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Based on the “Y” junction structure and restriction endonuclease-
aided target recycling strategy, an electrochemical biosensor for
DNA detection was developed. This universal biosensor was
suitable for detecting different sequences of target DNNA by
changing the sequence of capture and assistant strands.

Sensitive and selective detection of DNA sequences plays a
significant role in clinical diagnosis and biomedical studies.'
Electrochemical DNA biosensors have attracted significant
attention due to their simplicity, sensitivity and selectivity.*>
Recently, some electrochemical DNA biosensors based on
isothermal signal amplification have been developed for the
direct detection of small amounts of DNA with impressive
limits of detection (LOD).*!!' Chen et al. introduced a novel
electrochemical biosensor for the detection of DNA based on
the nicking endonuclease assisted detection strategy.®’ Liu
et al. developed a sensitive and signal-on electrochemical DNA
biosensor based on nicking endonuclease assisted electro-
chemistry signal amplification.® Hsieh ez al. reported a label-free,
isothermal electrochemical DNA biosensor based on the pheno-
menon of target recycling.” Wu et al. demonstrated a label-free
electrochemical sensor for specific DNA detection based on an
exonuclease I1l-aided target recycling strategy.'®

In the above approaches, the target should first hybridize with
the capture probe immobilized on the electrode, and then a
restriction site, which could be specifically recognized by enzyme,
was created. Secondly, the enzyme only cleaved the capture
probe into two pieces and the intact target was released. Thirdly,
the released target could hybridize with another capture probe to
initiate the next cycle. The signal could be enhanced obviously by
the repeated cycles of hybridization, cleavage and dissociation
since the target could be reused for many cycles.

In most of these works, cleavage sites with specific sequences
were necessary. However, these sites were located on the target
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DNA /capture DNA duplexes, and the targets should contain
special sequences. For this reason, these highly sensitive
approaches only detected the sequence-specific target DNA.
It would limit the application of these approaches.

Here, we introduced a universal electrochemical biosensor
which was suitable for detecting different sequences of target
DNA. The cleavage site was isolated from target with the aid of
a “Y” junction structure.'>'® The signal was amplified based on
the isothermal enzyme-assisted target recycling strategy.

As shown in Scheme 1, a “Y”” junction structure was formed
by hybridization of a methylene blue (MB) labeled capture
probe, an assistant probe, and a target DNA. First, MB
labeled capture probes self-assembled on a gold electrode with
Au-S linkages. Then, when target DNA was introduced into
the system, it was complementary to the assistant probe at
one-half of the segment and complementary to MB labeled
capture probes at the other half-segment, resulting in the
formation of a stable duplex complex. Meanwhile, the assistant
probe also hybridized with the capture probe. As a result, the
cleavage site was located on the assistant probe/capture probe
duplexes, and isolated from target DNA.

Next, restriction endonuclease Haelll was added for digesting
the assistant probe/capture probe duplexes. The capture DNA
was cleaved into two pieces and the MB labeled piece dissociated
from the gold electrode. At the same time, the target DNA
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Scheme 1 Schematic of an electrochemical DNA biosensor based
on the “Y” junction structure and restriction endonuclease-aided
target recycling strategy.
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Table 1 Sequences of oligonucleotides used

Name

Sequences

Capture probe

Complementary DNA (cDNA)

Single base mismatch DNA (smDNA)
Double base mismatch DNA (dmDNA)
Three base mismatch DNA (tmDNA)
Random DNA (nonDNA)

Assistant probe 1

Assistant probe 2

Assistant probe 3

Assistant probe 4

5'-MB-TTT GGG GCC CCT TCT CGA TTT TTT TTT T-C¢H;»-SH-3’
5'-TC GAG AAG TGC GTG CTG TAA-3’
5'-TC GAG AAG TGC CTG CTG TAA-3'
5'-TC GAC AAG TGC GTG CAG TAA-3
5'-TC GTG AAG TGG GTG CTC TAA-3’
5’-AG TGG TCC CCC AAC TCC TCT-3'
5'-TTA CAG CAC GCA GGG CCC C-3¥'
5'-TA CAG CAC GCA GGG CCC C-3’
5’-A CAG CAC GCA GGG CcCC C-3
5’-CAG CAC GCA GGG CCC C-¥

The locations of mismatched sites in smDNA, dmDNA and tmDNA are underlined.

dissociated from the capture probe. Subsequently, the released
target DNA could hybridize with another capture probe and
an assistant probe, then initiate the next cycle of cleavage.
Eventually, each target DNA could go through many cycles,
resulting in the cleavage of many capture probes. Since the
capture probes were labeled with MB, the above processes
could be monitored using alternating current voltammetry,
i.e. the peak current of MB decreased as a result of the cleavage
of many capture probes. Target DNA was detected according
to the change of the peak current of MB. The sequences of
oligonucleotides used here are listed in Table 1.

The feasibility of this electrochemical DNA biosensor was first
investigated (Fig. 1). When the MB labeled capture probes were
immobilized on the Au electrode, an obvious MB peak was
observed (curve a). In the absence of cDNA, the peak current
slightly decreased after restriction endonuclease treatment
(curve b). This phenomenon implied that a small amount of
assistant probes might be hybridized with the capture probes
in the absence of target DNA. Obviously, the probability was
very low, since only 7 base pairs between the capture probe
and assistant probe were present. When 1 nM cDNA was
present, the peak current decreased obviously after restriction
endonuclease treatment (curve c). The results showed that this
biosensor could be used to detect DNA. It was noted that the
current ¢ did not decrease to approximately zero. The possible
reason is that a small amount of target DNA strands remain
associated with the capture strand due to the 7 base pairs
between the capture probe and the target.
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Fig. 1 Alternating current voltammogram of (a) capture DNA modified
on the Au electrode; (b) after restriction endonuclease treatment for 60 min
in the absence of cDNA; (c) after restriction endonuclease treatment for
60 min in the presence of 1 nM cDNA.

The surface coverage of electrode was one of the crucial
parameters in the design of a sensitive and selective DNA
biosensor.'*!® Electrodes with capture DNA of different sur-
face coverage were interrogated in this work. Fig. S1 (ESI¥)
shows the signal/background (S/B) ratio corresponding to low
surface coverage (3.37 x 10'? molecules cm~2), medium sur-
face coverage (4.79 x 10'? molecules cm~2) and high surface
coverage (8.66 x 10'> molecules cm ™) for the detection of 10
nM cDNA. The decrease of peak current that resulted by
enzyme cleavage in the presence of target DNA was recorded
as signal (S). The decrease of peak current that resulted by
enzyme cleavage in the absence of target DNA was recorded as
background (B). As shown in Fig. S1 (ESIY), the highest S/B
ratio could be obtained at medium surface coverage. The
possible reason was that low surface coverage would capture
few target DNA strands and high surface coverage would
decrease the efficiency of DNA hybridization. Therefore,
medium surface coverage was selected in the following experi-
ments to ensure improved hybridization efficiency.

In our design, the form of “Y” junction structure depended
on simultaneous recognition of target DNA by the assistant
probe and capture probe, thus it was necessary to optimize the
sequence of assistant probe since the sequences of capture
probe and target were all defined. Fig. 2 shows the S/B ratio
corresponding to different assistant probes. The highest S/B
ratio could be obtained when the assistant probe 3 was used.
The possible reason was as follows: for longer assistant probes,
it was easy to hybridize with capture probes modified on the
electrodes in the absence of cDNA, so a high background
resulted; for shorter assistant probes, it was hard to hybridize
with capture probes modified on the electrodes even if cDNA
was present, so a low signal was achieved. Therefore, the
assistant probe 3 was selected in the following experiments.

Some factors, such as Haelll concentration, reaction tempera-
ture and reaction time, also influenced the sensitivity of this
biosensor. Here, the optimal Haelll concentration, temperature
and time were 0.1 U pL™", 40 °C and 60 min, respectively (shown
in Fig. S2-S4 of ESIY). Under the optimized conditions, different
concentrations of target DNA were detected. Fig. 3A shows that
the MB peak current gradually decreased as the cDNA concen-
tration increased from 1 pM to 10 nM. Fig. 3B shows the relation
between the S/B ratio and the concentration of target DNA.
According to the 3o rule,'® the detection limit was 14 pM. This
sensitivity is comparable to or better than that of many reported
methods for DNA detection.”'*!"!

This journal is © The Royal Society of Chemistry 2012

Chem. Commun., 2012, 48, 2982-2984 | 2983


http://dx.doi.org/10.1039/c2cc17679c

Published on 30 January 2012. Downloaded by UNIVERSITY OF ALABAMA AT BIRMINGHAM on 30/10/2014 00:17:45.

View Article Online

6.0

Assistant probe3 Assistant probe4
.

Assistant probe2

%] | Assistant probel

40 1

351

3.0

Fig. 2 Signal/background ratio corresponding to different assistant
probes. The error bars represent the standard deviation of six measure-
ments. Concentration of c¢cDNA: 10 nM; concentration of Haelll:
0.1 U pL~"; concentration of assistant probe: 1 pM; surface coverage:
4.79 x 10" molecules cm ™% temperature: 37 °C; reaction time: 60 min.
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Fig. 3 (A) Alternating current voltammograms for complementary
DNA at different concentrations. (a) Alternating current voltammogram
of the capture probe modified on the electrode. From b to k: 0 pM, 1 pM,
10 pM, 0.1 nM, 0.2 nM, 0.5 nM, 1 nM, 2 nM, 5 nM, 10 nM DNA.
(B) Plots of S/B vs. target DNA concentration. Error bars show the
standard deviations of measurement taken from six experiments. Surface
coverage: 4.79 x 10'? molecules cm ™~ concentration of Haelll: 0.1 U uL™";
assistant probe: assistant probe 3; concentration of assistant probe: 1 pM;
temperature: 40 °C; reaction time: 60 min.

Different kinds of target DNAs including cDNA, single
base mismatch DNA (smDNA), double base mismatch DNA
(dmDNA), three base mismatch DNA (tmDNA) and random
DNA (nonDNA) were chosen to investigate the selectivity of
this biosensor. As shown in Fig. 3B, for dmDNA, tmDNA
and nonDNA, the S/B ratio was observed to be very low.

It was due to low hybridization efficiency for these targets. For
smDNA, the S/B ratio increased slightly as the concentration
of smDNA was increased. When the concentration of target
DNA was 5 nM, the S/B ratio was ca. 5.2 for cDNA. It was
more than twice higher than that of smDNA (ca. 2.5). There-
fore, this biosensor showed good selectivity.

In summary, a simple signal-off electrochemical DNA biosensor
based on the “Y” junction structure and Haelll-aided target
recycling strategy was introduced. The biosensor showed good
sensitivity and selectivity. Different from those amplified DNA
biosensors using enzyme labels or nanolabels, a simple and
commercially available MB-labeled DNA was used in this
biosensor. Compared to other electrochemical DNA biosensors
based on an enzyme assisted target recycling strategy, our design
could be suitable for the detection of different sequences of target
DNA by changing the sequence of capture and assistant strands. It
was because an assistant probe was used and the cleavage site of
restriction endonuclease was isolated from target DNA.
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