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Abstract

Herein, an ultrasensitive electrochemiaptasensor for quantitative detection of
bisphenol A (BPA) was fabricated based on a noighad amplification strategy. This
aptasensor was developed by electrodepositionldfgatinum nanoparticles (Au-PtNPs) on
glassy carbon (GC) electrode modified with aciddmed carbon nanotubes (CNTs-COOH).
In this protocol, acriflavine (ACF) was covalentijmmobilized at the surface of glassy
carbon electrode modified with Au-PtNPs/CNTs-COOHnacomposite. Attachment of
BPA-aptamer at the surface of modified electrods warformed through the formation of
phosphoramidate bonds between the amino group df A@d phosphate group of the
aptamer at 5’end. By interaction of BPA with thetaamer, the conformational of aptamer
was changed which lead to retarding the interfaelattron transfer of ACF as a probe.
Sensitive quantitative detection of BPA was carrmta by monitoring the decrease of
differential pulse voltammetric (DPV) responsesA@F peak current with increasing the
BPA concentration. The resultant aptasensor exubigjood specificity, stability and
reproducibility, indicating that the present stgptewas promising for broad potential
application.
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1. Introduction

Bisphenol A (BPA), as an importandustrial chemical is widely used for the
manufacture of polycarbonate plastics, epoxy reslestal sealants, flame retardants, and
food packaging. These kinds of materials are eiilias inner coating of food-storage or
packaging materials, such as feeding bottles, foots, water bottles, and tableware [1-3].
The global demand for BPA increased from 3.2 millions in 2003 to 5.5 million tons in
2011 [4, 5]. When these materials expose to hleatunstable and lipophilic compound BPA
can migrate into drinking water and food by leaghinom food storage and packaging
materials, or release into environment through ewater discharged from plastic-producing
industry; thus, humans may routinely ingest trac®unts of BPA [6]. Extensive studies
have indicated that BPA is an endocrine-disrupthgmical, which interfere with thyroid
function, central nervous system, endocrine pas¢r@amune system, reproduction system
and hormonal activities in the growth, developmand reproductive processes of aquatic
animals [7]. Numerous types of cancers, cardioMasaisease, and diabetes are associated
with the intake of BPA [8]. Therefore, developmaesfit specific, reliable, sensitive, and
accurate method for determination of trace amo@if8RA has attracted particular attention
for public health and environmental security.

Various conventional analytical tecloges have been developed for BPA
determination such as liquid chromatography-masstspmetry [9], liquid chromatography-
tandem mass spectrometry [10], gas chromatogra@ssnspectrometry [9, 11], liquid
chromatography-coulometric detection [12], liquidramatography-fluorescence detection
[13, 14], and liquid chromatography-UV detectiorb][1 All these techniques are restricted
with extensive extraction, costly instruments, cbogped and time-consuming sample
preparation, skillful and experienced techniciarg aleanup step.

Also, enzyme-linked immunosorbent gskas been employed for BPA detection
with the advantages of high sensitivity, favoralsielectivity, and possible analysis of
complex matrices without extensive pretreatment].[I&munoassay-based methods are
strongly dependent on the quality of the prepargdady, which has been challenging due
to the instability of the antibody and nonspecifimding to BPA analogs [17]. Hence,
exploring a more efficient and selective technifureBPA detection is definitely necessary;
consequently, colorimetric, optical and electroulual sensors have been designed for BPA
detectiorby employing aptamers as the molecular recognélements [18-23].

Aptamers are nucleic acid ligands ttan specifically recognize their targets. They
isolate from a synthetic nucleic acid pool by Syséc Evolution of Ligands by

EXponential enrichment (SELEX) and can specificéligyd to a variety of target molecules
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such as protein, small molecules, amino acids amth €ells [24-29]. They are being an
alternative to antibodies owning to the superiovaadages over antibodies including
temperature stability, easy artificial synthespedficity, low cost, and reusability. There is a
growing interest for usage of aptamer in biorecbgniarea. Thus, fabrications of optic [30],
fluorimetry [31], and electrochemical [32] aptasaisshave received a significant attention.

How to convert the binding events ba&mweptamer and target into a detectable
electrochemical signal is the crucial point in tdomstruction of electrochemical aptasensors.
Generally, additional electroactive tags such asoéene derivatives, methylene blue, and
ruthenium complexes [33-35], etc. have been emploie label aptamer to have the
measurable signal. But labeling aptamer is a carag@dd and time-consuming process, even
which might affect the affinity of aptamer towamrdet. Besides, electroactive compounds
such as [Fe(CN}3" * can also be directly added into electrochemicdl tce produce a
measurable signal. Adding the redox probe direictlyhe test solution is usually prone to
false-positive results produced by the limitatioriecluding initial sensing interface
contamination and additional incubations in the(@¢)s]*>’ * between each measurements
for a long time [36].

In the current paper, in order to aeene effectively these disadvantages of labeling
aptamer or adding additional probe into test systhmn acriflavine (ACF) as a redox probe
was selected and in situ designed on the elecisadace due to its outstanding properties
such as significant stability and good peak shapETs-COOH decorated with gold—
platinum nanoparticles (Au-PtNPs) was used as &ectefe immobilization matrix for
covalent immobilization of ACF. Attachment of BRfptamer at the surface of modified
electrode was performed through the formation afgpioramidate bonds between the amino
group of ACF and phosphate group of the aptaméreaid. Sensitive quantitative detection
of BPA was carried out by monitoring the differeaacd the DPV response of the modified
electrode before and after adding different conegion of BPA. The interaction of BPA
with the aptamer caused the aptamer to be foldet tha formation of BPA-aptamer
complexes at the sensing interface hindered thexfaudial electron transfer of the probe,
resulting in the decrease of the electrochemiggihadi Under the optimum conditions the
prepared aptasensor had a wide linear response, ratich proved that this method can be
considered as an efficient method for construcBRA electrochemical aptasensor with

highly sensitivity and specificity.

2. Experimental



2.1. Chemicals

Multiwall carbon nanotubes with 95% purity, 10-2th diameters, and 1um length
were obtained from Nanolab (Brighton, MA). Potassiuferricyanide (KFe(CN}),
potassium ferrocyanide (Ke(CN})), hydrogen tetrachloroaurate (HAu@H,0),
hexachloroplatinate (IV) hydrate §PtCk-5H,0), nitric acid, ethanol, dimethyl sulfoxide
(DMSO), and potassium chloride were obtained frorerdd (Germany) and Fluka. N-
hydroxysuccinimide (NHS), acriflavine, 1-ethyl-3-@@nmethylaminopropyl) carbodiimide
hydrochloride (EDC) and bisphenol A were purchafedh Sigma and used as received
without further purificationThe BPA-aptamer with the sequence of 5-CCG GTG @&&IT
CAG GTG GGATAG CGT TCC GCG TAT GGC CCA GCG CAT CAC GGG TTC GCA
CCA-3' was adopted according to the reported sfi@dy. All other chemicals were of
analytical reagent grade and used without furthetfipation. Phosphate buffered solution
(PBS) was served as working buffer throughout ttgeement, containing 0.1 M NAPO,,
0.1 M KH,PQ, and 0.1 M KCI. All experiments were performed iabgent temperature of 25
+1-C. Cyclic voltammetry (CV), electrochemical impedanspectroscopy (EIS), and
differential pulse voltammetry (DPV) were recordid study the fabrication of modified
electrode. The EIS measurement was performed | phesence of 5.0 mM
K3[Fe(CN))/K4Fe(CN)] (1:1) and 0.1M PBS (pH=7.4). DPV was recorded hwit
modulation amplitude of 0.05V, a pulse width of <) and sample width of 0.0167s.

2.2. Apparatus

All electrochemical measurements weerformed via using aiAutolab Il
potentiostat/galvanostat (Eco Chemie, The SwitndjlaThe experimental conditions were
controlled with  NOVA 1.8 and Frequency Response lywea (FRA) software. A
conventional three electrode cell was employed waithAg/AgCl electrode (KCI 3 M) as the
reference electrode, a Pt wire as counter electet® a modified glassy carbon (GC)
electrode as working electrode. The cell was acomepartment cell with an internal volume
of 10 ml. The pH was measured with a JENWAY pH mébteodel 3345). The size and
morphology of materials were investigated by taksagnning electron microscopy (SEM),
energy-dispersive X-ray (EDS) spectroscopy and \eaggh-dispersive X-ray (WDX) (X-30
Philips, Philip's Company, Netherlands).

2.3. Electrode treatment and aptamer immobilization
Prior to the modification, the GC electrode wasigi@d with 0.3 and 0.0pm



alumina slurry on a polishing cloth, followed bycsassive sonication in 1: 20 (v/v) nitric
acid and ethanol to obtain a mirror-like surfackei the GC electrode was cleaned in doubly
distilled water in order to remove absorbed pagiclAfter being dried in air, 10 pL of
DMSO/CNTs-COOH solution (0.4 mg rif). was cast at the surface of GC electrode to form
a CNTs-COOH film at electrode surface. In ordeptepare metal nanostructure film on the
surface of electrode, electrodeposition is ofteaduf38, 39] as an easy and controllable
method which allows electrodeposited film tightlftaghes at the surface of electrode.
Therefore, the CNTs-COOH/GC electrode was immersedd.2 M NaSO, solution
containing 1 mM HAuCJand 1 mM HPtCk solution for potentiostatic electrodeposition at a
potential of -0.2 V for 400 s. During this proceadsorbed Pt@l and AuC} at the surface
of CNTs-COOH film were changed into Au-PtNPs (thecerode denoted Au-PtNPsS/CNTSs-
COOH/GC) as displayed in Fig. 1. For comparisonNRa/CNTs-COOH/GC electrode was
also constructed by immersing the CNTs-COOH/GC fexdlielectrode in the solution
containing 1 mM HAuCJand0.2 M NaSQO, and the constant potential of -0.2 V for 400 s
was applied. Afterward, the electrode was thoroyghised with water and kept at room
temperature for further use. For ACF immobilizatiahe Au-PtNPs/CNTs-COOH/GC
modified electrode was immersed in the solutiontaimmg 10 mM EDC for 1 h. The EDC-
attached electrode was washed and subsequentlyateclin a 3.;,WM ACF solution for 2 h

at room temperature. In this process the ACF wasndhilized on the modified electrode
through the covalent amide bonds formed by carbgrglips on the CNTs-COOH and the
amino groups on the ACF (the electrode denoted AGHHtNPs/CNTs-COOH/GC).

In order to immobilize the BPA-aptamer, ACF/PtNR¥IG-COOH/GC modified
electrode was dipped in the solution containingr EDC and NHS for 1h. Then, 10 pL of
5 uM BPA-aptamer was dropped at the surface oftbdified electrode and left for 10 h at
4°C. In this process, the probe oligonucleotidesewenmobilized on the ACF/Au-
PtNPs/CNTs-COOH electrode through the formatiopladsphoramidate bonds between the
amino group of the ACF and phosphate group of fitaraer at 5'end [40, 41]. The detection
and quantitation of BPA was performed by incubatihg sensing surface in the 10 mL
solution containing different concentrations of BRA 40 min.

3. Resultsand discussion
3.1. Characterization of the modified electrode by SEM

The SEM images of the bare GC (A), GNOOOH/GC (B), Au-PtNPs/CNTs-
COOH/GC (C) and aptamer/ACF/Au-PtNPs/CNTs-COOH/®J hodified electrodes are

shown in Fig.2. As can be seen from Fig. 2B carbanotubes interlaced at the surface of
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GC electrode. From Fig. 2C, a number of bright domely Au and Pt nanoparticles
obviously observed, suggesting the successful dation of Au-PtNPs on the surface of
CNTs-COOH, which agree with the results publishedhie literature [39]. Au and PtNPs
with average diameter of 37 nm and spherical forspatsedly produced at the surface of
sensing interface. There would be an effectiverauiton between other modified materials
and nanoparticles due to small size of Au-PtNPghanside walls of CNTs-COOH. As
illustrated in Fig. 2D, the morphology of the elede surface was obviously changed by the
phosphoramidate bond formation between the amioapgon the film and the phosphate
group of the aptamer at 5'end, which confirmed ditachment of the aptamer on to the
modified electrode surface. Results mentioned abeuecessfully demonstrated the
constructing process of the modified electrode.

The elemental compositions of the aptéhteF/Au-PtNPs/CNTs-COOH/GC
electrode were determined by EDS measurement BAg. The peaks corresponding to Au,
Pt, C, and N elements were observed, indicatingptkeence of Au, Pt, CNT-COOH, and
aptamer at the surface of modified electrode. Tthé&r confirm the successful construction
of modified electrode, WDX analysis for Au, Pt, &1d N were taken and their distributions

were shown in Fig. 3B- 3E, respectively.

3.2. Optimization of measurement conditions
To obtain the best conditions ire tperformance of the aptamer/ACF/Au-

PtNPs/CNTs-COOH/GC, some effective parameters sgchptamer concentration and the
incubation time for the interaction of BPA and tkerface-bound aptamer probe were
optimized. The concentration of aptamer has great effects emsitvity of aptasensor.
Therefore, different concentrations of aptamer tsmhu(0.5, 2.0, 5.0, 7.0 and 10.0 uM) were
used to optimize the aptasensor concentration. iNiyqlots of EIS were recorded for
different concentrations of aptamer on modifieccetede. The results showed that the value
of electron transfer resistanceRncreased gradually with the increasing concéioina of
aptamer solution and reached plateau regions focesdration above 5 uM, which showed
the saturation of phosphoramidate bonds between af@raptamer.

Furthermore, BPA incubation time plays iaxportant role on the performance and
efficiency of mentioned aptasensor. In order tdroze BPA incubation time, the Rvalue
of aptasensor after being incubated in the constanaunt of BPA was recorded every 5 min
for 120 min in 0.1 M PBS containing 5.0 mM [Fe(GN)*. The results revealed the linear
dependence between the incubation time of BPA anceBoonse of modified electrode. The

Rc: value increased by increasing the incubation tipeo 40 min and then began to level
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off. Based on our results, 40 min was chosen asofftenum incubation time which

confirmed our previous work [32].

3.3. Electrochemical behavior of aptamer/ACF/Au-PtNPS/CNTs-COOH/GC electrode

The immobilization of each functdized layer on GC electrode surface was
confirmed through CV measurements. CVs of diffeneoidified electrodes in 0.1 M PBS
containing 5.0 mM [Fe(CN)*™* were shown in Fig. 4A. The bare @&ctrode had obvious
redox peak (curve a). The CNTs-COOH/GC (curve Inikated larger current response than
that of bare GC electrode, which ascribed to thet fdlhat CNTs-COOH/GC could
significantly enhance the conductivity of the etede, facilitating the electron transfer. After
modification of CNTs-COOH/GC electrode with Au-PthNFcurve c), the peak current
further increased, demonstrating that these kifideanocomposite materials could generate
synergy on electrochemical properties. When the Bpfamer was attached at the surface of
electrode, a decreased redox peak current (curvevas) obtained. This result can be
associated with the repulsion between [Fe@ N} redox probe molecule and negative
surface charges of aptamer. By interaction of aptamith BPA, the current signal of
[Fe(CN)]*™* further decreased (curve e), demonstrating thefocmational change of
aptamer. The coverage of aptamer-BPA complex atstimtace of modified electrode
minimized the exposed surface area of the modiéledtrode which led to retarding the
interfacial electron transfer of the probe and dasing the redox current of the marker.

EIS is an effective method to further charactettm electron transfer properties of
the different modified electrodes. The measuremangésgenerally performed in Faradaic
mode, using redox-probe ferrocyanide/ferricyanierder to focus on the variations of the
R« between the solution and the electrode surfacee ifpedance spectra include a
semicircle portion and a linear portion. The serolei section at higher frequencies is
ascribed with the electron transfer limited-pro¢ces®l the linear part at lower frequencies is
related to the diffusion-limited process. The ifderal resistance (R) variations lead to the
semicircle diameter changes due to the electrarsfiearing changes from the surface of the
modified electrode to [Fe(CJf’* solution. To obtain the detailed information oé IS, a
simple Randles equivalent circuit model was usedittthe experimental data. The fitting
parameters involved the resistance of the solutityy charge transfer resistance.gRand
Warburg impedance (4 attributed to the contribution of diffusion, respively. The R
value can be estimated from the diameter of theicsemlar portion of the EIS responses.
As can be observed froRig. 4B, the R value of the CNTs-COOH modified GC electrode

(curve b) was decreased compared with the baréradec(curve a), indicating that CNTs-
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COOH can accelerate the electron transfer. Afterdeposition of the Au-PtNPs, the charge
transfer resistance was further decreased (curvéemplying that Au-PtNPs can promote
electron transfer and increase the electrode suréaea. When aptamer was cast at the
surface of ACF/Au-PtNPs/CNTs-COOH electrode, theea@f R was increased, which can
be attributed taepulsion betweethe net negative charge of aptamer and the [Fe{&f)
anions (curve d). By incubating the modified eled& in the solution containing BPA,
further increase in Rvalue was recorded, indicating that electron feenbecame more
difficult (curve e). Results of EIS were agreedhatihose of the CVs. All those results prove
that aptamer/ACF/Au-PtNPs/CNTs-COOH nanocompositeamly offers a biocompatible
surface for biomolecules loading, but also providesensitive electric interface for further
sensing.

In order to make a comparison between the applibalnd efficiency of different
modified electrode toward BPA determination, thevDiésponses of GC electrode modified
with  different nanomaterials including (A) aptamfe@F/CNTs-COOH, (B)
aptamer/ACF/AUNPs/CNTs-COOH, and (C) aptamer/ACHANPS/CNTs-COOH before
(curve a) and after (curve b) BPA capture werenaded in 0.1M PBS. As can be seen from
Fig. 5, after interaction of these three electrodé® BPA, the value of current response
decreased and the largest decreased current gighalas observed for aptamer/ACF/Au-
PtNPs/CNTs-COOH electrode. These results provet aliahe three kinds of modified
electrodes could be applied as a sensor for BPArmé@tation and aptamer/ACF/Au-
PtNPs/CNTs-COOH electrode was the most sensitisdgoim for BPA detection. In fact,
Au-PtNPs greatly enhanced the specific surface @r€NTs-COOH/GC, resulting increased
loading amount of aptamer and BPA. Therefafgamer/ACF/Au-PtNPs/CNTs-COOH was
chosen for the subsequent experiments.

Fig. 6A exhibits the dependence of CVs of ACF/AWNP$/CNTs-COOH electrode
on the scan rate. It was found that the redox peatents increased linearly with increasing
scan rate in the range from 10 to 125 mV (§ig. 7B), demonstrating an adsorption-
controlled process of ACF on Au-PtNPs/CNTs-CO@hkH a surface-type behavior [42].
Furthermore, the peak-to-peak potential separat@s approximately 90 mV for sweep rates
below 100 mV §, reflecting facile charge transfer kinetics ovgistrange of sweep rate. At
sweep rates above 150 mV} peak separations began to increase, indicatingchiaege
transfer kinetics limitation.

Fig. 7 shows CVs of ACF at the surface of diffeneradified electrodes in 0.1 M PBS
solution at a scan raté 50 mV s'. As can be seen, pairs of ill redox peaks weremiesiwhen
ACF was placed at the surface of GC electrode &avWhen ACF was cast on CNTs-
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COOH/GC electrode, the peak current correspondin§QF increased (curve b), revealing
the role of CNTs-COOH as the underlying film. Irder to enhance the surface area of the
CNTs-COOH/GC electrode and its sensitivity for mionng the analyte, improvement of the
mentioned electrode with other nanoparticle witifedent propertiegAu and AuPtNPs) were
also performed. As illustrated, the peak curre@itsACF/AUNPsS/CNTs-COOH /GC (curve
c), and ACF/Au-PtNPs/CNTs-COOH /GC (curve d) inseghcompared with the ACF/CNT-
COOH/GC electrode.

The reproducibility of the aptasensor was examifd recording the current
responses of five independently aptasensors instheation containing 20 nM of BPA.
According to the results, acceptable and reprodieigignal with relative standard deviations
(RSD) of 2.3% was obtained. Also the repeatabdityproposed aptasensore was evaluated
by recording six repetitive current signal of maetif electrode. Based on the results, the
admissible repeatability with 3.4% RSD was caladatMoreover, the stability of the
mentioned aptasensor was assessed by monitoringetilecurrent of ACF at the surface of
modified electrode repeatedly. It was found thaeraflO0O-times test, the peak current
deviated from its original response only 3.9%. Lo@gn stability of modified electrode was
also examined by probing the current responseayqsed electrode after it had been kept at
4 °C for 8 days. No obvious changes were foundghduhe first 6 days and the response
changed less than 2.1% of the initial current raspoAfter storing for 12 days, 14 days and
16 days, we observed that current DPV intensityntaed 94.2%, 92.7%, and 91.0% of the

initial values, demonstrating the promising staypitif modified electrode.

3.4 Calibration curves

Under the optimal experimental conditions, thepared aptasensor was incubated
with various concentrations of BP#nd theDPV responses of modified electrode for the
different concentrations of BPA was recorded. Adtadwas replicated three times and the
calibration curve was drawn based on the averaghreé independent measurements. The
points of the calibration curve represent the ayeraf three independent signals with RSD
which are shown as error bars. As can be seenFign8, the DPV oxidation peak current of
ACF in 0.1 M PBS after incubation in the solutioantaining BPA decreased with the
concentration of BPA increasing. This means thataptamer was folded and formation of
BPA-aptamer complexes on the sensing interfaceedaushibition of electron transfer of
ACF. Sensitive quantitative detection of BPA wagied out by monitoring the decrease of
DPV responses of ACF peak current by increasingBfR@ concentration. Two calibration
curves were obtained at concentration ranges ofl@.JpM and 10-700 pM. The limit of
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detection (LOD) of this method was calculatedy(BSwhere §is the standard deviation of
the blanks, and b is the slope of the calibraticaph) to be 0.035 pM. To further clarify the
amplification of the proposed aptasensor toward Blefection, the response characteristics
of the developed aptasensor was compared to thos¢ther BPA sensor and the results
presented in Table 1. As can be seen, the andlptitameters are comparable or better than
the results reported for BPA determination at thdage of other modified electrodes [43-
52].

In fact, utilizing the ACF as linker and electraaetredox probe simultaneously at the
surface of modified electrode can be consideredoamsiderable novelty of present work
compared with our previous reported paper [39]he high sensitivity and selectivity of the
presented strategy relies upon these amplificateatures: (a) the presence of the ACF
molecules which immobilized on the high number ehative carboxyl groups in CNTs-
COOH through amide groups can provide a high dgws$iaptamer on the electrode surface;
(b) covalent attachment of the BPA specific aptatoghe surface of the modified electrode
has been performed via phosphoramidate couplingdset the amino group of ACF and
phosphate group of the aptamer at 5’end; (c) thg @f signal transduction in which signal
produces by ACF redox indicator may greatly contiébto the observed high sensitivity,
since in this way any perturbation on the electreddace can lead to a large charge in the
electron transfer characteristics of redox indicatd) the deposition of neatly arranged Au-

PtNPs enhanced active surface area and improvegdtieochemical signal.

3.5 Sdectivity of aptasensor

In order to provide the convincingidance for specific interaction of BPA and
aptamer, the degree of reaction with other compdangroposed aptasensor was explored
under identical experimental conditions. The agsest of the selectivity of the developed
aptasensor was evaluated by choosing three phecmhpounds. Fig. 9 shows the DPV
response of aptasensor in the absence (curve a)pweas@nce (curve b) of BPA (A),
hydroquinone (B), phenol (C) and 4-nitrophenol (Oj. was obviously observed that a
significant decrease of the DPV signals was obthimeadding 20 pM of BPA, whereas the
incubation of the aptasensor with other interfeesneith a concentration of 1000 higher than
that of BPA concentration (20 nM) showed no detdetghange of DPV signals, indicating
that developed aptasensor was highly specific tdB&A against other members in narcotic
family. In order to further prove the specificity our sequence toward BPA detection, the
dopamine-aptamer with approximately equal sizeb@®es) but different sequence was used
for BPA detection (Fig. 9E).
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Based on the results, no significamgnal variation for BPA determination was
detected in the cases of dopamine-aptamer usageeasiwhen BPA-aptamer was employed
the detectable signal change was recorded. Theat#seevealed that the BPA-aptamer had
high specificity and good selectivity for the distination of BPA compared with other

sequence.

3.6 Real sample analysis

In order to demonstrate the practicality of thiass®, the recovery test was carried
out by using the standard addition method. Threeemsamples were analyzed using three
independently prepared electrodes. These samplesdspith three different concentrations
of 20.0, 40.0, and 60.0 pM. BPA was determinechwiitree replicates and the detection
value was the average of three results. The regaesults of BPA in the three different
matrixes were summarized in Table 2. Also, the iappllity of proposed sensor in real
sample analysis was further evaluated by usingtipldmby bottles. For this goal, three
plastic baby bottles (volume = 250 mL) were empitbye test for BPA leachingWater
samples were obtained by adding 100 mL of 100 °@mato the bottles and shaking for 60
min. These water samples were analyzed with cartstluaptasensor and the recoveries
between 94.5 % and 103.6 % with the relative stahdaviations of 2.4 % to 1.9 % were
obtained, indicating that the aptasensor had gmodracy for practical application of BPA

analysis in real samples.

4. Conclusion

In this work, a novel nanocomposite containing amidlized carbon nanotubes
(CNTs-COOH) and gold—platinum nanoparticles (Au-P$Nwere utilized as a promising
transduction platform to fabrication a highly sénsl BPA-aptasensor. Au—PtNPs, ACF and
BPA-aptamer were immobilized on the surface of tetele through the electrodeposition,
covalent amide and phosphoramidate bonds formatiespectively. The combination of
simple way for fabricates high density Au-PtNPs owmmposites and presence the ;NH
groups in ACF makes this platform as significaahgduction to fabricate BPA-sensor. The
superior electron transfer of ACF and densely patedl aptamers at the surface of electrode
caused lower detection limit and wider linear raf@edeveloped aptasens®he biosensing
was established by folding aptamer into the BPAdinig three-way junction upon increasing
BPA and inhibition the electron transfer; consedlyethe current decreased in the presence
the BPA.
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Figure caption
Fig.2 Typical SEM image of bare GC (A), CNTs-COOK/GEB), Au-PtNPs/CNTs-
COOH/GC (C), and aptamer/ACF/Au-PtNPs/CNTs-COOH/[GEelectrodes.

Fig. 3 EDS spectrum of the aptamer/ACF/Au-PtNPs/€&ICDOH/GC electrode (AYWDX
analysis for Au (B), Pt (C), C (D), and N (E) hetsurface of modified electrode.

Fig. 4 lllustration of the aptasensor fabricatior @orresponding CVs (A) and Nyquist plots
(B) for bare GC (curve a), CNTs-COOH/GC (curve A)-PtNPs/CNTs-COOH/GC (curve
c), aptamer/ACF/Au-PtNPs/CNTs-COOH/GC (curve d) amPA/aptamer/ACF/Au-
PtNPs/CNTs-COOH/GC (curve e) electrodes recorde@.1 M PBS containing 5.0 mM
[Fe(CN)*™.

Fig.5 DPV responses of GC electrode modified wil §ptamer/ACF/CNTs-COOH, (B)
aptamer/ACF/AUNPs/CNTs-COOH, and (C) aptamer/ACHRPANPS/CNTs-COOH before
(curve a) and after (curve b) BPA grab recorded.iM PBS.

Fig.6 (A) CVs of ACF/Au-PtNPs/CNTs-COOH modifietketrode in 0.1 M PBS at different
scan rates: 10, 20, 30, 40, 50, 60, 70, 80, 90, 12®, 150, 175, and 200 m\%.§B) Plot of

peak currents vs. scan rate.

Fig.7CVs of ACF at the surface of GC (curve a), CNTs-GOGC (curve b), AUNPsS/CNTs-
COOH /GC (curve c), and Au-PtNPs/CNTs-COOH /GC yeul) modified electrodes in 0.1
M PBS solution at a scan rate of 50 mV/ s

Fig. 8 (A) DPV obtained for prepared aptasensoongsd in 0.1 M PBS after incubation with
different concentration of BPA: 0.1, 0.5, 1.0, 1@0, 250, 500, and 700 pM. (B) Plots of
oxidation peak current of ACF vs. BPA concentration

Fig. 9 DPV responses of prepared aptasensor bétorge a) and after (curve b) being
incubated in the solution containing (A) 20 pM BRB) 20 nM hydroquinone, (C) 20 nM
phenol, and (D) 20 nM 4-nitrophenol. (E) DPV respesof dopamine-aptamer before (curve
a) and after (curve b) incubating in the solutiontaining 20 pM BPA.
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Table 1

Comparison between this method and other repoetthtques for detection of BPA.

Electrode Electroché Detection Linear range Ref.
mical limit
techniue
rGOP-Co-GCPE’ DPV* 0.50 uM 1.00 - 100 pM _[43]
MWCNTS/GCE - 0.61 uM 2.50 - 294M [44]
PEDOT/BMIMBr'/SPCE FIA" 0.02 uM 0.10 -500 uM _[45]
AuNPs-CSMoS,/ GCE/ - 0.005 uM 0.05- 100 pM __[46]
MCM-41/CPE - 0.038 uM 0.22- 8.80 uM _[47]
Gr*-Fe,0s/GCE 0.0025 pM 0.005-1.00 pM __[48]
DPV
CB"/Fe;0O4/GCE DPV 31.0pM | 0.10 nM -50.0 uM _[49]
Gr/Au-Tyr*-CS/GCE DPV 1000 pM | 10.0nM-1.00 uM  __[50]
Ti/NfPICNT/GCE LSV 0.90 nM 0.01-5.00 uM _[51]
Pt/Gr—CNTs/GCE DPV 42.0 nM 0.06-10.0 uM [52]
This work DPV 0.035 pM 0.10-1.00 pM -
10.0 pM- 50QuM

a: Reduced graphene oxide

b: Glassy carbon electrode

c: Diffrential pulse voltammetry

d: Multi wall carbon nanotube

e: poly-3,4-ethylenedioxythiophene
f: lonic liquid 1-butyl-3- methyl imidazolium brorde
g: Screen-printed carbon electrodes
h: Flow-injection amperometry

i- Chitosan

j: Carbon paste electrode

k: Graphene

n: Carbon black

o: Tyrosinase

p: Nafion

g: Linear sweep voltammetry




Sampl Spiked concentration (| Measured concentratic Recovery (%
BPA (pM) of BPA (pM)
1 20.0 195+ 0.87 97.50
2 40.0 402+ 1.2 100.5
3 60.0 58.9+ 1.5¢ 98.10
Table 2

Determination of BPA in water samples.
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