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A novel highly sensitive biosensor for the direct and simultaneous determination of superoxide anion
radical (O,*~)and nitrite (NO, ~) was developed by incorporation of carbon nanotube (CNT) solubilized in
nafion in polypyrrole (PPy) matrix on Pt electrode followed by immobilization of Cu,ZnSOD (SOD1) on it.
The CNT/PPy nanocomposite electrode enhanced the immobilization of SOD1 and promoted the electron
transfer of SOD1 minimizing its fouling effect. The surface morphological images of PPy and CNT-PPy
nanocomposite on Pt electrode were obtained by scanning electron microscopy exhibiting highly micro-
Cu.ZnSOD porous structures. The electrochemical behavior of the biosensor investigated by cyclic voltammetry
0,*~ and NO,~ biosensor revealed that the SOD1 immobilized electrode showed characteristic of SOD1 quasi-reversible redox
CNT peaks with a formal potential of +0.065 V vs. Ag/AgCl. The biosensor exhibited a linear response over the
concentration range from 0.1 to 750 wM, with a detection limit of 0.1+0.03 wM for O,*~ and a corre-
sponding linear range of 0.5-2000 .M, with a detection limit of 0.5 4 0.025 M for NO, ~. In addition, the
biosensor exhibited high sensitivity, good reproducibility and retained stability over 30 days. This modi-
fied electrode was quite effective not only in detecting O,*~ and NO, ~ independently but also determining
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the concentration of O,*~ and NO, ~ simultaneously in vitro and from cancer cells.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Nitrite (NO, ™) is a major oxidation product derived from NO
that is produced by a wide variety of cell types by NO syn-
thases (Knowles and Moncada, 1994). NO,~ is also involved in
the biosynthesis of NO (Stuehr and Marletta, 1985). There are
several enzymatic and non-enzymatic pathways for the one-
electronreduction of NO,~ to NO. These include deoxyhemoglobin,
deoxymyoglobin, xanthine oxidase and enzymes of the mitochon-
drial respiratory chain (Cosby et al.,, 2003; Shiva et al., 2007,
Millar et al., 1998; Kozlov et al., 1999). NO, -derived NO has
been suggested to possess several physiological functions such as
vasodilation (Cosby et al., 2003) and protection against ischemia-
reperfusion injury (Webb et al., 2004; Duranski et al., 2005). Similar

Abbreviations: SOD1, Cu,ZnSOD; O,*-, superoxide anion radical; NO, -, nitrite;
NOs3~, nitrate; PPy, polypyrrole; CNT, carbon nanotube; GA, glutaraldehyde;
KO,, potassium superoxide; PBS, phosphate buffer solution; DTPA, diethylenetri-
aminepentaacetic acid; H,0,, hydrogen peroxide; LPS, lipopolysaccharide; MEM,
minimum essential medium; FBS, fetal bovine serum; SEM, scanning electron micro-
scope; CV, cyclic voltammogram.
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to NO, O,°*~ play an important role in cell signaling and growth
(Pacher et al., 2007). Inappropriate production of these radicals and
their metabolites led to the development of various pathologies
such as cancer, cardiovascular dysfunction, ischemia and neurode-
generative diseases (Halliwell and Gutteridge, 1986; Olanow, 1993;
Smith et al., 1996; Samdani et al., 1997; Contestabile and Ciani,
2004). In order to understand the role of these in pathology, simul-
taneous monitoring of the local concentrations of NO,~ and O,*~
released from biological systems are increasingly important.

In the literature, NO,~ and O,°~ were determined by sev-
eral independent methods. NO,~ determination is mainly carried
out by spectrophotometry (Griess reagent), ionic chromatography,
capillary electrophoresis, and fluorescence methods (Moorcroft
et al., 2001). Similarly, for the detection of O,°*~ indirect meth-
ods (Fridovich, 1997) such as spectrophotometric measurement
(Haseloff et al., 1991), chemiluminescence method (Reichl et al.,
2001), and electron spin resonance spectroscopy (Harbour and
Hair, 1978) were used. However, these strategies are ex situ detec-
tion techniques with low sensitivity and poor selectivity. Among
the centralized and sophisticated analytical systems, electrochem-
ical techniques are proved to be powerful tools due to their
advantages of simplicity, portability, inexpensive and fast analysis
in combination with high selectivity.
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Scheme 1. Schematic illustration of active site channel of SOD1.

In the recent years, the enzymatic and non-enzymatic modi-
fied electrodes are used for the individual determination of O,*~
and NO,~. NO,~ biosensors have been widely reported using
many heme proteins viz., hemoglobin, nitrite reductase, and myo-
globin (Wu et al., 1997; Yang et al., 2005; Astier et al., 2005; Sun
et al.,, 2009). These biosensors are mainly ascribed to the elec-
troreductive reactions of NO,~. The reduction of NO,~ yielded
several products depending on the electrode conditions and the
nature of the catalyst employed, while its anodic oxidation is
a straightforward reaction, with NO3~ being the final product
(Caro et al,, 2002). Hence, the anodic NO,~ determination has
attracted great attention because it offers several advantages espe-
cially with no interference. In contrast, the major limitations
of cathodic determination of NO,~ is due to interference from
NO and O, (Wu et al, 1997; Yang et al., 2005; Astier et al.,
2005).

For an individual electrochemical determination of 0,*~, SOD1,
a selective scavenger of O,°*~ has been the best approach for the
detection of O,*~ compared to cyt ¢ (Cooper et al., 1993; Lisdat
et al.,, 1999) and hemin (Divisek and Kastening, 1975; Chen et al.,
2000). Mostly, SOD1-immobilized electrodes have paved an ele-
gant way to detect O,°*~. SOD1 show high rate constants, up to the
orderof 10° M~!s~1, and are distinguished by its highly uncommon
specificity to O,*~ (McCord and Fridovich, 1969; Fridovich, 1982;
Oberley et al., 1985). Therefore, SOD1, a specific enzyme for O,*~
dismutation, offers a great potential for the sensitive and selective
quantification of O,°*~ in electrochemical biosensors. Here SOD1 is
also employed for the electrocatalytic oxidation of NO,~, because
of its active site channel is so narrow that it can allow selectively
only small substrates (Scheme 1) (Karunakaran et al., 2004).

However enzyme immobilization on the electrode is a major
hurdle. Recently, there has been wide interest in the field of con-
ducting polymer-modified electrodes as it exhibited more porous
structure (Lyons, 1994; Rajesh et al., 2010). Among the conduct-
ing polymers, polypyrrole (PPy) (Lyons, 1994) matrix increases the
rates of reaction occurring at the electrode surface by mediating
the electron transport and also the surface area. Further, carbon
nanotubes (CNTs), have gained considerable interest in the field of
electrochemical sensing devices with excellent sensitivity and fast
response time owing to their unique structural, electronic, mechan-
ical and chemical properties, and high surface area. It also enhances
the electron transfer capability of enzyme-immobilized electrodes

(Wang et al.,, 2003a; Cai and Chen, 2004). CNT has also reduced
the overpotential of electrochemical oxidation/reduction reaction
(Wang et al., 2003a; Cai and Chen, 2004). Recently, nafion, a poly-
mer has been demonstrated to be particularly useful for preparing
CNT-based electrodes because of its capability of confining the CNTs
on the base electrodes and solubilizing the CNT in solution (Wang
et al,, 2003b; Gong et al., 2005).

So, in this study SOD1 immobilized on CNT-PPy nanocompos-
ite electrode is made exhibiting high conductivity, biocompatibility
and stability for the first time for the simultaneous electrochemical
determination of O,*~ and NO,~ using the superoxide dismu-
tase and nitrite oxidase activities of SOD1. These novel CNT-PPy
nanocomposite electrodes provided microporous matrix for the
enhanced immobilization of SOD1 and also facilitated the direct
electron transfer between SOD1 and Pt electrode leading to very
sensitive and selective determination of O,*~ and NO,~ simulta-
neously in vitro and generated from breast cancer cells.

2. Experimental
2.1. Reagents

Cu,ZnSOD (SOD1) from bovine erythrocytes was obtained from
Roche Diagnostics, USA. Single wall carbon nanotubes were pur-
chased from Carbon Solutions, Inc., CA. Pyrrole, KO,, NaNO,,
diethylenetriaminepentaacetic acid (DTPA) and lipopolysaccharide
(LPS) were purchased from Sigma Company (USA). MCF-7 breast
cancer cells were obtained from ATCC. Pyrrole was used without
purification.

2.2. Instrumentations

All electrochemical experiments were performed on CHI 2000A
electrochemical workstation (CHI, USA) with a conventional three
electrode system which consisted of an Ag/AgCl wire as reference
electrode, a Pt wire as auxiliary or counter electrode, and a Pt elec-
trode with SOD1 immobilized in PPy/CNT as the working electrode.
The size of Pt wire working electrode was 0.5 mm in diameter.
The morphological scanning electron microscope (SEM) images of
CNT-PPy-Pt, PPy-Pt, and bare Pt electrodes were obtained using a
FEI Quanta FEG 200-High Resolution Scanning Electron Microscope
(FEI Co., Netherlands).

3. Methods
3.1. Construction of SOD1/CNT/PPy/Pt electrode

3.1.1. Pyrrole electropolymerization

Prior to electropolymerization, the electrode was polished with
alumina powder (size 0.05 and 1.0 wm) until to get a highly shining
surface, and washed twice with double distilled water. Finally, the
electrode was cleaned in 1 M H;SO4 by cycling the potential from
—200 to +1450 mV vs. Ag/AgCl until to attain reproducible cyclic
voltammograms (CVs), and then washed with double distilled
water. This pretreatment was employed before each electropoly-
merization. PPy films were electropolymerized onto the bare Pt
electrode from deaerated solution of 0.4 M pyrrole, using 0.1 M KCl
as supporting electrolyte, at the potential between 0.0 and +0.9V
vs. Ag/AgCl at a scan rate of 50 mV s~1, for 10 complete cycles. The
pyrrole polymerization was carried out under argon atmosphere
at room temperature. The optimum of 10 cycles for pyrrole elec-
tropolymerization was used because of its increased conductivity
and surface area as reported earlier (Razola et al., 2002) for the
effective immobilization of SOD1/CNT.
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Fig. 1. SEM images of (a) bare Pt, (b) PPy-Pt, (c) CNT-PPy-Pt electrodes and d) enlarged the area as indicated in (c).

3.1.2. Construction of the CNT-PPy nanocomposite SOD1
biosensor

The CNT modified PPy/Pt electrode was prepared by the
reported procedure (Wang et al., 2003b). In brief, 25 uL of CNT
solution (1 ml of 0.5 wt% nafion-ethanol solution containing 2 mg
of CNT) was dropped on PPy-Pt electrode surface, and then the
solvent ethanol was evaporated in air to form a CNT-PPy nanocom-
posite. Then, 5 uL of SOD1 (0.2 g/mL) solution was immobilized
onto CNT/PPy/Pt modified electrode by employing 5 pL of glu-
taraldehyde (GA) (2.5%) solution as cross-linking agent. After that,
the electrode was left for at least 24h at room temperature
for efficient cross-linking. During this process, the SOD1 enzyme
was entrapped on CNT/PPy/Pt. The preparation of these modi-
fied electrodes was reproducible, which could be confirmed from
the cyclic voltammetric response and SEM of surface coverage
of CNT, PPy and SOD1 enzymes. The amount of SOD1 immo-
bilized on CNT/PPy/Pt was estimated by integrating the area of
the cathodic peak of CV obtained in SOD1-CNT-PPy-Pt electrode
compared to without SOD1 (Tian et al., 2002). The above con-
structed O,*~ and NO,~ biosensor is illustrated in Scheme S1(A)
(See Supplementary Data). All the experiments were carried out at
27+0.5°C.

3.1.3. Cell culture

MCF-7 cells were grown in 10% minimum essential
medium (MEM) containing 10% fetal bovine serum (FBS),
L-glutamine (4 mmol/L), penicillin (100 units/mL), and strep-
tomycin (100 pg/mL), and incubated at 37°C in a humidified
atmosphere of 5% CO, and 95% air. For O,°*~ and NO,~ detec-
tion, cells were treated with 50ng/mL of LPS for a period of
0-48h.

4. Results and discussion

Recent advances in the development of amperometric biosen-
sors became possible with the discovery that pyrrole can be
electrochemically polymerized to give microporous structure for
enhanced loading of enzymes (Mesaros et al., 1998) and CNT
for their high conductivity, mechanical strength, large surface
area and promoter of electron transfer process (Gong et al.,
2005). Here, we have attempted to entrap CNT followed by
SOD1 in the highly porous PPy matrix on the electrode surface
without SOD1 denaturation. Further, the CNT-PPy nanocom-
posite retained the conductivity and electrocatalytic properties
of the CNTs for electroanalytical applications. Similar to CNT,
CNT-PPy nanocomposite has facilitated the direct electron trans-
fer between the active site of SOD1 and the base electrode and
also enhanced the loading of SOD1 to achieve high sensitivity for
simultaneous determination of O,*~ and NO,~ levels in biological
samples.

4.1. Electrochemical characterization of SOD1-CNT-PPy-Pt
electrode

Figure S1 (See Supplementary Data) shows the typical CV
of modified electrodes in 0.1 M PBS at pH 7.0. There were no
peaks obtained on the CV range from —0.6 to +1.0V at scan
rate of 50mVs~! in PPy-Pt (Fig. S1a) and CNT-PPy-Pt electrodes
(Fig.S1b). The CV of SOD1 immobilized in both PPy-Pt (Fig. S1c) and
CNT-PPy-Pt electrode (Fig. S1d) exhibited quasi-reversible peaks
with a formal potential of +0.065V vs. Ag/AgCl. The formal redox
potential of the Cu(I/II) complex moiety of SOD1 thus obtained is in
agreement with the SOD1 observed in solution (data not shown)
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and also with the previously published data for SOD1 (Ohsaka
et al,, 2002). The SOD1-CNT-PPy-Pt electrode (Fig. S1d) exhib-
ited a twofold increase in current than that of SOD1 immobilized
on PPy-Pt electrode (Fig. S1c). These results clearly demonstrate
that the CNT-PPy nanocomposite well promoted the direct elec-
tron transfer between the SOD1 enzyme and Pt electrode and also
provided the effective loading of SOD1. The well-defined quasi-
reversible redox peaks due to the SOD1 and the current observed
were stable; for instance, it remained essentially unchanged when
the potential scan was repeated at 50 mV s~! for 10 min. These data
clearly suggested that the observed redox response is ascribable to
the SOD1 confined on the CNT-PPy-Pt electrode.

The morphologies of CNT-PPy-Pt, PPy-Pt and bare Pt elec-
trodes were investigated by SEM. The obtained morphological
changes of the modified electrodes are exhibited in Fig. 1(a)-(d).
In Fig. 1(b), the typical highly porous morphology of PPy on Pt
electrode surface is shown. This high porous PPy matrix provided
much larger surface area to entrap more CNT and SOD1 at the
electrode surface. The incorporation of CNT in PPy film further
exhibits highly microporous structure (Fig. 1c) thus increasing
the effective surface area of the conducting polymeric film for
SOD1 immobilization. The surface coverage of electroactive SOD1
in CNT-PPy nanocomposite is 1.26 x 10~2 mol cm~2. This reveals

+065

+035 - ¢

+005 77

-025 -+

Current / pA

-055 +

-085 4

1 1 1
-0.2 0.2 0.6 1.0
E /V vs. Ag/AgCI

-0.6

+020

-015 -

Current / pA

-050 4

i I L}
-0.2 0.2 0.6 1.0
E /V vs. Ag/AgCI

-0.6

Fig. 2. (A) CVs obtained at SOD1-CNT-PPy-Pt and CNT-PPy-Pt electrodes (dotted)
in the absence (a and c); (solid) in the presence (b and d) of 500 M KO, solution in
0.1M PBS (pH 7.0) containing 100 wM DTPA; scan rate: 50 mVs~!. (B) Influence of
CNT on the amperometric response of (a) SOD1-PPy-Pt and (b) SOD1-CNT-PPy-Pt
electrodes to 250 .M KO, solution at scan rate of 50mVs~! in 0.1 M PBS (pH 7.0)
containing 100 wM DTPA.

that SOD1 is more effectively loaded on CNT-PPy nanocomposite
electrode compared to PPy matrix.

4.2. Electrochemical response to 05~

Fig. 2(A) compares the CV obtained at the SOD1-CNT-PPy-Pt
and CNT-PPy-Pt electrodes in 0.1 M PBS (pH 7.0) in the absence
and presence of O,°~. Here, KO, was used to generate O,°.
Fig. 2(A, a and c) shows the CV response of SOD1-CNT-PPy-Pt
and CNT-PPy-Pt electrodes in the absence of O,°*~. In the pres-
ence of 0,°~, a significant increase in both the anodic and cathodic
peak currents corresponding to the redox reaction of the SOD1 on
the electrode is seen (Fig. 2A, b). Also the quasi-reversible peaks
of SOD1 become reversible. However, such a redox response was
not observed at the CNT-PPy-Pt electrode containing no SOD1 in
the presence of O,°~ (Fig. 2A, d). This suggests that the current
response is due to the electrocatalytic redox reaction of O,*~ with
SOD1. Further, the observed current response due to only O,°~ is
evidenced from the fact that the external addition of 5 WM of SOD1
to the solution decreased the anodic and cathodic peak by 95%,
because SOD1 effectively scavenged O,°~ (data not shown). The
obtained increase in the currents of anodic and cathodic peaks of
the SOD1 immobilized in CNT-PPy-Pt electrode can be represented
in Scheme S1(B) (See Supplementary Data). The bifunctional elec-
trocatalytic activity of SOD1-based biosensor is effectively based
on the inherent specificity of the SOD1 enzymes which catalyzes
the dismutation of O,*~ to O, and H,0>, via a cyclic redox reaction
of its Cu(I/I) complex moiety (Scheme S1B). The following mecha-
nism may explain the enhanced anodic oxidation current observed
in Fig. 2(A).

SODI-Cu(l)— ¢ — SODI-Cu(Il) (1)
SODI-Cu(Il) + O, — SODI-Cu(l) + O, )

Similarly, the reduction current was enhanced in the cathodic
scan according to the reactions

SODI1-Cu(ll) + & — SODI-Cu(l) (3)
SODI-Cu(l) + O," +H' — SODI1-Cu(Il) + H,O, (4)

Fig. 2(B) shows the effect of CNT on the current response of the
biosensor to O,°*~. The CNT modified electrode exhibited a four-
fold increase in the amperometric response in the presence of 0,°~
compared to the electrode without CNT.

4.3. Electrochemical response to NO;~

Recently, nitrite reductase, hemoglobin, and myoglobin have
been widely used for NO,~ biosensors (Wu et al., 1997; Yang et
al., 2005; Astier et al., 2005; Sun et al., 2009). The electroreduc-
tive reactions of NO,~ in these biosensors gave NO as a product
causing interference by its reaction with oxygen. Hence, the anodic
NO,~ oxidation method using the nitrite oxidase activity of SOD1
was used here for the determination of NO,~. The nitrite oxi-
dase activity exhibited by SOD1 is shown in Fig. 3(A). The CVs of
the SOD1-CNT-PPy-Pt and CNT-PPy-Pt electrodes in 0.1 M PBS in
the applied potential range from —0.6 to +1.0V at a scan rate of
50mV s~! in the absence of NO, ~ are displayed in Fig. 3(A, a and c).
Upon addition of 100 wM of NO,~ into the 0.1 M PBS, a new irre-
versible anodic oxidation peak appeared at about +0.68 V (Fig. 3A,
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Fig. 3. (A) Typical CV response of SOD1-CNT-PPy-Pt and CNT-PPy-Pt electrodes
(dotted) in the absence of (a) and (c); (solid) in the presence of (b) and (d) of
250 uM NO,~ solution in 0.1 M PBS (pH 7.0) containing 100 wuM DTPA; scan rate:
50mVs~! vs. Ag/AgCl. (B) Influence of CNT on the amperometric response of (a)
SOD1-PPy-Pt and (b) SOD1-CNT-PPy-Pt electrodes to 500 wM NO,~ solution at
scan rate of 50mVs~! in 0.1 M PBS (pH 7.0) containing 100 wM DTPA.

b), which may be attributed to the oxidation of NO,~ to NO3~. But,
without SOD1 in the modified electrode under the same condition
in the presence of NO,~, there was only a very small change at
about +0.7 V observed (Fig. 3A, d). This study clearly demonstrates
the electrocatalytic anodic oxidation of NO,~ to NO3 ~ exhibited by
SOD1 immobilized on CNT-PPy-Pt and the equation of electrode
reaction can be described as follows:

NOz_-‘erO — NO3_+2H++26_ (5)

The effect of CNT on the current response due to NO,~ is
shown in Fig. 3(B). It exhibits a remarkable increase in the amper-
ometric response from the modified electrode consisting of CNT
when compared to the electrode without CNT. Further with NO,~
(100 wM), the increase in the anodic oxidation current observed at
the SOD1-CNT-PPy-Pt electrode was fivefold greater than that of
the CNT free SOD1-PPy-Pt electrode (Fig. 3B). It is clearly evident
that the CNT-PPy nanocomposite facilitated the direct electron
transfer between SOD1 and the base electrode.

4.4. Linearity, stability, reproducibility and selectivity

Typical CVs obtained for several concentrations of KO, in
0.1 M PBS were measured using the O,°~ biosensor at 50mVs~!
and are shown in Fig. 4(A). The observed cathodic currents vs.

0,°~ concentrations are plotted as shown in Fig. 4(B). The cal-
ibration curve for SOD1-CNT-PPy-Pt electrode thus obtained
exhibits a linear range for the O,°~ concentrations from 0.1 to
750 WM (% =0.9948) with a detection limit of 0.1+ 0.03 uM and
sensitivity of 0.19 + 0.003 A wM~! cm—2. Without CNT, the sen-
sitivity of SOD1-PPy-Pt electrode for O,*~ determination is only
0.016 +0.005 pA uM~1 cm~—2. Recently, we also reported the elec-
trochemical determination of O,°*~ using SOD1 immobilized on
self-assembled cysteine monolayer on gold nanoparticles in PPy
matrix on Pt electrode (Rajesh et al., 2010). However, the present
SOD1-CNT-PPy-Pt electrode exhibited excellent electroanalyti-
cal performance, for instance, wider linear detection range and
high sensitivity compared to the other reported O,°*~ biosensors
(Table S1) (See Supplementary Data).

Fig. 5(A) displays the typical catalytic current response at the
SOD1 immobilized CNT-PPy-Pt electrode with the increase in the
concentration of NO,~ at 50mVs~!. A progressive increase in the
current response was observed at +0.68V with the increase in
the concentration of NO,~ from 0 to 2000 wM as shown in inset
Fig. 5A. The anodic oxidation peak currents measured at the mod-
ified electrode were almost linearly related to the concentration
of NO,~ in the range of 0.5-2000 wM and the detection limit was
0.5+0.025 wM, with a sensitivity of 0.2+0.002 pA M~ cm—2.
Without CNT, the SOD1-PPy-Pt electrode exhibited low sensitivity
(0.012+0.003 pA WM~ cm~2) for NO,~. The characteristic of the
present NO,~ biosensor along with the other reported modified
electrodes for comparison are listed in Table S2 (See Supplemen-
tary Data). It reveals that the detection limit and the sensitivity of
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Fig. 5. (A) CVs of SOD1-CNT-PPy-Pt electrode in 0.1 M PBS containing (a) control,
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taneous electrochemical response of SOD1-CNT-PPy-Pt electrode on (a) control,
(b) 50 wM 02~ +100 M NO,~, (c) 300 M O,*~ +250 uM NO>~, and (d) 550 uM
0,°~ +600 WM NO;~ at scan rate of 50mVs~'.

the SOD1 modified electrode are much better than other modified
electrodes (Table S2). The data suggests that the SOD1 immobi-
lized CNT-PPy nanocomposite based biosensor could be potentially
used for monitoring the concentration of NO,~ sensitively and
selectively. The reproducibility of the present method for the
determinations of O,*~ and NO,~ were investigated in 0.1 M PBS
containing 100 wM O,*~ and 50 M NO,~ by repetitive determi-
nation of O,*~ and NO,~ in triplicate. The results showed good
reproducibility of the modified electrode, with a relative standard
deviation of 3.8% and 3.2% for O,*~ and NO,~ respectively. For
studying the stability of the biosensor, the anodic and cathodic
responses for O,*~ and NO,~ were recorded three times daily and
the current responses were found to be constant for at least 30 days.
The good analytical properties of the biosensor, such as low detec-
tion limit, long term stability, and high sensitivity, eventually have
shown a great promise for simultaneous measurement of 0,*~ and
NO,~ in biological samples.

4.5. Simultaneous determination of O,*~ and NO,~
Fig. 5(B) exhibits the CVs obtained by simultaneously increasing

the concentrations of O,*~ from 0 to 550 uM and NO,~ from 0 to
600 WM. From the results, it is clearly obvious that increases in the

anodic/cathodic peak currents at the potential of +0.1V/-0.035V
due to 0,°*~ and anodic peak current at the potential of +0.68 V due
to NO,~ were observed with the increasing 0,°*~ and NO; ~ concen-
trations. The selective electrocatalytic reactions of SOD1 with O,*~
and NO,~ perhaps explained due its narrow positively charged
active site channel (Scheme 1). These data clearly demonstrates
that O,°~ and NO, ™ levels were simultaneously determined using
the SOD1 immobilized on CNT-PPy nanocomposite electrode.

4.6. Measurement of O,*~ and NO,~ released from MCF-7 cancer
cells

Earlier it has been shown that NO,~ a stable end product of
NO, and O,°~ are generated by breast cancer cells when exposed
to HMG-CoA reductase inhibitors (Kotamraju et al., 2007). In this
study, we attempted to measure NO,~ and O,°~ simultaneously
by using our newly developed biosensor in MCF-7 cells stimu-
lated with LPS. Figure S2 (solid line) (See Supplementary Data)
shows the simultaneous amperometric monitoring of O,*~ and
NO,~ release from LPS treated MCF-7 cancer cells. After 24h
stimulation by 50 ng/mL of LPS, the cathodic peak current at the
potential, —0.035V for 0,°~ and the anodic peak current at the
potential, +0.68V for NO,~ were clearly seen. However at 48h
duration, the peak current due to O,°~ increased but the peak
current due to NO,~ remained constant. The O,°~ (0.1 +0.02 wM)
and NO,~ (4.2+0.015 M) levels generated from the stimulated
cancer cells at 48h were determined from the calibration plots
(Figs. 4B and 5A inset) which are in agreement with the reference
methods (Kotamraju et al., 2007; Wang et al., 2004).

5. Conclusions

We report here for the first time SOD1 immobilized on CNT-PPy
nanocomposite based biosensor for the simultaneous detection and
measurement of 0,°~ and NO, ~ using its superoxide dismutase and
nitrite oxidase activities. This study demonstrates that CNT-PPy
nanocomposites enhanced the loading as well as promoted the
direct electron transfer process between the active site of SOD1
and the base electrode resulting in very high sensitivity and long
term stability due to its biocompatibility. The synergistic effect of
nanocomposite containing PPy and CNT resulted in superior elec-
trochemical determination of O,*~ and NO;~ in comparison to the
other biosensors. This study has further demonstrated that simul-
taneous monitoring of 0,°*~ and NO,°*~ generated from cell culture
model systems could be achieved in real time using the direct elec-
trochemical biosensor system.
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