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The direct electrochemistry of glucose oxidase immobilized on a nanodendritic poly[meso-tetrakis(2-
thienyl)porphyrinato]cobalt(Il)-single walled carbon nanotube modified glassy carbon electrode
(pCoTTP-SWNTs-Nafion-GOD/GCE) is reported. The immobilized GOD retained its activity and exhibited
a surface controlled, reversible two-proton and two-electron transfer reaction with a fast heteroge-
neous electron transfer rate constant (ks) of 1.01s~'. The pCoTTP-SWNTs-Nafion matrix also showed
an extremely low peak potential of —0.2V vs. Ag/AgCl and strong response with respect to oxygen

Iéel‘i?:;zds'. reduction. This forms the basis for the use of the pCoTTP-SWNTs-Nafion-GOD composite as a sens-
Glucose oxidase ing platform for oxygen reduction-based glucose detection. The apparent Michaelis—-Menten constant
Biosensor (Km,app) Was estimated to be as low as 0.98 mM. A linear range up to 1 mM glucose with a low detection

limit of 5.33 wM (S/N =3) and a high sensitivity of 16.57 wA mM~! cm~2 was achieved. The biosensor also
shows excellent selectivity against 0.2 mM uric acid and ascorbic acid. These results indicate that the
pCoTTP-SWNTs-Nafion-GOD/GCE has potential application in sensitive and selective glucose detection.

Direct electrochemistry
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1. Introduction

Glucose oxidase (GOD) is a dimeric protein that catalyzes the
oxidation of (3-p-glucose to D-glucono-1,5-lactone, which subse-
quently hydrolyzes non-enzymatically to gluconic acid. Two flavin
adenine dinucleotide (FAD) cofactors are tightly bound to and
deeply buried in the protein (Hecht et al., 1993). In the GOD-
catalyzed glucose oxidation, FAD serves as the initial electron
acceptor and is reduced to FADH,. Then FADH, is oxidized by the
final electron acceptor, molecular oxygen (O;), because it has a
higher reduction potential, while O, is reduced to hydrogen per-
oxide. Due to GOD’s shielding of the redox active centers by an
insulating protein shell, the direct electron transfer between GOD
and bare glassy carbon (GCE) or gold electrodes is greatly inhib-
ited. However, a direct electron transfer between FAD and electrode
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surfaces is desirable for the fundamental study of the electron
transfer processes and the realization of electrochemical glucose
sensors (Courjean et al., 2009; Demin and Hall, 2009; Liu et al.,
2004, 2007b). Thus, in order to facilitate the direct electron trans-
fer process between GOD and electrode surfaces, various materials
such as carbon nanotubes (CNTs) and nanoparticles have been uti-
lized (Demin and Hall, 2009; Ivnitski et al., 2008; Liu et al., 2007a;
Patolsky et al., 2004; Xiao et al., 2003).

Particularly CNTs gained attention in electrocatalysis and
biosensing applications owing to their high electrical conductivity,
high surface to volume ratio, and good chemical and mechanical
stability (Azamian et al., 2002; Britto et al., 1996; Lin et al., 2004;
Musameh et al.,2002; Yu et al.,2003b). A number of glucose sensors
based on CNTs modified electrodes were developed (Cai and Chen,
2004; Lin et al., 2004; Liu et al., 2005b; Luo et al., 2006; Luong et
al., 2004; Wang et al., 2003). These reports have shown that CNTs,
either single- (SWNTs) or multi-walled CNTs (MWCNTSs) can pro-
vide direct electron transfer channels between the active centers
of GOD and the electrode. In addition, CNTs also provide a suitable
matrix for GOD immobilization.

GOD-based glucose sensing can be accomplished either by
directly measuring the electrons released by GOD, or indirectly by
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oxidation of the hydrogen peroxide formed. One other indirect pro-
cess measures oxygen reduction due to the consumption of oxygen
by GOD in the presence of glucose. However, this method requires a
low potential oxygen reduction electrode to minimize the interfer-
ences inherent when applying higher potentials. Thus, a number
of electrocatalytic oxygen reduction electrodes have been devel-
oped to allow the realization of oxygen reduction-based glucose
biosensors. For example, celestine blue allows the amperometric
oxygen reduction at a low applied potential of —0.35V vs. Ag/AgCl
(Noorbakhsh et al., 2008), but it is water soluble and catalyst leak-
age problem occurs. An osmium (Os) complex with CNTs allows an
improved amperometric oxygen reduction at —0.25V vs. Ag/AgCl.
However, Os is expensive and desorption of the metal complex is
observed (Salimi et al., 2009).

We recently reported a novel and inexpensive poly[meso-
tetrakis(2-thienyl)porphyrinato]cobalt(II) (pCoTTP)-modified
electrode that effectively lowered the overpotential for oxygen
reduction peak to —0.2'V vs. Ag/AgCl. The pCoTTP-modified glassy
carbon electrode (GCE) displayed no stability or leakage problems
in organic or aqueous solutions, thus providing an overall excellent
electrocatalyst for oxygen reduction (Chen et al., 2010).

Here we report a new electrode coating that combines the
advantages of nanodendritic pCoTTP, SWNTs, and GOD, which is
suitable for glucose sensing (Supplemental Fig. 1). The direct elec-
trochemistry of GOD on the pCoTTP-SWNTs-modified electrode
was investigated using cyclic voltammetry. Further, the sensi-
tive and selective amperometric oxygen reduction-based glucose
detection was achieved using this pCoTTP-SWNTs-Nafion-GOD-
modified GCE. The kinetic parameters of immobilized GOD were
also calculated and compared to literature values.

2. Experimental
2.1. Chemicals

GOD (129,900 units/g), Nafion (20wt% in ethanol), 0.01 M
phosphate buffer saline (PBS, pH=7.4), acetone, and tetrabuty-
lammonium hexafluorophosphate (TBAPFg) were purchased from
Sigma-Aldrich. The pH of PBS was adjusted using 1.0M NaOH
or 0.5M H,S04, respectively. 3-p-Glucose and dichloromethane
(CH,Cly) were obtained from Acros. CoTTP was prepared as pre-
viously described (Chen et al., 2010). Ascorbic acid (AA) and
uric acid (UA) were purchased from Fisher Scientific. SWNTs
(purity > 90 wt%, outer diameter of 1-2nm, length of 5-30 wm)
were bought from Cheap Tubes Inc., (Vermont, USA) and used
as received. All solutions used in the experiments were prepared
with deionized water (18.2 M2 cm, EASYpure, Barnstead, USA).
All B-p-glucose solutions used were allowed to achieve mutaro-
tation equilibrium for at least 24 h before use. To de-aerate the
solutions, the solutions were purged with high purity nitrogen
gas (99.99%, Airgas) for 15 min. A nitrogen atmosphere was main-
tained over the solution during the anaerobic electrochemical
measurements.

2.2. Apparatus

All electrochemical measurements were carried out using a
conventional three-electrode system including a bare or mod-
ified glassy carbon working electrode (GCE, 3mm diameter),
an Ag/AgCl sat. KCl reference electrode, and a platinum wire
counter electrode. A computer-controlled VMP3 electrochem-
ical workstation was used for all electrochemical studies. A
JEOL 6335F field emission scanning electron microscope (FESEM)
was employed to investigate the morphology of the electrode
surfaces.

2.3. Electropolymerization of nanodendritic pCoTTP

Prior to electrochemical polymerization, the GCE was succes-
sively polished with 1.0, 0.3, and 0.05 pm «a-Al,03 powders and
sonicated in a water-bath for about 5 min after each polishing step.
Then the electrode was rinsed thoroughly in deionized water before
use. The electrode was allowed to air-dry and was then placed into
a dichloromethane solution containing 1 mM CoTTP monomer and
0.1 M TBAPFg as supporting electrolyte. Repetitive cycling from 0
to 2V vs. Ag/AgCl wire was carried out to deposit the pCoTTP film
on the surface of the GCE. The modified electrode was then rinsed
with acetone to remove any residual CoTTP (or soluble oligomers),
and air-dried.

2.4. Fabrication of pCoTTP-SWNTs-Nafion-GOD/GCE

20 mg SWNTs were dispersed in 1 mL of 1 wt% Nafion solution
(in ethanol) under sonication for 30 min. GOD (50 mg/mL in 0.01 M
PBS) was then added into the SWNTs-Nafion dispersion at a 1:1
(v/v) ratio to prepare the mixture consisting of 10 mg/mL SWNTs,
0.5wt% Nafion and 25 mg/mL GOD in 0.01 M pH 7.4 PBS buffer.
After further 10 min sonication, a 5 pL aliquot of the mixture was
dropped onto the pCoTTP-modified GCE, and the electrode was air-
dried at room temperature for 1 h. The modified electrode was kept
in 0.01 M pH 7.4 PBS buffer before each electrochemical measure-
ment. In addition, the pCoTTP-SWNTs-Nafion/GCE, drop-deposited
Nafion/GCE, Nafion-GOD/GCE, and SWNTs-Nafion-GOD/GCE were
prepared as control electrodes.

2.5. Electrochemical measurements of glucose

Cyclic voltammetric measurements were performed using an
electrochemical workstation (Bio-logic SA VMP3) in a conventional
three-electrode configuration, including a working electrode, an
Ag/AgClreference electrode, and a platinum counter electrode. Glu-
cose measurements were carried out in 0.01 M pH 7.4 PBS buffer
at room temperature. For the amperometric glucose detection, all
measurements were performed by applying a potential of —0.2 V vs.
Ag/AgCl to the working electrode and allowing the transient back-
ground current to decay to a steady-state value, prior to the addition
of glucose. The current response due to the addition of glucose was
recorded. The solution was mechanically stirred (magnetic stirring
with Teflon-coated stirr bar) to provide convective transport.

3. Results and discussion

3.1. Characterization of nanodendritic pCoTTP, SWNTs-Nafion
and SWNTs-Nafion-GOD films

The morphologies of electrodeposited pCoTTP, drop-cast
SWNTs-Nafion and SWNTs-Nafion-GOD films on the GCE were
investigated using SEM. As shown in Fig. 1A, electrodeposited
pCoTTP forms an interlaced nanodendritic structure. The enlarged
surface area and channels are beneficial for increased electron
transfer and oxygen reduction. The drop-cast SWNTs-Nafion com-
posite exhibits a porous structure, likely consisting of numerous
stacked bundles of SWNTs embedded in the polymer matrix
(Fig. 1B). Such porous structure could provide a large sur-
face area for GOD loading and providing large GOD-electrode
interfaces while the SWNTs bundles can offer effective electron-
conducting pathways. In contrast, the SWNTs-Nafion-GOD film
shows a smooth surface (Fig. 1C), indicating the incorporation
of GOD into the porous SWNTs-Nafion composite. After cast-
ing the SWNTs-Nafion-GOD mixture onto a pCoTTP-modified GCE
(pCoTTP-SWNTs-Nafion-GOD/GCE), the close contact was achieved
between the pCoTTP, the enzyme, and the SWNTs. SWNTs and
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Fig.1. (A) SEM images of pCoTTP-, (B) SWNTs-Nafion-, and (C) SWNTs-Nafion-GOD-
modified surfaces.

pCoTTP together can further reduce the insulating property of pro-
teins and facilitate direct electron transfer between electrode and
GOD.

3.2. Direct electrochemistry of GOD

The electrochemistry of the immobilized GOD was tested using
cyclic voltammetry in anaerobic 0.01 M pH 7.4 PBS buffer solutions
at a scan rate of 50 mV/s. Fig. 2 presents the CVs of GCEs mod-
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Fig. 2. (A) CVs of Nafion/GCE (a), Nafion-GOD/GCE (b) and SWNTs-Nafion-GOD/GCE
(c). (B) CVs of pCoTTP-SWNTs-Nafion/GCE (a), SWNTs-Nafion-GOD/GCE (b) and
pCoTTP-SWNTs-Nafion-GOD/GCE (c) in N,-saturated 0.01 M pH 7.4 PBS buffer at
a scan rate of 50mV/s.

ified with a variety of films. A simple Nafion-coated GCE is not
electrochemically active (Fig. 2A, trace a). Incorporation of GOD
into this film (Nafion-GOD/GCE) results in the expression of a pair
of barely visible redox signals (Fig. 2A, trace b). After the incor-
poration of SWNTs into the matrix (SWNTs-Nafion-GOD/GCE), an
enhanced current signal and a pair of well defined redox peaks with
an anodic peak potential at —0.426 V and a cathodic peak potential
at —0.489V can be detected (Fig. 2A, trace c). The formal poten-
tial (E?) calculated by averaging the anodic and cathodic peak
potentials is —0.462V, with a peak potential separation of about
72 mV, suggestive of a quasi-reversible process (Bard and Faulkner,
2001). The redox peaks are assigned to the direct electrochemistry
of GOD, which is the characteristic of reversible electron transfer
process between the electroactive center, FAD, and the electrode.
The reaction can be schematically expressed as follows: GOD-
FAD +2H* +2e~ <~ GOD-FADH, (Bao et al., 2008). We attribute the
enhanced current signal in the presence of the SWNTSs to the large
GOD-SWNT interface area and good conductivity of the SWNTs,
forming many efficient paths for direct electron conduction in and
out of the enzyme.

The effect of the pCoTTP-modified electrode surface on the
direct electrochemistry of GOD (pCoTTP-SWNTs-Nafion-GOD/GCE)
is shown in Fig. 2B, trace c. One can see that the anodic and cathodic
peak potentials of GOD are shifted to —0.451V and -0.493V,
respectively. The formal redox potential (E?') is —0.472V and the
peak potential separation is 42 mV. The peak potential separation is
significantly smaller than that observed in the absence of the nano-
dendritic pCoTTP (72 mV; Fig. 2B, trace b). In addition, the redox
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peaks obtained at the pCoTTP-SWNTs-Nafion-GOD/GCE are sharper
and the peak currents are higher. The reduced peak potential sep-
aration suggests that a faster and more reversible direct electron
transfer was achieved between GOD and the electrode (Bard and
Faulkner, 2001). The higher currents also highlight the contribution
of the pCoTTP layer. The rough surface evidently provides a better
immobilization environment for SWNTs-Nafion-GOD by providing
an enlarged conducting surface area with an enhanced electron
transfer property between GOD and the electrode. As a comparison,
the pCoTTP-SWNTs-Nafion/GCE was used as a control electrode
and shows no redox peaks at all due to the lack of GOD (Fig. 2B,
trace a).

In order to determine the kinetic parameters of GOD at the
pCoTTP-SWNTs-Nafion-GOD-modified electrode, the effect of scan
rate on the CV was investigated. The CV scan rates were varied
from 10 mV/s to 300 mV/s (Fig. 3A). Both the reduction and oxida-
tion peak currents increase linearly with the scan rate, showing a
typical surface controlled quasi-reversible electrochemical behav-
ior (Fig. 3B). These results fit the equation for a Nernstian adsorbate
layer (ip =n2F2vAT"" |RT), where i, is the peak current, n is the num-
ber of electrons transferred, F is the Faraday constant, R is the gas
constant, T is the absolute temperature, v is the scan rate, A is the
electrode area and I is the surface concentration of electroactive
species (Bard and Faulkner, 2001; Ding et al., 2010). According to
this equation, the electroactive GOD concentration on the pCoTTP-
SWNTs-Nafion-GOD/GCE is 1.12 x 10719 mol/cm?, which is nearly
two orders of magnitude higher than 2.86 x 10~12 mol/cm? deter-
mined for GOD entrapped in Nafion on a bare GCE (Zhang et al.,
2007). The result indicates the effectiveness of the nanodendritic
pCoTTP-SWNT composite with respect to mediating the electron
transfer from GOD to the electrode.

As presented in the inset of Fig. 3B, the oxidation peak shifts to
more positive potential, while the reduction peak shifts to more
negative potential with the increase of scan rates. The anodic
and cathodic peak potentials show a linear relationship with the
logarithm of scan rates at high scan rate over 100 mV/s, with slopes
of —2.3RT/anF and 2.3RT/(1 — a)nF for the cathodic peak and anodic
peak, respectively. From this, & can be estimated to be 0.298. Know-
ing «, Laviron theory (Laviron, 1979) allows the electron transfer
rate constant (ks) to be determined according to following equation
logks=oIn(1 —a)+(1 —a)lno —log(2.3RT/nFv) — a(1 — a)(NFAE,/
2.3RT), where AE;, is the peak potential separation. The ks value
of 1.01s! thus determined for the pCoTTP-SWNTs-Nafion-
GOD-modified GCE is significantly better than of the value of
0.3s~! obtained for GOD at aligned SWNT arrays on a modi-
fied gold electrode (Liu et al., 2005a) or 0.026s~! obtained by
GOD attached to a self-assembled monolayer of 3,3’-dithiobis-
sulfocinnimidylpropionate (DTSSP) modified gold electrode (Jiang
et al, 1995). Our ks value is also in the same range compared
to the value obtained for GOD immobilized on a colloidal gold
nanoparticles-Nafion modified GCE (1.3s~!) (Zhao et al., 2006),
for GOD on boron-doped CNT-modified GCE (1.56s~!) (Deng
et al, 2008), and for GOD on a CNTs-Nafion-modified GCE
(1.53+0.45s~1) (Cai and Chen, 2004).

As shown in the above reaction formula, the interconversion
of the FAD/FADH, redox couple involves two electrons and two
protons. Thus, the pH value of the solution predictably affects the
electrochemical behavior of GOD. Fig. 3C shows the pH-dependent
GOD redox peak potential shift in the range from pH 4.0 to pH 10.0
(in N-saturated, deoxygenated 0.01 M PBS). For each pH value, E¥
of the redox couple is calculated and plotted against pH. As shown
in the inset of Fig. 3C, E” changes linearly with the pH with a slope
of —56 mV/pH (R=0.9991). This slope is, as expected, close to the
theoretical Nernstian value of —59.2 mV/pH at room temperature
(25°C) for areversible two-electron, two-proton process (Bard and
Faulkner, 2001).
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Fig. 3. (A) CVs of the pCoTTP-SWNTs-Nafion-GOD/GCE in N,-saturated 0.01 M pH
7.4 PBS buffer at the scan rates of 10, 20, 50, 100, 150, 200, 250 and 300 mV/s, respec-
tively. (B) The plot of the peak current vs. scan rate; inset presents the relationship
between the peak potential (E,) and the natural logarithm of scan rate (In v). (C) CVs
of the pCoTTP-SWNTs-Nafion-GOD/GCE in PBS buffer of pH values ranging from 4.0
to 10.0 (scan rates=50mV/s); inset presents the plot of the formal potential E vs.
pH.

3.3. Electroreduction of O, at the modified electrodes

We recently have shown the electrocatalytic properties of
pCoTTP/GCE with respect to the four-electron reduction of oxy-
gen (Chen et al,, 2010). If these properties could also retain in
the pCoTTP-SWNTs-Nafion-GOD-modified electrodes, they could
become the basis for a practical oxygen reduction-based glucose
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Fig. 4. CVs of the Nafion-GOD/GCE (dotted trace), SWNTs-Nafion-GOD/GCE
(dashed trace), pCoTTP-Nafion-GOD/GCE (dashed-dotted trace), and pCoTTP-
SWNTs-Nafion-GOD/GCE (solid trace) in air-saturated 0.01 M pH 7.4 PBS buffer (scan
rates=50mV/s).

sensing. The remainder of this report will demonstrate its applica-
bility.

Fig. 4 shows the electrocatalytic activities of the Nafion-GOD,
SWNTs-Nafion-GOD, pCoTTP-Nafion-GOD and pCoTTP-SWNTs-
Nafion-GOD-modified electrodes with respect to oxygen reduction.
The oxygen reduction peak potential at the Nafion-GOD/GCE is
at ca. —0.7V slightly higher than the reported potential of —0.6V
at an unmodified GCE (Dai and Shiu, 2004). This can be ratio-
nalized by a retardation of the electron transfer between oxygen
and the electrode surface that the Nafion-GOD layer may cause,
resulting in a higher overpotential. Incorporating SWNTs into the
electrode matrix (SWNTs-Nafion-GOD/GCE), the oxygen reduction
peak potential shifts positively to —0.595V, concomitant with an
enhanced peak current. The SWNTs-induced peak potential shift
at this electrode is ~100 mV, indicating a much more facile oxy-
gen reduction with a reduced overpotential. This improvement
may be attributed to both enhanced electron transfer behavior and
enlarged electroactive surface provided by SWNTs (Britto et al.,
1999). Upon closer inspection of the CV trace for SWNTs-Nafion-
GOD/GCE, an ill-defined redox peaks for GOD can be observed that
is, however, overwhelmed by the oxygen reduction peaks. Fur-
thermore, the pCoTTP-Nafion-GOD/GCE shows a largely improved
catalytic property for oxygen reduction with a peak potential of
—0.289V. This is a reflection of the pronounced catalytic activ-
ity of the pCoTTP layer with respect to oxygen reduction (Chen
et al,, 2010). At the pCoTTP-SWNTs-Nafion-GOD/GCE, the oxy-
gen reduction peak potential is further shifted positively to ca.
—0.2V, suggestive of a synergetic effect between the SWNTs and
the pCoTTP-modified electrode surface. In addition, the CV at the
pCoTTP-SWNTs-Nafion-GOD/GCE indicates that the activity of GOD
is well preserved as the redox peaks from the direct electrochem-
istry of GOD are clearly present and, most significantly, the redox
couple is well separated from the oxygen reduction peak region.
These results clearly differentiate the electrode behavior of the
pCoTTP-SWNTs-Nafion-GOD/GCE from that of all other electrodes
discussed above and also indicates that the pCoTTP-SWNTs-Nafion-
GOD/GCE provides enhanced electrocatalytic activity to oxygen
reduction while being, at the same time, an excellent matrix for
GOD immobilization.

3.4. Electrocatalytic properties of the modified electrodes towards
glucose detection

The electrocatalytic properties of the modified electrodes
towards glucose detection were first investigated by CVs. The
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Fig. 5. CVs of the pCoTTP-Nafion-GOD/GCE (A), the SWNTs-Nafion-GOD/GCE (B),
and the pCoTTP-SWNTs-Nafion-GOD/GCE in air-saturated 0.01M pH 7.4 PBS
buffer in the absence of glucose (a) and presence of 10mM glucose (b) (scan
rates=50mV/s).

responses to the presence and absence of 10mM glucose at
the three modified electrodes (pCoTTP-Nafion-GOD/GCE, SWNTs-
Nafion-GOD/GCE, and pCoTTP-SWNTs-Nafion-GOD/GCE) were
recorded in air-saturated 0.01 M pH 7.4 PBS buffer solution (Fig. 5).
The oxygen reduction traces at all three modified electrodes show
decreasing trends upon addition of glucose, reflecting the fact
that GOD consumes oxygen when catalyzing the glucose oxida-
tion (cf. Supplemental Fig. 1). However, different electrodes display
different peak potential and peak current responses. The pCoTTP-
SWNTs-Nafion-GOD/GCE exhibits the best performance in terms
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Fig. 6. (A) Amperometric response to successive addition of 0.1 mM glucose at the
pCoTTP-SWNTs-Nafion-GOD/GCE after subtracting the baseline. (B) Calibration plot
for glucose in air-saturated 0.01 M pH 7.4 PBS buffer at an applied potential of —0.2V
vs. Ag/AgCl. Inset presents the Lineweaver-Burk plot. (C) Amperometric response
of the pCoTTP-SWNTs-Nafion-GOD/GCE to 0.2 mM glucose, 0.2 mM UA, 0.2 mM AA
and 0.2 mM glucose, respectively, after subtracting the baseline.

of oxygen reduction peak potential and the reduction peak current
change (Fig. 5C) when compared to the corresponding electrodes
without SWNTs or pCoTTP. These results further indicate the exis-
tence of a synergetic effect between SWNTs and pCoTTP that can
be utilized for oxygen reduction-based glucose detection.

Based on the CV results shown in Fig. 5, amperometric glu-
cose detection was carried out in an air-saturated 0.01M pH 7.4
PBS solution at an applied potential of —0.2V (peak potential of

oxygen reduction at the pCoTTP-SWNTs-Nafion-GOD/GCE) with
continuous stirring. This applied potential is the lowest among
recently reported oxygen reduction-based amperometric glucose
biosensors (Bao et al., 2008; Noorbakhsh et al., 2008; Salimi et al.,
2009; Wu et al., 2007, 2009). Such low applied potential is most
important in GOD-based biosensors as it reduces possible interfer-
ences, resulting in highly selective responses to glucose (Lim et al.,
2005; Pandey et al., 2003; Yu et al., 2003a). Fig. 6A shows typical
amperometric responses of the pCoTTP-SWNTs-Nafion-GOD/GCE
to the successive addition of 0.1 mM glucose after subtraction of the
baseline. The modified electrode responds rapidly to the changes
in glucose concentration, producing steady-state currents within
15 s after each addition. The calibration curve presented in Fig. 6B
shows a linear range up to 1mM (RZ =0.998) with a sensitivity of
16.57 nAmM~-1 cm~=2 and a detection limit of 5.33 uM (S/N=3).
Oxygen reduction-based glucose biosensors always show a narrow
linear range (Bao et al., 2008; Noorbakhsh et al., 2008; Salimi et
al,, 2009; Wu et al., 2007, 2009) because of the fact that the low
dissolved oxygen concentration in aqueous solution and fast oxy-
gen consumption through enzymatic reaction result in saturated
response at relatively low glucose concentrations.

The apparent Michaelis-Menten constant (Km,app), Which is
an indicator of the affinity between the enzyme and substrate,
can be derived from the modified Lineweaver-Burk equation
1/Iss = (Km,app/Imax )(1/C) + (1/Imax ), where Iss is the steady-state cur-
rent after the addition of substrate, C is the bulk concentration of
the substrate, and Ihax is the maximum current measured under
saturated substrate conditions. The smaller Ky, value represents
a higher enzyme affinity for glucose (Tan et al., 2005). From the
Lineweaver-Burk plot (inset of Fig. 6B), the Kmapp value of the
glucose sensor was determined to be 0.98 mM. This value is as
good as, or significantly better than the affinities recorded for
cellulose/ MWCNT/GOD-modified (1.1 mM) (Wu et al., 2009) and a
MW(CNT/Celestine blue/sol-gel/GOD-modified electrodes (2.4 mM)
(Noorbakhsh et al., 2008).

Electroactive compounds such as uric acid (UA) or ascorbic
acid (AA) present in serum samples frequently interfere with the
electrochemical glucose sensors. Fig. 6C shows the amperometric
response of the glucose sensor upon addition of glucose and, sub-
sequently, 0.2 mM UA and 0.2 mM AA, followed again by glucose.
It can be seen that the interferences from 0.2 mM UA and 0.2 mM
AA are not observed and the sensor response to 0.2 mM glucose
was also not affected by the addition of UA and AA. The excellent
selectivity of the as-prepared glucose biosensor can be attributed
to two factors: primarily, the low applied voltage required for glu-
cose sensing is too low to oxidize either UA or AA (Reitz et al., 2008).
Secondarily, the negatively charged Nafion film may also play cer-
tain role in eliminating the interferences by anions (Wang and Li,
1989).

4. Conclusions

The results suggest that pCoTTP-SWNTs-Nafion is an excel-
lent matrix for GOD immobilization as it promotes the direct
electron transfer to a very high degree, whereby both the nan-
odendritic pCoTTP and the SWNTSs act cooperatively to assist in
mediating the redox process. There is also a noticeable syner-
getic effect between the nanodendritic pCoTTP and SWNTs in the
oxygen reduction reaction, shifting the oxygen reduction peak
potential down to ca. —0.2 V. This allows the measurement of the
oxygen reduction in the presence of GOD, laying the basis for
the amperometric detection of glucose based on oxygen reduc-
tion. The apparent Michaelis-Menten constant (Km,app) suggests a
very good enzyme-substrate affinity. Thus, the developed pCoTTP-
SWNTs-Nafion-GOD-based glucose biosensor exhibits very good
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sensitivity. In addition, the biosensor exhibits excellent selectivity,
as neither UA nor AA interferes with glucose sensing. In conclusion,
the pCoTTP-SWNTs-Nafion-GOD/GCE biosensor represents a prac-
tical approach towards the development of highly sensitive and
selective electrochemical glucose sensors based on oxygen reduc-
tion.
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