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Abstract One-step synthesis method was proposed to obtain the nanocomposites of platinum
nanoclusters and multiwalled carbon nanotubes (PtNCs–MWNTs), which were used as a novel
immobilization matrix for the enzyme to fabricate glucose biosensor. The fabrication process of
the biosensor was characterized by cyclic voltammetry, electrochemical impedance spectros-
copy, atomic force microscopy and scanning electron microscope. Due to the favorable
characteristic of PtNCs–MWNTs nanocomposites, the biosensor exhibited good characteristics,
such as wide linear range (3.0 μM–12.1 mM), low detection limit (1.0 μM), high sensitivity
(12.8 μA mM−1), rapid response time (within 6 s). The apparent Michaelis–Menten constant
(Kapp

m ) is 2.1 mM. The performance of the resulting biosensor is more prominent than that of
most of the reported glucose biosensors. Furthermore, it was demonstrated that this biosensor
can be used for the assay of glucose in human serum samples.

Keywords Biosensor . Platinum nanoclusters . Multiwalled carbon nanotubes .

Nanocomposites . Glucose oxidase

Introduction

Glucose is a key metabolite for living organisms, particularly in the case of patients bothered by
diabetes [1]. As a clinical indicator of diabetes, the glucose sensor has played a principal role in
the move of simple one-step blood sugar testing and continuous real-time glucose monitoring.
In addition, it is also a kind of tool in food industry and environmental analysis [2]. As a result,
there is an ever-growing demand to create the sensitive, reliable, recyclable and low-cost
glucose sensors [3].Turbidity sensors [4], viscometric affinity sensors [5], piezoelectric sensors
[6, 7], surface plasmon resonance based sensors [8] and electrochemical biosensors [9] have
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been extensively studied. Based on the simplicity, rapid response, high sensitivity and low cost,
the electrochemical biosensors can be a good choice for glucose measurement. To the electro-
chemical biosensors, enzymatic glucose electrochemical biosensors are of particular impor-
tance due to the biospecific affinity of enzyme for its substrate [10].

Recent researches indicate that the properties of catalysts could be ameliorated by changing
the grain size, texture and the surface profile of the catalysts. Thus, the research for producing
nanosized material to enhance its activity is a critical theme in the analysis and catalysis research
areas [11]. Various nanomaterials, such as nanoparticles, nanoclusters, nanotubes, nanorods,
nanobelts and nanoislands have been universally used as immobilization matrix or catalyst for
the construction of electrochemical sensing and biosensing devices with favorable analytical
performances, thanks to their large surface-to-volume ratios and increased surface activities [12,
13]. Particularly, the transition-metal nanoclusters, consisting of less than about a few hundreds
of atoms, open a promising field toward the development of the biosensor since they have
significant potential as new types of higher activity and selectivity catalysts [14]. Transition-
metal nanoclusters are widely used to enhance the performances of electrodes because of their
huge surface area and high catalytic activity. Li et al. [15] fabricated a reagentless amperometric
cancer antigen 15–3 immunosensor based on the direct electrochemistry of glucose oxidase with
carbon nanotubes (CNTs) and platinum nanoclusters (PtNCs) as an electron relay. The cooper-
ation of CNTs and PtNCs increased the sensitivity of the immunosensors. Zhao [16] et al.
constructed a novel amperometric biosensor based on ZnO:Co nanoclusters for biosensing
glucose. Due to the high specific active sites and high electrocatalytic activity of the ZnO:Co
nanoclusters, the constructed glucose biosensor showed a high sensitivity.

However, the aggregation of nanoclusters often makes such electrodes prone to poisoning
or corrosion, and prohibits their applications in the construction of biosensor [17]. To
overcome this problem, various forms of carbon are commonly used as electrode materials
to support the metallic catalysts [18]. CNTs, as a new form of carbon materials discovered by
Iijimain 1991 [19], are the first choice since they possess special properties, such as huge
surface area, excellent electronic performance and good biocompatibility [20]. The combi-
nation of metal nanoclusters and CNTs not only prohibits the aggregation of the nanoclusters
but also improve the performances of electrodes. Ishikawa et al. [21] realized the rapid and
label-free cell detection with Cr and Au cluster-decorated CNTs biosensors, and the sensi-
tivity of biosensors with the clusters had been enhanced by 2,000-folds and the detection of
streptavidin was down to 10 pM concentration.

It’s reported that some researchers have constructed platinum nanoparticles–carbon nano-
tubes (PtNPs–CNTs) composites modified electrodes via physisorbing presynthesized PtNPs
on CNTs [22], or via electrodeposition of PtNPs with Pt salt solution on CNTs [23, 24].
However, physisorbed PtNPs are prone to remove by agitating the composites in liquid and
then formed Pt agglomeration [25], and electrodeposition of PtNPs is possibly concurrent
reduction of H+ [26]. We now propose the PtNCs–MWNTs nanocomposites films obtained
by the method of one-step synthesis as a new alternative for the immobilization of glucose
oxidase (GOX). The performance of the prepared glucose biosensor with respect to linear
range, detection limit and sensitivity is presented and discussed. The proposed strategy for
constructing the biosensor is ground on the following advantages: first of all, the size-
uniform PtNCs could be decorated on the surface of MWNTs stably via one-step synthesis,
and the preparation process is very simple and realizable. Secondly, the combination of
PtNCs and MWNTs made the PtNCs–MWNTs composites possess eminent properties, such
as large surface-to-volume ratio, favorable electrical conductivity, high catalytic activity and
good biocompatibility, thus, leading to a high sensitivity for the glucose detection at the
biosensor. Thirdly, the preparation of the biosensor is easy, which means to shorten the
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period of biosensor construction and reduce the cost of per assay. Thus, the biosensor has
good application potential in glucose detection.

Experimental

Reagents and Materials

Multiwalled carbon nanotubes (MWNTs >95% purity), chloroplatinic acid (H2PtCl6·6H2O),
GOX, D-(+)-glucose (99.5%), H2O2 (30%) and Nafion (5 wt.% solution in lower aliphatic
alcohol) were purchased from Sigma(St. Louis, MO, USA). K3[Fe(CN)6], K4[Fe(CN)6], KCl,
NaOH, formaldehyde, N,N-Dimethyformamide and ethylene glycol was purchased from
Chongqing Chuandong chemical regent company (Chongqing, China). Phosphate buffer
solutions (PBS) with various pH values were prepared with H3PO4 and NaOH solution and
the supporting electrolyte was 0.1MKCl. All other chemicals were of analytical grade and used
without further purification. A stock solution of 5.0 mg mL−1 GOX was prepared with 0.1 M
PBS (pH 7.0). Double-distilled water was used throughout this study.

Apparatus and Measurements

Electrochemical impedance spectroscopy (EIS) measurements were carried out with a Model
IM6e (ZAHNER Elektrick Co., Germany) in the presence of 5.0 mM K3[Fe(CN)6]/K4[Fe
(CN)6] (1:1) mixture as a redox probe. The alternative voltage was 5 mV and the frequency
range was 50 mHz–10 kHz. Electrochemical measurements were carried out on CHI 660D
electrochemical work station (Shanghai CH Instruments Co., China) in a three-electrode
electrochemical cell containing a platinum wire auxiliary electrode, a modified glassy carbon
electrode (GCE) as working electrode and a saturated calomel electrode as reference electrode
against which all potentials were measured. The test solutions were 5.0 mL 0.1 M PBS. All the
electrochemical experiments were carried out at room temperament.

Scanning electron micrographs were taken with a scanning electron microscope (SEM,
Hitachi Co., Japan). Atomic force microscopy (AFM) images of the films were achieved by
scanning probe microscope (Vecco, USA).

Preparation of PtNCs–MWNTs

PtNCs–MWNTs nanocomposites were prepared according to the reference [27] with a slight
modification. For the synthesis of PtNCs–MWNTs composites, the MWNTs (5 mg) were
suspended and stirred in 5 mL ethylene glycol and then 1 mL of 1% H2PtCl6 solution was
added in the above solution. A 1.0 M NaOH solution was added to adjust pH of the solution
to about 11. Formaldehyde aqueous solution was added to reduce Pt at 90 °C for 2 h, and
then heated at 140 °C for 3 h for a complete reduction of Pt. The solid was centrifuged and
washed with double-distilled water and then dried at 70 °C in the vacuum.

Modification of the Electrode

The GCE (Φ04 mm) was carefully polished with alumina slurry (grain size, 0.3 and
0.05 μm) until a mirror was obtained. Subsequently, to remove the alumina residues from
the electrode surface, ultrasonic rinsing with ethanol and water was necessary. Such prepared
electrode was dried for the modification.
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To fabricate a PtNCs–MWNTs nanocomposites-modified electrode, 2 mg of PtNCs–
MWNTs were dispersed into 1 mL double-distilled water to obtain 2 mg mL−1 PtNCs–
MWNTs suspension with the aid of ultrasonic. Then, 5 μL of the suspension was modified
onto the surface of pretreated GCE with a micro-syringe and the solvent was allowed to
evaporate at the ambient temperature. To construct the enzyme electrode, 5 μL GOX
(5 mg mL−1) was cast onto the PtNCs–MWNTs/GCE. After drying in refrigerate, the
electrode was covered by 2 μL of Nafion (1 %) to prevent possible enzyme leakage and
eliminate foreign interferences. The solvent was allowed to evaporate before use. The final
electrode is taken as the Nafion/GOX/PtNCs–MWNTs/GCE. The similar procedures were
employed to fabricate the Nafion/GOX/MWNTs/GCE excepted that pure MWNTs were
dispersed into 1 mL N,N-Dimethyformamide. All resulting electrodes were stored at 4 °C
when not in use. The procedure for preparing glucose biosensor is schematically shown in
Scheme 1.

Results and Discussion

SEM and AFM Characterizations of the Biosensor

The surface morphologies of the PtNCs–MWNTs and PtNCs–MWNTs/GOX films were
investigated with SEM and the images are shown in Fig. 1. The image of the PtNCs–
MWNTs nanocomposites shows that the PtNCs have an average size of 10 nm and are
distributed randomly on the surface of MWNTs (Fig. 1a). When GOX were assembled onto
the films of PtNCs–MWNTs composites (Fig. 1b), the tubiform structure of the PtNCs–
MWNTs become blurry, indicating that GOX biomolecules were immobilized successfully
on the surface of electrodes.

Scheme 1 The illustration of the preparation process of Nafion/GOX/PtNCs–MWNTs/GCE
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To further confirm the surface morphologies of the modified films, AFM technology was
employed. Figure 2 illustrates the typical AFM images of the PtNCs–MWNTs and PtNCs–
MWNTs/GOX films-modified gold surface. As showed in the Fig. 2a, on the surface of the
gold substrate, many tubiform substances are present clearly, and the PtNCs also could be
observed on the surface of the tubiform structure, which is ascribed to the successful
assembly of the PtNCs–MWNTs. Its root mean square (RMS) roughness is 58.7 nm. The
AFM image of the PtNCs–MWNTs/GOX films (Fig. 2b) exhibits a smoothing effect with
the diminished RMS roughness (27.3 nm) as compared to that of the PtNCs–MWNTs films,
which might be due to GOX molecules filling the interstitial places between the PtNCs–
MWNTs composites.

Electrochemical Characterization of the Biosensor

To probe the interface features of the modified electrodes, the method of EIS was applied.
The value of electron transfer resistance (Ret) depends on the dielectric and insulating
features at the electrode/electrolyte interface. Figure 3a shows the impedance features of
different modified electrodes in the presence of 5.0 mM K3[Fe(CN)6]/K4[Fe(CN)6]. The Ret

for a bare GCE was estimated to be 143 Ω (curve a) and a sharp decrease for the Ret value

Fig. 1 SEM images of the PtNCs–MWNTs films (a) and GOX/PtNCs–MWNTs films (b)

Fig. 2 AFM images of the PtNCs–MWNTs films (a) and GOX/PtNCs–MWNTs films (b) on the gold surface
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was observed when the electrode was modified with MWNTs (curve b). For the PtNCs–
MWNTs composites-modified electrode, the EIS almost became a straight line (curve c).
The lower Ret indicated that the PtNCs–MWNTs/GCE possessed more excellent conductive
interface than MWNTs/GCE. Subsequently, the assembly of GOX generated an insulating
layer on the electrode surface which functioned as a barrier to the interfacial electron
transfer. This was reflected by the increased Ret (curve d). The resistance for the modified
electrode increased again when non-conductive Nafion covered onto the GOX/PtNCs–
MWNTs/GCE (Insert of Fig. 3a, curve e). These data show that PtNCs–MWNTs, GOX
and Nafion were successfully assembled on the GCE surface.

Cyclic voltammetric (CV) experiment was used to evaluate the electrochemical performance
of the electrodes. Figure 3b shows the CVs obtained for differently modified electrodes in
5.0 mMK3[Fe(CN)6]/K4[Fe(CN)6] at the scan rate of 50mV s−1. There is a pair of well-defined
redox peaks observed on the bare GCE with the anodic (Epc) and cathodic (Epc) peak potential
of 0.271 and 0.121 V, respectively, and a peak to peak potential separation of 0.15 V (curve a).
These peaks could be definitely attributed to the redox behaviors of K3[Fe(CN)6]/K4[Fe(CN)6].
After the electrode is modified with MWNTs, an obvious increase in reduction and oxidation
peaks is observed (curve b), indicating the enhancing effect of MWNTs on the electric
conductivity of the modified electrode. When PtNCs–MWNTs are immobilized onto GCE
(curve c), the redox peak currents is apparently larger than that of the MWNTs/GCE. The result
indicates that the PtNCs–MWNTs film is effectively immobilized on the GCE surface and
provides the necessary conduction pathways. When GOX is embedded into the PtNCs–
MWNTs film, the current response of CVs is inhibited, demonstrating that GOX prevents the
diffusion of K3[Fe(CN)6]/K4[Fe(CN)6] toward the electrode surface (curve d). Due to the non-
conductive property of the Nafion, it could be observed that the redox peak currents decreased
further after the modification of Nafion film (curve e). The results of the CVexperiments could
be well corroborated together with that of the impedance experiments for the characterization of
electrode fabrication process.

Figure 4 shows the CVs of the modified electrode with the scan rate from 20 to 500 mV s−1.
With the increase of the scan rate, the redox peak currents increased simultaneously. As seen
from the insert of Fig. 4, the peak current versus the scan rate plot was linear, which indicates
that the kinetic behavior of the biosensor is of surface-confined [28].
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Detection of H2O2 at the PtNCs–MWNTs/GCE

According to Yang et al. [25], excellent electrocatalytic activity of the electrode toward
H2O2 reveals that the electrode is able to provide a good signal transduction in the fabricated
amperometric enzyme biosensors because H2O2 is the product of oxidase-based enzyme
reactions.

The electrochemical behavior of the bare GCE,MWNTs/GCE and PtNCs–MWNTs/GCE in
0.1 M PBS (pH 7.0) with and without 2 mMH2O2 is shown in Fig. 5. As compared to the bare
GCE (Fig. 5a, curve a), it is noted that the background current of the electrode increases after the
MWNTs modification due to the high specific area of MWNTs (Fig. 5b, curve a). The
background current of the PtNCs–MWNTs/GCE (Fig. 5c, curve a) is about three times higher
than that of the MWNTs/GCE. After the addition of H2O2, no obvious change of the related
CVs can be observed at the bare GCE (Fig. 5a, curve b). However, the oxidation current of
H2O2 can be found obviously at both MWNTs/GCE (Fig. 5b, curve b) and PtNCs–MWNTs/
GCE (Fig. 5c, curve b). Furthermore, the oxidation current of H2O2 at PtNCs–MWNTs is much
higher than that at the MWNTs/GCE. This indicates that the PtNCs–MWNTs-modified elec-
trode has higher electrocatalytic activity than the MWNTs–modified electrode. This is ascribed
to the cooperation catalytic activity between PtNCs and MWNTs to H2O2.
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Chronoamperometry was employed to investigate the electrocatalytic ability towards the
electrochemical oxidation of H2O2 at the PtNCs–MWNTs nanocomposites-modified GCE
(the insert of Fig. 5c). When H2O2 was added into the PBS in series, the oxidation current
increased steeply, which was ascribed to the good electrocatalytic activity of the PtNCs–
MWNTs nanocomposites to H2O2 at the modified electrode. Hence, it is expected that the
PtNCs–MWNTs nanocomposites can be applied to construct the biosensor which is based
on the detection of H2O2.

Optimization of Experimental Parameters for the Biosensor

The influence of pH value of PBS on the amperometric response was measured, because the
enzyme activity depends on the pH value of the testing solution. The pH effect was investigated
over the range pH 5.0–8.5. Figure 6a shows the response of the biosensor against pH at a
working potential of 0.35 V when the biosensor was subjected to 3.0 mMglucose at various pH
of PBS. It can be seen that the amperometric responses increased with the increasing pH value
from 5.0 to 7.0 and reached maximum at pH value of 7.0. A decrease in the amperometric
response was observed when the pH value was over 7.0. Therefore, pH 7.0 of 0.1 M PBS was
used for glucose determination in subsequent studies.

The effect of applied potential on the enzyme electrode response was studied in the range
from 0 to 0.5 V in pH 7.0 PBS and the corresponding response current to 3.0 mM glucose is
shown in Fig. 6b. The results demonstrate that the response current gradually increases with
increasing positively applied voltage. A more positively applied voltage would lead to a
higher sensitivity; however, it is preferable to control a lower applied voltage in order to
avoid or decrease the interference caused by some coelectroactive species in the sample
solution. Hence, working potential of 0.35 V was chosen for glucose determination in this
work, where the biosensor could maintain reasonable sensitivity and reduce the interference
caused by the electroactive species.

The Response Characteristics of the Biosensor

Due to the electrocatalytic activities of the PtNCs–MWNTs towards H2O2, an amperometric
glucose biosensor was constructed by integration of GOX with the PtNCs–MWNTs. In the
PBS, glucose is oxidized by the dissolved oxygen with the aid of the GOX and H2O2 is
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liberated during the course. The generated H2O2 is subsequently oxidized at the Nafion/
GOX/PtNCs–MWNTs/GCE and gives rise to the anodic current which is directly propor-
tional to the concentration of glucose. The whole process can be illustrated as the following
reaction schemes:

GOXðFADÞ þ b � D� glucose ! GOXðFADH2Þ þ b � D� gluconolactone ð1Þ

GOXðFADH2Þ þ O2 ! GOXðFADÞ þ H2O2 ð2Þ

H2O2 !E 2Hþ þ O2 þ 2e� ð3Þ

Figure 7 shows the CVs for the Nafion/GOX/PtNCs–MWNTs/GCE (Fig. 7a) and Nafion/
GOX/MWNTs/GCE (Fig. 7b) recorded in PBS (pH 7.0, 0.1 M) in the absence (curve a) and
presence (curve b) of 10 mM glucose. As observed in Fig. 7, upon the addition of glucose,
the proposed biosensor (Nafion/GOX/PtNCs–MWNTs/GCE) exhibits much higher electro-
catalytic activity towards the oxidation of glucose associated with increased anodic current,
as compared to the Nafion/GOX/MWNTs/GCE. This result is consistent with the fact of the
better electrocatalytic property of PtNCs–MWNTs than that of MWNTs. Firstly, the excel-
lent electron-transfer ability of MWNTs improves the electrocatalytic activity of PtNCs–
MWNTs. Secondly, the PtNCs–MWNTs-modified electrode possesses of high electroactive
surface area, which is important for the electrocatalytic properties of PtNCs–MWNTs toward
the oxidation of H2O2.

Figure 8a illustrates a typical current–time plot for the Nafion/GOX/PtNCs–MWNTs/
GCE on successive additions of glucose at a working potential of 0.35 V. When an aliquot of
glucose was added into the PBS, the oxidation current increased steeply along with glucose
concentration. And the Nafion/GOX/PtNCs–MWNTs/GCE reached 95% of the steady-state
current within 6 s. The rapid amperometric response of the biosensor could be owing to the
highly conductive structure of PtNCs–MWNTs. The amperometric currents were measured
at different concentrations of glucose and the calibration curves were obtained in Fig. 8b.
The currents at the biosensor were proportional to the concentrations of glucose in the range
from 3.0 μM to 12.1 mM, which extended over four orders of magnitude of glucose
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concentration, and it was much broader than 0.1–13.5 mM [17] and 1.0–7.0 mM [29] for
adsorption of GOX at platinum nanoparticle-modified carbon nanotubes electrodes. A
detection limit of 1.0 μM was obtained at S/N03, which was about 50 times as low as
46.8 μM for GOX encapsulated in the films of CS–CdS/ACNTs–Ptnano [30] and four
hundred times as low as 0.4 mM for immobilization of GOX on Aunano/Ptnano/CNT electrode
[23]. In the linear range, the Nafion/GOX/PtNCs–MWNTs/GCE has a high sensitivity of
12.8 μA mM−1, which is about five times higher than 2.08 μA mM−1 [31], about twice
higher than 4.49 μA mM−1 [32] and about 0.5 times higher than 8.53 μA mM−1 [33]. From
these results, we can see that the proposed biosensor exhibits excellent performance in terms
of wide linear range, low detection limit and good sensitivity, which may benefit from the
huge surface area, favorable catalytic activity of PtNCs–MWNTs composites.

Apparent Michaelis–Menten Constant

When glucose concentration is saturated, a plateau current is observed, showing the char-
acteristic of the Michaelis–Menten kinetics. The apparent Michaelis–Menten constant
(Kapp

m ), an important parameter to reveal enzyme–substrate reaction kinetics, can be calcu-
lated according to the Lineweaver–Burk equation:

1

Iss
¼ Kapp

m

Imax
� ð 1

cg
Þ þ 1

Imax

Here cg is the substrate concentration, Iss is the steady-state current and Imax is the
maximum current measured under substrate saturation. From the curve of the 1

Iss
vs. 1

cg
,

the apparent Michaelis–Menten constant Kapp
m was estimated to be 2.1 mM. The value of

Kapp
m is much lower than the reported values of Kapp

m (7.9 mM [31], 10.73 mM [23] and
11.86 mM [30]) for other biosensors. These results show that the biosensor possesses high
biological affinity to glucose.
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Reproducibility, Stability and Anti-Interference of the Biosensor

The reproducibility of enzyme electrode was estimated from the response to 3.0 mM glucose
at five enzyme electrodes prepared under the same experimental conditions. The results
reveal that the biosensor has satisfied reproducibility with a relative standard deviation of
7.5%.

The stability of the resulted electrodes was evaluated by tracing the sensitivity of the
electrode response ever 2 days. When not in use, the electrode was suspended above 0.1 M
PBS at 4 °C in a refrigerator, and it maintained over 80% of the initial value in the response
to 3.0 mM glucose after a month. The decrease in current response may be due to
denaturation of the enzyme. The good stability can be attributed to the following aspects.
On the one hand, the fabrication process is mild and no damage is made on the enzyme
molecule. On the other hand, PtNCs–MWNTs possesses good biocompatibility that could
retain the bioactivity of the enzyme molecule.

The proposed biosensor is capable of reducing the interferences caused by the substances
such as ascorbic acid, dopamine and L-cysteine. Figure 9 shows the effects of ascorbic acid,
dopamine and L-cysteine on the response current to glucose. The interference tests were carried
at 0.35 V in the presence of 0.5mM ascorbic acid, 0.5 mMdopamine, 0.5mML-cysteine, when
1 mM glucose was contained in a 0.1 M PBS (pH 7.0). The observed current responses to the
additions of ascorbic acid, dopamine and L-cysteine were very small, in vivid contrast to the
large response to glucose. The results suggest that the effects of electroactive interferents on the
response current are really not obvious at the applied potential in the case of the existence of
Nafion. Hereby, we can conclude that the resulting biosensor has a strong anti-interference
ability.
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Fig. 9 Effect from the possible
interferents on the glucose bio-
sensor. Amperometric response of
the biosensor to a 1 mM glucose,
b 0.5 mM ascorbic acid, c 0.5 mM
dopamine, d 0.5 mM L-cysteine
and e 2 mM glucose in 0.1 M PBS
at 0.35 V

Table 1 Determination of glucose in blood serum samples

Serum
sample

Determined by 9th
People’s Hospital
(mM)

Determined by
current methoda

(mM)

RSD
(%)

Relative
deviation
(%)

Glucose
added
(mM)

Glucose
foundeda

(mM)

Recovery
(%)

1 5.00 5.10±0.10 2.0 2.0 3.00 2.94±0.12 98.0

2 6.00 6.26±0.15 2.4 4.3 3.00 2.99±0.08 99.7

3 9.70 9.34±0.44 4.7 −3.7 3.00 3.05±0.16 101.7

a Average value from three determinations
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Human Serum Sample Analysis

In order to verify the analytical applicability of the biosensor, it was applied to the
determination of glucose in human blood serum. The glucose concentration of three serum
samples was analyzed by the glucose biosensor. As can be seen from Table 1, the results
were satisfactory and agree closely with those measured by the biochemical analyzer in the
hospital. Analytical recoveries of the glucose solution added to blood serum samples were
from 98.0% to 101.7%. The satisfying results demonstrate that the biosensor has a great
potential for practical application.

Conclusions

The large specific surface area, high conductivity and excellent elelctroactivity of the
PtNCs–MWNTs nanocomposites enable it to be used as an outstanding matrix for enzyme
immobilization and electrocatalysis. In this paper, glucose oxidase (GOX), as a model
enzyme, was immobilized on the PtNCs–MWNTs nanocomposites to achieve a biosensor.
The detection limit of the proposed biosensor is as low as 1.0 μM, linear range is as wide as
3.0 μM–12.1 mM and sensitivity is as high as 12.8 μA mM−1 for the determination of
glucose. Besides the characteristics above, the resulting biosensor also has a strong anti-
interference ability and shows a satisfactory reproducibility and stability. This method can be
used in the preparation of other amperometric enzyme biosensors. The satisfying results for
serum sample analysis demonstrate that the biosensor has a great potential for practical
application.
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