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A B S T R A C T

A novel electrospinning approach is proposed for the fabrication of copper (Cu)-nanoflower decorated gold
nanoparticles (AuNPs)-graphene oxide (GO) nanofiber (NF) as an electrochemical biosensor for the glucose
detection. In this study, GO was mixed with poly(vinyl alcohol) (PVA) and used as a fiber precursor, which
greatly improves the electrochemical properties. The above solution was uniformly coated onto the surfaces of
gold chip to form GO NFs via electrospinning. AuNPs were coated onto the surface of GO NFs and then in-
corporated organic-inorganic hybrid nanoflower [Cu nanoflower-glucose oxidase (GOx) and horseradish per-
oxidase (HRP)]. The electrochemical experiments revealed that Cu-nanoflower@AuNPs-GO NFs exhibited out-
standing electrochemical catalytic nature, and selectivity for the conversion of glucose to gluconic acid in the
presence of GOx-HRP-Cu nanoflower. The Cu-nanoflower@AuNPs-GO NFs coated Au chip exhibited good linear
range 0.001–0.1 mM, with a detection limit of 0.018 μM. The Cu-nanoflower@AuNPs-GO NFs modified Au chip
exhibited higher catalytic properties, which are attributed to the coating of unique organic-inorganic nanos-
tructured materials on the surfaces of Au chip. These results indicate that the nano-bio hybrid materials can be
applied as a promising electrochemical biosensor to monitor glucose levels in biofluids.

1. Introduction

Glucose plays an essential role in numerous metabolic pathways of
humans that produces adenosine triphosphate. However, abnormal
(higher) levels of glucose in biofluids cause several serious complica-
tions such as blindness, heart disease, high blood pressure and kidney
failure [1,2]. Thus, monitoring of glucose levels in biofluids has shown
significant importance in biomedical research to prevent and control
diabetes. The interest of the monitoring of glucose levels in biofluids
using glucose oxidase enzyme has attracted much attention due to
several advantages such as selectivity, simplicity and rapidity. In view
of this, glucose oxidase has been used in the development of various
analytical approaches including quantum dots-based fluorescence [3],
electrochemical [4], optical [5], chemiluminescence sensor [6] and
surface plasmon resonance [7] for the glucose detection in biological
samples. Among these techniques, electrochemical sensor have shown
remarkable merits such as higher sensitivity, rapidity, cost-effcitiveness
and selectivity for the detection of glucose in various sample matrices

[8,9]. It also proves that portable electrochemical device has been
fabricated for bioassays, which could be operated by unskillful person
at minimal volume of samples [10]. Importantly, electrochemical bio-
sensor based on glucose enzyme reactions has played a major role in the
continuous monitoring of glucose levels in personal glucometers [11].

Enzymatic electrochemical sensors have found to be promissing
tools for the analysis of clinically important molecules due to their high
sensitivity, good selectivity [12,13], water-solubility and low toxicity
[14]. To enhance electrocatalytic activity and selectivity, many studies
have been used enzymes-coated electrochemical sensors for the detec-
tion of wide variety of molecules from complex samples [15]. At the
same time, the free enzymes have some limitations at certain conditions
such as pH, temperature, which yields electrochemical sensor with poor
reproducibility, low operational stability and unstable responsibility
[16,17]. However, these limitations are successfully overcome by im-
mobilizing enzymes on the solid supports, offering several advantages
such as high enzyme-to-substrate ratio, great enzyme stability, reusa-
bility and good diagnosis, which also facilitates to reduce diagnosis
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time with remarkably. Recently, immobilization of enzyme on various
nanostructured materials (nanoparticles [18], organic or inorganic
composites [19,20] and 3-dimensional materials [21]) has received
significant attention in electrochemical sensors due to improve se-
lectivity and enzyme activity towards selected target analytes. More-
over, protein-inorganic hybrid nanoflowers have shown to be efficient
electrochemical sensors for sensitive analysis of various molecules [22].
The immobilization of enzymes on the nanoflowers also exhibit re-
markably advantages such as improvement of enzyme activity, stabi-
lity, durability and reusability with spacious large surface-to-volume
ratio of the nanoflowers [23]. Importantly, enzyme-immobilized na-
nomaterials-based electrochemical sensors exhibited better analytical
features than that of pure enzyme-based electrochemical sensors
[24,25]. Therefore, the integration of novel organic-inorganic nanos-
tructured materials with electrodes may open up a simplest way to
establish biosensors with significant analytical features.

Electrospinning is a simple and emerging technology for the fabri-
cation of fibrous nanostructured materials in the range of nanometers to
micrometers from wide variety of polymers [26]. It is a simple process
to decorate inorganic nanomaterials, which yields to change the mor-
phology and surface area for unique bioapplications [27]. Recent years,
nanofibers (NFs) have been attracted as promissing materials to in-
tegrate with various analytical techniques such as fluorescence [28],
electrochemical device [29], UV-visible spectrometry [30] and drug
delivery/tracing [31] for qualitative and quantitative analysis of var-
ious target analytes due to long storage stability, flexibility and large
surface area. Among many polymers, poly(vinyl alcohol) (PVA) is a
water soluble polymer and widely used in various industrial applica-
tions because of its nontoxicity, low cost, eco-friendliness, chemical
resistance and biological compatibility due to pendant hydroxyl groups.
To fabricate NFs using PVA, various crosslinking methods including
irradiation [32], heating [33], chemical treatments [34] have been
used for the preparation of water insoluble NFs. Because of its low
electrical conductivity, it might be difficult to use in the development of
electrochemical sensors. Recently, PVA was combined with chitosan
and GO, studied their biocompatibility towards ATDC5 cells [35]. After
going through the literature survey, no reports were attempted to fab-
ricate AuNPs-decorated glucose oxidase NFs (GO NFs) with copper
nanoflowers for the development of electrochemical biosensor. In this
study, a facile and sensitive electrochemical biosensor was developed
for the detection of glucose by modifying the gold chip with Cu-nano-
flower-AuNPs-decorated GO NFs. First, GO NFs were synthesized on the
gold chip by electrospinning method (Scheme 1). Then, GO NFs were
further decorated with AuNPs via electrostatic interaction, which

enhances the conductivity of GO NFs and sensitivity for glucose de-
tection. Since metal NPs with NFs improves thermal resistance, me-
chanical strength and electrical properties, which can also offer to use
as biosensor. Finally, GOx-HRP-Cu-nanoflower were deposited on
AuNPs-GO NFs (Cu-nanoflower@AuNPs-GO NFs) and then above NFs
were coated on the gold chip using 1% Nafion as a binding agent
(Scheme 1). When glucose is added into the system, it reacts with O2 in
the presence of Cu-nanoflower@AuNPs-GO NFs, resulting to generate
H2O2 via enzymatic catalytic reaction, which is remarkably increased
electric current (Fig. S1). As a result, Cu-nanoflower@AuNPs-GO NFs
showed remarkable electrochemical responses to the glucose con-
centration, allowing to develop glucose sensor with high selectivity and
sensitivity. Thus, Cu-nanoflower@AuNPs-GO NFs could open a simple
electroanalytical platform for glucose detection in biofluids.

2. Materials and methods

2.1. Chemicals

Polyvinyl alcohol [(-CH3CHOH-)n, MW 22,000], D(+)-glucose
(98%) and sucrose (C12H22O11) were purchased from Junsei (Tokyo,
Japan). Copper (II) sulfate pentahydrate (CuSO4·5H2O, 99.9%), calcium
chloride (CaCl2, anhydrous, 96.0%), L(+)-ascorbic acid, D(+)-sucrose
(Saccharose), urea, and hydrogen peroxide (H2O2) were obtained from
Samchun (Seoul, Korea). Potassium chloride (KCl) and sodium chloride
(NaCl) were obtained from Duksan (Ansan, Korea). Peroxidase from
horseradish, gold (III) chloride trihydrate (HAuCl4·3H2O), permanga-
nate (KMnO4), potassium persulfate (K2S2O8), phosphorus pentoxide
(P2O5), concentrated sulfuric acid (Conc. H2SO4), cysteamine hydro-
chloride and glucose oxidase from Aspergillus niger were purchased from
Sigma-Aldrich (St. Louis, MO, USA) and used without any further
purification. Sodium borohydride (NaBH4) was purchased from
Daejung Chemicals (Siheung, Korea). Bovine serum albumin (BSA) was
purchased from GenDEPOT (Katy, TX, USA). Fetal bovine serum (FBS)
obtained from Gibco (Waltham, MA, USA). Graphite powder was pur-
chased from Kanto Chemical (Kanto, Japan).

2.2. Preparation of AuNPs-GO NFs

PVA (25 g) was dissolved into DI water (100mL) by continuous
stirring at 80 °C for 6 h to make 25wt% PVA solution. GO (1mg) was
added to DI water (1 mL) and sonicated for 30min to make homo-
genous GO solution. Then, 1.0 mg/mL of GO solution was added into
25 wt% of PVA solution at 1:10 (v/v) ratio and stirred for 3 h at room

Scheme 1. Schematic illustration for the fabrication of Cu-nanoflower@AuNPs-GO NFs-based electrochemical glucose nano-biosensor.
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temperature. To deposit on Au chip, PVA/GO solution was sprayed with
22-G needle by electrospinning using syringe pump flowrate at 1.0 mL/
h under high voltage (15 kV). Electrospun GO NFs coated Au chips
directly collected after 10min electrospinning, and the needle tip-to-
collector distance was 15 cm. After electrospinning process, GO NFs
were calcined in a dry oven at 180 °C for 1 h to make NFs insoluble. And
then, 200 μL of cysteamine-AuNPs solution (9 nM) was dropped onto
the surfaces of GO NFs and kept stand at room temperature for 1 h. The
resulting AuNPs-GO NFs were washed with DI water three times to
remove the unbound AuNPs, and dried at 60 °C.

2.3. Cu-nanoflower decorated AuNPs-GO NFs (Cu-nanoflower@AuNPs-
GO NFs)

Cu-nanoflowers were synthesized as per the following procedure.
Briefly, 1.0mg/mL of GOx and 0.05mg/mL of horseradish peroxidase
(HRP) were added into phosphate-buffered saline (PBS). To this,
120mM of CuSO4 solution (20 μL) was added and then stirred at room
temperature for 3h. After that, the solution was incubated at room
temperature for 72 h and then washed with PBS for 5 times. The syn-
thesized Cu-nanoflowers were stored at 4 °C for further use. To fabricate
Cu-nanoflower@AuNPs-GO NFs as an electrochemical biosensor,
40 μg/mL of nanoflower solution (10 μL) was dropped on AuNPs-GO
NFs and dried at room temperature. To bind Cu-nanoflower@AuNPs-
GO NFs onto the surface of Au chip, 1% of Nafion in 2-propanol (3 μL)
was used as a binding agent to bind Au chip with Cu-
nanoflower@AuNPs-GO NFs that used as working electrode for the
glucose sensing.

2.4. Cu-nanoflower@AuNPs-GO NFs-based electrochemical detection of
glucose

The Cu-nanoflower@AuNPs-GO NFs-based electrochemical bio-
sensor was established by the following procedure. A small amount
(typically 50 μL) of glucose solution (0.001–0.1 mM) was injected into a
5mL of electrochemical cell that contains Cu-nanoflowers@AuNPs-GO
NFs Au-chip electrode and 0.1M of PBS (pH 5.0) as a working elec-
trolyte and their electrochemical measurements were performed on a
CHI 750E instrument (CH Instruments, Austin, TX, USA) using a con-
ventional 3-electrode cell. The reference electrode was Ag/AgCl and the
counter electrode was a platinum electrode. Chronoamperometry and
CV current measurements were performed in 0.1 M of PBS solution (pH
5.0). The CV was recorded from −0.8 V to +0.6V at a sweep speed of
0.02 V/s. Chronoamperometry measurements were recorded under an
applied potential of −0.25 V (vs. Ag/AgCl). Moreover, the continuous
addition of glucose at different concentration was performed for re-
dundancy measurement and construction of calibration, however total
addition did not exceed 500 μL to avoid significant changes in elec-
trolyte composition.

2.5. Characterization

UV-visible absorption spectra were measured on a JASCO 670
spectrophotometer (Tokyo, Japan). Field emission scanning electron
microscope (FE-SEM) images were taken by using SIGMA instrument
from Carl Zeiss (Cambridge, UK). Field emission transmittance electron
microscope (FE-TEM) images were taken by using JEM-F200 from JEOL
(Tokyo, Japan). Fourier transform infrared (FT-IR) spectra were re-
corded on a JASCO 6660FV (Tokyo, Japan). X-ray diffraction (XRD)
patterns of the samples were measured on a D8-Advance instrument
from Bruker AXS (Karlsruhe, Germany) with Cu Kα radiation at room
temperature (40 kV and 40mA). Raman spectra were performed by
using Kaiser optical system form Raman Rxn 1 (Ann Arbor, MI, USA).
Electrospinning process was performed by electrospinning system
(NNC-ESDR; NanoNC, Seoul, Korea).

3. Results and discussion

3.1. Optimization and characterization of GO nanofiber

The as-synthesized GO NFs were characterized by using UV-visible,
FT-IR and Raman spectroscopic techniques, respectively. Fig. S2a re-
presents that UV-visible spectrum of GO shows two absorption peaks at
230 nm and the shoulder peak at 300 nm due to n-π* transition of C]O
bonds and π-π* transition of C]C bonds [36]. The FT-IR spectrum of
GO showed the characteristic peaks at 480, 1035, 1577, 1736, and
3400 cm−1, which are attributed to the characteristic functional groups
i.e., C-H, C-O, C]C, C]O and O-H in GO, respectively (Fig. S2b). These
results confirmed that carbonyl, epoxide and hydroxyl groups are pre-
sent in the GO [37]. In the other hand, graphite powder did not show
any characteristic absorption peaks for the above groups. The Raman
spectrum of GO shows the two special peaks at 1350 (D) and 1590
(G) cm−1 were attributed to the E2g mode of sp2 carbon atoms and the
symmetry A1g mode of GO (Fig. S2c). The peak at 2680 cm−1 belongs to
two-dimensional (2D) sp2 carbon hexagonal networks of GO [38]. Based
on the above results, GO was successfully synthesized.

The development of GO NFs as a promising electrochemical bio-
sensor is strongly dependent on the morphology and composition of
GO-PVA mixture. Therefore, the effect of PVA and GO concentrations,
voltage and syringe pump flowrate were investigated on the NFs mor-
phology and diameter by studying field emission scanning microscopy
(FE-SEM). Initially, we fixed the concentration of GO and PVA at 1mg/
mL 1:10 (v/v) ratio, 15 cm as tip-to-collector distance, applied voltage
15 kV and solution flowrate at 1.0 mL/h. To identify the optimal con-
centration of PVA, the different concentration of PVA (10–25wt%)
were added into GO solution and performed electrospinning. The
formed GO NFs were analyzed by FE-SEM. It can be seen that the bead
detects were noticed on GO NFs when PVA concentration was from 10
to 20wt% (Figs. S3a–c). On the other hand, 25 wt% of PVA con-
centration was decreased bead defects and the formed GO NFs are
homogenous with smooth surface and uniform diameter (Fig. S3d).
Based on this, we fixed 25wt% of PVA solution as optimum con-
centration. Fig. S4 represents that the FE-SEM image of GO NFs at
different applied voltage from 10 to 17 kV. It can be seen that drop
defect could not be observed in the formed GO NFs at higher voltage,
which is due to the formation of strong coulombic force between tip and
collector [39]. Fig. S4e shows that the measured diameter of GO NFs by
FE-SEM. It was noticed that the diameter of GO NFs is gradually de-
creased with increasing voltage up to 17 kV. As voltage increased, error
range of fiber diameter also decreased. At 15 kV, uniform size of NFs
was obtained. Thus, 15 kV was selected as an optimum voltage for
uniform diameter of GO NFs. Then, we also investigated that the effect
of syringe pump flowrate for the formation of GO NFs (Fig. S5). Im-
portantly, bead defects were appeared on NFs at higher flowrate
1.5 mL/h. Thus, 25 wt% PVA solution, applied voltage 15 kV and
flowrate 1.0mL/h were selected as a best condition for fabrication of
GO NFs by electrospinning.

Furthermore, the effect of GO concentration (0.1–2.0mg/mL) in GO
NFs was investigated for sensitive electrochemical detection of glucose
using FE-SEM and electrochemical impedance spectroscopy (EIS). FE-
SEM images of GO NFs revealed that the no major changes were ob-
served in the morphology of GO NFs with increasing concentration of
GO (Fig. S6). Fig. 1a shows that the impedance values of GO NFs at
different concentrations of GO. It can be seen that the impedance values
are decreased with increasing GO concentration up to 1.0 mg/mL and
then reached to plateau, revealing the GO has greatly improved the
electric conductivity of PVA-based NFs. Thus, we selected 1.0mg/mL of
GO as an optimum concentration for preparation of GO NFs. As shown
in Fig. 1b, FT-IR spectrum of PVA NFs did not show any peak, however
GO NFs show the characteristic peaks for functional groups hydroxyl,
carboxyl and epoxide, confirming the formation of GO NFs.

Electrospinning cross-linking step was needed to develop water
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stable GO NFs-based electrochemical sensor since PVA is a water-so-
luble polymer. To prepare GO NFs water stable, GO NFs were calcined
at 180 °C for 1 h. After calcination, the crystallinity of PVA was in-
creased due to the rearrangement of PVA chains. Furthermore, the
calcined PVA has good mechanical properties at dry and wet state when
compared to chemical crosslinked PVA [40]. As a result, water-in-
soluble GO NFs were obtained without change in the morphology
(Fig. 1c and d). The calcined GO NFs are insoluble in water whereas
non-calcined GO NFs are freely solution in water, which were con-
firmed by FE-SEM (Fig. S7). We also measured that the diameter of
calcined- and un-calcined GO NFs by FE-SEM, revealing the diameter of
calcined GO NFs (∼168 nm) is slightly higher than that of un-calcined
GO NFs (138 nm), which is in good agreement with other studies re-
ported in the literature [41]. Therefore, water insoluble GO NFs were
successfully synthesized for further applications.

3.2. Decoration of GO NFs with AuNPs

To increase sensitivity for glucose sensing, AuNPs were doped on
the surface of GO NFs. GO NFs exhibits negative charge and the AuNPs
show positive charge, resulting strong electrostatic force, which yields
to decorate AuNPs on the surfaces of GO NFs. As shown in Fig. S8a,
cysteamine-AuNPs showed absorption peak at 525 nm, which was as-
cribed to the surface plasmon resonance of AuNPs. As shown in Fig. S8b
and Fig. S8c, the diameter of cysteamine-AuNPs was 20 nm, and zeta
potential of cysteamine-AuNPs was positive 34.20mV, respectively.
Energy-dispersive X-ray spectroscopy (EDX) result shows the synthe-
sized nanoparticle composed by Au (Fig. S8d).

The doping of AuNPs is carried out by dropping cysteamine-AuNPs
solution on the GO NFs surface at different time intervals (10, 30, 60,
90, 120, 150min). To find the best optimum time for doping of AuNPs
on GO NFs, FE-SEM, UV-vis reflectance spectra, and XRD were studied.
As shown in Fig. 2, cysteamine-AuNPs were well doped on the surface
of GO NFs via electrostatic force. It was noticed that the characteristic

crystalline peak of AuNPs was noticed in the XRD spectrum of AuNPs
decorated GO NFs whereas that peak was absent in undoped GO NFs
(Fig. S9a). Furthermore, AuNPs shows that characteristic peak at
λ=500 nm in the reflectance spectrum. According this, reflectance
peak at 490 nm was gradually decreased with increasing doping time
from 10 to 60min and then reached to plateau (Fig. S9b). Similarly,
impedance value of GO NFs was decreased by doping of AuNPs,
reaching plateau at 60min (Fig. S9c), suggesting the maximum amount
of AuNPs were doped on the surface of GO NFs at 60min.

3.3. Preparation of Cu-nanoflower@AuNPs-GO NFs

The formation mechanism for Cu-nanoflower follows the nucleation
and growth process [42]. At the early stage, while Cu2+ ion forms
copper phosphate crystal by interacting with phosphate anion in PBS
solution, amide backbone in protein (GOx and HRP) coordinate with
the crystal then formed the Cu-protein complex [24]. The complex act
as seeds for the nanoflower, and these nuclei grow over the reaction
time and form the petals of nanoflower. As following a series of these
sequential reactions, a multi-layered structure of nanoflower could be
composed. The growth of Cu-nanoflower was optimized by using dif-
ferent concentrations of Cu2+ ion (1.2, 12, 60, 120 and 180mM) and
GOx (0.3, 0.5, 0.7 and 1.0mg/mL) via FE-SEM. As shown in Fig. S10,
Cu-nanoflowers were not grown at lower concentration of Cu2+ ion
(1.2 mM), however Cu-nanoflowers were formed with increasing con-
centration of Cu2+ ion from 12 to 180mM, which can also notice that
the formation of petals and flowers like morphology. The best mor-
phology of Cu-nanoflowers was observed at 120mM of Cu2+ ion and at
higher concentration (180mM) leads to degradation of Cu-nanoflowers.
The effect of GOx concentration (0.3, 0.5, 0.7, 1.0mg/mL) was also
investigated on the formation of Cu-nanoflowers by FE-SEM (Fig. 3).
Based on this result, 1.0 mg/mL of GOx was found to be the best con-
centration for the preparation of Cu-nanoflowers with uniform size. At
the optimized condition at 1.0mg/mL of GOx and 120mM of Cu2+ ion,

Fig. 1. Characterization of GO NFs. (a) Electrochemical impedance value of PVA NFs at different concentrations of GO (control – 2.0 mg/mL). (b) FT-IR spectra of GO
NFs and PVA NFs. Characterization of calcined GO NFs. FE-SEM images of GO NFs (c) before and (d) after calcination.
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FE-TEM images show a flower shape and uniform morphology as shown
in Fig. S11.

3.4. Cu-nanoflower@AuNPs-GO NFs-based electrochemical detection of
glucose

To verify whether the prepared Cu-nanoflower@AuNPs-GO NFs
presents better performance then only Cu-nanoflowers, the electrodes
which modified by each sample were analyzed by cyclic voltammetry
technique in presence of 30 μM of glucose (Fig. 4a). The voltammogram
of all samples shows that the pair of redox peaks (peak I/peak II) at
−0.26/-0.028 V which related to the Au oxidation and reduction.
However, another pair of peaks (peak I’/peak II”) which may involve in
the formation of incipient hydrous gold oxides [Au+(H2O)n]ads pre-
monolayer and the reduction of Au(I) hydrous oxide to Au adatoms
[43] were occurred except the case of AuNPs-GO NFs due to the ab-
sence of glucose oxidase. Cu-nanoflower shows a small redox peak to

response glucose, but AuNPs-GO NFs represents no significant response
to glucose. With the synthesis of Cu-nanoflower@GO NFs, it was pos-
sible to further strengthen the signal of Cu-nanoflower because GO NFs
combines gold chips with Cu-nanoflower. Moreover, AuNPs decorated
Cu-nanoflower@GO NFs, which enhance the redox peak of Cu-nano-
flower@GO NFs by its peroxidase-like activity. The Cu-nanoflower re-
acts with the glucose itself, combining with the GO NFs, and AuNPs
make more synergetic effects. Based on the GO NFs as a supporter, its
stability was strengthened. As the 3D-structured AuNPs lead to the
expansion of its surface area, an intrinsic peroxidase-like activity could
assist HRP to enhance the electrochemical activities. Among the sam-
ples representing that redox peak, Cu-nanoflower@AuNPs-GO NFs
especially shows the highest cathodic current than others at the same
amount of glucose.

Before assessing the electrochemical performance of Cu-
nanoflower@AuNPs-GO NFs towards glucose, experimental conditions
were established as follows. Firstly, the influence of the concentration

Fig. 2. FE-SEM images of AuNPs-GO NFs at different reaction times, (a) 10, (b) 30, (c) 60, (d) 90, (e) 120, and (f) 150min.

Fig. 3. Optimization of Cu-nanoflower at different GOx concentrations (a) 0.3, (b) 0.5, (c) 0.7, and (d) 1.0 mg/mL. Each nanoflowers were synthesized under same
condition except GOx concentration (The concentrations of Cu2+ ion and HRP are 120mM and 0.05mg/mL).
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of Cu-nanoflowers on AuNPs-GO NFs was investigated with a fixed
amount of glucose (50 μM). As shown in Fig. 4b, while the current is
gradually increased with a rising concentration of Cu-nanoflowers up to
40 μg/mL, and then decreased due to the insulation effect. Although Cu-
nanoflowers are the key material for the recognition of glucose, in-
cluding biomaterial could be acted as an insulator, thus, 40 μg/mL of
Cu-nanoflowers was chosen. The enzyme activity is highly susceptive
by the surrounding atmosphere, the current value at different pH con-
dition was monitored (Fig. 4c). Since GOx shows the best performance
at weak acid condition (∼pH 5.0), and the hydrogen peroxide gen-
erating electron with HRP is more stable in low pH due to the occur-
rence of deprotonation under basic conditions [44], which confirms
that the current was increased at low pH. Therefore, pH 5.0 was se-
lected as an optimum pH for electrochemical sensing of glucose using
Cu-nanoflower@AuNPs-GO NFs as an electrochemical sensor.

Under the optimized conditions, the prepared glucose sensor was
also evaluated by electrochemical analysis to judge the analytical per-
formance (Fig. 5a). Since the cathodic current is related to the amount
of electron generated by the reaction between Cu-nanoflower@AuNPs-
GO NFs and glucose, the electrochemical signal (peak II) intensities
were gradually increased as the rising the amount of glucose. While the
linear regression equation at low concentration range (0–0.01 mM) was
μA = 3656.4933x + 0.6867 with a correlation coefficient of 0.9618
(n = 3), in the high concentration range (0.03–0.1 mM), linear re-
gression equation was μA = 636.3007x + 19.9981 with a correlation
coefficient of 0.9903 (n = 3). The detection limit was 0.018 μM cal-
culated by the 3σ-rule (Fig. 5b). When it compares with other electro-
chemical glucose sensors, which were based on the NFs or nanoma-
terials, Cu-nanoflower@AuNPs-GO NFs represent better
electroanalytical performance (Table S1).

Finally, the selectivity of developed Cu-nanoflower@AuNPs-GO
NFs-based glucose sensor was validified through the chron-
oamperometry analysis under various ingredient which could disturb
the interaction mutual target and sensor (Fig. 5c). It can be noticed that
the current was not changed with the addition of another interferent
such as ascorbic acid, saccharose, urea, NaCl, KCl and BSA. However,
the current was remarkably increased only when glucose was injected,
which illustrates that the Cu-nanoflower@AuNPs-GO NFs acted as a
selective glucose sensor at a trace level of glucose. To evaluate the time-
dependent stability of the prepared Cu-nanoflower@AuNPs-GO NFs
electrode, 30 μM of glucose solution was analyzed for 20 days (Fig. 5d).
When it compares with the first days, the current value still maintained
95% until 16 days, and even after 20 days it represents over 91%. This
is because of the supported nanomaterials helping the long-term sta-
bility, and it means that the designed nano biosensor has potentials for
the field use. Moreover, reproducibility test was conducted by chron-
oamperometry using single electrode for several times (n=3). As
shown in Fig. S12, the Cu-nanoflower@AuNPs-GO NFs showed ex-
cellent reusability after 6 cycle reuse. The reproducibility has no ob-
vious decline when used for 3 times, and it maintained the activity
about 82% after 6 times reuse. The reusability of Cu-nano-
flower@AuNPs-GO NFs indicated that the Cu-nanoflower could retain
the enzyme activity well and decrease the loss or inactivation of the
enzyme after several times reuse. Recovery test was performed under
conditions similar to real samples using FBS (Table S2). The con-
centration of glucose already known was added in the FBS, and their
content was measured. At independent glucose concentrations (3, 15,
60 μM), CV measurement was performed and compared using the cor-
responding calibrated curve. The recoveries of glucose in the spiked
samples were between 96.59 and 105.26%, respectively. This result
means that the proposed methods could be utilized for determining the
amount of glucose in a real sample.

4. Conclusions

In summary, Cu-nanoflower@AuNPs-GO NFs were fabricated on the

Fig. 4. (a) Cyclic voltammogram of working electrodes modified with GO NFs,
Cu-nanoflowers, Cu-nanoflower@GO NFs and Cu-nanoflower@AuNPs-GO NFs
in 30 μM of glucose at a scan rate of 20mV/s. The optimization of Cu-
nanoflower@AuNPs-GO NFs working electrode: The current measurement of
the enzyme electrode in 50 μM glucose (b) with different concentrations of Cu-
nanoflowers, (c) with varying pH environment.
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surface of Au chip and used as a promising electrochemical biosensor
for the detection of glucose. The electrochemical properties of Cu-
nanoflower@AuNPs-GO NFs were greatly improved due to the mod-
ification of NFs with GO, AuNPs and Cu-nanoflowers, yielding efficient
electro-catalyzed reaction that converts glucose to gluconic acid at pH
5.0, which facilitates to increase current with increasing concentration
of glucose. The Cu-nanoflower@AuNPs-GO NFs coated Au chip ex-
hibited wider linear range (0.001–0.1mM) with the detection limit of
0.018 μM for glucose detection. Furthermore, Cu-nanoflower@AuNPs-
GO NFs coated Au chip electrode exhibited the best sensing perfor-
mance than the NF based sensors for glucose detection. Thus, Cu-
nanoflower@AuNPs-GO NFs coated Au chip could be used as promising
electroanalytical tool for monitoring of glucose levels in biofluids for
real-world clinical point-of-care testing.
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