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Abstract

In this work, an ultrasensitive aptasensor for the detection of Mucin 1 (MUC1) was
presented based on the target-induced catalytic hairpin assembly combined with
excellent mimic peroxidase performance of PtPd bimetallic nanoparticles (PtPdNPs).
Traditionally, the cyclic reuse of target protein was achieved by protein conversion
with enzyme cleavage or polymerization, which is costly and complex. However, in
this work, it can be performed by simple strand displacement. In addition, PtPdNPs, a
mimic peroxidase, was used a probe to catalyze the oxidation of tetramethylbenzidine
(TMB) by H,0,, leading to the electrochemical signal amplification. With this
ingenious design, the prepared aptasensor for MUC1 detection showed a favorable
linear response from 100 fg mL™to 1 ng mL™and a relatively low detection limit of
16 fg mL™. The proposed biosensor possessed acceptable stability, selectivity and
reproducibility for MUCL1 assay. Additionally, the fabricated aptasensor has been
successfully applied to detect MUC1 in serum samples with satisfactory results. This
new strategy supplied one efficient approach to improve signal amplification, which

also open an avenue for sensitivity enhancement in targets detection.
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1. Introduction

Mucins are a family of high molecular weight, heavily glycosylated proteins
produced by epithelial tissues [1]. Overexpression of the mucin proteins,
especially Mucin 1 (MUCL; also known as episialin, PEM, H23Ag, EMA, CA15-3,
and MCA) [2], is associated with many types of cancer including breast cancer,
stomach cancer, and so on [3, 4]. MUCL1 is a single pass type | transmembrane protein

with a heavily glycosylated extracellular domain that extends up to 200-500 nm from



the cell surface [2]. The extracellular domain of MUCL1 consists of a variable number
of 20 amino acid tandem repeats. Within each tandem repeat, two serines and three
threonines represent five potential O-glycosylation sites that are extensively
glycosylated [5]. MUC1 is normally expressed in the normal cells. However,
aberrantly glycosylated MUCL is overexpressed in most human epithelial cancers and
has gained remarkable attention as an oncogenic molecule [2]. A low level of MUC1
expression (generally < 31 U mL™) could be found in healthy human serum [6].
However, the normal level of MUC1 in serum may be quite different, depending on
the type of assay employed [7]. A 100-fold increase in the amount of MUCL1 is
indicative of greater likelihood of cancer [8]. So MUCL can serve as a biomarker
indicator for early cancer detection, and it is necessary to develop some specific and
sensitive methods for MUCL detection. Various methods such as enzyme-linked
immunosorbent assay (ELISA) [9, 10], colorimetric method [11], fluorescence [12],
electrochemiluminescence [13, 14] and electrochemical techniques [15-17] have been
developed for MUCL detection.

Aptamers are artificial synthetic single-stranded DNA or RNA oligonucleotides
selected in vitro through a SELEX (systematic evolution of ligands by exponential
enrichment) process. Aptamers can bind with various targets such as peptide,
organic/inorganic molecule, protein, and cell with high specificity and affinity. Due to
their versatile target binding capabilities, aptamers have attracted great attention in
bioanalysis and biomedical research [18, 19]. Besides, aptamers exhibit many
advantages superior to antibodies, such as ease of synthesis, high stability, low cost
and easy chemical modification [20], which makes them to be a new recognition
probes in designing biosensing systems. Ferreira et al. selected anti-MUC1 DNA
aptamers that recognize to both a 9 amino acid immunogenic epitope of the 20 amino
acid variable tandem repeat, and a 60 amino acid peptide corresponding to three copies
of the 20 amino acid variable tandem repeat of MUCL1 [21, 22]. The surface plasmon
resonance data have confirmed the high affinity of the aptamers for the MUCL1
peptides in solution. The association constant (K,=4.01 X 10° M™ s™) and dissociation

constants (K4=0.135 nM ) have been obtained respectively [22]. Some aptamer-based



optical and electrochemical sensors have been reported for the detection of MUCL1 [14,
17, 23]. According to the obtained data from various developed fluorescence- and
luminescence-based MUC1 aptasensors, the ECL-based biosensing platforms are
highly sensitive methods showing fg mL™ detection limit for MUC1, whereas
FRET-based aptasensors allow detecting of MUC1 at the range of nM. Acquired
results of electrochemical-based aptasensors for MUC1 detection at ng mL ™ to pM
levels are well competitive with other methods previously described [7]. However,
Gupta et al. indicated that the electrochemical-based nano-aptasensors was capable of
sensing concentration as low as 1 fg mL™ (0.031 fM) of MUC1[24]. This is important
considering that MUCL1 can be found in blood in trace amounts when cancer is absent
while in case of tumor development, its level rises. To further improve the sensitivity
of MUC1 sensing, some signal amplification strategies such as hybridization chain
reaction [25], rolling circle amplification [12] and enzyme cleavage-based signal
amplification [15, 26] have been employed in the fabrication of aptasensor. However,
most amplification strategies involved natural enzymes, which are expensive and need
special reaction conditions. For example, nicking endonucleases are sequence-specific
and thus are limited in the design of aptasensor. Fortunately, catalytic hairpin assembly
(CHA), as an enzyme-free signal amplification technique with negligible background,
has been engineered to initiate hundreds-fold catalytic amplification reaction [27].
Owing to the high efficiency, short analysis time and recycling of the target, the
CHA-based biosensors may lead to concomitant improvements in convenience and
sensitivity.

Recently, the intense interest has grown for the development of bimetallic
materials-based artificial enzymes (Nanozymes) due to their superior biological
enzyme-like activity [28-30]. Such nanostructures offer easy tunability to the
composition and therefore, facilitate the control over the enzyme-like activity.
Compared with natural enzyme, nanozymes offer better sensitivity, specificity, stability,
and low cost in synthesis, purification, and storage [31]. The applications of bimetallic
nanoparticles to construct the biosensors for the detection of H,O,, glucose and

ascorbic acid have been reported [32-35].



Based on the above considerations, we developed a sensitive electrochemical
aptasensor for the detection of MUCL based on the catalytic hairpin assembly
combined with excellent mimic peroxidase performance of PtPd bimetallic
nanoparticles (PtPdNPs). In this study, three hairpin DNA (Apt-HP1, HP2 and HP3)
were designed to fabricate the aptasensor. Firstly, Apt-HP1 containing aptamer
sequence was opened only after binding with target protein to form MUC1-aptamer
binding complex (abbreviated as MUC1-A), which left an exposed DNA segment to
initiate CHA reaction. Next, the exposed segment of MUC1-A would attack HP2
immobilized on the electrode to form a double strand structure with a new exposed
segment, which could hybridize with the toehold of PtPdNPs modified HP3. Finally,
MUC1-A was released via the strand displacement process, and the released MUC1-A
further participated in the subsequent reaction cycles, achieving the target recycling as
well as leaving abundant PtPdNPs on the electrode. The carried PtPdNPs as mimic
peroxidase could effectively catalyzed the oxidation reaction of TMB by H,0, to
generate redox electrochemical signals. By coupling CHA and the -catalytic
performance of bimetallic nanoparticles, our system provided an electrochemical
detection limit of 16 fg mL™, which is 4 or 6 orders of magnitude more sensitive than
those of other electrochemical methods [15, 16, 36]. The proposed scheme is simple
and low cost because it is achieved only with three hairpin DNA and without any
expensive enzymes being used. In addition, this strategy could be readily expanded to
detect other biomolecules sensitively by changing the hairpin DNA sequences.

2. Experimental
2.1.Materials

All oligonucleotides used in the experiment were synthesized by Sangon
Biotechnology Co., Ltd. (Shanghai, China), and their sequences are listed in Table S1.
Human Mucin 1 (MUC1) ELISA Kit was purchased from Jianglai Biotechnology Co.,
Ltd (Shanghai, China). Human serum albumin (HSA), bovin serum albumin (BSA),
and carcino-embryonic antigen (CEA) were purchased from Sigma-Aldrich.
Tris-(2-carboxyethyl)-phosphine hydrochloride (TCEP),

tris-(hydroxymethyl)-aminomethane (Tris), 6-mercapto-1-hexanol (MCH),
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cetyltrimethyl ammonium bromide (CTAB), ethylenediaminetetraacetic acid (EDTA),
potassium tetrachloropalladate  (K,PdCly), chloroplatinic acid  (H2PtClg),
tetramethylbenzidine (TMB), hydrogen peroxide (H,O,), glucose, and ascorbic acid
(AA) were purchased from Aladdin Inc. (Shanghai, China). All these reagents were of
analytical grade and without further purification. DNA was stored in Tris-HCI (10 mM,
pH 8.0) containing 1.0 mM EDTA. Tris-HCI buffer (10 mM, pH 7.4) containing 100
mM NaCl and 5 mM MgClI, was employed for hybridizing and washing. Furthermore,
the thiolated HP2 and HP3 were reduced in 2 mM TCEP for 1 h to cleave disulfide
bonds, respectively. Electrochemistry detection was performed in 0.1 M PBS buffer
(pH 7.0) containing 0.6 mM TMB and 1.0 mM H,O,. All solutions were prepared with
Milli-Q water (18 mQ-cm resistivity) from a Millipore system.
2.2. Apparatus

The transmission electron microscopic (TEM) image was observed on a JEM-2100
transmission electron microscope (JEOL Ltd., Japan) with an accelerating voltage of
200 kV. X-ray diffraction (XRD) patterns were measured on Bruker D8 (with a Cu
Ka radiation) instrument.
2.3. Preparation of PtPdNPs

The PtPd nanoparticles (PtPdNPs) were synthesized according to the reference [37].
First, 400 uL of 2 mM K,PdCly solution and 80 uL of 10 mM H,PtClg solution were
added into 4 mL of 0.25 mM CTAB solution. Next, 2 mL of 0.1 M AA solution was
added into the above solution under continuous stirring. Then, the obtained mixed
solution were placed in a 30 °C water bath for 5 h. Finally, the as-prepared PtPdNPs
were purified by centrifugation twice. The precipitates were redispersed in water for
further use.
2.4. Preparation of PtPdNPs-HP3 probe

Firstly, 20 pL of HP3 (10 pM) solution were added into 200 pL PtPdNPs

solutions. Then, the mixed solution was centrifuged and washed after being stirred for
24 h under 4 °C. Finally, the obtained product was dispersed in 200 pL. PBS buffer
(pH 6.5).

2.5. Fabrication of the aptasensor



Firstly, a gold electrode (2 mm in diameter) was polished on a microcloth with 0.05
um alumina slurry for 5 min, followed by sonicating in ethanol and water for 5 min,
respectively. Then the polished electrode was electrochemically cleaned in 0.5 M
H,SO, solution by scanning from -0.3 V to +1.5 V until a steady-state cyclic
voltammogram was obtained. After being thoroughly rinsed with Milli-Q water and
dried with nitrogen, the cleaned electrode should be immediately used for DNA
immobilization.

Prior to the fabrication of the aptasensor, the target MUC1 was first mixed with
Apt-HP1 to form different concentrations of MUC1-A binding complex. As depicted
in Scheme 1, 6 uL of 0.2 uM thiolated HP2 solution was first dropped on the cleaned
gold electrode surface and incubated for 60 min at 37°C. Next, the electrode was
immersed into 1 mM MCH for 30 min to remove the nonspecific DNA adsorption.
After rinsed thoroughly and dried in nitrogen, 6 uL MUCL-A complex with different
concentration was dropped on the HP1 modified electrode surface for 60 min at 37°C.
Finally, 6 uL PtPdNPs-HP3 solution was dropped on the modified electrode surface to
react for 60 min at 37°C. The electrode surface was washed with 10 mM Tris-HCl
buffer (pH 7.4) and dried with nitrogen after each modification step.

2.6. Real sample preparation

The prepared aptasensor was also used for the analysis of real samples containing
MUCI1. Firstly, human serum samples (supported by Liaocheng People’s Hospital)
were diluted 50-fold by PBS (0.1 M, pH 7.4). Next, the diluted serums were incubated
with Apt-HP1 and then performed under the same conditions as described in the
Section 2.5.
2.7. Electrochemical detection

All electrochemical experiments were performed with a CHI 760C
electrochemical workstation (CH Instruments, Shanghai, China) with a conventional
three-electrode system comprising a gold working electrode, a platinum wire auxiliary
electrode, and a Ag/AgCl reference electrode. Cyclic voltammetry (CV) and
chronoamperometry were carried out in 5 mL of PBS (pH 6.5) containing 0.6 mM

TMB and 1.0 mM H,0,at a scan rate of 100 mV s *. Chronoamperometric response



was recorded at +450 mV. Electrochemical impedance spectroscopy (EIS) was carried
out in 5 mM [Fe(CN)g]*™* solution containing 0.1 M KCI with the frequency range
from 0.1 Hz to10 kHz. The amplitude of the applied sine wave potential was 5 mV
and the formal potential of the system was set at +0.22 V.

3. Results and discussion

3.1.Characterization of PtPdNPs

Fig. 1A is the TEM image of PtPdNPs. A porous branched-structure can be
observed. The porous PtPdNPs have an average diameter of 35 nm. The
crystallographic property of the as-synthesized bimetallic nanoparticles was examined
by XRD as illustrated in Fig. 1B. The diffraction peaks around 40.24°, 46.78°, and
68.22° were observed, which corresponded to the (111), (200), and (220) planes,
respectively. This result was coincident with that of the previously reported [38].

The peroxidase-like catalytic performance of PtPdNPs was evaluated with an
typical colorimetric oxidation reaction of TMB by H,0,. As shown in Fig.2A, the
mixture of TMB and H,0O, gave a colorless solution for a long time, indicating a slow
oxidation reaction (a). Upon the addition of PtPdNPs suspension to the mixture of
TMB and H,0,, the colorless solution turned to blue color immediately (b), indicating
PtPdNPs possessed the peroxidase-like activity. Like the oxidation reaction catalyzed
by peroxidase, the catalytic activity of PtPdNPs could be stopped by H,SO, solution,
resulting in the color change from blue to yellow (c). The catalytic performance of
PtPdNPs for the oxidation of TMB by H,0, was further confirmed by electrochemical
measurements (Fig. 2B). TMB showed two pairs of well-defined redox peaks on bare
gold electrode, which are assigned to the typical two-electron redox reaction of TMB
(curve a). Compared with the CV response of TMB on bare gold electrode, the CV
response on PtPdNPs modified gold electrode showed a large increase of the redox
peak current (curve b), indicating the electrocatalytic ability of the immobilized
PtPdNPs to the oxidation reaction of TMB by H,0,. Furthermore, we used the I-t
curve to measure the current from the elecrocatalytic reaction. Obviously, an apparent
increase in current was obtained on PtPdNPs modified electrode from

chronoamperometric curve (Fig. 2C). This relatively large difference could make the



detection sensitive.
3.2.Design principle of MUC1 aptasensor
The design principle of the proposed MUC1 aptasensor is schematically

demonstrated in Scheme 1. In the present work, three hairpin DNA probes (Apt-HP1,
HP2 and HP3) were designed to fabricate the aptasensor. In the presence of target
MUC1, Apt-HP1 (containing aptamer sequences) could be opened to form a
MUC1-aptamer binding complex (abbreviated as MUC1-A) with an exposed segment.
Next, the exposed DNA segment within MUC1-A interacted with a toehold on HP2
immobilized on gold electrode, forming a double strand structure with a new exposed
segment, which could hybridize with the toehold of PtPdNPs-HP3 probe. Finally,
MUC1-A was released via the strand displacement process, and the released MUC1-A
further participated in the subsequent reaction cycles, achieving the target recycling as
well as leaving abundant PtPdNPs on the electrode. PtPdNPs could effectively
catalyzed the oxidation reaction of TMB by H,0,to generate redox electrochemical
signals.
3.3. Feasibility of the aptasensor

The feasibility of the proposed biosensor was confirmed by EIS and CV
measurements. In a typical EIS, the diameter of semicircle equals to the
electron-transfer resistance, which reflects the electron transfer kinetics of the redox
probe ([Fe(CN)s]>’*) at the electrode surface. As shown in Fig. 3A, a very small
semicircle was observed for bare gold electrode (curve a), indicating a fast

3-/4-

electron-transfer process of Fe(CN)g™"" redox system. The resistance increased with

the immobilization of HP2 on the gold electrode surface (curve b) due to the effective

repulsion between the negatively charged HP2 and Fe(CN)63"4'

anions. Subsequent
surface blocking with 6-mercaptohexanol (MCH) also led to an obvious increase in
resistant (curve c). After successive assembly with MUC1-A and HP3, the resistance
increased gradually (curve d, e). The results indicated that the sensing interface was
successfully fabricated. The electrochemical biosensor was also characterized by CV
(Fig. 3B). Compared with the bare gold electrode (curve a), the peak current of the

HP2 modified electrode (curve b) decreased obviously and the peak-to-peak



separation increased, which indicated that the HP2 strand was immobilized on the
gold electrode surface successfully. After the surface of the HP2/Au electrode was
blocked by MCH, the peak current decreased correspondingly (curve c). The peak
currents further decreased (curve d, e) after incubation with MUC1-A and HP3. These
results were in accordance with those observed in EIS investigation, demonstrating
that the electrochemical aptasensor had been fabricated successfully according to the
Scheme 1.

Then we testified the feasibility to detect target MUC1 by using this system. As
shown in Fig. 3C, in the presence of MUC1 (100 pg mL™), an apparent increase in
current from cyclic voltammetry was observed compared with that in the absence of
MUCL. To quantify the electrochemical signal, we use the I-t curve to measure the
current from the elecrocatalytic reaction. We held the potential at the catalytic
oxidation potential for TMB (450 mV vs the Ag/AgCl reference electrode). In the
presence of target MUC1, a decay curve for current (1) vs time (t) was observed
instantly after the onset of the potential, which rapidly reached a plateau (steady-state
current) within 30 s, and the steady state current was 6.5 times higher than that in the
absence of target MUCL1 (Fig. 3D). These results could be contributed to the fact that
the MUCL opened the hairpin structure of HP1 to form MUC1-A complex, which
initiated the catalytic hairpin assembly reaction, resulting in the linkage of a great deal
of PtPdNPs to the sensor surface to catalyze the oxidation of TMB by H,0,.

3.4. Optimization of Sensing Conditions

In order to obtain high sensitivity for target MUC1 detection, the test conditions
such as the pH of reaction solution, the concentration of HP2, and the incubation time
of PtPdNPs-HP3 were investigated by the aptasensor with 100 pg mL™ MUC1 in 0.1
M PBS buffer containing 0.60 mM TMB and 1.0 mM H,0,. In this work, the
fabricated aptasensor was detected in PBS buffer with different pH value. In Fig. 4A,
the currents increased with the pH value increasing firstly and then decreased after the
pH value was larger than 6.5. Therefore, the PBS buffer of pH 6.5 was adopted as the
test solution. The concentration of HP2 immobilized on the electrode surface played

an important role in this strategy. As shown in Fig.4B, the electrochemical responses



increased with the increasing concentration of HP2 up to 0.2 uM, afterward the
response decreased due to the fact that the dense HP2 on sensor surface was
unfavorable to its hybridization with MUCI-A. Thus, 0.2 uM HP2 was chosen for the
sensor fabrication. In this study, the incubation time of PtPdNPs-HP3 caused great
effect on the electrochemical response. Fig. 4C revealed the signals increased
gradually from 20 to 60 min and reached a relatively stable value at 60 min. Therefore,
60 min was selected as the optimum incubation time of PtPdNPs-HP3. Furthermore,
the optimization of the incubation times of HP2, MCH and MUC1-A on the electrode
were also studied (shown in Fig. S1). The results indicated that the optimum
incubation times were 60 min, 30 min and 60 min for HP2, MCH and MUCL1-A,
respectively.
3.5. Dectection of MUC1

Under optimal sensing conditions, the chronoamperometric response of the
obtained sensor in 0.1 M pH 6.5 PBS buffer containing 0.6 mM TMB and 1.0 mM
H,0O, at +450 mV increased with the increasing concentration of MUCL1 (Fig. 5A).
The calibration plot showed a good linear relationship between the amperometric
response and the logarithm value of MUC1 concentration ranging from 100 fg mL™ to
1 ng mL™. The linear equation was | (nA) = -16.556 + 21.233 logc (fg mL™),
(R=0.9996). The detection limit for MUC1 was estimated to be 16 fg mL™ according
to 34/S, in which the o is the standard deviation of the blank sample and S is the slope
of the obtained regression equation. Compared with some previously reported
methods (Table S2), the proposed aptasensor exhibited broader linear range as well as
a relatively low detection limit for MUC1 determination. The high sensitivity of this
aptasensor may be ascribed to the target recycling for signal amplification.
3.6. Selectivity, reproducibility and stability of the proposed aptasensor

Some important performances, such as selectivity, stability, and reproducibility of
this proposed biosensor were investigated. Specificity is one of the most significant
factors for evaluating a detection system. To assess the specificity of the aptasensor,
some proteins including bovine serum albumin (BSA), human serum albumin (HSA),

carcinoembryonic antigen (CEA) and glucose were tested at concentrations of 10 ug



mL™, while the concentration of MUC1 was 100 pg mL™. As shown in Fig. 6, MUC1
showed a much stronger response compared to the other proteins. In addition, the
current response of MUCL in the presence of these interfering materials were similar
to that without interferent. However, the concentration of HSA in real human serum
samples is very high, so we also studied the effect of higher concentration of HSA on
the detection of low level MUCL. The results showed that the current responses of 10
pg mL™ MUC1 coexisting with 0.01 mg mL™, 0.1 mg mL™?, and 1.0 mg mL™ HSA
decreased slightly compared with that only in the presence of MUCL. However, the
current responses decreased significantly when HSA concentrations were above 5 mg
mL™ (shown in Fig. S2). Therefore, in the potential application for analysis of real
blood serum samples, the samples should be diluted to a certain times to eliminate the
interference of HSA.

The reproducibility was assessed by assaying the same concentration of MUCL1
with five different aptasensors prepared independently at the same experimental
conditions.The relative standard deviations (RSD) for the parallel detection of 100 pg
mL™ and 10 pg mL™ MUC1 with 5 different aptasensors were 4.82% and 6.32%,
respectively. Furthermore, 100 pg mL™ and 10 pg mL™ MUC1 was tested by one
aptasensor for five times with RSD of 3.26% and 5.34%, respectively. The results
implied an acceptable reproducibility for determination of MUC1. The prepared
aptasensor was kept at 4 °C and tested each day. After stored for a week, the
electrochemical signal maintained 92.8% of its original current response, showing that
the prepared aptasensor had satisfactory stability. As a consequence, the proposed
biosensor possessed excellent stability, selectivity and reproducibility for MUC1
assay.

3.7. Application of the aptasensor in Human Serum

To evaluate the applicability of the proposed aptasensor, the aptasensor was applied
to detect MUCL in the complicated sample matrix by adding different concentrations
of standard MUCL1 into human serum (supported by Liaocheng People’s Hospital,
50-fold-diluted before use). The concentrations of MUCL in the diluted samples

obtained by the proposed electrochemical aptasensor and those obtained by ELISA



were listed in Table 1. The results indicated the relative errors were at an acceptable
and satisfactory range. Therefore, the proposed aptasensor for MUCL detection was
reliable and practical in clinical determination of MUCL.
4. Conclusion

In summary, a new strategy for the electrochemical detection of target MUC1
based on catalytic hairpin assembly combined with the electrocatalytic activity of
bimetallic nanoparticles was developed. The multiple use of target MUC1 was simply
achieved by strand displacement reaction without involving expensive nature enzyme
and complicated procedures. Furthermore, bimetallic nanoparticles PtPdNPs as
artificial enzyme possessed high electrocatalytic ability to the oxidation of TMB by
H,0,, which led to a high sensitivity for the proposed biosensor. Compared with
reported electrochemical methods for the detection of MUCL, the proposed scheme
was simple because just three hairpin DNA probes are introduced. Furthermore, the
assay time of the aptasensor was about 4 h, which was less than those reported
electrochemical methods [39, 40]. Benefiting from the target cycling amplification
strategy and the excellent electrocatalytic ability of PtPdNPs, the aptasensor showed a
high sensitivity for MUC1 detection with a low detection limit of 16 fg mL™. In
addition, this strategy could be readily expanded to detect other biomolecules

sensitively by changing the hairpin DNA sequences.
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Fig. 1. The TEM image (A) and XRD pattern (B) of PtPdNPs.

Fig. 2. (A) Photograph of (a) the mixtures of TMB and H,0,, (b, ¢) the mixtures of
TMB, H,0,, and PtPdNPs before (b) and after (c) adding H,SO,. (B) CVs and (C) I-t
curves of bare gold electrode (a) and PtPdNPs modified gold electrode (b) in 0.1 M
PBS (pH 6.5) containing 0.6 mM TMB and 1.0 mM H,0..

Fig. 3. (A) and (B) are EIS and CVs response of bare gold electrode (a), HP2/Au (b),
MCH/HP2/Au (c), MUC1-A/MCH/HP2/Au (d), PtPdNPs-HP3/MUC1-A/MCH/
HP2/Au (e) in 5 mM [Fe(CN)s]*™* solution. (C) and (D) are the CVs and I-t curves of
the proposed aptasensor in the absence (a) and presence (b) of 100 pg mL™ MUC1 in
0.1 M PBS (pH 6.5) containing 0.6 mM TMB and 1.0 mM H,0,. Scanrate: 100 mV s™;
Potential: +450 mV.

Fig. 4. Effects of (A) pH of detection solution, (B) HP2 concentration, and (C)
incubation time of PtPdNPs-HP3 on CV response to 100 pg mL™ MUC1. Error bars

represent standard deviations for three independent experiments.

Fig. 5. (A) Chronoamperometric detection of MUC1at different concentrations at
+450 mV. (B) plot of current at 100 s vs logarithmic of MUC1 concentration. Error

bars show the standard deviations for three independent experiments.

Fig. 6. Specificity of the proposed biosensor toward different interfering substances.
The concentration of MUC1 was 100 pg mL™, the concentrations of interfering

substances were 10 pg mL™.

Scheme 1. Schematic representation of the aptasensor for the detection of MUCL.



ACCEPTED MANUSCRIPT

Fig. 1

40.24(111)
=
&
z
172
g
E \J 46.78(200)

68.22(220)
40 50 60 70 80
260/degree

Fig. 2

144
10
124
s-
i §. 1.0
= 5
= = 08
£ 5 £
5 3 o6
Q -10- O 8

g2 o
g =
5

b
o
°

T T T T o T T T
0.0 0.2 04 0.6 0 20 40 60 80 100




-£""/ohm

Current/pA

700 120
] b
600 - a " ¢ d e
Y v
g -
500 - - .
A P v
1 ve? vy A v
400 v Yv v
J v -. AV . v é
v . A Y A =
300 - vttt LY, v s
ve o, A ve v =
o '.. - .‘A .' v 5
007 g :"’V" w
100
0 -
T T T T T -1 40 T T v T T
0 400 800 1200 1600 2000 -0.4 -0.2 0.0 0.2 0.4 0.6
Z'/ohm Potential/V
3 200
2 i
150
1 -
0 p
=
£ 100
W
-1 =
a 3 1
2 50
31 )
-4 T T T T T T T 0 T T T T
0.0 0.1 02 03 04 05 06 0.7 0 20 40 60 80 100
Potential/V Time/s



Fig. 4

Current/pA

: 3.6
.“/Lr \__. 3'4:' l
3.2 |
% 3.0
/ \ 1
\ 2.8 .
' 1
5 264 I
~ -
E 244 \
N L 224 i
. s~ 7
. O 2.0 [
1.8 . _
1 | |
1.6 : !
1.4
T T T T T T 1.2 T T T T T T T T T T T
6 7 8 005 010 015 020 025 030
pH /MM
3.4
3.2 .
3.0 I 1
4 | S, |
2.8 / 1
g 261
a7
T 24
& ]
5 224
o 1 _
2.0 !
1.8 .
164  a—
l-4 T T T T T 1
20 40 60 80 100

Time/min




ACCEPTED MANUSCRIPT

Current/nA

T T T T T T T T — T T T T T T T
0 20 40 60 80 100 1 2 3 4 5
Time/s loge

MUC1

Ifg mL"’




Al /uA

3.5

Fig. 6

3.0

2.5

2.0
1.5 1

1.0

0.5

0.0 ——- =

1 HSA BSA
-0.5-

.
=
CEA glucose MUC1

Mix




Scheme 1

. + Q—) i
Formation of MUC1-A complex
'?1 -

E

ybridization of HP2 with MUC1-A

Strand displacement

<€

QHPI QHPZ ? HP3 .MUCI ?MCH ﬁ:{‘%m’y

T
:
-l




Table 1. Detection of MUC1 in human serum samples with proposed method (n=3)

Sample Detected (ng mL™) ELISA (ng mL™) Relative error (%) RSD (%)

1 0.44 0.48 -8.33 3.24

2 0.66 0.71 -7.04 5.70




Highlight:

® An aptasensor based on catalytic hairpin assembly and target recycling
amplification.

® PtPd bimetallic nanoparticles with mimic peroxidase performance was used as
probe.

® This aptasensor was simplicity, and high sensitivity.





