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Five-channel electrochemical chips were fabricated based on the Micro-electromechanical System (MEMS)
technology and were used as platforms to develop DNA arrays. Different kinds of thiolated DNA strands,
whose sequences were related to white spot syndrome virus (WSSV) gene, were separately immobilized onto
different working electrodes to fabricate a combinatorial biosensor system. As a result, different kinds of target
DNA could be analyzed on one chip via a simultaneous recognition process using potassium ferricyanide as an
indicator. To perform quantitative target DNA detection, a limit of 70 nM (S/N=3) was found in the presence
of 600 nM coexisting noncomplementary ssDNA. The real samples of loop-mediated isothermal amplification
(LAMP) products were detected by the proposed method with satisfactory result, suggesting that the multi-
channel chips had the potential for a high effective microdevice to recognize specific gene sequence for point-
of-care applications.
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Introduction

Currently, the need for sequence-specific DNA detection
has resulted in considerable research efforts into developing
hybridization biosensors. Optical biosensor based on fluore-
scence detection has arguably become the standard techni-
que for quantifying extents of hybridization between
surface-immobilized probes and fluorophore-labeled analyte
targets. However, the fluorescence-based optical detection
technique requires expensive equipment and sophisticated
numerical algorithms to interpret the data, which makes the
process time and cost ineffective.'* Electrochemical techni-
que, which provides simplicity, accessibility and low cost,’
presents the advantages of simultaneous detection of numbers
of markers, minute volume (pL) utilization of samples and
rapid response over the traditional fluorescence-based optical
detection technique.>® Therefore, a lot of achievements have
been obtained in the detection of DNA by electrochemical
methods.>”!* Over the past years, our research groups have
also focused on the development of electrochemical DNA
hybridization biosensors.'* In the study, single-walled carbon
nanotubes array was used as working electrode to immobi-
lize probe DNA with a non-covalent mode. Thus the
biosensor could be switched to detect different target DNAs
easily. However, toward the goal of performing several
target DNA analysis, this method suffered from a long assay
time as compared with the DNA chips.

The analysis of complex DNA samples, such as the
acquisition of sequence and expression information, requires
the integration of multiple biosensors in connection with
DNA arrays."> Recently, DNA chips especially attract atten-
tion.**!? A number of terms, like DNA arrays, gene chips or

biochips, are often being intermixed to describe these
devices. The most attractive features of these devices are the
miniaturization, speed and accuracy. Accordingly, this DNA
microchip technology offers an enormous potential for rapid
multiplex analysis of nucleic acid samples, including the
diagnosis of genetic diseases, detection of infectious agents,
measurements of differential gene expression, drug screen-
ing and forensic analysis. Such use of DNA microarrays is
thus revolutionizing many aspects of genetic analysis.'*!
However, to the best of our knowledge, there weren’t reports
on the selective detection of several target DNA fragments
on one chip via a simultaneous recognition process using
potassium ferricyanide as an electrochemical indicator.

In this study, photolithography technique was utilized to
fabricate an integrated microelectrode array. On a chip five
individual Au working electrodes shared a reference elec-
trode and an auxiliary electrode. Different thiolated probe
DNA fragments could be immobilized onto the working
electrode at the same time and be used to recognize their
complementary DNA (target DNA) simultaneously.

White spot syndrome virus (WSSV) is the causative agent
of a deadly disease of cultured penaeid shrimp.'” Recently
we have made an effort to establish economical and portable
approaches to detect it.'8 In this paper, the fabrication of the
electrochemical chip enables us to develop miniaturization
and mass production of DNA arrays for the gene detection.
Real samples of loop-mediated isothermal amplification
(LAMP) products related to WSSV were detected success-
fully by the proposed method. Results indicate that this
device provides reliable information related to different
target DNA via one recognizing performance. Now the
establishment of the corresponding software for the simult-
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aneous scan is proceeding.
Experimental

Apparatus and Chemical. Cyclic voltammetry (CV),
differential pulse voltammetry (DPV) and electrochemical
impedance spectroscopy (EIS) were performed using a CHI
660D Electrochemical Analyzer (CH Instruments, Shanghai,
China). All chips were fabricated by conventional photo-
lithography.

6-Mercapto-1-Hexanol (MCH) was purchased from Sigma.
Tris (2-carboxyethyl) phosphine Hydrochloride (TCEP) was
from Tokyo Chemical Industry Co., Ltd. Betaine was
purchased from Sigma-Aldrich (U.S.A.). Deoxyribonucleo-
tide triphosphates (dNTPs) were purchased from MBI
Fermentas (U.S.A.) and Bst DNA Polymerase was from
New England Biolabs (NEB, U.S.A.). The other usual
reagents were purchased from Shanghai Chemical Reagent
Co. (Shanghai, China) and were all of analytical reagent
grade. Solutions were all prepared with Millipore ultrapure
water (Resistivity: 18 MQ-cm). DNA immobilization buffer:
10 mM Tris-HCI, 1 mM EDTA, 10 mM TCEP (or dithio-
threitol, DTT), and 1 M NaCl (pH 7.4). Hybridization buffer:
phosphate buffered saline (PBS, pH 7.4) with 0.25 M NaCl
and 10 mM phosphate buffer. Synthetic oligonucleotides
were purchased from Beijing SBS Genetech Co., LTD.
(Beijing, China). The sequences of WSSV (VP35 gene)
related primers are as follows (Table 1).

Fabrication of the Chips. All chips were fabricated by
conventional photolithography. A fabrication flowchart for
the micro electrochemical chip is shown in Figure 1(a). A
Si0; thin film with a 750 nm thickness was fabricated using
the thermal oxidation process as an insulation layer on a p-
type (100) wafer. A thin film working electrodes, gold layers
with a thickness of 250 nm and an adhesion layer Ti with a
20 nm thickness, were then deposited by e-beam evapo-
ration process, followed by being patterned using a liftoff
process. In the similar way, reference electrodes (5 nm Ti/15
nm Ni/1.2 um Ag) and counter electrode (20 nm Ti/200 nm

Table 1. WSSV related primers used in the experiment
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Pt) were formed by lift-off process. To improve the metallic
layer adhesion, intermediate layers of Ti and Ni, respec-
tively, had been used. Thereafter, a passivation layer to
protect against conduction between the electrodes was form-
ed based on SiO; films using the plasma enhanced chemical

(a) Depositing of Si0, with 7600 A
thickness layer by thermal oxidation

(b) Depositing of Ti/Au 200/7600 A
working electrode and patterning the
electrode by lift-off technique

(c) Depositing of Ti/Pt 200/2000 A
counter electrode and patterning the
electrode by lift-off technique

(d) Depositing of Ti/NifAg 50/150/
12000 A reference electrode and
patterning the electrode by life-off
technique

(e) Depositing of Si;N; 2 um
passivation layer by PECVD and
opening the electrodes using RIE

Pt auxiliary
electrode
AglAgCl reference
electrode

Au working
electrode

(c)

Figure 1. Fabrication flowchart (a), structure profile (b) and
picture (c) of the five-channel electrochemical chip.

Primer Sequence
probe 1 3'-OH-(CH2)3-S-S-(CH2)3-TTTGAATTCGTTTGATGGAGGGGITACT-5'
target 1 5'-CTTAAGCAAACTACCTCCCCAATGATGACTACGATGAGT-3'

one-base mismatch
two-base mismatch
three-base mismatch
probe 2

target 2

probe 3

target 3

probe 4

target 4

probe 5

target 5

5'-CTTAAGCAAGCTACCTCCCCAATGATGACTACGATGAGT-3'
5'-CTTAAGCAAGCTACCACCCCAATGATGACTACGATGAGT-3'
5'-CTTCAGCAAGCTACCACCCCAATGATGACTACGATGAGTI-3'
3'-OH-(CH2)3-S-S-(CH2)s-TTTTGAATTCGTTTGATGGAGGGGITAC-5'
5'-ACTTAAGCAAACTACCTCCCCAATGTACGTCGTACT GAC-3'
3'-OH-(CH2)3-S-S-(CHz)s-TTTTGCACCATCATTCGGCGTCACTCAA-5'
5'-ACGTGGTAGTAAGCCGCAGTGAGTT-3'
3'-OH-(CH2)3-S-S-(CH2)s-TTTTAAAATATATAGGTCAAACAATTCC-5'
5'-ATTTTATATATCCAGTTTGTTAAGG-3'
3'-OH-(CH2)3-S-S-(CH2)s-TTTGAAAGACAAGATGCCGTTGAAGTAT-5'
5-CTTTCTGTTCTACGGCAACTTCATA-3'
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vapor deposition (PECVD) process, where the conditions
were a deposition pressure and temperature of 3.8 mTorr and
400 °C, respectively, and an RF power and deposition ratio
of 200 W and 125 A/s, respectively. A photoresist film with
a 1.2 um thickness was spin coated for the opening pad area
and patterned using a mask and ultra violet lithography. As
shown in Figure 1 (b and c), on each chip five individual Au-
disc working electrodes with a diameter of 800 um, a
common Pt counter electrode and an Ag/AgCl reference
electrode were arranged. For the investigations in aqueous
media, all microelectrodes were contacted via bond pads to a
printed circuit.

Preparation of the Platform. Au is readily functionalized
with thiolated DNA strands via the well known gold-sulfur
chemistry.>'*! Thiolated probe DNA was immobilized onto
clean working electrode separately with a modified method
reported previously.”’ Briefly, two microliters immobili-
zation buffer containing 1.0 M probe DNA was coated
onto the surface of the desired working electrode to obtained
appropriate density. After an incubation for 1 h, the platform
was washed with water carefully. After this step we obtained
an electrode immobilized with probe DNA, which was
described as pDNA/Au. Then it was further treated with 1
mM MCH for 1 h to obtain well aligned DNA self-assembly
monolayers,”>?* followed by being rinsed with water care-
fully again. After that step the electrode was described as
MCH+pDNA/Au. Unless otherwise indicated, chips were
immediately used for measurement or DNA hybridization
after being dried with nitrogen.

Hybridization. Unless otherwise indicated, 2.0 uL hybri-
dization buffer solution containing desired concentration of
target DNA was transferred onto the MCH-+pDNA/Aus
separately on the chip and incubated with gently shaking for
45 min at 42 °C. " Then the chip was washed with hybridi-
zation buffer solution containing 0.5% sodium dodecyl-
sulfate (SDS), followed by being rinsed with water carefully.
After this step the related electrode was described as
MCH+dsDNA/Au. The control experiments were perform-
ed with the same process by using noncomplementary
sSDNA (ncDNA) or mismatched ssDNA instead of target
DNA and the obtained electrode was described as
MCH+ssDNA/Au. Unless otherwise indicated, chips were
immediately measured after being dried with nitrogen.

LAMP and Product Detection. All LAMP experiments
were performed according to Ref.?> with minor modification.
In brief, the final LAMP reaction (total, 25 pL) contained
the three primer pairs in the following concentrations: 0.2
UM outer primers, 0.8 uM loop primers, 1.6 pM inner
primers and 0.2 mM of each dNTPs. The reaction mix also
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contained 2.5 pL. of 10x Bst DNA polymerase reaction
buffer, 1 pL of an 8 U/uL concentration of Bst DNA poly-
merase, 6 mM Mg?*, 0.4 mM betaine and 1 uL of template
DNA sample (1.8 x 107'? g/L). The LAMP reaction mix was
incubated at 65 °C in a laboratory water bath for 35 min.

The hybridization detection of the LAMP product samples
of WSSV gene was further performed according to Ref..* In
brief, samples were diluted with 5.0 mM Tris-HCI buffer
solution (pH 7.4) and denatured by heating it in boiling
water bath for 10 min, and then frozen in an ice bath for 2
min. Then the solution of the denatured LAMP products was
dropped onto the modified surface of the chip for
hybridization. The sequences of ssDNA probe immobilized
on the chips were summarized in Table 2.

Electrochemical Measurements. Unless otherwise indi-
cated, CV experiments were performed at a scan rate of 0.10
V/s; DPV experiments were performed at a pulse amplitude
0f 0.05 V, a pulse width of 0.05 s and a pulse period of 0.2 s.
The EIS measurements were carried out in a 1.0 mM
K;[Fe(CN)g] solution containing 0.5 M KCI. The AC volt-
age amplitude was 5 mV and the voltage frequencies were
ranged from 10 KHz to 0.05 Hz. The applied potential was
selected as 199 mV from the formal potential of the redox
probe [Fe(CN)s]**". The electrochemical measurements of
five electrodes were performed one-by-one and all experi-
ments were conducted at room temperature (25 = 0.5 °C).

Results and Discution

Characterization of the Chip. 1.0 mM Kj[Fe(CN)s] was
used to probe the electrochemical properties of the chips by
CV technique. In these measurements, five working elec-
trodes were scanned separately from 0.55 V to —0.20 V. As
shown in Figure 2, 5 pairs of redox peaks present at 218 + 2
mV and 145 £ 2 mV in the 0.1 M KCI supporting electrolyte
with a peak potential separation (AE,) of 73+ 1 mV, sug-
gesting a rather ideal surface structure of the working elec-
trodes. And the ratio of the peak current values of cathodic
and anodic (i and #,,) at each curve is close 1, also confirm-
ing the conclusion mentioned above. The peak currents of i,
and iy, vary slightly among different electrodes (< 7 nA) and
the cyclic voltammograms at all electrodes show almost
identical waves, indicating that they can be used in parallel.
The electrochemical areas of the working electrodes have
been evaluated by chronoamperometry in a 1.0 mM ferro-
cene monocarboxylic acid solution. The slope of the linear
region of the I-t"? plot in the short time region provides the
product nFAC,D"? 772 using the Cottrell equation®’:

ia=nFAC,D"* 1" 1)

Table 2. WSSV related probes and mismatch probe immobilized on the chips

Probe Sequence

probe B
probe F
mismatch probe

3'-OH-(CH2)3-S-S-(CH2);-TTTCTATCGCCAGGTGAGGTAGA-S'
3'-OH-(CH2)3-S-S-(CH2);-TTTGCACGCAATGGAGATGACAT-5'
3'-OH-(CH2)3-S-S-(CH2);-TTTACCCTCACTGTAGAAGCAAT-5'
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Figure 2. CV responses of 1.0 mM Kj[Fe(CN)s] at the five

individual working electrodes on one chip in the 0.1 M KCl
supporting electrolyte.

ie-7TA

where Co=1.0mM, D=7.96 x 1071° cm? 57!, are respectively,
the concentration and diffusion coefficient of ferrocene
monocarboxylic acid, and the other parameters have their
usual meanings. Then, (4.16 £ 0.04) x 1072 cm? are obtained
for the electrochemical areas of the Au working electrodes,
suggesting that the variation in the effective areas among the
five electrodes in the same measurement is negligible (the
relative standard deviation, RSD, less than 2%).

Immobilization and Hybridization of DNA. The im-
mobilization and hybridization of DNA were characterized
by CV and DPV using 1.0 mM K;[Fe(CN)g] as an indicator.
As shown in Figure 3(a), in the range from 0.55 V to —0.20
V, there is a well-defined pair redox peaks of K3[Fe(CN)s] in
0.1 M KCl solution at the bare working electrode (curve a).

The structure of the synthetic thiolated probe DNA is as
following:

5'-Oligonucleotide-phosphodiester
bond-(CH>)3-S-S-(CH»);-OH-3' 2)

To the aim of producing —SH structure, TCEP was used
during the process of immobilization. It is because that
TCEP selectively and completely reduces even the most
stable water-soluble alkyl disulfides over a wide pH range.*®
In our experiments, the efficiency of TCEP was studied in
comparison with DTT under the same condition (data not
shown). The results indicate that the efficiency of the former
is about 120% higher than that of the later. In addition,
TCEP is odor-free and stable in air. Therefore, in all of other
experiments TCEP was used rather than DTT.

Two microliters immobilization buffer containing 1.0 uM
probe 1 DNA was coated onto one of the surface of the Au
disks to prepare a working unit, namely, pPDNA1/Au. After a
careful rinse, the pDNAI1/Au was measured in 1.0 mM
K;3[Fe(CN)s] and curve b was obtained. It suggests that
probe DNA layer is compact, resulting in not only chemi-
cally adsorbed to the Au surface through the thiol end group,
but also physically adsorbed to the Au surface through
backbone contacts.” Levicky et al.** also found the presence
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of multiple contacts between each DNA strand and the
surface in this stage. For the sake of high degree hybridi-
zation efficiency, end-point attachment of DNA probe is
desired.’ So, MCH was used to make the end immobilized
strands “stand up” and extend farther into the solvent
phase.”*?** Curve ¢ was the result of the MCH+pDNA1/Au
measured by CV. It can be seen clearly that a pair well-
defined redox peaks appears, suggesting that the access to
the surface of the Au electrode for the electro-active
molecular becomes easier in comparison with that at the
pDNAT1/Au. It’s an interesting phenomenon that hasn’t been
reported previously. We consider that a MCH monolayer
with a terminal hydroxy group forms after the treatment.
And this layer is more ready to allow the transit of
[Fe(CN)s*™* than that of compact DNA layer on the
pDNA1/Au. The end-tethered HS-ssDNA layer readily
hybridizes to its complementary sequence, resulting in DNA
helices with a preferred orientation toward the substrate
normal.** After the MCH+pDNA1/Au hybridizing to 0.15
uM target 1 DNA, the CV response of 1.0 mM K;[Fe(CN)g]
was recorded and curve e was obtained. The increase of the
AE, and the decrease of the 7, indicate the successful
molecular recognition. If the MCH+pDNA1/Au hybridized
to target 2 DNA instead of target 1 DNA under the same
condition, the obtained working unit was described as

ille-7TA

1.0 ¢
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Figure 3. Cyclic voltammograms (A) and differential pulse
voltammograms (B) of 1.0 mM Kj[Fe(CN)s] at bare Au working
electrode (a), pDNAI1/Au electrode (b), MCH+pDNA1/Au
electrode (c), MCH+ssDNA/Au electrode (d) and MCH+dsDNA/
Au electrode (e). Supporting electrolyte: 0.1 M KCl solution. Pulse
amplitude: 0.05 V; Pulse width: 0.05 s; Pulse period: 0.2 s.
Background currents were subtracted.

-0.10 -0.20 -0.30
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MCH+ssDNA/Au. From it curve d was obtained. The shape
of the curve is similar to that from MCH-+pDNA1/Au,
suggesting the unsuccessful molecular recognition. In other
words, the MCH+pDNA1/Au exhibits good selectivity. This
selectivity was investigated further by utilizing mismatched
DNA. When one-base mismatch DNA was used for hybridi-
zation instead of target 1 DNA, the iy, of the indicator shows
a 91% decrease relative to that at the MCH+pDNA1/Au. For
the use of two-base mismatch DNA, the rate of the decrease
is 55%. While for the use of three-base mismatch DNA, the
rate of the decrease is 13%, which is the similar case to that
when ncDNA is used. These results show further that the
selectivity of the hybridizing platform is satisfactory.

As the charging current contribution to the background
current is a limiting factor in the analytical determination,
experiments of immobilization and hybridization of DNA
were also carried out using the DPV mode. As shown in
Figure 3(b), the current responses of the indicator show the
same rule as that by CV in various corresponding cases.

The process of immobilization and hybridization of
DNA was also characterized by EIS according to the
References.'****" Curve a in Figure 4 is the Nyquist diagram
of 1.0 mM [Fe(CN)s]** at the bare Au working electrode.
An almost straight line is exhibited, which is a characteristic
of a mass diffusional limiting electron-transfer process. In
other words, it displays a rather low surface electron-transfer
resistance (Re). Curve b is the Nyquist diagram at the
pDNA1/Au. The high-frequency section of the curve shows
an arc. From this curve a much larger Ry value than that
from curve a is obtained owing to much more negative
charges of the backbone of pDNA, which blocks the
interfacial electron transfer of [Fe(CN)s]*7*.1%!43! After the
pDNA1/Au was treated with MCH, the Nyquist diagram is
shown as curve c. The R value from this curve decreases
dramatically compared with that from curve b, indicating
that negative charges of the MCH monolayer are less than
that compact DNA layer. The Nyquist diagram of MCH+
dsDNA/Au is shown as curve d. It can be seen that the R

0.8

0.6 b
d

0.4 B —

-Z"{1e+50hm

0.2

a
0 T T T T T

0 03 06 09 12 15 18 21 24
Z'[1e+50hm

Figure 4. Nyquist diagrams of the bare Au working electrode (a),
the pDNA1/Au electrode (b), the MCH+pDNA1/Au electrode (c),
the MCH+dsDNA/Au electrode (d) and the MCH+ssDNA/Au
electrode (e) in 1.0 mM Ks[Fe(CN)g]. Supporting electrolyte
solution: 0.5 M KCl solution.
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value increases obviously compared with that from curve ¢,
suggesting the increase of DNA by hybridization. The
Nyquist diagram from the MCH+ssDNA/Au is shown as
curve e, which is at the near place of curve ¢. The reason for
the small difference between curve e and curve c is not clear
now. It originates probably from the experimental error or
adsorption of trace ncDNA. As described above, the EIS
experiments are in good accordance with the voltammetric
experiments.

Parallelization. The parallelization of the five working
units on one chip for the immobilization and hybridization
was investigated. For identification, the five working elec-
trodes on one chip were numbered as 1, 2, 3, 4 and 5,
respectively. All the five working electrodes were charac-
terized by DPV in 1.0 mM K;[Fe(CN)s] solution. Then they
were all immobilized with probe 1 DNA separately to
fabricate five MCH+pDNA1/Au platforms, followed by
being measured in the same way. After hybridization, the
five working units were also characterized by DPV. It can be
calculated that the RSDs are 1.4%, 2.9% and 7.5% for the
ipss Of the indicator at the five bare working electrodes,
MCH+pDNA1/Au and MCH+dsDNA1/Au, respectively.
The relationship between current responses of the indicator
and the measurement cases is shown in Figure 5. On one
hand, it is clear that either the parallelization of immobi-
lization or the parallelization of hybridization is satisfactory.
On the other hand, the current response of the indicator
changes remarkably between before and after hybridization.
These results indicate that the present method can be used to
recognize target DNA reliably.

The parallelization of the immobilization with different
kinds of probe DNA was also investigated. Immobilization
buffer solutions, in which 1.0 uM probe 1 DNA, probe 2
DNA, probe 3 DNA, probe 4 DNA and probe 5 DNA were
contained, respectively, were coated separately onto corre-
sponding number electrodes on one chip under the same
condition, followed by the treatment with MCH. The as-
prepared modified electrodes were described as MCH+

[ bare Au electrode
= B MCH+pDNA1 electrode
O MCH+dsDNA electrode
6 9
<
i
o 4
2 b
0 <

1 2 3 4 5
Working electrode number

Figure 5. Relationship between the is of 1.0 mM K;[Fe(CN)s]
and the measurement cases at No. 1, No. 2, No. 3, No. 4 and No. 5
working units. For each of the working electrodes the
immobilization of probe 1 DNA and hybridization to target 1
DNA were performed under the same condition. Other conditions
were the same as in Figure 3(B).
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Figure 6. DPV current responses of 1.0 mM Kj;[Fe(CN)s] at the
five working units modified with probe DNA 1, probe DNA 2,
probe DNA 3, probe DNA 4 and probe DNA 5, respectively. The
different probes were immobilized onto the working electrodes
under the same condition (n = 5). Other conditions were the same
as in Figure 3(B).

pDNA1/Au, MCH+pDNA2/Au, MCH+pDNA3/Au, MCH+
pDNA4/Au and MCH+pDNAS5/Au, respectively. Then they
were recorded by DPV in 1.0 mM Ks[Fe(CN)g] solution
separately. The iy,s of the indicator are obtained as shown in
Figure 6 (n = 5, measured from 5 different chips), suggesting
a good parallelization of immobilization with different kinds
of probe DNA.

In the experiments, the length for all the probe DNA
strands was 28 bp. For target 1 DNA and target 2 DNA, it
was 25 bp. For target 3 DNA, target 4 DNA and target 5
DNA, it was 39 bp. As described above, probe 1 DNA,
probe 2 DNA, probe 3 DNA, probe 4 DNA and probe 5
DNA were immobilized separately onto different working
electrodes on one chip. After the treatment with MCH, they
hybridized with corresponding target DNA separately. Then
the chip was washed with water carefully, followed by being
measured by DPV in 1.0 mM Kj[Fe(CN)s] solution with the
same process. It is found that there isn’t noticeable differ-
ence between the i,s obtained at the five working units,
suggesting that the long target DNA hybridized to the probe
DNA doesn’t display more negative effect on the redox
reaction of the indicator than that of the short one. It is
interesting. But the reason is unclear now.

Detection of Target DNA. On one chip all the five
working electrodes were immobilized with probe DNA 1
and treated with MCH under the same condition. Then the
immobilized probe DNA hybridized to a series of target
DNA 1 with different concentrations' for 45 min. Sequenti-
ally, all the working units were recorded by DPV in 1.0 mM
K;[Fe(CN)s] solution. As showed in Figure 7, the plot of the
measurement signal (i#,,) versus the target DNA concen-
trations is a straight line (r = 0.990) in the range of 56-162
puM with a detection limit of 32 uM (S/N=3).

Simultaneous Detection of Multiple DNA. Simultaneous
detection of different kinds of target DNA was also investi-
gated. On one chip each of the working electrodes was
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Figure 7. The plot of iy of 1.0 mM Ks[Fe(CN)s] vs. target DNA
concentrations (n=5). Other conditions were the same as in Figure
3(B).

immobilized with one kind of probe DNA separately. After
the treatment with MCH, the cavity of the chip was covered
with 10 uL hybridization buffer solution containing 0.15 uM
each kind of target DNA. After an incubation for 45 min, the
platform of the chip was washed carefully, followed by
being measured by DPV immediately. The values of i, of
1.0 mM Kj;[Fe(CN)g] at all the five working units vary from
66 nA to 87 nA. They are noticeably larger than that detec-
tion of target 1 DNA separately (40 = 3 nA), suggesting an
obvious interactional interference for the recognition reac-
tion. Further investigation shows that a limit of 70 nM
(S/N = 3) can be obtained for the detection of target DNA 1
in the presence of 600 nM coexisting ncDNA. This is a little
higher than that reported previously. >

Application in the Detection of LAMP Products. On
one chip, probe B and probe F related to WSSV gene were
immobilized onto two of the working electrodes, respec-
tively. At the same time, a mismatch probe was immobilized
onto another working electrode, keeping the rest two
working electrodes clean. After the hybridization, the five
electrodes were scanned by DPV under the same condition
mentioned above. The values of iy, of 1.0 mM Ks[Fe(CN)g]
at all the two clean working units were about 535 nA. While
it was 71 nA at the mismatch probe modified electrode. As
expected, at the probe B and probe F modified electrodes, it
decreases noticeably (about 51 nA), suggesting a successful
recognition reaction. This significant difference of the
signals confirms that this DNA biosensor can effectively
detect the LAMP products.

Conclusions

Five Au working electrodes array were fabricated on a
chip by photolithography technique. And the electrochemi-
cal properties of the chip were characterized. Based on the
results, it was used to fabricate DNA arrays by assembling
probe DNA related to WSSV gene via Au-S function. Using
potassium ferricyanide as electrochemical indicator, the
device could be used to recognize reliably not only synthetic
sequence-specific DNA but also LAMP products. Though
the detection limit of target DNA is larger than that obtained
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at solo DNA sensor as outlined in the references,”'*? this
can be developed by using some special indicators, such as
Hoechst 33258,*%* [Ru(NH;)s]*" 2° and so on. In fact in this
study we focus on many other attractive advantages of the
electrochemical chip. First, it is small enough to prepare
portable device. Second, the fabrication of the DNA array is
simple. Thus, the cost is low for a mass manufacture. Third,
the parallelization of the working units on the chip is satis-
factory. Finally, it can be used to quantificationally detect
five kinds of target DNA by one recognizing process. Name-
ly, it’s a real time-saver in comparison with DNA sensors for
complex samples testing. Therefore, it opens the door for
real “rapid detection”. All in all, we expect that this device
will enable the DNA analyzing to be more easy, rapid and
low-cost.
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