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Melamine detection

Amine group-bearing small molecules tend to adsorb onto the nanochannel surfaces, which degrades the effi-
ciency of nanochannel sensors. In this study, we utilized host-guest knowledge to eliminate the influence of
excessive small molecules. In combination with single-walled carbon nanotubes (SWNTs), B-cyclodextrin (3-CD)
provided an excellent sensing performance for the conical nanochannel coated with polyethyleneimine (PEI) and
zirconium ion (Zr**). By taking detection of melamine as a prototype, the as-prepared nanochannel could se-

lectively detect melamine-elicited double-stranded DNA (dsDNA). Both excessive melamine and single-stranded
DNA were removed via the addition of B-CD and SWNTs. The nanochannel sensing platform for the detection of
melamine has a detection limit of as low as 4.3 nM with a suitable sensitivity, an excellent reproducibility and
stability. Therefore, it is highly promising that a nanochannel sensor based on ion current rectification (ICR) can
be used to detect other possible targets.

1. Introduction

Melamine (2,4,6-triamino-1,3,5-triazine, MEL), a triazine analogue
with three amino groups, is widely employed for the synthesis of paints,
plastics, adhesives, and other industrial applications (Sun et al., 2010;
Liang et al., 2011; Guo et al., 2014). However, adding melamine to
dairy products to increase the total nitrogen content is illegal (Ai and
Lu, 2009; Huang et al., 2011; Wang et al., 2012), and could induce
human renal pathology or even death (especially newborns) (Zhu et al.,
2009a; Wang et al., 2015a, 2015b; Lee et al., 2011; Han et al., 2012).

Various analytical methods have thus been employed for melamine
quantification, such as high-performance liquid chromatography
(HPLC) (Ahmad et al., 2016; Ge et al., 2015; Wang et al., 2016), hy-
phenated mass spectrometry methods (Chen et al., 2015; Domingo
et al., 2015; Rani et al., 2014; Zhao and Chen, 2016), surface enhanced
Raman spectroscopy (SERS) (Giovannozzi et al., 2014; Rajapandiyan
et al., 2015; Zhuang et al., 2016), near-infrared spectroscopy (NIR)/
mid-infrared spectroscopy (MIR) (Balabin and Smirnov, 2011; Huang
et al., 2015; Wu et al., 2016), enzyme-linked immunosorbent assay
(ELISA) (Li et al., 2013; Xie et al., 2015a), capillary electrophoresis (CE)
(Ji et al., 2014; Kong et al., 2014), electrochemiluminescence (Guo
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et al., 2011), and chemiluminescence (Zhang et al., 2011). Admittedly,
these reported methods have made undeniable progress. However, for
on-site applications, time-consuming, bulky and costly equipment that
requires highly trained operators is not suitable. Thus, it is necessary to
determine a simple, reliable and fast method for on-site melamine de-
tection. To achieve the abovementioned goal, detection methods based
on miniaturized nanodevices are highly desirable (Bai et al., 2018; Chen
et al., 2017; Diao et al., 2018; Hanson et al., 2017; Idili et al., 2017). As
one of the biomimetic nanodevices, solid-state nanofluidic channels
have received widespread attention and have been considered to be
very meaningful sensor platforms due to their relative stability and easy
modification.

Among the applications of nanochannels, methods mainly focus on
resistive-pulse sensing (RPS) (Beamish et al., 2017; Hu et al., 2018; Lin
et al.,, 2017a; Lin et al., 2017b) and ion-current rectification (ICR)
(Boussouar et al., 2017; Qian et al., 2018; Shang et al., 2017; Wang
et al.,, 2018b). However, to be an ideal RPS method, precisely con-
trollable pore sizes and lengths are required (Yin et al., 2017; Zhu et al.,
2018b). It is very challenging and time consuming to fabricate a pore
with a size suitable for small molecule detection. Fortunately, sensors
based on ICR do not put such strict requirements on the opening
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diameter of the nanochannel. Furthermore, the dynamic detection
range of ICR sensors can be adjusted by manipulating the ICR. More
encouragingly, much progress has been made during the construction
of ICR sensors in recent years. Conventionally, the selectivity of ICR
sensors has been achieved by immobilizing the probes on the na-
nochannel surface (Xie et al., 2015b; Liao et al., 2017; Niu et al., 2018).
Surface modifications with probes elicit drastic environmental changes,
including steric hindrance, hydrophobicity and charge, and the con-
sequential crowded environments hinder the further efficiency of their
interaction with targets. Later, ICR sensors without probe immobiliza-
tion was established, which can still guarantee an excellent selectivity
and a wide detection range (Guo et al., 2012; Zhai et al., 2014).

However, one recent dilemma has been that small molecules with
amino groups, such as melamine, incline to adsorb onto the metal-ion-
treated nanochannel surface (Zhang et al., 2015). To ensure the feasi-
bility and expand the universality of sensors, it is quite urgent to de-
termine an effective method to eliminate the interference of small
molecules. It is worth mentioning that supramolecular have the po-
tential to be significant candidates as shielding agents due to their
ability to selectively recognize small molecules though the host-guest
interaction. Several macrocyclic molecules with a hydrophobic cavity,
such as cyclodextrin (Chen et al., 2018; Creamer et al., 2018; Li et al.,
2018; Nagy et al., 2018), cucurbituril (Wang et al., 2018a; Zhou et al.,
2018; Zhu et al., 2018a), and pillararene (Chi et al., 2015; Ogoshi et al.,
2016; Sun et al., 2016), have been found to bind amine-bearing mole-
cules. Results for this type of host-guest system open considerable op-
portunities for advancing nanochannel sensors. 3-CD has been explored
as a naturally occurring host macromolecule with specific molecular
structures that contain a hydrophobic internal cavity and a hydrophilic
external surface. Because of the combination of electrostatic, van der
Waals forces, hydrogen bonding and hydrophobic interactions, -CD is
well known for forming an inclusion complex with various guest mo-
lecules in supramolecular chemistry, such as small molecules, cationic
or anionic guests, proteins, and polymer chains (Hardy et al., 2018;
Jiang et al., 2018; Song et al., 2018; Xue et al., 2016; Yang et al., 2018;
Zheng et al., 2018). The aforementioned advantageous host-guest in-
teraction exerted in B-CD can be utilized for the effective sensing of
melamine.

Herein, we demonstrate a smart conical nanofluidic channel mod-
ified with PEI and Zr** that possesses sensitive and selective
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recognition of melamine with the help of a melamine aptamer, SWNTs
and -CD as illustrated in Scheme 1. The presence of melamine could
produce stable triple hydrogen-bonding with thymine (T-M-T) (Zeng
et al., 2012), and the SWNTs are effective in removing free single-
stranded (ssDNA) via electrostatic adsorption (Zhang et al., 2010a;
Zhang et al., 2010b). The nanochannel modified with PEI/Zr** can be
used to indirectly detect melamine by quantitatively detecting the
dsDNA concentration. Zr** is an ideal candidate for immobilizing or
detecting biomolecules with phosphate groups because of its strong
affinity for phosphate (Fang et al., 2011; Meng et al., 2012; Qi et al.,
2013). Meanwhile, 3-CD can be added to shield the detection system
from the interference of free melamine and other analogues via the
host-guest interaction (Stanly John Xavier, 2014). In this way, the ar-
tificial nanochannel biosensor exhibits an ultratrace recognition cap-
ability of melamine of approximately 4.3 nM. Additionally, the plat-
form has an excellent stability and selectivity. More importantly, the
fabricated sensing system has the potential to become a universal
platform for the detection of various targets simply by adjusting the
supramolecular species and sequence of the aptamer template.

2. Experimental
2.1. Materials and reagents

Formic acid (HCOOH), sodium hydroxide (NaOH), hydrochloric
acid (HCI), potassium chloride (KCl), melamine, 3-Cyclodextrin (3-CD),
tris(hydroxymethyl)aminomethane and zirconium acetate were pur-
chased from Aladdin Reagent Co. Copper chloride (CuCl,), zinc
chloride (ZnCl,), iron(III) chloride (FeCls), magnesium sulphate anhy-
drous (MgSO,), calcium chloride (CaCly), ascorbic acid (Vc), glucose
and cyanuric acid were purchased from Sinopharm Chemical Reagent
Co., Ltd. Single-walled carbon nanotubes (SWNTs) and poly-
ethyleneimine (M,,=25000, branched PEI) were purchased from
Sigma-Aldrich. All chemicals were at least analytical grade. DNA oli-
gonucleotides were synthesized from Sangon Biotechnology Co., Ltd.
(Guangzhou, China). The melamine binding aptamer is 5-TTTT TTTT
TTTT TTTT TTTT TTTT TTTT TTTT TTTT-3’. The FAM-labelled mela-
mine aptamer is 5- TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT
TTTT-FAM-3'. Oligonucleotides were stored at — 20 °C and dissolved in
Tris-HCl buffer (10 mM, pH = 7.4) before use. The chemical solutions

i = SWNTs @ =Zr* & =B-CD

Scheme 1. Schematic description of the PEI-Zr** modified conical nanofluidic channel in different states. (a) Unmodified state after etching; (b) PEI-modified state;
(c) PEI-Zr** modified state; (d) the SWNTs removing the excess ssDNA and dsDNA adsorbed by the PEI-Zr** -modified nanochannel.
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were prepared in Milli-Q water (18.2 M€2). Current-voltage curves were
measured using a Keithley 6487 picoammeter (Keithley Instruments,
Cleveland, OH).

2.2. Nanochannel fabrication and chemical modification

A single conical nanochannel was prepared using an asymmetric
track-etch technique on a 12-um-thick polyethylene terephthalate
(PET) membrane. Before the chemical etching process, the PET mem-
brane was further subjected to UV light (exposure to both sides for
60 min at a wavelength of 365 nm). To obtain the conical nanochannel,
the PET film was folded between two chambers of a custom-designed
etching cell. One side of the film was etched by an etching solution (6 M
NaOH), whereas the other side was etched by stopping solution (1 M
HCOOH + 1M KCl) at 60 °C. Then, a voltage of 1 V was applied across
the membrane. The etching process was stopped at a desired current
value that corresponds to a certain tip diameter; then, etching was
stopped. The etching solution was removed, and the stop solution was
added to the pool quickly. After chemical etching, the membrane was
immerged in Milli-Q water (18.2MQ) over night to remove residual
salts. Multi-tracked PET membranes (1 x10° tracks of cm™2) were
prepared as described above. After chemical etching, carboxyl groups
were generated on the nanochannel surface. An aqueous solution of PEI
(1% wt) was placed on the tip side of the conical nanochannel for 1 h,
which could be modified on the PET surface via electrostatic adsorp-
tion. Then, an aqueous solution of zirconium acetate (8% wt) was
placed on the tip side for 30 min.

2.3. Characterization

Melamine-mediated formation of the dsDNA complex was de-
termined by UV-vis absorption spectra and CD spectra. UV-vis ab-
sorption spectra, and CD spectra were obtained with a UV-2550 spec-
trophotometer (Shimadzu, Japan) and a CD-250 Chirascan-plus
spectrophotometer (Applied Photophysics Limited, U.K.), respectively.
A Philips XL30-ESEM scanning electron microscop (SEM) was used to
characterize the features of the nanochannel samples at an acceleration
voltage of 5kV. X-ray photoelectron spectra (XPS) were obtained to
characterize the PET membrane before and after modification. XPS data
were obtained with an Escalab 250xi electron spectrometer from VG
Scientific using 300 W Al Ka radiation.

2.4. Ion current measurement

Ion currents were measured by a Keithley 6487 picoammeter
(Keithley Instruments, Cleveland, OH). A pair of Ag/AgCl electrodes
was placed in two sides of the conductivity cell to apply a transmem-
brane potential across the nanochannel. Each current-voltage curve was
measured by scanning the voltage from —1-1 V across the nanochannel
membrane that was sandwiched between two chambers, and both
chambers were filled with a buffering solution. All the sample solutions
with melamine, -CD, the aptamer and SWNTs were prepared in a
buffering solution (100 mM KCI and 10 mM Tris-HCI at pH=7.4). All
measurements were conducted at room temperature, and each test was
repeated three times to obtain the average value at different voltages.
The error bars were obtained from three repeated measurements.

2.5. Validation of the feasibility of the ICR biosensor

To explore the effect of melamine on the PEI/Zr**-modified na-
nochannel, a series of different concentrations of melamine (100 nM,
200 nM, 1 pM, 5uM, and 10 uM) were initially added on the tip side of
the conical nanochannel. A scanning triangle voltage signal from — 1V
to 1V with a 40s period was selected in order to measure the I-V
curves. Then, to obtain the shielding effect of 3-CD on melamine in the
nanofluidic channel, solutions of 1mM f-CD and different
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concentrations of melamine were mixed for 30 min. The resulting so-
lution was then used as the electrolyte for the current-voltage mea-
surement.

2.6. Determination of melamine

First, to induce duplex formation, different concentrations of mel-
amine (100 puL from 200 nM to 50 pM) were mixed with binding ap-
tamer (100 pL, 2 uM) in a centrifuge tube for 1 h at room temperature.
Next, 3-CD (100 pL, 10 mM) was added for another 30 min to shield
adsorption of excess melamine on the nanochannel surface. Then,
SWNTs (100 pL, 500 ug/mL) was added to eliminate the interference
from ssDNA; we then waited for 30 min. Afterwards, the resulting so-
lution was diluted to 1 mL with the electrolyte solution. The current-
voltage curve through the PEI/Zr** modified nanofluidic channel was
obtained by scanning the voltage from —1V to 1V across the polymer
membrane. (Experimental conditions: T-rich ssDNA of 200 nM, a buf-
fering solution of 100 mM KCI and 10 mM tris-HCl at pH = 7.4, SWNTs
of 50 ug/mL, 1 mM of 3-CD; the total volume was 1 mL).

2.7. Selectivity

By employing analogues in the sensing platform, the specificity of
the proposed strategy was assessed. Eight different interfering sub-
stances were used, including Cu®*, Zn?*, Fe**, Mg?™", Ca®"*, ascorbic
acid (Vc), glucose and cyanuric acid, to examine the selectivity of the
strategy at a concentration of 100 nM, and we used the same experi-
mental process as the one shown for melamine detection.

2.8. Melamine assay of a real sample

Liquid milk was pretreated according to a previous report (Hu et al.,
2017). The recovery was validated in liquid milk samples using mela-
mine at various concentrations. The possibility and reliability of the
application in practice were established by evaluating the recovery rate
in actual samples. For standard samples (20, 50 and 100 nM), the liquid
milk samples were spiked with a range of concentrations of melamine.
The electrochemical detection procedures were identical as those de-
scribed above.

3. Results and discussion
3.1. I-V characterization of the chemically-modified nanochannel

As shown in Fig. S2A, a better ICR was obtained after subsequent
modification of the nascent nanochannel with a branched PEI polymer
and Zr** ions. The highest ICR expanded the detection range and en-
hanced the sensitivity of the as-prepared biomimetic sensor. The suc-
cessful modification of the nanochannel is due to the presence of the
carboxyl group on the nanochannel surface after chemical etching.
Positively charged PEI could be easily adsorbed onto the nanochannel
surface due to the electrostatic interaction, leading to the upward
curve. In the buffered solution (100 mM KCl, 10 mM Tris-HCl with
pH=7.4), the nascent nanochannel surface had many negatively
charged carboxyl groups; thus, the corresponding ion rectifying curve
was a downward nonlinear curve (Fig. S2A, black curve). After elec-
trostatic adsorption of the branched PEI polymer, the current at positive
voltage intensively increased and was accompanied by an obvious ICR,
which was attributed to the protonation of the amino groups (Fig. S2A,
red curve). Further adsorption of the positively charged Zr** slightly
enhanced the ICR of the conical nanofluidic channel (Fig. S2A, blue
curve).

3.2. Validation of the feasibility of the ICR biosensor

To validate the feasibility of the ICR biosensor, we explored the
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Fig. 1. Validation of the feasibility of the ICR biosensor: addition of cyclodextrin and SWNTs to eliminate the effect of excessive melamine and aptamer. Response of
PEI/Zr** -modified conical nanofluidic channel to increasing melamine concentration before (A) and after (B) addition of cyclodextrin in the solution (tip diameter =
63 nm, base diameter = 1060 nm). (C) The presence of SWNTs eliminates the adsorption of the aptamer on the nanochannel surface modified with PEI/Zr** and (D)

the coexistence of the aptamer and melamine induces a considerable change in current-voltage curve of the modified asymmetric nanochannel (tip diameter

51 nm, base diameter = 1060 nm). Experimental conditions: aptamer of 200 nM, a buffering solution of 100 mM KCl and 10 mM tris-HCl at pH= 7.4, SWNTs of

50 pg/mL, 1 mM of B-CD.

relevant experimental conditions. To make sure the sensor is effective,
there needs to be no signal variation in the absence or excess of target
molecules. Unfortunately, as shown in Fig. 1A, the current increased
with increasing melamine concentration. Thus, melamine could be
adsorbed onto the outmost layer (Zr**) by a coordination interaction
between the amino-group and Zr*™ in the absence of B-CD. However,
the special interaction between the phosphate group and Zr*™ is very
important for adsorption of dsDNA (Fig. S3A). To solve this problem,
we added different ratios of 3-CD into the melamine solution, since -
CD has been confirmed to effectively capture small molecules such as
melamine, due to the host-guest inclusion of melamine into the hy-
drophobic cavity of B-CD (Fig. 1B). The shielding effect of 3-CD was
distinct when the ratio of 3-CD to melamine was more than 200, which
is reflected by the negligible current variation at large voltage (1 V).
One critical requirement of this ICR biosensor is the selective ad-
sorption of dsDNA instead of ssDNA. Therefore, the free ssDNA has to
be removed before interacting with the nanochannel surface. Since
SWNTs have been confirmed to be excellent absorbents for ssDNA, we
tested their effectiveness. As shown in Fig. 1C, a mixture of the ap-
tamer, 3-CD, and SWNTs was used in the electrochemical tests to de-
termine that there was no significant change in the current. This con-
firmed that ssDNA can successfully interact with SWNTs without being
disturbed by the addition of -CD. In addition, the aptamer plays an
important role in the detection of melamine. As shown in Fig. 1D, upon
addition the aptamer, the biosensor clearly showed excellent detection
capability to melamine. The optimal ratio of SWNTs to aptamer was
determined when more than 93.5% of the FAM fluorescence grafted to
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ssDNA was quenched (Fig. S4). Without otherwise specified, this study
used 50 pg/mL of SWNTs in the presence of 200 nM of aptamer for free
aptamer elimination.

3.3. CD spectra and UV-vis absorption spectra of T36-DNA binding with
melamine

To reconfirm that melamine can induce duplex formation, we fur-
ther investigated the binding of T34-DNA with melamine via a combi-
nation of UV-vis spectra and CD spectra. In the presence of melamine, it
was experimentally confirmed that ssDNA forms dsDNA via hydrogen
bonding between thymine and melamine (Stanly John Xavier, 2014).
Fig. 2A shows the UV absorption spectra of Tz4-DNA before and after
the addition of melamine. The optical density decreased upon the ad-
dition of melamine, indicating the transition into a secondary structure
of aptamers (Miyake et al., 2006). It was observed that circular di-
chroism (CD) spectra with a stronger CD signal at 280 nm shows
palpable structural changes of T3¢-DNA in the presence of melamine
(Fig. 2B). Therefore, the results very well reproduced the features of
melamine-induced duplex formation.

3.4. Confirmation of PEI and Zr** coating by XPS characterization

To further determine the modification of the nanochannel, X-ray
photoelectron spectroscopy (XPS) was performed. The wide energy XPS
spectrum showed that a much higher value for the N 1s peak at
399.6 eV appeared for the PEI-modified membrane (Fig. S5A), and
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Fig. 2. Confirmation of the melamine-mediated formation of dsDNA. (A) The UV-vis absorption spectra of 200 nM T34-DNA in Tris-HCI buffer (pH=7.4) prior to and
after the addition of 4 mM melamine; (B) The CD spectra of 1 uM T34-DNA in the absence and presence of 4 mM melamine in Tris-HCl buffer (pH=7.4).

peaks corresponding to Zr (3ds,» at 182.35 eV; 3ds,» at 184.70 eV) were
observed after completing the Zr**-modified process (Fig. S5B).

3.5. Quantitative analysis of melamine

The concentration of melamine determines the complex (melamine/
aptamer) concentration, which can be monitored by the current-voltage
curve. The PEI/Zr**-modified conical nanofluidic channel is positively
charged, but the complex with a highly negative charged phosphate can
effectually neutralize the positive charge of the nanochannel via elec-
trostatic force. The change in the surface charge of the nanopore can be
visibly monitored by the current-voltage curve. Therefore, the mela-
mine concentration can be indirectly quantitated by the proposed
platform. The adsorption behaviour of the complex follows the
Langmuir absorption model. The melamine concentration was in-
directly monitored by the variation of the current-voltage curve after
the adsorption of the complex onto the surface of the nanochannel.

We used the Langmuir adsorption Eq. (1) and (2) to analyse the
current data:

KC
0 =
1+KC

(€8]

where o is the fractional coverage of the molecule on the sensor surface,
K is the binding constant in units of L. mol™ and C is the concentration of
melamine. o is also given as follows:

e = (Io — I))/(To — Lnin)

where I is the current obtained in the absence of melamine, I; is de-
fined as the corresponding ion current exposed to the solution. Ad-
ditionally, Imin is the minimum current after the sensor surface is sa-
turated by the highly concentrated complex (melamine/aptamer).

We used the current data at + 1V, and a series of e were obtained.
A plot of the surface coverage (o) versus concentration of melamine is
shown in Fig. 3B, and the experimental data was fitted well according
to Eq. (1).

Fig. 3A shows the gradual shift of the current-voltage curves in the
presence of different concentrations of melamine from 0 nM to 5puM in
the buffer solution. By utilizing equation (3), the surface coverage (6)
could be derived. Upon plotting the surface coverage versus the mela-
mine concentration, a proper calibration curve was obtained (Fig. 3B).
The inset in Fig. 4B shows a linear relationship between the target
melamine concentration and 6 was observed in the wide concentration
range of 0-200 nM for melamine. The linear regression equation was
y = 0.0263 + 4.52*10 "% Cmelamine (R*> = 0.9876). Because sensi-
tivity is defined as the slope of the standard curve, the value of bio-
sensor sensitivity was 4.52*10° 2 nM ™! according to the linear

(2)
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equation. The limit of detection (LOD) of the sensor could be calculated
by the formula, LOD = 30/slope, where o is the standard deviation of a
blank solution, and the value of o is 0.0065 in this study. As shown in
Table S1, this biosensor exhibited a detection limit as low as 4.3 nM,
which is better than many existing melamine sensors.

3.6. Specificity of the biosensor towards melamine

To evaluate the selectivity of the fabricated biosensor, interfering
substances such as Cu®*, Zn?*, Fe**, Mg?*, Ca®*, ascorbic acid (Vc),
glucose, and structural analogues of melamine (cyanuric acid), were
selected for the test. Under the same experimental conditions, the I-V
curve was acquired (Fig. 4A). As shown in Fig. 4B, adding most of the
substances in dairy products and analogues of melamine only caused a
slight ICR change. When the nanochannel interacted with melamine,
the ICR change considerably increased. These data indicate that the
PEI/Zr** -modified conical nanofluidic channel biosensor can distin-
guish melamine from interfering substances, exhibiting a desirable
specificity.

3.7. Analysis of melamine in milk samples

To evaluate the feasibility of the biosensor in real samples, different
concentrations of melamine were spiked into treated milk samples.
Recovery experiments were used to evaluate the accuracy of our de-
tection system. The current corresponding to a voltage of 1V was
measured as described above; then, the concentration of melamine
could be calculated by using the above calibration curve. As shown in
Table 1, the recovery was acquired from 97% to 112% with an RSD
(n = 3) between 3.12% and 4.26%, showing a satisfactory result. Thus,
the fabricated biosensor may be a competitive candidate for melamine
determination in actual samples with an acceptable accuracy.

3.8. The reproducibility and stability of the conical nanofluidic channel
biosensor

The biosensor exhibited good reproducibility and stability, which
was demonstrated by repeated etching, modification and detection.
Upon immersion in the aptamer, the current through the nanochannel
was considerably reduced and short-time etching with 2M NaOH for
5 min was good enough to remove the aptamer from the surface (Fig.
S6A). When the nanochannel was modified, the current again in-
creased. Reversible variation of the ionic current of the nanochannel at
1V for four cycles reflected the high repeatability and stability of the
system (Fig. S6B). We observed that repeated etching could gradually
enlarge the nanochannel size; thus, long-term recycling of this
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Fig. 3. Quantitative analysis of melamine based on the proposed biosensor. (A) I-V characteristics of the PEI/Zr4 + modified nanochannel (tip diameter = 51 nm,
base diameter = 1060 nm) to different concentrations of melamine in the presence of 200 nM aptamer, 50 ug/mL of SWNTs and 1 mM B-CD. (B) Comparison of the
surface coverage (0) recorded at 1V using different concentration of target melamine in the designed platform.

biosensor is not recommended.

4. Conclusions

In conclusion, a biosensor based on a single nanochannel for highly
sensitive and selective melamine recognition was fabricated by utilizing
B-cyclodextrin to eliminate the absorption of free melamine on the
nanochannel via a the host-guest interaction, and using SWNTs to re-
move interfering ssDNA, respectively. The biosensor showed a wide
detection range, a low detection limit and a good selectivity towards
melamine over other interfering substances. Compared with the pre-
viously reported methods for melamine quantification, this approach is
highly sensitive, easy to operate and quite efficient. In future research,
this strategy could be further used to evaluate extensive ranges of tar-
gets due to the flexibility of replacing the corresponding aptamer.
Furthermore, a variety of supramolecules could be used to effectively
eliminate the effects of interfering substances via host-guest interac-
tions, thus providing a versatile and universal platform for target de-
tection in real samples with a preferable selectivity and sensitivity.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.bios.2018.12.020.
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