-
cles. The combinations of metal and conducting polymers
have the properties of each component and the new proper-
ties resulting from the synergistic effect [18]. Besides, the
physical adsorption between PEDOT-GO and Au and the
covalent affinity between S (well arranged in PEDOT) and
Au make the PEDOT-GO/Au@Pt nanocomposite film being
very mechanically stable for electrode modification [19].

Herein, the electrochemical aptasensor based on
PEDOT-GO coupled with Au@Pt modification was pro-
posed (Scheme 1) for highly selective detection of E2. The
PEDOT-GO nanocomposite was firstly designed via the
in situ polymerization of PEDOT doped with GO by cyclic
voltammetry (CV) on the glassy carbon electrodes (GCE).
Then the L-proline bio-inspired synthesis of Au@Pt was
decorated on the PEDOE-GO/GCE as sensing platform for
the interaction with the E2 aptamers. After that, the Au@
Pt surface was passivated by 6-mercapto-1-hexanol (MCH)
for limiting non-grafted aptamer adsorption. Thus, a simple
and label-free electrochemical aptasensor was fabricated
for E2 detection. When exposed to E2 solution, the cur-
rent signals resulted from the [Fe (CN)6]3_/4_ redox probe
decreased with increasing E2 concentration. Real sample
analysis was carried out by using human serum, lake water,
and tap water samples. The developed aptasensor proved to
be a robust electrochemical sensing platform for E2 detec-
tion while signifying huge potential applications in various
EDC:s detection.

Materials and methods
Materials and apparatus

The detailed information of materials and instruments are
available in the Supporting Information.
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Scheme 1 Illustration of the electrochemical aptasensor construction and the mechanism for detection of E2

Preparation of Au@Pt

Based on the previously reported work [20], the synthe-
sis method of Au@Pt was as follows: added 6.17 mL of
24.3 mM HAuCl, solution, 3.89 mL of 38.62 mM H,PtCl
solution and 0.303 g L-proline into 79 mL double-distilled
water under continuous stirring, keeping the final volume
9.0 mL. After using 1.0 mM NaOH solution to adjust the
pH of the solution to 11, 10 mL of 100 mM freshly pre-
pared ascorbic acid (AA) was added into the mixture drop-
wise at room temperature and continued stirring in the dark
for 10 min. The as-formed nanocrystals were collected by
centrifugation at 9000—10,000 rpm for 10-15 min and then
washed with ultrapure water and ethanol. The solid Au@
Pt were ultrasonically dispersed in ultrapure water with
scattered concentration of 2.0 mg-mL~".

Fabrication of the electrochemical aptasensor

First of all, the GCE was thoroughly cleaned, and the
detailed steps are available in the Supporting Information.
The modification of GCE was presented as follows: the
PEDOT-GO/GCE was fabricated by the electrodeposition
on the electrode surface under CV in 5 mL aqueous solu-
tion containing 1.0 mg-mL~! GO and 10 mM EDOT. The
CVs were conducted with scan rate at 0.1 V s™!, between
the applied potentials: — 1.5 V to+ 1.1 V for 15 cycles. The
PEDOT-GO/GCE was then gently washed with double-dis-
tilled water and dried at 50 °C for 15 min. Next, we dropped
6 L of the as-prepared 2.0 mg:-mL~' Au@Pt solution onto
the PEDOT-GO/GCE and dried at 50 “C for 15 min. After
casting 6 pL of 2.0 pM aptamer onto the surface of Au@
Pt/PEDOT-GO/GCE, the electrode was incubated at 4 °C

@ Springer
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overnight, ensuring the aptamers were sufficiently integrated
with Au@Pt. For blocking the remaining active sites and
preventing non-specific adsorption on the detecting area, the
obtained Apt/Au@Pt/PEDOT-GO/GCE was immersed in
1.0 mM MCH solution at room temperature for 0.5 h. After
being rinsed to remove extra MCH, the obtained electrode
was ready for further use.

Electrochemical measurement of detecting E2

The prepared MCH/Apt/Au@Pt/PEDOT-GO/GCE elec-
trode was incubated with different concentrations of E2
for 30 min, and the differential pulse voltammetry (DPV)
signals were collected in 5 mL 10 mM phosphate-buffered
saline (PBS) (pH=7.4, containing 13.7 M NaCl, 0.27 M
KCl, 1 M Na,HPO,, and 0.2 M KH,PO,) with 10 mM K;[Fe
(CN)]¢/K,[Fe (CN)g] as redox probe. The DPV peak currents
were used as the analytical signal in all of the measurements.

Real sample pretreatment before E2 detection

Human serum samples were collected from healthy female
volunteers. Complete ethical approval had been obtained,
and all the female volunteers gave written informed consent.
Firstly, the extracted venous blood samples were centrifuged
within 2 h (4°C, 15 min, 3000 rpm). After centrifugation,
the supernatant serum was removed by a pipetting gun and
dispensed into the EP tubes. The tubes were sealed with
the parafilm and stored at — 80 °C. Tap water samples were
obtained from the living areas in Wuhan, Hubei. Lake water
samples were obtained from Qin Lake (Wuhan, China). The
small particles were removed through ordinary filter paper
and membrane filtration with an aperture of 0.22 pm. Sub-
sequently, human serum, lake water, and tap water samples
were 100-fold diluted with 10 mM PBS. All samples were,
respectively, spiked with a series of concentrations of E2
standards (0.50, 5.00, 50.00 pM) before performing the pre-
treatment. More details were presented in the Supporting
Information.

Results and discussion

The morphologic characterization of prepared
aptasensor

Scanning electron microscopy (SEM) was performed in
order to study the surface morphology of the surface. Fig-
ure 1A shows the surface of the GO/GCE. As shown in
Fig. 1B, the PEDOT film is closely assembled to form a
relatively rough surface morphology, exhibiting an unevenly
distributed granular-like structure on the GCE surface. This
is owing to rapid monomer initiation and polymer chain
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growth at a relatively high polymerization potential. From
Fig. 1C, it could be seen that PEDOT polymers combined
with GO flakes forming the wrinkling paper-like structures;
such an open structure leads to large surface area and pro-
vides more active sites for further attachment [21]. The
introduction of the GO into PEDOT was based on the role of
the GO as dopant which could balance the positive charges
in the backbone of the PEDOT, resulting in the nanocom-
posite-modified electrode, exhibiting significantly enhanced
catalytic activity and abundant reactive functional groups
[22, 23].

The morphology of the as-obtained Au@Pt was further
investigated by transmission electron microscopy (TEM).
Clearly, the as-prepared Au@Pt exhibit the well-distributed
and interconnect chain-like structures (Fig. 1D), and the
medium-magnification TEM image (Fig. 1E) suggests the
branched hierarchical chains are composed of numerous
branches nanochains. The high-resolution TEM (HR-TEM)
image (Fig. 1F) reveals many visible well-resolved lattice
fringes. The inter-planar spacing distances are determined
to be 0.234 and 0.227 nm from the marked positions, which
are bounded by the (111) facets of face centered cubic (fcc)
Au@Pt alloy (0.22 nm), certifying the successful formation
[24]. The selected area electron diffraction (SAED) pattern
(Fig. S1A) was also obtained for phase analysis, and the
energy-dispersive X-ray spectroscopy (EDS) measurement
was performed to evaluate the crystal structure and compo-
sitional distribution (Fig. S1B). More details are available
in the Supporting Information.

The electrochemical characterization
of the prepared aptasensor

CV measurements are generally utilized to characterize
the fabrication processes of the electrochemical biosen-
sors. From curve a to curve b in Fig. 2A, the peak currents
increased prominently; this enhancement was likely due to
the large surface area, high conductivity of PEDOT-GO
composite film, and the strong adhesion between it and
the electrode surface which could accelerate the electron
transfer. For Au@Pt/PEDOT-GO/GCE (curve c), the cur-
rent signals increased further, indicating the Au@Pt were
immobilized on the PEDOT-GO/GCE surface successfully.
When attached with Au@Pt, the electrical performance of
the modified electrode was improved. Because the Au@Pt
multi-dendritic structure came into being, the high surface
area thus enhanced electrocatalytic performance. The sub-
sequent attachment of aptamers induced the decline of the
anode peak current and of the cathode peak current (curve
d), owing to the fact that the aptamers contain abundant
negatively charged phosphate groups which would hinder
the electron transfer Kinetics for the [Fe (CN)6]3_/ 4~ redox
prove. Subsequently, MCH blocked other non-binding sites
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0.234 nm

Fig.1 The SEM images of the A GO/GCE, B PEDOT/GCE, and C PEDOT-GO/GCE. D The low-resolution TEM image of Au@Pt. E The
medium-resolution TEM image of Au@Pt. F The high-resolution TEM image of Au@Pt

on the electrode and prevented the transport of electroactive
ions on the electrode surface, so the electrochemical signal
decreased at this time (curve e). When E2 was captured by
the MCH/Apt/Au@Pt/PEDOT-GO/GCE, the current signals
became lower (curve f), indicating the effective interaction
between E2 and the aptasensor. This is because the forma-
tion of the Apt-E2 complex would hinder the efficiency of
electron transfer, meanwhile.

The results of electrochemical impedance spectroscopy
(EIS) are in good line with the CV data. From Fig. 2B, in
comparison with bare GCE (curve a), the Rct of PEDOT-
GO/GCE significantly decreased (curve b), which implies
that PEDOT-GO composite film is a kind of excellent elec-
tric conducting material and can enhance the conductivity
of the electrode. After modification with Au@Pt, the Rct of
the electrode surface became relatively smaller, the Nyquist
diameter of the high-frequency region further reduced (curve
¢), since Au@Pt own superior electronic conductivity, and
greatly enhanced specific area, which is suitable for immo-
bilizing bio-receptors. Then the Rct values increased step
by step after the immobilization of aptamer (curve d), MCH
(curve e), and E2 (curve f), which is related to the improv-
ing repulsion forces between electrodes surface and redox

probe and the blocking properties of MCH as mentioned
above. Besides, this phenomenon is also ascribed to the for-
mation of the “insulating layer” with biological material that
severely impedes the electron transfer [25]. In conclusion,
EIS and the CV results strongly confirmed the efficient con-
struction of the electrochemical aptasensor.

The optimization of experimental conditions

In order to optimize the electro-polymerization processes of
EDOT on the GCE surface and choose the supporting elec-
trolytes with the best performance, three kinds of supporting
electrolytes were tested by CV technique: 10 mM PBS solu-
tion (pH="7.4) containing10 mM EDOT, 10 mM PBS solu-
tion (pH=7.4) containing 10 mM EDOT and 1.0 mg mL™!
GO, and an aqueous solution containing 10 mM EDOT and
1.0 mg mL~! GO, respectively. As shown in Fig. 3, with the
increase of scanning cycles, the oxidation potential gradually
stabilized at around + 1.1 V, and the charging current gradu-
ally increased, suggesting the successful electro-polymeri-
zation of EDOT on the GCE surface. In Fig. 3A and B, the
polymers in the PBS and PBS containing GO gradually lost
their electrochemical activity, leading to the result that the

@ Springer
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(e) PEDOT-GO/Au@Pt/Apt/MCH/GCE
(f) PEDOT-GO/Au@Pt/Apt/MCH/E2/GCE
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Fig.2 A Cyclic voltammetry and B electrochemical impedance spec-
troscopy responses for bare GCE (a), PEDOT-GO/GCE (b), PEDOT-
GO/Au@Pt/GCE (c), PEDOT-GO/Au@Pt/Apt/GCE (d), PEDOT-
GO/Au@Pt/Apt/MCH/GCE (e), and PEDOT-GO/Au@Pt/Apt/MCH/
E2/GCE (f) recorded at 10 mM Kj[Fe (CN)]¢/K [Fe (CN)g] (1:1) in
10 mM PBS (pH=7.4)

oxidation current at+ 1.1 V decreased. With each voltage
sweep, the initial oxidation potential shifted first negatively
and then positively. Only when electro-polymerization was
conducted in aqueous solution containing EDOT and GO
(Fig. 3C), with the increase of scanning cycles, the cur-
rent amplitude grew up, and the initial oxidation potentials
continued to shift negatively, which suggests PEDOT-GO
gradually accumulated on the electrode surface and formed
a tightly doped stable composite film. Hence, this synergis-
tic in situ preparation method was selected as the optimal
choice. During the electro-polymerization process, the GO
with abundant carboxyl groups and huge surface area was
incorporated into the PEDOT conductive polymer as nega-
tively charged doping agents, balancing the positive charge
on the polymer backbone and providing additional reactive
functional groups for the further deposition of EDOT. On the
other hand, the disrupted sp® bonding networks of PEDOT
favorably improved the poor electrical conductivity of GO.
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Eventually, the PEDOT-GO composite film formed strong
adhesion strength with the electrode through electrostatic
interaction and n—x stacking [26]. Besides, the optimal vol-
ume of Au@Pt is 6 pL, and the optimal incubation time of
the aptamer is 30 min; more details were presenting in the
Supporting Information.

The determination of E2

The analytical performance of the aptasensor was evaluated
by DPV in the PBS containing E2 at different concentra-
tions under the optimized conditions. As depicted in Fig. 4A,
with the augment of the concentration of E2, the peak cur-
rents decreased. The oxidation peak currents Al (Ip—I,, Iy,
peak current in presence; [, peak current when there is no
E2) are proportional to the negative logarithm of the E2
concentrations from 107!3 to 107 M. The linear regression
equation is expressed as Al (pA)= —17.47 1g c (M) +360.6
(R*>=0.9969); each point is an average of three parallel
determination results. The low detection limit (LOD) was
calculated to be 0.08 pM (S/N=3). Compared with the
other previously reported aptasensors for E2 detection, the
proposed aptasensor shows good LOD and linear range
(Table 1). The ultralow detection limit may be attributed
to the following reasons: (i) the construction of PEDOT-
GO composite membrane with electrocatalytic activity and
strong biological compatibility provided a large specific sur-
face area and bonding strength for the subsequent bonding
of complexes; (ii) the combination of various nanomateri-
als produced synergistic electrochemical electron transfer
enhancement; and (iii) the bimetallic Au@Pt nanocomposite
synthesis combined the excellent electrochemical character-
istics of two kinds of single metal, affording a unique porous
structure that is favorable for aptamer binding through the
Au-S interaction.

Specificity, stability and reproductivity

To assess the specificity of Au@Pt/PEDOT-GO-based elec-
trochemical aptasensor, the structurally similar compounds
(bisphenol A, estrone, estriol, ethinylestradiol) were cho-
sen as analogues of E2 for the selective recognition study.
The DPV current responses of the aptasenor were recorded
toward 107!' M E2 and 10~'> M bisphenol A, 107! M
E2 and 1072 M estrone, 10™"" M E2 and 107! M estriol,
107" M E2 and 107! M ethinylestradiol, and 10! M E2.
As displayed in Fig. 5A, the peak currents of different ana-
logues and E2 were close to E2 alone with a different value
of less than 3%, reflecting that the other analogues could not
induce significant signals. This excellent specificity of the
electrochemical biosensor for detecting E2 is mostly due to
the high specificity of the aptamer.
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Fig.3 Cyclic voltammograms
of the 1st, 5th, 10th, and 15th
on the bare GCE in 10 mM

PBS (pH=7.4) containing

10 mM EDOT (A), 10 mM PBS
(pH="7.4) containing 10 mM
EDOT and 1.0 mg mL™!' GO (B),
and aqueous solution containing
10 mM EDOT and 1.0 mg mL™!
GO (C), respectively, within

a scanning range from— 1.5

to+ 1.1V at the scan rate of

100 mV s~}
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Fig.4 A Differential pulse voltammetry responses at different con-
centrations of E2 (0, 107* M, 1072 M, 10! M, 1071 M, 10™° M)
recorded in 5 mL of 10 mM PBS containing 10 mM K;[Fe (CN)]y/
K,[Fe (CN)¢] (+0.8 V to—0.4 V vs. Ag/AgCl). B The correspond-
ing calibration curves. Error bar=relative standard deviation (RSD)
(n=3)

Stability and reproducibility both play a vital role for
the extent of practical applications of electrochemical
aptasensor. The prepared aptasensor was stored at 4 °C for
12 days to detect the same concentration of E2 (107 M)
every 2 days. As shown in Fig. 5B, the signal responses

independently remained stable with the stability rates calcu-
lated above 88.2% after 11 days, suggesting that the aptasen-
sor had good stability. Four different batches of aptasensors
were evaluated by detecting the same concentration of E2
and calculating the inter-assay RSD for investigating the
reproducibility (Fig. 5C). The RSD of four batch response
values was less than 5%, demonstrating the aptasensor own-
ing prominent reproducibility.

The E2 measurement of real samples

To evaluate the applicability and accuracy of the aptasen-
sor, the detection of spiked human serum, lake water, and
tap water samples with E2 at 0.50, 5.00, and 50.00 pM was
carried out by the developed aptasensor. The E2 concen-
tration of real samples was quantitated by HPLC method
beforehand as the method comparison. The results of E2
recoveries in the real samples were exhibited in Table 2. The
recoveries of E2 are situated in the range of 96.68-105.28%,
97.79-102.74%, and 92.19-109.53% for human serum, lake
water, and tap water samples, respectively, with RSD lower
than 4%. Also, it can be seen that the results of HPLC are
in good agreement with this assay, suggesting the accuracy
of our assay. However, the electrochemical aptasensor can’t
be reused for detection, because the amount of unbound
aptamer left after a single use is uncertain; the electrodes
need to be completely polished, cleaned, and redecorated
before the next detection. Even so, there is no doubt that the
constructed aptasensor still has great potential in complex
samples, indicating a broader application prospect.

Conclusions

A novel and label-free electrochemical aptasensor based on
the PEDOT-GO polymer and bimetallic nanomaterials has
been successfully developed for E2 detection and been tested
in diluted real samples: human serum, lake water, and tap
water samples with good recoveries. The GO-doped conduc-
tive polymer PEDOT nanocomposites were electropolymer-
ized on the GCE surface and showed excellent conductivity

Table 1 Comparison of previous reported and the present aptasensors for E2 detection

Method Sample

Linear range (M) LOD (M) Ref

Ratiometric self-powered sensor

Photoelectrochemical and fluorescent dual-mode aptasensor Environmental pollutants

Food
Water

Fluorescence aptasensor

Fiber-optic chemiluminescent aptasensor
Upconversion fluorescent aptasensor
Ratiometric fluorescence aptasensor Serum

Au@Pt/PEDOT-GO-based electrochemical aptasensor

Lake water and serum samples 1.0x 1070 =5.0x 107’

Water, food, serum, and urine

Tap water and human serum

12x107%  [27]
1.0x1079-2.0x1077 59x10™°  [28]
1.0x107"=1.0x107% 3.48x107'2 [29]
12%x107°-4.1x10"° 1.8x107'% [30]
3.6x1073-3.6x1071° 3.4x107" [31]
50x1071°—1.0x107% 2.0x107'° [32]

1.0x1073-1.0x10™° 8.0x10™'*  This work
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Fig.5 A Target specificity of
the developed electrochemical
aptasensor. B The stability of
the developed electrochemical
aptasensor for a long-term stor-
age at 4 °C. C The reproduc-
ibility of aptasensor platform in
the presence of 10™!3 M of E2
in 10 mM PBS (pH=7.4)
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Table 2 Determination results

. Sample Added (pM)  Found (pM) Recoveries (%) RSD (%)
of E2 in real samples: human
serum, lake water, and tap water This method HPLC  This method HPLC  This method HPLC
"= Human serum 0 3.72 3.64 - - 1.31 1.17
0.50 4.08 4.01 96.68 96.86 3.20 2.40
5.00 9.18 8.51 105.28 98.50 2.68 3.47
50.00 56.30 56.92  104.80 106.11  3.60 2.78
Lake water 0 0.23 0 - - - -
0.50 0.75 0.48 102.74 96.00 2.98 1.22
5.00 5.21 5.67 99.62 113.40 3.82 1.45
50.00 49.12 48.50 97.79 97.00 1.25 2.83
Tap water 0 0.14 0 - - 1.75 -
0.50 0.59 0.54 92.19 108.00 2.49 2.71
5.00 5.63 5.88 109.53 117.60 1.77 3.01
50.00 48.88 48.10 97.49 96.20 2.38 3.06

and large surface area, giving rise to signal amplification.
Au@Pt with multi-dendritic structure were synthesized for
immobilizing the aptamers and accelerating electron transfer
reaction. With the synergistic effect from Au@Pt/PEDOT-
GO composites improving electrocatalytic performance
significantly, the GO-PEDOT/Au@Pt modified GCE has a
good electrochemical response to E2 with a low LOD and
a wide linear range. In spite of shortcomings such as dis-
posable and high detection cost, this method still exhibits
promising applications in the development of miscellaneous
sensing system for biomarker detection in body fluid and
environmental water.
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