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ABSTRACT: Multiblock DNA probe attracted a large
amount of scientific attention, for the development of
multitarget biosensor and improved specificity/sensitivity.
However, the development of multiblock DNA probes highly
relied on the chemical synthesis of organic linkers or
nanomaterials, which limited their practicability and biological
compatibility. In this work, we developed a label-free
assembling strategy using a triblock DNA capture probe,
which connects two DNA probes with its intrinsic polyA
fragment (probe−PolyA−probe, PAP). The middle polyA
segment has a high affinity to the gold electrode surface,
leading to excellent reproducibility, stability, and regeneration of our biosensor. Two flanking capture probes were tandemly co-
assembled on the electrode surface with consistent spatial relationship and exactly the same amount. When combined with the
target DNA, the hybridization stability was improved, because of the strong base stacking effect of two capture probes. The
sensitivity of our biosensor was proved to be 10 fM, with a wide analysis range between 10 fM to 1 nM. Our PAP-based
biosensor showed excellent specificity when facing mismatched DNA sequences. Even single nucleotide polymorphisms can be
distinguished by each probe. The excellent practicability of our biosensor was demonstrated by analyzing genomic DNA both
with and without PCR amplification.

The DNA biosensor1−6 has been widely recognized as a
powerful tool for analysis activity in areas such as

diagnosis,7−10 food safety,11 environment analysis,12 biological
antiterrorism, and basic research in life science,13,14 showing
advantages including on-site and real-time detection, low time/
economical cost, and high sensitivity. In the development of
biosensors, DNA probes15−17 are playing a critical role. The
linear DNA molecule has both interesting physicochemical
properties, because of its own hydrophobic and hydrophilic
groups and other chemical modifications. Furthermore, DNA
provides a specific affinity toward a wide range of biological
and chemical targets.18−20 Thus, the DNA molecule was
widely applied as an excellent material of the construction of
probes toward various applications.
More recently, the development of multifunctional DNA21

probes has drawn considerable research interest, for improved
multitarget assay, nuclease resistance aptamer,22 or higher

specificity/affinity. One strategy for the construction of a
multifunctional DNA probe was DNA-Au Biobarcode,23−26

based on the co-assembling of DNA probes on Au nano-
particles (AuNPs). However, several challenges still remain for
the development of DNA-Au probes, including the controll-
ability of DNA assembling on the interface nanoparticles and
the biological compatibility of AuNPs.
Another method was of DNA−organic molecule−DNA

(DOD)27−29 architecture through the molecular building. In
2004, Immoos and his co-workers developed the first E-DNA
biosensor based on a triblock DNA probe.30 They designed a
“two-piece” DNA-PEG-DNA probe with a 3′ thiol label and a
5′ redox-active ferrocene (Fc) group. When the ABA
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structured probe was immobilized onto the electrode surface
and hybridized with the target DNA, the distance between the
5′-terminal Fc and the electrode surface was decreased,
generating an electrical signal due to the redox of Fc. The
ABA probe-based E-DNA sensor was demonstrated to be
convenient and reagentless. DNA−fluorophore−DNA was also
reported for homogeneous hybridization assays using fluo-
rescence spectroscopic analysis.31 However, development of
the ABA DNA probes is highly reliant on chemical synthesis32

and, thus, limits their practicability economic cost and
biological compatibility.
The development of polyA DNA assembling33 provides us a

novel strategy of multifunctional DNA probes. Different from
traditional thiol-DNA probes, the label-free polyA probes
anchors on gold electrode34 through the covalent binding
between adenines and the gold surface.35 In 2003, the Tarlov
group, for the first time, reported the adsorption of polyA
single-stranded DNA (ssDNA) onto polycrystalline Au films.36

They and co-workers studied the assembling of polyA DNA on
a gold surface and exhibited the possibility of DNA
hybridization sensing on polyA DNA interfaces.37 Pei et al.
then reported a polyA biosensor on gold nanoparticles
(AuNPs).38 More recently, our group studied the electron
transfer on polyA-based electrochemical interfaces39 and
constructed reusable electrochemical biosensors.40

Our objective in this work is to construct a label-free triblock
polyA DNA probe (probe−polyA−probe, PAP) on the
electrochemical biosensor interface, which connects two
DNA probes with its intrinsic polyA fragments. The polyA
fragment in the middle can combine with the Au electrode
surface to form a compact and well-ordered biosensing
interface, and as a consequence, two flanking DNA capture
probes are assembled onto the electrode with adjustable

distance and the same amount. Two capture probes are
designed to simultaneously hybridize with adjacent sequences
of the Escherichia coli (E. coli) genomic DNA, so the
hybridization stability was distinctively improved, because of
the base stacking effect. Critical experiment conditions for
polyA probe assembling were systematically studied, including
the length of the polyA fragment and the conformation of the
hybridization conjugate. Finally, target DNA amounts as low as
10 fM were detected, and even single nucleotide poly-
morphism was successfully distinguished.

■ EXPERIMENTAL SECTION

Materials. DNA oligonucleotides were synthesized and
purified by Invitrogen Trading Co., Ltd. (Shanghai, China),
and the sequence information is shown in Table 1. The
bacterial genomic DNA extraction kit and MCH (6-Mercapto-
1-hexanol) were obtained from Sigma−Aldrich (Shanghai,
China). The TMB substrate (3,3′,5,5′-tetramethylbenzidine)
was purchased from Neogen Corporation (Shanghai, China).
Avidin-horseradish peroxidase (avidin-HRP) was purchased
from eBioscience, Inc. (San Diego, CA), and its diluent buffer
was purchased from Fitzgerald Industries International (Acton,
MA). E. coli Dh5α, dNTP mixture, Ex Taq DNA polymerase,
and 10× Ex Taq buffer were obtained from Takara
Biotechnology Co., Ltd. (Dalian, China). Enterococcus faecalis
(E. faecalis) strain was provided by the China Center of
Industrial Culture Collection (Beijing, China). Potassium
ferricyanide (K3[Fe(CN)6]) and potassium ferrocyanide
(K4Fe(CN)6·3H2O) were acquired from China National
Pharmaceutical Group Corporation (Shanghai, China). All
the chemicals were of analytical grade and used without further
purification. Ultrapure water was obtained from a Milli-Q
water purification system with a resistivity of 18.2 MΩ cm.

Table 1. DNA Sequences Information

namea sequence (5′−3′)
PA10P-1 GCGCTTTCCCACCAACACACACACAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
PA20P-1 GCGCTTTCCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
PA30P-1 GCGCTTTCCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
SP-1 ATCAATTCCACAGTTTTCGC
PA10P-2 TTGCCCGGCTTTCTTCACACACACAAAAAAAAAAACACACACACATTCCACAGTTTTCGC
PA20P-2 TTGCCCGGCTTTCTTCACACACACAAAAAAAAAAAAAAAAAAAAACACACACACATTCCACAGTTTTCGC
PA30P-2 TTCCACAGTTTTCGCCACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
SP-2 GCGCTTTCCCACCAACGCTG
PA10P-3 TTCCACAGTTTTCGCCACACACACAAAAAAAAAAACACACACACATTCCCACCAACGCTG
PA20P-3 TTCCACAGTTTTCGCCACACACACAAAAAAAAAAAAAAAAAAAAACACACACACATTCCCACCAACGCTG
PA30P-3 TTCCACAGTTTTCGCCACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTCCCACCAACGCTG
SP-3 TTGCCCGGCTTTCTTGTAAC
target GCGAAAACTGTGGAATTGATCAGCGTTGGTGGGAAAGCGCGTTACAAGAAAGCCGGGCAA
ss-CP GCGCTTTCCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
primer 1 GCGAAAACTGTGGAATTGAT
primer 2 TGATGCTCCATCACTTCCTG
5MS-1 GCGCTTTGCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
5MS-3 GCGCTATGCGACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
5MS-5 GCGGTATGCGAGCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGGCTTTCTT
3MS-1 GCGCTTTCCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGCCTTTCTT
3MS-3 GCGCTTTCCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCGGCCATTCTT
3MS-5 GCGCTTTCCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGGCGGCCATACTT
MS-2 GCGCTTTGCCACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCCGCCTTTCTT
MS-6 GCGCTATGCGACCAACACACACACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACACACACACATTGCCGGCCATTCTT

aPAXP = PAP capture probes with different length of polyA; SP = signal probe; ss-CP = traditional single-strand DNA probe; MS = mismatched
sequances.
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Bacteria Culture and Genome Extraction. The bacteria
strains (E. coli Dh5α and E. faecalis) were grown in Luria broth
(LB) medium at 37 °C overnight. The resultant bacterial cells
were separated from the media by centrifuging at 6000 rpm for
5 min in a centrifuge (Eppendorf 5810R, Hamburg, Germany).
A bacterial genomic DNA extraction kit then was utilized to
extract bacterial genomic DNA.
PCR Amplification and Gel Electrophoresis Analysis.

PCR amplification of genomic DNA was performed on a
S1000 thermal cycler (Bio-Rad, USA). A pair of asymmetric
primers (primer 1:primer 2 = 10:1) were employed to produce
single-stranded DNA as many as possible. The PCR
amplification procedure as follows: 95 °C, 2 min; 95 °C, 30
s, 61 °C, 30 s, 72 °C, 30 s, 50 cycles; 72 °C, 10 min; 4 °C,
hold. The PCR products then were diluted to certain
concentrations for gel electrophoresis analysis (Bio-Rad,
USA). The electrophoresis was performed on 2% (w/w)
agarose gel at a constant potential of 80 V for 40 min. After
electrophoresis, the gel was visualized via a Gel Doc EZ imager
system (Bio-Rad, USA).
Preparation of the PAP/MCH Electrode Surfaces. A

16-channel electrode array was used in our work, which has 16
groups of electrodes, and each group consisted of a round gold
working electrode (2.3 mm diameter), a small square gold
reference electrode, and a surrounding circle gold auxiliary
electrode (see Figure S1 in the Supporting Information). 0.1
μM triblock polyA probe was added on electrochemical array
electrodes. After being incubated overnight at room temper-
ature, the probe-modified electrodes were blocked with 1 mM
MCH for 30 min at room temperature. Unbound MCH was
thoroughly washed away with Milli-Q water. Finally, the

prepared electrodes were stored in a refrigerator (4−8 °C)
before next step.

Electrochemical Measurement. A prehybridization
solution (pH 7.4, 10 mM Tris·HCl, 1 mM EDTA, 1 M
NaCl) containing 100 nM biotinylated reporter probe and
certain concentration of target DNA was heated to 80 °C for 5
min and then cooled to room temperature for 20 min. The
solution then was added onto the PAP-covered electrodes
under 37 °C for 2 h. After hybridization, the electrodes were
incubated with 5 U/mL avidin-HRP for 15 min at room
temperature. Lastly, the electrodes were thoroughly rinsed with
the washing buffer (pH 7.4, 10 mM Tris-HCl, 1 mM EDTA, 1
M NaCl) and subjected to electrochemical measurements.
Cyclic voltammetry (CV) measurement and amperometric

measurement were performed in TMB substrate using the
multichannel electrochemical workstation (Fasteur, China).
The scan rate of CV was 30 mV/s. Amperometric detection
was performed at −200 mV, and the electrocatalysis reduction
current was recorded at 60 s after the HRP redox reaction
reached the steady state. Electrochemical impedance spectros-
copy (EIS) measurement was performed by an electrochemical
workstation (μAUTOLAB III, Metrohm, Switzerland) and a
conventional three-electrode system, which contained an Ag/
AgCl reference electrode, a Pt counter electrode, and a gold
working electrode. The EIS measurement solution was 5 mM
Fe(CN)6

3−/4− and 0.1 M KCl in 10 mM PBS (pH 7.4). The
AC voltage amplitude was 5 mV, and the voltage frequencies
ranged from 0.01 Hz to 100 kHz.

Figure 1. (A) Schematic illustration of the PAP-based electrochemical DNA biosensor and (B, C) analysis results in the absence of target DNA
(panel B, CV circles, scan rate = 30 mV/s) and the presence of 1 nM target DNA (panel C, I−t curves, potential = −200 mV). PA30P-1 was applied
as the capture probe in this experiment.
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■ RESULTS AND DISCUSSION
Construction of the PAP-Based Electrochemical

Biosensor. In this study, the design and application of the
polyA probe was dramatically extended. We developed a novel
polyA triblock probe in an electrochemical biosensor (see
Figure1). The probe was composed of a polyA sequence in the
middle and two flanking capture probes at both ends (PAP).
The polyA segment anchored on the gold electrode surface,
and thus, these capture probes combined with the target DNA
via specific hybridization on the electrode surface. A biotin-
labeled signal probe (SP) then combined with the target DNA
and captured an avidin-HRP, generating an electrochemical
catalysis signal in a TMB substrate.
The electrochemical behavior of the PAP-based biosensor

was investigated by CV measurement. As shown in Figure 1B,
two well-defined redox peak pairs were obtained in the CV
results, indicating excellent electron transfer between TMB and
the gold electrode. The reduction peak at ∼50 mV (vs a gold
reference electrode) increased after the hybridization of 1 nM
target DNA, because of the HRP catalysis electrochemical
reaction. Amperometric measurement (Figure 1C) was then
applied to collect the steady-state current signal, which is
dependent on the target DNA concentration. The fabrication
of the biosensor was characterized by electrochemical
impedance spectroscopy (EIS). As shown in Figure 2, the

bare gold electrode exhibited a very small charge transfer
resistance, indicating a clean electrode surface (Figure 2A).
When the PAP was immobilized on the electrodes, the EIS
signal dramatically increased (Figure 2B,) because of the
increased density of negative charge and consequently
increased electrostatic repulsion for [Fe(CN)6]

3−/4− anions.
As we expected, the EIS signal continued to increase step by
step after the addition of MCH (Figure 2C), target DNA/
reporter probe (Figure 2D), because of the gradually increased
density of negative charge.

Study of the PAP Assembling. PolyA sequence of
different lengths (10, 20, 30, and 40 nt) were compared in the
analysis of 1 nM target DNA. As shown in Figure 3A, when the
length of polyA fragment increased from 10 nt to 30 nt, the
current signal gradually increased while the blank signal
decreased. The highest signal/noise ratio (S/N) (22.1) was
achieved when the polyA sequence was 30 nt, which
interestingly matched the length of the hybridization sequence
in the target (30 nt) (Figure 1A). We attributed this
phenomenon to the highest conformation stability of the
hybridization conjugate on the electrochemical interface when
the anchoring part perfectly matched the capturing part
(Figure 1). However, when the length of polyA reached 40 nt,
the current signal decreased dramatically, probably because the
polyA40 probe occupied too much electrode surface and
therefore affected the assembling amount of capture probes.
We then compared different PAP assembling for the analysis

of the target DNA. We designed another type of capture probe
(PA30P-2 in Table 1), which hybridized with the target DNA at
a different position. In the design of PA30P-1, the reporter
probe combined with the free 5′ end of the target sequence; in
contrast, the reporter probe for PA30P-2 strategy combined
with the middle segment of the target DNA. As Figure 3B
showed, the current signal of PA30P-2 dramatically decreased,
probably because the accessibility of the middle segment was
limited due to the hybridization at two ends of the target DNA.
An inverted reporter probe was also studied as a comparison.
As the result showed (Figure 3B, PA30P-3) the S/N
dramatically decreased, because the biotin label was close to
the electrode surface; thus, the increased steric hindrance
affected the combination of avidin-HRP. Finally, the capture
probe PA30P-1 produced the highest S/N value, which was 1.8-
fold higher than PA30P-2 and 6.3-fold higher than PA30P-3.
To achieve the best detection performance, several other

critical experimental parameters were systematically optimized.

Figure 2. Nyquist plot of electrochemical impedance spectroscopy
(EIS) measurements performed at different steps of the biosensor
analysis: (A) bare gold electrode, (B) after PAP assembling (the
length of polyA is 30 nt in this experiment), (C) after MCH
passivation (PAP/MCH), (D) after addition of the hybridization
solution (PAP/MCH/reporter probe/target). All the experiments
were performed in 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] solution
containing 0.1 M KCl. The concentration of the target DNA was 1
nM. PA30P-1 was applied as the capture probe in this experiment.

Figure 3. (A) Analysis results using PAP with different lengths of polyA (10, 20, 30, and 40 nt, respectively). (B) Analysis results using different
types of capture probes. The concentration of the target DNA was 1 nM.
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(1) We optimized the concentration of PAP (PA30P-1),
which directly determined the density of capture probe on the
electrode. The results showed that 0.1 μM PAP achieved the
highest S/N value (Figure S2 in the Supporting Information).
(2) Next, we studied MCH passivation, which was proved to

play a critical role in the construction of polyA-based
biosensor.39 As shown in Figure S3 in the Supporting
Information, upon the addition of MCH, the background
signal decreased dramatically as the deposition time increased
from 10 min to 30 min, because MCH improved the resistance
to the unspecific adsorption of DNA and enzyme. However,
the S/N slightly decreased, probably because PAP was
replaced on the electrode surface. Finally, 30 min was adopted
as the optimized MCH deposition time in all of the following
experiments.
(3) We then studied the signal probe concentration. As the

results showed (see Figure S4 in the Supporting Information),
100 nM signal probe was finally demonstrated to be optimized
for our biosensor.
(4) Finally, kinetics investigation showed the hybridization

reaction reached a plateau after 2 h (Figure S5 in the
Supporting Information); therefore, we performed 2 h of
hybridization for the following analysis.
Performance of PAP Biosensor. Sensitivity and

Specificity. The sensitivity of our biosensor was demonstrated

by detecting a serial dilution of target DNA. I−t analysis curves
(shown in Figure 4A) that the current signal increased with the
increase of the target DNA concentration. The current signal at
60 s was taken as the quantification signal to construct a
working curve with a target concentration from 10 fM to 1 nM
(see Figure 4B). An excellent nonlinear fitting was finally
achieved:

i
k
jjj

y
{
zzz= − −y

x
270.7 196.7 exp

3.36

where y is the current signal and x is the DNA concentration.
The limit of detection (LOD) was demonstrated to be as low
as 10 fM (see the inset of Figure 4B).
As a circle recognition probe, our PAP was anticipated to be

capable of distinguishing mismatched DNA sequences. The
specificity of our biosensor was systematically studied when
facing a different number of mismatches at different positions
(Figure 4 CDE). When 1, 2, or 3 mismatched bases were
designed at 5′ end of the PAP capture probe, the current signal
gradually decreased by ∼27.2%, 51.5%, and 69.5%, compared
with a fully complementary sequence (see Figure 4C). A
similar experimental result happened at the 3′ end of PAP (see
Figure 4E). However, when the mismatched bases were
designed at both the 5′ and 3′ terminal of PAP (Figure 4D),
the current signal decreased much more significantly: 1

Figure 4. (A) I−t curves for a range of target DNA concentrations. From bottom to top: 0 fM, 10 fM, 100 fM, 1 pM, 10 pM, 100 pM, and 1 nM.
The potential for I−t analysis was −200 mV. (B) Logarithmic plot of amperometric current vs target DNA concentrations (0−1 nM). The columns
in the inset are the results of low concentration targets. (C) Mismatches at the 5′ end: MS5′(1), 1 mismatch; MS5′(3), 3 mismatches; MS5′(5), 5
mismatches. (D): Mismatches at 5′ and 3′ end: MS5′(1) 3′(1), 1 mismatch at both 5′ and 3′ end; MS5′(3) 3′(3), 3 mismatches at both 5′ and 3′
end. (E) Mismatches at 3′ end: MS3′(1), 1 mismatch; MS3′(3), 3 mismatches; MS3′(5), 5 mismatches. The concentration of the target DNA was
1 nM. The error bars represent standard deviations for measurements taken from at least three independent experiments.
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mismatch and 3 mismatches at both 5′ and 3′ end caused
signal decreases of 66.2% and 94.0%, respectively. PAP
recognized the target DNA with two probe segments, each
probe showed excellent specificity. As the results showed, if the
mismatches happened on two probes (MS5′(1)3′(1) in Figure
4D), the current signal was much lower than the situation on
one probe (MS3′(3) in Figure 4D and MS5′(3) in Figure 4E),
even with fewer mismatches.
Robustness of the PAP-Based Biosensor. Our biosensor

was constructed on a 16-channel electrode array (see Figure
S1). To challenge the reproducibility of our biosensors, 8
arrays were prepared at one time and then applied for the
analysis of the same sample. As illustrated in Figure S6 in the
Supporting Information, the relative standard deviation of
measurements for the 8 sensor arrays was only 4.2%, indicating
excellent reproducibility of our PAP-based biosensor.
The stability of our biosensor was also studied. The prepared

electrode arrays after PAP assembling were stored under 4−8
°C for different time (2, 3, and 30 days) before being used.
The current signal was collected and compared (Figure 5A). A
highly repeatable current signal occurred after 3 days.
Compared with the first electrode array, the one after 30
days of storage only decreased by ∼5%, demonstrating the
good stability of our biosensor.
As reported in our previous work, the polyA-based

assembling was stable enough to survive the hybridization
melting process.11 In this paper, the regeneration of our PAP
was also studied. An electrode array modified with PAP was
applied for the detection of 1 nM target DNA (Figure 5B, first
round) and then treated with urea solution (8 M). As a result,
in the regeneration step, the double-strand DNA (dsDNA) was

fully denatured, and the signal probe was washed off to achieve
the very low initial blank signal (Figure 5B, second round).
Interestingly, the regenerated biosensor can be applied for
another round of analysis, producing the same level of the
current signal. The entire recycling process can be repeated at
least five times.

The Practicability of the PAP-Based Biosensor. To prove
the practicability, our PAP-based biosensor was applied to the
analysis of a complex PCR product. First, the E. coli genome
was extracted and amplified by asymmetric PCR to produce
single-stranded target DNA as much as possible, and then the
product was analysis both by agarose gel electrophoresis
(Figure 6A) and our biosensor (Figure 6B). Finally, our
biosensor successfully detected an unpurified PCR product
from 0.2 pg/μL DNA template in 10 μL of solution. The
sensitivity of our biosensor was proven to be 3 orders of
magnitude higher than agarose gel electrophoresis.
As more-solid evidence of practicability, our biosensor was

directly applied to the analysis of the E. coli genome without
PCR amplification. The detection results show that the current
signal of 10.0 pM E. coli genome was −283 nA, which was
almost as high as synthetic target DNA of the same
concentration. Meanwhile, the E. faecalis genome was prepared
and analyzed as a negative control. 20.4 pM E. faecalis genome
only exhibited a negligible current signal, which was close to
the blank. This result demonstrated the excellent detection
capability of our biosensor facing real samples (Figure 7).

■ CONCLUSIONS
In this work, we successfully developed a label-free nano-
assembling strategy using a triblock DNA capture probe

Figure 5. (A) Stability of the PAP-based biosensor. (B) Regeneration results of the PAP-based biosensor: 1, 3, 5, 7, and 9 were the detection steps,
and 2, 4, 6, 8, 10 were the regeneration steps. The concentration of target DNA was 1 nM.

Figure 6. Analysis results of the asymmetric PCR product. The template was extracted and serially diluted E. coli genomic DNA. (A)
Electrophoretic analysis of the PCR amplicons. The template concentrations were as follows: lane 1, 2 ng/μL; lane 2, 200 pg/μL; lane 3, 20 pg/μL;
lane 4, 2 pg/μL; and lane 5, 0.2 pg/μL. Lane M is the marker. The final volume of the PCR solution is 10 μL. (B) Electrochemical detection of E.
coli genomic DNA by using the PAP-based biosensor.
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toward a sensitive electrochemical biosensor. The multifunc-
tional DNA probe played a critical role in the construction of
the biosensor. The middle polyA segment showed excellent
assembling capability on the gold electrode surface, leading to
improved reproducibility, stability, and regeneration of the
biosensor. More importantly, two tandem capture probes were
co-assembled on the electrode surface simultaneously, with
consistent spatial position and exactly the same amounts.
When combined with the target DNA, two capture probes
generated strong base stacking effect, and thus improved the
hybridization stability. The sensitivity of our biosensor was
proved to be 10 fM, with a wide working range between 10 fM
to 1 nM, which is quite comparable in recently reported works
(see Table 2). Interestingly, our PAP-based biosensor showed

excellent specificity when facing mismatched DNA sequences.
Even single nucleotide polymorphisms can be distinguished by
each probe. The practicability of the PAP-based biosensor was
demonstrated by analyzing genomic DNA both with and
without PCR amplification. As a novel interface assembling
strategy, the PAP method dramatically decreased the economic
cost for the multifunctional DNA probe and the function can
be conveniently extended by modifying the probe sequence.
PAP not only showed unique advantages for the analysis of
bacterial DNA: we believe it also opened a novel avenue for
the development of multifunctional DNA probe for electro-
chemical biosensor.
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