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a b s t r a c t

Integrating graphene-based composites with enzyme provides a potent strategy to enhance biosensor
performance due to their unique physicochemical properties. Herein we report on the utilization of
graphene–CdS (G–CdS) nanocomposite as a novel immobilization matrix for the enzymes, which glucose
oxidase (GOD) was chosen as model enzyme. In comparison with the graphene sheet and CdS nanocrystal,
G–CdS nanocomposite exhibited excellent electron transfer properties for GOD with the rate constant

−1
eywords:
irect electrochemistry
lucose oxidase
ynergy effect
raphene
dS nanocrystal

(ks) of 5.9 s due to the synergy effect of graphene sheet and CdS nanocrystals. Further, based on the
decrease of the electrocatalytic response of the reduced form of GOD to dissolved oxygen, the obtained
glucose biosensor displays satisfactory analytical performance over an acceptable linear range from 2.0
to 16 mM with a detection limit of 0.7 mM, and also prevents the effects of interfering species, which is
suitable for glucose determination by real samples. These results mean that this immobilization matrix
not only can be used for immobilizing GOD, but also can be extended to other enzymes and bioactive
molecules, thus providing a promising platform for the development of biosensors.
. Introduction

Graphene, a monolayer of sp2 hybridized carbon atoms packed
nto a dense honeycomb crystal structure (Allen et al., 2010), has
eceived increasing attention during recent years because of several
reakthroughs in fundamental research and promising practical
pplications. Due to its unique physicochemical properties includ-
ng high surface area (Li et al., 2008), excellent electric conductivity
Geim and Novoselov, 2007), strong mechanical strength, ease of
unctionalization and mass production (Shao et al., 2010), it has
hown great promise in many applications, such as supercapaci-
ors (Stoller et al., 2008), batteries (Guo et al., 2009; Wang et al.,
009a), solar cells (Wang et al., 2008), pH sensors, etc. (Ang et
l., 2008). Recently, biological and electrocatalytic applications of
raphene have also started to be concerned by virtue of its excel-
ent electrocatalytic ability (Wang et al., 2009b). Based on previous
eports, graphene-based electrodes have been applied in the elec-
rochemical stripping determination of cadmium (Li et al., 2009a),

he selective detection of dopamine (Wang et al., 2009c; Kim et al.,
010), and a platform for electrocatalytic oxidation of hydrazine in
lkaline media (Wang et al., 2010a). In the meantime, recent studies
xhibit the special properties of graphene may provide insight to
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fabricate novel biosensors for virtual applications: the high surface
area is helpful in increasing the surface loading of the target enzyme
molecules on the surface, the excellent conductivity and small band
gap are favorable for conducting electrons from the biomolecules
(Stankovich et al., 2006), and graphene-based chemical sensors can
also have a much higher sensitivity because of the low electronic
noise from thermal effect (Ao et al., 2008). Wu’s group achieved
the direct electron transfer of cytochrome c on the cytochrome
c/graphene-based electrode, which indicated graphene was bio-
compatible and suitable for biomedical applications (Wu et al.,
2010). Lin and co-workers studied the electrochemical behavior of
glucose oxidase (GOD) at a graphene–chitosan modified electrode,
which demonstrated the direct electron transfer of GOD (Kang et
al., 2009). These results indicate graphene shows a grand potential
for fabricating electrochemical sensing interface, and up to now, it
is just the beginning of this fantastic topic.

Moreover, it will be attractive to prepare carbon-based hybrid
composites, because such functionalized materials may generate
synergy effect and thus enhance their performance in sensing appli-
cations (Wu et al., 2009). For example, coupling carbon nanotubes
(CNTs) with CdTe quantum dots resulted in facilitating direct elec-

tron transfer processes and retaining the good bioactivity of GOD
via synergy effect (Liu et al., 2007). Yang et al. have showed the
synergy effect between CNTs and cobalt hexacyanoferate nanopar-
ticles (CoNP) with the significant improvement of redox activity
of CoNP (Yang et al., 2006). Zou’s report has also showed the

dx.doi.org/10.1016/j.bios.2010.09.043
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http://www.elsevier.com/locate/bios
mailto:wangkun@ujs.edu.cn
dx.doi.org/10.1016/j.bios.2010.09.043


Bioele

p
e
2
g
p
a
2
t
P
s

t
p
u
t
t
C
h
e
a
a
t
(
w

g
b
t
s
t
e
e
c
t

2

2

3
c
p
s
t
n
a
a
m
a
w
a

2

w
o
t
S
m
i
0
w
i

K. Wang et al. / Biosensors and

olyaniline-prussian blue/multi-walled CNTs system shows syn-
rgy effect which amplified the H2O2 sensitivity greatly (Zou et al.,
007). Further, Niu and co-workers indicated the PVP-protected
raphene/polyethylenimine-functionalized ionic liquid nanocom-
osite exhibits good electrocatalysis toward the reduction of H2O2,
nd further achieved the direct electron transfer of GOD (Shan et al.,
009). Based on the electrocatalytic synergy effect between func-
ionalized graphene sheets and metal nanoparticles (such as Au,
t) to H2O2 and O2, glucose biosensors with good responses were
uccessfully achieved (Wu et al., 2009; Shan et al., 2010).

In the meantime, semiconductor nano-sized CdS showed poten-
ial applications in protein electrochemistry due to its remarkable
hysicochemical properties. It is noted that CdS nanoparticles were
sed to incorporate with GOD for realizing the direct electron
ransfer, and CdS has been found efficiently enhancing the elec-
ron transfer reactivity of GOD (Huang et al., 2005). Moreover,
dS hollow nanospheres have recently been used in immobilizing
emoglobin and the direct electron transfer has been obtained (Dai
t al., 2008). It has been reported that the integration of graphene
nd metal nanoparticles offer synergy effects in electrocatalytic
pplications (Wu et al., 2009; Shan et al., 2010), so we have reasons
o expect the nanocomposite of graphene and CdS nanocrystals
NCs) has the same effect, which has not been reported as far as
e know.

Herein, in order to explore the distinct advantages of
raphene–CdS (G–CdS) nanocomposite in enzyme adsorption and
ioactivity, GOD was chosen as a model enzyme and the direct elec-
ron transfer of the immobilized GOD was investigated. Due to the
ynergy effect between CdS NCs and graphene, the fabricated elec-
rode showed excellent electrochemical behavior and the direct
lectron transfer between the GOD and the modified electrode was
asily achieved, indicating G–CdS nanocomposite could be a good
andidate material for immobilizing biomolecules and fabricating
he third-generation biosensors.

. Experimental

.1. Reagents

Glucose oxidase (GOD, from Aspergillus niger, EC 1.1.3.4,
5.3 U/mg), �-d-(+)-glucose and Nafion (5 wt% solution) were pur-
hased from Sigma Chemical (USA). The stock GOD solution was
repared in the 0.05 M phosphate buffer solution (PBS, pH 7.4) and
tored at 4 ◦C.d-Glucose solution (0.1 M) was prepared and allowed
o mutarotate at room temperature overnight before use. G–CdS
anocomposite with the graphene content of 4.6% was synthesized
ccording to the method described in our previous work (Wang et
l., 2010b). PBS (0.05 M) of various pH values were prepared by
ixing stock standard solutions of NaH2PO4 and Na2HPO4, and

djusting the pH with 0.05 M H3PO4 or NaOH. All other chemicals
ere of analytical grade and used without further purification, and

ll solutions were prepared with doubly distilled water.

.2. Apparatus

Transmission electron microscopy (TEM) images were taken
ith a JEOL 2100 transmission electron microscopy (JEOL, Japan)

perated at 200 kV. The Fourier transform infrared (FTIR) spec-
ra of the samples were obtained from Nicolet Nexus 470 FTIR
pectrometer (Thermo Nicolet, USA). Electrochemical impedance

easurements were performed in a 0.1 M KCl solution contain-

ng 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] with a frequency range from
.01 Hz to 10 kHz at 0.23 V, and the amplitude of the applied sine
ave potential in each case was 5 mV. The electrochemical exper-

ments were performed with a CHI660 B electrochemical analyzer
ctronics 26 (2011) 2252–2257 2253

(Chen Hua Instruments, Shanghai, China). All experiments were
carried out at room temperature (ca. 25 ◦C) with a conventional
three-electrode system where glassy carbon electrode was used as
working electrode, Ag/AgCl (saturated KCl solution) as reference
electrode and platinum wire as counter electrode, respectively.
Electrolyte solutions were purged with high-purity nitrogen for at
least 20 min prior to experiments, and solutions in the cell were
kept under a nitrogen atmosphere.

2.3. Preparation of modified electrodes

Prior to modification, the GCE (3 mm in diameter) was first pol-
ished with sand paper followed by 1.0, 0.3, and 0.05 �m alumina
slurry, respectively. After successive sonication in ethanol and dou-
ble distilled water, the electrode was rinsed with double distilled
water and allowed to dry at room temperature. The modified elec-
trode was prepared by a simple casting method. 2.2 mg mL−1 G–CdS
suspension was prepared by dispersing 1.1 mg G–CdS nanocom-
posite in 0.5 mL ethanol with ultrasonic agitation for about 2 min.
To accomplish the preparation of G–CdS–GOD/GC electrode, firstly,
the as-prepared G–CdS suspension and 30 �L of 5% Nafion were
mixed with ultrasonic agitation for 2 min; secondly, the suspension
was mixed thoroughly with 23 �L of 22 mg mL−1 GOD which solu-
bilized in pH 7.4 PBS. Then, about 6 �L of this suspension was cast
on the pretreated GCE surface and dried at 4 ◦C to form G–CdS–GOD
modified GCE (denoted as G–CdS–GOD/GCE). Finally, the modified
GCE was immersed in 0.05 M PBS (pH 7.4) to remove the loosely
adsorbed GOD and was stored at 4 ◦C in a refrigerator under dry con-
ditions when not use. For comparison, G–CdS/GCE, CdS–GOD/GCE
and graphene–GOD/GCE with the same quantities of GOD were
prepared using the similar procedure.

3. Results and discussion

3.1. Transmission electron microscopy image and FTIR spectra

The morphology of G–CdS nanocomposite was characterized by
transmission electron microscopy (TEM). Fig. 1A shows TEM image
of G–CdS nanocomposite, revealing that the G–CdS consisted of 2D
graphene sheets decorated with CdS NCs (Cao et al., 2009). And
the individual CdS NCs with an average diameter of 12 nm are well
separated from each other and well spread out on the graphene
sheets.

We conducted a preliminarily investigation into the structural
changes of GOD immobilized on G–CdS nanocomposite by using
FTIR spectroscopy, as shown in Fig. 1B. The pure G–CdS nanocom-
posite exhibits absorption bands at 1601 and 1069 cm−1, which
correspond to the deformation vibration of H–O–H bonds from
the adsorbed water (Bao et al., 2008). The spectra for pure GOD
molecules is characterized by two absorption bands centered at
1653 and 1529 cm−1, which are the typical amide I and amide II
absorption bands of protein molecules, respectively (Wang et al.,
2009a,b,c). After being adsorbed on G–CdS nanocomposite, only
slight shifts of the amide I (from 1653 to 1643 cm−1) and amide II
(from 1529 to 1523 cm−1) peaks of GOD were observed, confirming
that GOD is effectively immobilized on the G–CdS nanocomposite
(Bao et al., 2008). Further, the retention of this absorption band
indicates that the interactions between the G–CdS and the GOD
molecules do not change the spatial structure of the protein during
the immobilization process (Wu et al., 2007; Zhao et al., 2010).
3.2. Electrochemical impedance spectroscopy (EIS)

The EIS measurements can give information on the impedance
changes of the electrode surface during the modification process.
The Nyquist plot of impedance spectra includes a semicircle portion
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Fig. 1. (A) TEM image of G–CdS nanocomposite and (B) FTIR s

nd a linear portion. The semicircular portion at higher frequen-
ies corresponds to the electron-transfer-limited process and its
iameter is equal to the electron-transfer resistance, which controls
he electron-transfer kinetics of the redox probe at the electrode
nterface. Meanwhile, the linear part at lower frequencies corre-
ponds to the diffusion process (Kang et al., 2009). Fig. 2 exhibits
he impedance spectroscopy of different modified electrodes in the
resence of equimolar Fe(CN)6

3−/4− ions, respectively. The diame-
er of Nyquist circle on bare GCE was extremely small, indicating
hat the charge transfer at bare electrode was relatively facile. After
afion was coated on the electrode, a substantial increase in the
iameter of the semicircle was observed. The reason is that the
afion could act as the inert electron and mass transfer blocking

ayer, and it hinders the diffusion of ferricyanide toward the elec-
rode surface (Liu et al., 2006). When G–CdS nanocomposite was
dded into Nafion film, the diameter of Nyquist circle decreased
ramatically, indicating G–CdS nanocomposite could act as a good

lectron-transfer interface between the EIS probe and the electrode
Deng et al., 2009). At last, when GOD was absorbed into the G–CdS
anocomposite film, we found that the diameter of the Nyquist
ircle decreased, which was due to the direct electron transfer
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ig. 2. Electrochemical impedance spectra of bare GCE (a), Nafion/GCE (b),
–CdS/GCE (c) and G–CdS–GOD/GCE (d) in 0.1 M KCl containing 5 mM
3[Fe(CN)6]/K4[Fe(CN)6].
of G–CdS nanocomposite, pure GOD and GOD-loaded G–CdS.

between the GOD molecules and the electrode (Liu et al., 2006),
also confirming that the GOD was successfully immobilized on the
composite film.

3.3. Direct electrochemistry of GOD immobilized in the G–CdS
film

Cyclic voltammogram was employed to evaluate the perfor-
mance of the fabricated biosensor during stepwise modification.
The direct electrochemistry of GOD immobilized on the modified
GCE was investigated in 0.05 M nitrogen-saturated PBS (pH 7.4).
As shown in Fig. 3A, the cyclic voltammogram of G–CdS–GOD/GCE
shows a pair of well-defined and nearly reversible redox peaks at
−0.327 V and −0.343 V with the peak-to-peak separation (�Ep) of
16 mV at 50 mV s−1 (Fig. 3A, curve c), revealing a fast electron trans-
fer process (Liu et al., 2007). In contrast, no peak is observed at
bare GCE and G–CdS/GCE, which indicates they are electrochem-
ically silent in this potential window. Therefore, the redox peaks
at G–CdS–GOD/GCE are attributed to the direct electron transfer
of GOD for the conversion of GOD(FAD) to GOD(FADH2), moreover,
the formal potential of the GOD modified electrode, calculated from
the average value of the anodic and cathodic peak potentials, is
about −0.335 V (vs. Ag/AgCl), indicating the G–CdS nanocompos-
ite plays an important role in facilitating the electron exchange
between the electroactive center of GOD and the modified elec-
trode. In addition, compared to G–CdS–GOD modified electrode,
graphene–GOD and CdS–GOD film also offer a weak electrochem-
ical reaction for the GOD (Fig. 3B, curves a and b), which can
be expected that graphene and CdS NCs efficiently realize the
direct electron transfer between the GOD’s electroactive center and
the electrode. Moreover, the quantities of GOD are equal in the
films and the current of G–CdS–GOD/GCE was larger than the sum
current of the graphene–GOD and CdS–GOD modified electrodes,
indicating the combination of graphene and CdS NCs improved the
electronic transport capacity of the electrode and the presence of
synergy effect in G–CdS–GOD film.

Based on these, the effect of scan rate on the voltammetric
response of immobilized GOD has also been investigated. As shown
in Fig. S1A, with the scan rate increasing, the cathodic and anodic

peak currents increased simultaneously in 0.05 M PBS (pH 7.4). The
peak separation (�Ep) ranged from 16 mV to 35 mV with the scan
rate increasing from 10 to 300 mV s−1, possibly because of the resis-
tance of the modified layer (Bao et al., 2008). The small �Ep value
indicated the faster direct electron transfer between the redox-
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fact that adding glucose triggers the enzyme-catalysis reaction
of GOD and glucose, decreasing the GOD’s oxidized form on the
G–CdS–GOD/GCE, and thus decreasing the electrode reduction cur-
rent (Liu et al., 2007).
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ig. 3. (A) Cyclic voltammograms of bare GCE (a), G–CdS/GCE (b) and G–CdS–GOD/G
f graphene–GOD/GCE (a) and CdS–GOD/GCE (b) in 0.05 M nitrogen-saturated PBS

ctive site of GOD (the cofactor FAD) and the GCE without the help
f electron transfer mediator (Deng et al., 2009), and the good lin-
ar relationship (R2 = 0.999) between the peak currents and the
can rates (Fig. S1A inset) indicate that the redox process of the
repared biocomposite is surface-confined (Liu and Ju, 2003). The
lectron transfer rate (ks) between the GOD and the electrode is
alculated as 5.9 s−1 according to the equation of ks = mnFv/RT ,
hen the peak-to-peak separation is less than 200 mV (Laviron,

979), where m is a parameter related to the peak-to-peak sepa-
ation, n is the number of electrons, v is the scan rate, and T is the
emperature. This value is much larger than 1.28 s−1 and 1.56 s−1

or GOD immobilized on graphene and CdS NCs modified electrode
lone, indicating the presence of synergy effect in G–CdS–GOD film,
hich is accordance with the cyclic voltammetric performances of

arious GOD modified electrodes (shown in Fig. 3). In addition, it
s much larger than the corresponding values observed for GOD
mmobilized on graphene–chitosan (2.83 s−1) (Kang et al., 2009),

WCNTs–chitosan (1.08 s−1) (Luo et al., 2006), SWCNTs–chitosan
3.0 s−1) (Zhou et al., 2008a), porous TiO2 (3.96 s−1) (Bao et al.,
008), boron-doped MWCNTs (1.56 s−1) (Deng et al., 2008) and
NTs–poly(diallyldimethylammonium chloride) (PDDA) (2.76 s−1)
Wen et al., 2007) modified electrode. The significant increase in
he electron transfer rate further proved that the G–CdS nanocom-
osite can facilitate the electron transfer between the redox-active
ites of enzyme and the electrode (Deng et al., 2009).

It is well known that the direct electrochemistry of GOD is a
wo-electron coupled with two-proton reaction and therefore, peak
otentials should be pH-dependent (Li et al., 2008). Fig. S1B shows
yclic voltammograms of the G–CdS–GOD modified electrode in
.05 M PBS with different pH values. In each pH solution, a pair
f stable and well-defined reversible redox peaks of the GOD is
bserved. Furthermore, negative shifts in both anodic and cathodic
eak potentials are observed with increasing pH value from 5.0
o 8.0, which indicates that the hydrogen ion is involved in the
lectrode reaction of GOD. This result is in agreement with previous
eports (Deng et al., 2008; Zhao et al., 2006; Wang et al., 2009a,b,c;
uang et al., 2005), and the maximum current response is occurred
t pH 7.4. In addition, the formal potential has a linear relationship
ith pH from 5.0 to 8.0 with a slope of −58.3 mV/pH (Fig. S1B inset),

hich is very close to the theoretical value of −58.6 mV/pH (Liu

t al., 2005) for a reversible coupled with two-proton and two-
lectron transfer electrochemical process. All of these indicate that
wo protons (2H+) and two electrons (2e−) maybe participate in
he direct electrochemical reaction of GOD immobilized.
) in 0.05 M nitrogen-saturated PBS (pH 7.4) at 50 mV s−1. (B) Cyclic voltammograms
4) at 50 mV s−1.

3.4. Detection of glucose based on direct electrochemistry at
G–CdS–GOD modified electrode

In order to show the enzymatic activity of GOD immobilized on
the modified electrode, further electrocatalytic experiments about
the reaction of oxygen and glucose to GOD were carried out. Fig. 4
shows the cyclic voltammograms of the G–CdS–GOD/GCE in 0.05 M
PBS (pH 7.4) without and with glucose at a scan rate of 50 mV s−1. An
increase in cathodic peak current and decrease in anodic peak cur-
rent were observed in the air-free and O2-saturated solutions in the
absence of glucose as compared to the corresponding peaks in the
nitrogen-saturated solution. This is because the electrochemically
formed GOD(FADH2) electrocatalyzed the reduction of oxygen.
Moreover, with addition of glucose to oxygen-saturated PBS, the
reduction current decreased. The higher glucose concentration was,
the more reduction current decreased. It can be attributed to the
Potential / V

Fig. 4. Cyclic voltammograms of G–CdS–GOD/GCE in nitrogen-saturated (a), air-free
(b), oxygen-saturated 0.05 M pH 7.4 PBS in the absence (c) and presence of 2.0 mM
(d), 4.0 mM (e) glucose at 50 mV s−1. Inset: calibration curve for glucose sensing.
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Since the determination of glucose is of great important
n the biological, clinical and food fields, the G–CdS–GOD/GCE

as further used as a glucose biosensor, which based on the
ecrease of the electrocatalytic response to dissolved oxygen.
s shown in Fig. 4 inset, the biosensor exhibited an accept-
ble linear response to glucose in the concentration range of
.0–16 mM (R2 = 0.996) with a detection limit of 0.7 mM (S/N = 3).
his linear range is comparable to that of 2–10 mM for the
mmobilization of GOD on graphene/AuNPs/chitosan nanocom-
osites film (Shan et al., 2010) and 2–14 mM for GOD on the
raphene–GOD–PFIL matrix (Shan et al., 2009). It is well known
hat the diabetic glucose concentration is above 7.0 mM (Li et al.,
009b), which indicates that the as-prepared biosensor is suit-
ble for its practical application for the determination of human
lood sugar concentration without sample pretreatment. Further-
ore, the sensitivity of the as-prepared biosensor was calculated

o be 1.76 �A mM−1 cm−2, which was higher than 1.06, 0.2 and
.053 �A mM−1 cm−2 for the glucose biosensors based on single-
alled carbon nanotube (Liu et al., 2008), MWCNTs (Salimi et al.,

004), and highly ordered mesoporous carbon foams (Zhou et al.,
008b).

On the other hand, the apparent Michalis–Menten constant
Km), an indicator of enzyme–substrate reaction kinetics, is used to
valuate the biological activity of the immobilized enzyme, which
an be calculated using the Lineweaver–Burk equation (Kamin and

ilson, 1980):

1
Iss

= 1
Imax

+ Km · Cglucose

Imax
(1)

here Iss is the steady-state response current after the addition
f substrate, Imax is the maximum current under saturated sub-
trate conditions, and Cglucose is the bulk concentration of glucose.
n this work, Km of the G–CdS–GOD modified electrode is esti-

ated to be 1.6 mM, which is smaller than those obtained from
OD–CdS (5.1 mM) (Huang et al., 2005), Nafion–GOD–SWCNTs

8.5 mM) (Liu et al., 2008) and graphene–chitosan–GOD modi-
ed substrate (4.4 mM) (Kang et al., 2009). The smaller Km value

ndicates that the immobilized GOD possesses higher enzymatic
ctivity and the G–CdS–GOD modified electrode exhibits a higher
ffinity for glucose than that reported (Kang et al., 2009; Huang
t al., 2005), indicating that the G–CdS nanocomposite provides
avorable microenvironment for GOD to perform the direct electron
ransfer at the modified electrode.

.5. Interference

The interferences of electroactive species to the glucose
esponse were examined in the presence of their physiological nor-
al levels (Wang et al., 2005) with glucose concentration at 5.0 mM.

he results show that addition of 0.5 mM uric acid and 0.1 mM
scorbic acid did not cause any interference to the G–CdS–GOD/GCE
esponse to glucose, and 0.1 mM acetaminophen caused an increase
f 4.7% in the reduction current of 5.0 mM glucose, which can be
xplained that the Nafion film can prevent them from diffusing
hrough the film to the electrode surface (Dong and Kuwana, 1991).
hus, the proposed glucose biosensor can eliminate the interfer-
nce of other coexisted electroactive substances such as ascorbic
cid, uric acid and acetaminophen in blood by electro-reduction
ethod.

.6. Reproducibility and long-term stability of the biosensor
The reproducibility of the glucose biosensor was investigated
y successively detecting 5.0 mM glucose for 6 times, the relative
tandard deviation (RSD) was 5.3%, demonstrating a good repro-
ucibility. After 30 successively scanning the steady-state current
ctronics 26 (2011) 2252–2257

was still retained 92% of its initial response, suggesting the accept-
able durability of the biosensors. In addition, the RSD of current
signals for measurement of 5.0 mM glucose at five independently
prepared biosensors was 4.2%, which proved good reproducibility
of the as-prepared biosensor.

The long-term storage stability is a critical issue for practi-
cal application of the proposed glucose biosensor. When stored
in 0.05 M PBS at 4 ◦C and measured at intervals over 2 days, no
obvious decrease in the response to glucose was observed after
one week of storage. After 30 days the voltammetric response was
still retained 93% value of the initial response. This implied that
the G–CdS nanocomposite film was very efficient for retaining the
bioactivity of enzyme and preventing its leakage from the mem-
brane (Deng et al., 2009).

3.7. Determination of glucose in human plasma sample

In order to investigate the possible application of this biosen-
sor in clinical analysis, the G–CdS–GOD modified electrode has
been employed to the detection of blood sugar concentration in
human plasma utilizing standard addition method without sam-
ple pretreatment. The concentration of glucose was determined
to be 4.9 mM, and the recovery tests were performed by adding
1.0 and 2.0 mM glucose to the sample. The corresponding results
were listed in Table 1 (Supplemental Information), and it can be
obtained that the recoveries for the determination of glucose are
between 92.2% and 105.1%. The result demonstrated good accuracy
for the glucose sensing in real samples, ascertaining the practical
application of the proposed glucose biosensor in clinical analy-
sis.

4. Conclusions

In this paper, G–CdS nanocomposite can provide a unique
microenvironment for the direct electrochemistry of GOD, and the
immobilized GOD on the modified electrode possesses its native
structure and electrocatalytic activities. The performance of the
resulting electrode was improved greatly compared with that of
GC electrode modified by graphene or CdS NCs alone by virtue of
the synergy effect. Based on the decrease of the electrocatalytic
response of the reduced form of GOD to dissolved oxygen, a glucose
sensor has been developed, which displays satisfactory analytical
performance over a linear range from 2.0 to 16 mM along with
good stability because of the large surface area and fast electron
transfer of graphene and CdS nanocrystals. Interference from uric
acid and ascorbic acid that usually coexist with glucose in real
samples has been found to be negligible. All these characteris-
tics suggest that G–CdS nanocomposites are good materials for
immobilizing biomolecules and fabricating the third-generation
biosensors.
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