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ABSTRACT: Herein, an ultrasensitive and novel platform for
DNA detection is reported, which combines DNA-templated
silver nanoparticles (AgNPs) with electrochemical atom transfer
radical polymerization signal amplification. Peptide nucleic acid
(PNA) functionalized with thiol was modified to the Au
electrode surface as a probe to specifically capture target DNA
(T-DNA). After Zr4+ binds to phosphate on DNA, the initiator
[α-bromophenylacetic acid (BPAA)] of ATRP is attached to
PNA/DNA heteroduplexes based on the phosphate groups of T-
DNA and carboxylate groups of BPAA via zirconium−
phosphate−carboxylate chemistries. A large number of glyco-
syloxyethyl methacrylates (GEMA) were captured on the formed
PNA/DNA duplex via ATRP. Afterwards, the polysaccharides
were oxidized to polymerized aldehydes with sodium periodate
(NaIO4). In addition, AgNPs were deposited on the electrode surface by silver mirror reaction. The results indicate that the
amount of AgNPs proportional to the T-DNA was quantified through differential pulse voltammetry. Furthermore, it proves
that the modified electrode has good performance in DNA detection, indicating that the DNA sensor has high selectivity, high
sensitivity, and stable repeatability. Under the optimal conditions, a good linear relationship is obtained in the range of 10 aM to
10 pM with the correlation coefficient of 0.992, and the detection limit is calculated to be as low as 4.725 aM. In addition, the
sensor is successfully used to detect DNA in actual serum samples with satisfactory results, which indicates huge promise for
detecting gene biomarkers and clinical analysis.
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■ INTRODUCTION

Ultrasensitive DNA detection has considerable potential
applications in early diagnostic, biological research, and food
safety. Many methods for detecting DNA, such as poly-
acrylamide gel electrophoresis,1 droplet digital polymerase
chain reaction,2 DNA microarray3 (gene chip), and so forth,
have their own limitations, such as being time-consuming and
cumbersome and requiring up to 48 h of meticulous laboratory
operations. In order to solve these shortcomings and
drawbacks, nucleic acid biosensors have made considerable
progress in the past few decades, especially electrochemical
DNA biosensors.4 Among many DNA biosensors, such as
photoelectrochemical DNA biosensors,5 colorimetric DNA
biosensors,6 and fluorescent DNA biosensors,7 DNA electro-
chemical biosensors have been favored by many researchers
because of their rapid response, low casting, high sensitivity,
and good stability.8,9 However, the existing electrochemical
DNA biosensors still have some drawbacks, such as poor
stability, high cost, and complex preparation process.

For the purpose of improving the sensitivity of electro-
chemical DNA biosensors, enzymes,10 electrochemically active
substances,11 and nanomaterials12 have been used as markers,
and deoxyribonucleic acid13 (DNA), hairpin DNA,14,15

morpholine oligonucleotide,16 locked nucleic acid,17 molecular
beacon,18 and nanoparticles19 are used as capture probes. At
the same time, in order to improve the sensitivity of
electrochemical DNA biosensors, researchers often introduce
nucleic acid amplification methods into DNA biosensors, such
as strand displacement amplification,20,21 rolling circle
amplification,22,23 and loop-mediated isothermal amplifica-
tion.24 However, existing DNA electrochemical biosensors
have been hindered in clinical and practical applications
because of their complicated fabrication process, time-
consuming reactions, and high cost. Therefore, it is necessary
to establish a reliable, rapid, highly sensitive, and simple
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method to detect trace DNA, which is not only of great
significance in the development of drug biological analysis but
also conducive to the in-depth study of disease diagnosis and
clinical detection.
Herein, we report a novel method to detect DNA, which

used peptide nucleic acid (PNA) as a capture probe and
utilized electrochemical atom transfer radical polymerization
(eATRP) signal amplification and DNA-templated metal silver
deposition. In the presence of T-DNA, the stable PNA/DNA
double-stranded structure was formed. After Zr4+ binds to
phosphate on DNA, the initiator [α-bromophenylacetic acid
(BPAA)] of ATRP is attached to PNA/DNA heteroduplexes
based on the phosphate groups of T-DNA and carboxylate
groups of BPAA via zirconium−phosphate−carboxylate
chemistries. A large amount of glyco-syloxyethyl methacrylates
(GEMA) was captured on the formed PNA/DNA duplex via
the ATRP reaction, and the polymerized sugars were
assembled on the electrode surface. The polysaccharides
were then oxidized to aldehydes with NaIO4, and silver
nanoparticles (AgNPs) deposited onto the electrode surface by
the silver mirror reaction. Finally, the results indicate that the
peak current of AgNPs deposited on T-DNA increases linearly
as the logarithm of T-DNA concentration increases in the
range of 1 pM to 10 aM with a low detection limit, excellent
stability, selectivity, and specificity. Moreover, the sensor is
successfully used to detect DNA in actual serum samples with
satisfactory results, which indicates huge promise for detecting
gene biomarkers and clinical analysis.

■ EXPERIMENTAL SECTION
Fabrication of the Proposed DNA Biosensor. First, the gold

electrode was pretreated,25 and the electrode modified with BPAA/
Zr4+/DNA/MCH/PNA was prepared26 according to our previous
work. The details of the preparation are shown in the Supporting
Information. Then, the Au electrode surface was immersed in an
eATRP polymerization solution (10 mM GEMA, 10 mM CuIIBr, 10
mM Me6TREN, 1.0 M KBr, and 0.1 M KPF6), and then subjected to
eATRP polymerization at room temperature for 30 min under a
potentiostatic condition. After ATRP polymerization, the Au
electrode was washed successively with absolute ethanol and ultrapure
water to remove residual chemical agents on the surface. Later, the Au
electrode was immersed in 25 mM NaIO4 solution for 2 h and washed
with ultrapure water. Finally, the surface was immersed in 16 mM
Ag(NH3)2OH solution for 1 h. Then, the modified electrode was
rinsed thoroughly with ultrapure water to obtain an ultrasensitive and
novel DNA biosensor platform.
Electrochemical Measurement. The electrochemical signal of

Ag was measured by differential pulse voltammetry (DPV) in 1.0 M
KCl and the potential range of −0.15 to 0.25 V versus a saturated
calomel electrode (SCE). See details in the Supporting Information.

■ RESULTS AND DISCUSSION

Sensing Principle. The principle of manufacturing an
electrochemical biosensor for detecting DNA combining
surface-initiated (SI)-eATRP signal amplification strategies
with DNA-templated silver particles is shown in Scheme 1.
First, the PNA of the 5′-end-labeled thiol group is attached on
the Au electrode surface via a Au−thiol interaction. Here, PNA
is selected as the capture probe because PNA is neutral
charged, and there is no electrostatic repulsion between the
DNA. Therefore, the stability and specificity of the binding are
greatly improved. Then, the remaining active sites are blocked
with MCH on the Au electrode surface. In the presence of T-
DNA, the T-DNA was specifically recognized by the PNA

probe through the principle of base complementary pairing.
After the Zr4+ binds to the DNA,10 the ATRP initiator (BPAA)
is added on the Au electrode surface, which can initiate the
subsequent eATRP reaction that is carried out in an
electrolytic cell by adding GEMA (monomer), Cu (catalyst),
and Me6TREN (ligand of Cu). After half an hour, it is found
that a narrower molecular weight distribution of long-chain
polymeric sugars is obtained. The ATRP mechanism mediated
via the electrochemical control of CuI/CuII conversion and
activator generation is shown in Scheme S1. In the redox
reaction of CuI and CuII, the catalyst CuI serves as a carrier for
the bromine atom. The coordination energy between
Me6TREN and CuI can affect the position of redox
equilibrium, so that the low-oxidized metal halide catalyst
(activator), CuBr, can take Br atom from the initiator R−Br
(BPAA) and generate the free radical R• and the high-oxidized
metal halide, CuBr2. R

• initiates monomer polymerization to
form growth-chain radical R-GEMAn (active species), which
can also take Br atoms from CuBr2 and be terminated, forming
a temporarily inactivated macromolecular halide R-GEMAn-Br
(dormant species). However, the termination reaction is
reversible, and R-GEMAn-Br, like the initiator R−Br, can be
activated by CuBr to take up the Br atom, reforming the active
species (R-GEMAn•). In this way, a reversible equilibrium is
established between the dormant species (macromolecule
halides) and the active species (free radicals), so that the
concentration of free radicals in the system is greatly reduced,
thereby avoiding the side effects of biradical termination and
realizing the control of polymerization.27 Polysaccharides with
narrow molecular weight distribution can be obtained by
repeating the above ATRP, and are then oxidized to
polyaldehydes via NaIO4. Finally, a large amount of metallic
silver adheres to the long-chain polymer material by a silver
mirror reaction. Thus, the signal amplification biosensor based

Scheme 1. Preparation Schematic of the DNA Biosensor
Based on SI-eATRP Signal Amplification and DNA-
Templated Silver Particles
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on eATRP polymerization and DNA-templated silver particles
is successfully realized.
Characterization of Electrode Modification. In com-

mon polymerization reactions, ascorbic acid is often oxidized
to produce some byproducts, such as dehydroascorbic acid,
which will affect the purity of the final polymer. Therefore, it is
particularly environmentally friendly to avoid the use of
chemical agents as reducing agents and to replace them with
electricity. In order to investigative the feasibility of DNA
detection based on the ATRP signal amplification strategy of
PNA as a capture probe, we first determined the constant
potential of the catalyst, Cu, in the ATRP reaction, which
reduced CuIIBr/Me6TREN to the potential of CuI/Me6TREN.
As shown in Figure S1, in the electrolyte of eATRP solution
without GEMA, the constant point of Cu was determined via
cyclic voltammetry (CV) in the range of −0.9 to 0.4 V (sweep
segments: 2, sample interval: 0.001 V, scanning rate: 0.1 V
s−1). A reduction peak was observed at −0.55 V potential due
to the reduction of CuIIBr/Me6TREN to CuI/Me6TREN.
Exploring the effect of CuI potential on polymerization, when
Eapp > −0.55 V, the polymerization becomes more likely to
occur, but the rate of polymerization is significantly slowed
down, resulting in a long reaction time, which is not conducive
to detection. At the potential of Eapp < −0.55 V, resulting in an
increase in the ratio of [CuIBr/Me6TREN]/[CuIIBr/
Me6TREN], more CuIBr/Me6TREN appears in the polymer-
ization system; but in this case, the polymerization rate is too
rapid, resulting in deterioration of the polymerization reaction,
making the polymerization reaction poorly controlled. There-
fore, SI-eATRP is carried out under −0.55 V versus SCE.
In addition, the stability constant of the CuI complex has

been reported in the previous literature. In the redox reaction
between CuI and CuII, Me6TREN acts as a ligand to coordinate
with CuI, on the one hand, increasing the dissolution of the
catalyst CuI in the organic phase. On the other hand, when
Me6TREN is coordinated with CuI, its oxidation−reduction
potential is affected, which can be used to adjust the activity of
CuI, making CuI more stable in solution and facilitating the
ATRP reaction. At the same time, methacrylate is used as a
monomer in the ATRP polymerization system, based on its
moderate polymerization rate and having all of the character-
istics of living polymerization. Compared to other living
polymerizations, ATRP polymerization can be carried out at
room temperature, which is more practical.
In view of the discussion above, we evaluate the feasibility of

the direct detection of DNA based on PNA as a capture probe
and utilized eATRP signal amplification and DNA-templated
metal silver deposition. The results are shown in Figure 1A; the
electrochemical signal of DPV directly indicates the presence
or absence of AgNPs. In the absence of T-DNA, a weak
current response (b) is observed, which is not significantly
different from the bare electrode (a). This indicates that when
DNA does not participate in the reaction, subsequent reactions
will not happen. When the T-DNA is added, a very strong peak
current (d) is observed, the potential of the detected peak is
the potential at which AgNPs are oxidized to Ag+. It is then
explored that the current is caused by the ATRP amplification
strategy, and no current response is detected when the ATRP
step is missing (c). This further demonstrates that the ATRP
signal amplification strategy can be applied to DNA detection.
At the same time, it is verified that the detection method
proposed by Scheme 1 is correct and feasible.

In addition, further characterization of the modified Au
electrode was performed by CV with scan rate from 10 to 500
mV s−1. It can be seen that as the square root of the scan rate
increases, the peak current of the oxidation peak (blue line)
increases linearly, whereas the peak current of the reduction
peak (red line) decreases linearly (Figure 1B), indicating that
the metallic silver is diffusion-controlled on the electrode
surface. It is proved once again that the feasibility proposed in
Scheme 1 is rational.
Next, electrochemical impedance spectroscopy (EIS) is used

to characterize the electrodes modified at different stages. The
typical electrochemical interface can be equivalent to the
circuit. As shown in Figure 1C, the EIS of the bare Au
electrode showed an extremely small semicircular region
(curve A), indicating that the charge-transfer process is fast.
When the PNA probe modified the Au electrode, the
semicircular region increased significantly, and the charge-
transfer resistance (Rct) value was about 1.05 kΩ (curve B).
The reason for this change may be that the PNA is modified
on the surface of the Au electrode to cause an increase of steric
hindrance. In curve C, the surface of the Au electrode is
blocked with MCH, and the increase of steric hindrance leads
to a further increase of resistance. It is worth noting that after
the T-DNA is applied to the surface of the Au electrode, the
phosphate of the DNA is negatively charged, thereby
preventing the diffusion of the [Fe(CN)6]

3−/[Fe(CN)6]
4−

probe to the surface of the Au electrode, resulting in an
increase in Rct (curve D). As shown in the curve (e), when Zr

4+

is associated to the electrode surface, the impedance continues
to increase, which may be due to the electrostatic interaction
between the positively charged Zr4+ and the negatively charged
[Fe(CN)6]

3−/[Fe(CN)6]
4−, leading to the adsorption of

[Fe(CN)6]
3−/[Fe(CN)6]

4− onto the PNA/DNA double

Figure 1. (A) DPV of the PNA/MCH/T-DNA/Zr4+/BPAA/GEMA/
NaIO4/Ag-modified Au electrode (d, blue), in the absence of GEMA
(c, purple), in the absence of T-DNA (b, orange), and bare Au
electrode (a, black). (B) CVs of PNA/MCH/T-DNA/Zr4+/BPAA/
GEMA/NaIO4/Ag−Au electrode modified Au electrode in 1.0 M KCl
at different scan rates of 10, 25, 50, 75, 100, 150, 250, and 500 mV s−1.
Inset: relationship between oxidation (blue line) and reduction (red
line) peak currents and scan rates; (C) Nyquist plots of the bare Au
electrode (A), PNA (B), PNA/MCH (C), PNA/MCH/T-DNA (D),
PNA/MCH/T-DNA/Zr4+ (E), PNA/MCH/T-DNA/Zr4+/BPAA
(F), PNA/MCH/T-DNA/Zr4+/BPAA/GEMA (G), PNA/MCH/T-
DNA/Zr4+/BPAA/GEMA/NaIO4 (H), and PNA/MCH/T-DNA/
Zr4+/BPAA/GEMA/NaIO4/Ag modified Au electrode (I). (D) SEM
image of the polymer-grafted Au electrode (PNA/MCH/T-DNA/
Zr4+/BPAA/GEMA/NaIO4/Ag-modified Au electrode).
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strands. Then, the adsorbed [Fe(CN)6]
3−/[Fe(CN)6]

4− has
electrostatic repulsion effect on charge transfer, resulting in a
further increase of impedance. When the initiator BPAA is
added, as the hydrophilicity of the surface of the Au electrode
is greatly lowered, the impedance value is continuously
increased (curve F). Subsequently, a large semicircular region
(curve G) is observed when ATRP occurred at the electrode,
indicating that large number of sugars accumulated on the Au
electrode surface after the ATRP reaction, and polysaccharides
may form a film on the Au electrode surface, hindering the
electron transfer of the electrochemical probe.28,29 It is
noteworthy that the impedance decreases sharply after adding
NaIO4, and the preliminary analysis may be as follows: (1) the
film formed on the electrode surface disappears owing to the
oxidation of the polymerized sugar to the polymerized
aldehyde, and the surface hydrophobicity is greatly increased.
(2) The electron-withdrawing effect of the formyl group
promotes the transfer of [Fe(CN)6]

3−/[Fe(CN)6]
4− on the Au

electrode surface. Because AgNPs have excellent electron
conductivity, a sharp decrease in the impedance value (curve I)
is observed when Ag was deposited on the electrode, which is
similar to that of the bare electrode. This result further proves
that each step of the sensor preparation process is successfully
carried out.
Finally, the morphology of the Au electrode surface of

AgNPs deposited by the DNA template is characterized by
SEM. As shown in Figure 1D, the growth of AgNPs is observed
only along the DNA strand, and no background Ag deposition
occurred because only after the phosphoric acid on the DNA
skeleton interacted with Zr4+, the DNA−Ag complex could be
formed through the above series of reactions. Furthermore, as
shown in Figure S2, electronic differential system further
confirmed that the nanoparticles in the DNA helix are AgNPs.
The results show that the formation of AgNPs on the DNA
backbone could be regarded as an electroactive substance in
subsequent electrochemical experiments, which is consistent
with the results of electrochemical detection.
Optimization of Experimental Condition. Several

factors in this sensing system are considered to affect the
sensitivity of DNA biosensors. Therefore, in order to improve
the sensitivity of the sensor, we optimized the experimental
parameters in the system to obtain the optimal experimental
conditions.
As the DPV response of AgNPs is closely related to the

concentration of T-DNA, the generation of AgNPs is worthy of
discussion. The formation and growth of AgNPs on the surface
of the electrode is caused by the polymerization of the
aldehyde group to reduce silver ions, which then further
extended by Ostwald ripening. This phenomenon was first
proposed by Wilhelm Ostwald. It describes the evolution of a
heterophase structure over time; the smaller crystalline or sol

particles in the solute dissolve and redeposit onto the larger
crystalline or sol particles.
Take the AgNPs in this experiment as an example; all atoms

in AgNPs are tightly linked to the 12 atoms adjacent thereto,
forming a very stable structure, whereas the atoms on the
surface of the AgNPs are greatly reduced in stability because
there are less than 12 adjacent atoms. Depending on the fact
that large particles have lower energy, therefore larger crystals
will have more stable structures than smaller ones. Because the
thermodynamic system continuously performs the process of
releasing energy, the atoms on the surface of the smaller crystal
tend to break away from the crystal according to the Kelvin
equation and dissolve in the solvent. If all small crystals go
through this process, the concentration of free atoms in the
solvent will be greatly increased, and when the free atoms in
the solvent reach supersaturation, they will have a tendency to
condense to the surface of large crystals.30 Therefore, the small
particles will continue to shrink in the solvent, whereas the
relatively large particles will continue to increase, and the
overall average radius of the solute will also increase. It can be
assumed that after a sufficiently long time, all solutes will
eventually become a giant spherical particle to achieve the
smallest surface area.
Although high silver concentrations can provide a large

number of silver cores, their physical stability mainly depends
on the time given to their Ostwald ripening, which takes quite
a long time to establish AgNPs and is not practicable for real
biosensor applications. If the silver concentration is too low,
the resulting bridge structure is unstable or the formed
structure is scattered, and it is easy to collapse under
hydrodynamic action. Ultimately, the size of the resulting
AgNPs can be controlled by the length of the process.
Therefore, it is necessary to optimize the duration and
concentration of silver deposition.
In view of the discussion above, the time and concentration

of silver deposition will determine the sensitivity of the
biosensor and therefore be optimized. As shown in Figure 2A,
the current signal increases sharply from 15 to 45 min, which is
due to surface adsorption kinetics, and the sharply increasing
current signal may be owing to the continued growth of silver
particles by Ostwald’s mature kinetics. It tends to be flat after
90 min, which may be owing to the possibility of an
overlapping crossover between 45 and 90 min. Considering
that we are developing a fast-responding electrochemical
biosensor, the optimal time for in situ metallization in
subsequent experiments is 60 min. In addition, the
concentration of silver ammonia solution is also an important
factor affecting the sensitivity of the sensor. Therefore, the
influence of silver concentration on the current signal is further
studied. As shown in Figure 2B, the signal of the current
increases sharply with increasing silver concentration from 6 to
12 mM. In the silver concentration range from 12 to 18 mM,

Figure 2. Optimization of the experimental conditions. (A) Effect of in situ metallization of Ag on the DPV response of the biosensor. (B) Effect of
Ag+ concentration on the DPV response of the biosensor. The Ag+ concentrations were 6, 8, 10, 12, 14, 16, 18, 20, and 22 mM. (C) Effects of
different ATRP reaction times.
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the signal of the current slowly increases until a plateau
appears. Therefore, 16 mM is used as the optimum
concentration of the silver ammonia solution. Furthermore,
there is no doubt that the current signal reflects the number of
nanoparticles, which is related to the amount of polymerized
aldehydes. Therefore, the amount of sugar polymerized via the
ATRP will directly affect the performance of the modified
biosensor. To this end, we optimized the reaction time of
ATRP. As observed from Figure 2C, with the increase of
reaction time, the electrochemical signal is higher, and it tends
to be stable when the time reaches 30 min. Therefore, we
chose 30 min as the best time for the ATRP reaction.
Quantitative Analysis of Target DNA. As described

above, after the T-DNA is introduced into the electrode, a
large amount of metallic silver is introduced into the reaction
system through a series of reactions due to the assembly of the
DNA with the probe, and the electrochemistry signal is
remarkably enhanced. Under optimal detection conditions,
DPV experiments were performed in KCl solution (1 M) to
evaluate the standard dynamic linear range of DNA prepared
by the biosensor. An obvious oxidation current could be seen
at the potential of 0 V from Figure 3A, and oxidation current
increased with the increase of DNA concentrations. From the
calibration plots in Figure 3B, the electrochemical signal of Ag
deposited on tDNA linearly increases with increasing
logarithm of T-DNA concentration over a range of T-DNA
concentrations from 10 pM to 10 aM. The linear fit equation is
I (μA) = 62.53 + 10.58 log[CtDNA(fM)] (R2 = 0.992) and the
detection limit is estimated to be 4.725 aM (S/N = 3). By
comparing the detection results of the biosensor prepared in
this experiment with the ones previously reported, as shown in
Table S2, the biosensor prepared in this experiment has
ultrasensitivity because of SI-eATRP signal amplification
strategies.
Moreover, the DPV responses of different DNA sequences

(Sm-DNA, Tm-DNA, and Nm-DNA) were compared with
that from the T-DNA to evaluate the selectivity of this signal
amplification strategy. Figure 3C shows that the electro-
chemical signals produced by T-DNA with complete
complementary sequence are 3.0-fold and 5.0-fold of Sm-
DNA and Tm-DNA, respectively; the electrochemical signal
generated by N-DNA with completely disordered sequence is
very weak and almost identical to the bare electrode, indicating
that the DNA electrochemical biosensor has the ability to
efficiently recognize single base mismatches. In addition, the
DNA electrochemical biosensor has good accuracy and
repeatability (the relative standard deviation of six relatively
independent electrodes is 2.6%). At the same time, the DNA
electrochemical biosensor was stored under a sealed condition

of 4 °C for two weeks, and the DPV response still retained 94%
of the initial response, showing satisfactory stability.

Sample Analysis. In order to evaluate the analytical
reliability and application potential of this strategy in actual
serum samples, the interference of complex serum samples on
their analytical performance was investigated. We prepared
different concentrations of DNA (10 aM, 10 pM, and 10 fM)
samples with 10% diluted healthy human serum.
As demonstrated in Table 1, the results showed that the

recovery ratio from the samples were excellent, varying from

97.5 to 95.2% with relative standard deviation of 3.7−5.5%,
indicating that the method has the potential to determine
DNA in clinical analysis.

■ CONCLUSIONS
We developed an ultrasensitive electrochemical DNA bio-
sensor, which utilizes DNA-templated silver deposition and SI-
eATRP on Au electrodes. The biosensor can detect the
minimum 4.725 aM T-DNA under the optimal conditions and
ATRP amplification. The biosensor was also successfully
applied to detect DNA in human serum samples. In addition,
more optimization is needed to reduce the total measurement
time of actual samples in biosensor applications. The
significance of this article is to introduce a new electrochemical
biosensor and bioassay method. Moreover, the signal
amplification can be used for high-sensitivity detection of
biomolecules such as proteins and microRNA and will have
practical applications in clinical practice.

■ ASSOCIATED CONTENT
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The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acsami.9b08037.

Materials and reagents; detailed sequences of oligonu-
cleotides; experimental section; principle of the SI-
eATRP-polymerization-based amplification strategy;
determination of the constant potential of the catalyst
(Cu); traces of the Ag element of the elemental mapping
of the modified gold electrode; and comparison of the

Figure 3. (A) DPV of different concentrations of T-DNA in the range from 10 aM to 10 pM. (B) Corresponding calibration curve of (A). (C)
DPV responses at the potential of 0 V toward T-DNA, Sm-DNA, Tm-DNA, and N-DNA (10 pM).

Table 1. Recovery of DNA in 10% Diluted Normal Human
Serum

sample added founda recovery ratio (%)

DNA 10 pM 9.75 pM 97.5
DNA 10 fM 9.64 fM 96.4
DNA 10 aM 9.52 aM 95.2

aThe average of six measured values.
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