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Introduction

Detection and removal of heavy metal ions, such as Pb2+, 
Cd2+, Cu2+ and Hg2+ has considerable attention, owing to 
their potential imposable in environmental and biological 
fields. Pb2+ is one of the most toxic heavy metals [1–7]. 
Even at very low concentration, it can affect human health 
and cause serious damage to the brain, nervous system, 
hypertension, mental retardation, reproductive system, ane-
mia, as well as red blood cell and kidney damage [8–10]. 
Lead is not biodegradable and therefore remains are the eco-
logical system and in the food chain indefinitely, exposing 
top levels predators to very high levels of pollution. For this 
reasons, safe limits or maximum contaminant level had been 
defined for drinking water by different organization from all 
over the world. The United States Environmental Protection 
Agency (EPA) has suggested that 15 ppb (0.07 µM) of lead 
is the permissible limit of drinking water, which US legisla-
tion requires (0.01 mg/L) and Bureau of Indian Standards 
(BIS) is 0.1 mg/L [11–14]. Therefore the development of a 
selective and sensitive methods for the detection of heavy 
metals ions is a considerable challenging.

As is well known, standard techniques for Pb2+ ions 
analysis requires sophisticated analytical technique such as, 
atomic adsorption spectroscopy (AAS), cold vapor atomic 
fluorescent spectroscopy, inductively coupled plasma, mass 
spectrometry and reversed –phase high performance liquid 
chromatography [15–21].These methods require expensive 
equipment, involve time consuming and laborious procedure 
that can be carried out only by trained professionals. In the 
past few years, analytical techniques based on fluorescence 
detection are very popular because fluorescent probes have 
received increasing attention due to its simplicity, sensitiv-
ity and efficiency. Recently amplification based label free 
methods had been reported for highly sensitive detection of 
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Pb2+, Hg2+  and Ag+ ions such as dynamic light scattering, 
rolling circle amplification and exonuclease aided recycling 
amplification of the biosensors are depend on the ssDNA 
and dsDNA [22–24]. The labeled DNAzyme based biosen-
sor such as fluorescence [25, 26], electrochemical [27–29] 
and surface enhanced scattering sensor [30] are much simple 
and faster though it suffers from inadequate sensitive and 
selectivity. However amplification based label free DNA-
zyme biosensor technique is highly sensitive and selective 
for the detection of nanomole (nM) and picomole (pM) level 
Pb2+ with organic intercalating dye and gold nanoparticles 
[31–37].

In this work designed, by a highly selective fluorescent 
method of DNAzyme based amplified biosensor has been 
developed for detection of Pb2+ ions. A label free SG dye is 
able to intercalate with dsDNA and shows appreciable fluo-
rescence intensity. In the presence of Pb2+, the fluorescence 
intensity increases, when the free oligonucleotide fragment 
is hybridize with complementary strand on the surface of 
MBs. This amplified fluorescent biosensor is rapid, simple 
and inexpensive than other sensors and monitoring Pb2+ for 
environmental samples.

Experimental

Chemicals and Equipments

The substrate sequence 5’-ATC AGA TGA GAG AGA GA 
rA TCA​CAT​G-3′, GR - 5 DNAzyme 5’- TAG TCT ACT 
CT CT GAA GTA GCG CCG CCG TA GTG TAC -3′ and 
newly designed complementary strand 5′-Biotin - TC TCT 
CTC TCA TCT GAT − 3′ were purchased from Protogen 
Biosciences Pvt Ltd. (Bangalore, India). The streptavadin 
(SA), carboxylated magnetic beads (MBs) and 10-fold con-
centrated organic fluorescent dye (SYBER Green I) was 
obtained from Invitrogen (Thermo Fisher Scientific, India). 
Lead nitrate, mercury(II) nitrate, calcium chloride, nickel(II) 
chloride, cobalt(II) chloride hexahydrate, copper(II) chlo-
ride dehydrate, cadmium (II) chloride hydrate, iron(II) 
chloride hexahydrate, magnesium chloride, manganese 
(II) chloride tetra hydrate, 1-Ethyl-3-(3-dimethylamino-
propyl)carbodiimide(EDC) N-Hydroxysulfosuccinimide 
(sulfo-NHS) and HEPES (N-2-hydroxyethylpiperazine-N’-
2-ethanesulfonic acid) were of analytical grade bought from 
Sigma–Aldrich. The buffer prepared from 10 mM HEPES, 
10 mM NaCl and 2.5 mM MgCl2 (pH = 7.4). Other stand-
ard chemicals were obtained from Sisco Research Labora-
tories Pvt, Ltd (India). The DNAzyme stock solution pre-
pared by Milli-Q ultrapure water, which was used during 
the experiments.

All fluorescence spectra were recorded on a HORIBA 
JOBIN YVON Fluoromax-4 Spectro fluorometer equipped 

with Xenon lamp excitation sources. The excitation wave-
length was set at 490 nm. The emission wavelength ranged 
from 490 to 530 nm, with excitation and emission slit is 
10 nm. The Circular dichroism (CD) Spectra studies were 
carried out on a JASCO J-815 spectrometer (JASCO Inter-
national Co. Ltd., Japan). All spectroscopic measurements 
were performed in triplicate.

Preparation of Complementary Strand DNA Coated 
MBs (DNA‑MBs)

Preparation of SA coated magnetic beads (SA-MBs) accord-
ing to the previous report [38]. One micrometer of Biotin 
modifies complementary strand and 1 µM of SA-MBs was 
reacted 30 min at room temperature. After magnetically 
washing three times in Tris - BSA buffer and stored at 4 °C.

Preparation of DNAzyme

To prepare the GR-5 DNAzyme, substrate DNA and GR-5 
DNAzyme were mixed in a ratio of 5 µL(10 µM) and 10 
µL (2 µM) in a 100 µL volume containing 10 mM HEPES 
(pH = 7.4). The mixture was incubated for 40 min, and the 
stock solution of GR-5 DNAzyme stored at 4 °C.

Fluorescence Detection of Pb2+

The sensing performance of fluorescence detection of Pb2+ 
ions were carried out with 10 mM HEPES (pH = 7.4) buffer 
solution. To the 25 µL of GR-5 DNAzyme stock solution, 
the Pb2+ solution at various concentrations were added and 
then subsequently incubated at 37 °C for 40 min. Further, 
50 µL of 20 nM (2.0 × 10− 8 M) complementary strand on the 
surface of MBs were then added and gently shaken 30 min 
at room temperature. After magnetic separation, 6 µL of 
5 µM SYBER Green I stock solution were directly added. 
The reaction mixture was then diluted with buffer solution 
and fluorescence spectra were recorded. All measurements 
were performed in triplicate.

Sample Analysis

To evaluate the real application of highly sensitive biosen-
sor for detection of Pb2+ is environmental water samples. 
The samples were collected from Potheri pond (near SRM 
University campus). The collected samples were simply fil-
tered to remove the insoluble substances. The water samples 
spiked with Pb2+ stock solutions at various concentrations. 
All the measurements was performed in triplicate. The fluo-
rescence spectra with excitation wavelength at 490 nm indi-
cate the presence of Pb2+.
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Results and Discussion

Sensing Mechanism

The detecting mechanism of the proposed biosensor was 
illustrated in Scheme 1. Here we developed a sensitive 
and selective label free fluorescent sensor for detection of 
Pb2+ions. The sensing mechanism was introduced by GR-5 
DNAzyme were developed for catalytic DNA based bio-
sensor for its high selective towards Pb2+. The formation 
of DNAzyme by intermolecular hybridization of substrate 
and enzyme strand subsequently forms a hairpin structure. 
According to the base pairing rule (A with T & C with 
G), further biotin modified complementary strand were 
designed. In the absence of Pb2+, the hybridization between 
the enzyme strand and substrate strand retains the with 
hairpin structure. However, upon the addition of Pb2+ions, 
the DNAzyme was cleaved the rA site into two fragments, 
which emerged from the cage. The cleaved substrate strand 
at the 5′- end of fragment is ready to bind with the modified 
new complementary strand on the surface of MBs to form 
dsDNA duplex. After magnetic separation, SYBER Green 
I was added to intercalate to the dsDNA, resulting in strong 
fluorescence intensities. In addition, some free fragment can 
undergo many cycles to trigger the cleavage of many hair-
pin substrate strands and the formation new duplex, conse-
quently providing a significant fluorescent signal. In absence 

of Pb2+, hybridization between the enzyme and substrate 
strand is stable hairpin structure, but no cleavage effect, and 
the fragment is not released dsDNA on the surface of MBs 
after magnetic separation. While SG is not intercalate with 
ssDNA and showing very weak fluorescent intensity com-
pared to dsDNA. These sensing mechanisms were performed 
and explained by the Fig. 1, The curve (a) is the free SG and 
curve (b) is the GR-5 DNAzyme with addition of Pb2+, but 
curve (a & b) is absence of fluorescence signal. In compari-
son to curve (c), upon the addition of DNA-MBs and SG 
the fluorescence intensity increases than the curve (a & b). 
Notably, this strategy is highly sensitive and selective for a 
signal amplified biosensor toward Pb2+.

CD Spectroscopic Analysis of DNAzyme

To demonstrate the mechanism of this sensing system to 
monitor the conformational change of GR-5 DNAzyme is 
using CD measurements and presented Fig. 2. The CD spec-
tra of the substrate strand (Curve a) shows a positive peak at 
278 nm and negative peak at 245 nm, which is the character-
istic peak of single strand DNA. The mixing of substrate and 
enzyme strand was formed duplex DNA with the positive 
peak at 278 nm and negative peak 245 nm in CD spectrum 
(Curve b), but the peak intensity is dramatically increased 
compared to single strand DNA. The CD spectra of after 
addition of Pb2+ in DNAzyme (Curve c) is explained that 

Scheme 1   Schematic illustration of the label free DNAzyme biosensor for the detection of Pb2+ ions
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reduce the intensity of positive peak at 278 nm and negative 
peak 245 nm is almost same characteristic peak in substrate 
strand. This change indicates that cleavage of DNAzyme 
and become a single strand DNA by the addition of Pb2+.

Optimization

In order to improve the sensing performance for the detec-
tion of Pb2+, the required optimization conditions are 

complementary strand DNA concentration, SG volume, 
reaction time, which play a critical role in interaction of 
organic dye and label free DNAzyme. Figure 3 shows the 
effect of various concentration of complementary strand 
DNA hybridize with free substrate strand and fluorescence 
intensity can be optimized before performing detection 
of Pb2+ ions. The fluorescence intensity decreased with 
increasing concentration of complementary strand DNA. 
When the concentration of complementary strand is reached 

Fig. 1   Fluorescence emission 
spectra this sensing system 
a Free SG b GR- 5 DNA-
zyme + Pb2+ c GR-5 DNA-
zyme + Pb2 ++complementary 
strand of DNA MBs + SG λ ex= 
490 nm and λ em= 530 nm

Fig. 2   CD spectra of this sens-
ing system (a) Substrate strand 
(10 µM) (b) Substrate strand 
(10 µM) + GR-5 DNAzyme 
(10 µM) (c) GR-5 DNAzyme 
(10 µM) + Pb2+ (5 µM)
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up to 20 nM after increase the concentration fluorescence 
intensity is constant. We suggest that optimal concentra-
tion of complementary strand was selected as the 20 nM 
in the further study. The amount of SG was optimized by 
different volume is added into the after magnetic separation. 
Figure 4 given the effect of increase the volume of SG solu-
tion from 0 to 11 µL, fluorescence intensity increases with 
increasing volume of SG solution. The maximum intensity 
of fluorescence reaches at 6 µL and fluorescence intensity 

remains constant further addition of SG solution. Moreover, 
to study the influence reaction time for dsDNA formation. 
We studied the fluorescence intensity from 0 to 40 min for 
detection of 200 nM of Pb2+ ions as shown in Fig. 5. The 
results showed that the fluorescence intensity increased with 
gradually increasing reaction time, up to 20 min and then 
reaches a constant value over 20 min. On the basis of this 
result, the optimized conditions are fixed as 20 nM of com-
plementary strand, volume of SG is 6 µL and 20 min were 

Fig. 3   The Optimization of 
label free DNAzyme biosensor 
for the detection of Pb2+ions 
in different concentrations of 
complementary strand. The 
concentrations of substrate and 
enzyme strand 100 and 200 nM. 
Error bars represent the stand-
ard deviation in three individual 
experiments

Fig. 4   The Optimization of 
label free DNAzyme biosen-
sor for the detection of 100 µM 
Pb2+ions in different volume of 
SG solution. The concentrations 
of substrate and enzyme strand 
100 and 200 nM. Error bars 
represent the standard deviation 
in three individual experiments
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chosen reaction time for dsDNA formation for further Pb2+ 
sensing experiments.

The Detection Performance of Pb2+

Under the optimal conditions, the relationship between 
the Pb2+ ion concentrations and fluorescence enhance-
ment were performed. Figure 6a displays the fluorescence 
spectra response to a series of concentrations of Pb2+ ions. 
The fluorescence intensity dramatically increased with 

the concentration of Pb2+ ions, ranging from 0 to 500 nM, 
significantly more and more substrate strand cleaved and 
folding to the complementary strand on the surface of MBs 
to the formation of dsDNA with intercalated SG dye with 
increasing Pb2+ ion concentration. Figure 6b shows the rela-
tionship between fluorescence intensity and concentrations 
of Pb2+ ions. As shown in the inset of Fig. 6b, the proposed 
methodology exhibited a good linear response of fluores-
cence intensity versus the concentration of Pb2+ over the 
range from 0 to 50 nM. The detection limit of this sensor 

Fig. 5   The Optimization of 
label free DNAzyme biosen-
sor for the detection of 100 µM 
Pb2+ions in reaction tempera-
ture of after magnetic separa-
tion. The concentrations of 
substrate and enzyme strand 
100 and 200 nM. Error bars 
represent the standard deviation 
in three individual experiments

Fig. 6   a The fluorescence emission spectra of this sensing system 
upon the addition of different concentrations Pb2+ ions (0 to 500 nM) 
and then mixed SG. b The fluorescence intensity increases at various 

concentrations of Pb2+. Insert shows that linear relationship between 
the concentration and fluorescence intensity. Error bars represent the 
standard deviation in three individual experiments
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is 5 nM using three sigma method, which is comparable to 
other biosensors, where preferential fluorescence an listed in 
Table 1. The results indicate that the proposed Pb2+ sensor 
is sufficient for Pb2+ in the environment.

Selectivity of Pb2+sensor

The proposed sensing systems are the selectivity perfor-
mances were carried out by fluorescence spectra responses 
of DNAzyme to various cationic species. In the absence of 
metal ions a weak fluorescence was observed at 530 nm. 
The divalent metals such as Ca2+, Fe2+, Cr2+, Mn2+, Zn2+, 
Co2+, Mg2+, Ba2+, Sn2+, Ni2+ and Ag+ is compared to Pb2+ 
were carried out fluorescence responses under the optimized 
conditions. However, the presence of Pb2+ ions can induce 
a fluorescence emission at 530 nm and color change from 
yellow to green. As shown in Fig. 7a, b, the result dem-
onstrated that the signal intensities of other competitive 
metal ions were still much lower than Pb2+. The selectivity 
towards Pb2+sensing by DNAzyme in the presence of other 
metal ions could be attributed to several factors, such as 
large radius and the nitrogen affinity character of the Pb2+ 

ions. In fact, the experimental result observed that these ions 
shown no obviously interference for Pb2+ detection. Thus, 
DNAzyme exhibited excellent selectivity toward developed 
Pb2+bionsensor, which makes it reasonable for practical 
application.

Detection of Pb2+ in Environmental Samples

In order to evaluate the proposed new method for the practi-
cal application, the new biosensor system was used to ana-
lyze Pb2+ in tap water and pond water samples. Through this 
detection strategy, limit of detection 5 nM for Pb2+ analysis 
is achieved. The lead stock solution at different concentra-
tions such as 5, 10 and 20 nM was spiked in the samples 
and were studied. The analytical results are summarized in 
Table 2. As the toxic level Pb2+ defined by the U.S Environ-
mental Protection Agency (EPA) in drinking water is below 
10 nM. This data recovery range is above 96%, which would 
meet the detection requirement. It is found that the proposed 
sensor could accurately determine the Pb2+concentraton in 
environmental samples.

Table 1   Comparison of the 
proposed method by other 
fluorescence detection methods 
for Pb2+

Pb (II) ion sensor Method Detection limit Environmental sample Reference

GR-5 DNAzyme Fluorescence 5 nM Tap and pond water This work
DNAzyme-Perylene complex Fluorescence 100 pM River water [39]
DNAzyme-AUR Fluorescence 0.4 nM Soil and salt water [40]
17E DNAzyme Fluorescence 10 nM Soil sample [34]
8–17 DNAzyme Fluorescence 20 nM - [41]
8–17 DNAzyme Fluorescence 10 nM Lake water [42]

Fig. 7   a The selectivity analysis of DNAzyme sensor for Pb2+ 
against other competing metal ions. The concentrations of Pb2+ are 
30 and 300 nM of other metal ions. b The fluorescence intensity of 

Pb2+ ions and other competing metal ions. Error bars represent the 
standard deviation in three individual experiments
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Conclusion

In summary, we have design a simple, highly sensi-
tive, selective and cost effective, a label free DNAzyme 
based biosensor for the detection of Pb2+. The organic 
dye SYBER Green I is able to intercalate with dsDNA, 
resulting excellent selectivity to Pb2+. In this amplified 
fluorescent detection method a limit of Pb2+ is achieved 
5 nM and over the other metal ions. We further analyzed 
the detection of Pb2+ ions in environmental water sample, 
and explored their potential application for determining 
the concentration. These results indicate that the fluores-
cence based biosensor could be widely used for the fast 
detection of toxic metal ions and wastewater treatment.
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