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ARTICLE INFO ABSTRACT

Keywords: A novel electrochemical aptasensor based on gold nanoparticles decorated on boron nitride nanosheets (AuNPs/
Aptasensor BNNSs) for the sensitive and selective detection of myoglobin (Mb) is reported. BNNSs were chemically syn-
Myoglobin thesized by a low-cost and simple hydrothermal method. They were deposited onto the fluorine-doped tin oxide

Boron nitride nanosheets
Au nanoparticles
High sensitivity

(FTO) electrode by a spin-coating method. Subsequently, AuNPs were chemically deposited onto the BNNS/FTO
electrode by a seed-mediated chemical reduction method, with an average particle size of approximately 10 nm.
The AuNPs/BNNSs/FTO electrode was used as a transducer to immobilize a thiol-functionalized DNA aptamer
(Apt) via the covalent interaction of Au-S for the specific binding of Mb. [Fe(CN)s]>”* was used as a redox probe
to monitor the oxidation current variation upon the binding of Mb with varying concentrations onto the sensor
surface. The Apt/AuNPs/BNNSs/FTO sensor shows a high signal response for Mb with a detection limit of
34.6 ng/mL and a dynamic response range of 0.1-100 pg/mL. It is a promising candidate for point-of-care di-
agnosis in real samples. This strategy could make possible the application of other 2D materials with wide

bandgaps for the development of biosensors.

1. Introduction

The World Health Organization (WHO) indexed cardiovascular
diseases (CVDs), such as coronary artery disease (CAD), heart failure,
and hypertensive heart diseases, as the leading cause of death in de-
veloping and developed countries. An estimated 41.80% of CVD-af-
fected people worldwide died in 2015 because of CAD, which includes
angina and acute myocardial infarction (AMI). The leading cause of
death for CAD-affected people is AMI, and the age-/sex-adjusted in-
cidence rate of AMI is more than 200 cases per person-year (O’Gara
et al., 2013). Thus, rapid and accurate diagnosis and prognosis of AMI
have attracted great interest. According to the WHO guideline, AMI can
be diagnosed by considering the following three symptoms: character-
istic chest pain, changes in electrocardiography (ECG) reading, and
elevation of cardiac biomarkers in biological fluids (Yang and Zhou,
2006; Tuteja et al., 2016). Although great success has been made in
diagnosing AMI-suspected patients by ECG, a high percentage of AMI
patients show nondiagnostic ECG or ambiguous readings (Pedrero
et al., 2014). Thus, measuring the concentration of cardiac biomarkers
in biological fluids is an effective method to diagnose AMI more ac-
curately. Several potential cardiac biomarkers, including myoglobin

* Corresponding authors.

(Mb), troponin I (Tnl), C-reactive protein (C-RP), and creatine kinase-
MB (CK-MB), have attracted the interest of researchers (Nowatzke et al.,
2003). In particular, Mb plays an important role in the earlier diagnosis
of AMI using blood serum samples. The normal concentration of Mb in
biological fluid is in the range 0.48-0.90 nM (Zhang et al., 2016) or
100-200 ng/mL (Suprun et al., 2010). Mb is quickly released into the
body's circulation within 4-5h after AMI onset, and its concentration is
elevated to ~4.8uM (Wu et al., 1994). Thus, the development of a
rapid, accurate, and sensitive detection method of Mb in body fluids is
important.

The electrochemical method is well-suited to the rapid and sensitive
detection of Mb compared with conventional expensive and time-con-
suming techniques, such as mass spectrometry, surface plasmon re-
sonance, and the colorimetric method (Loo et al., 1989; Wang et al.,
2015; Osman et al., 2013). Additionally, the electrochemical method
has the advantages of short reading time, miniaturization ability, and
low cost, and it requires a small amount of sample (Rahman et al.,
2018, 2014a, 2014b, 2015). Numerous studies have been reported for
the electrochemical detection of Mb using antibodies (Prakash et al.,
2017; Billah et al., 2008). These antibody-based sensors have the lim-
itations of low stability, high cost, and difficulty of chemical
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modification for biomolecule detection (Jo et al., 2015). Recently, ap-
tamers (peptide molecules or sequences of oligonucleotide) have been
developed as an alternative to antibodies with high specificity and se-
lectivity, which can overcome the limitations of antibodies (Jo et al.,
2015; Min et al., 2008; Maehashi et al., 2007; Medley et al., 2008). The
aptamer is highly suitable for developing electrochemical sensors be-
cause of its ability to form a unique three-dimensional structure to
capture the target biomolecules (Min et al., 2008). Additionally, the
simple and easy chemical functionalization of aptamers makes their
easy immobilization on the electrode surfaces possible. The modifica-
tion of conventional electrode surfaces with functionalized nanoma-
terials, nanocomposites, and nanohybrids with high surface area is
crucial to maximizing the number of aptamers immobilization. This can
enhance the sensitivity of Mb detection and decrease the limit of de-
tection. A number of electrode modifiers, including Au nanoparticles/
arginine-glycine-aspartic acid/carboxylated graphene (Li et al., 2017),
porphyrin functionalized graphene-conjugated gold nanoparticles
(Zhang et al., 2016), and graphene-carbon nanotube nanohybrids
(Kumar et al., 2015), were reported to enhance the sensitivity and to
obtain a low detection limit for the electrochemical detection of Mb.

The application of various two-dimensional (2D) layered materials,
such as boron nitride (BN), MoS,, and graphitic carbon nitride, in ad-
dition to graphene, is highly advantageous for developing a nanoscale
electrochemical sensing platform (Thanh et al., 2016). In particular,
boron nitride nanosheets (BNNSs), composed of spz bonded boron and
nitrogen atoms, are of special interest because of their high surface area
and easy functionalization (Singhal et al., 2013). The structure of
BNNSs is similar to that of graphene, with carbons being replaced by
boron and nitrogen (Deepak et al., 2002; Hattori et al., 2015), and it is
easier to functionalize BNNSs by anchoring metal nanoparticles, such as
AuNPs (Boukhvalov and Katsnelson, 2008). Although BNNSs are reli-
able insulators, some recent investigations have revealed that the
functionalized form of BNNSs, such as AuNPs, polyamide-BN nano-
composites, and platinum-nanoparticle-loaded BN aerogel, can exhibit
excellent catalytic activities for various electrochemical processes
(Yang et al., 2014; Khan et al., 2016; Li et al., 2016; Aksoy et al., 2016).

In this work, an easy chemical strategy to prepare Au nanoparticle
deposition on the surface of BNNSs (AuNPs/BNNSs) to develop a novel
label-free aptasensor for Mb detection is presented for the first time
(Scheme 1). BNNSs, being prepared from pristine BN powder by a
simple hydrothermal method at room temperature, were used as a
nanoscale platform for the deposition of AuNPs. A homogeneous dis-
tribution of AuNPs over BNNSs provides a large-area excellent catalytic
matrix to maximize aptamer immobilization for sensitivity enhance-
ment.
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2. Materials and methods
2.1. Materials

Mb, BN powder, sulfuric acid (98%), KMnO,4, H,0,, gold chloride
hydrate, tris[2-carboxyethyl] phosphine) (TECP), human serum, as-
corbic acid (AA), glucose oxidase, sarcosine oxidase, sodium dihy-
drogen phosphate (NaH,PO,), disodium hydrogen phosphate
(Na,HPO,), and insulin from porcine pancreas were purchased from
Sigma-Aldrich (St. Louis, Missouri, USA). Fluorine-doped tin oxide
(FTO)-coated glass substrates with a sheet resistance of 8 Q/sq. were
purchased from Pilkington (USA). DNA aptamers with disulfide func-
tionalization (C6 S-S) at the 5’ end with a sequence of 5’-CCCTCCTTT
CCTTCGACGTAGATCTGCTGCGTTGTTCCGA-3’ for target-specific Mb
binding (Li et al., 2017) were purchased from Cosmo Genetech Co. Ltd
(Seoul, Korea). A phosphate buffer solution (PB) with a pH of 7.0 was
prepared according to a previously reported procedure (Rahman et al.,
2014a, 2014b).

2.2. Synthesis of BNNSs and the preparation of BNNSs/FTO electrode

The hexagonal BNNSs were synthesized according to a previously
reported method (Du et al., 2013). Briefly, 2 g of pristine BN powder
was added into H,SO,4 (98%, 50 mL) solution and stirred for 30 min.
Then, KMnO, (1 g) was added slowly to the mixture at 0 °C and stirred
for 12 h. Subsequently, H,O, (30% w/w, 5mL) was added to the mix-
ture and stirred again for another 5h. The resulting suspension was
centrifuged at 3000 rpm for 10 min to remove the larger BN particles.
Then, the supernatant was sequentially centrifuged and washed with
water until the solution pH reached 7.0. Finally, the supernatant was
filtered to obtain BNNSs, which were dried in a vacuum oven at 40 °C
for 24 h.

Prior to the preparation of the BNNSs/FTO electrode (2 cm X 2 cm),
the FTO (TEC-8, Pilkington, USA) was cleaned sequentially with water
and ethanol by sonication and dried by N, gas. A BNNS paste was
prepared by mixing BNNSs with terpineol solution (~95%), which was
deposited on FTO by a spin-coating method. Then, the electrode was
heat treated at 200 °C for 12h to remove the terpineol binder. The
average thickness of the BNNS film was approximately 300 + 5nm.

2.3. Deposition of AuNPs on BNNSs/FTO

A simple chemical reduction method was used to prepare the AuNPs
onto the BNNSs/FTO electrode (Thanh et al., 2016). The BNNSs/FTO
was dipped into HAuCl, (0.5 mM) in PB (pH 7.0) for 1 h at 70 °C. This
allowed the adsorption of Au®>* onto the BNNS surface by covalent
interaction with N (Radenkovié et al., 2017). Then, the electrode was
removed from the solution and washed with water to remove the un-
bound Au**. Subsequently, the electrode was dipped into an AA solu-
tion (1 mM) for 1h to reduce Au* to Au® (Thanh et al., 2016). The

. [FQ(CN)‘]A-
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e
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Scheme 1. Schematic illustration for the fabrication processes of the aptasensor and the detection of Mb.
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Fig. 1. (a) XRD pattern and (b) Raman spectra of pristine BN, BNNSs, and AuNPs/BNNSs.
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Fig. 2. FE-SEM image of (a) as-prepared BNNSs and (b) AuNPs/BNNSs/FTO electrode. (c) the EDS spectrum of AuNPs/BNNSs/FTO (inset shows the elemental

compositions).

obtained AuNPs/BNNSs/FTO electrode was washed with water and
dried by N, gas.

2.4. Immobilization of aptamer
Prior to the immobilization of aptamers, disulfide-functionalized

aptamers were reduced using TCEP (Burns et al., 1991). Briefly, TCEP
(100 uM) was added to the disulfide-functionalized aptamer solution

(10 mL, 1 uM). Then, the mixture was kept at room temperature for 5 h,
which reduced the disulfide-functionalized aptamer to thiol-functiona-
lized aptamer. Subsequently, the AuNPs/BNNSs/FTO electrode was
dipped into the reduced aptamer solution for 12 h at room temperature.
This made possible the immobilization of aptamers on the AuNP surface
via the covalent interaction of Au-S. The aptamer-modified AuNPs/
BNNSs/FTO electrode (Apt/AuNPs/BNNSs/FTO) was washed with PB
(pH 7.0) and dried. The Apt/AuNPs/BNNSs/FTO sensor was dipped
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Fig. 3. HR-TEM images of (a) and (b) BNNSs (inset of (b) shows the SAED pattern of BNNSs) and (c) and (d) HR-TEM images of AuNPs/BNNSs and lattice fringes of

AuNPs (inset of (d) shows the SAED pattern of AuNPs).

again into a solution of 2-mercaptoethanol (1 mM in ethanol) for an-
other 5h to prevent the nonspecific binding of the target Mb.

2.5. Instrumentation

The crystallographic phases of BN powder, BNNSs, and AuNP were
analyzed by an X-ray diffractometer (XRD, D8 Advance, Bruker,
Germany) with Cu K, radiation of A = 1.5406 A, accelerating voltage of
40kV, and a cathode current of 30 mA. The UV-visible absorption
spectrum of the samples was analyzed by a UV-visible spectro-
photometer (S-3100, SCINCO). Field emission scanning electron mi-
croscopy (FE-SEM, JEOL, JSM-6700F) was used to characterize the
morphologies of the samples. Energy dispersive X-ray spectroscopy
(EDS, INCAx-sight7421, Oxford Instruments), equipped with the FE-
SEM instrument, was used to analyze the elemental composition of the
samples. A high-resolution transmission electron microscopy (HR-TEM)
was used to analyze the morphology and selected area diffraction pat-
tern (SAED) of the samples. Raman spectroscopic (Horiba Scientific,
Xplora Plus, France) measurement was performed at room temperature
with an excitation wavelength of 532 nm. X-ray photoelectron spectra
(XPS) were measured by an XPS analyzer (XPS, Thermo Scientific K-
Alpha, Thermo Fisher Scientific, UK).

All the electrochemical measurements were performed at room
temperature using an electrochemical workstation (CHI 430A, CH
Instruments, Inc., USA). A conventional three-electrode system was
used, where the bare FTO or modified FTO electrode served as a
working electrode. Ag/AgCl and Pt wire were used as a reference and
counter electrode, respectively. A differential pulse voltammogram
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(DPV) was attained with a pulse amplitude, pulse width, and pulse
period of 100mVs?, 2ms, and 100 ms, respectively. Electrochemical
impedance spectroscopy (EIS) was performed with an EIS analyzer
(IM6ex, Zahner-Elektrik GmbH & Co. KG) in a frequency range of
0.1 Hz-1MHz at + 0.3V with an AC amplitude of 5mV. The EIS
parameter was obtained by fitting the EIS spectra using Z-view software
(version 3.1, Scribner Associates Inc., USA).

3. Results and discussion
3.1. XRD and Raman analysis

X-ray diffraction (XRD) and Raman analysis were performed to in-
vestigate the crystallographic phase structures of BNNSs and AuNPs/
BNNSs. Fig. 1(a) shows the XRD pattern of pristine BN, BNNSs, and
AuNPs/BNNSs in the 20 range of 20-80°. All the samples exhibited the
characteristic XRD pattern of BN at approximately 26.70°, 41.65°,
50.32°, 55.0°, and 75.80° with the corresponding hkl reflections of
(002), (100), (102), (004), and (110), respectively. This indicates that
the pristine BN and BNNSs are of hexagonal phase (JCPDS card 34-
0421) (Wang et al., 2009). The 26 value of the (002) diffraction peak in
the BNNSs was shifted to a lower angle by increasing the intensity
compared with that of the pristine BN powder. The increased full width
at half maximum (FWHM) of the (002) diffraction peak of BNNSs
specifies the thickness reduction (i.e., the decrease in the number of
layers) due to the exfoliation of BN powder (Kumari et al., 2015) (Fig.
S1). This can be attributed to pristine BN being exfoliated mostly along
the (002) plane. The XRD pattern of the AuNPs/BNNSs exhibited
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Fig. 4. (a) XPS survey spectra of BNNSs and AuNPs/BNNSs modified FTO electrodes, (b) and (c) narrow-scan XPS spectra of B 1s and N 1s in BNNSs, respectively, and
(d) and (f) narrow-scan XPS spectra of B 1s, N 1s, and Au 4f in AuNPs/BNNSs, respectively (the dotted and solid lines designate the experimental and fitted data,

respectively).

additional peaks at 26 of approximately 38.3°, 44.4°, 64.6°, and 77.7°
with the corresponding hkl reflections of (111), (200), (220), and (311),
respectively. This specifies that AuNPs are of face-centered-cubic (fcc)
phase (JCPDS card 4-784) (Wang et al., 2011). The intense peak at 20 of
approximately 38.3° represents the preferential growth of AuNPs along
the (111) direction. These results confirmed the successful exfoliation
of BNNSs and the deposition of AuNPs onto BNSSs with good crystal-
linity.

Fig. 1(b) shows the Raman spectra of pristine BN, BNNSs, and
AuNPs/BNNSs. The characteristic Raman band of boron nitride was
observed at approximately 1367.40, 1370.80, and 1371.80 cm™, re-
spectively, for pristine BN, BNNSs, and AuNPs/BNNSs. This can be at-
tributed to the Ey, vibration mode of hexagonal BN (Geick et al., 1966).
The shifting of the Raman band to a higher frequency for BNNSs
compared with the pristine BN with lowering the intensity indicates the
successful exfoliation of pristine BN (Gorbachev et al., 2011), whereas
the additional Raman band shift to a higher frequency for AuNPs/
BNNSs than the BNNSs with lowered additional peak intensity could be
caused by the deposition of AuNPs onto BNNSs.

3.2. Morphological analysis

Fig. 2 shows the FE-SEM images of BNNSs and AuNPs/BNNSs. Un-
like the random aggregation of the pristine BN powder (Fig. S2), BNNSs
clearly showed good stacking of the exfoliated sheets with less ag-
gregation. The FE-SEM image of AuNPs/BNNSs indicates the uniform
distribution of AuNPs with an average particle size of ~10 nm. The EDS
elemental mapping of AuNPs/BNNSs, shown in Fig. 2(c), supports the
stable formation of AuNPs on BNNSs. Fig. 3 shows the HR-TEM images
and the SAED pattern of the BNNSs and AuNPs/BNNSs. The BNNSs
showed good transparency to an electron beam, because of the small
number of sheets present in the BNNSs. The spacing between the ad-
jacent fringes is approximately 0.36 nm, which is close to the calculated

d spacing from the XRD data for the (002) diffraction plane, and it is
consistent with the reported value (Lin et al., 2016). The SAED pattern
exhibits the bright spots of (002) and (010) planes. These specifics in-
dicate that the BNNSs are of hexagonal structure with high crystallinity,
and this is consistent with the XRD results. In contrast, the HR-TEM
images of AuNPs/BNNSs clearly reveal the successful deposition of
AuNPs in the BNNSs. The interplanar spacing between the adjacent
fringes of Au is approximately 0.23 nm, which is close to the calculated
d spacing from the XRD data for the (111) diffraction plane (Macdonald
et al., 2016). The SAED pattern of the AuNPs shows the bright rings of
(111), (200), and (220) planes, indicating the high crystallinity of
AuNPs.

3.3. XPS and UV-visible spectroscopic analysis

XPS is a powerful and sensitive tool to investigate the elemental
stoichiometry in the samples. Fig. 4(a) shows the XPS survey spectra of
BNNSs and AuNPs/BNNSs. Both spectra clearly reveal the presence of B
1s and N 1s peaks arising from BNNSs. AuNPs/BNNSs show an addi-
tional peak of Au 4f, indicating the successful incorporation of AuNPs
into BNNSs. The narrow scan spectra of B 1s and N 1s in BNNSs, as
shown in Fig. 4(b) and (c), peak at approximately 191.50 and
399.20 eV, respectively, which is in good agreement with the pre-
viously reported values (Wang et al., 2011; Jalaly et al., 2017). How-
ever, in AuNPs/BNNSs, these peaks were positioned at approximately
191.30 and 399 eV, respectively, as seen in Fig. 4(d) and (e). The
negligible peak shifting and unaltered peak intensity indicate that the
chemical oxidation state and composition of BNNSs were unchanged
upon the deposition of AuNPs. The core-level Au 4f spectrum of AuNPs/
BNNSs exhibits two main peaks of Au 4f;,, and Au 4fs5,, at binding
energies of approximately 84.10 and 87.85eV, respectively, as in
Fig. 4(f). The binding energy of these two peaks is close to the binding
energy of metallic Au (Joseph et al., 2003). These findings support the
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equivalent circuit model to fit the EIS spectra; the Mb concentration was
100 pug/mL).
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existence of the interaction of AuNPs with BNNSs.

Additionally, the UV-vis spectrum of BNNS dispersion in ethanol
and AuNPs/BNNSs/FTO electrode was also measured. The BNNSs ex-
hibit an absorption maximum (A.,) at 200 nm, which is consistent
with previous reports (Ba et al., 2016) (Fig. S3). No other additional
absorption band was observed, which indicates the high purity of the
BNNSs. The AuNPs/BNNSs/FTO electrode, however, showed a char-
acteristic absorption band of AuNPs at A, of 500 nm (Fig. S4) (Zuber
et al., 2016).

3.4. Electrochemical characterization

Fig. 5(a) and (b) show the cyclic voltammograms (CVs) and EIS
spectra of electrodes in a solution of [Fe(CN)e]*>“* (5 mM each in PB).
The anodic peak current (I,,) for the oxidation of [Fe(CN)g] 5 at bare
FTO was approximately 0.28 mA, with a peak potential separation
(AE;) of about 0.38 V. These values were approximately 0.24 mA and
0.46 V for BNNS/FTO and ~0.34 mA and ~0.32V for AuNPs/BNNSs/
FTO. The initial decrease in the electrocatalytic property for BNNSs/
FTO is attributable to the insulating nature of BNNSs (Khan et al.,
2016), while it was compensated for by the highly catalytic AuNPs
deposited on the BNNS (AuNPs/BNNSs/FTO). The values of I,,, and AE,
were ~0.19 = 0.002mA and ~0.50V upon immobilization of apta-
mers for Apt/AuNPs/BNNSs/FTO, and they became
~0.16 = 0.005mA and ~0.70 V at Mb/Apt/AuNPs/BNNSs/FTO, after
the attachment of Mb onto the aptamers. The continuous decrease in
the electrocatalytic property over the redox reaction of [Fe(CN)g137*,
by decreasing the peak current and widening of the voltammogram, is
attributable to the increase of electrostatic repulsion between the ne-
gatively charged [Fe(CN)s]®”* with the negatively charged PO,>
groups of aptamer (Rahman et al., 2015, 2016). Similarly, the non-
conducting properties of Mb further hampered the electron transport
(Li et al., 2017). The variations of I, and AE,, upon consecutive surface
modification were consistent with the variation of the interfacial charge
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transfer resistance (R.) obtained from the EIS spectra, which were
approximately 104, 900, 48, 2250, and 2900 Q at bare FTO, BNNSs/
FTO, AuNPs/BNNSs/FTO, Apt/AuNPs/BNNSs/FTO, and Mb/Apt/
AuNPs/BNNSs/FTO, respectively.

Fig. S5 shows the CVs of BNNSs/FTO and AuNPs/BNNSs/FTO
electrodes in PB solution (pH 7.0), which clearly indicate the formation
of the AuNP layer on BNNSs/FTO by showing the formation of gold
oxide on the AuNPs (Rahman et al., 2014a, 2014b), peaking at ap-
proximately 0.72V by positive polarization, and then reducing to ap-
proximately 0.27 V during the reverse scan, while there was no redox
signal for BNNSs/FTO.

3.5. Detection of Mb and interference studies

The Apt/AuNPs/BNNSs/FTO sensor was incubated in varying con-
centrations of target Mb in PB (pH 7.0) before the DPV measurements.
Fig. 6(a) shows the DPV responses of [Fe(CN)s]37* oxidation after the
attachment of Mb on an Apt/AuNPs/BNNSs/FTO sensor with varying
concentrations. The results demonstrate that the I, of [Fe(CN)g]>7*
decreased with the increase of the concentration of the target Mb. A
linear relationship was observed between the I, of [Fe(CN)¢]*”* and
the concentration of Mb, with a linear regression equation of I,
(UA) = 184.70-0.641 [Mb](ug/mL) (R? = 0.993). This corresponds to
the detection limit and sensitivity of 34.6 ng/mL and 0.641 pA/pg/mL,
respectively. Although the detection limit of this sensor is lower than
those of some other reported aptasensors for the detection of Mb (Table
S1), it is suitable for the detection of Mb in biological fluids within the
normal concentration range.

The selectivity of the proposed electrochemical aptasensor was in-
vestigated using some possible interfering proteins, including he-
moglobin (Hb), glucose oxidase (GOy), insulin (Ins.), and sarcosine
oxidase (SO,). The concentration of these interfering proteins was five
times higher than the concentration of Mb (30 pg/mL). Fig. 6(b) shows
the variation of the I,, of [Fe(CN)e]137* at the Mb-attached Apt/AuNPs/
BNNSs/FTO sensor in the presence and absence of interferences. This
indicates that the interfering proteins do not alter the I,, of [Fe(CN)s1%”
* significantly after incubating the Apt/AuNPs/BNNSs/FTO sensor in
the mixed solution of Mb and other proteins. The maximum I, de-
creased only approximately 4% in the presence of Hb. This specifies the
high specificity and selectivity of the sensor for the detection of Mb.

3.6. Stability, reproducibility, and real-sample analyses

The electrochemical stability of the sensor was tested by consecutive
DPV measurements (10 times) of [Fe(CN)¢]>”* oxidation using a Mb
(30 ug/mL) attached Apt/AuNPs/BNNSs/FTO sensor without any
treatment in between the DPV measurements. The variation of I,, was
significantly low with a relative standard deviation (RSD) of only 0.50%
(Fig. 6¢). Additionally, it was observed that the sensor retained ap-
proximately 93.68% of its initial response after being stored in PB (pH
7.0) at 4 °C for 30 days. This indicates the high storage stability of this
sensor. The reproducibility of the sensor was verified by DPV mea-
surement of [Fe(CN)¢]>”* at five independent Mb (30 ug/mL) attached
sensors, which showed that the RSD of I, was only 1% (Fig. 6d).

PB (pH 7.0) diluted (100 times) human serum (Sigma-Aldrich)
samples were used as real samples to investigate the practical applic-
ability of the sensor. This was tested by incubating the sensor in real
samples containing (30 and 60) ug/mL of Mb. After the attachment of
Mb, the DPV responses were measured, and the I,, was compared with
an external calibration plot. The average relative recoveries for (30 and
60 pg/mL of Mb were 104.39% and 102.48%, respectively. These re-
sults indicate that the proposed aptasensor can detect Mb in real bio-
logical samples with high accuracy, and it is promising for physiological
and pathological studies.

149

Biosensors and Bioelectronics 126 (2019) 143-150

4. Conclusion

Gold nanoparticles deposited on boron nitride nanosheets (AuNPs/
BNNSs) for the aptamer-based electrochemical sensing of Mb were
developed with high stability and reproducibility. [Fe(CN)¢]>”* was
used as a redox probe to monitor the variation of its oxidation signal as
a function of the concentration of Mb. The N atoms in the two-di-
mensional BNNSs facilitated the deposition of AuNPs, which offered a
large-surface-area platform of the effective immobilization of thiol-
functionalized aptamers. The specific binding of Mb on this aptamer
layer induced a decrease of the electrochemical catalytic properties of
the Apt/AuNPs/BNNSs/FTO electrode surface. This aptasensor showed
a significantly low value of detection limit (S/N = 3, 34.6 ng/mL) with
relatively high sensitivity (0.641 pA/ug/mL) over a wide linear range
(0.1-100 pg/mL). This can be applicable to the development of a
Suprun novel and promising platform for the early accurate screening
and diagnosis of AMI in clinical applications.
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