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ABSTRACT

The cardiac Troponin-1 (cTnl) is one of the subunits of cardiac troponin complexes and a
pivotal biochemical marker of acute myocardial infarction (AMI). Due to its myocardial
specificity, cTnl is widely used for the diagnosis of AMI diseases. In this study, a novel
imprinted biosensor approach based on boron nitride quantum dots (BNQDs) was presented
for cTnl detection in plasma samples. Various characterization methods such as scanning
electron microscope (SEM), transmission electron microscope (TEM), x-ray diffraction
(XRD), cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were
used for all characterizations of nanomaterials. After the characterization analysis, cTnl
imprinted electrode was developed in the presence of 100.0 mM pyrrole containing 25.0 mM
cTnl. After that, the analytical studies of cTnl in plasma samples were performed by using
cTnl imprinted biosensor. The results of the study have revealed that 0.01 — 5.00 ng mL™ and
0.0005 ng mL™ were found as the linearity range and the detection limit (LOD). Moreover,

the selectivity of cTnl imprinted glassy carbon electrode (GCE) was investigated for plasma



sample analysis in the presence of other nonspecific and specific proteins including cardiac
myoglobin (MYG), bovine serum albumin (BSA) and cardiac troponin T (cTnT),
respectively. Furthermore, the prepared biosensor was examined in terms of stability,
repeatability, reproducibility and reusability. Finally, the imprinted biosensor was applied to
the plasma samples having high recovery.

Keywords: Molecular imprinted biosensor; Cardiac Troponin-I; Boron nitride quantum dots;

Plasma

1. Introduction

It is known that AMI is one of the factors causing death in the world (Friess and Stark
2009; Iwanaga and Miyazaki 2010). cTnl is a biochemical marker of AMI due to its well
specificity and sensitivity for acute myocardial damage and inhibitor protein of the troponine-
tropomyosin complex. The molecular weight of cTnl is known to be 29 kDa (Fredericks et al.
1998; Liu et al. 2016) and its concentration in the human body is lower than 0.4 ng mL™.
Provided that this amount is found to be higher than 2.0 ng mL™, then the potential risk may
be stated for cardiovascular diseases (Boriani et al. 2000). When the literature was reviewed,
the analytical methods such as enzyme-linked immunosorbent assay (ELISA) (de Antonio et
al. 2013), chemiluminescent immunoassays (Cho et al. 2009) and radioimmunoassay (Apple
et al. 1997) have been developed in terms of instant analysis of cTnl. Monitoring myocardial
infarction by means of easy, rapid, sensitive and selective methods plays a crucial role for the
potential risks of cardiac diseases. Accordingly, sensitive and cost-efficient analytic methods

are immediately required for the instant analysis of cTnl.



Hexagonal boron nitride nanosheets are known as 2D materials and can be used for
sensor applications, catalysis, bioimaging and drug delivery (Weng et al. 2014). The large
band-gap property of 2D-hBN nanosheets makes them transparent in visible and IR regions.
In addition, due to their surface area and conductivity, they have significant electrochemical
sensor applications (Atar and Yola 2018; Khan et al. 2016). Moreover, 2D-hBN nanosheets
were examined in order to load metal nanoparticles as well (Ide et al. 2014). On the other
hand, BNQDs may be obtained by reducing the size of the layered hexagonal boron nitride
nanosheets. The dispersibility and fluorescence properties of these nanosheets are accepted at
a very good level due to their quantum confinement and edge effects (Hongling et al. 2015;
Marc et al. 2014). Moreover, they can be used in biological and optoelectronic
implementations (Lei et al. 2015; Mengli et al. 2017).

After completing the formation of BNQDs, cTnl imprinted electrodes were prepared
on BNQDs modified GCE (BNQDs/GCE) by means of molecular imprinting technology. The
technology is a polymerization method around analyte molecule and forms the specific
cavities for target molecules on polymeric network (Beytur et al. 2018; Yola and Atar 2017a).
The molecularly imprinted electrochemical biosensors for cTnl detection were formed by the
synergistic interactions between cTnl imprinted polymers and BNQDs. Therefore, the specific
cavities for cTnl molecule were created for selective analysis in the mixed matrix medium.

2. Experimental
2.1. Materials

The materials used in this study were as follows: cTnl, MYG, BSA and cTnT (Sigma-
Aldrich, USA), Pyrrole (Merck, Germany), boron nitride powders (Merck, Germany),
potassium ferricyanide (KsFe(CN)g, Sigma—Aldrich, USA). In addition, standard solutions of
cTnl, MYG, BSA and cTnT (1.0 mM) were prepared in a phosphate buffer solution (PBS)

(0.1 M, pH 7.0).



2.2. Instrumentation

The electrochemical performances and differential pulse voltammograms (DPVs) were
measured by IviumStat (U.S). X-ray diffraction measurements were performed by Rikagu
Miniflex X-ray diffractometer. The XPS images were obtained by PHI 5000 Versa Probe
(Japan/USA) and SEM images were obtained by ZEISS EVO 50 analytic microscope
(Germany).
2.3. Preparation of BNQDs

The powder of bulk boron nitride (100.0 mg) was dispersed in IPA (50.0 mL) in order
to prepare two-dimensional (2D) hexagonal boron nitride (2D-hBN). The dispersion was
heated at the temperature of 50°C for 24 hours under stirring. Afterwards, the dispersion was
subjected to ultrasonication for 20 hours. Then, the obtained supernatant was centrifugated at
15000 rpm for 10 minutes. Finally, the precipitate was washed with acetone several times and
dried at 60°C overnight to obtain 2D-hBN nanosheets (Atar and Yola 2018). After 2D-hBN
nanosheets were degassed with N, for 30 minutes in order to remove the oxygen, the
dispersions were decanted into autoclave under solvothermal conditions of 180 °C for 10
hours. Then, they were cooled to room temperature. After the centrifugation at 10000 rpm, the
supernatant was collected as BNQDs (Mengli et al. 2017).
2.4. Electrode preparation

The glassy carbon electrodes were cleaned according to our study (Yola and Atar
2017b). 10 pL suspensions of 2D-hBN and BNQDs were dropped on the clean electrode
surface and the solvent was removed under an infrared heat lamp. All electrodes were stored
in a sealed box without fluctuations of temperature and pressure. In addition, the DPVs were
obtained in insulation cabinet in terms of avoiding temperature and pressure fluctuation
affecting the sensor response.

2.5. Preparation of cTnl imprinted sensor and cTnl removal from electrode surface



The procedure of cTnl imprinted BNQDs electrode (MIP/BNQDs/GCE) was shown
on Scheme 1. After the development of BNQDs/GCE, 100.0 mM pyrrole containing 25.0 mM
cTnl (Supporting electrolyte: 0.1 M, pH 7.0 PBS) was prepared in voltammetric cell. 10
cycles were performed for the formation of imprinting polymer on CV (Scan rate: 100 mV s
1), The imprinting selectivity was analyzed by imprinted electrode based on BNQDs/GCE
without cTnl (NIP/BNQDs/GCE). 1.0 M NaCl was used as desorption solution for
eliminating electrostatic interactions between monomer and analyte molecules. Then cTnl
imprinted electrode was swinged in bath (25 mL NaCl solution, 200 rpm) at room
temperature. After 15 minutes, the electrode was dried with nitrogen gas (Yola et al. 2017).
Ag/AgCI/KCl(sat) and Pt wire were used as the reference and counter electrode in this study.

Here Scheme 1
2.6. Sample preparation

In this study, MIP/BNQDs/GCE was applied to plasma samples to present the
application of developed electrode. The cTnl free plasma samples were obtained from Blood
Bank of Hacettepe University Hospital in TURKEY.

For the experiments of recovery, four different plasma samples were prepared (Plasma
samplel, Plasma sample2, Plasma sample3 and Plasma sample4). The contents of solutions
were listed below:

(1): 0.83 ng mL™ ¢Tnl, 0.83 ng mL™* MYG, 0.83 ng mL™ BSA and 0.83 ng mL™ cTnT

(2): 0.83 +0.05ng mL™ cTnl, 0.83 ng mL™* MYG, 0.83 ng mL™* BSA and 0.83 ng mL™*cTnT
(3): 0.83 +0.10 ng mL™ ¢Tnl, 0.83 ng mL™* MYG, 0.83 ng mL ™ BSA and 0.83 ng mL™*cTnT
(4):0.83 + 0.50 ng mL™ cTnl, 0.83 ng mL™ MYG, 0.83 ng mL™" BSA and 0.83 ng mL™*cTnT
The standard cTnl, MYG, BSA and c¢TnT solutions (0.83 ng mL™) were firstly added into the
cTnl free plasma samples (Plasma samplel). After that, 0.05, 0.10 and 0.50 ng mL™ standard

cTnl solutions were added into the solutions one by one, respectively (Plasma sample2,



Plasma sample3 and Plasma sample4). After each addition of cTnl solutions, plasma samples
were spiked: 1:2 mL methanol was added to an aliquot of 0.4 mL plasma sample in a 2.0 mL
plastic centrifuge tube. After that, the centrifugation at 20000 rpm was performed for 15
minutes. The upper clear layer solution was diluted with 0.1 M PBS, pH 7.0 for analysis. The
voltammograms were recorded in the potential range from 0.0 V to +1.0 V by cTnl imprinted
electrode. The informed consent will be obtained for improved experimentation with real
human subjects in future.
3. Results and Discussion
3.1. Nanostructures characterization

Fig. 1A demonstrates XRD patterns of bulk boron nitride (curve a) and 2D-hBN
nanosheets (curve b). XRD pattern of bulk boron nitride reveals the characteristic diffraction
peaks corresponding to (100), (101), (102) planes (Hassan et al. 2012). The characteristic
diffraction peaks of bulk boron nitride disappeared on XRD pattern of 2D-hBN nanosheets.
However, (002) plane of boron nitride remained intact (Li et al. 2011). SEM image (Fig. 1B)
of boron nitride confirms its bulk structure. In the bulk structure, irregular morphology,
agglomeration and varying dimensions of boron nitride were observed. The 2D-hBN
nanosheets were obtained after ultrasonication of bulk boron nitride. Fig. 1C suggested the
formation of 2D-hBN nanosheets. The particle thickness decreased with the lateral sizes of
2D-hBN nanosheets in comparison with bulk boron nitride. Fig. 1D revealed TEM image of
BNQDs, indicating that the obtained BNQDs were well dispersed with uniform lateral sizes.
The average lateral sizes were found to be 4.4 £ 0.6 nm (Fig. 1E). In addition, we have
examined the formation of MIP and NIP surfaces. The intensive cTnl imprinted polymer layer
was obtained on SEM analysis (Fig. 1F). When SEM image of NIP surface was investigated,
the less porous structure was seen in comparison with MIP surface (Fig. 1G).

Here Figure 1



3.2. CV and EIS characterizations of bare GCE, 2D-hBN/GCE and BNQDs/GCE
According to CV results (Fig. 2A), the peaks of 1.0 mM [Fe(CN)g]* with 150 mV of
peak potential difference (AEp) were observed at bare GCE (curve a). After modification of
2D-hBN on bare GCE, AEp decreased to 100 mV with an obvious increase in the peak signals
(curve b). Due to large surface area and thermal conductivity of 2D-hBN nanosheets, the
increase of current signals was noted (Khan et al. 2016). The higher current increase was seen
when BNQDs modified GCE was used (AEp = 50 mV) (curve c¢). It was stated that it had an
impact on sensor signals resulted from the layered BNQDs with the smaller size. In addition,
excellent conductivity and optical properties and good dispersibility, biocompatibility of
BNQDs were endowed due to the quantum confinement, edge effects and defect centers
(Mengli et al. 2017). Moreover, it could be noted that BNQDs had a similar structure to the
graphite. Thus, the enhanced mechanism can be resulted from the effective electrostatic
interactions between the surface functional groups of BNQDs (denoted as amino) and target
molecules (Xing et al. 2018). The electroactive surface areas of bare GCE, 2D-hBN/GCE and
BNQDs/GCE were found to be 0.174+0.03 cm? 0.551+0.06 cm® and 1.365+0.07 cm?,
respectively. The measurements were performed six times and the relative standard deviations
(RSD) for bare GCE, 2D-hBN/GCE and BNQDs/GCE were calculated as 0.17%, 0.23% and
0.47%, respectively. The electroactive surface areas of the electrodes were obtained in the
presence of 1.0 mM [Fe(CN)g]*® solution containing 0.1 M KCI by the equation (Randles—
Sevcik) of i,=2.69x10° A n¥? D2 C v where i, was the current, C (mol cm™®) was the
concentration of [Fe(CN)s]*, v was the scan rate (10 — 500 V s™) and A was standing for the
surface area (cm?) (n=1, D=7.6x10° cm? s* for [Fe(CN)s]*) (Yola et al. 2016). The results
were verified by EIS experiments. According to Fig. 2B, the values of charge transfer
resistance (Rct) were found to be 150 ohm (curve c), 100 ohm (curve b) and 50 ohm (curve

a). Hence, Rct values were consistent with CV results. A linear dependency was obtained



between the anodic and cathodic peak signals and the square root of the scan rate over the
range of 10 — 500 mV s™ (Fig. 2C), indicating that the developed biosensor interface
(MIP/BNQDs/GCE) had diffusion controlled. The following linear regression equations were
presented below:

Ipa = 4.4678(v)” + 4.1937 (R? = 0.9996)

Ipc = —4.5179(v)"™ — 7.8130 (R* = 0.9994)

In addition, when the scan rate was increased, the anodic and cathodic potentials shifted to
positive and negative potentials, respectively. This situation revealed typical quasi-reversible
electron transfer kinetics on MIP/BNQDs/GCE.

Here Figure 2

3.3. Formation of cTnl imprinted electrode on BNQDs

The oxidation potential of 100.0 mM pyrrole containing 25.0 mM cTnl in 0.1 M PBS
was 0.75 V on first scan (scan rate: 100 mV s, initial potential: +0.0 V and final potential:
+1.0 V) (Fig. 3A). It was observed that the current signal with irreversible peak at 0.75 V
slowly diminished with subsequent scans. They disappeared at the 10™ cycle on
BNQDs/GCE. Hence, cTnl imprinted electrode was successfully formed on BNQDs/GCE.

The curve a of Fig. 3B was corresponded to the signal of MIP/BNQDs/GCE without
template in 0.1 M PBS (pH 7.0). Hence, the obvious signal response was not observed due to
the blank solution. However, the MIP/BNQDs/GCE demonstrated an obvious current signal at
+0.20 V against 5.0 ng mL™ cTnl (curve ¢ of Fig. 3B). NIP/BNQDs/GCE was also prepared
without cTnl analyte. The small signal was observed in curve b of Fig. 3B. The different
imprinted electrodes (MIP/BNQDs/GCE, MIP/2D-hBN/GCE, MIP/GCE) were also prepared
(Fig. 3C). According to Fig. 3C, the MIP/BNQDs/GCE (curve a) indicated the most signal

increase in comparison with other imprinted electrodes.



Here Figure 3

3.4. Optimization studies
3.4.1. The pH effect

The pH is an important factor in terms of the electrochemical behavior of a developed
biosensor and activity of cTnl in real sample medium. According to DPV signals of cTnl in
the range of pH 5.0-9.0, they increased up to pH 7.0 (Fig. S1A). After pH 7.0, the signals
diminished or remained constant. Thus, pH 7.0 was selected as the optimum pH for
subsequent experiments (Rezaei et al. 2018).
3.4.2. The mole ratio template molecule to monomer effect

The mole ratio (cTnl/pyrrole) effect was investigated in a range of 1:2-1:6 (Fig. S1B).
It was noted that the signals of DPVs up to 100.0 mM pyrrole increased significantly. The
crucial increase on signals of DPVs resulted from the increase of binding site. Nonetheless, if
the quantity of pyrrole increased further, the thicker polymer would be emerged on
BNQDs/GCE. On the other hand, non-specific interactions on electrode surface occurred and
finally, the optimum mole ratio was found as 1:4 in the study.
3.4.3. The desorption (removal of cTnl from electrode surface) time effect

The signals of DPVs increased until 15. minute (Fig. S1C). After desorption time of
15 min in bath (25 mL, 1.0 M NaCl solution, 200 rpm) at room temperature, they remained
constant. Thus, it could be highlighted that no c¢Tnl molecule was found on
MIP/BNQDs/GCE and the removal of cTnl molecule was completed.
3.4.4. The scan cycle effect

Five different cTnl imprinted electrodes were prepared by different CV scans (5, 10,
15, 20) (Fig. S1D) in this study. According to the signals of DPVs, the optimum and the
highest signals were observed at the 10" scan cycle. It could be interpreted as a thicker cTnl

imprinted polymer was observed on BNQDS/GCE after the 10™ scan cycle. This situation



indicated the difficult removal of cTnl molecules on electrode surface. Thus, the 10" scan
cycle was selected as optimum scan for subsequent experiments (Parameters: scan rate: 100
mV s, initial potential: +0.0 V and final potential: +1.0 V).
3.5. Linearity range

Fig. 4 indicated the relation between current signals and cTnl concentrations at
MIP/BNQDs/GCE (from 0.01 ng mL™ to 5.00 ng mL™). The regression equations were as y
(MA) = 10.028x (nM) - 0.1124 for MIP and y (HA) = 1.2234x (nM) - 0.2069 for NIP. Thus,
this study has shown that MIP electrode was found to be more sensitivity to cTnl analyte.
(Inset of Fig. 4). It was related to the basic adsorption phenomena describing concentration
difference between liquid and solid phases on MIP electrode. These phases drive cTnl
through the electrode surface to interact with specific ligands/cavities. The quantification limit
(LOQ) and LOD for cTnl were obtained as 0.01 ng mL™ and 0.0005 ng mL™, respectively.
Moreover, Table 1 presented the comparisons between the MIP sensor and other systems. We
have showed the significant advantages of the proposed method in this study. The molecular
imprinted electrochemical biosensor with high selectivity was prepared. The obtained
selectivity was found to be better in comparison with other systems briefly stated in Table 1.
On the other hand, the nanomaterial was also prepared under solvothermal conditions in this
study. According to the findings, the minimal waste formation in preparation of boron nitride
quantum dots was obtained. Moreover, cheaper, eco-friendly and highly efficient
nanomaterial was also found in comparison with multi-walled carbon nanotubes, carbon
nanofiber, gold nanoparticles-graphene, gold nanoparticles and platinum nanoparticles. The
processes of synthesis, purification, fabrication and functionalization of these nanomaterials
were also required some special treatments, skills and time. Immunochromatographic
(Penttila et al. 1999), fluorescence (Seo et al. 2016) and surface plasmon resonance (SPR)

(Dutra and Kubota 2007) methods were developed for the determination of human cardiac



troponin. However, there were various negative factors such as material consumption,

complexity and high cost of these methods. Finally, MIP/BNQDs/GCE (LOD: 0.0005 ng mL"

1) was found to reveal higher sensitivity in comparison with other analytical methods.

Here Figure 4

Table 1. Comparison of the biosensor in this study with other methods

Material or Method Linear Range LOD Ref.
(ng mL™) (hg mL™)
CMWCNT-WNFs 0.5-100.0 0.04 (Rezaei et al.
2018)
G-MWCNT/PtNPs 0.00110.0 0.001 (Singal et al.
2016)
PDMS-AuUNPs (Zhou et al.
0.01-50.0 0.004 2010)
PDMS (Ko et al.
0.2-1000.0 0.148 2007)
AuNPs/Gr (Liu et al.
0.05-3.0 0.05 2016)
(Guo et al.
AU 05-5.0 0.20 2005)
CTS-AuNPs 0.1-315 1.10 (Brondani et
al. 2014)
Pt NPs-Gr 0.0025 -10 0.04 (Singal et al.
2014)
(Periyakaruppa
CNF 0.25-1.0 0.20 n et al. 2013)
MIP/BNQDs/GCE 0.01-5.00 0.0005 This study

CMWCNT-WNFs: carboxylated multi-walled carbon nanotube-embedded whiskered nanofibers; G-

MWCNT/PtNPs: graphene and multiwalled carbon nanotubes and decorated with platinum nanoparticles;
PDMS-AuUNPs: poly (dimethylsiloxane)-gold nanoparticles; PDMS: poly(dimethylsiloxane); AuNPs/Gr: gold
nanoparticles-graphene; cAu: Colloidal gold; CTS-AuNPs: chitosan-stabilized gold nanoparticles; Pt NPs-Gr: Pt
nanoparticles-graphene; CNF: carbon nanofiber

10



3.6. Recovery
It was highlighted in Table S1 that, the developed biosensor was found to have a high

selectivity due to the close values to 100.00%. In addition, standard addition method was
applied to cTnl free plasma samples. The calibration equation was as y (LA) = 10.819x (nM)
+ 1.9634 for MIP/BNQDs/GCE. On the other hand, no significance difference between the
slopes of regression equations of linear calibration technique and standard addition method
was found. According to the recovery results and standard addition method, the matrix in
plasma sample had no effect on selective detection of cTnl by using MIP/BNQDs/GCE.
Subsequently, the selective determination of cTnl in plasma samples can be completed
successfully on MIP/BNQDs/GCE. Consequently, the matrix presence in plasma sample had
no significant effect on the selective analysis of cTnl.

A rapid, simple and sensitive LC-MS/MS method was used in order to evaluate the
validity of the developed electrode (Berna et al. 2007). Table S2 presented the results
obtained by the two different methods for the determination of cTnl in human plasma
samples. These results were compared by Wilcoxon test and no significant difference was
found between the obtained results of MIP/BNQDs/GCE and LC-MS/MS (Tcaiculated >
Ttabulated, P > 0.05).

3.7. Selectivity, Stability, Repeatability, Reproducibility and Reusability of
MIP/BNQDs/GCE

The selectivity tests were performed by preparing four different solutions. The
contents of the solutions were stated below:

Solution (1): only 5.0 ng mL™ cTnl in 0.1 M PBS (pH 7.0)
Solution (2): only 5.0 ng mL™* MYG in 0.1 M PBS (pH 7.0)
Solution (3): only 5.0 ng mL™ BSA in 0.1 M PBS (pH 7.0)

Solution (4): only 5.0 ng mL™ c¢TnT in 0.1 M PBS (pH 7.0)

11



The cTnl imprinted electrode (MIP) was separately interacted with each of the solutions. The
obtained voltammograms were shown on Fig. S2A. The highest peak signals (AI=50.00 pA)
were normally obtained in the presence of 5.0 ng mL™ cTnl (solution:1 only) by using cTnl
imprinted electrode. It was noted that cTnl imprinted electrode revealed low non-specific
responses for MYG (AI=10.00 pA), BSA (AI=5.00 pA) and c¢TnT (AI=2.50 pA). These
responses were due to structural and physico-chemical similarities between cTnl and the other
interfering proteins (MYG, BSA and cTnT). In Fig. S2A, it was highlighted that
MIP/BNQDs/GCE was found to be 5.0, 10.0 and 20.0 times selective in terms of cTnl in
comparison with MYG, BSA and cTnT (Table S3). Therefore, we could reach the conclusion
that the molecular imprinting technique provided high selectivity for cTnl detection. cTnl
non-imprinted BNQDs/GCE (NIP) was also prepared to display the specificity of cTnl
imprinted electrode and the signals of nonimprinted electrode against Solution (1), Solution
(2), Solution (3) and Solution (4) were found as 3.50, 3.00, 2.00 and 1.00, respectively (Fig.
S2B). The selectivity coefficients for cTnl non-imprinted BNQDs/GCE in respect to MYG,
BSA and cTnT were calculated as 1.17, 1.75 and 3.50, respectively. The relative selectivity
constants showing the selectivity display that cTnl imprinted electrode was 4.27, 5.71 and
5.71 times more selective in comparison with MYG, BSA and cTnT, respectively.

For the stability of MIP/BNQDs/GCE, the signals of 50 ng mL™ cTnl on
MIP/BNQDs/GCE were measured during 60 days and the repeated signals (about 50.0 pA
with 0.62% of relative standard deviation) were obtained. After each measurement, the
electrodes were regenerated in order to put them into desorption agent (25 mL, 1.0 M NacCl
solution) between the measurements. According to the results shown in Fig. S3, the imprinted

biosensor was found to have a good stability.

12



For repeatability test of MIP/BNQDs/GCE in the presence of 5.0 ng mL™ cTnl, 50
differential pulse voltammograms were taken and the repeated signals (relative standard
deviation was 0.83%) were obtained.

The reproducibility test was performed with ten different MIP/BNQDs modified
glassy carbon electrodes. These imprinted electrodes were fabricated independently by using
the same procedure. The relative standard deviation value was found to 0.17% for current
signal in the presence of 5.0 ng mL™ cTnl and it indicated the reliability of biosensor
preparation procedure.

Finally, the reusability of MIP/BNQDs/GCE was examined. According to the results,
MIP/BNQDs/GCE was not found as a disposable sensor. It could be used at least 25 times

(relative standard deviation was 0.23%) after washing with 0.1 M PBS (pH 7.0).

4. Conclusion

In the present study, we have combined the advantages of boron nitride quantum dots
and molecular imprinting for detection of cardiac Troponin-l. Therefore, cardiac Troponin-I
has been imprinted on polymeric films on the glassy carbon electrode by means of a
molecular imprinting approach. Hence, the more specific cavities in the polymeric matrices
were formed for cardiac Troponin-1 in comparison with NIP. The prepared nanomaterials
were firstly characterized by TEM, SEM, XRD, CV and EIS. According to the
characterization studies, the obtained BNQDs were well dispersed with uniform lateral sizes
and the average lateral sizes were found to be 4.4 + 0.6 nm. The linearity range (0.01 — 5.00
ng mL?), LOQ (0.01 ng mL™) and LOD (0.0005 ng mL™) values were calculated for
proposed biosensor. According to the recovery experiments and standard addition technique,

it could be stated that the matrix presence in plasma sample had no effect on the selective

13



analysis of cardiac Troponin-I. In addition, the developed biosensor was found to be stable,
repeatable, reusable and selective. Finally, the prepared biosensor showed high selectivity and
sensitivity in plasma samples in comparison with other analytical methods.
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Figure Captions

Scheme 1. The procedure of MIP/BNQDs/GCE

Figure 1. XRD pattern (A) of bulk boron nitride (curve a) and 2D-hBN nanosheets (curve b);
SEM images of (B) bulk boron nitride; (C) 2D-hBN nanosheets; (D) TEM image of BNQDs;
(E) Size distributions of BNQDs; SEM images of (F) MIP/BNQDs/GCE; (G)
NIP/BNQDs/GCE

Figure 2. (A) Cyclic voltammograms at (a) bare GCE, (b) 2D-hBN/GCE, (c) BNQDs/GCE;
(B) EIS response at (a) BNQDs/GCE, (b) 2D-hBN/GCE, (c) bare GCE; Redox probe: 1.0 mM
[Fe(CN)g]* containing 0.1 M KCI, Scan rate: 100 mV s™; (C) Cyclic voltammograms of the

developed imprinting electrode (MIP/BNQDs/GCE) at different scan rates (10 — 500 mV s™).
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Inset is effect of different scan rate on the cathodic and anodic currents as a function of square
root of the scan rate

Figure 3. (A) The polymerization of 100 mM pyrrole containing 25.0 mM cTnl on
BNQDs/GCE (Scan rate: 100 mV s%); (B) The differential pulse voltammograms (DPVs) of
the prepared electrodes in this study: (a) MIP/BNQDs/GCE in blank buffer solution, (b)
NIP/BNQDs/GCE after rebinding of 5.0 ng mL™ cTnl, (c) MIP/BNQDs/GCE after rebinding
of 5.0 ng mL™ c¢Tnl (frequency of 50 Hz, pulse amplitude of 20 mV, scan increment of 3 mV)
(C) DPVs of different molecular imprinted electrodes after rebinding of 5.0 ng mL™ cTnl (a)
BNQDs/GCE; (b) 2D-hBN/GCE; (c) bare GCE (frequency of 50 Hz, pulse amplitude of 20
mV, scan increment of 3 mV)

Figure 4. DPVs with different cTnl concentrations at MIP/BNQDs/GCE in pH 7.0 of PBS
(from 0.01 ng mL™ to 5.00 ng mL™ cTnl) (frequency of 50 Hz, pulse amplitude of 20 mV,

scan increment of 3 mV): Inset: Calibration curve of cTnl for MIP and NIP electrodes
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Highlight

e Boron nitride quantum dots (BNQDs) is developed for the sensitive detection of
cardiac Troponin-I

e The prepared sensor based on boron nitride quantum dots is characterized by several
methods

e The prepared sensor shows high stability, repeatability, reproducibility and reusability

e The sensor is preferred in comparison with the other analytical methods.
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