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Abstract

A photoelectrochemical (PEC) method is described for aptamer-based detection of ofloxacin (OFL). It is making use of a TiO,
nanotube array (NTA) that is sensitized with a structure composed of polydopamine and silver sulfide nanoparticles. The NTA
were prepared by a two-step synthetic method. First, the TiO, nanotube electrode was covered with Ag,S nanoparticles via
successive ionic layer adsorption and reaction strategy. Next, they were coated with a thin film of polydopamine (PDA) by in-situ
polymerization. The inorganic/organic nanocomposites exhibit distinctly enhanced visible-light PEC activity. This was exploited
to fabricate a PEC aptasensor. The PDA film serves as both the sensitizer for charge separation and as a support to bind the
aptamer against OFL. The aptasensor undergoes a decrease in photocurrent due to the formation of the aptamer-OFL complex.
Under the optimized conditions and at a typical working potential of 0 V (vs. Hg/Hg,Cl,), the NTA has a linear response in the
5.0 pM to 100 nM OFL concentration range and a 0.75 pM detection limit (at S/N = 3). The aptasensor was successfully applied
to the determination of OFL in spiked milk samples.
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Introduction target specificity, good chemical stability, easy production and

low cost [3].Therefore, aptamers have been used as recognition

Photoelectrochemical aptasensing has attracted considerable in-
terest owing to its good selectivity, low cost and high sensitivity
[1]. Photoelectrochemical (PEC) detection possesses the advan-
tages of both electrochemical and optical analysis [2].
Compared to other biological recognition elements such as an-
tibodies, aptamers show distinct advantages, including high
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receptor to fabricate aptamer-based sensors [4]. PEC aptasensor,
the highly sensitive PEC assay technique coupled aptamer as
capturing agent, have brought out a new detection platform for
specific determination of various target analytes [5—8].

In PEC aptasensor construction, the photoactive material
plays an important role in transducing the signal generated
from photo-to-current and immobilizing aptamer molecules.
As one-dimensional (1D) semiconductor nanomaterial, TiO,
nanotube arrays (TiO, NTs) possess excellent PEC perfor-
mances due to their large internal surface area for enhanced
light absorption and well-defined 1D channel for promoted
electrical carrier transport. However, the intrinsic wide band
gap of TiO;, (3.2 eV) results in the poor visible light absorption
and low photo-to-current ability under visible light illumina-
tion, which restricts its applications [9]. Therefore, various
methods have been made to improve the visible-light PEC
activity of the TiO, NTs by promoting visible light absorption
and photo-excited charge separation. Up to date, a series of
work has been carried out on narrow-gap inorganic
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semiconductor co-sensitized TiO, to enhance absorption in
the visible range, such as CdTe/CdS/TiO, [10], PbS/CdS/
TiO, [11], and so on. It is well proved that co-sensitization
can improve the photoelectric conversion efficiency compar-
ing to single sensitization. However, the proposed co-
sensitization composites possess potential toxicity and insta-
bility which limits its application for PEC biosensor.
Therefore, it is highly desired to develop new co-sensitized
TiO, composites with merits such as high-efficiency photo-
electric conversion, low toxicity and stability. As an important
chalcogenide semiconductor, Ag,S nanoparticle has attracted
much interest owing to its narrow band-gap (1.0 eV) and high
absorption coefficients. Besides, it possesses negligible toxic-
ity compared to other commonly used narrow band gap ma-
terials such as CdS and PbS, making it a promising
photoactive material [12]. Moreover, the conduction band
(CB) of Ag,S is less anodic than that of TiO,, so that the
photogenerated electrons in Ag,S can be easily injected into
the CB of TiO, due to the match in the energy level of Ag,S
with that of TiO,.Therefore, Ag,S nanoparticles sensitized
TiO,NTs composites (Ag,S/TiO, NTs) can not only expand
the absorption range of visible light but also improve the sep-
aration of photogenerated electron—hole pairs, which have
been used as photocatalysis for water splitting [ 13] and phenol
photodegradation [14]. Polydopamine (PDA) is a polymer
derived from the self-polymerization of dopamine in slightly
alkaline aqueous solution. It can be easily coated on various
organic and inorganic substrates [15]. PDA film has also been
explored as a unique dye in dye-sensitized solar cell because it
possesses broadband light absorption and many conjugated
polymer chains. These favor the photogenerated charge sepa-
ration. Hence, PDA acts as excellent organic sensitizer for
constructing photoactive composite material [16]. Moreover,
PDA can be used for direct immobilization of biomolecule
such as protein and nucleic acid via Michael addition or
Schiff base reaction due to the presence of abundant reactive
groups [17]. Compared to the conventional PEC constructing
methods, the methodology of biosensor construction utilizing
PDA exhibits the advantages of easier preparation, uniform
coating, and biocompatible matrix to immobilize more
biorecognition elements [18]. Thus, we firstly reported the
preparation and application of PDA/Ag,S co-sensitized
TiO,NTs ternary inorganic/organic photoactive nanocompos-
ites for fabrication of novel PEC aptasensor.

It is well known that antibiotics have been extensively used
as veterinary drugs to cure bacterial infections and improve
growth rate of livestock. However, overuse of antibiotics may
cause the accumulation of antibiotics in animal products
which can enter the food chain and potentially result in a risk
to human health such as toxic effect, allergic reaction and
bacterial resistance [19, 20]. In order to ensure human food
safety, many countries have set the maximum residue limits
(MRL) of antibiotics in food products. For example, Japan has
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adopted a MRL value of 10 ppb for ofloxacin (OFL) in animal
products [21]. Hence, the development of sensitive analytical
methods to detect trace levels of OFL residue in animal food is
highly desirable. Up to now, various analytical approaches
have been developed to detect OFL, such as capillary electro-
phoresis [22], desorption corona beam ionization-mass spec-
trometry (DCBI-MS) [23], Ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/
MS) [24], chemiluminescence method [25], electrochemical
technique [26-28], colorimetric analysis [29], and fluorescent
detection [30]. However, each of these methods suffers from
at least one undesirable limitation, such as limited selectivity,
low sensitivity, expensive instruments, operational complexi-
ty, high cost and long detecting time.

PEC aptasensors appear to be suitable complementary ana-
lytical tools for the determination of OFL at low concentrations
owing to their excellent features. However, to the best of our
knowledge, the preparation and application of PEC aptasensor
for the detection of OFL have never been reported in the liter-
ature. Thus, we reported the first ofloxacin PEC aptasensor on
the basis of PDA/Ag,S/TiO, NTs nanocomposites. The ternary
photoactive nanohybrids were prepared by a two-step synthetic
method. First, the TiO, nanotube electrode was covered with
Ag,S nanoparticles via successive ionic layer adsorption and
reaction strategy. Next, they were coated with a thin film of
PDA by in situ polymerization. The obtained inorganic/
organic nanocomposites exhibited distinctly enhanced
visible-light PEC activity. The introduced PDA thin film acts
simultaneously as a unique organic sensitizer to further en-
hance photo-to-current conversion efficiency of inorganic
Ag,S/TiO,NTs semiconductor as well as a functional layer
for direct attachment of more aptamers due to its uniform coat-
ing, large surface area, and abundant reactive groups. As illus-
trated in Scheme 1, aptamers were successfully attached to the
PDA/Ag,S/TiO, NTs electrode by Michael addition reaction
between PDA and thiol groups of the aptamer [17]. After OFL
was captured by the aptamer due to the specific recognition
reaction, the photocurrent decreased with the increasing of
aptamer-OFL bioaffinity complexes. The variation of photo-
current was used as monitoring signal for the detection of OFL.
This novel visible-light driven PEC aptasensor was successful-
ly applied to ultra-sensitively detect OFL with a detection limit
of 0.75 pM, which was much lower than the previous reports
for OFL detection using different analytical methods.

Experimental
Chemicals
Ofloxacin and 6-mercapto-1-hexanol (MCH) were ob-

tained from Aladdin Reagent Co., Ltd. (Shanghai, China)
(http://www.aladdin-e.com). Hydrofluoric acid, dopamine,
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Scheme 1 Schematic illustration
of the fabrication of the PEC
aptasensor
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silver nitrate, sodium sulfide, ascorbic acid were purchased
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China) (http://www.sinoreagent.com). The thiolated OFL
binding aptamer was received from Sangon Biotech Co. Ltd.
(Shanghai, China) (http://www.sangon.com) with the
following sequences: 5°-SH-ATA CCA GCT TAT TCA ATT
AGT TGT GTATTG AGG TTT GAT CTA GGC ATA GTC
AAC AGA GCA CGATCG ATC TGG CTT GTT CTA CAA
TCG TAATCA GTT AG-3'.

Instruments

Scanning electron microscopy images were obtained on an S-
4800 scanning electron microscope (Hitachi, Japan) (http://
www.hitachi.com.cn). Fourier transform infrared spectra
were recorded as KBr discs on an Alpha FT-IR spectrometer
(Bruker, Germany) (https://www.bruker.com). X-ray diffrac-
tion patterns were measured by X-ray diffractometer
(D8 advance, Bruker AXS, Germany) (https://www.
bruker.com). The UV —visible spectrophotometer was
used to measure UV-visible diffuse reflectance spectra
(UV-2600, Shimadzu, Japan) (http://www.shimadzu.co.jp).
Electrochemical impedance spectroscopy (EIS) was carried
out with a CHI660D electrochemical workstation (Chenhua
Instrument Shanghai Co., Ltd., China) (http://www.chinstr.
com). A homemade PEC system was used for PEC
measurements, including a 350 W xenon lamp with a
400 nm UV-cut filter as the visible light source and
LK3200A electrochemical workstation (LANLIKE, Tianjin,
China) (http://www.lanlike.com) used for recording
photocurrent.

Preparation of PDA/Ag,S/TiO,NT electrode

Highly ordered TiO,NTs were grown from Ti sheets (>99.8%
purity) via electrochemical anodization of Ti slice (0.5 x
5.0 cm?) with Pt counter electrode [31]. The anodic oxidation
process was performed in an electrolyte of 0.5 wt%
hydrofluoric acid at 20 V for 20 min. After being annealed
at 450 °C with a 30 min hold, TiO, nanotubes were obtained.

The Ag,S nanoparticles were deposited on the prepared
TiO, NTs by the successive ionic layer adsorption and reac-
tion (SILAR) method [32]. Firstly, the TiO, NTs electrode was
dipped in the 0.05 M AgNO; aqueous solution for 1 min, then
rinsed with distilled water and dried. Subsequently, the elec-
trode was immersed in 0.05 M Na,S aqueous solution for
another 1 min, and washed with distilled water as well as
dried. This procedure was repeated 4 cycles. The obtained
electrode was noted as Ag,S/TiO, NTs.

The PDA coated Ag,S/TiO, NTs electrode was constructed
by self-polymerization of DA in alkalescent aqueous solution
under the optimized condition [15]. Typically, Ag,S/TiO, NTs
electrode was immersed in 0.01 M Tris-HCI buffer solution
(pH 8.5) containing 3 mg'mL ™' dopamine and kept at room
temperature for 2 h. Finally, the obtained PDA/Ag,S/TiO, NTs
electrode was washed by Tris-HCI buffer solution and stored in
the 4 °C refrigerator for the following fabrication of aptasensor.

Construction of the PEC aptasensor
At first, the aptamer solution (20 pL, 2.0 uM) was placed onto

the surface of the PDA/Ag,S/TiO, NTs electrode at 4 °C for
12 h to form aptamer/PDA/Ag,S/TiO,NTs electrode. Then the
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electrode was incubated with MCH solution (20 pL, | mM) for
60 min to obstruct the nonspecific binding region of electrode.
After every immobilizing step, the electrode was washed thor-
oughly with Tris-HCI buffer. The constructed aptasensor
(MCH/aptamer/PDA/Ag,S/TiO,NTs) was applied to PEC de-
tection after incubation with different amounts of OFL for
60 min to form the aptamer-OFL complex (Scheme 1).

Photoelectrochemical methods

A three-electrode electrochemical cell, with a reference elec-
trode of saturated calomel electrode, an auxiliary electrode of
Pt sheet and a working electrode of modified TiO, NTs
(0.25 cm?), was applied to PEC measurements. Photocurrent
was recorded in pH 7.0 PB comprising 0.1 M ascorbic acid
using current-time curve method upon irradiation with visible-
light at 10 s intervals. The working voltage was applied at 0 V.

Results and discussion
Characterization of the nanocomposites

The SEM morphologies of pure TiO,NTs, Ag,S/TiO,NTs and
PDA/Ag,S/TiO,NTs are shown in Fig. la—c. The pristine
TiO, NTs displayed regularly round-shaped open structure
(Fig. 1a). The inner diameter and wall thickness were about
80-100 nm and 10 nm, respectively. As shown in Fig. 1b,
after depositing in situ by SILAR method, a great deal of
spherical Ag,S nanoparticles dispersed homogeneously on
the nozzle of the nanotubes. The average particle size was
about 10 nm. The PDA coated Ag,S/TiO,NTs exhibited inner
diameter of 60-80 nm and wall thickness of about 20 nm
(Fig. 1c), indicating that thin films of PDA were formed on
both the outside and the inside tube walls of nanotubes via
self-polymerization. The PDA coating layer uniformly deco-
rated on the Ag,S/TiO,NTs, which endows the electrode with
large specific surface area and a large number of active sites
for immobilization of aptamers.

The structure of materials was studied using X-ray diffrac-
tion (XRD) technique. As depicted in Fig. 1d curve a, the
diffraction peaks of anatase TiO, can be observed at 25.3°,
38.6°, 48°, 53.6° and 62.7°, which were related to the (101),
(112), (200), (105) and (204) planes (JCPDS 71-1166) [11].
By comparison, the XRD pattern of Ag,S/TiO,NTs contained
all diffraction peaks of TiO, NTs and displayed extra peaks at
28.97°, 34.39°, 40.74° in curve b, corresponding to the (111),
(—121), (031) reflection of monoclinic phase of Ag,S
(JCPDS:14-0072) [13], indicating that Ag,S nanoparticles
were successfully modified on the surface of TiO,NTs. After
coating with PDA, no new diffraction peak appeared in curve
¢ because PDA was amorphous polymer.

@ Springer

Figure 1e showed FT-IR spectra of TiO,NTs, Ag,S/TiO,NTs
and PDA/Ag,S/TiO,NTs. In curve a, pure TiO, NTs displayed
its characteristic absorption peak at 6001000 cm ' due to the
stretching vibrations of the Ti—O-Ti bond [11]. For Ag,S/
TiO,NTs, no new absorption peaks in the entire infrared region
appeared in curve b due to good infrared optical transmission
properties of Ag,S semiconductor nanoparticles. Compared to
curve b, the FT-IR spectrum of PDA/Ag,S/TiO,NTs (curve c)
exhibited new characteristic absorption peaks of the main func-
tional groups in PDA. The corresponding peaks at 3051 cm™',
2956 cm !, 1611 cm ! and 1230 cm ! were ascribed to
stretching vibration of -C-NH, C-H, C=C and C-N bond, respec-
tively. The peak at 1503 cm ™' was attributed to the N-H bending
vibration of PDA [33]. The above results further proved that
PDA film was successfully modified on Ag,S/TiO,NTs.

Figure 1f presents diffuse reflectance UV-visible absorption
spectrum (DRS) of the obtained nanocomposites. In the ultra-
violet region, TiO, NTs exhibited a strong light absorption due
to its wide band gap (curve a) [11]. After modification of Ag,S
nanoparticles, the DRS of Ag,S/TiO,NTs in curve b displayed
an extended absorption edge of around 600 nm and stronger
visible-light absorption. This phenomenon is ascribed to the
high absorption coefficient and narrow band gaps of Ag,S
[12]. After sensitized with PDA, the color of the electrode sur-
face was notably changed from pale purple to dark blue.
Compared to Ag,S/TiO,NTs, PDA/Ag,S/TiO,NTs presented
broadened and improved absorption in visible light region
(curve c), implying that the PDA film can efficiently absorb
the visible light due to the presence of conjugated polymer
chains in PDA film [18]. The above results confirmed that the
co-sensitization effect of PDA/Ag,S on TiO,NTs can increase
the visible-light harvesting, leading to enhancement of visible-
light PEC activity of the PDA/Ag,S/TiO,NTs hybrid.

Characterization of the sensor

To study the PEC performance of PDA/Ag,S/TiO,NTs nano-
composites and monitor the fabrication process of aptasensor,
the photocurrents on the electrodes formed in different fabrica-
tion steps were recorded in phosphate buffer comprising ascor-
bic acid (AA). In Fig. 2a curve a, a weak photocurrent of
3.0 nA was observed on the pure TiO, NTs electrode. For
comparison, Ag,S/TiO,NTs composites displayed about 6-
fold increase in photocurrent than TiO, NTs (curve b, 1=

18.6 HA), demonstrating that the decoration of Ag,S nanopar-
ticles to the TiO, NTs can improve visible light harvesting
capability and efficiently impede the charge carrier recombina-
tion of TiO, NTs which led to enhanced photoelectrochemical
activity. After the PDA film was subsequently coated on Ag,S/
TiO,NTs composite, the photocurrent signal reached about 10
times higher than that of pure TiO, NTs (curve ¢, [ =30.2 pA).
The result demonstrated that PDA played an important role in
enhancing absorption of constructed PEC sensor under visible
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Fig. 1 SEM images of (a) TiO,
NTs, b Ag,S/TiO,NTs and ¢
PDA/Ag,S/TiO,NTs
nanocomposite. d XRD patterns,
e FT-IR spectra and f UV-visible
diffuse reflectance spectra of (a)
TiO, NTs, (b) Ag,S/TiO,NTs and
(c) PDA/Ag,S/TiO,NTs
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light and promoting the electron-hole separation, which can act
as excellent organic sensitizer for the inorganic semiconductors
to construct inorganic/organic photoactive composite material
for PEC detection. Subsequently, the photocurrent notably de-
creased to 15.6 pA with the covalent immobilization of SH-
terminated aptamer onto PDA/Ag,S/TiO, NTs modified elec-
trode via the Michael addition reaction (curve d), resulting from
the steric hindrance effect of the immobilized aptamer and the
electrostatic repulsion effect between the negative charged
phosphate skeleton of aptamer and electronegative AA mole-
cule. After successive blocking of MCH (curve ¢) and specific
binding of OFL, photocurrent gradually decreased because the
increased stereo-hindrance can prevent AA from combining
with photo-generated holes and facilitate the recombination of
photogenerated holes/electrons. As a result, when the 100 nM
of OFL was connected with aptamer by the specific

400 500 600 700 800
Wavelength/nm

recognition, the photocurrent value obviously reduced to
7.0 pA (curve f). These phenomena indicated that the PEC
aptasensor based on PDA/Ag,S/TiO,NTs nanocomposites
was successfully constructed for the detection of OFL.
Electrochemical impedance spectroscopy (EIS) was ap-
plied to characterize the interface properties of electrodes.
Figure 2b displayed impedance spectra for the electrodes ac-
quired from different fabrication process. The Nyquist plot of
EIS is composed of a semicircle section and a line section. The
electron-transfer resistance (R,,) can be reflected by the semi-
circle diameter [5]. In comparison to TiO, NTs electrode
(curve a), Ag,S/TiO,NTs showed increased resistance as-
cribed to the poor conductivity of Ag,S semiconductor nano-
particles (curve b). In curve c, the PDA/Ag,S/TiO,NTs mod-
ified electrode showed much higher R,, owing to the relatively
low conductivity of PDA which retarded the interfacial
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Fig. 2 PEC response (a) and EIS (b) for (a) TiO, NTs, (b) Ag,S/
TiO,NTs, (¢) PDA/Ag,S/TiO,NTs, (d) aptamer/ PDA/Ag,S/TiO,NTs,
(e) MCH/aptamer/ PDA/Ag,S/TiO,NTs, (f) OFL/MCH/aptamer/ PDA/
Ag,S/TiO;NTs. ¢ The charge transport mechanism of PDA/Ag,S/
TiO,NTs electrode in AA electrolyte upon irradiation with visible light

electron transfer [17]. After immobilizing aptamer onto the
surface of PDA/Ag,S/TiO,NTs, the semicircle diameter evi-
dently enhanced (curve d), implying that aptamers were suc-
cessfully attached to the PDA/Ag,S/TiO, NTs by the Michael
addition reaction between PDA and SH groups of the aptamer
[8]. Subsequent modification of MCH led to further augmen-
tation of the electron transfer resistance due to surface
blocking effect (curve e). After the incubation of aptasensor
with OFL, there was a remarkable increase of the semicircle
diameter (curve f) because aptamer-OFL complexes blocked
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interfacial charge transfer. The EIS characterization also point-
ed to the successful construction of aptasensor.

Figure 2c presents the charge transport pathway of PDA/
Ag,S/TiO,NTs hererostructure upon irradiation with visible
light. In the process of photo-current conversion, after the
PDA thin film absorbs visible light, electron-hole pairs are
generated in the PDA under the photoexcitation [16]. Then
the excited electrons on the lowest unoccupied molecular or-
bital (LUMO) of PDA can transfer onto the conduction band
(CB) of Ag,S nanoparticles due to well-matched energy level.
Because the valence band (VB) and CB energy levels of Ag,S
nanoparticles are higher than those of TiO, NTs, the
photogenerated electrons subsequently inject into the CB of
TiO, NTs to generate current in external circuit. The separated
holes transfer from the VB of TiO, NTs to the highest occu-
pied molecular orbital (HUMO) of PDA through the VB of
Ag,S nanoparticles, resulting in oxidization of AA in PB.
Because the photogenerated holes are consumed by the elec-
tron donor AA, the recombination of photogenerated
electron—hole pairs can be effectively inhibited. Therefore,
the photocurrent response of electrode evidently enhanced.
The photocurrent change tendency of different modified elec-
trode in Fig. 2a curve a-c is well in accordance with the above
charge transfer mechanism which further confirmed that

a

12+

/uA

T

Al/uA
<

Y
Ig(C/nM)

Fig. 3 a Photocurrent response towards various concentrations of OFL.
(a) 0.005, (b) 0.01, () 0.05, (d) 0.1 (e) 0.5, (/) 1.0, (g) 5.0, (h)10, (i) 50,
(/) 100 nM. b Logarithmic calibration plot between photocurrent change
(AI) and concentration of OFL
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Table 1 Comparison of various

methods for OFL assay Methods Linear range (M) Detection limit (M) Reference
DCBI-MS 34x10°%1.7x107 321077 [23]
UHPLC-MS/MS 27%x1071027 %107 27x107"° [24]
Chemiluminescence sensor 28x107°-28x107° 8.4x107'° [25]
Electrochemical sensor 1.0x107%1.0x107* 13x107° [26]
Electrochemical immunosensor 22x1071%1.1x107° 83x 10" [27]
Electrochemical aptasensor 50x10%2.0x107° 1.0x107° [28]
Colorimetric aptasensor 20x10%40x1077 34x107° [29]
Fluorescence detection 28x10°-1.4x10° 58x1071° [30]
Photoelectrochemical aptasensor 5.0x107"%1.0x1077 75x107" This work

DCBI-MS: Desorption corona beam ionization - mass spectrometry; UHPLC-MS/MS: Ultra-high performance
liquid chromatography-tandem mass spectrometry

PDA/Ag,S/TiO,NTs hererostructure exhibited distinctly en-
hanced visible-light PEC activity contributing to well-
matched energy levels, ideal stepwise band structure and ex-
cellent co-sensitization effect of PDA/Ag,S on TiO,NTs.

Optimization of experimental conditions
The following experimental conditions including the modifi-

cation amount of Ag,S nanoparticles and PDA on TiO,NTs,
the concentration of AA, immobilization amount of aptamer,

a g

I/uA

o, UL

50 100 150 200

Time/s
b 8
6_
<
3.
= 4
<
2_
0 A
%, O’Ufr K. ope g, %,
o, by %% S Ve, Py,
L8 e, Ot oy iy %,
g Sty
o e

Fig. 4 a Time-based photocurrent response of the aptasensor under ten
on/off irradiation cycles. b Selectivity detection for OFL (10 nM) and
other interferential antibiotics (100 nM)

incubation time of OFL were systemically optimized (present-
ed in Electronic Supporting Material). The optimized condi-
tions were found as follows: (a) Modification amount of Ag,S
nanoparticles: depositing time of 60 s and loading cycles of
4 cycles (b) Modification amount of PDA: DA concentration
of 3.0 mg-mL_1 and polymerization time of 2 h; (¢)
Concentration of AA: 0.1 M; (d) Immobilization amount of
aptamer: 2.0 uM; (e) Incubation time: 1 h.

Quantitative determination of OFL

After incubation of the aptasensor in different concentrations
of OFL, photocurrent responses were recorded under the op-
timal conditions. As shown in Fig. 3a, the decreased photo-
current responses were observed in presence of increased OFL
levels. The difference of photocurrent after and before incu-
bation with OFL (AI) was used as detection signal for quan-
titative analysis. Under the optimized conditions, the
aptasensor has a linear response in the 5.0 pM to 100 nM
OFL concentration range (Fig. 3b) and a 0.75 pM detection
limit (at S/N = 3). The regression equation is expressed as Al
(LA) =4.883 +0.1049 Ig (c/nM), and the linear correlation
coefficient is 0.9991.The comparison of analytical properties
of various methods for OFL assay are summarized in Table 1.
Although the fabrication process of aptasensor is intricate and
time-consuming, this method possesses high sensitivity and
wide linear range, indicating its excellent analytical perfor-
mance towards OFL detection.

Table 2 Detection of OFL in milk samples (n = 6)

Sample  Added (pM)  Found (pM)  Recovery (%)  RSD (%)
50 49.1 98.2 3.5
100 97.6 97.6 33

3 500 494.9 99.0 3.0
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Reproducibility, stability and specificity

To evaluate the reproducibility, five parallel fabricated
aptasensors were used to determine 100 nM of OFL. The
photocurrent response offered relative standard deviation
(RSD) of 2.8%, indicating favorable reproducibility for OFL
assay. As can be seen in Fig. 4a, the photocurrent did not
significantly change (with a RSD of 2.5%) when recorded at
10 intervals of visible light, implying desirable stability of the
PEC response.

To investigate the binding specificity of the aptasensor for
its target analyte, interference experiments were performed by
using the nanoprobe to individually detect target OFL and
other non-target antibiotics at same experimental conditions.
The results demonstrate that OFL revealed large photocurrent
response, whereas 10-fold of interfering substances brought
out no significant photocurrent change (Fig. 4b), indicating
the good selectivity of aptasensor for OFL detection.

Analysis of food samples

The feasibility of this method for food analysis was assessed.
The spiked milk samples containing different amounts of OFL
were prepared according to the protocol reported previously
[5]- Then, the standard addition method was used to detect
OFL in milk sample. The obtained concentration recovery
was between 97.6% and 99.0% (Table 2), indicating the ap-
plicability of this aptasensor in complex food samples.

Conclusions

A PDA/Ag,S/TiO,NT ternary nanocomposite was firstly syn-
thesized and used to construct novel PEC aptasensing plat-
form. The inorganic/organic photoactive materials not only
exhibit distinctly enhanced visible-light PEC activity but also
offer an ideal platform to directly bind the aptamer to fabricate
aptasensor for OFL detection. Although the fabrication pro-
cess of aptasensor is intricate and time-consuming, this meth-
od possesses high sensitivity and good selectivity, which
holds great potentials for OFL residue analysis in real
samples.

Compliance with ethical standards The author(s) declare
that they have no competing interests.
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