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We report a method for trace detection of bisphenol A (BPA) based on fluorescence resonance energy transfer (FRET) between
lanthanide-doped KGdF, nanoparticles (KGdF,:Tb*" NPs) as a donor, and gold nanoparticles (AuNPs) that acts as an acceptor. The
KGdF4:Tb*" NPs were modified with an aptamer recognizing BPA, and AuNPs were modified with the complementary DNA (cDNA) of
the aptamer. The donor-acceptor pair was fabricated by hybridizing the aptamers and their cDNA. Thus, fluorescence of the KGdF4:Tb**
NPs could be quenched due to good overlap between the KGdF,:Tb*" NPs fluorescence emission and the AuNPs absorption spectrum.
However, on addition of BPA, the aptamers preferentially bound to BPA, forming KGdF,:Tb*" NPs-aptamer-BPA complexs. As a result,
the FRET was disrupted, and the fluorescence was restored. The recovered fluorescence of the KGdF,Tb®>" NPs was linearly
proportional to the concentration of BPA in the range of 0.5 to 100 ng-mL"', with detection limits as low as 0.16 ng-mL™". The assay was
applied to real samples, and the results were consistent with the results obtained using high performance liquid chromatography (HPLC)
methods. We presume that this strategy can be extended to the detection of other contaminants by simply substituting the aptamer.

Introduction immunization is time-consuming (several months), and the
antibody may become susceptible to stability or modification
issues.

To overcome the above limitations, alternatives to antibody

Bisphenol A (BPA, 4,4’-isopropylidenediphenol), is an
important chemical used principally as a monomer in
manufactu.rmg a multitude of chemical products that include so based biosensors for analytical applications are an area of active

d polycarbonate . A h h ytical app
CPOXy eSS anc po ycar onate |- among other uses, t ese research. Aptamers are single-stranded nucleic acid molecules
manufactured materials are extensively used as food containers deri & . d . d
(e.g., milk, water, and infant bottles) and food can linings * that are detived ffom random, sn.lgle-stran ed nucleic aci
Heat’ and’ either’ acidic or basic conditions accelerate the sequence pools and can be selected via a process termed SELEX
h . L ) (Systematic Evolution of Ligands by Exponential Enrichment)
ydrolysis of the ester bond linking BPA monomers, leading to 1238 T lected ant bind d £ taroet
BPA release and migration into the food, which produces ”  ese seiected apiamers Gl HiE a WICH Tange of fargets,
negative effects on human health. BPA is p’ostulated to cause rangig% from small molecules ™ to proteins * as well as whole
) cells = with high affinity and specificity. Owing to their high
reproductive disorders, such as sperm count decline; birth defects & Y P Y & &

. selectivity, stability, versatile target binding, and easy
due to fetal exposure; and various types of cancers (e.g., prostate, . oo . oo
. : i ’ ) regeneration capabilities compared with antibodies, aptamers
testicular, and breast cancer) and has diverse pleiotropic actions

. . . 3 o have received considerable attention as recognition probes in
in the brain and cardiovascular system Therefore, . 2023
bioassays .

considerable attention has been devoted to the determination of FRET is widely used as a reliable analytic strategy in
BPA. biological analyses * due to its str its, such as its high
Currently, many analytical methods have been developed for rological afialyses ue 10 11 STong merlis, such as 1is g
. > . . sensitivity,  noninvasiveness, and homogeneous  assa
sensing BPA. The detection techniques most frequently used for f Y . dioacti & . Y
BPA are liquid chromatography-mass spectrometry (LC-MS) *1° es performance. FRET is a nonradioactive process, in which energy
d graphy P Y \L12 transfers from a luminescent donor to an acceptor via a dipole-
and ga.s chromatf)graphy—m'ass spectrometr'y (GC-MS) ’, ) These dipole interaction over a short distance (1-10 nm) ». The use of
strategies are highly sensitive and specific, but require time- . . . .\
appropriate donor-acceptor pairs is extremely critical for

consuming prfe-treatment steps, aI,ld the instruments required are improving the efficiency of the FRET and the resulting analytical
rather complicated and expensive and are therefore rarely
70 performance.

employed for on-site measurements. Recently, different types of Recently, the fluoride host materials with composition MGdF,

I'Jloassaysh for. Sle?;j?g (?PIA thav};e b,eelll develolps)ﬁgi, HSLlCh as (M= Li, Na, or K) are of particular interest. Due to its structural
immunochemica and electrochemical assays . However, and optical properties, the Ln** (Tb*, Eu**++ ) doped KGdF,

these immunobioassays are heavily reliant on the quality of the . . .
o . o i . nanoparticles have received more and more attention. Compared
antibodies used. The preparation of the antibodies via animal . . . 3+
s with conventional organic dyes and quantum dots, Ln”" doped

A

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1



Analytical Methods

w

©CoO~NOUTA,WNPE

=
o

=3

[
-

QUMMM DEDRADIDDEDRNWWWWWWWWWWNNDNDNNNNNNNRPERRERPERPERRERRPR
NPFPOOO~NODUIARWNPFPOOONOODURMWNRPOOONOUODWNPRPOOONOOIRA,WDN

93
S

o1 Q1 g1 U1 O]
~N~No ok w

w
a

[6209)]
© 0

KGdF, possessing superior features, including long luminescence
lifetime (microsecond-millisecond range), large Stokes shift (>50
nm), narrow emission bandwidths (<10 nm), low toxicity, and
high luminescence quantum yields and high resistance to
photobleaching. Thus, it has been suggested as a promising new
class of fluorescent probes.

Herein, we demonstrate the use of KGdF,:Tb** NPs as an
energy donor and AuNPs, with high energy absorption efficiency,
as an energy acceptor to develop a FRET system that can be
employed for quantitative detection of BPA. The strong
fluorescence of KGdF,:Tb** NPs, the high affinity and specificity
of aptamers and the unique FRET between KGdF,:Tb*" NPs and
AuNPs were utilized in quantitative analyses of BPA. Moreover,
the sensor design is general and can be applied to other aptamer-
based sensors. Our developed quenching mechanism and
obtained results should be of special interest for biosensing
applications.

Materials and methods
Reagents and apparatus

TbCl3-6H,0 and BPA were purchased from Aladdin Industrial
Inc. (Shanghai, China). KCl, NH4F, HAuCl,, trisodium citrate,
glutaraldehyde, and glycol were all of analytical grade. All of
these chemicals were purchased from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). GdCl;-6H,0,
polypropyleneimine (PEI), and avidin were purchased from
Sigma-Aldrich (U.S.A.). BPA aptamers 2 and its complementary
DNA were synthesized by the Shanghai Sangon Biological
Science & Technology Company (Shanghai, China). The DNA
sequence of  the BPA  aptamer is 5’-biotin-
CCGGTGGGTGGTCAGGTGGGATAGCGTTCCGCGTATG
GCCCAGCGCATCACGGGTTCGCACCA-3’. The cDNA
sequence is 5’-SH-ATACGCGGAACGCTA-3’, which is partly
complementary to the aptamer sequence in bold.

Transmission electron microscopy (TEM) was performed with
a JEOL model 2100HR instrument operating at a 200 kV
accelerating voltage (TEM, JEOL Ltd., Japan). X-ray diffraction
(XRD) measurements were performed using a DS8-Advance
diffractometer (Bruker AXS Ltd., Germany). UV-visible (UV-
vis) absorption spectra were measured using a UV-1800
spectrophotometer (Shimadzu Co., Japan). Fourier transform
infrared (FT-IR) spectra of the bionanoparticles were obtained
with a Nicolet Nexus 470 FT-IR spectrophotometer (Thermo
Electron Co., U.S.A.) using the KBr method. KGdF,:Tb**
fluorescence spectra were measured with a Fluormax-4
fluorescence spectrophotometer (HORIBA Co., U.S.A.).

Preparation of KGdF,:Tb*" NPs

First, 2.0 mmol KCl, 1.0 mmol GdCl;-6H,0 powder and 1 mL
(300 mg-mL™") PEI were added to 20 mL of glycol in a flask.
Next, 0.01 mmol TbCl;-6H,0 powder was added and the mixture
was stirred thoroughly, forming a homogeneous solution. Next, 8
mmol NH4F was dissolved in 20 mL of glycol, followed by
agitation under 40 °C. The freshly prepared NH4F solution
mentioned above was then added dropwise to the previously
prepared solution under vigorous stirring for 1 h. The colloidal
solution was then transferred to a 50 mL Teflon—lined autoclave,
sealed, and heated at 195 °C for 4 h. After the mixture cooled to
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room temperature, the products were deposited by adding ethanol
to the bottom of the vessel, centrifuged to obtain a powdered
sample, washed with ethanol and distilled water several times,
and then dried in an oven at 60 °C.

Preparation of AuNPs

All glassware was cleaned in aqua regia (HCI/HNO;, 3:1),
rinsed with triply distilled H,O, and then oven-dried prior to use.
The AuNPs were synthesized using a common method: reducing
developed gold ions with sodium citrate 2. In this procedure,
95.8 mL of triply distilled H,O and 4.2 mL of 1% HAuCl, were
boiled with vigorous stirring for 10 min, and 10 mL of 1%
trisodium citrate was rapidly added. The solution turned blue
within 25 s, and a final color change to red-violet occurred 1 min
later. The solution was boiled for an additional 10 min. The
heating source was then removed, and the colloid suspension was
stirred for another 15 min and then allowed to cool to room
temperature.

Attachment of aptamers to KGdF:Tb*" NPs

Amino-modified KGdF4:Tb** NPs were conjugated with avidin
using a classical glutaraldehyde method . Typically, 15 mg of
KGdF,Tb*" NPs was dispersed into 5 mL of 10 mM phosphate
buffer solution (PBS, pH 7.4) by ultrasonication for 20 min, and
then 1.25 mL of 25% glutaraldehyde was added to the mixture.
The mixture was agitated slowly on a shaking table at room
temperature for 2 h, and the KGdF,:Tb** NPs were separated by
centrifugation and washed with PBS three times. Subsequently,
the resultant KGdF,:Tb*" NPs were dispersed into 0.9 mL of 10
mM PBS by ultrasonication, followed by the addition of 1.0
mg-mL™" avidin (100 pL). The mixture was shaken slowly on a
shaking table at room temperature for 12 h. The avidin-
conjugated KGdF,:Tb®>" NPs were separated and washed with
PBS three times, discarding the supernatant each time. The
resulting avidin-activated KGdF,:Tb** NPs (1 mg-mL™") and 10
pL of 5’-biotin modified aptamers (100 uM) were conjugated
under gentle mixing for 12 h. Finally, aptamers were covalently
attached to KGdF,Tb®>" NPs through avidin-biotin specific
binding, followed by blocking the nanoparticles with a 2% bovine
serum albumin (BSA) solution.

Attachment of cDNA to AuNPs

The procedure for conjugating the AuNPs to cDNA was
adapted from a previously reported protocol %°. This protocol was
based on the Au-S interactions that occur between the gold lattice
and thiolated oligonucleotides. Briefly, 10 puL of 100 uM cDNA
was added to 1 mL of AuNPs solution. After reacting for 16 h,
the AuNPs-cDNA complexes were “aged” with salts (0.1 M
NaCl, 10 mM phosphate, pH 7.4) for 40 h. The solution was then
centrifuged at 12,000 rpm for 15 min. The supernatant was
removed, and the solid at the bottom of the tube was dispersed
into binding buffer (10 mM Tris—HCI, pH 8.0, 100 mM KCI, 1
mM MgCl,) for subsequent experiments.

Trace detection of BPA based on FRET assays and data
analyses

For trace detection of BPA, 200 pL of aptamer-functionalized

110 KGdF4:Tb*" NPs and 200 pL of cDNA functionalized AuNPs

were first incubated for 1 h at 37 °C. Next, sample solutions
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containing various concentrations of BPA were added to the
above solution, and further incubated for 45 min at room
temperature. The fluorescence signals of KGdF,:Tb*" NPs were
measured at 542 nm wavelengths by excitation at 273 nm. All

s experiments were repeated three times, and each sample solution
was measured five times. Slits for both the excitation and the
emission were set at 5 nm.

Results and discussion

Principle of the FRET aptamer sensor for BPA detection

1o Scheme 1 outlines the working principle of the aptamer

biosensor based on FRET for the trace detection of BPA. First,
biotin-modified aptamers were covalently attached to avidin-
functionalized KGdF,:Tb*>" NPs, and thiol-modified cDNA of the
aptamers was conjugated to the AuNPs through strong Au-S
formation. Then, apta111e:r-KGdF4:Tb3+ NPs were
hybridized with cDNA-AuNPs to form duplex structures. This
hybridization process brings energy donor KGdF,:Tb** NPs into
close proximity of energy acceptor AuNPs,
significant fluorescence quenching due to the energy transfer

resulting in

20 effect. In the presence of BPA, the aptamers bound to their target

with high affinity and specificity, forming stable KGdFTb**
NPs-aptamer-target complexes. This complexation leads to
changes in the formation of the aptamers and thereby induces the
dehybridization of the cDNA-AuNPs. This effect became

»s sufficiently large to prevent fluorescence quenching, and thus, the

fluorescence was recovered. In this way, the observed recovered
fluorescence intensity of KGdF,:Tb>" NPs could be used as an
indicator for BPA detection.

o KGdF,:Th3* @"\/\/W\ bio-aptamer

. AuNPs SH.cDNA K@
A
Aplamer 5 biotin-

./ avidin
GGTCAGGTGGGATAGCGTTCCGCGTATGGCCCAGCGCATCACGGGTTCGCACCA- S
DNA: 3 ATCGCAAGGCGCATA-SHS'

Hybridization

30 Scheme. 1 Schematic illustration of the FRET from KGdF;Tb*" NPs-

aptamer to AuNPs-cDNA for the trace detection of BPA

Characterization of KGdF:Tb*" NPs and AuNPs

The amine-functionalized KGdF:Tb*" NPs applied herein were
prepared with a one-pot synthesis in the presence of PEI. Fig. 1A

3s shows representative TEM images of the KGdE,:Tb®* NPs. As

observed, the KGdF,:Tb>" NPs are well-dispersed and uniform in
size with average diameters of approximately 25+5 nm (Fig. 1B).
In addition, PEI was used to modify the KGdF,:Tb** NPs with an
amino group, allowing the KGdF,:Tb*" NPs to be dispersed into

s water. The surface modifications of KGdF,;Tb** NPs were

identified by FT-IR spectroscopy. As shown in Fig.1C, the strong

4
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IR bands at 1396, 2950 and 2856 cm™ were attributed to the
stretching vibrations of the C—N bond and asymmetric and
symmetric stretching vibrations of the C—H bond, respectively.
Meanwhile, a strong band centered at 1625 cm’' was observed,
which can be attributed to the N—H bending mode of an amino
group (—NH,), thereby revealing the PEI capping on the surface
of the NPs. Thus, the FT-IR results indicate that the KGdF,:Tb**
NPs were functionalized with amino groups in the synthetic
process. Fig. 1D shows the XRD pattern of KGdF,:Tb*>" NPs,
which can be exclusively indexed to cubic phase of KGdF, in
accordance with the pure phase of KGdF, . The results indicate
the presence of highly crystalline KGdF, NPs without any other
impurities. To examine the potential application in FRET
determination, the fluorescence lifetime of Tb>" doped KGdF,
NPs was measured at 542 nm of its characteristic emission (Fig.
1E), with the decay time of 8.57+0.05 ms by single-exponential
function. The NPs were well-reproducible in controlled synthesis
conditions.

The prepared AuNPs were spherical with an average diameter
of 15 nm (Fig. 1F). The absorption spectrum of AuNPs used in
this work (Fig. 2a) displayed a strong absorption band at
approximately 525 nm, overlapping the fluorescence spectra of
KGdF,:Tb*" NPs, which exhibited a significant green emission at
542 nm (Fig. 2b). Thus, FRET possibly resulted between the
KGdF4:Tb*" NPs (donor) and the AuNPs (acceptor).
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70 Fig.1 A TEM image (A), the size distribution (B), the FT-IR spectrum (C),

the XRD pattern (D), and time-resolved fluorescence decay curve (E) of
KGdF,:Tb*" NPs. A TEM image of AuNPs (F)
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Fig. 2 UV-vis absorption spectrum of AuNPs (a) and fluorescence
emission spectrum of KGdF,:Tb*>" NPs (b)

Characteristics of aptamer-conjugated KGdF,:Tb*" NPs and
cDNA-functionalized AuNPs

Aptamers were conjugated to KGdF,Tb®* NPs surfaces
through biotin-avidin interactions. To verify that the KGdF,:Tb**
NPs were functionalized with aptamers, UV-vis absorption
spectroscopy was utilized to monitor the reaction products. As
shown in Fig. 3, strong absorbance of avidin before conjugation
to KGdF,:Tb** NPs was observed at 280 nm (curve a). After
incubation of amine-functionalized KGdF,:Tb>* NPs, the
supernatant was collected by centrifugation. The absorbance of
the supernatant liquor is weaker at 280 nm (curve b) because part
of avidin combined with the amine-functionalized KGdF,Tb**
NPs. No strong absorbance peak was detected for KGdF,:Tb*"
NPs (curve d). After conjugation to the aptamer, a new absorption
peak at approximately 260 nm was observed (curve c). Similarly,
a new DNA absorption peak appeared at approximately 260 nm
after incubation of AuNPs with cDNA, which were conjugated
due to Au-S interaction (curve ¢ and f) Therefore, these results
demonstrate that both aptamer-KGdF,:Tb** NPs and cDNA-
AuNPs complexes were successfully formed. In addition, the
aptamer-KGdF,: Tb**  NPs/cDNA-AuNPs  complexes were
characterized by TEM imaging. As shown in Fig. 3g, many
AuNPs were present on the surface of the KGdF,Tb*" NPs,
indicating that the AuNPs were drawn to the KGdF,:Tb*>" NPs
surface through hybridizing between aptamers and cDNA.
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Fig. 3 Absorption spectra of an initial avidin solution (curve a) and
supernatant liquor after avidin conjugation to KGdF,:Tb*" NPs (b),
aptamer-functionalized KGdF,:Tb*" NPs (c), bare KGdF4:Tb** NPs (d),
cDNA-functionalized AuNPs (e), bare AuNPs (f), and TEM image of
aptamer-KGdF,:Tb*" NPs/cDNA-AuNPs complexes.
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Optimization of assay conditions

Several factors might affect BPA detection sensitivity in this
system, such as buffer composition, pH value, incubation
temperature and time. It is known that the conformation of an
aptamer has a significant influence on its target affinity, which
could be influenced by the ionic strength, especially Mg*". As
shown in Fig. 4A, the aptamer-KGdF,:Tb®>" NPs/cDNA-AuNPs
complexes were dissolved in buffers (25 mM Tris-HCl, 100 mM
NaCl, 25 mM KCl, 5% DMSO, pH 8.0) with varied MgCl,
concentrations (between 0-20 mM). Then, 5 ng'mL™" of BPA was
added, and the recovered fluorescence was measured after
incubation for 45 min. The signal intensity was the highest in the
presence of 10 mM Mg”"; as a result, this concentration was
chosen for all subsequent tests. The buffer pH was also
optimized, as the effect of the pH corroborates the crucial role of
magnesium binding to the aptamer DNA. The results of pH
optimization indicated that the maximum response for 5 ng-mL"'
BPA occurred at pH 8.0. The incubation temperature and time
also have an effect on the binding of aptamer and target.
Generally, the incubation temperature is room temperature (25
°C) or 37 °C in the aptamer selection. As shown in Fig. 4C, there
was no significant difference between the two temperatures. The
recovered fluorescence intensity under 25 °C is a little more than
that of 37 °C. Therefore, the incubation temperature was chosen
at 25 °C. Fig. 4D shows the recovered fluorescence intensity of
KGdF,:Tb*" NPs as a function of incubation time. In the presence
of the target, the curve exhibits a rapid increase in the first 20 min
and reaches equilibrium over a period of 45 min, which indicates
that the recognition and binding of aptamers to targets reach
saturation. So, the incubation time was chosen at 45 min.
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To confirm that fluorescence quenching was caused by the
aptamer-KGdF 4 Tb®>" NPs/cDNA-AuNPs complexes, several
control experiments were performed. As shown in Fig. 5 (curve
a), KGdF,:Tb*" NPs-aptamer presented a strong fluorescence
property. The strong fluorescence of aptamer-KGdF,Tb*>" NPs
can be almost completely quenched upon the addition of cDNA-
AuNPs (curve b). In contrast, the interactions between
KGdF,:Tb*" NPs-aptamer and AuNPs resulted in almost no
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fluorescence quenching (curve c). Aptamer-KGdF,:Tb** NPs can
be brought into close proximity to AuNPs surfaces through strong
hybridization between aptamers and cDNA. The results indicated
that the presence of aptamers and cDNA are related to the highly
efficient fluorescence quenching between aptamer-KGdF,:Tb*"
NPs and cDNA-AuNPs.

140000 4
2120000
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80000
60000 -

40000

Fluorescence Intensity

20000

500 55‘0 6(‘!0 6%0 7(‘)0

‘Wavelength (nm)
Fig. 5 Fluorescence spectra of KGdF,:Tb** NPs-aptamer (a), KGdF,:Tb*
NPs-aptamer after incubation with AuNPs-cDNA (b), and KGdF,:Tb*'
NPs-aptamer after incubation with AuNPs (c).

Analytical performance

As previously mentioned, in the absence of BPA, the
fluorescence intensity was the minimum background fluorescence
(Fy). In the presence of BPA, the aptamers preferentially bound to
BPA, forming KGdF,:Tb*>" NPs-aptamer-target complexes and
thereby inducing the dehybridization of cDNA-AuNPs and
fluorescence was recovered. The higher the concentration of
BPA, the stronger the recovered fluorescence intensity (F) was.
The fluorescence signals of KGdF,:Tb*>" NPs-aptamer complexes
at different BPA concentrations are shown in Fig. 6A. A plot of
relative fluorescence intensity (4F=F-F,;) with various BPA
concentrations is shown in Fig. 6B. Under optimized conditions,
linearity was obtained in the range of 0.5 ~100 ng-mL"' BPA with
a detection limit of 0.16 ng-mL™"'. The linear regression equation
is described as y=430.0x+45235 (R?=0.993). The precision
expressed as the relative standard deviation (RSD) of this
detection is 2.43% (obtained from a series of 7 standard samples
each containing 5 ng'-mL"' BPA).
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Fig. 6 Typical recording outputs for the detection of different BPA
concentrations using the developed method (0~7: 0, 0.5, 1, 5, 10, 20, 50,
and 100 ng-mL’' BPA, respectively) (A), and standard curve of
fluorescence intensity (F-F)) versus BPA concentration (B).

Specificity evaluation and analytical application

To assess the specificity of our FRET-based aptamer biosensor
for BPA detection, the influences of other BPA analogues,
including phenol, acetone, propiophenone, and methylbenzene,
were examined in aqueous buffer. As shown in Fig. 7, none of
these analogues caused obvious changes in fluorescence, while a
significant fluorescence increase was observed for BPA. These
results have thus clearly demonstrated that the designed FRET-
based aptamer biosensor has good specificity for BPA detection.

50000 -

40000 4

30000 4

Relative Fluorescence Intensity

acetone propio- methyl-

phenone benzen
Fig. 7 Selectivity evaluation of the developed method for BPA against
other analogues. (All concentrations were 5 ng-mL™)

BPA  phenol blank

To demonstrate the extended practicality of the developed
method, real mineral water samples were selected as a model
platform for the detection of BPA. Five mineral water samples
were spiked with BPA concentrations ranging from 0.1 to 100
ng'mL”, and then analyzed. As shown in Table 1, the results
obtained by the developed method herein were in good agreement
with the previous HPLC method. No significant differences were
observed between the compared methods, demonstrating the
feasibility of our established FRET aptamer biosensor assay.
Moreover, the recoveries of BPA were between 97%~103%,
indicating the high accuracy level of our developed bioassay.
These analyses demonstrate that the proposed method could be
applied to the analyses of BPA in real samples.
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Analytical Methods

Table 1 Recovery of BPA detection in mineral water samples (n=5)

Sample Background Added Detected Concentration ~ Recovery
Content  Concentration (ng-mL’l) (mean SD) ratio (%)
(ng-mL’l) (ng-mL’l) HPLC developed
method method

1 0 0.1 ND ND ND

2 0 1 ND 0.9+0.15 99

3 0 10 10+0.18 9.840.26 103

4 0 50 47+0.42 48+0.37 97

5 0 100 103+0.26 102+0.14 102
Conclusion

In summary, we presented a novel method for the detection of
BPA based on aptamer recognition and a FRET system using
KGdF4Tb** NPs as an energy donor and AuNPs as an energy
acceptor. A high quenching efficiency was easily achieved as a
result of KGdF,;Tb>" NPs-aptamer and AuNPs-cDNA
hybridization, leading to the FRET quenching of the fluorescence
of KGdF,Tb>* NPs. Moreover, the subsequent fluorescence
recovery, induced by the formation of KGdF,:Tb** NPs-aptamer-
BPA complexes, forced KGdF,:Tb** NPs to be far away from the
Au NPs. There are also some biosensors based on aptamer for
BPA detection, such as surface-enhanced raman scattering
(SERS) aptasensor °!, electrochemical aptasensor *, colorimetric
aptasensor > and so on. These strategies are highly sensitive and
specific, but the linear ranges are relative narrow, and some
require rather complicated and expensive instruments. Our FRET
aptamer biosensor exhibits a broad linear scope and ultralow
detection limit for BPA, thus possessing excellent performance in
trace analyses. In addition, FRET is a typical homogeneous assay
technique, which eliminating the separation step. Our method was
successfully applied to the determination of BPA levels in real
samples. Furthermore, this strategy could be developed for the
sensing of other aptamer-specific contaminants, and thus has a
wide range of potential applications in different fields.
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