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� ZnCuInSe quantum dots was used for
the first time to constructed the
ZnCuInSe/Au/TiO2 sandwich nano-
wires photoelectrode.

� Au NPs serve as photosensitizer and
electron relay facilitating light to
electron conversion and charge
transfer.

� The PEC sensor for the detection of
kanamycin was developed using
ZnCuInSe/Au/TiO2 as substrate with a
LOD down to 0.2 nM.

� ZnCuInSe/Au/TiO2 nanowires can
detectionof different biomolecules by
modifying various recognizers.
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A highly selective and sensitive photoelectrochemical (PEC) sensing platform was developed for kana-
mycin assay based on the aptamer modified sandwich-structured ZnCuInSe/Au/TiO2 nanowires. Sand-
wiched between the TiO2 nanowires and the ZnCuInSe quantum dot (QDs) layer, the Au nanoparticles
(Au NPs) serves as a plasmonic photosensitizer and an electron relay, which expand the light absorption
range and facilitates the charge transfer. Also, ZnCuInSe QDs, a broad spectrum photosensitizer can
capture visible light, which enhance the photocurrent density response. Through the AueS bond and Cu
eS bond, the HS-aptamer were immobilized on the ZnCuInSe/Au/TiO2 nanowires as a recognition unit for
kanamycin. The proposed sensing platform showed excellent assay performance for kanamycin with a
linear response range from 0.2 to 250 nM, and high selectivity. By changing the recognizers, the proposed
sensing platform could be easily extended to detect other biomolecules, and may have a promising
application in bioanalysis.

© 2020 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, PEC bioassay has aroused great attention
because it combines the advantages of optics methods and elec-
trochemical sensors [1e3]. Moreover, it possess attractive
iO2 sandwich nanowires-based photoelectrochemical biosensor for
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advantages such as a simple device, easy operation, low back-
ground signal, and good sensitivity and low cost [4,5]. Also, high
selectivity can be achieved by applying antibodies [6], aptamers [7]
and enzymes [8] as biological recognition element. Compared with
antibodies and enzymes, aptamers have inherent binding affinity
that can bind to their targets with high specificity [9] and they are
less sensitive to temperature and pH, therefore less prone to
deactivation [10].

On the other hand, semiconductors were often used as light
trapping materials to construct PEC sensors and Titanium dioxide
(TiO2) has been widely applied due to its good photocatalytic ac-
tivity, stability, and controllable morphology [11,12]. Vertically
aligned TiO2 nanowires have much high surface area and excellent
electron transport paths, which can increase the light absorption
[13]. However, it can only absorb ultraviolet light because of its
wide band gap (3.2 eV), the ultraviolet light can cause some damage
to the biological molecules on the sensors, thus limiting the bio-
logical applications of the sensor [14]. Also, the fast recombination
of photogenerated electronehole pairs may recede the PEC signal
[15]. The combination of TiO2 and noble metals (Au, Ag) and/or
narrow band gap semiconductors, such as CdS, CdSe and PbS QDs,
can expanded the absorption range to visible light and inhibited the
recombination of electron hole pairs. For example, Wang’s group
utilized graphene modified TiO2 nanotube arrays to develop a PEC
chloramphenicol sensor, which exhibited a low detection limit of
57.9 pM [16]. Ghorbani adopted the Au NPs decorated TiO2 nano-
rods photoelectrode to detection of Cr(VI) with a very low detection
limit of 0.006 mM [17].

More recently, Pb, Cd-free Zn doped CuInSe2 (ZnCuInSe) QDs
have attracted considerable attention owing to its less-toxicity,
narrow bandgap (1.05 eV) and superior optical properties. In
addition, doped QDs not only ameliorate the stability and lessen the
defects due to the firm lattice structure and lessened atomic intra-
diffusion, but also favor the electron transfer due to the move up of
conduction band edge [18e20]. Therefore, doped QDs can be used
as an excellent light-harvesting sensitizers. As an example, Du et al.
constructed QDs sensitized solar cells with Cd-, Pb-free ZnCuInSe
QDs as effective light harvesters, the cells were demonstrated to
significantly improve the power conversion efficiency due to the
ZnCuInSe QDs [21]. Analogously, as an highly narrow bandgap
semiconductor, ZnCuInSe QDs could match well with the TiO2
nanowires with a cascade energy level positioning to accomplish
high light absorption and conversion efficiency. To the best of our
knowledge, a ternary nanocomposite based Au NPs and ZnCuInSe
QDs has not yet been constructed and utilized within a PEC
platform.

Therefore, in this work, a visible-light driven PEC aptasensor
based on aptamer-modified ZnCuInSe/Au/TiO2 nanocomposites
was present for the analysis of kanamycin that is widely applied as a
broad-spectrum antibiotic because of its low cost and effective treat
infections caused by most of bacteria [22]. However, the overuse in
animal-derived foods can lead to hazards to human health,
including anaphylactic shock, diarrhea, vomiting, hearing loss and
kidney damage [23,24]. Therefore, it is necessary to establish a
highly sensitive and selective strategy for the detection of kana-
mycin. In our work, the Au NPs sandwiched between the TiO2

nanowires and the ZnCuInSe QDs layer play a dual role in
enhancing the photocurrent, as shown in Scheme 1a. On the one
hand, it acts as a photosensitizer, which extends the photo-
absorption of the electrode to visible range. On the other hand, it
serves as an electron relay, which facilitates charge transfer be-
tween the ZnCuInSe QDs and TiO2 nanowires. The presence of
ZnCuInSe QDs can expand the absorption to visible light region of
the composite, thus enduing the matrix with a superior light ab-
sorption capacity. Also, the aptamers of kanamycin were
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immobilized on ZnCuInSe/Au/TiO2 photoelectrode via AueS and
CueS to form an aptasensor [25]. In the presence of kanamycin, the
aptamer on the ZnCuInSe/Au/TiO2 photoelectrode could specifically
and sensitively capture kanamycin that are oxidized by the pho-
togenerated holes. The recombination rate of photogenerated
electron-hole pairs are inhibited, which lead to a amplified in
photocurrent density response, as illustrated in Scheme 1c.
2. Experimental section

2.1. Materials and apparatus

The materials and apparatus are described in the Supplemen-
tary Material.
2.2. Preparation of TiO2 nanowires and ZnCuInSe QDs

The detailed experimental steps are described in the Supple-
mentary Material.
2.3. Fabrication of ZnCuInSe/Au/TiO2 nanowires sandwich structure

ZnCuInSe/Au/TiO2 composite electrode was prepared according
to a multistep procedure illustrated in Scheme 1b. The Au/TiO2
electrode was constructed firstly by pulse-electrical deposition
using HAuCl4 (1 mM) as the electrolyte. The procedure was carried
out in a three-electrode system with an Ag/AgCl reference elec-
trode, platinum counter electrode, and the TiO2 nanowires as
working electrode [26]. The electrodeposition process was con-
ducted at deposition potential �6.0 V for 0.2 s, and then -10�5 V for
1 s, using a certain sequential pulses to obtain the optimal load of
Au NPs. Subsequently, the Au/TiO2 nanowires was washed with DI
water and dried at 60 �C for further use.

ZnCuInSe/Au/TiO2 nanowires was fabricated by dropping 10 mL
of the as-prepared ZnCuInSe QDs aqueous solution (7 mg/mL) on
the Au/TiO2 nanowires, then dried at 50 �C, which were repeated
until that the optimal load of ZnCuInSe QDs was achieved.
2.4. Fabrication of PEC aptasensor

The aptamer was immobilized onto ZnCuInSe/Au/TiO2 electrode
via AueS and CueS bond between Au NPs, ZnCuInSe QDs and the
aptamer. 30 mL of aptamer solution was dropped onto the
ZnCuInSe/Au/TiO2 electrode and incubated for 24 h, and rinsed
with washing solution to remove unbound aptamers. In order to
reduce the nonspecific adsorption, 30 mL of 1% BSA blocking buffer
solutionwas dropped on the electrode to block nonspecific binding
sites. After 2 h, the electrodes were rinsed and dried for further use.
2.5. Electrochemical measurements

The photocurrent density were measured in a standard three-
electrode system with the as-prepared materials as working elec-
trode, a Pt counter electrode, and a Ag/AgCl reference electrode.
The PEC activity of different electrode were determined in an
electrolyte containing 0.35 M Na2SO3 and 0.24 M Na2S. Immuno-
assay was measured in an aqueous solution of PBS (pH ¼ 7.4) that
contains 0.08M of ascorbic acid (AA): AAwas utilized as an electron
donor to capture holes and enhanced the photocurrent density. A
500WXe lampwas regarded as the light source at a light density of
100 mW/cm2.



Scheme 1. (a) Dual role of Au NPs in the ZnCuInSe/Au/TiO2 sandwich structure. Construct of ZnCuInSe/Au/TiO2 nanowires photoelectrode; fabrication steps of the aptasensor (b)
and its PEC mechanism for detection (c). CB ¼ conduction band, VB ¼ valence band, Ef ¼ Fermi energy level.
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3. Results and discussion

3.1. Characterization of the synthesized materials

The SEM images of Fig. 1A reveals the morphology of pure TiO2
nanowires at low and high magnifications, respectively. Vimineous
TiO2 nanowires had an average diameter of 40 nm and their surface
was smooth. In Fig. 1B, the SEM of Au/TiO2 nanowires composite
revealed that Au NPs were deposited on the TiO2 nanowires by
pulse-electrical deposition. Also, Fig. S1 displays the SEM images of
Au/TiO2 with different cycles of pulse deposition. With increase of
the number of deposition cycles, the amount of Au NPs changed
from less to more, and then the size become large and agglomer-
ation. Fig.1C shows the TEM image of ZnCuInSe/Au/TiO2 nanowires,
a large number of gray particles of about 8 nm were observed on
the surface of nanowires, demonstrating the successful deposition
of ZnCuInSe QDs on the Au/TiO2 nanowires. Moreover, the com-
posite electrode was confirmed by the HRTEM, as shown in Fig. 1D,
the lattice fringe with spacing of 0.35 nm, 0.24 nm and 0.32 nm
correspond to the (101) plane of anatase TiO2, (111) plane of Au NPs
and the (111) plane of ZnCuInSe QDs, indicating that the as-
prepared electrode consists of TiO2, Au and ZnCuInSe QDs. Addi-
tionally, the EDS results show that the elements of Ti, O, Au, Zn, Cu,
In and Se exist in the ZnCuInSe/Au/TiO2 nanowires. XRD analysis
was used to further investigate the crystalline structure and phase
composition of the ZnCuInSe/Au/TiO2 nanocomposite, as shown in
Fig. 1F. Compared with the pure Ti sheet, the XRD pattern of TiO2
nanowires shows the distinct characteristic diffraction peaks at
2q ¼ 25.29� and 48�, corresponding to the crystal planes of (101)
and (200) of the anatase TiO2, respectively. In addition to the
characteristic peaks of Ti and TiO2 nanowi, the XRD spectra of Au/
TiO2 electrode displayed the peaks at 2q ¼ 44.3� and 64.54�, which
can be assigned to (200) and (220) crystallographic planes of Au
NPs, respectively. When compared with Au/TiO2, ZnCuInSe/Au/TiO2
nanowires exhibited two new peaks at 27� and 43.4�,
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corresponding to the crystal planes of (111) and (220) of the
ZnCuInSe QDs, which is in good agreement with the HRTEM results.
It should be noted that the intensity of the diffraction peaks at
2q ¼ 25.29� gradually decreases with the loaded of Au and
ZnCuInSe, suggesting that the successful deposition of Au NPs and
ZnCuInSe QDs. Weak diffraction peak of Au and ZnCuInSe was
observed as the concentration was low.

Fig. 2A shows the UVevis absorption spectra of TiO2 and
ZnCuInSe/TiO2 nanowires in the absence and presence of Au NPs.
TiO2 nanowires displayed a sharp absorption edge at around
395 nm. After the immobilization of the ZnCuInSe QDs onto TiO2
nanowires, the absorption edge red shift to 425 nm. The presence of
Au NPs embedded between TiO2 and ZnCuInSe QDs further
increased the absorption range up to 695 nm. The strong absorp-
tion band centered at 545 nm and 566 nm corresponded to the
localized surface plasmon resonance (LSPR) of the Au NPs [27] and
the absorption of ZnCuInSe QDs, respectively. The LSPR peak of the
Au NPs sandwiched between the TiO2 nanowires and the ZnCuInSe
QDs layer red shift due to the large refractive index of the ZnCuInSe
QDs. In addition, the band gaps of electrode were calculated using
Tauc relation (eqn (1)) [28] according to the UVevis absorption
spectra, as shown in Fig. 2B. The band gap of TiO2, ZnCuInSe/TiO2,
Au/TiO2 and ZnCuInSe/Au/TiO2 nanowires were 3.25, 3.1, 2.9, and
2.75 eV, respectively.

ahn¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
A ðhn� EgÞ

q
(1)

Where Eg is the bandgap energy, hn refers to the photon energy and
a represents absorption coefficient.

Photoluminescence spectra have been widely used to study the
electron/hole lifetime. A higher fluorescence intensity means a
higher recombination rate of photogenerated electrons/holes, and
hence a shorter lifetime of photogenerated carriers [29,30]. Fig. 2C
proves the photoluminescence spectrum of TiO2, Au/TiO2,
ZnCuInSe/TiO2 and ZnCuInSe/Au/TiO2 nanowires. The order of



Fig. 1. SEM images of TiO2 nanowires with low (A) and high (Inset of A) magnification, SEM images of Au/TiO2 (B), TEM images (C), HRTEM (D), EDS images (E) and XRD patterns of
ZnCuInSe/Au/TiO2 naowires.

H. Geng, X. Chen, L. Sun et al. Analytica Chimica Acta xxx (xxxx) xxx
photoluminescence intensity is Au/TiO2 < ZnCuInSe/TiO2 < TiO2,
which represents the modification Au NPs or ZnCuInSe QDs de-
creases the recombination rate of photogenerated electrons/holes.
The photoluminescence intensity of Au/TiO2 was weaker than
ZnCuInSe/Au/TiO2 is due to the loading of the ZnCuInSe QDs which
increase the light capture efficiency and generating more photo-
generated carriers. More photogenerated carriers suggest a higher
probability for recombination of photogenerated electron-hole
pairs.

Also, the loading amount of the sensitizers was opimized to
obtain a high sensitivity. As shown in Fig. S2A, the photocurrent
density of Au/TiO2 nanowires increased with the rise of the depo-
sition sequences until 70, above which the photocurrent density
quickly dropped for the agglomeration of the Au NPs, big Au blocks
would have less electron transfer efficiency [31]. From Fig. S2B, the
4

maximum photocurrent density of ZnCuInSe/Au/TiO2 nanowires
was obtained when 30 mL of ZnCuInSe QDs was loaded. It was about
10 and 3.4 times that obtained on TiO2 nanowires and Au/TiO2
nanowires, respectively. In addition, the photocurrent density is
higher than CuInSe2/Au/TiO2 nanowires with same volume of
quantum dot solution, as shown in Fig. S2C, indicating the excellent
optical properties of Zn doped CuInSe2 QDs. However, excess
ZnCuInSe QDs caused more resistance, which could hinder the
electron transferred to TiO2 nanowires. In the following experi-
ments, the ZnCuInSe/Au/TiO2 nanowires was fabricated with the
optimal composition.

Fig. 2D shows the photocurrent density responses of TiO2, Au/
TiO2, ZnCuInSe/TiO2 and ZnCuInSe/Au/TiO2 nanowires at applied
potential of 0 V under visible-light irradiation. The photocurrent
density of ZnCuInSe/Au/TiO2 nanowires was greater than the sum



Fig. 2. (A) UVevis absorption spectra; (B) Optical band-gap; (C) Photoluminescence spectrum; (D) Photocurrent density; (E) The open-circuit potentia response and (F) EIS analysis
of different electrodes in sulfideesulfite electrolyte.
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of Au/TiO2 and ZnCuInSe/TiO2, indicating the synergistic effect of
Au NPs and ZnCuInSe QDs. The synergistic effect was caused by
enhanced the light absorption of the ZnCuInSe QDs due to
increased light scattering of Au NPs [32]. Moreover, Fig. S2D shows
the photocurrent density of ZnCuInSe/Au/TiO2 nanowires under
light on/off irradiation cycles for 400 s, and Fig. S2E is the photo-
current responses after different storage time. No obvious changes
in the responses can be found, indicating a high stability. The open-
circuit voltage response was conducted to explore the composite
dynamics of the carrier within the electrode, as shown in Fig. 2E.
The open-circuit voltage of ZnCuInSe/Au/TiO2 nanowires was more
negative than TiO2 nanowires, suggesting a more accumulation of
photogenerated electrons. It is worth noting that the open-circuit
voltage of Au/TiO2 nanowires was lower than that of TiO2
5

nanowires, because the interfacial energy states created at AueTiO2
nanowires contacts could enhance interfacial recombination losses,
thus causing decreased voltages. In addition, the open circuit
voltage of the electrode begin to decay after the light was turn off, a
slow decay rate of the voltage indicates a long electron hole pairs
lifetime. The response time was obtained by the reciprocal of the
derivative of the decay curve normalized by the thermal voltage
[33].

tn¼�KBT
e

�
dt

dVoc

�
(2)

As shown in Fig. S2F, the ZnCuInSe/Au/TiO2 nanowires has the
longest response time, which is consistent with the character of
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photocurrent density. Moreover, electrochemical impedance
spectra (EIS) were recorded to investigate the electrochemical
properties of the electrodes, the semicircle diameter from the
Nyquist plot of EIS measurement indicates the interfacial charge-
transfer resistance of the electrode, as shown in Fig. 2F, the
charge transfer resistance decreases after the deposition of Au NPs
and ZnCuInSe QDs, most likely because the introduction of Au NPs
and ZnCuInSe QDs accelerated electron transfer on the electrode.
The increase in resistance of the ZnCuInSe/Au/TiO2 nanowires than
that of the Au/TiO2 nanowires, this is because the resistance of
ZnCuInSe QDs is much higher than that of Au NPs.
3.2. Fabrication of the PEC sensor and optimization of detection
conditions

The PEC aptasensor was construced by successive modifications
of aptamer and 1% BSA on the ZnCuInSe/Au/TiO2 electrode. With
the successive modifications of kanamycin aptamer and BSA, the
photocurrent density decreases (Fig. 3A curves b and c). The pres-
ence of aptamer molecules and BSA enhances the steric hindrance
of the electrode surface, which blocks the transfers of electrons and
electroactive species such as AA on the interface between electrode
and electrolyte resulting in decreases in photocurrent density. The
stepwise modification process of the aptasensor was also moni-
tored by the EIS method. As shown in Fig. 3B, after successive
modification with the kanamycin aptamer and BSA, the resistance
increased gradually, owing to the strong steric hindrance and
insulation effect of proteins on PBS. The EIS results display that the
biosensing platform is constructed successfully according to
Scheme 1.

The aptamer concentration, AA concentration, pH of the elec-
trolyte and the binding time of the aptasensor with kanamycin are
vital influence factors for the photocurrent density and sensitivity
of the sensor. So, the experimental parameters were optimized and
the best experimental parameters were obtained based on the
photocurrent density. Fig. S3A, B, C and D show the aptamer con-
centration, AA concentration, pH and binding time-dependent
photocurrent density responses, respectively. The optimal experi-
mental parameters are 2.0 mMof aptamer, 0.08 M of AA, pH 7.4, and
binding time of 80 min. The decline of photocurrent density at
higher AA concentration can be accredit to the decreased absor-
bance of the electrolyte, which thus decreases the irradiation in-
tensity and formation efficiency of excited electron-hole center
[34].
Fig. 3. (A) Photocurrent density amd (B) EIS analysis of (a) ZnCuInSe/Au/TiO2 nanowire
nanowires in PBS (pH 7.4) containing 0.08 M AA.
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3.3. Quantitative detection of kanamycin and selectivity,
reproducibility, stability test of the PEC sensor

Fig. 4A displays the kanamycin concentration-dependent
photocurrent density responses. The response is fast and repro-
ducible, and the photocurrent density is basically unchanged after
two cycles, indicating that the sensor is stable. Based on a back-
ground corrected current (DI ¼ I0 - I, where I0 and I are the pho-
tocurrents before and after incubating with kanamycin,
respectively), Fig. 4B shows a logarithmic calibration relationship in
the linear range of 0.2 and 250 nM of kanamycin with a regression
equation DI/mA ¼ 15.48 logCþ 17.98, a correlation coefficient of
0.998, and a limit of detection (LOD) of 0.2 nM, the lowest detect-
able concentration.

Good selectivity, reproducibility and stability are essential to a
biosensor. The selectivity was investigated by determining various
antibiotics, including chloramphenicol, erythromycin, ciprofloxa-
cin, ofloxacin, doxycycline, and streptomycin. From Fig. 4C, the
aptasensor has lower responses to antibiotics other than kana-
mycin, moreover, a high photocerrent is also observed in the
mixture sample including kanamycin and all of the above inter-
ferents, the value is slightly smaller than that in the kanamycin
sample without interferents, indicating a high selectivity of the
aptasensor towards kanamycin.

The inter-assay and intra-assay precisionwere conducted for the
evaluation of the reproducibility. Six identical aptasensors were
prepared to detect 200 nM kanamycin. The intra-assay was carried
out by testing 200 nM kanamycin for three times with one apta-
sensor under identical experimental conditions. The relative stan-
dard deviation of inter-assay and intra-assay was 5.1% and 4.9%,
respectively, suggesting a good reproducibility of the aptasensor.
Also, there almost had no changes from the original photocurrent
when storing the sensor for 4, 8 and 12 days, respectively, as shown
in Fig. 4D, indicating the good long-term stability of the aptasensor.

In Table 1, the performances of the aptasensor were compared
with the previously reported methods for the detection of kana-
mycin based on the linear range and sensitivity. The proposed
aptasensor exhibited a comparable or higher sensitivity than re-
ported results.
3.4. Detection of kanamycin in spiked human serum samples

The performance of the sensors in the analysis of actual samples
was evaluated by analyzing four human serum samples spikedwith
various kanamycin concentrations. The results are shown in Table 2.
s, (b) aptamer/ZnCuInSe/Au/TiO2 nanowires, and (c) BSA/aptamer/ZnCuInSe/Au/TiO2



Fig. 4. (A) Photocurrent responses of BSA/aptamer/ZnCuInSe/Au/TiO2 toward different concentrations of kanamycin: (a) 0, (b) 0.2, (c) 0.5, (d) 1, (e) 3, (f) 10, (g) 30, (h) 50, (i) 100, (j)
150, (k) 200, (l) 250 nM. (B) The calibration curve of the aptasensor for the kanamycin detection. (C) Selectivity of the PEC aptasensor to 200 nM kanamycin and the tabulated
antibiotics in PBS (pH 7.4) containing 0.08 M AA, the mixture containing kanamycin, and eight interferents. (D) The photocurrent density of the PEC aptasensor with different
storage time.

Table 1
Comparison of different methods for kanamycin detection.

Analytical method Linear range/nM Detection limit/nM References

Colorimetry 1e100 1.49 [35]
Electrochemistry 2.1e128.7 0.1888 [36]
Electrochemistry 10e150 5.8 [37]
Fluorescence 10e1 � 103 2.7 [38]
Fluorescence 24.75e137.15 7.5 [39]
PEC 0.2e250 0.2 This work

Table 2
Detection of kanamycin in human serum samples using the sensors.

Sample Blank (nM) Added (nM) Found (nM) Recovery (%)

1 0 0 0 0
2 2 0.5 2.48 99.2
3 2 10 11.72 97.7
4 2 50 50.3 96.7
5 2 200 196.6 97.3
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The recovery rate were 96.0%, 97.2%, 96.6% and 97.3%, respectively,
demonstrating a good performance of the aptasensor in the
detection of kanamycin in actual samples.

4. Conclusion

A label-free ultrasensitive PEC aptasensor was developed by
modification of aptamer on ZnCuInSe/Au/TiO2 nanowires ternary
composite for the detection of kanamycin. The ZnCuInSe QDs
7

formed a cascade band edge structure with TiO2 nanowires
extending the light absorption to visible range and promoting the
separation of electrons-hole pairs, while Au NPs act as an electron
relay facilitating charge transfer between the ZnCuInSe QDs and
TiO2 nanowires. Additionally, Au NPs on the ZnCuInSe/Au/TiO2
nanowires significantly improved the PEC performance because of
the localized surface plasmon resonance effect. Owing to the high
photocurrent density, the proposed aptasensor exhibited a high
sensitivity with a LOD down to 0.2 nM and awide linear range from
0.2 nM to 250 nM. Furthermore, the PEC aptasensor has high sta-
bility, selectivity, sensitivity, and acceptable reproducibility. By
changing the recognizers, the proposed sensing platform could be
easily extended to detect other biomolecules.
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