Analytica Chimica Acta 909 (2016) 101-108

journal homepage: www.elsevier.com/locate/aca

Contents lists available at ScienceDirect

Analytica Chimica Acta

Colorimetric detection of hepatitis B virus (HBV) DNA based on DNA- @CmssMark
templated copper nanoclusters

Xiaoxia Mao * P, Siyu Liu ?, Chao Yang ?, Fengzhen Liu ¢, Keming Wang ",

Guifang Chen *"

2 Laboratory of Biosensing Technology, School of Life Sciences, Shanghai University, Shanghai 200444, China
b Department of Life Science, Anging Normal University, Anqing, Anhui 246011, China
€ Department of Oncology, The Second Affiliated Hospital of Nanjing Medical University, Nanjing 210011, China

HIGHLIGHTS

GRAPHICAL ABSTRACT

e A colorimetry was designed for
detection of DNA based on copper
nanoclusters.

e This method is ability to be moni-
tored with the naked eye.

e This method was successfully used
for the analysis of Hepatitis B virus
DNA.

e The colorimetric detection exhibited
excellent sensitivity.
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DNA detection plays an important role in early diagnosis of genetic disease. The conventional detection
methods of DNA are based on expensive equipment, which do not meet the demands of developing
countries. Thus, we developed a colorimetric method, which could be observed with naked eye and used
copper nanoclusters for cost-effective. Moreover, the target of this method is the DNA in Hepatitis B virus
that is one of the most popular chronic viral infections in developing countries over the past years. Our
method was sensitive and the limit of detection was 12 x 10° molecules. Three-base-pair mismatches
target DNA was detected easily. These results revealed the favorable sensitivity and selectivity of this
approach. Most importantly, our method may have potential applications in correct diagnosis of genetic
disease and monitoring of gene therapy in the poverty-stricken areas.
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1. Introduction

The detection and identification of specific nucleotide se-
quences (either DNA or RNA) is an enabling technology for a
number of fields, including environmental monitoring, the recog-
nition of genetic mutations, forensic analysis, and disease diagnosis
[1]. Although nucleotide acid detection plays an important role in
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the diagnosis of genetic diseases and useful for early-stage treat-
ment, conventional analysis methods still have many shortages. For
example, southern blot relies on fluorescence and radioactive
probes, which are often criticized for expensiveness and toxicity
[2,3]. Conventional methods for the analysis of specific gene se-
quences are carried out using polymerase chain reaction (PCR).
Although it is simple and effective for the detection of PCR prod-
ucts, many PCR related methods establish on high-precision in-
struments to perform specific conditions for consistent
amplification. Unfortunately, such equipment is bulky, expensive
and complex to operate. Although these analysis methods are
commonly used in the world, they are often poorly suited for the
developing world, where availability of clinical and laboratory fa-
cilities may be limited. The development of novel DNA detection
method to meet the requirements of developing countries should
therefore be focused on: (1) expensive instrument should be
avoided and visual detection should be preferred. (2) Select
appropriate cost-effective materials for application in low resource
areas. In recent decades, various methods for detection of DNA have
been emerged [4—6]. Among these methods, colorimetric method
is readily visible to the naked eye [7]. Colorimetric method is thus
extremely attractive in low resource areas. Thereby, in order to
meet demands of developing countries, we designed a colorimetric
method.

Nanomaterials, consisting of several to some tens of atoms,
currently attract considerable attention for exhibiting unusual
magnetic, electric, and catalytic characteristics [8]. Particularly, the
noble-metal nanoclusters (NCs) have been found to exhibit
molecular-like properties such as strong fluorescence [9]. These
properties made metal NCs excellent candidates for sensing and
bio-imaging of DNA [10]. The rational utilization of NCs (Au, Ag and
Pt) to construct nucleic acid detection methods has been attracted
significant interests [11—14]. Mokhir et al. reported that double-
stranded DNA (dsDNA) can act as an efficient template for the
formation of CuNCs at a low concentration of copper sulfate [15].
What's more, compared to other nanomaterials, CUNCs show more
significant advantages because of low cost [16]. CuNCs based
detection techniques are likely to meet the demand of developing
countries.

Hepatitis B virus (HBV), a circular double-stranded oligonucle-
otides virus, causes chronic infections of the liver in humans [17].
HBV affects the daily lives of millions of people all around the
world, especially in the developing countries [18]. According to
World Health Organization, almost 240 million people are infected
by HBV worldwide, and 25% will die prematurely if unmanaged
[19]. Especially in Asian and African countries, and the prevalence
of HBV is reported to be as high as 20% of the general population in
some countries [20,21]. In most cases, early diagnosis and treat-
ment can prevent HBV from spreading [22]. Currently, two path-
ways are available for the detection of HBV, including immunoassay
and gene analysis. For the former, HBV surface antigen (HBsAg), a
typical biomarker of HBV, is usually adopted for the assay using the
classic enzyme linked immunosorbent assay (ELISA) for example
[23]. However, as is known, there are some limitations of immu-
noassay, such as false positive results, high cost of monoclonal
antibody, and unsatisfactory detection limit. In the case of the gene
analysis, real-time quantitative PCR is mostly used [24]. Owing to
the highly efficient amplification, real-time quantitative PCR may
be more sensitive. Nevertheless, expensive instruments and expe-
rienced testers are usually required. Recently, some novel methods
have also been developed for the detection of HBV, e.g. smart
amplification process (SMAP) [25] and branched chain DNA (bDNA)
assay [26]. Each has its advantages and drawbacks. For example,
SMARP is time saving but not so convenient; bDNA assay is accurate
but not sensitive enough. Therefore, new methods with better

performance especially with better cost-effectiveness for the
developing countries are still badly required.

In this study, we present a new strategy for colorimetric
detection of DNA based on DNA-templated copper nanoclusters.
Although some researchers have studied the fluorescence of CuNCs,
the analysis of fluorescence signals usually acquired expensive
equipment and fluorescence probes. Therefore, fluorescent CuNCs-
based assays are difficult to be used widely in developing countries.
Here, colorimetric analysis of CuNCs was firstly applied for detec-
tion of the DNA. Moreover, our method had some advantages:
firstly, colorimetric method could be read out easily with the naked
eye, avoiding using equipment. Therefore, our method is extremely
attractive for developing countries. Secondly, our method is cost-
effective and nontoxic for using copper nanoclusters. Finally, our
approach targets HBV, which is an infectious disease in developing
countries. The good performance of this assay exhibits its potential
application in analysis of DNA related disease, especially in the
areas with absence of scientific instruments.

2. Experimental
2.1. Reagents and materials

Copper sulfate (CuSO4), hydrogen peroxide (H,0,), hydrochloric
acid (HCI), nitric acid (HNOs3) and histidine were bought from
Sangon Biotechnology Company (shanghai, china). Ascorbic acid
(AA), creatinine, Ethylenediaminetetraacetic acid (EDTA), 2,2’-
Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), Tris (hydroxymethyl) aminomethane (Tris—HCI), so-
dium chloride (NaCl), 4-morpholinepropanesulfonic acid (MOPS),
and sodium acetate (NaAc) were purchased from Sigma—Aldrich
(St. Louis, MO, U.S.A.).

Ultrapure water obtained from a Millipore water purification
system (>18 MQ, Milli-Q, Millipore) was used in all assays.

All purified DNA oligonucleotides were obtained from Sangon
Biotechnology Company, and their sequences were listed in Table 1.
DNA stock solutions were prepared by dissolving DNA in water and
stored at —20 °C.

2.2. Instrumentation

UV—Vis absorption spectra were recorded by an UV-2450 UV/
Vis Spectrophotometer (Shimadzu, JPN) from 350 nm to 500 nm
[15]. The images of PCR tubes were captured with a Gel Doc XR
documentation system (Bio-Rad, USA). A thermostats cultivating
shaker (Eppendorf, Germany) was used to provide a certain tem-
perature and rotation speed in the experiment. A thin layer of gold
was sputtered by using EMS150 T Sputter Coater (USA-EMS).
Atomic force microscope (AFM) 5500 (USA-Agilent Technologies)
was used to study the gold layer. Transmission electron microscopy
(TEM) measurements were made on a JEOL-2100 transmission
electron microscope (JEOL, Japan) and operated at 200 kV.

2.3. Synthesis of DNA-template copper nanoparticles

0.2 uM probe DNA and 0.2 pM target DNA were added into
20 mM MOPS buffer (pH 7.4) [27]. The mixed solution was heated to
90 °C for 10 min and then slowly cooled down to room tempera-
ture. After the trial hybridization, the trial was mixed with 100 pM
CuSO4 and 1 mM AA, and then the copper nanoparticles were
formed with dsDNA templates at 25 °C for 15 min [16]. The for-
mation of CuNPs on the template of dsDNA was examined by TEM.
The absorbance of the mixing solution was measured at 420 nm.
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Table 1
Sequences of oligonucleotides.

Oligonucleotides

DNA sequences (5'—3')

Probe DNA

Target DNA(T)

Unmatched variant of T (uT)
3-bases mutation of T (M3)

5'-SH-(CH2)6-TCC TGG AAT TAG AGG-3’

5'-ATG TTG CCC GTT TGT CCT CTA ATT CCA GGA-3'
5'-GTA GTC GTG ATG AAC GTA TG-3’

5'-ATG TTG CCC GTT TGT ACT GTA TTT CCA GGA-3'

2.4. DNA detection

As is known, thiol group may attach to the gold surface through
an “Au—S” bond. In order to facilitate the immobilization of thio-
lated DNA probe, a 96-well plate was first sputtered with a thin
layer of Au using EMS150 T Sputter Coater. The Au-coated plate was
characterized under AFM. As shown in the AFM image of Fig. 1, the
gold layer shows a homogeneous and smooth planar sheet
appearance, which is favorable for the immobilization of thiolated
DNA probe. Thereafter, 12 x 10 thiolated probe DNA molecules
was added into the Au-coated well, and sealed overnight to allow
the immobilization. Plate was rinsed with ultrapure water three
times, then incubated with 1 mM MCH for 1 h, and rinsed again.
Afterward adding 12 x 103 target DNA molecules (or human se-
rums which were collected from three healthy volunteers and were
spiked with different concentrations the target DNA) to form
dsDNA template, and incubated for 2 h at 25 °C. Following that,
rinsed the plate again. Then a mixture of 1 mM AA and 100 pM
CuS04 were added in 20 mM MOPS buffer solution, then incubated
for 10 min at 25 °C. Using Tris—EDTA buffer (10 mM Tris Base, 1 mM
EDTA, pH 7.4) rinsed the plate three times, then added 50 mM
HNOj3 and incubated 10 min at 25 °C. Transferred the above mixture
solution to a PCR tube, and mixed with 200 mM NaAc, 200 pM
creatinine, 0.1% H>0, and 2 mM ABTS to produce the color change.
Finally, the solution was detected by ultraviolet spectrophotometer.

0 02 04 06 08 1m

Fig. 1. Atomic force microscopy images of Au layer within the 96-well plate.

3. Results and discussion
3.1. Principle

The schematic illustration of this strategy is represented in
Scheme 1. The capture probe is immobilized on the surface of 96-
well plate. In the presence of target DNA, target DNA hybridizes
the capture probe to form dsDNA. Through the reduction of CuSO4
by AA, dsDNA can be used as efficient templates for the formation of
CuNCs [28]. Compared to DNA—AgNCs, CuNCs selectively formed
on a DNA duplex, and ensure excellent selectivity [29]. After addi-
tion of HNOs3, the CuNCs can be oxidized into copper ions [30].
Adding creatinine to obtain copper—creatinine complex, which
appears to possess exceptional metal mimic enzyme properties and
rapidly convert H,O, and ABTS into oxidized ABTS [31,32]. The
oxidized ABTS was color in green and absorbed at 420 nm [33].
Varying amounts of target DNA would lead to different degree of
ABTS oxidation reaction. In this way, our colorimetric detection of
DNA is suitable for quantitative and qualitative analysis of DNA.
Most importantly, this method has ability to be monitored by the
naked eye. Hence, it is an ideal analysis method for instrument-free
diagnostic system for detecting genetic disease in developing
countries.

3.2. Synthesis and characterization of CuNCs

Firstly, we used HBV DNA as target to examine the feasibility of
our method. Since lots of factors e.g. the characterization of CuNCs,
catalytic properties and catalytic conditions were important pa-
rameters, extensive trials on characterization of CuNCs, chelators
for copper ions complex, optimization of catalytic conditions,
selectivity, sensitivity of DNA detection, and stability of the color-
imetric signals were carried out. The synthesis and characterization
of CuNCs were investigated by TEM, UV—Vis spectrophotometer
and Gel imaging system, which provided the direct evidence of the
formation of CuNCs. The UV—vis absorbance spectra were depicted
in Fig. 2A. Fig. 2A shows the UV—vis absorption of the samples as
well as the appearance under UV light. The UV—vis results suggest
that Cu® can form independent of DNA, representing an absorption
peak at 340 nm [34]. However, only with dsDNA (probe DNA and
target DNA hybridization), the dsDNA-templated CuNCs fluoresce,
representing a white color under UV light in black-and-white im-
aging. That is, the absorption at 340 nm suggests the reduction of
Cu®** to Cu’. And, the fluorescence suggests the presenting of
dsDNA and the formation of dsDNA-templated CuNCs. TEM also
provides direct evidence of the formation of dsDNA-templated
CuNCs. As is shown in Fig. 2B, spherical particles with an average
diameter of ca. 6 nm could be clearly observed, suggesting the
formation of CuNCs. While without dsDNA template, no similar
spherical particles can be observed (data not shown). The TEM
result confirms that CuNCs can form on dsDNA template.

3.3. Select chelators for copper ions complex

As is shown in Scheme 1, two key steps are required: 1. the
formation of dsDNA-templated CuNCs. 2. the redissolving of CuNCs
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Scheme 1. (A) Schematic illustration of colorimetric detection of DNA based on DNA-templated copper nanoclusters. (B) The principle of DNA detection using a peroxidase-like
copper—creatinine complex.
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Fig. 2. (A) UV—vis absorbance spectra of different solutions. (i) MOPS buffer only; with addition of (ii) AA and CuSO4; (iii) Probe DNA (P), AA and CuSO4; (iv) Target DNA (T), Probe
DNA, AA and CuSO4. Inset: ultraviolet image of above four solutions. All solutions contained 20 mM MOPS buffer solution (pH = 7.4). 2.4 x 10'> Probe DNA molecules, 2.4 x 10'3
Target DNA molecules, 100 uM CuSO4 and 1 mM AA were used in the analysis reaction. The mixture incubated for 15 min at 25 °C. Inset: ultraviolet image of four above solution. (B)
TEM image of formed CuNPs on dsDNA.

to Cu?* and its catalysis. Since the former one has been addressed colorimetric presentation. Different chelators were adopted to
in the above section. Here, we study the catalysis of Cu?* and its enhance the catalytic ability of Cu®*. An ABTS—H,0, reaction
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system was also adopted to facilitate a colorimetric observation.

To investigate the effects of different chelators on the catalytic
activities of copper ions, the color change of oxidized product
(oxidized ABTS) was observed with naked eye. After several pre-
liminary experiments, we selected three chelators (EDTA, creati-
nine, and histidine) to further optimizing. All experiments were
carried out in 50 mM NaAc buffer solution including 2 mM of ABTS,
0.1% Hy0,, different concentration of copper ions (1 mM, 100 pM,
1 uM, and 10 mM) and chelators (2 mM, 200 uM, 20 uM, and 2 uM).
The solution containing no chelator was used as control.

Direct evidence was illustrated in Fig. 3. When EDTA was added,
the solution converted to colorless. This result demonstrated that
EDTA is a powerful metal chelating agent [35]. That may due to
EDTA binds strongly to a wide range of metals [36]. EDTA is known
to be used in blood collection. In our strategy, the catalysis step of
Cu®* separates from the introduction of the target DNA from clin-
ical samples. So, the EDTA used in blood collection may do no effect
to our detection system. In contrast, the group of creatinine dis-
played obvious color change, including 2 mM creatinine and 1 mM
copper ions, 200 pM creatinine and 100 pM copper ions, respec-
tively. The result clearly indicated that the copper ions had high
catalytic capability within creatinine. The same result was found in
other researches [31,37]. Compare to the control of no chelator, the
color of the solution of adding 1 mM copper ions was light green.
The result indicated that ABTS could response directly to 1 mM
copper ions and produce background signal. Meanwhile, the solu-
tion of adding 100 uM copper ions was colorless. Therefore, in order
to decrease background signal, we selected 100 pM copper ions in
the next step.

In the case of the Cu—histidine complex, the color change was
weaker than that observed in the Cu—creatinine complex [38].
What is more, creatinine is more cost-effective than histidine, the
Cu—creatinine complex was thus adopted to achieve catalytic
oxidation of ABTS to oxidized ABTS. Thus, we selected 100 pM
copper ions and 200 pM creatinine in the further experiments.

no chelator

¢

J

3.4. Optimization of catalytic conditions

We tested different concentration of strong acids (HNO3 or HCl),
which could convert CuNCs into copper ions [31]. However, ABTS
would be oxidized directly by strong acid in the absence of Cu—-
creatinine complex. Therefore, in this experiment, we chose NaAc
and Tris—HCI in different concentration to adjust the acidity of the
solution. First, the different concentration of NaAc and Tris—HCl
were added in different columns of 96-well plate, respectively. In
addition, different concentration of HNO3 and HCI were added in
different lines of 96-well plate, respectively. Then, the solution
followed by addition of 100 uM CuSO4 or not to incubate with
200 pM creatinine, 0.1% H,02, and 2 mM ABTS for 10 min at room
temperature. In this process, the color changes of ABTS—H;0, re-
action could be observed within 10 min by naked eye.

The results as depicted in Fig. 4. The addition of Tris—HCI and
HNOs3, no obvious color change was observed. The result revealed
that the simultaneous addition of Tris—HCl and HNO3 has little
influence on the catalytic activity, which may be owing to Tris-base.
Tris-base could catalyze the reaction of copper ions to produce
copper hydroxide, which sharply reduced the reaction between
copper ions and creatinine [39]. However, in the group of HCl,
significant color change was observed without addition of copper
ions. The phenomenon revealed that ABTS-H;0, complexes direct
responded to HCl. HCI resulted obvious background signal there-
fore it is not suitable catalytic condition.

As shown in red (in the web version) box of Fig. 4, under the
condition of 50 mM HNO3 and 200 mM NaAc, the color change in
the presence of CuSO4 was distinct. Meanwhile, the control group
without CuSO4 showed inconspicuous change. According to these
results, 200 mM NaAc and 50 mM HNOs were chosen as the opti-
mum catalytic conditions for the colorimetric assay.

3.5. Selectivity of DNA detection

During the gene analysis for therapy purpose, detection of single
nucleotide polymorphisms (SNPs) is also important [40]. Here, we

EDTA

histidine

Fig. 3. Select chelators for copper ions complex. These chelators were EDTA, creatinine and histidine. The group of no chelator was control. All experiments were carried out in 50 mM
NaAc buffer solution including 2 mM ABTS, 0.1% H,0, and different concentration of copper ions and chelators (from left to right: 1 mM copper ions and 2 mM chelators; 100 pM
copper ions and 200 pM chelators, 10 pM copper ions and 20 uM chelators, 1 uM copper ions and 2 pM chelators). All solution mixed entirely and incubated for 15 min at 25 °C.
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Fig. 4. Optimization of catalytic conditions. The different concentration of NaAc (200 mM and 1 M) or Tris—HCI (50 mM, 100 mM, and 500 mM) were chosen to determine the
optimal condition. In addition, different concentration of HNO3 (10 mM and 50 mM) and HCI (10 mM and 50 mM) was added into the mixtures. Then, the solution followed by
addition of 100 pM CuSOy4 (+) or not (—) to incubate with 200 uM creatinine, 0.1% H,0,, and 2 mM ABTS for 10 min at 25 °C.

further investigated the sequence selectivity of this method with
naked eye and examined the ultraviolet absorptions of the probe
DNA (P) toward three-base mismatched target DNA (M3), un-
complementary target DNA (uT), and target DNA (T). The amount
of probe DNA, target DNA, M3 and uT were 12 x 10'3 molecules,
respectively. As shown the insert in Fig. 5A, only the sample con-
taining probe DNA and complementary target DNA (P + T)
exhibited extremely sharp color transitions, which have been used
to enhance the selectivity of detection systems. It is easy to identify
the addition of target DNA by naked-eye. The same result was ob-
tained from UV—vis absorbance spectra. Only adding target probe, a
high absorption peak at 420 nm can be detected. All the absorption
peaks for 3-bases mutants and un-complementary sequence were
much lower than that for the target DNA. The absorbance per-
centage of P + M3 and P + uT comparing to P + T were 10.48% and
10.90%, respectively (Fig. 5B). These results further confirmed that
this method was sensitive enough to distinguish between three
base differences.

Absorbance

350 400 450 500
Wavelength (nm)

3.6. Sensitivity of DNA detection

Under the optimization condition, we evaluated the capability
of our method for quantitative detection of target DNA. The con-
centration of target DNA was covered a range of nearly 6 orders of
magnitude (from 0 to 12 x 10" molecules). As shown in Fig. 6A, the
UV—vis absorbance increased with increment of target DNA con-
centration in the sample. However, it did not change significantly
when the concentration of the target DNA was increased from
0 min to 12 x 10% molecules. As the concentration of target
increased up to 12 x 10° molecules, a gradual increase in the
spectrum intensity was observed. The same result was observed in
the image of samples (Fig. 6A, insert). Adding 12 x 10° molecules
target probe produced easily visible differences. The result
demonstrated that the addition of 12 x 10° target DNA molecules
gave rise to an obvious increase in the catalytic activity. With the
increase of target DNA, the color changes of the solution become
more obvious. These results indicated that more oxidized ABTS
were formed in the mixture when more target probes were added,
as expected. These results revealed our method for DNA detection is
effective.

100%

7.80%

10.48%

10.90%

Blank P+M3 P+uT P+T

Fig. 5. (A) UV—vis absorbance spectra of selective polynucleotide detection for the target probes. All solution contained 200 mM NaAc and 50 mM HNO; buffer solution, 100 uM
CuSO4, 1 mM AA, 200 uM creatinine, 0.1% H,0,, 2 mM ABTS and incubated at 25 °C under different DNA hybridize conditions: (i) without DNA (ii) 12 x 10'> Probe DNA molecules
and 12 x 10" M3 molecules (three-base mismatched target DNA) (iii) 12 x 10'> Probe DNA molecules and 12 x 10" uT molecules (un-complementary Target DNA) (iv) 12 x 10"
Probe DNA molecules and 12 x 10" Target DNA molecules. Inset: the picture of four above solution. (B) Absorbance percentage of P + M3 and P + uT comparing to P + T; error

bar + S.D. (n = 3).



X. Mao et al. / Analytica Chimica Acta 909 (2016) 101-108 107

2.0

12x10"
12x101
3 s
i —— 12x
1.2 :
§ —12x10°
) —12x108
= ] \
§ 0:8 :12"107
< 0.4 (molecules)
0.0+

380 400 420 440 460 480 500
Wavelength (nm)

1.21 B
©1.04 Y =.0.482 + 0.2676X
Eo_a- (R? = 0.99)
éo.s-
.Q 0 4‘
<.2]
oo/®™ ™

1 2 3 4 5 6

Log (C, )I log(12x10” molecules)

Fig. 6. (A) UV—vis absorbance spectra of the solution with different concentrations of target DNA (up to down: 12 x 103,12 x 10'2,12 x 10", 12 x 10'°,12 x 10° 12 x 10%,12 x 107
and none molecules). Inset: the picture of above solutions. (B) The linear relationship between the ultraviolet absorbance and logarithm of concentration of target DNA. Other

conditions are the same as that in Fig. 5A.

Fig. 6B outlined the relationship between the UV—vis absor-
bance at 420 nm (the maximal absorption of oxidized ABTS) and
logarithm (log) of concentration of target DNA in the range from
0 to 12 x 10" molecules. Calibrated colorimetric measurements
could be used to determine the amount of target quantitatively. The
linear curve fitted a regression equation of Y = —0.482 + 0.2676X.
The correlation coefficient of R? = 0.99 within a range from 12 x 10°
molecules to 12 x 10'> molecules. From Fig. 6B, it was found that
the addition of 12 x 10° target DNA molecules gave rise to an
obvious increase in the catalytic activity, indicating a detection
limit of 12 x 10° molecules for analyzing DNA. The sensitivity of our
method is not so satisfactory to monitor early infection of HBV on
therapy. However, considering that some currently available
methods with considerable sensitivity, e.g. COBAS® system from
Roche Inc., are costly and not suitable for low-resource areas, our
method may serve a suitable, rapid and not costly DNA-quantitative
test for these country.

3.7. Stability of the colorimetric signals

The stability of the colorimetric signals is of great importance for
delayed measurements. Here, the colorimetric signals for the
detection of 12 x 10" molecules of the HBV DNA were used for the
stability assay. The absorbance was determined at 420 nm at
10 min, 30 min, 1 h, 6 h, 1 day, 3 days, and 7 days after reactions. The
absorbance at each time point was corrected for the absorbance of
an ABTS blank. As shown in Fig. 7, the absorbance at 420 nm
decreased slowly along time. Nevertheless, the absorbance
remained 95% of its original intensity after 7 days, indicating a
favorable stability.

3.8. Detection of HBV positive serum

Human serums were separated from blood of healthy volun-
teers, different concentrations of HBV DNA were spiked into serum
samples and were tested for our analysis method. As shown in
Table 2, the results showed that acceptable recoveries and relative
standard deviation (RSD) could be obtained, indicating the poten-
tial application of our methodology for clinical applications.

4. Conclusion

In summary, we have developed a colorimetric detection
method of ssDNA based on DNA-templated copper nanoclusters. In

1.6
1.4
1.2/
1.0

2 0.8-

< 0.6-
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O-O'I'I'I'I'I'I'I'I'
1 0 1 2 3 4 5 6 7 8

Time (day)

Fig. 7. The stability of the absorbance for the detection of 12 x 10'> molecules of the
HBV DNA.

Table 2

Detection of HBV positive serums. The serums were collected from three healthy
volunteers. Different concentrations of HBV DNA were spiked. Each serum sample
was tested for three times (n =3 x 3 =9).

Sample number Added (nM) Found (nM) Recovery (%) RSD (%)(n=9)
1 1 131 131% 7.2
2 10 115 115% 4.9
3 100 90.4 90.4% 6.0

comparison with other DNA analysis techniques, our approach
provides several advantages that will meet demands of poverty
areas. The attributes of this detection as follows: first of all, the
products could be visualized by naked-eye without requiring
advanced laboratory equipment. Secondly, CuCNs own the char-
acteristic of low-cost and unique physicochemical properties that
can be easily applied, making them ideal candidates for biochem-
ical analysis. The assay we have described has additional benefits
beyond cost-efficiency. Furthermore, this method can be utilized to
identify three base-pair mismatches displaying potential applica-
tion for the detection of important genetic basis of disease. Finally,
this strategy can detect target DNA with a detection limit of
12 x 10° molecules. Inspired by these advantageous features, we
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conclude that our method is a highly attractive candidate in DNA
analysis, especially early diagnosis of genetic diseases in developing
countries without complicated equipment and expensive solvents.
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