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Abstract— Lead in the environment causes people to have 

unusually high blood lead levels leading to lead poisoning. 

Therefore, it is important to detect low levels of lead in the 

environment to prevent lead poisoning in humans. Therefore, 

it is important to detect low levels of lead in the environment 

to prevent lead poisoning in humans. In this paper, 

experimental studies have been performed to detect lead at 

the micromolar and nanomolar concentration range.  The 

detection of lead ions at this low level is achieved using a 

DNA aptamer and quantum dots optically. Pb2+ ions can be 

detected using a DNA aptamer known as thrombin binding 

aptamer (TBA), which folds into a G-quadruplex structure 

when lead is present in the fluids. The conjugation of a 

quantum dot (QD) and a gold nanoparticle (AuNP) to the 

TBA allows for optical detection via Fluorescence Resonant 

Energy Transfer (FRET). In this aptamer probe discussed 

herein, the excited quantum dot fluoresces with the DNA. 

Once the Pb2+ ion interacts with TBA, folding of the DNA 

occurs causing the fluorescence to reduce through energy 

transfer to the quencher gold nanoparticle.   The quenching 

efficiency observed with the filter paper probe of the 

handheld device at 10 nM Pb2+ ions is as high as 60%.     
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I. INTRODUCTION 

Recent research in quantum dot based aptamers (QDs) has 

made huge progress in the areas of including chemistry, 

medical and biological applications. Over the last few 

decades, semiconductor nanomaterials such as quantum dots, 

nanowires, or nanobelts have attracted tremendous attention 

due to their unique properties of electronic and optical as 

compared to their bulk properties [1-5]. One particular 

exciting achievement in direct band gap semiconductor 

quantum dots and nanowires is the tunable emission based on 

quantum confinement over wide range of wavelengths. 

Recently, QDs are semiconductor nanocrystals having unique 

electronics and optical properties depending on their size due 

to quantum confinement. Depending on the size, these 

semiconductor nanocrystals can have wide range of emission 

properties at different wavelengths. Due to these unique 

properties, QDs have gained significant importance in its 

application in the field of aptamer research as the fluorescent 

labels for biological imaging and detection [6, 7]. QD’s are 

preferred more for biosensing applications due to its photo-

stability and brightness as compared to that of standard 

fluorescent dyes [8]. Aptamers are basically single-stranded 

DNA nucleic acids when conjugated with molecular 

recognition element and quencher that fold into a well-

defined three-dimensional structure in close proximity with a 

target. These aptamer can be used to detect wide range of 

targets and is highly used in the detection of cancer cells, 

tuberculosis, cytokines, nucleotides and biomedical imaging 

applications [9-11]. One more application of aptamer is also 

in the field of environmental detection of contamination. 

Heavy metal ions at the nanomolar concentration range like 

lead II ions at the nanomolar range can be detected using a 

single stranded DNA aptamer called thrombin binding 

aptamer (TBA). 

The single stranded DNA sequence known as the 

thrombin binding aptamer (TBA) is conjugated to a 

semiconductor QD and a AuNP to form the lead sensor. Gold 

nanoparticles (AuNPs) are used as quenchers because their 

ability to quench fluorescence has been proved to be better 

than that of traditional organic quenchers by Dubertret et al. 

[12]. 

In this paper, we will discuss the application of TBA 

in conjugation with quantum dot and gold nanoparticle 

(AuNP) as quencher as an optical biosensor to detect heavy 

metal ions such as lead II ions in fluids like drinking water. 

The aptamer and metal ions in close proximity will cause a 

conformational change which brings the QDs close to AuNP 

which quenches the fluorescence of QDs via FRET. This 

phenomenon of FRET allows the optical detection of lead 

ions due to with the reduced level of fluorescence in the 

folded conformation of TBA-QD-AuNP [13, 14]. optical 

detection is possible due to reduction level of the 

luminescence level intensity  of the excited QDs caused by 

the quenching ability of AuNPs through the phenomenon 

FRET or nanometal surface energy transfer (NSET) due to 

the folding of TBA aptamer when the aptamer bases interacts 

with lead ions [15,16]. 

Functionalized CdSe/ZnS QDs are conjugated to the 

AuNP-TBA gives a high fluorescence peak emission at a 

particular wavelength. The TBA aptamer (5’-GGT TGG TGT 

GGT TGG-3’) is a single stranded DNA sequence consisting 

of guanosine (G) units, which interact specifically with Pb2+ 

ions to form a G-quadruplex leading to a conformational 

change [12]. Quenching of fluorescence occurs between the 

QD and AuNP when in close proximity to each other through 

an energy transfer process known as surface energy transfer 

(SET) due to the conformational change as shown in Fig. 1. 

any unbound TBA-AuNP complexes [19]. 

 
Fig. 1: Schematic of the probe with AuNP-TBA conjugated 

to QD for Pb2+ ions detection via SET. The fluorescence is 

quenched after interacting with Pb2+ ions. 
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II. EXPERIMENT 

The TBA (5’-/AmMC12/GGT TGT TGG 

TGG/ThreeThioMCThree-D/-Three’) is derived from DNA 

Integrated Technologies Inc. QDs eFluor® 650 Nanocrystals 

(NC) are obtained from eBioscience, Inc. and the gold 

nanopartices with maleimide group particles of 1.4 

nanometer diameter were ordered from the Nanoprobes, Inc. 

The QDs that are taken from eBioscience have polymer 

coated shells of Cdse and ZnS with an emissive wavelength 

of 650 (~ 3 nm buffer). The Immobilon®-FL filter is taken 

from the Corporation of Millipore. Centrifugal devices that 

are used in 100k and 3k molecular weight cut offs are taken 

from Pall life sciences. And the Lead (II) chloride salt is from 

the Signma Aldrich Corporation.  

The DNA is protected from degradation by using 

Tris ethylenediamine tetraethyl acetate (EDTA) buffer EDTA 

which nucleases by chelating divalent cations, that are 

required for effective nucleases function [20]. Nano-particles 

(Gold) and TBA were incubated at 7/1 ratio. In order to make 

sure, that the TBA that is attached with QD has a gold 

conjugated over its opposite end, excess gold has been used. 

This will help to make sure, that the QD photoluminescence 

doesn’t continue at the same intensity while lead (II) ions are 

interacting with the TBA.  

Two concentrations 10:1 and 5:1 ratios of TBA-

AuNP structures to QDs were tested for the QD conjugation. 

They react with the amine-functionalized end of the TBA for 

two hours after they got activate at the room temperature. 

Later, the solution was actually been filtered with a molecular 

weight cut off filters in centrifugal device for about 10 

minutes to remove any unbound TBA-AuNP complexes [19]. 

The photoluminescence (PL) was measured using a 

spectrometer with a 380 nm LED for excitation. The probe 

was tested in triplicate at different concentrations of Pb2+ 

ions; from 50 nM to 1 μM for both DNA to QD ratios. The 

PL intensity at 650 nm was recorded for the probe and the 

probe plus lead at the range of lead concentrations. The 

average of three measurements was taken to gauge the 

uniformity of the probe.  

Probe is applied to a filter paper coupon in order to 

detect the lead ions, which could potentially be used in a 

handheld device. The Immobilon®-FL filter paper is meant 

for use in fluorescence measurements, as it has low auto-

fluorescence. The coupon is made by adhering filter paper to 

a plastic coverslip for rigidity. Two µl of the probe assay are 

then pipetted onto the filter paper and allowed to dry. 0.5 

moles of probe is present in each dot. The peak fluorescence 

intensity of the dot is measured. After the control intensity is 

recorded a lead solution is applied to the dot via pipette and 

the intensity is measured again. The lead solution 

concentrations were determined to provide equivalent 

exposures as the liquid assays. Measurements were taken in 

duplicate for the filter paper testing. 

III. RESULTS AND DISCUSSION 

Filter paper coupon was used to test the probe at various lead 

concentrations for different rations of DNA to QD for the 

optimization of the probe. The following formula η = (I-I0)/I0 

is used to calculate the Quenching efficiency (η%), where I0 

is the intensity of probe and I is the intensity of the probe 

exposed to Pb2+ ions. The quenching efficiency was 

calculated for three sets of readings and the average was 

taken.  

The probe was tested at this particular concentration 

range because the OSHA and WHO safety levels for lead 

intake are 30 μg/dL (1.45 μM) and 40 μg/dL (1.93 μM), 

respectively [17]. Blood lead levels above these thresholds 

are cause for concern. And so, a significant quenching 

efficiency would be required for this range. 

The probe is also applied to flouresence 

Immobilon®-FL filter paper coupons. Only 0.5 pmoles of 

probe was tested, but at an equivalent concentration range of 

lead was also tested. The quenching efficiency was -60% with 

almost no difference between the two measurements even at 

10 nM Pb2+ ion concentration for both 10:1 and 5:1 DNA to 

QDs ratio as shown in Fig. 3. 

 
Fig. 3: Quenching efficiency at different Pb concentrations 

on filter paper for different DNA to QD ratios. 

In addition, change in the PL was measured for 

different concentrations of Pb2+ ions with only the QDs to 

investigate any effect of Pb2+ ions may have on the 

fluorescence of the QDs. This is shown in Fig. 4. It has been 

shown that some heavy metals can eliminate QD fluorescence 

starting from a particular concentration of metal ion [18]. 

 
Fig. 4: Change in photoluminescence (PL) intensity of 10 

nM QD650 at different Pb concentrations from 0 to 900 

Micromolar. 

QDs alone when exposed to Pb2+ ions had 

significantly decreased fluorescence (-45%) at approximately 

6 μM, which is approximately five times the safety level of 

lead. The aptamer-based probe, however, detected lead at the 

appropriate concentration range. This demonstrates that the 

probe performance for detecting Pb2+ ions at 1 micromolar 

was not due to the interaction of Pb2+ ions with the QDs. 

Significant decreases at 1 micromolar lead are a result of the 

energy transfer process of the probe. 
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IV. CONCLUSION 

To summarize, detection of lead ions at OSHA and WHO 

safety levels was achieved using quantum dot based aptamer 

with AuNP as a quencher. TBA-QD-AuNP probe assay 

applied to filter paper-coverslip coupon which showed upto 

60% quenching of fluorescence intensity even with 10 nM of 

Pb concentration. The experiments were done on filter paper 

coupon to insert it in a portable handheld spectrometer device 

to detect lead in drinking water. There was a significant 

reduction in fluorescence intensity at 6 micromolar when 

QDs only without the aptamer were exposed to Pb2+ ions 

while the aptamer-based probe was sensitive even to detect 

lead at nanomolar range as well. 
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