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The mutations of breast cancer susceptibility gene 1 (BRCA1) play an important role in 
inherited breast cancers. Thus, the sensitive assay of the BRCA1 gene is extremely important for 
disease diagnosis and human health. Herein, a fast, sensitive and selective assay technique has been 
constructed based on fluorescent copper nanoclusters (CuNCs). The CuNCs were successfully 
formed with poly(AT-TA) double stranded DNA (dsDNA) as template. In the absence of the target, 
a strong red emission was observed under 365 nm ultraviolet (UV) lamp and a big fluorescence 
response was obtained. However, in the presence of BRCA1 gene, there was only weak red emission 
and a low response signal was produced because of the target-proximity induced quenching of the 
fluorescence of CuNCs. The linear range for the BRCA1 gene assay was 2-600 nM, and the limit of 
detection was 2 nM. The assay technique showed good selectivity, good stability and satisfactory 
recoveries for the detection of BRCA1 gene in diluted serum samples. Moreover, by integrating a 
UV lamp and a smartphone, the fluorescence sensor would be transferred to a microfluidic chip, 
providing a prospective application in point-of-care for monitoring breast cancer risk.
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Introduction

Breast cancer is the most common malignant tumor in 
women, with high morbidity and mortality rates. In less 
developed countries, breast cancer remains the second 
leading cause of cancer death among women.1 Therefore, 
the early screening, diagnosis and treatment of breast 
cancer have become a growing concern. Positive family 
history is one of the most important risk factors for 
developing breast cancer, and approximately 5-10% of all 
breast cancers have a hereditary background.2,3 Most of the 
breast cancer susceptibility genes are located on human 
autosomes and can be inherited from parents to offspring 
by autosomal dominant. Breast cancer susceptibility 
gene 1 (BRCA1) is one of the most studied susceptibility 
genes with high penetrance.4 More than 80% of inherited 
breast and ovarian cancers are related to the BRCA1 gene 
mutations.5,6 Therefore, the development of a fast and 
sensitive deoxyribonucleic acid (DNA) sensor for the 
detection of BRCA1 gene is extremely important for the 
disease diagnosis and human health.

Sanger sequencing is considered the gold standard test 
for BRCA1 detection.7 The theoretical limit of detection 
(LOD) of Sanger sequencing is about 10% of the mutated 
allele.8 In addition, other technologies reported for the 
analysis of DNA include colorimetry,9 electrochemistry,10 
chemiluminescence,11 Raman spectroscopy,12 laser 
transmission spectroscopy,13 electrochemiluminescence,14 
surface plasmon resonance15 and fluorescence.16 Among 
these methods, the fluorescence method has attracted much 
attention because of its advantages of simple operation, 
good selectivity and simple instrument. Culha et al.17 
developed a fluorescent sensor based on molecular beacon 
(MB) probes for the detection of BRCA1 gene. The LOD 
was estimated to be 70 nM, which was not satisfactory 
due to the high background noise caused by the MB 
detection system. Moreover, MB-based fluorescent strategy 
demanded labor-intensive labeling steps, which increased 
the sample preparation requirements and the detection cost.

In order to construct the label-free sensors, a great number 
of nanomaterials have been fabricated for the sensitive 
detection of BRCA1 gene. Rasheed  and  Sandhyarani18 
fabricated an electrochemical sensor based on gold 
nanoparticles (AuNPs) clusters to detect BRCA1 gene. The 
sensor exhibited excellent sensitivity and selectivity with 
a LOD of 50 aM target DNA. Borghei et al.19 developed 
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a label-free detection strategy for the detection of the 
large deletion mutation in BRCA1 based on DNA-silver 
nanoclusters (AgNCs) fluorescence. Its LOD was as low 
as 64 pM. Ju and co-workers20 reported a fluorescence 
sensor for the detection of single-base mismatch DNA 
in BRCA1 gene. The developed sensor was based on 
fluorescence resonance energy transfer (FRET) between 
quantum dots (QDs) as the donor and AgNCs as the 
acceptor. Among a wide variety of nanomaterials, DNA-
templated copper nanoclusters (CuNCs) are favorable for 
various applications due to their mild synthetic conditions, 
good biocompatibility, and abundant and inexpensive 
precursors.21-23 Their formation is derived from the 
clustering of Cu0, which is produced from the chemical 
reduction of CuII on DNA backbones. The production 
of DNA-templated CuNCs is efficient and finished in 
several minutes under ambient conditions, which endows 
a substantial basis for their wide applications in versatile 
nucleic acid-related biochemical analyses.24-31 Furthermore, 
the large Stokes shift of DNA-CuNCs is favorable for 
the relieving of background interference from complex 
samples, which may provide an opportunity for detection 
of the analyte from complex biological media.32 Although 
the breakthrough has been achieved in CuNCs, few works 
have been reported utilizing the fluorescent CuNCs for the 
sensitive detection of the BRCA1 gene.

In this work, a sensitive fluorescent sensor based on 
CuNCs has been fabricated for the detection of BRCA1 
gene. As shown in Figure 1, the probe DNA could form 
the poly(AT-TA) double stranded DNA (dsDNA) with 

3’-overhang ends through the inter-molecular hybridization. 
The poly(AT-TA) dsDNA could template the formation of 
CuNCs, resulting in a high fluorescence signal for the blank. 
When BRCA1 gene was present in the reaction system, 
BRCA1 gene was in close proximity to the dsDNA and 
hybridized with 3’ protruding termini of the dsDNA. As 
a result, the synthesis efficiency of the CuNCs decreased 
and the reaction system obtained a low fluorescence signal. 
The CuNCs were exited at 340 nm and a red-emission was 
produced at 580 nm. The fluorescence signal of the detection 
system was inversely proportional to the concentration 
of BRCA1 gene. The whole detection process could be 
completed within several minutes due to the fast formation of 
CuNCs, indicating a promising platform for the fast detection 
of BRCA1 gene. The stability of CuNCs and the selectivity 
of the developed fluorescent sensor, as well as the recovery 
in the serum were also investigated.

Experimental

Chemicals and instruments

All oligonucleotides were synthesized by Shanghai 
Sangon Biological Engineering Technology & Services 
Co., Ltd (Shanghai, China) and high-performance 
liquid chromatography (HPLC)-purified. The 19-mer 
synthetic, unmodified oligonucleotide related to BRCA1 
was used as the target DNA (T-DNA) and its sequence 
was 5’-GAACAAAAGGAAGAAAATC-3’.33 Other 
oligonucleotide sequences were:

Figure 1. Schematic illustration of the fluorescent sensor based on DNA-CuNCs and its application for the BRCA1 gene assay.
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DNA1:  5’-ATCTTCCTTTTGTTC-3’;
DNA2:   5’-ATATCTTCCTTTTGTTC-3’;
DNA3:   5’-ATATATCTTCCTTTTGTTC-3’;
DNA5:   5’-ATA TAT ATA TCTTCCTTTTGTTC-3’;
DNA7:   5’-ATATATATATATATCTTCCTTTTGTTC-3’;
DNA10:   5’-ATATATATATATATATATATCTTCCTTTTGT
 TC-3’;
DNA13:   5’-ATATATATATATATATATATATATATCTTCC
 TTTTGTTC-3’;
DNA15:    5’-ATATATATATATATATATATATATATATATCT
 TCCTTTTGTTC-3’;

Single-base mismatched DNA (Sm-DNA): 5’-GAACAA
 ACGGAAGAAAATC-3’;
Two-base mismatched DNA (Twm-DNA): 5’-GAACCA
 AAGGCAGAAAATC-3’;
Three-base mismatched DNA (Thm-DNA): 5’-GAACCA
 CAGGCAGAAAATC-3’;
Non-complementary DNA (N-DNA): 5’-CCCCCCCCC
 CCCCCCCCCC-3’.

3-(N-Morpholino)propanesulfonic acid (MOPS), 
ascorbic acid (AA), copper sulfate pentahydrate, and 
sodium chloride were purchased from Aladdin-Reagent 
Company (Shanghai, China). Superior grade fetal bovine 
serum was bought from Zhejiang Tianhang Biotechnology 
Co., Ltd. (Zhejiang, China). The fluorescence intensity of 
the detection system was measured by F-7000 fluorescence 
spectrophotometer (Hitachi, Japan). All solutions were 
prepared and diluted with deionized water from a Milli-Q 
(Bedford, USA) ultrapure water system.

In situ synthesis of CuNCs

The CuNCs were synthesized with the poly(AT-TA) 
dsDNA as template. 20 μL of DNA10 (20 μM), which 
were placed in a centrifuge tube, were heated in a water 
bath pot at 90 ºC for 10 min and then, cooled at room 
temperature for 30  min to form the inter-molecular 
double strands. Then, MOPS buffer (10 mM MOPS, 
150 mM NaCl, pH 7.8), 3 μL CuSO4 solution (10 mM) 
and 2 μL AA solution (100 mM) were added to the 
centrifuge tube to give a final volume of 100 μL. Then, the 
fluorescence signal of the detection system was measured 
by a fluorescence spectrophotometer. The micrographs 
of the DNA-templated CuNCs were investigated by high 
resolution transmission electron microscopy (HRTEM) 
(JEM-2100, Akishima-shi, Japan).

Fluorescent detection of BRCA1 gene

DNA10 (20 μL, 20 μM) and T-DNA were mixed in a 
centrifuge tube and heated in a water bath pot at 90 ºC for 

10 min. Then, the mixture was cooled at room temperature 
for 30 min. After that, MOPS buffer, 3 μL of CuSO4 solution 
(10 mM) and 2 μL of AA solution (100 mM) were added 
to the centrifuge tube to give a final volume of 100 μL. At 
last, the fluorescence intensity of the detection system was 
measured using a fluorescence spectrophotometer. For the 
blank, T-DNA was not added in the detection system, other 
steps were the same as mentioned above.

Selectivity investigation

A series of oligonucleotides, including Sm-DNA, 
Twm-DNA, Thm-DNA and N-DNA were used as the 
interferents for selectivity experiments. The concentration 
of each interference oligonucleotide and T-DNA was 
2000  nM. The fluorescence intensity of the resulting 
solution was determined by fluorescence spectroscopy at 
room temperature with excitation at 340 nm.

Results and Discussion

Optimization of the length of poly(AT-TA) in the DNA template

The fluorescence of the DNA-templated CuNCs 
relied heavily on the sequence composition and sequence 
length.23 Although the poly(AT-TA) dsDNA, poly(T)  
single-stranded DNA (ssDNA) and random dsDNA can 
be used as templates for the formation of CuNCs, the 
fluorescence intensity of CuNCs templated by poly(AT-
TA) dsDNA was the highest.32 Therefore, the template 
DNA used in this work was poly(AT-TA) dsDNA and 
the length of poly(AT-TA) was at first optimized. Several 
oligonucleotides were chosen as the probe DNA to form the 
template dsDNA. Then, the template DNA was added in the 
100 μL detection system containing 0.3 mM Cu2+ and 2 mM 
AA to synthesize CuNCs. The lengths of poly(AT-TA) in 
the different template dsDNA were 1, 2, 3, 5, 7, 10, 13, and 
15, respectively. As shown in Figure 2A, there were very 
low fluorescence intensities of CuNCs when the length of 
poly(AT-TA) in the template dsDNA was lower than or equal 
to 7. The reason is that the synthesis efficiency of CuNCs 
was low when using template dsDNA with short poly(AT-
TA). When the length of poly(AT-TA) increased from 10 
to 15, the fluorescence intensities increased gradually. The 
results demonstrated that the length of poly(AT-TA) in 
the template dsDNA was proportional to the fluorescence 
intensities of CuNCs. Then, the probe DNA reacted with 
9000 nM BRCA1 gene and the fluorescence intensities 
were measured by the fluorescence spectrophotometer. 
The subtractive difference (Fblank - FBRCA1) and the ratio  
(FBRCA1/Fblank) of the fluorescence intensities between the 
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signals produced by the blank and the BRCA1 gene are 
shown in Figure 2B. The values of Fblank - FBRCA1 were 9, 17, 
23, 41, 228, 1020, 487, and 474 using the template dsDNA 
with 1, 2, 3, 5, 7, 10, 13, and 15 poly(AT-TA), respectively. 
The template dsDNA with 10 poly(AT-TA) produced the 
highest value of Fblank - FBRCA1. The values of FBRCA1/Fblank 
were 0.632, 0.355, 0.401, 0.304, 0.155, 0.240, 0.651 and 
0.696 using the template dsDNA with 1, 2, 3, 5, 7, 10, 13, 
and 15 poly(AT-TA), respectively. The ratio of FBRCA1/Fblank  
for DNA7 was the smallest. The ratio of FBRCA1/Fblank for 
DNA10 was a little higher than that of DNA7, while the 
change of the fluorescence intensity (Fblank - FBRCA1) for 
DNA10 was about 4.5 times higher than that for DNA7. 
Considering the potential of the assay method for point-
of-care using UV light and a phone application, the larger 
change of the fluorescence intensity (Fblank -  FBRCA1) 
could make it easier to observe the fluorescent red 
emission change of CuNCs. Therefore, DNA10 was 
selected as the optimal sequence for probe DNA. 

Characterization and stability of DNA-templated CuNCs

Poly(AT-TA) dsDNA acted as an efficient template 
to support the formation of CuNCs.34,35 The CuNCs were 
accumulated in the major groove of the dsDNA during 
the process of synthesis and thus, DNA was present in 
the CuNCs. The fluorescence excitation and emission 
spectra of CuNCs were investigated by the fluorescence 
spectrophotometer. Ultraviolet visible absorption spectra 
were measured on UV-Vis spectrophotometer. As shown 
in Figure 3A, the CuNCs were excited at about 361 nm 
(curve a), emitted at 580 nm (curve b) and exhibited a 
distinct absorption peak at 340 nm (curve c). Thus, the 
excitation wavelength and emission wavelength were 
set at 340 nm and emitted at 580 nm for the subsequent 
experiment, respectively. The shelf life of CuNCs was 

then investigated by recording the fluorescence spectrum 
at different times. It is noted from Figure 3B that the 
fluorescence intensity of CuNCs decreased by about 
4.7% after 30 min, which was consistent with the result 
reported by Mukherjee  and  co-workers.36 Therefore, 
the shelf life of CuNCs was 30 min. The morphology 
of CuNCs was characterized by HRTEM. The results 
shown in Figure 3C demonstrated that the freshly 
prepared CuNCs exhibited a uniform spherical shape 
with a diameter of 5 nm, which was consistent with 
our previous work.37 CuNCs could be easily oxidized 
by gaseous or dissolved oxygen, resulting in their low 
catalytic activity and poor stability.38 Therefore, it was 
necessary to investigate the nanostructure stability of 
CuNCs. The prepared CuNCs were stored at 4 ºC for 
7 days, and the morphology of CuNCs was characterized 
by HRTEM. As shown in Figure 3D, the images indicated 
that the formed CuNCs were spherical in shape, and 
their average sizes were about 5 nm. After 7 days, the 
nanostructure of CuNCs was almost unchanged with a 
comparison to the freshly prepared CuNCs, indicating 
good nanostructure stability.

Feasibility of the fluorescent sensor towards BRCA1 gene 
assay

The application of the developed fluorescent sensor 
for the detection of BRCA1 gene was investigated. The 
fluorescence intensities of the blank and the detection 
system with 9000 nM BRCA1 gene were measured by 
the fluorescence spectrophotometer. The emission pictures 
of the detection system under the UV lamp excitation 
were obtained by a smartphone. It is noted from the inset 
of Figure 4a that there was a strong red emission for the 
blank, while the system in the presence of BRCA1 gene 
showed weak red emission. The reason is that BRCA1 gene 

Figure 2. (A) The effect of the length of poly(AT-TA) in the template dsDNA on the fluorescence intensity; inset: a zoomed-in view of the data; (B) the 
relationship between Fblank - FBRCA1 (a) or FBRCA1/Fblank (b) and the length of poly(AT-TA) in the template dsDNA; Fblank and FBRCA1 are the fluorescence 
intensities without and with the presence of T-DNA, respectively.
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was in close proximity to the dsDNA and hybridized with 
3’ protruding termini of the dsDNA. This increased the 
steric resistance and decreased the synthetic efficiency of 
CuNCs. By integrating a UV lamp and a mobile phone, the 
red emission of the reaction system could be recorded in 
the form of pictures. The fluorescence color change could 
be measured by an application that runs on an inexpensive 
smartphone internal processor, providing an excellent 
prospective application in point-of-care for monitoring the 
breast cancer risk. The fluorescence spectra of the detection 
systems are also shown in Figure 4a. The fluorescence 
intensities with emission at 580 nm were 1342 and 307 
for the blank and the BRCA1 gene detection, respectively, 
which were consistent with the above red emission pictures. 
All the results demonstrated that the assay method was 
feasible to detect BRCA1 gene.

Optimization of the reaction parameters

Several reaction parameters were optimized, including 
the concentration of the template dsDNA (CdsDNA), the 
concentration of Cu2+ (CCu2+) and the concentration of 
AA (CAA). DNA10 was first self-hybridized to form the 
poly(AT-TA) dsDNA and then used as a template for 

synthesizing the CuNCs. The fluorescence of the reaction 
system without BRCA1 gene was measured. The effect of 
CdsDNA on the fluorescence signal was investigated at first. 
It is noted from Figure 4b that the fluorescence intensity 
increased gradually when the CdsDNA increased from 0.25 
to 2 μM and then reached a plateau when the CdsDNA was 
equal to or larger than 2 μM. The results indicated that 
2 μM of the dsDNA was enough for this detection system 
and selected as the optimized CdsDNA. Then, the effect 
of CCu2+ on the response signal was investigated since it 
influenced the yield of CuNCs. The results are presented 
in Figure 4c. The fluorescence intensity increased at first 
and then decreased with the increase of CCu2+. The highest 
fluorescent signal was obtained when CCu2+ was 0.3 mM, 
which was chosen as the optimum CCu2+. AA was used to 
reduce copper ions and its concentration (CAA) was another 
important parameter. It is observed from Figure 4d that 
the response intensity increased when CAA increased from 
0.1 to 2 mM but decreased with the further increase of 
CAA. The possible reason is that 2 mM AA was enough 
to reduce all the Cu2+ in this detection system. Therefore, 
2 mM was selected as the optimized CAA in the detection 
system.

Figure 3. (A) The fluorescence excitation (a), emission (b) and UV-Vis absorption (c) spectra of CuNCs using DNA10 as the template DNA. (B) Temporal 
change in fluorescence intensity at 580 nm with Cu2+ and without Cu2+; TEM images of the freshly prepared CuNCs (C) and the CuNCs stored at 4 ºC 
for 7 days (D).
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Analytical performance of the fluorescence sensor for 
BRCA1 assay

Under the optimized conditions, a series of BRCA1 
gene with different concentrations were detected by the 
developed fluorescence sensor as shown in the fluorescent 
spectra in Figure 5a. It is noted that when the concentration 
of BRCA1 increased from 0 to 9000 nM, the fluorescence 
intensity of the detection system decreased gradually. 
Figure 5b showed that the linear range for BRCA1 
gene assay was 2-600 nM and the linear equation was 
fluorescence intensity  = -0.43  ×  CBRCA1  +  1289 (square 
of the correlation coefficient (R2) = 0.9926). The LOD 
is the minimum detectable concentration, which can 
be significantly distinguished from the background 
fluorescence of probe CuNCs.39 In this work, the lowest 
detectable concentration of BRCA1 gene was 2 nM, which 
was the LOD of our method. The assay performance of 
the developed fluorescent sensor was compared with other 
sensors reported for BRCA1 gene assay. Table 1 briefly 
presents the assay performance of the previously reported 
biosensors for BRCA1 gene detection. It is noted that the 
sensor based on CuNCs developed in this work exhibited 
a lower LOD in comparison with most of the sensors 

based on other nanomaterials. The LOD obtained by the 
sensors based on metal nanoclusters prepared by Li et al.40 
was much lower than that of the CuNCs-based sensor 
developed in this work. The possible reason is that they 
used enzyme for the signal amplification to achieve higher 
sensitivity. The fluorescent sensor developed in this work 
exhibited a wide dynamic range, which was comparable 
to the performances obtained by other reported sensors. 
More importantly, the sensing material used in this work 
was CuNCs, which could be simply synthesized without 
the need to incorporate additional labels (for amplification 
step).

Selectivity investigation

Selectivity is one of the important criteria to judge 
the performance of the sensor, which means being able to 
distinguish the analyte from other interferent species in 
the sample. Several DNA strands with mismatched bases 
were used as interferents for the selectivity experiment. The 
results are shown in Figure 6. It is noted that the fluorescent 
intensity for T-DNA (2000 nM) was about 73.8, 62.0, 59.8, 
and 55.9% of those for Sm-DNA, Twm-DNA, Thm-DNA 
and N-DNA, respectively. The change of the fluorescence 

Figure 4. (a) The fluorescence spectra of the system without BRCA1 and with BRCA1; inset: the photographs of the reaction system in the presence (left) 
and absence (right) of BRCA1 gene under the UV lamp (365 nm); the effect of CdsDNA (b), CCu

2+ (c) and CAA (d) on the fluorescence intensity.
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intensities decreased as the number of mismatched bases 
rose. The sensing method had significant selectivity to 
distinguish the full-matched and mismatched. Moreover, 
the selectivity of the CuNCs-based sensor developed in 
this work was comparable with that of other sensors based 
on different nanomaterials.39,41,43,49 In view of these results, 
the proposed fluorescent method exhibited a satisfactory 
selectivity for BRCA1 gene assay.

Spike recovery

Another important performance requirement of the 
sensor is spike recovery. The BRCA1 gene is easily 
encountered in human serum.50 For the general population 
at risk of breast cancer, serum is a preferable choice of 

Table 1. Comparison of the assay performance of different sensors for DNA detection

Sensing element Technique Target Linear range / nM LOD / nM Reference

Molecular beacon fluorescence DNA 200-5000 70 17

AgNCs fluorescence BRCA1 1-1000 1 39

CuNCs

fluorescence DNA

0.0005-0.1 0.00054

40AuNCs 0-1 0.16241

AgNCs 0-2  0.07824

AuNPs and carbon dots fluorescence BRCA1 4-120 2.1 41

AgNCs luminescence mutant DNA - 53 42

AgNCs luminescence BRCA1 10-80 9 43

Cyclometallated iridium(III) complex luminescence gene 0-500 50 44

γPNA arrays fluorescence BRCA1 0-2000 5.97 45

Perylene-labeled DNA probes fluorescence BRCA1 - 100 46

Carbon nanotubes electrochemistry BRCA1 161-1937 378.5 6

Monolithic silicon fluorescence BRCA1 1-500 0.9 47

DNA electrochemistry BRCA1 0.1-10 0.05 48

CuNCs fluorescence BRCA1 2-600 2 this work

LOD: limit of detection; DNA: deoxyribonucleic acid; AgNCs: silver nanoclusters; AuNCs: gold nanoclusters; BRCA1: breast cancer susceptibility gene 1; 
AuNPs: gold nanoparticles; γPNA: gamma peptide nucleic acids; CuNCs: copper nanoclusters.

Figure 5. (a) The fluorescence spectra of the sensor for the detection of BRCA1 gene with different concentrations: 0, 2, 20, 100, 200, 400, 500, 600, 
1000, 1500, 2000, 4000, 6000, 7000, 8000, 9000 nM. (b) Plots of the fluorescence intensities as a function of concentrations of BRCA1 gene (CBRCA1). 
Inset: linear calibration plot for BRCA1 gene. Error bars were obtained from three parallel experiments.

Figure 6. Selectivity of the sensing strategy for the BRCA1 gene assay. 
Fluorescence intensities of the detection system in the presence of BRCA1 
gene, Sm-DNA, Twm-DNA, Thm-DNA and N-DNA, respectively. The 
concentration of the mismatched DNA was fixed at 2000 nM.
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body fluid for molecular detection. The reason is that serum 
is readily accessible in all individuals from a peripheral 
blood sample, and is enriched for tumor DNA in cancer 
patients.51 The concentration of the BRCA1 gene in human 
samples is at pM level.52 Therefore, the 20-fold diluted fetal 
bovine serum was used as the complex sample for recovery 
experiments. A known concentration of BRCA1 gene was 
added to the serum sample to test whether the fluorescence 
response is the same as that expected from the calibration 
curve. The recoveries for the serum samples spiked with 
100, 300 and 600 nM BRCA1 gene were 98, 100 and 93%, 
respectively. These results indicated that the fluorescent 
sensor based on CuNCs provided a reliable and practical 
platform for the detection of BRCA1 gene in real sample.

More importantly, based on the work done by our 
group in the microfluidic colorimetric detection,53-56 the 
fluorescent red emission of CuNCs in this work could be 
recorded as measured color values in the red, green, blue 
(RGB) color system. In further work, the fluorescent sensor 
would be transferred to a microfluidic chip for point-of-
care testing, offering high sample throughput, portability, 
low-cost detection and no requirement for the fluorescence 
spectrometer.

Conclusions

In this work, a rapid, simple, selective, and cost-
effective fluorescent sensing platform has been developed 
for the sensitive detection of BRCA1 gene. The dsDNA 
with 10 poly(AT-TA) complimentary base pairs was used 
to template the formation of CuNCs with high fluorescence 
and good stability. BRCA1 gene was in close proximity 
to the DNA probe, resulting in a big steric resistance and 
decreasing the synthetic efficiency of CuNCs. As a result, 
the yield of CuNCs decreased and a weak fluorescence was 
obtained. The fluorescence signal was inversely related 
to the concentration of BRCA1 gene. The linear range 
was 2-600 nM and the LOD for BRCA1 gene assay was 
2 nM. More importantly, the developed method exhibited 
good selectivity towards single base mismatched DNA, 
indicating a promising prospect for the genetic mutation 
detection. In addition, the assay method showed satisfactory 
recoveries to detect BRCA1 gene in the diluted serum. 
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