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Abstract 7 

In this work, a new label-free biosensor based on highly effective decomposition 8 

of a branched DNA polymer and target-transition recycling amplification was 9 

designed for ultrasensitive electrochemical determination of lead ion (Pb2+). The 10 

branched DNA polymer formed by hybridization chain reaction (HCR) was first 11 

immobilized on electrode and served as the carrier for loading abundant silver 12 

nanoparticle (AgNPs) to generate an extremely high initial current signal output. Then, 13 

the molecular triggers T1 and T2, which were produced through a target-transition 14 

recycling amplification, could respectively disassemble the backbone and side chain 15 

of the branched DNA polymer with remarkably decreased current for sensitive 16 

detection of Pb2+. Compared with traditional one-trigger induced disassembly strategy, 17 

the proposed approach exhibited higher decomposition efficiency. The experimental 18 

data showed that this developed biosensor had a superior performance for Pb2+ 19 

detection with a low detection limit down to 0.24 pM. Furthermore, the established 20 
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strategy set up a new way to achieve the ultrasensitive detection of metal ions.  21 

Keywords: branched DNA polymer; dual triggers induced disassembly; high 22 

decomposition efficiency; strand displacement reaction. 23 

1. Introduction 24 

Branched DNA polymer, as one of the typical natural polymer commonly 25 

formed in a “bottom-up” assembly mode through polymerase chain reaction (PCR) 26 

[1], rolling circle amplification (RCA) [2], hybridization chain reaction (HCR) etc. 27 

[3-5], has attracted increasing attention owing to its superior biocompatibility and 28 

programmable structure, and thus be widely applied in the field of 29 

electrochemiluminescent [6], fluorescent [7], photoelectrochemical [8], especially 30 

electrochemical biosensors [9] for the detection of various targets including small 31 

molecules, nucleic acids and proteins. Since the branched DNA polymer composed by 32 

vast DNA strands contains abundant repeat units, large number of binding sites can be 33 

provided for assembling signal probes such as methylene blue [10], ferrocene [11] and 34 

[Ru(NH3)6]
3+ [12] with significantly improved sensitivity. More importantly, the 35 

branched DNA polymer inherently possesses the desirable reversibility of forming 36 

and decomposition [13,14], furnishing a possibility of constructing a biosensor based 37 

on the decomposition of branched DNA polymer with extremely high initial signal. 38 

Up to now, the decomposition of branched DNA polymer has been mainly 39 

performed by increasing temperature or using DNase. [15] Nevertheless, these 40 

methods exhibit a fatal defect of unwinding a certain DNA polymer without 41 

selectivity. By contrast, strand displacement reaction (SDR) as a physiological, 42 

selective, and enzyme-free disassembly strategy for controlling DNA polymer 43 

disassembly has been developed to resolve the above-mentioned problem. [16-18] 44 
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Therefore, it can be feasible to design a single-stranded DNA that disassembles 45 

branched DNA polymer through hybridizing its bottom DNA on electrode surface, but 46 

suffers from relatively weak depolymerization efficiency. [19-21] This may be due to 47 

the steric hindrance between tremendous DNA branched structure and supported 48 

platform, as well as the fact that the limited trigger DNA disassembles the branched 49 

DNA polymer with a slow speed. Hence, exploring an effective strategy that can 50 

disassemble DNA polymer with high disassembly efficiency is urgently desired. 51 

Compared with above-mentioned traditional one-trigger induced disassembly strategy, 52 

once multichannel dissociations can be simultaneously achieved during the 53 

depolymerization of branched polymer from outside to inside, which is able to 54 

overcome the aforementioned shortcomings and the decomposition efficiency would 55 

be tremendously enhanced. [22] 56 

Inspired by the above-mentioned points, a new path for ultrasensitive Pb2+ 57 

detection was established in this work by combining DNAzyme assisted target 58 

recycling and controllably efficient disassembly of branched DNA polymer induced 59 

by SDR. As shown in Scheme 1, the branched DNA polymer was first constructed on 60 

electrode through HCR, which could offer an ideal platform for the immobilization of 61 

outstanding electrochemical signal tag silver nanoparticles (AgNPs). Meanwhile, the 62 

target Pb2+ circularly activate the cleavage of substrate strand in Pb2+-specific 63 

DNAzyme with high specificity to generate large quantities of released substrate 64 

fragments (T1 and T2). [23,24] Coincidentally, the released T1 and T2 could 65 

respectively decompose the backbone and side chain in preformed branched DNA 66 

polymer, which largely improved the disassembling efficiency compared with 67 

traditional one-trigger induced disassembly strategy. As a result, the signal indicator 68 

AgNPs embedded in DNA double-strand was dissociated from electrode surface, 69 
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leading to an obvious decreased current and further dramatically improving the 70 

detection performance. The established assay opens up an innovative avenue for 71 

sensitive determination of various targets such as metal ions, protein and DNA. 72 

(Scheme 1) 73 

2. Experimental section 74 

2.1 Materials and reagents 75 

Chloroauric acid (HAuCl4) and hexanethiol (HT) were bought from 76 

Sigma-Aldrich Co. (St. Louis, MO, USA). Trisodium citrate (C6H5Na3O7·2H2O) and 77 

sodium borohydride (NaBH4) were ordered from Kelong Chemical Co. (Chengdu, 78 

China). Silver nitrate (AgNO3) and lead nitrate (Pb(NO3)2) were commercially 79 

available from Sinopharm Chemical Reagent Ltd. (Shanghai, China). 80 

Amino-modified magnetic polystyrene microspheres (PSC) were provided by 81 

Baseline Chrom Tech Research Co. (Tianjin, China). All involved oligonucleotides 82 

were custom-synthesized by Sangon Inc. (Shanghai, China), and their sequences were 83 

given in Table 1. The base sequences marked with the same color were 84 

complementary with each other. 85 

(Table 1) 86 

2.2. Instruments 87 

All electrochemical measurements including linear sweep voltammetry (LSV), 88 

cyclic voltammetry (CV) and electrochemical impedance spectroscopic (EIS) were 89 
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performed using a CHI 660D electrochemical workstation (Chenhua, Shanghai, 90 

China). LSV measurement was monitored in 1.0 M KCl solution with -0.2 ~ 0.2 V 91 

potential scan range. CV and EIS involved in the whole experiment process was 92 

performed in 2 mL mixture comprising 5 mM K3[Fe(CN)6]/K4[Fe(CN)6].  93 

2.3. Synthesis of DNAzyme-functionalized magnetic composites 94 

First, gold nanoparticles (AuNPs) with 16 nm in diameter were synthesized on 95 

the basis of previous protocol. [25] Afterward, 5 mL AuNPs was subjected to 1 mL 96 

the NH2-modified PSC magnetic solution and reacted for 2 h at 4 oC via Au-N 97 

bonding for synthesizing AuNPs@PSC magnetic composites. Furthermore, in order to 98 

obtain Pb2+-dependent DNAzyme, 20 µL AuNPs@PSC magnetic composites were 99 

initially blended with 20 µL catalytic strands (2 µM), and the resulting mixture 100 

reacted for 12 h at 37 °C. After magnetic separation, 20 µL substrate strands (2 µM) 101 

were added into the above magnetic composites and hybridized with catalytic strands 102 

in magnetic bead to form a specific DNAzyme for Pb2+. The DNAzyme 103 

functionalized magnetic composites were then separated by magnet.  104 

2.4. Electrochemical detection of Pb2+ 105 

Prior to use, four hairpin DNA monomers (DM1S1, DM2K, DM3S2 and DM4) 106 

were annealed at 95 °C for 5 min and subsequently cooled to room temperature for 1 107 

h. [26,27] The 5 µL of 0.25 µM DNA initiator (DI) was first pipetted onto the cleaned 108 

electrode and incubated overnight at 4 °C. Subsequently, to reduce nonspecific 109 

adsorption of modified electrode, 15 µL HT (1.0 mM) was cast onto above electrode 110 
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for 40 min at room temperature. After washing with distilled water, the electrode was 111 

treated with 20 µL of the DNA monomers mixture including 2.5 µM DM1S1, DM2K, 112 

DM3S2 and DM4 (1:1:1:1) for 2 h at 37 °C to form the branched DNA polymer. Then, 113 

10 µL AgNO3 solution (100 µM) and 10 µL freshly prepared NaBH4 solution (1 mM) 114 

was coated on electrode for 30 min at room temperature in the dark successively, 115 

which could reduce Ag+ to generate numerous AgNPs on the DNA skeleton for 116 

electrochemical signal output. At the same time, when the formative Pb2+-DNAzyme 117 

encountered target Pb2+, the substrate strand of DNAzyme was cleaved into two parts, 118 

releasing dual triggers T1 and T2. After that, the above released triggers (T1 and T2) 119 

was dropped on electrode and incubated at 37 °C for 2 h, which leaded to the 120 

disassembly of preformed branched DNA polymer, accompanied by the release of the 121 

signal indicator. The electrode was finally rinsed in ultrapure water and then subjected 122 

to the LSV measurements in 1.0 M KCl solution. 123 

3. Results and discussion 124 

3.1. Characterization of the electrochemical sensing platform. 125 

Here, the modification procedure of electrode was characterized by CV in 5 mM 126 

[Fe(CN)6]
3−/4− solution at a potential range from 0.2 to 0.6 V. As displayed in Fig. 1A, 127 

the pretreated GCE exhibited a couple of reversible redox peak (curve a). With the 128 

electro-deposition of AuNPs, the current response increased owing to the favorable 129 

conductivity of AuNPs (curve b). Due to the negative charge on the phosphate 130 

backbone of DNA influenced the movements of [Fe(CN)6]
3−/4−, an obviously 131 
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decreased peak current (curve c) was emerged after DI was assembled onto electrode. 132 

Then the surface-blocking procedure with HT generated a decrease of current (curve 133 

d). The peak current further declined after incubation with mixture of DM1S1, DM2K, 134 

DM3S2 and DM4 (curve e), demonstrating the successful hybridization of the four 135 

DNA hairpin monomers and DI to form branched DNA polymer. Followed by the 136 

incubation of released triggers T1 and T2, an apparent increase of the peak current was 137 

detected (curve f), which was ascribed to the disassembly of branched DNA and the 138 

release of DNA fragment from electrode surface.  139 

Furthermore, EIS measurement was employed to characterize the biosensor 140 

fabrication process in [Fe(CN)6]
3−/4− (5 mM) solution containing KCl (0.1 M). As 141 

displayed in Fig. 1B, the bare GCE displayed a small semicircle (curve a). When the 142 

AuNPs were deposited on the GCE, the value of impedance decreased significantly, 143 

suggesting the excellent conductivity of AuNPs (curve b). Afterwards, with the 144 

successive immobilization of DI, HT and four DNA hairpin monomers (DM1S1, 145 

DM2K, DM3S2 and DM4), the impedance values increased in order (curve c-e). One 146 

potential reason might be that the DI, HT and DNA hairpin monomers significantly 147 

hinder electron transfer. However, after the strand displacement reaction was triggered 148 

by dual triggers T1 and T2, the decrease of impedance value was caused by the 149 

dissociation of branched DNA polymer on electrode (curve f). 150 

(Fig. 1) 151 

3.2. Optimization of the assay conditions 152 
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To obtain better detection performance of the biosensor, some experimental 153 

parameters including cleavage time of Pb2+ and incubation time of triggers (T1 and T2) 154 

were optimized. In the process of DNAzyme-assisted target recycling, cleaving time 155 

was the crucial factor that influenced the cleaving effect. As shown in Fig 2A, with 156 

the increasing of incubation time, the response currents for 10 nM Pb2+ tended to a 157 

steady value at 80 min. Therefore, 80 min was selected as the optimal time for the 158 

cleavage of Pb2+.  159 

In addition, the incubation time of triggers (T1 and T2) was also an important 160 

parameter that influenced the signal response. The branched DNA polymer could be 161 

disassembled into DNA monomer units by triggers T1 and T2 and the DNA monomer 162 

thus released from electrode surface. Therefore, more T1 and T2 could depolymerize 163 

more branched DNA polymer, which further resulted in the release of electroactive 164 

material AgNPs for low signal response. As can be seen from Fig 2B, the current 165 

signal decreased along with the increase of the incubation time of triggers and reached 166 

a plateau after 120 min, suggesting that 120 min was the optimal time for the 167 

dissociation of branched DNA polymer. 168 

(Fig. 2) 169 

3.3. Comparison of different dissociation approach 170 

In order to verify the high decomposition efficiency of proposed strategy, 171 

contrast experiments of biosensors were performed through the comparison of current 172 

response after incubating different molecule triggers on the electrodes. As shown in 173 
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Fig. 3A, there appeared a strong peak current (242.3 µA) when the formative 174 

branched polymer was treated without T1 and T2. While branched DNA polymer was 175 

treated with only T1, a high LSV response (113.2 µA) was obtained, indicating that T1 176 

depolymerized the backbone of polymer (Fig. 3B). As demonstrated in Fig. 3C, T2 177 

merely dissociated the side chain of branched DNA polymer, resulting in a relatively 178 

higher signal (155.8 µA). However, when dual triggers T1 and T2 were simultaneously 179 

introduced to disassemble the backbone and side chain of polymer for realizing the 180 

efficient decomposition, a remarkably decreased electrochemical signal intensity 181 

(93.1 µA) was observed (Fig. 3D). The reason might be ascribed to the fact that our 182 

proposed strategy could improve decomposition efficiency, resulting in excellent 183 

analytical performance.  184 

(Fig. 3) 185 

3.4. Analytical performance of the biosensor for detection of Pb2+  186 

Under the optimized conditions, different concentrations of target Pb2+ were 187 

analyzed by the constructed electrochemical biosensor with LSV measurement. As 188 

shown in Fig. 4A, the LSV current response decreased with the increment of Pb2+ 189 

concentrations. A linear dependence between the peak currents and the logarithm of 190 

Pb2+ concentrations was acquired in the range from 1 pM to 100 nM with a detection 191 

limit of 0.24 pM (S/N = 3). The linear relationship could be represented as I = -29.159 192 

lgc + 124.151, with the correlation coefficient of r = 0.9980, where I and c 193 

represented the peak current intensity and Pb2+ concentration, respectively. In addition, 194 
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compared with other published Pb2+ detection methods (Table 2), the elaborated 195 

electrochemical biosensor provided a more effective approach with lower detection 196 

limit and wider dynamic concentration response range. 197 

(Fig. 4) 198 

(Table 2) 199 

3.5. Selectivity and reproducibility of the biosensor 200 

The selectivity of the constructed electrochemical biosensor was investigated by 201 

using Co2+, Mg2+, Cu2+ and Ni2+ (1 µM, respectively) as interfering metal ions under 202 

the same conditions. As shown in Fig. 5, the LSV responses were nearly in 203 

accordance with that of the blank sample when interfering metal ions were incubated 204 

alone. However, when 10 nM Pb2+ was coexisted with the interfering substances Co2+, 205 

Mg2+, Cu2+ and Ni2+, only negligible changes were discovered compared to that of 206 

only Pb2+ existed. The satisfactory results revealed the high selectivity of this Pb2+ 207 

detection system. To further examine the reproducibility of the established assay, four 208 

repetitive experiments were carried out to measure 10 nM Pb2+ in 1.0 M KCl on the 209 

same electrode, and a relative standard deviation (RSD) of 4.3% was obtained, 210 

implying that the protocol was equipped with good reproducibility. 211 

(Fig. 5) 212 

3.6. Detection of Pb2+ in real samples 213 
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To further confirm the practicability of this electrochemical biosensor in real 214 

application, the recovery experimental trials were testified by standard addition 215 

methods. The water samples used in the study were tap water that collected from the 216 

Jialing River (Chongqing, China). Afterwards, the water samples spiked with Pb2+ at 217 

various concentrations of 1.00 × 102, 1.00, 1.00 × 10-1 and 1.00 × 10-3 nM were 218 

carried out using the established biosensor, and the corresponding results were 219 

demonstrated in Table 3. The recoveries varied from 95.40% to 103.00%, indicating 220 

potential applicability for the detection of Pb2+ with acceptable accuracy and 221 

reliability. 222 

(Table 3) 223 

4. Conclusion 224 

In summary, by integrating the DNAzyme-aided target cyclic and in-situ 225 

generating AgNPs as electrochemical signal tag on programmable DNA structure, a 226 

sensitive branched DNA polymer sensing platform was proposed for Pb2+ detection. 227 

The merits of the biosensor contributed to several aspects: Firstly, under the cyclic 228 

process of Pb2+ cleavage, low number of target Pb2+ could generate abundant trigger 229 

T1 and T2, which could further participate in the disassembly of constructed polymer 230 

with higher sensitivity. Furthermore, in comparison to only one-trigger induced 231 

decomposition assay with inferior disassembly efficiency, the detection performance 232 

of our proposed assay was further improved with an efficient decomposition design, 233 

which was mainly contributed to the elimination of obstruction caused by dendritic 234 
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structure on electrode. In view of these advantages, the demonstrated method thus 235 

offered new opportunities for ultra-sensitively detecting other targets. 236 
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Figures caption 392 

Scheme 1. (A) Preparation of DNA triggers (T1 and T2), (B) schematic illustration of 393 

the triggers induced disassembly of branched DNA polymer for the ultrasensitive 394 

determination of Pb2+. 395 

Fig. 1. CV and EIS response of different modified electrodes: (a) bare GCE; (b) 396 

depAu/GCE; (c) DI/depAu/GCE; (d) HT/DI/depAu/GCE; (e) 397 

DMs/HT/DI/depAu/GCE; (f) incubation of T1 + T2 /DMs/HT/DI/depAu/GCE in 5.0 398 

mM [Fe(CN)6]
3-/4-.  399 

Fig. 2. (A) Optimum time of Pb2+ cleavage in Pb2+-dependent DNAzyme. (B) 400 

Optimum incubation time of triggers (T1 and T2) for inducing branched DNA polymer 401 

disassembly. All the electrochemical signal response was detected in 1.0 M KCl.  402 

Fig. 3. LSV responses toward different dissociation means: (A) without 403 

decomposition, (B) T1 decomposition, (C) T2 decomposition and (D) T1 and T2 404 

decomposition. 405 

Fig. 4. (A) The LSV responses of the biosensor for the determination of Pb2+ with a 406 

series of concentrations: (a) 1 pM, (b) 2 pM, (c) 10 pM, (d) 40 pM, (e) 100 pM, (f) 1 407 

nM, (g) 10 nM, and (h) 100 nM. (B) LSV calibration curve of the biosensor for Pb2+ 408 

detection. The error bars represent the standard deviation of three separate assays (n = 409 

3). 410 

Fig. 5. Selectivity of the developed biosensor for 10 nM Pb2+ and 1 µM other metal 411 

ions including Co2+, Mg2+, Cu2+, Ni2+, and a mixture of Pb2+ and the interference 412 

metal ions. 413 

414 
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Fig. 2 425 
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Fig. 3 429 
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Fig. 5 437 
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Table caption 439 

Table 1. List of all DNA sequences employed in this study. 440 

Table 2. The performance comparison of present work with reported methods for Pb2+ 441 

detection. 442 

Table 3. Results of determination Pb2+ in water sample and recovery test. 443 

444 
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Table 1. List of all DNA sequences employed in this study. 445 

Name Sequence (5'→3') 

DI CCT CAT CCC ACT CCT ACC TAA ACC AAA AA-SH  

DM1S1 
GGT TTA GGT AGG AGT GGG ATG AGG CCA AAT CCT CAT CCC 
ACT CCT ACC CAT CTC TTC C 

DM2K CCA CTC ACT CAC CTC ACC TTC AAC CTT CAC CTC ATC CCA CTC 
CTA CCT AAA CCG GTA GGA GTG GGA TGA GGA TTT GG 

DM3S2 
GTT GAA GGT GAG GTG AGT GAG TGG CCA CTT CCA CTC ACT 
CAC CTC ACC CTA AAT CCA C 

DM4 
CCA CTC ACT CAC CTC ACC TTC AAC GGT GAG GTG AGT GAG 
ACT CAC TAT 

Catalytic Strand HS-(CH2)6-CAT CTC TTC TCC GAG CCG GTC GAA ATA GTG AGT 

Substrate Strand GTG GAT TTA GGG TGA GGT GAG TGA GAC TCA CTA TrA GGA 
AGA GAT GGG TAG GAG TGG GAT GAG GAT TTG G 

446 
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Table 2. The performance comparison of present work with reported methods for Pb2+ 447 

detection. 448 

Method for analysis Detection limit Linear range Reference 

Fluorescence 50 pM 50 pM - 500 pM [28] 

Surface-enhanced 
Raman scattering 8.9 pM 10 pM - 1 µM [29] 

Colorimetry 20 pM 50 pM - 5 nM [30] 

Electrochemistry 34 pM 50 pM - 200 nM [31] 

Electrochemistry 20 pM 30 pM - 1000 nM [32] 

Electrochemistry 8 pM 10 pM - 1000 nM [33] 

Electrochemistry 0.75 pM 4 pM - 20 nM [34] 

Electrochemistry 2 pM 5 pM - 1000 nM [35] 

Electrochemistry 0.24 pM 1 pM - 100 nM This work 

449 
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Table 3. Results of determination Pb2+ in water sample and recovery test. 450 

Sample Added/(nM) Found/(nM) Recovery/% RSD/% 

1 1.00 × 102 1.027 × 102 102.70 3.4 

2 

3 

1.00 

1.00 × 10-1 

9.85 × 10-1 

9.54 × 10-2 

98.50 

95.40 

4.5 

2.1 

4 1.00 × 10-3 1.03 × 10-3 103.00  3.7 

 451 
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Table caption 

Table 1. List of all DNA sequences employed in this study. 

Table 2. The performance comparison of present work with reported methods for Pb2+ 

detection. 

Table 3. Results of determination Pb2+ in water sample and recovery test. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 1. List of all DNA sequences employed in this study. 

Name Sequence (5'→3') 

DI CCT CAT CCC ACT CCT ACC TAA ACC AAA AA-SH  

DM1S1 
GGT TTA GGT AGG AGT GGG ATG AGG CCA AAT CCT CAT CCC 
ACT CCT ACC CAT CTC TTC C 

DM2K CCA CTC ACT CAC CTC ACC TTC AAC CTT CAC CTC ATC CCA CTC 
CTA CCT AAA CCG GTA GGA GTG GGA TGA GGA TTT GG 

DM3S2 
GTT GAA GGT GAG GTG AGT GAG TGG CCA CTT CCA CTC ACT 
CAC CTC ACC CTA AAT CCA C 

DM4 
CCA CTC ACT CAC CTC ACC TTC AAC GGT GAG GTG AGT GAG 
ACT CAC TAT 

Catalytic Strand HS-(CH2)6-CAT CTC TTC TCC GAG CCG GTC GAA ATA GTG AGT 

Substrate Strand GTG GAT TTA GGG TGA GGT GAG TGA GAC TCA CTA TrA GGA 
AGA GAT GGG TAG GAG TGG GAT GAG GAT TTG G 
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Table 2. The performance comparison of present work with reported methods for Pb2+ 
detection. 

Method for analysis Detection limit Linear range Reference 

Fluorescence 50 pM 50 pM - 500 pM [28] 

Surface-enhanced 
Raman scattering 8.9 pM 10 pM - 1 µM [29] 

Colorimetry 20 pM 50 pM - 5 nM [30] 

Electrochemistry 34 pM 50 pM - 200 nM [31] 

Electrochemistry 20 pM 30 pM - 1000 nM [32] 

Electrochemistry 8 pM 10 pM - 1000 nM [33] 

Electrochemistry 0.75 pM 4 pM - 20 nM [34] 

Electrochemistry 2 pM 5 pM - 1000 nM [35] 

Electrochemistry 0.24 pM 1 pM - 100 nM This work 
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Table 3. Results of determination Pb2+ in water sample and recovery test. 

Sample Added/(nM) Found/(nM) Recovery/% RSD/% 

1 1.00 × 102 1.027 × 102 102.70 3.4 

2 

3 

1.00 

1.00 × 10-1 

9.85 × 10-1 

9.54 × 10-2 

98.50 

95.40 

4.5 

2.1 

4 1.00 × 10-3 1.03 × 10-3 103.00  3.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Figures caption 

Scheme 1. (A) Preparation of DNA triggers (T1 and T2), (B) schematic illustration of 

the triggers induced disassembly of branched DNA polymer for the ultrasensitive 

determination of Pb2+. 

Fig. 1. CV and EIS response of different modified electrodes: (a) bare GCE; (b) 

depAu/GCE; (c) DI/depAu/GCE; (d) HT/DI/depAu/GCE; (e) 

DMs/HT/DI/depAu/GCE; (f) incubation of T1 + T2 /DMs/HT/DI/depAu/GCE in 5.0 

mM [Fe(CN)6]
3-/4-.  

Fig. 2. (A) Optimum time of Pb2+ cleavage in Pb2+-dependent DNAzyme. (B) 

Optimum incubation time of triggers (T1 and T2) for inducing branched DNA polymer 

disassembly. All the electrochemical signal response was detected in 1.0 M KCl.  

Fig. 3. LSV responses toward different dissociation means: (A) without 

decomposition, (B) T1 decomposition, (C) T2 decomposition and (D) T1 and T2 

decomposition. 

Fig. 4. (A) The LSV responses of the biosensor for the determination of Pb2+ with a 

series of concentrations: (a) 1 pM, (b) 2 pM, (c) 10 pM, (d) 40 pM, (e) 100 pM, (f) 1 

nM, (g) 10 nM, and (h) 100 nM. (B) LSV calibration curve of the biosensor for Pb2+ 

detection. The error bars represent the standard deviation of three separate assays (n = 

3). 

Fig. 5. Selectivity of the developed biosensor for 10 nM Pb2+ and 1 µM other metal 

ions including Co2+, Mg2+, Cu2+, Ni2+, and a mixture of Pb2+ and the interference 

metal ions.
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Fig. 2 
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Highlights 

� A novel label-free and ultrasensitive biosensor based on the dual triggers induced 

DNA polymer disassembly was developed for Pb2+ detection. 

� The proposed approach exhibited higher decomposition efficiency compared with 

conventional one-trigger induced disassembly strategy. 

� The Pb2+-dependent DNAzyme was introduced for target-transition recycling 

amplification to promote detection sensitivity. 

� The fabricated electrochemical biosensor exhibited excellent sensitivity, good 

selectivity, and acceptable reproducibility. 


