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Abstract A novel and sensitive biosensor was developed for
the determination of nitrite. Firstly, multi-walled carbon
nanotubes–poly(amidoamine)–chitosan (MWNT–PAMAM–
Chit) nanocomposite along with the incorporation of DNA
was used to modify the glassy carbon electrode. Then the
immobilization of Cyt c was accomplished using electro-
chemical deposition method by consecutive cyclic voltam-
metry (CV) scanning in a neutral Cyt c solution. CV
behaviors of the modified electrodes showed that the
MWNT–PAMAM–Chit nanocomposite is a good platform
for the immobilization of DNA and Cyt c in order, at the
same time, an excellent promoter for the electron transfer
between Cyt c and the electrode. At high potential, the
immobilized Cyt c could be further oxidized into highly
reactive Cyt c π-cation by two-step electrochemical oxida-
tion, which could oxidize NO2

− into NO3
− in the solution.

Therefore, a nitrite biosensor based on the biocatalytic
oxidation of the immobilized Cyt c was fabricated, which
showed a fast response to nitrite (less than 5 s). The linear
range of 0.2–80 μM and a detection limit of 0.03 μM was
obtained. Finally, the application in food analysis using
sausage as testing samples was also investigated.
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Introduction

It is important to study the electrochemical behavior of Cyt
c because of its critical role in the biological respiratory
chain. A lot of compounds have been found to promote the
electron transfer between Cyt c and electrode because it is
difficult for Cyt c to undergo a facile redox process at
conventional electrodes [1, 2]. Recently, more and more
attention has been focused on the fabrication of Cyt c
modified electrode, and the application of those Cyt c
modified electrodes was no longer limited to the detection
of hydrogen peroxide (H2O2). A mass of studies have
reported its application in the determination of nitric oxide
[3], nitrite [4, 5], superoxide radical anion [6], and so on.

Nitrite, which is usually used as preservative, exists widely
in water, food, and physiological systems. But it is found that
the nitrite anion can easily interact with amines to form
carcinogenic nitrosoamines [7]. So it is necessary to develop
effective methods for the determination of nitrite for
environmental reason and human health. Nowadays, many
methods such as spectroscopic analysis [8], capillary
electrophoresis [9], polarographic analysis [10], chromatog-
raphy [11], and electrochemical methods [12–14] have been
developed for the nitrite determination. Among them, the
electrochemical methods, especially electrochemical biosen-
sors, possess a lot of advantages such as rapid response, high
sensitivity, low-cost, time-saving, and simple use. Therefore,
much attention has been focused on the development of
high-performance nitrite electrochemical biosensors. Most
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nitrite biosensors were attributed to the catalysis of proteins
for the reductive reaction of nitrite which is complicated and
the products are complex [15–17]. However, a new kind of
nitrite biosensor was reported lately which was based on the
Cyt c modified electrode for electrochemical oxidation of
nitrite [4]. The immobilized Cyt c could be further oxidized
at high potential, and the resulted high reactive Cyt c π-
cation could oxidize NO2

− into NO3
− in the solution.

Poly(amidoamine) (PAMAM) dendrimers, in which the
amino groups with high density are easily functionalized by
other substances, exhibit good chemical properties, and
spherical morphologies [5]. The fourth (G4; Scheme 1) or
higher generation PAMAM dendrimers are approximately
spherical molecules. In our previous reports [18, 19], the G4
PAMAM dendrimers was proved to be good for DNA
immobilization because of its abundant amino groups, good
biocompatibility, and quite open spherical 3D structures at
high generation [20]. In view of that, DNA-modified electrode
has been proven to be seized of the ability to immobilize Cyt c
[21, 22], and the capacity to immobilize DNA will direct
influence the accuracy and sensitivity of the obtained Cyt-c-
modified electrode. PAMAM dendrimers could act as a good
platform for the DNA immobilization and further for the
electrochemical deposition of Cyt c in the solution.

Carbon nanotubes (CNTs) are hexagonal networks of
carbon atoms with a large delocalized π-π conjugate
electron structure forming seamless cylinders [23]. CNTs
possess many unique properties such as nanometer size,

catalytic activity, excellent chemical, and physical stability,
showing great promise of developing and application
nanocomposites in various fields especially electroanalysis
[24]. Chitosan (Chit), the main component of the shell of
shrimps, crabs, and insects, has not only hydrophilic and
hydrophobic groups but also complex groups such as –NH2

and –OH [25]. It has been widely used as the modifying
reagent to prepare chemically modified electrode.

In this study, G4 PAMAM dendrimers and multi-walled
carbon nanotubes (MWNT) were dispersed in 0.2 wt.% Chit
solution to give MWNT–PAMAM–Chit nanocomposite. The
resulting nanocomposite along with the incorporation of
DNA and Cyt c was firstly used to modify the glassy carbon
electrode (GCE). The redox behavior of Cyt c, the
electrochemical response of the modified electrode to nitrite
and its application in food analysis were detailed herein.

Experimental

Reagents

Chitosan was obtained from Aldrich and a 0.2 wt.%
chitosan solution was prepared by dissolving chitosan in
1 wt.% acetic acid solution. Horse heart Cytochrome c (Cty
c, MW 12384) and DNA (Calf Thymus) were purchased
from Sigma and used without further purification. One
millimolar Cyt c stock solution was prepared by 0.1 M pH
7.0 phosphate buffer solution (PBS), which was prepared by
mixing the stock solutions of Na2HPO4 and NaH2PO4, and
stored at a temperature of 4 °C. DNA stock solutions
(100 ppm) were prepared with TE solution (10 mM Tris–
HCl, 1 mM EDTA, pH 8.00) and kept frozen. G4 PAMAM
(Scheme 1) [26] dendrimers were synthesized according to
the reported procedure [27, 28]. A methanol solution of 20%
G4 PAMAM dendrimers was purified by dialyzing. MWNT
were purchased from Nachen S&T Ltd (Beijing, China) and
treated according to reported procedure [29]. N-hydroxysul-
fosuccinimide (NHS) and 1-[3-(dimethylamino) propyl]−3-
ethylcarbodiimide hydrochloride (EDC) were obtained from
Fluka. All other materials were of at least analytical grade
and used without further purification. Doubly distilled and
deionized water was used throughout this work.

Preparation of the modified electrodes

Before modification, the bare GCE was polished to a mirror-
like surface with 0.05 μm Al2O3 slurry, then rinsed with
water, ultrasonicated in 1:1 (v/v) HNO3, ethanol, and doubly
distilled water, respectively. It was dried under the stream of
high purity nitrogen for further use. MWNT, 0.1 mg, and
50 µL solution of 20% PAMAM dendrimers in methanol
were homogeneously dispersed in 1 ml 0.2 wt.% chitosan

Scheme 1 Schematic drawing of the molecular structure of the G4
PAMAM dendrimer
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solution at room temperature with the aid of ultrasonic
agitation. Then 7.5 µL of the resulting mixture was firstly
dropped onto the cleaned GCE surface to obtain MWNT–
PAMAM–Chit/GCE. Secondly, 5 µL of the DNA stock
solutions (100 ppm) was dropped onto the MWNT–
PAMAM–Chit/GCE surface, which was treated with
0.4 mM EDC–0.1 mM NHS, and reacted for 2 h to give
DNA/MWNT–PAMAM–Chit/GCE. Finally, to immobilize
Cyt c onto the above electrode, the electrochemical
deposition of Cyt c was performed in 0.1 M pH 7.0 PBS
solution containing 0.1 mM Cyt c by consecutive CVover a
suitable potential region of −0.1 to 0.6 V. The electrode
referred in the text as Cyt c/DNA/MWNT–PAMAM–Chit/
GCE was obtained and preserved in a refrigerator at 4 °C
after being washed with 0.1 M pH 7.0 PBS solution.

Electrochemical measurements

All the electrochemical measurements were performed by
using a CHI 832a electrochemical workstation (Chenhua
Co., Shanghai, China) at room temperature. A conventional
three-electrode system was used in the measurements with a
saturated calomel electrode as the reference, a Pt wire as the
auxiliary electrode, and a bare or a modified electrode as
the working electrode. CV was conducted in 5 mM K3Fe
(CN)6 solution and 0.1 M pH 7.0 PBS containing NaNO2

with different concentrations.

Determination of nitrite in food samples

The sausage, used as the testing samples in food analysis,
were bought in a local supermarket and pre-treated as the
reported procedures [30].

Results and discussion

Cyclic voltammetric behaviors of the modified electrodes
in K3Fe(CN)6 solution

Cyclic voltammetric method was carried out in 5 mM
K3Fe(CN)6 solution to investigate the changes on the
electrode surface aroused from every surface modification
step as shown in Fig. 1. The anodic and cathodic peak
currents of the four electrodes were also shown in the
insert. The peaks of the bare GCE (Fig. 1a) at 0.19 and
0.27 V were attributed to the oxidation and reduction of
Fe(CN)6

3−/Fe(CN)6
4−, respectively. Compared with bare

GCE, both oxidative and reductive peaks of PAMAM–
MWNT–Chit nanocomposite modified electrode enlarged
dramatically (Fig. 1b). This phenomenon may be noted
that: (1) the Fe(CN)6

3−/Fe(CN)6
4− could be strongly

attracted by the amino groups of MWNT–PAMAM–Chit

nanocomposite on the electrode surface and (2) the
electrochemical reactions could be greatly catalyzed by
MWNT contained in PAMAM–MWNT–Chit nanocompo-
site. However, the peak currents of DNA/MWNT–
PAMAM–Chit/GCE reduced a lot as shown in Fig. 1c,
which indicated that DNA had been successfully immobi-
lized on the electrode surface, because the negatively
charged phosphate groups of DNA will block the
electrochemical reactions on the electrode surface. As
presented in Fig. 1d, the peak currents increased obviously
when the electrode was finally modified with Cyt c.
Because the positively charged lysine residue of Cyt c
could provide a better platform for the electrochemical
reactions of Fe(CN)6

3−/Fe(CN)6
4− than that of DNA,

which is in close accord with the previous report [5]. It
appeared that Cyt c was immobilized on the DNA/
MWNT–PAMAM–Chit/GCE.

Electrochemical behavior of Cyt c on modified electrodes

Figure 2 showed the CVs of Cyt c on different modified
electrodes in 0.1 M pH 7.0 PBS at 0.05 V s−1. Cyt c/DNA/
GCE (Fig. 2a) did not show any peaks since it is difficult
for Cyt c to undergo a facile redox process at DNA-
modified GCE. Compared with Cyt c/DNA/Chit/GCE
(Fig. 2b), a pair of clear redox peaks of Cyt c/DNA/
PAMAM–Chit/GCE appeared in Fig. 2c, which could be
interpreted as the abundant amino groups of PAMAM
dendrimers, provided more binding sites for the immobili-
zation of DNA and finally the fixation of Cyt c. It is worth
pointing out that PAMAM–MWNT–Chit nanocomposite

Fig. 1 CVs of the GCE (a), MWNT–PAMAM–Chit/GCE (b), DNA/
MWNT–PAMAM–Chit/GCE (c), and Cyt c/DNA/MWNT–PAMAM–
Chit/GCE (d) in 5 mM K3Fe(CN)6 solution at 0.1 V s−1; insert the
anodic and cathodic peak currents (ip) of the four curves
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was used for the electrode modification (Fig. 2d), the peak
currents were about three times than that of Cyt c/DNA/
PAMAM–Chit/GCE, indicating that PAMAM–MWNT–
Chit nanocomposite could act as both a perfect platform
for the immobilization of DNA and an excellent promoter
for the electron transfer between Cyt c and the electrode.

Effect of pH value

The effect of the solution pH value on the formal potential
of Cyt c/DNA/MWNT–PAMAM−Chit/GCE was investi-
gated by cyclic voltammetry method. Nearly reversible
voltammograms with stable and well-defined redox peaks
were obtained in the pH range of 5.0∼9.0, and the increase
of solution pH resulted in negative shift of the formal
potential as shown in Fig. 3. A linear relationship was
obtained between the formal potential and pH with the
slope of 28.5 mV pH−1, suggesting that the electrochem-
istry reaction of Cyt c involved a proton process [4]. The
slope is much smaller than the theoretical value (59 mV
pH−1) for the electrons transfer accompanied with an equal
number of protons in electrode reaction, which could be
attributed to the influence of the protonation states of trans
ligands to the heme iron and amino acids around Cyt c, or
the protonation of the water molecule coordinated to the
central iron [5, 31].

Investigation of DNA coverage amount

The full coverage of DNA on the modified electrode
surface was investigated in order to get the optimize
conditions for the electrochemical deposition of Cyt c.
The study was performed by immobilizing different

concentrations of DNA on the surface of MWNT–
PAMAM–Chit/GCE. The obtained DNA modified electro-
des were used for the electrochemical deposition of Cyt c in
the same way. The peak currents of the immobilized Cyt c
on those modified electrodes in the bulk PBS solution was
recorded as shown in Fig. 4. Both the anodic and cathodic
peak currents first increased with the increasing DNA
concentration, and then decreased remarkably beyond
100 ppm, at which the full coverage of DNA was achieved.
As a result of higher quantities of DNA, space steric hindrance
would prevent DNA adsorption on the surface of modified
electrode at higher concentrations [32, 33], and finally
blocked the electrochemical deposition of Cyt c. Therefore,

Fig. 2 CVs of Cyt c/DNA/GCE (a), Cyt c/DNA/Chit/GCE (b), Cyt c/
DNA/PAMAM–Chit/GCE (c), and Cyt c/DNA/MWNT–PAMAM–
Chit/GCE (d) in 0.1 M pH 7.0 PBS at 0.05 V s−1

Fig. 3 Plots of the formal potential of Cytc/DNA/MWNT–PAMAM–
Chit/GCE vs. the solution pH value

Fig. 4 Influence of different DNA coverage amount on the anodic
and cathodic peak currents of the immobilized Cyt c
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this DNA concentration of 100 ppm was suitable for Cyt c
immobilization onto the DNA/MWNT–PAMAM–Chit/GCE.

Effect of scan rate

The effect of scan rates on the voltammetric behavior of
Cyt c was investigated in order to further investigate the
characteristics of the immobilized Cyt c on the modified
GCE as shown in Fig. 5. The cathodic and anodic peak
currents linearly increased with the scan rate (υ) from 0.05
to 0.5 V s−1 (shown in insert a of Fig. 5). In other words,
the current function (ip/υ) had a constant value at different
scan rates, indicating that the electrode reaction of Cyt c
immobilized on the modified electrode was mainly con-
trolled by the surface-controlled processes.

In addition, the oxidation peak shifted to more positive
potentials, while the reduction peak shifted to more
negative potentials with increasing of scan rate. By plotting
Ep vs. logυ, two linear relationships were observed when υ>
0.25 V s−1 as shown in inset b of Fig 5. On the basis of
Laviron’s method [34]: a graph of Ep= f(logυ) yields two
straight lines with a slope equal to −2.3RT/αnF for the
cathodic peak, and 2.3RT/(1−α)nF for the anodic peak,
the charge transfer coefficient, α, was estimated to be 0.59.
The average electron transfer rate constant, ks=1.5 s−1, can
be obtained according to Eq. (1). This ks value is slightly
lower than that of our previous study (2.4 s−1) [5], but it
was higher than that of the first nitrite biosensor based on
Cyt c (1.39 s−1) [4] and other Cyt c modified electrodes
such as Cyt c/Nb2O5 electrode (0.28 s−1) [35] and Cyt c/
NaY/GCE (0.78±0.04 s−1) [36]. It denoted that the bio-
composite film containing MWNT–PAMAM–Chit nano-
composite along with the incorporation of DNA is a good
platform for the immobilization of Cyt c, at the same time,

an excellent promoter for the electron transfer between Cyt
c and the electrode.

logks ¼ a log 1� að Þ þ 1� að Þ loga
� log RT=nFuð Þ � a 1� að ÞnFΔEp=2:3RT ð1Þ

According to Q=nFAΓ, where Q is the charge involved
in the reaction, n is the number of electron transferred, F is
the Faraday’s constant, and A is the electrode area (herein,
the geometric area of GCE is used). The surface coverage
(Γ) of Cyt c immobilized on the surface of the modified
electrode could be calculated to be 8×10−10 mol cm−2,
which was much higher than the theoretical monolayer
coverage of 1.4×10−12 mol cm−2 [37]. Because G4
PAMAM dendrimers are approximately spherical mole-
cules with higher amino group densities, a three dimen-
sional space will be established for the connection
between the positive amino groups of PAMAM den-
drimers and negative phosphate groups of DNA. As a
result, the real area for the immobilization of Cyt c
through electrostatic adherence is much higher than that of
the electrode geometric area for the estimation of surface
coverage.

Biocatalytic oxidation of Cyt c/DNA/MWNT–PAMAM–
Chit/GCE to nitrite

Cyt c modified electrodes have been proven to be good
biosensors for the determination of nitrite based on the
biocatalytic oxidative property of Cyt c to nitrite: ferrous
Cyt c can be oxidized to ferric form at low potential and the
ferric Cyt c can be further oxidized at higher potential into
[Fe4+-Cyt c]·corresponding to step (I) and (II) of Eq. (2),
respectively. [Fe4+-Cyt c]·is a high reactive Cyt c π-cation

Fig. 5 CVs of Cyt c/DNA/
MWNT–PAMAM–Chit/GCE at
different scan rates in 0.1 M pH
7.0 PBS. Scan rates from (a) to
(k) are 0.05, 0.075, 0.1, 0.15,
0.2, 0.25, 0.3, 0.35, 0.4, 0.45,
and 0.5 V s−1, respectively.
Insert of a plots of anodic and
cathodic peak currents (ip) vs. the
scan rate. Insert of b variation of
anodic and cathodic peak poten-
tials (Ep) vs. the logarithm of
scan rate
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possessed the ability to oxidize NO2
− into NO3

− in the
solution (step (III) of Eq. (2)) [4, 5]. In this work, the

oxidation of Cyt c and its biocatalytic oxidative property to
nitrite was studied.

Fe2+ Cyt c                Fe3+ Cyt c [Fe4+ Cyt c]
-e- -2e-

NO2
-NO3

-

(II)(I)

(III)

ð2Þ

Figure 6a showed the result obtained from investigation
of the CVs of Cyt c/DNA/MWNT–PAMAM–Chit/GCE in
0.1 M pH 7.0 PBS. There were two peaks appeared around
0.8 V (peak I) and 1.0 V (Peak II), respectively. Peak I was
attributed to the oxidation of guanine of DNA, and peak II
may be noted as an overlapping oxidation including the
further oxidation of Cyt c and the oxidation of adenine of
DNA according to the previous reports [4, 5, 38]. The
further oxidation of Cyt c was confirmed by the investiga-
tion of the biocatalytic oxidative property of Cyt c/DNA/
MWNT–PAMAM–Chit/GCE to nitrite. As shown in
Fig. 6b(a), the CVs of Cyt c/DNA/MWNT–PAMAM–
Chit/GCE in 0.1 M pH 7.0 PBS containing 2 µM NaNO2

showed an obviously oxidation peak (peak III) at 0.95 V.
What is more, this peak current increased obviously when
the concentration of NaNO2 reached 0.05 mM (curve b),
which was in good agreement with our previous report [5].
Therefore, further oxidation of Cyt c occurred due to the
oxidation of the high reactive Cyt c π-cation to NaNO2 in

solution. It is also important that the peak current was about
ten times than that of the bare GCE (Fig. 6b(c)) indicating
that the modified electrode catalyzed the oxidation of
NaNO2 greatly.

The determination of nitrite was carried out by the
amperometric method on Cyt c/GA/MWNT–PAMAM–
Chit/GCE at 0.95 V upon successive addition of different
concentrations of NaNO2 as shown in Fig. 7a. With the
addition of NaNO2 at regular speed into the gentle stirring
PBS solution, a steady state current could be attained within
less than 5 s, indicating a very rapid response to the change
of NaNO2 concentration. The linear response range of the
biosensor to NaNO2 concentration is from 0.2 to 80 μM.
The detection limit of 0.03 μM obtained at a signal-to-noise
ratio of 3 is much lower than that of other nitrite sensors
and biosensors such as MnO2/QPOE composite electrodes
(0.36 µM) [39], Hb/HS-CdS-modified GCE (0.08 µM) [12]
and Mb-ZnO-modified GE (4 µM) [40], indicating that this
proposed method could potentially be used for monitoring

Fig. 6 a CVs of Cyt c/DNA/MWNT–PAMAM–Chit/GCE in 0.1 M
pH 7.0 PBS at 0.05 V s−1; b CVs of Cyt c/DNA/MWNT–PAMAM–
Chit/GCE in 0.1 M pH 7.0 PBS containing 0.05 mM (a) and 2 μM

NaNO2 at 0.05 V s−1, CVs of bare GCE (c) in 0.1 M pH 7.0 PBS
containing 0.05 mM NaNO2 at 0.05 V s−1

1686 J Solid State Electrochem (2010) 14:1681–1688



of the concentration of NaNO2 sensitively. The lower
detection limit could be ascribed to the high loading of
DNA for the immobilization of Cyt c and the rapid electron
transfer between them.

To investigate the stability and reproducibility of the
biosensor, the bare GCE was modified in the same way for
seven times. The peak currents of the immobilized Cyt c in
0.1 M pH 7.0 PBS and for the determination of NaNO2 at
40 μM showed acceptable reproducibility with RSD of
4% and 5%, respectively. After stored in 0.1 M pH 7.0
PBS at 4 °C for 1 month, the biosensor still retained about
90% of its initial sensitivity for the determination of NaNO2.

The selectivity of the biosensor was studied by investi-
gating the effects of some cations, anions, and small
biomolecules on the current responses of 10 μM NaNO2.
The results showed that 50-folds of K+, Na+, Mg2+, Ca2+,
Zn2+, F−, Cl−, NO3

−,SO4
2−,PO4

3−, and H2O2 and 40-folds
of dopamine, L-tryptophane, uric acid, and glucose had
almost no influences on the determination of nitrite,
indicating that the biosensor had a good selectivity to nitrite.

Determination of nitrite in food samples

In order to examine the possible use of the proposed
electrode in a practical application, experiments were

studied in three sausage samples for determination of nitrite
using the standard addition method. The results were listed
in Table 1. In all cases, the RSD for each sample was less
than 5%. The recoveries for the method were investigated
and the values were obtained to be 101.5%, 100.6%, and
98.9%, respectively. The experimental data indicated that
this proposed electrode could be successfully applied for
the detection of nitrite in real samples.

Conclusions

A biocomposite film containing MWNT–PAMAM–Chit
nanocomposite along with the incorporation of DNA has
been used to modify glassy carbon electrode. Then, Cyt c
was successfully immobilized on the modified electrode to
fabricate a novel biosensor. Cyclic voltammetric method was
also used to investigate the changes on the electrode surface
aroused from every modification step and the influences of
chitosan, PAMAM, and MWNT on the activity of the
immobilized Cyt c. At high potential, the further oxidation
of Cyt c occurred and the obtained Cyt c π-cation could
oxidize NO2

− into NO3
− which made a sensitive response to

the NaNO2 concentration change. The biosensor showed a
good linear range, a low detection limit, good reproducibil-

Sample Content (μM) Added (μM) Found (μM) RSD (%) Recovery (%)

1 1.50 2.50 4.06 4.24 101.5

2 2.20 2.50 4.73 2.12 100.6

3 3.10 2.50 5.54 4.24 98.9

Table 1 Determination of
nitrite in three sausage samples

Fig. 7 a Typical current–time curve of the Cyt c/DNA/MWNT–PAMAM–Chit/GCE upon the successive addition of 0.3, 1, and 10 µM NaNO2

into gently stirred 0.1 M pH 7.0 PBS. Applied potential, 0.95 V; b linear relation between the amperometric response and NaNO2 concentration
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ity, and stability. It has been successfully demonstrated for
detection of nitrite in food material.

Acknowledgments This work was supported by the National
Natural Science Foundation of China (No.20775044) and the Natural
Science Foundation of Shandong province, China (Y2006B20).

References

1. Taniguchi I, Iseki M, Yamaguchi H, Yasukouchi K (1984) J
Electroanal Chem 175:341

2. Taniguchi I, Toyosawa K, Yamaguchi H, Yasukouchi K (1982) J
Electroanal Chem 140:187

3. Koh WCA, Rahman MA, Choe ES, Lee DK, Shim YB (2008)
Biosens Bioelectron 23:1374

4. Geng R, Zhao G, Liu M, Li M (2008) Biomaterials 29:2794
5. Chen Q, Ai S, Zhu X, Yin H, Ma Q, Qiu Y (2009) Biosens

Bioelectron 24:2991
6. ChenXJ,West AC, CropekDM, Banta S (2008) Anal Chem 80:9622
7. Vishnuvardhan V, Kala R, Rao TP (2008) Anal Chim Acta 623:53
8. Wang GF, Satake M, Horita K (1998) Talanta 46:671
9. Kaniansky D, Zelensky I, Hybenova A, Onuska FI (1994) Anal

Chem 66:4258
10. Zhao Z, Cai X (1988) J Electroanal Chem 252:361
11. Ito K, Takayama Y, Makabe N, Mitsui R, Hirokawa T (2005) J

Chromatogr A 1083:63
12. Dai Z, Bai H, Hong M, Zhu Y, Bao J, Shen J (2008) Biosens

Bioelectron 23:1869
13. Chen H, Mousty C, Cosnier S, Silveira C, Moura JJG, Almeida

MG (2007) Electrochem Commun 9:2240
14. Wang Y, Hu S (2006) Biosens Bioelectron 22:10
15. Wu Q, Storrier GD, Parients F, Wang Y, Shapleigh JP, Abruña HD

(1997) Anal Chem 69:4856
16. Yang W, Bai Y, Li Y, Sun C (2005) Anal Bioanal Chem 382:44

17. Li M, He P, Zhang Y, Hu N (2005) Biochim Biophys Acta
1749:43

18. Shi WJ, Ai SY, Li JH, Zhu LS (2008) Chinese J Anal Chem
36:335

19. Zhu X, Ai S, Chen Q, Yin H, Xu J (2009) Electrochem Commun
11:1543

20. Shen L, Hu N (2005) Biomacromolecules 6:1475
21. Wang G, Xu J, Chen H (2002) Electrochem Commun 4:506
22. Chen SM, Chen SV (2003) Electrochim Acta 48:513
23. Tasis D, Tagmatarchis N, Bianco A, Prato M (2006) Chem Rev

106:1105
24. Zeng Y, Tang C, Wang H, Jiang J, Tian M, Shen G, Yu R (2008)

Spectrochim Acta A 70:966
25. Ye X, Yang Q, Wang Y, Li N (1998) Talanta 47:1099
26. Nagatani H, Ueno T, Sagar T (2008) Electrochim Acta 53:6428
27. Tomalia DA, Baker H, Dewald JR, Hall M, Kallos G, Martin S,

Roeck J, Ryder J, Smith P (1985) Polym J 17:117
28. Tomalia DA, Baker H, Dewald JR, Hall M, Kallos G, Martin S,

Roeck J, Ryder J, Smith P (1986) Macromolecules 19:2466
29. Furtado CA, Kim UJ, Gutierrez HR, Pan L, Dickey EC, Eklund

PC (2004) J Am Chem Soc 126:6095
30. Chen X, Wang F, Chen Z (2008) Anal Chim Acta 623:213
31. Yamazaki I, Araiso T, Hayashi Y, Yamada H, Makino R (1978)

Adv Biophys 11:249
32. Erdem A, Pividori MI, Valle Md, Alegret S (2004) J Electroanal

Chem 567:29
33. Lillis B, Manning M, Hurley E, Berney H, Duane R, Mathewson

A, Sheehan MM (2007) Biosens Bioelectron 22:1289
34. Laviron E (1979) J Electroanal Chem 101:19
35. Xu X, Tian B, Kong J, Zhang S, Liu B, Zhao D (2003) Adv Mater

15:1932
36. Dai Z, Liu S, Ju H (2004) Electrochim Acta 49:2139
37. Dickerson RE, Takano T, Eisenberg D, Kallai OB, Samson L,

Cooper A (1971) J Biol Chem 246:1511
38. Ye Y, Ju H (2005) Biosens Bioelectron 21:735
39. Cao X, Wang N, Guo L (2009) Sens Actuators B 137:710
40. Zhao G, Xu J, Chen H (2006) Anal Biochem 350:145

1688 J Solid State Electrochem (2010) 14:1681–1688


	The...
	Abstract
	Introduction
	Experimental
	Reagents
	Preparation of the modified electrodes
	Electrochemical measurements
	Determination of nitrite in food samples

	Results and discussion
	Cyclic voltammetric behaviors of the modified electrodes in K3Fe(CN)6 solution
	Electrochemical behavior of Cyt c on modified electrodes
	Effect of pH value
	Investigation of DNA coverage amount
	Effect of scan rate
	Biocatalytic oxidation of Cyt c/DNA/MWNT–PAMAM–Chit/GCE to nitrite
	Determination of nitrite in food samples

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


