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Highlights
e P The nitric oxide biosensor was developed by amine-modified MoS2/GO/Mb hybrid.
e P For the first time, synthesis of MoS, accompanying the amine-modification was done.
e P The hybrid showed the increase of electrochemical signal and amperometric response.

e P The hybrid showed high selectivity in nitric oxide detection.

Abstract

Nitric oxide (NO) is one of the most important molecules in living things due to its role as a
signaling molecule in influencing pathological and physiological mechanisms including
neurotransmission. In this study, the electrochemical biosensor based on the amine-modified
molybdenum disulfide nanoparticles (MoSz), graphene oxide (GO) and myoglobin (Mb) hybrid
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material (amine-modified MoS2/GO/Mb hybrid) is developed to achieve the accurate detection
of NO with electrochemical signal improvement. For the first time, the synthesis of MoS>
accompanying the amine-modification of the surface of MoS> is done to hybridize with GO
efficiently through the short linkage. After the amine-modification of MoS,, it is enclosed with
GO directly (amine-modified MoS,/GO). Then, Mb which can induce the reduction of NO is
immobilized on the amine-modified MoS2/GO to fabricate the amine-modified MoS,/GO/Mb
hybrid for NO detection. The prepared hybrid shows the signal improved redox properties
relative to the result of the electrode prepared without hybrid. Furthermore, upon addition of NO,
the electrode prepared with hybrid shows the improved amperometric response compared with
that of the electrode without hybrid. This amine-modified MoS,/GO/Mb hybrid can be used in
the development of the biosensor platform accompanying the electrochemical signal

improvement and accurate detection of target materials.

Keywords: Amine-modified MoS»; Biosensor; Nitric oxide; Hybrid material; Graphene oxide;

Myoglobin.

1. Introduction

Development of biomaterial-based biosensors has been received a subject of immense interest
and decade-long efforts in biological research because of their medical and clinical applications
[1]; [2]. The use of biomaterials in biosensors offers several advantages such as a fast response
time and the elaborative selectivity in the detection of specific molecules. Thus, DNA and
antibodies have been widely used to develop biosensors for detecting specific DNA sequences
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and for monitoring antigens [3]; [4]; [5]; [6]. Among the various biomoelcules, metalloprotein
have been found to be a suitable for fast and sensitive sensing of specific molecules because of
their unique redox properties [7]; [8]; [9]. In certain electrochemical technique based on sensing
specific molecules through metalloprotein, generation of electrochemical signals is simple and
quick. Because of this unique advantage, various metalloprotein-based biosensors have been
developed for the detection of specific molecules such as hydrogen peroxide and glucose [10];

[11].

Nitric oxide (NO) is one of the most important biological regulatory molecules. It is an
important signaling molecule that can affect pathological and physiological mechanisms in living
organisms such as neurotransmission and macrophage function [12]; [13]. As such, numerous

researching groups have investigated the accurate measurement of NO [14]; [15].

However, electrochemical signals derived from biosensors reacting with specific molecules
are too weak to be easily detected with conventional electrodes because of certain difficulties,
namely, the random orientation of biomaterial on the electrode, slowness of the electron transfer
reaction, and the drastic decrease in biomolecular activity. These limitations interrupt the

accuracy of detecting target molecules, especially those at very low concentrations [16].

To overcome these limitations, new types of electrodes such as those based on carbon
nanotubes and various nanomaterials have been introduced to develop biosensors with the
amplified electrochemical signals and high sensitivity [17]; [18]. Graphene, one of the versatile
materials, has been widely applied in the development of sensitive biosensors [19]; [20]. Also,
metal dichalcogenide materials including bismuth selenide (Bi2Ses) and molybdenum disulfide
(MoSz) have recently gained much interest as advanced materials because of their properties
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including direct bandgap, optical properties and conductance [21]; [22]; [23]; [24]. Furthermore,
hybridization of metal dichalcogenides and graphene may lead to a synergetic effect, which
arises from the retention of the effective carrier mobility, facilitation of electron transfer reaction,

and enhancement of biocompatibility with biomaterials [25]; [26].

From this point of view, we previously developed the MoS; and GO hybrid material
(Mo0S2/GO) to fabricate the electrochemical hydrogen peroxide biosensor [27]. At that time, L-
homocysteine thiolactone hydrochloride was introduced to amine-modification on the surface of
MoS; for fabrication of the MoS2/GO through the electrostatic bond [28]. However, L-
homocysteine thiolactone hydrochloride had the complex pentose structure which may hindered
the efficient electron transfer of the MoS./GO due to the capacitance role of the large and
complex chemical linkage material [29]; [30]. To prevent this limitation of the past research and
induce the efficient electron transfer of the MoS2/GO via the short linker part, the synthesis of
MoS, accompanying amine-modification (amine-modified MoS;) was required to prevent the

introduction of complex chemical linkage material.

For these reasons, in this study, hybrid composed of the amine-modified MoS,, GO and
myoglobin (Mb) was fabricated to develop a biosensor for NO detection with electrochemical
signal improvement (Fig. 1). Moreover, for the first time, MoS> was synthesized accompanying
amine-modification for effective hybridization with GO using the short linkage. To detect NO,
Mb was used to detect NO by electrochemical reduction of NO. Mb is a metalloprotein that has
the unique electrochemical properties due to the iron ion in its core [31]; [32]. Synthesis of the
amine-modified MoS, was verified by transmission electron microscopy (TEM), energy-

dispersive X-ray spectroscopy (EDS). Fabrication of the amine-modified MoS2/GO was



confirmed by ultraviolet-visible (UV-vis) spectroscopy and TEM. Immobilization of the amine-
modified MoS>/GO/Mb hybrid on the electrode was verified by atomic force microscopy (AFM),
scanning electron microscopy (SEM) and cyclic voltammetry (CV). Electrochemical property
and sensing performance of the proposed amine-modified MoS>/GO/Mb hybrid were

investigated by CV and amperometric i-t technique upon NO addition.

2. Experimental details

2.1. Materials

Mb and phosphate buffered saline (PBS), as well as the chemical linkers cysteamine and 6-
mercaptohexanoic acid (6-MHA), were obtained from Sigma-Aldrich (USA). PBS solution was
used to prepare the Mb solution. The bare gold electrode (50 nm)/Cr (2 nm) on SiO2 (5 mm) was
fabricated by the National Nanofab Center (Korea). Sodium nitrite (NaNO>) and sulfuric acid
(H2S04) for NO preparation were purchased from Daejung Chemical (Korea). GO was
purchased from Graphene Supermarket (USA). Distilled water (DIW) was purified using a Milli-
Q system (Millipore, USA). Sodium molybdate, hydrazine hydrate, hydrogen chloride (HCI) and
sodium sulfide from Sigma-Aldrich (USA) were used to synthesize the amine-modified MoS,. A
TEM grid was obtained from Ted Pella Inc. (USA). Sodium bicarbonate (NaHCOs3) and L-
ascorbic acid (AA) solutions (Sigma-Aldrich, USA) were used to verify the selectivity of

fabricated hybrid.

2.2. Synthesis of the direct surface-modified MoS; and the amine-modified MoS2/GO fabrication



To prepare the direct surface-modified MoS, with amine group, first of all, 0.75 g of sodium
molybdate was dissolved in DIW (10 mL) for 30 min. Cysteamine (1.12 g) was added slowly for
surface modification. After 30 min, a solution of sodium sulfide in DIW and hydrazine hydrate
were sequentially introduced at 1 h intervals. HCI (2 M) was then added, and the resulting
mixture was heated at 100 °C for at least 3 h until a color change was detected. After this
process, the resultant brownish precipitate was collected on filter paper and washed with DIW
and ethanol. After it was vacuum dried for 3 h at 70 °C, the amine-modified MoS; was obtained.
Prepared amine-modified MoS; was characterized by high-resolution TEM (HR-TEM) using

JEOL JEM-3010 operated at 300 kV, EDS with mapping and zeta potential technigue.

To fabricate the hybrid particle composed of prepared amine-modified MoS; and GO (amine-
modified MoS,/GO), GO was introduced to enclose the amine-modified MoS,. GO could
enclose the amine-modified MoS: through electrostatic interaction between amine modified
surface of MoS; and carboxylated part of GO. The amine-modified M0oS2/GO volume ratio for
the conjugation reaction between the amine-modified MoS, and GO at the same concentrations
(0.1 mg/mL) was 10:1. The conditions for the amine-modified MoS,/GO fabrication were 6 h
conjugation time, 4 °C, and 400 rpm. The amine-modified MoS2/GO was then characterized by
HR-TEM and UV-vis spectroscopy using a Nanodrop 2000 UV-vis spectrophotometer (Thermo

scientific, USA).

2.3. Immobilization of the amine-modified MoS2/GO/Mb hybrid on the electrode for biosensor

fabrication



To immobilize the amine-modified MoS2/GO/Mb hybrid on the gold electrode, the bare gold
electrode was cleaned with piranha solution (H2SO4/H202, 8:2 volume ratio). After a 3 min
treatment with the piranha solution, the electrode was washed with ethanol and DIW, and then
completely dried with N gas. Cysteamine in the form of a 10 uM solution in DIW was
immobilized on the piranha-treated electrode for 3 h at 4 °C. Immobilization of cysteamine was
proceeded by self-assembly through gold-thiol interaction and the amine group of cysteamine
was on the upper side. Then, the amine-modified MoS2/GO was immobilized for 3 h at 4 °C on
the electrode with immobilized cysteamine. This step occurred through electrostatic bonding
between the amine groups of cysteamine and the carboxylated surface of the amine-modified
MoS,/GO. After the amine-modified MoS,/GO layer formation on the gold electrode, Mb was
immobilized on the amine-modified MoS,/GO layer for 3 h at 4 °C by electrostatic bonding to
form the amine-modified MoS2/GO/Mb hybrid on the electrode. To confirm the
electrochemical signal improvement of the amine-modified MoS,/GO/Mb hybrid, Mb
immobilized electrode was fabricated for comparison. To fabricate the only Mb immobilized
electrode, cysteamine was immobilized on the piranha-treated electrode for 3 h at 4 °C. Then,

Mb was immobilized on the electrode for 3 h at 4 °C by electrostatic bonding.

2.4. Surface investigation of the amine-modified MoS,/GO immobilized electrode and Mb

immobilization on the amine-modified Mo0S>/GO

The surface of the amine-modified MoS,/GO electrode was investigated by AFM using
Nanoscope/Multimode (Digital Instruments, USA). The bare gold electrode, as well as the

electrodes with immobilized amine-modified MoS,, and the electrode with immobilized GO,



were characterized for comparison. The operating parameters for AFM were 0.9 internal gain,
0.999 Hz scan rate, 1.9 proportional gain, 1.3 nA current set-point, and scan size of 500 nm. By
SEM (Auriga, Carl Zeiss, Germany), the surface of the amine-modified MoS,/GO immobilized
electrode was also examined. CV was performed to confirm the immobilization of Mb on the
amine-modified MoS2/GO layer for fabrication of the amine-modified MoS,/GO/Mb hybrid.
Because the unique redox property of Mb could be detected with the formation of the amine-
modified MoS/GO/Mb hybrid on the electrode. From this point of view, the amine-modified
MoS,/GO/Mb hybrid immobilized electrode and the amine-modified MoS2/GO immobilized

electrode were compared by CV to verify the immobilization of Mb for hybrid fabrication.

2.5. Electrochemical investigation and sensing performance measurement of the fabricated

amine-modified MoS2/GO/Mb hybrid

Electrochemical investigation of the fabricated amine-modified MoS2/GO/Mb hybrid was
performed using electrochemical techniques (CHI-660A; CH Instruments, Inc., USA) to
determine any electrochemical signal improvement. For this investigation, we used a three-
electrode system consisting of the fabricated electrode as the working electrode, a silver/silver
chloride (Ag/AgCl) double-junction electrode as the reference electrode, and a platinum (Pt)
wire electrode as the counter electrode. The electrochemical buffer solution (PBS solution) was
used for electrochemical measurement. Parameters applied for CV were the scan rate of 50
mV/s, the quiet time of 2 s, the sampling interval of 1 mV/s, and 5 x 10~7 (A/V) sensitivity. The

applied voltage range for CV was from 600 mV to -200 mV. Confirmation of the performance in



NO detection was done by the amperometric i-t curve technique. The electrochemical reduction
reaction of NO may depicted as follows:

Mb(Fe**) + NO = Mb(Fe?*)NO, Voxidation = 0.196 V

2Mb(Fe?")NO + 2H* + 2e = 2Mb(Fe?") + N20 + H20, Vreduction = 0.241 V

Parameters for the amperometric i-t curve were -0.3 V, 0.1 s, and 5 x 107 (A/V) for initial
potential, sampling interval and sensitivity, respectively. The selectivity of the fabricated hybrid

was investigated by addition of NO with the other materials including NaNO2, AA, NaHCO:s.

3. Results and Discussion
3.1. Confirmation of amine-modified MoS; synthesis

The synthesis of the amine-modified MoS; was verified by HR-TEM and EDS accompanying
mapping. Fig. 2a showed the results of the HR-TEM investigation of the amine-modified MoS..
In the HR-TEM image, the amine-modified MoSz have a 20 nm average diameter; the magnified
image showed the discrete synthesized particle. The amine-modified MoS> showed the tendency
for aggregation which property was induced the formation of the suitable form for encapsulation
by GO easily. To verify the amine modification, we performed the EDS and EDS mapping. Fig.
2b showed the EDS mapping results of the amine-modified MoS». In EDS mapping images,
molybdenum (Mo), sulfide (S) and nitrogen (N) of amine group were apparently displayed
following the located amine-modified MoS,. The EDS result in Fig. S1 (In supplementary
materials) showed the apparent peaks of Mo, S and N. The Mo and S were constituents for MoSy,
and small amount of the nitrogen was the component for amine group located on the surface. The
EDS result of pure MoS> didn’t have the nitrogen peak (not presented). The amount of Mo, S,
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and N were 27.06 %, 58.16 %, and 14.78 %, respectively. Thus, the Mo/S ratio was
approximately 1:2, which was equal to the ratio for the composition of MoS; the relatively small

amount of N was due to its limitation to the surface.

3.2. Confirmation of the fabricated amine-modified MoS,/GO

Fabrication of the amine-modified Mo0S2/GO was confirmed by HR-TEM and UV-vis
spectroscopy. Fig. 2c-d showed TEM images of GO and the amine-modified MoS,/GO. The size
of GO was around 700 nm (Fig. 2c). The average size range of GO was from 1000 nm to 250 nm
(data not shown). After reacting with the amine-modified MoS2, GO encircled the numerous
small amine-modified MoS;. Fig. 2d showed the fabricated amine-modified M0S2/GO. Also, Fig.
2e showed the UV-vis spectra of the amine-modified MoS; and GO. UV peak of GO was located
at around 250 nm, and UV peaks of the amine-modified MoS, were found around 200 nm and
220 nm. Due to the encapsulation of the amine-modified MoS; by GO, the UV peaks of the
amine-modified MoS,/GO were located at around 200, 220 and 240 nm, respectively, which
were similar to those of the amine-modified MoS; and GO. Also, EDS mapping investigation
was performed (Fig. S3). In EDS mapping image of the amine-modified MoS,/GO, Mo, S, N of
the amine-modified MoS2 and C, O of GO were detected following the located amine-modified
MoS,/GO. Furthermore, zeta potential investigation was done for the verification of the amine-

modified MoS;in Fig. S2.

3.3. Verification of the amine-modified/MoS2/GO/Mb hybrid immobilization on the electrode
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Immobilization of the amine-modified MoS2/GO/Mb hybrid on the gold electrode for biosensor
preparation was confirmed by AFM, SEM and CV. Fig. 3a-d displayed AFM images and vertical
investigation results of bare gold, amine-modified MoS, GO and amine-modified MoS2/GO on
the gold electrode. The AFM image of the bare gold (Fig. 3a) presented a regular pattern on the

surface.

The AFM image of the amine-modified MoS, immobilized on the gold electrode (Fig. 3b)
revealed immobilized particles with sizes of around 15 nm. The AFM result for GO immobilized
on the gold electrode showed particles with diameter of around 260 nm (Fig. 3c). The amine-
modified MoS2/GO-immobilized gold electrode showed the apparent immobilized amine-
modified MoS2/GO with diameters of 200 nm size (Fig. 3d). The encapsulation of the amine-
modified MoS; by GO therefore induced a decrease in the overall diameter and an increase in
height of the hybrid (Fig. 3d). To confirm the immobilization of the amine-modified MoS,/GO
on the electrode more accurately, a vertical investigation was done by AFM. The vertical
investigated results of the amine-modified MoS2/GO on the gold electrode compared with the
heights of bare gold, amine-modified MoS2, GO on the gold electrode were shown in Fig. 3. The
height of the bare gold, amine-modified MoS; and GO were 2.66, 5.69 and 17.47 nm,
respectively. Compared to these results, the height of the amine-modified MoS2/GO presented
the 22.68 nm which was induced from the encapsulation of the amine-modified MoS; by GO.
Also, by this encapsulating effect, the overall diameter of the amine-modified MoS2 by/GO was

finely decreased as presented in Fig. 3d.
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Fig. 4a-b and Fig. S4 showed SEM results for the bare gold electrode and for the amine-
modified MoS,/GO-immobilized gold electrode. The SEM result for the amine-modified
MoS2/GO-immobilized gold electrode exhibited the immobilized amine-modified Mo0S,/GO
which showed around 500 nm size which is slightly larger than the diameter calculated from the
AFM result. However, the wide size range of GO affected the overall size of the immobilized

amine-modified MoS,/GO.

Fig. 4c showed the cyclic voltammogram of the amine-modified MoS2/GO-immobilized gold
electrode and the amine-modified MoS2/GO/Mb hybrid immobilized gold electrode. The cyclic
voltammogram of the amine-modified MoS,/GO-immobilized electrode showed the wide shape
up and down compared to the bare gold electrode due to the capping effect of the introduced
amine-modified MoS,. In the case of the amine-modified MoS2/GO/Mb hybrid immobilized
electrode, upon immobilization of Mb on the amine-modified MoS,/GO layer in the gold
electrode, the unique redox peaks of Mb was detected which confirmed the immobilization of

Mb on the electrode for the amine-modified MoS,/GO/Mb hybrid formation.

3.4. Electrochemical properties of the amine-modified MoS2/GO/Mb hybrid

Fig. 5 displayed the CV results for bare gold electrode, Mb and the amine-modified
MoS2/GO/Mb hybrid. The cyclic voltammogram of the amine-modified MoS2/GO/Mb hybrid
showed the improved electrochemical results with 3.47 pA at reduction peak current and -3.59
HA at oxidation peak current compared to the results of the Mb prepared without the amine-
modified MoS2/GO/Mb hybrid (1.08 pA at reduction peak current and -1.13 pA at oxidation

peak) (Fig. 5a). Electrochemical signal improvement of the amine-modified MoS/GO/Mb
13



hybrid may be induced by the combination of the amine-modified MoS; and GO for the retention
of the effective carrier mobility with facilitation of electron transfer property between the Mb
and the gold electrode. Also, by introduction of the amine-modified MoS, and GO combination,
the enlargement of the immobilizable surface area for Mb accompanying the biocompatibility of
GO may affect the electrochemical signal improvement. Furthermore, reproducibility of the
prepared amine-modified MoS/GO/Mb hybrid was investigated by CV. As shown in Fig. 5b,
absolute redox peak current values of the amine-modified MoS2/GO/Mb hybrid exhibited the
reproducibility with 3.44 uA at reduction peak current and -3.58 pA at oxidation peak averagely.
Error bars in Fig. 5b showed the standard deviation for five repetitive measurements. These
results showed that the redox peak currents of the amine-modified MoS,/GO/Mb hybrid were
much higher than the average values of the MoS,/GO/Mb hybrid prepared without amine-
modification previously reported by us as shown in Fig. 5¢c. This result was induced by the
introduction of short linkage through the direct surface modification of MoS, with amine group
which affected the increment of the electrochemical signal by the replacement of complex
chemical linker possessing the aromatic structure, such as L-homocysteine thiolactone
hydrochloride, used in the previous research. Also, stability of this hybrid was investigated for
50 cycles as shown in Fig. S5. This hybrid showed the similar cyclic voltammogram for 50

cycles which verified the stability of the amine-modified MoS2/GO/Mb hybrid.

3.5. Sensing performance of the amine-modified MoS2/GO/Mb hybrid for NO detection

Fig. 6 showed the amperometric sensing performance of the fabricated amine-modified
MoS,/GO/Mb hybrid by addition of NO. The amperometric response of this hybrid by
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successive addition of 18 nM NO was displayed in Fig. 6a. PBS solution (3 mL) was used as the
electrolyte. As the parameter for the initial potential, -0.3 V was chosen to achieve the complete
reduction state of Mb for NO detecting catalytic reaction. The reduction current of the amine-
modified MoS2/GO/Mb hybrid increased steeply and, with over 10 additions of NO, attained a
stable state. To confirm the electrochemical signal improvement for the amperometric response,
Mb-immobilized electrode was used to detect NO for the comparison. Fig. 6b showed the
compared amperometric response data of the amine-modified MoS2/GO/Mb hybrid and Mb. As
similar to the result of CV in Fig. 5, the amperometric response of the amine-modified
MoS,/GO/Mb hybrid for NO detection showed the precipitous response compared to the result
of Mb due to the introduction of the amine-modified MoS; and GO for fast electron transfer
catalytic reaction. Fig. 6¢ showed the efficient selective sensing ability of the amine-modified
MoS,/GO/Mb hybrid by addition of NO with NaNO2, AA, NaHCOs continuously. The amine-
modified MoS/GO/Mb hybrid showed the amperometric response just with added NO and did
not respond to the added NaNO2, AA, NaHCO:s. Also, additional selective NO detecting property
of the amine-modified MoS,/GO/Mb hybrid was investigated by addition of NO with hydrogen
chloride and dihydrogen sulfate existing gas type in nature (Fig. S6a). NO solutions at
concentration of 1, 1.8, 3.6, 9, 18 and 36 nM were prepared to investigate the detection limit of
the amine-modified MoS2/GO/Mb hybrid. Fig. 6d and Fig. S6b revealed the amperometric
response upon addition of NO at different concentrations. The detection limit of the amine-
modified MoS2/GO/Mb hybrid was 3.6 nM. NO solutions at 1 nM and 1.8 nM produced only
noise, but the amine-modified MoS,/GO/Mb hybrid showed the amperometric response curve
upon addition of 3.6 nM NO solution. This results showed that the detection limit was more

responsive and comparable to NO detection with simple preparation steps by self-assembly
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compared to the other electrodes prepared for NO detection including the metalloprotein-used

electrode [33]; [34]; [35]; [36].

4. Conclusions

In this study, the electrochemical biosensor based on the amine-modified MoS»/GO/Mb
hybrid was fabricated for NO detection with the electrochemical signal improvement. To achieve
the improved signals, for the first time, MoS; was synthesized accompanying the amine-
modification directly and hybridized with GO through the short linkage. Then, by
immobilization of Mb on the amine-modified MoS,/GO, proposed amine-modified
MoS,/GO/Mb hybrid was fabricated on the electrode. Synthesis of the amine-modified MoS; and
the amine-modified MoS2/GO were confirmed by TEM, EDS and UV-vis. Immobilization of the
amine-modified MoS,/GO on the electrode was confirmed by AFM and SEM. Immobilization of
Mb on the amine-modified Mo0S,/GO was confirmed by CV. From the electrochemical
investigation, the amine-modified MoS,/GO/Mb hybrid showed the improved electrochemical
signal as 3.47 pA at the reduction potential peak and -3.59 pA at the oxidation potential peak
which were much higher than redox signals of Mb. Furthermore, redox peak currents of
fabricated hybrid was higher than results of the MoS,/GO/Mb prepared using complex
connecting material due to the direct amine-modification during MoS, synthesis by the
introduction of short linkage for the effective electron transfer and fast amperometric response
reaction. The amperometric NO sensing performance of this hybrid showed the improved
amperometric response compared to the response of Mb prepared without the amine-modified
MoS: and GO. Also, this hybrid-based biosensor showed the efficient selective detection of NO

16



by addition with the other materials accompanying the 3.6 nM of detection limit. In conclusion,
the proposed amine-modified MoS,>/GO/Mb hybrid-based biosensor can be applied to fabricate
the biosensor platform for the development of highly sensitive biosensor with improved

electrochemical signal.
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Fig. 1. Schematic image of the amine-modified MoS2/GO/Mb hybrid fabrication and

electrochemical biosensor preparation for NO detection.
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Fig. 2. (@) TEM images and (b) EDS mapping images of the amine-modified MoSz2, TEM images

of (c) GO and (d) the amine-modified M0S2/GO, (e) UV-vis spectra of the amine-modified MoSa,

GO and the amine-modified MoS,/GO.
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Fig. 3. AFM images and vertical investigation results of (a) bare gold, (b) the amine-modified

MoS;, (c) GO and (d) the amine-modified MoS2/GO.
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Fig. 4. SEM images of (a) bare gold and (b) the amine-modified M0S2/GO on the electrode, (c)

cyclic voltammograms of bare gold, the amine-modified MoS>/GO and the amine-modified

MoS2/GO/Mb hybrid.
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Fig. 5. (a) Cyclic voltammograms of bare gold, Mb and the amine-modified MoS,/GO/Mb
hybrid, (b) Absolute redox peak current values of the amine-modified MoS,/GO/Mb hybrid
((Re) and (Ox) meant the reduction current peak value and the oxidation current peak value,
respectively), (c) Table for the redox peak current comparison of the amine-modified
MoS./GO/Mb hybrid and the MoS2/GO/Mb without direct amine-modification. Error bars show

the standard deviation for five repetitive measurements.
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Fig. 6. Amperometric NO response results of (a) the amine-modified MoS2/GO/Mb hybrid, (b)
comparison of Mb and the amine-modified MoS2/GO/Mb hybrid, (c) the amine-modified
MoS2/GO/Mb hybrid obtained with addition of 100 nM NaNO., 100 nM AA, 100 nM NaHCOs
and 36 nM NO, (d) the amine-modified MoS2/GO/Mb hybrid obtained with addition of 1 nM,

1.8 nM, 3.6 nM, 9 nM, 18 nM and 36 nM NO concentration.
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