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ABSTRACT: In this work, a click reaction-triggered wavelength-
resolved dual-signal output photoelectrochemical (PEC) bio-
sensor with DNAzymes-assisted cleavage recycling amplification
was proposed for sensitive triplex metal ions assay. Substantial
DNA fragments azido-S; and azido-S,, derived from the Pb*"
(target 1) and Mg®" (target 2) dependent cleavage cycle of
DNAzymes, respectively, were grafted efficiently on the same
alkynyl- DNA (capture DNA) modified electrode via the Cu®*
(target 3) and ascorbic acid (AA) cocatalyzed click reaction,
which thus could be subsequently used for immobilization of two Sy
different photoactive nanomaterials labeled with single DNA to de |
generate distinguishing dual-signal output for simultaneously sen-

sitive detection of Pb*" and Mg’*. Furthermore, the control

variable method was used for detecting Cu* by altering the concentration of Cu** in the click reaction. Owing to the usage of
the click reaction and target-converted signal amplifying strategy, the utilization rate of cycle output DNAs was largely
increased, significantly improving the detection sensitivity of the proposed approach. As a result, low detection limits down to
picomolar were acquired for the detection of Pb*, Mg“, and Cu?*, providing a versatile, efficient, and sensitive PEC method for
multiple assays of various targets such as metal ions, small molecules, and tumor markers.
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he photoelectrochemical (PEC) biosensor, as a newly circumvent this issue, Dai and Chen’s group co-immobilized

emerged analytical device that combines electrochemistry two capture probes on a single electrode for, respectively,
with photochemistry, has been developed rapidly in recent fabricating the applied potential’® and electron donating”’
years.' > Apart from the advantages of simple, low cost, and resolved multiplex PEC biosensors with improved sensitivity.
easy operation, the PEC biosensor also exhibits the merits of Nevertheless, to meet the increasing demand of trace multiplex
high sensitivity and low background noise due to the total detection, the sensitivity of these multiplex PEC biosensors still
separation of the excitation source of light and the readout needed to be further improved without effective signal
signal of current.”” More importantly, the generation of amplifying strategies. Accordingly, by integrating the target-
photocurrent in PEC analysis heavily depends on the induced recycling amplification with wavelength-resolved
photoactive material,'®~'¢ excitation wavelength,”’lg and technology, our group constructed a sensitive PEC biosensor
applied potential'® in the detection process, which holds for simultaneous dual components assay.”® However, the cycle
significant promise for the multiplex assay with advantages of output DNA with poor utilization rate limited the further
low sample consumption, higher throughput, higher detection improvement of detection sensitivity. Therefore, it is necessary
efficiency, simpler analytical process, and lower analytical cost. and urgent to explore new strategies to significantly increase
Unfortunately, most reported PEC biosensors mainly focus on the utilization rate of output DNAs for constructing a highly
the development of sensing platforms for individual analy- sensitive multiple PEC assay with the coupling of wavelength-
tes,”"~>* and there are only a few works established in PEC resolved technology.
biosensors for multiple targets owing to the challenge in The click reaction is a more effective method for DNA
distinguishing photocurrent signals from diverse targets. ligation compared with the traditional Watson—Crick comple-
Recently, Hu’s group constructed a PEC electrode array to, mentary owing to the higher thezrgr_le?l’lz stability as well as
respectively, acquire target related photocurrent signals for needless of complex base encoding,™ " which thus provides
successfully achieving multiplex detection with the use of light
addressable technology.”¥*> However, this approach suffered Received: October 22, 2018
from the drawback of limited sensitivity due to the incomplete Accepted: January 23, 2019
coverage of the light source on different minute areas. To Published: January 23, 2019
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Scheme 1. Schematic Diagrams of Sensitive PEC Biosensor for the Multiplex Assay”
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?(A) Signal probes assembled by wavelength-resolved photoactive materials of PTCA-PEI-Au and C;N,-Au-PE], respectively; (B) fabrication of
the PEC biosensor; (C) target-induced cycle output S, and S, based on ion-dependent DNAzymes co-immobilized Au@Fe;O, nanoparticles; and

(D) mechanism of photocurrent generation.

the promise for increasing the utilization rate of output DNAs.
Hence, in this work, by combining the DNAzymes-assisted
cleavage recycling amplification with Cu®** and the ascorbic
acid (AA) cocatalyzed click reaction, a novel dual-signal output
PEC biosensor using wavelength-resolved technology was
designed for efficient and sensitive triplex metal ions detection
(Scheme 1). First, the ion-dependent DNAzymes (Pb-Enzy
and Mg-Enzy) immobilized on Au@Fe;0, could be specially
cleaved by Pb*" (target 1) and Mg** (target 2) to
correspondingly release amounts of cycle output DNA
fragments, azido-S, and azido-S,, by using DNAzymes-assisted
cleavage recycling amplification, which subsequently could be
grafted efliciently on the same capture DNA modified
electrode via click reaction for further immobilization of two
photoactive nanomaterials (synthesized by 3,4,9,10-perylene
tetracarboxylic acid, PTCA, and carbon nitride, C;N,) labeled
with single DNA, respectively, significantly increasing the
utilization rate of output DNAs. Thereafter, an obvious
distinguishing dual-signal output at 365 and 623 nm could
thus be acquired for simultaneously sensitive detection of Pb**
and Mg®" with the use of wavelength-resolved technology.
Furthermore, the control variable method was used to
sensitively detect Cu®* through altering the concentration of
Cu’" in click reaction with improved detection efficiency. The
proposed approach not only ingeniously converted the targets
into substantial output DNA fragments for photoactive
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nanomaterials immobilization but also innovatively realized
the effective immobilization of diverse cycle output DNAs on
the same capture DNA modified electrode through using the
click reaction, thereby significantly improving the detection
sensitivity. In summary, the click reaction was ingeniously
adopted to achieve sensitive detection while greatly improving
detection efficiency. Moreover, this click reaction-assist
strategy can be extended easily by assembly of various azido-
DNA or alkynyl-DNA fragments related to targets such as
metal ions, small molecules, and tumor markers, giving impetus
to the design of new multiplex PEC approaches with ultimate
applications in environmental monitoring, food supervision,
and disease diagnosis.

B EXPERIMENTAL SECTION

Materials and Reagents. Perylene-3,4,9,10-tetracarbox-
ylic dianhydride (PTCDA) and melamine were purchased
from LianGang Dyestuff Chemicals Co. Ltd. (Liaoning,
China). Magnesium chloride hexahydrate (MgClL,-6H,0),
copper sulfate pentahydrate (CuSO,-SH,0), ascorbic acid
(AA), ethanol, and potassium chloride were provided by Kelon
Co. Ltd. (Chengdu, China). Lead nitrate (Pb(NO;),) was
obtained by Guangfu Biaowu Co. Ltd. (Tianjin, China). L-
Cysteine (L-Cys) was purchased from J&K Chemical Co. Ltd.
(Beijing, China). Amino-modified magnetic microspheres
(NH,-Fe;0,, w/v = 0.5%, 10 mL) was provided by BaseLine
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Table 1. Information of Oligonucleotide Sequences in This Experiment

name

Pb-Subs
Pb-Enzy
Mg-Subs
Mg-Enzy
Capture DNA
Pb-Capture
Mg-Capture

sequence

§'-SH-(CH,)s-GCATACTCACTArAGGAAGAGATG-N;-3'
§'-CATCTTCTCCGAGCCGGTCGAAATAGTGTATGC-3/
§/-SH-(CH, )¢ AATCTGCAGAGTATtAGGATATCC-N;-3'
§'-GGATATCAGCGATCACCCATGTTACTCTGCAGATT-3/
§'-SH-(CH, ) GACGGGAAGC-C=CH-3’
§'-CATCTCTTCC-NH,-(CH,)¢-3’
§'-GGATACC-NH,-(CH,)¢-3’

Figure 1. SEM images of (A) PEI-Au nanoparticles, (B) Au@Fe;0, (insert, pure NH,-Fe;0,), (C) PTCA, (D) PTCA-PEI-Au, (E) C;N,, and (F)

C;N,-Au-PEL

ChromTech Research Centre (Tianjin, China). Gold chloride
(HAuCl,), hexanethiol (HT), and polyethylenimine (PEI,
average Mn 10 000 by gel permeation chromatography, purity
499%) were purchased from Sigma Co. Ltd. (St. Louis, MO).
Phosphate buffered solution (PBS, pH 7.0, 0.1 M) was
prepared by 0.1 M Na,HPO,, 0.1 M KH,PO,, and 0.1 M KCL
Tris-HCI buffer was prepared by 20 mM Tris-HCl, 140 mM
NaCl, S mM KCl, and 1 mM CaCl,. All oligonucleotides used
in this experiment were bought from Sangon Biotech Co. Ltd.
(Shanghai, China), and their base sequences were listed in
Table 1.

Apparatus. The PEC measurement was performed on a
PEC workstation (Ivium, The Netherlands). The excitation
light source at 365 and 623 nm was supplied by the LED lamp
and switched off-on-off for 10—20—10 s under a 0.0 V
potential. Electrochemical deposition of AuNPs (depAu) was
conducted in 1% w/v HAuCl, aqueous solution under —0.2 V
for 30 s. Cyclic voltammetry (CV) measurement was operated
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at a CHI 660e electrochemical workstation (Shanghai
Chenhua Instrument, China). [Fe(CN)¢]*~*~ solution (5.0
mM, pH 7.0) was used to measure CV under —0.2 and 0.6 V at
a scan rate of 100 mV/s. The morphologies of the
nanomaterials were characterized by the scanning electron
microscopy (SEM, S-4800, Hitachi, Japan). X-ray photo-
electron spectroscopy (XPS) was performed through the VG
Scientific ESCALAB 250 spectrometer.

Synthesis of DNAzymes Coimmobilized Au@Fe;0,
Nanoparticles. 1 mL 50 mg/L NH,-Fe;O, was first
subjected to 15 mLAuNPs™ for 12 h reaction at 4 °C to
form Au@Fe;O, nanoparticles, which subsequently was
followed by the magnetic separation for removing residual
AuNPs. Then, the obtained Au@Fe;O, nanoparticles were
dispersed in 6 mL of PBS for further use. After that, 200 uL
obtained Au@Fe;O, solution was mixed with 10 pL ion-
dependent substrate (Pb-Subs and Mg-Subs, S0 uM,
respectively) and reacted half of 1 day at 4 °C. Afterward,
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Figure 2. XPS analysis for the full region of (A) PTCA-PEI-Au and (B) C;N,-Au-PEI (the insets were XPS analysis for O 1s, C 1s, Au 4f, N 1s,

respectively).

10 uL Enzy (Pb-Enzy and Mg-Enzy, S0 uM, respectively) was
added to the mixture for 2 h reaction at 25 °C. Since the Pb-
Subs and Mg-Subs were hybridized with Pb-Enzy and Mg-
Enzy, respectively, the ion-dependent DNAzyme co-immobi-
lized Au@Fe;O, could be formed through hybridization
reaction.

Synthesis of Different Detection Probes. Amine-rich
polyethylenimine (PEI), as a reductant and linkage platform,
was employed to form PEI-Au for the further synthesis of
functionalized Au-PEI-conjugated (PTCA-PEI-Au) nanoma-
terials and PEI-Au-conjugated (C;N,-Au-PEI) nanomaterials.
To preparation of probe 1 and probe 2, 100 uL 2.5 mM
PTCA, which was prepared by hydrolysis of PTCDA in
alkaline conditions,”* was first added into 15 L 200 mM EDC
and 50 mM NHS for stirring 1 h to activate its carboxyl group.
After that, 20 uL synthesized PEI-Au®” was added into the
above mixture for 12 h stir to form PTCA-PEI-Au. Then 125
uL prepared PTCA-PEI-Au was mixed with 10 L 50 uM Pb-
Capture and stirred 12 h at 4 °C to successfully obtain probe 2.
Meanwhile, 2 mL polymerized C;N,*® was added to 200 uL
PEI-Au and stirred 12 h to form C;N,-Au-PEI through the
amide bond, which followed by adding 10 uL 50 yuM Mg-Subs
into solution with reaction of 12 h at 4 °C to form probe 1.

Fabrication of the PEC Biosensor for Multiple Assays.
The fabricated procedure of the PEC biosensor was illustrated
in Scheme 1. Pretreated mirrorlike GCE*” was immersed in 1%
HAuCl, aqueous solution for electrodeposition of the AuNPs
layer. Afterward, 10 L4 yM Capture DNA was introduced on
the electrode and incubated for 12 h at 25 °C, followed by
addition of 2 yL HT (1 mM) to block the binding sites. After
that, cleavage fragments S; and S, were dropped on the
fabricated electrode, accompanied with the addition of S
uL Cu** and AA at a concentration of 1:5 to induce the click
reaction under 2 h, 25 °C. Finally, 10 yL 2 uM prepared probe
1 and probe 2 were incubated 2 h at 25 °C to be captured on
the electrode via the DNA hybridization of S; and S,.

Principle for Triplex Detection. The fabricated biosensor
was rinsed in PBS buffer (0.005 M L-Cys, 0.1 M PBS, pH 7.0)
and measured on a PEC workstation. Here, the incubation of
Mg** could lead to the assembly of C;N, functionalized probe
1 on the electrode under the conditions of a sufficient Cu**-
catalyzed click reaction, thereby outputting a negligible
photocurrent signal at 623 nm and a significant photocurrent
signal at 365 nm. The incubation of Pb** could immobilize
PTCA functionalized probe 2 with a significant photocurrent
signal at wavelengths of 623 and 365 nm. Ingeniously, owing to
no energy transfer between the two wavelength-selective
photoactive nanomaterials, the generated signals do not
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interfere with each other. Therefore, quantification of Pb*
was made only through photocurrent signal at a wavelength of
623 nm. The quantification of Mg** was performed by
eliminating the photocurrent signal generated in the presence
of Pb** at 365 nm. This principle indicated that the fabricated
biosensor can be employed to simultaneously detect Pb** and
Mg*" under the conditions of adding sufficient dosage of Cu*"
for the complete click reaction. Furthermore, with the addition
of enough Pb** and Mg?*, the assay of Cu’* was carried out at
a wavelength of 365 nm. In conclusion, the detection of the
three ions was carried out through taking full advantage of the
two-step method and distinguishing the dual-signal output
strategy.

B RESULTS AND DISCUSSION

Morphology Characterization of the Synthetic Mate-
rials. The morphology and size of nanomaterials were
investigated by SEM. As indicted in Figure 1A, owing to the
strong interaction between Au nanoparticles and dendritic
polymer PEI, PEI-Au nanoparticles displayed a dendritic
structure with an abundance of spherical Au nanoparticles
together. After its assembly on the NH,-Fe;O, surface,
uniformly globular PEI-Au with a diameter of 200 nm can
be seen on the surface of NH,-Fe;O, (Figure 1B). The insert
in Figure 1B was the SEM of pure NH,-Fe;O,. Moreover, as
illustrated in Figure 1C, the obtained PTCA presented stick
shapes with a width of 300 nm. When PTCA was linked with
PEI-Au, it can be clearly seen that generous bright dots were
adhered on PTCA (Figure 1D), implying the successful
preparation of PTCA-PEI-Au. Figure 1E was the SEM of
synthesized C;N,, which exhibited a sheetlike structure
approximately to 500 nm in diameter. After its decoration
with PEI-Au to form C;N,-Au-PEI, amounts of bright dots can
also be seen (Figure 1F).

Additionally, the elemental analysis performed by XPS was
also used to further characterize the ingredient of different
materials. As shown in Figure 2A, XPS peaks at 83 eV, 400 eV,
and 532 eV were, respectively, assigned to Au 4f, N 1s, and O
1s, which correspondingly indicted the composition of Au, PEI
and PTCA in synthetic PTCA-PEI-Au. Similarly, the spectra of
Au 44, N 1s, and C 1s assigned to 83 eV, 400 eV, and 285 eV,
respectively, proved the successful preparation of C;N,-Au-PEI
(Figure 2B).

Electrochemical and PEC Characterizations of the
Biosensor. CV measurements performed in 5.0 mM [Fe-
(CN)4]>’* solution was utilized to characterize assembly
processes of the working electrode step-by-step. Correspond-
ing CV curves were shown in Figure 3A. In compared with
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Figure 3. (A) CV profiles of (a) bare GCE, (b) depAu/GCE, (c) capture DNA/depAu/GCE, (d) HT/capture DNA/depAu/GCE, and (e) S}, S,/
HT/capture DNA/depAu/GCE. The CV measurements were performed in 5.0 mM [Fe(CN),]*~* solution. (B) The PEC profiles of (a) bare
GCE, (b) depAu/GCE, (c) capture DNA/depAu/GCE, (d) HT/capture DNA/depAu/GCE, (e) S,, S,/HT/capture DNA/depAu/GCE, and (f)
S,, S,/HT/capture DNA/depAu/GCE after assembly of probe 1, probe 2. The PEC measurements were detected in 4 mL of 0.1 M PBS (pH 7.0)

containing 0.005 M L-Cys.
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bare GCE (curve a), the peak current of conductive depAu
coated GCE increased owing to the excellent conductivity of
depAu (curve b). However, after introducing the negatively
charged capture DNA on depAu/GCE, the peak current
slightly decreased by reason for the electronic repulsion
between [Fe(CN)¢]>~/#~ and capture DNA (curve c). Once
the HT was employed to block nonspecific binding sites of the
electrode, a further decreased peak current was appeared in
virtue of hindrance of electron transfer (curve d). There was a
further reduced peak current after the HT/capture DNA/
depAu/GCE was immobilized with produced DNA S, and S,
via click reaction (curve e).

Furthermore, PEC characterization was also carried out to
investigate the assembly processes (Figure 3B), which
performed in 4 mL of 0.1 M PBS (pH 7.0) containing 0.005
M L-Cys. As we know, the photoactive material is a key factor
for producing photocurrent signal. Therefore, owing to
absence of photoactive material, there were negligible photo-
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current signals for the (a) bare GCE, (b) depAu/GCE, (c)
capture DNA/depAu/GCE, (d) HT/capture DNA/depAu/
GCE, and (e) S;, S,/HT/capture DNA/depAu/GCE.
However, with the superior conductivity of depAu, the
background signal of depAu/GCE was higher compared to
that of bare GCE. Additionally, owing to the inert property of
DNA and HT, the background signal of capture DNA/depAu/
GCE, HT/capture DNA/depAu/GCE, and S}, S,/HT/capture
DNA/depAu/GCE successively reduced compared with that
of depAu/GCE. Finally, the immobilization of probe 1 and
probe 2 containing the photoactive materials of C;N,-Au-PEI
and PTCA-PEI-Au, respectively, caused a remarkable increase
of photocurrent at wavelengths of 623 and 365 nm (curve f).

Analytical Performance and Feasibility Analysis. The
performance of PEC biosensors was evaluated via quantitative
detection of Pb**, Mg** and Cu’". Signal outputs increased
linearly with the increase concentrations of Pb** (500 pM, 10
nM, 200 nM, 400 nM, 600 nM, 800 nM, 900 nM) at
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Figure 6. (A) Photocurrent response of the biosensor with different concentrations of Cu**: 1 nM, 3 nM, 7 nM, 8 nM, 10 nM, 15 nM and (B)
corresponding linear calibration curve at a wavelength of 365 nm.

Table 2. Comparison between Theoretical Value and Actual Value

Mg** (100 pM—1 uM)

Mg (34 pM)

actual added amounts/nM detection amounts/nM ratio/% (found/added) RSD/%
sample number Mg** Pb** Mg** Pb** Mg** Pb** Mg** Pb**
1 0.1 0.5 0.0811 0.5921 81.10 118.42 54 3.8
2 10 10 10.194 10.1214 119.4 112.14 32 2.7
3 200 200 209.18 189.84 104.59 94.92 5.8 3.5
4 400 400 483.13 491.03 96.63 98.20 4.1 3.1
S 600 600 602.56 585.55 100.43 97.59 29 4.2
6 800 800 789.90 843.48 98.74 105.4 4.9 3.7
7 1000 900 100.743 925.31 100.743 102.81 2.7 3.9
Table 3. Comparison of Various Multiplex Detection Methods of Heavy Metal Ions
detection method detection range detection limit ref
, Ag® (10—150 nM) Ag" (34 nM)
electrochemical e » 38
Hg** (10—100 nM) Hg** (1.7 nM)
Zn** (1-30 nM) Zn?* (0.47 nM)
fluorescence 24 » 39
Cu** (1-20 nM) Cu** (0.45 nM)
Ag* (6—650 nM Ag" (1.2 nM
fluorescence i ) +( nM) s 5 +( nM) 40
Hg™ (5—1 uM) Hg* (3.3 nM)
Zn** (0.25-2 nM) Zn** (0.1 nM)
fluorescence 2 a 41
Cu** (0.1-5 nM) Cu** (0.08 nM)
L Ni** (0—120 nM) Ni** (1 nm)
electrochemiluminescence N ) 42
Cd* (0.1—4 M) Cd* (20 nM)
Ag* (0.1-10 uM Ag* (0.86 nM
surface-enhanced Raman scattering gz +( #M) gz +( oM) 43
Hg** (1-10 uM) Hg** (0.77 nM)
Pb* (500 pM—900 nM Pb** (166 pM
PEC (500 pM=900 nM) ( M) our work

wavelengths of 623 and 365 nm (Figure 4A). As shown in
Figure 4B, the corresponding linear regression equation are I;
= 0.06719¢p,** + 10.70 (I, represent photocurrent intensity of
detecting Pb** at 623 nm, cp,>* represented the concentration
of Pb**) and I, = 0.1293cp,>* + 44.39 (I, represent
photocurrent intensity of detecting Pb** at 365 nm). However,
there was a negligible photocurrent signal at 623 nm and
obvious changes at 365 nm (Figure SA) with different
concentrations of Mg2+ (100 pM, 10 nM, 200 nM, 400 nM,
600 nM, 800 nM, 1 uM), Figure SB showed a linear
relationship between photocurrent intensity and concentration
in the range of 100 pM to 1 uM, the corresponding linear
equation at wavelengths of 365 nm was I = 0.093465Mg2+ +
32.07 (I represented the photocurrent signal of detecting
Mg** at 365 nm, cMgZ+ represented the concentration of Mg**),
and the added error bar at all the figures implied the detection
standard deviation (n = 8).

Since photoactive nanomaterials generated signals did not
interfere with each other, Pb’* was quantified only through
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photocurrent signal at a wavelength of 623 nm. The
quantification of Mg** was performed by eliminating the
photocurrent signal generated in the presence Pb** of at 365
nm. Therefore, a final linear equation of concentration and
photocurrent intensity could be simulated, and the corre-
sponding linear regression equation is shown in eqs 1 and 2,
respectively.

g+ = 0.06719¢pp+ + 10.70 (1)

Iyge+ = 0.1293cpp+ + 0.093346¢ 2+ + 76.46 2)
where Ip,** and IMg2+ represented photocurrent intensity of
detecting Pb** and Mg** at 623 and 365 nm, respectively, and
the estimated detection limits (defined as LOD = 3S,/m,
where Sy, is the standard deviation of the blank signals, and m is
the analytical sensitivity, which can be estimated as the slope of
calibration curve at lower concentration ranges) are 166 pM
and 34 pM, respectively.
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Furthermore, this PEC biosensor also can be used for the
detection of Cu*". The output signals at 365 nm, which is
shown in Figure 6A, increased linearly with a concentration of
Cu’". As presented in Figure 6B, the corresponding linear
equation was Ic,** = 9.120cc,>" + 86.32 (Ic,”* indicated the
photocurrent intensity of detecting Cu* at 365 nm, c,>* is the
concentration of Cu") in the range of 1 nm to 15 nM, and the
detection limit (defined as LOD = 3S,/m, where S, is the
standard deviation of the blank signals, and m is the analytical
sensitivity which can be estimated as the slope of the
calibration curve at lower concentration ranges) was 0.33 nM.

To prove that the simulated linear equation could be applied
for simultaneous complex detection in the practical sample,
different amount of Pb** (500 pM, 10 nM, 200 nM, 400 nM,
600 nM, 800 nM, 900 nM) and Mg** (100 pM, 10 nM, 200
nM, 400 nM, 600 nM, 800 nM, 1 M) were simultaneously
added into water, followed by detection with a fabricated PEC
biosensor. Figure S2 shows the PEC signal output of the
practical sample detection, and Table 2 indicates the
comparison of actual added concentrations and detection
concentrations. It was found that there is no significant
deviation between the actual added amounts and theoretical
amounts, which demonstrates that the established simulta-
neous detection PEC biosensor could be employed as a metal
ion assay. In addition, the comparison of recent multiplex
detection methods of metal ions was made with our method.
As shown in Table 3, owing to the combination of the click
reaction and the ion-induced cleavage recycling amplification
strategy, the fabricated PEC biosensor is more sensitive and
has a lower detection limit than some recent multiplex metal
ion assays.

Selectivity of the Proposed PEC Biosensor. The
selectivity of the fabricated biosensor for the detection of
Mg** and Pb*" was evaluated in comparison with 10-fold (8
UM) excess of other interference ions including Cd**, Na*, K*,
Cd*, Co*, Zn*, Sn**, Cu®" and Ag’. As shown in Figure 7A,
no significant signal changes were observed despite the high
concentration of the interfering metal ions, and the added error
bar implied the detection standard deviation (n = 8). However,
in the presence of Mg** or Pb*, even at a much lower
concentration, the photocurrent signal at a wavelength of 365
nm sharply increased, illustrating that the proposed biosensor
had good selectivity to detect target metal ions. Furthermore,
the selectivity of the fabricated biosensor for the detection of
Cu’ was investigated. As shown in Figure 7B, even the
addition of 10-fold interference ions, such as Ag’, Cd*', Fe*",
Ca®, Zn*" Co’*, Mg**and Pb*', the photocurrent signals were
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extremely tiny in comparison with the concentration as low as
15 nM Cu*".

B CONCLUSION

In summary, we have fabricated a dual-signal output PEC
strategy for sensitive triplex metal ions detection by combining
the click reaction with cleavage recycling amplification. Here,
the cleavage cycle output DNAs used for assembling diverse
photoactive nanomaterials was first ligated on the same capture
DNA modified electrode via click reaction with significantly
increased utilization rate of cycle output DNAs, which not only
realized simultaneously sensitive detection of Pb*" and Mg**
with wavelength-resolved technology but also achieved a Cu®*
assay via the control variable method. Moreover, this proposed
strategy provided a new PEC multiple sensitive detection
model, holding a great potential application in environmental
monitoring, food supervision, and disease diagnosis.
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