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Restriction endonuclease enzymes hydrolyze the phos-

phodiester bond of double-stranded DNA at a specific

recognition sequence. They have been utilized for

molecular cloning, clinical diagnosis, antimicrobial and

antiviral drugs, and pharmacological drug studies [1−4]. 

Traditional assays, such as radioactive and antigenic

labeling [5, 6], gel electrophoresis [7], and colorimetric

methods [8] have been established to detect restriction

endonuclease activities. However, these methods have

some intrinsic drawbacks, such as being time-consum-

ing, insensitive, laborious, discontinuous, and requiring

isotope labeling [9]. Fluorescence-based methods involv-

ing fluorescence resonance energy transfer-based assays

[10−12] and signal amplification-based fluorescence

methods [13−18] have been developed for detection of

endonuclease activity [19]. These fluorescence methods

generally required labeling DNA with fluorescence dyes

and the labeled fluorophores influenced the binding

affinity and specificity of the probe affecting the outcome

[20]. It is essential to develop fluorescence methods not

involving the labeling probes and reducing high expense

for endonuclease assays.

Recently, DNA-templated copper nanoclusters (DNA-

CuNCs) show the large Stokes shift, which is a favorable

for the elimination background signals interference in

complex biological systems [21].
 

Furthermore, DNA-

CuNCs display high fluorescence intensities at low reac-

tant concentrations and can be rapidly synthesized

(<10 min) under ambient conditions [21, 22]. Recent

reports have showed that AluI-sensitive sites in

nonmalignant cells were relatively more exposed by

chromatin reorganization than those in malignant cell

[23]. Therefore, AluI endonuclease was useful for clinical

diagnosis to distinguish normal cells from malignant

human breast cells [24].

 This study measured AluI endonuclease activity and

its inhibition in the presence of daidzein using hairpin

DNA-CuNCs. The oligomer used in this study is 5'-

ATATATAGCTATATAGGGGGGGGGGGCTATATA

GCTATATAT-3'. The detection strategy for AluI endo-

nuclease activity was described in Scheme 1. The oligo-

mer contained an AluI recognition sequence (5'-AGCT-

3') and two signal sequences (5'-ATATATA-3',5'-TATATA-

3) in its stem region. Therefore, the hairpin DNA acted
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as a substrate of AluI endonuclease and the specific tem-

plate for Cu nanoclusters formation. As shown in

Scheme 1, AluI endonuclease hydrolyzed a phosphodi-

ester bond of dsDNA in its recognition sequence (middle).

Since AluI digestion produced shorter hairpin DNA and

8 bp dsDNA, this short dsDNA would be dissociated into

ssDNA at 37� (T
m

 value was 4.8�, calculated by Oligo-

Analyzer, integrated DNA Technologies, USA). In con-

trast, short hairpin DNA contained 5'-ATATAT-3' in its

stem region, but sequence-dependent fluorescence

enhancement was not detected. In the absence of the

AluI endonuclease (top), hairpin DNA was not digested.

However, hairpin DNA was not digested in the pres-

ence of the AluI and daidzein (bottom). After DNA-

CuNCs were synthesized by adding Cu
2+

 and ascorbate,

fluorescence intensity was measured using Gemini XPS

Microplate Reader (Molecular Devices, USA) at an emis-

sion wavelength of 610 nm and at an excitation wave-

length of 340 nm. 

In order to verify the strategy formulated for AluI

detection, fluorescence emission spectra were obtained

under different conditions (Fig. 1). Fluorescence spectra

were recorded from 540 to 660 nm in the presence (b) or

absence (a) of AluI endonuclease. At 50 U/mL AluI endo-

nuclease, the fluorescence intensity decreased dramati-

cally to 41% of that in the absence of the AluI

endonuclease. Therefore, treatment with AluI endonu-

clease led to a significantly decrease in fluorescence

intensity from 215 to 89 at low concentration of hairpin

DNA (0.5 µM). It was confirmed that the assay described

in this study using hairpin DNA-CuNCs was sensitive

for the detection of restriction endonuclease activity. A

recent study [21] reported that the fluorescence inten-

sity decreases to 28% of that in the absence of endonu-

clease at 100 U/mL of EcoRI endonuclease (1.0 µM

dsDNA). The detection assay for endonuclease activity

described in this study was highly sensitive at low DNA

concentration.

The plot of F/Fo against AluI concentrations is shown

in Fig. 2. Fo and F represent the fluorescence intensities

in the absence (Fo) or presence (F) of AluI endonuclease,

respectively. Results showed that the fluorescence inten-

sities decreased rapidly at low concentrations of AluI

endonuclease ranging from 0.2 U/mL to 5 U/mL. In

contrast, fluorescence emission of hairpin DNA-CuNCs

decreased slowly as the AluI endonuclease increased

from 10 U/mL to 50 U/mL. 

According to recent clinical research [24], AluI endo-

nucleases are employed with high sensitivity to diagnose

normal and malignant human breast cells according to

the resistance of AluI endonuclease digestion. 

Scheme 1. Schematic diagram of the AluI endonuclease assay. Reactions were conducted with hairpin DNA either in the absence
(top) or presence (middle) of AluI endonuclease. In the bottom, restriction digestion was conducted with hairpin DNA in the pres-
ence of AluI and daidzein (D).

Fig. 1. Fluorescence spectra of DNA-CuNCs were monitored

from 520 to 660 nm either in the presence (b) or absence (a)

of 20 U/mL AluI endonuclease.
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To study the inhibition of AluI endonuclease activity,

endonuclease activity was measured at various concen-

trations of daidzein. The inhibition reaction was con-

ducted using AluI endonuclease (50 U/mL) and duplex

DNA (0.5 μM) in the presence of inhibitor. Daidzein was

added to the reaction mixture before performing enzy-

matic digestion, and the reaction mixture was incubated

at 37� for 1 h. The extent of AluI inhibition by daidzein,

(1 − (F
o
− F)/(F

o
− F

1
))

 
was measured in the presence of

different concentrations of daidzein. F
o
 and F

1 
represent

fluorescence intensities without daidzein either in the

absence or presence of AluI respectively (shown in Fig.

3). F represents fluorescence intensity at different con-

centration of daidzein at 50 U/mL of AluI. In the present

study, (1 − (F
o
− F)/(F

o
− F

1
))

 
was found to be 0.3, 0.51,

and 0.82 in the presence of 5, 10, 50 µM of daidzein,

respectively. This indicated that AluI activity was

inhibited sensitively by increasing daidzein concentrations

in this study. A recent study [21] reported that the IC
50

value of 5-fluorouracil for inhibiting EcoRI endonuclease

activity is approximately 64.06 µM by using DNA-

AgNCs.

Conclusion

In this study, hairpin DNA-CuNCs were used to detect

AluI endonuclease activity and its inhibition. Treatment

with AluI endonuclease led to a significant decrease in

fluorescence intensity at low concentrations of hairpin

DNA. Our detection system is useful and highly sensi-

tive for the detection of restriction endonuclease activity.

In addition, treatment with 10 μM of daidzein inhibited

AluI endonuclease activity to 51% under optimal condi-

tions. 
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