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Abstract

An improved and cost-effective method is descrifiedhe construction of a novel electrochemicalskeizsor based on
covalent immobilization of Nitrate reductase (NaRDH) on to carboxylated multiwalled carbon nanotsib-
MWCNT) film electrodeposited over the surface ofmghite electrode. The NaR-NADH/cMWCNT/PG modified
electrode was characterized by scanning electranostopy (SEM) and cyclic voltammetry (CV). A niabiosensor
measured current due to electrons generated at &j@inst Ag/Agcl as reference electrode and platims auxillary
electrode, which is produced from nitrate by imnliabd nitrate reductase. The biosensor showed optimesponse
within 6 sec at pH 7.5 and 35°C temperature. Adinelationship was obtained between a wide nitcatecentration
range (0.1-450uM/L) and current (mA) under optimgonditions. The biosensor showed high sensitivit§.{50
pA/uM/ecm? ),low detection limit (0.5puM) and good storage #iBl§50% over 45 days). The biosensor was evahiiate

and employed for determination of nitrate in serum
Key words:
electrode, electrodeposition.

1. INTRODUCTION

Nitrate is tasteless, colourless and odourlesgpooimd.
The mean concentration of nitrate in blood of Healt
adults varied from 4 to 44 umol/L with a mean of
19.7umol/L, in plasma it is 1.22 mg/L , 0.60 mgfL i
urine and 0.47 mg/L in CSF [1]. An increase in atir
level in biological fluids due to intake of nitratech
food stuffs (vegetables and meat) and water leads t
various health problems. Nitrate determination is
important for evaluation of gastric cancer, prastat
cancer and urinary bladder cancer etc.[2]. Cortiidiou

of nitrate via dietary intake is 70 — 80% and via
drinking water is 20 — 25% [3]. Increased nitraggell

has been shown to be linked to several disordets zsi
thyroid dystrophy[4], methaemoglobinemia (blue baby
syndrome) [5] and decrease in blood pressure inadch
children [6]. Furthermore the elevated level ofrati
result in formation oN-nitroso compounds (NOC), a
class of genotoxic compounds, most of there anmani
carcinogensvhich leads to the development of gastric
cancer, prostate cancer, urinary bladder cancer etc
[7].Hence, the accurate measurement of nitrate is
imperative in human physiology as it provide valeab
information with regard to in vitro nitrate prodig

and prognostic of various disease including oxidati
stress. Various methods have been employed for the
determination of nitrate including colorimetric ags
[8], fluorometry [9], mass spectrophotometry[10],
Chemiluminescence [11], differential pulse voltatmee
[12], and polarography [13]. All of these methods a
very sensitive, reliable, and reproducible, butytlase
very expensive and require time consuming sample
preparation ,unportable and specialized equipments
trained persons to operate. Recently electrochémica

c-MWCNT, Nitrate Reductase, electron transfertrdfé biosensor, current measurement, graphite

biosensor are proved to be a powerful tool for the
measurement of nitrate by providing practical
advantages such as operation stability, low expefise
fabrication, suitability for real time detectioffiast
responsive sensitive, highly specific and accug&tp[

A number of nitrate biosensors have been repored f
determination of nitrate based on immobilization of
nitrate  reductase amperometric as well as
potentiometric onto viologen-polypyrrole film [14],

polythiophene-bipyridinium [15], polyvinyl alcohol
[16],polystyrene-polybutadiene[17], viologen-
acrylamide[18], sol-gel matrix[19], decanethiol

[20],ultrathin film composite membrane [21], cetiak
acetate membrane[22], screen printed electrode, [23]
PPy/NR/NADH layer [24],CNT/PPy film[25],copper,
zinc,superoxide dismutase and nitrate reductasedbas
biosensor [26] and epoxy gold nanoparticles [2i].
these biosensors the immobilized nitrate
reductase(NaR) enzyme brings about the converdion o
nitrate into nitrite given in following reaction ggence.
NO; + NADH + H + 26 NaR N@ + NAD" + H,0

These biosensors need Wﬁovement in narrow linear
concentration range, lack of stability, more inteehce
with sample components, poor sensitivity, low diétec
limits and low reproducibility. Most of these
disadvantages can be overcome by using biocomeatibl
nanomaterials that have opened a bright field td&va
the development of third generation biosensorsdase
direct electron transfer[28]. The use of nanopkasic
has led to the improvement in their stability, raility

and sensitivity.Among these, carbon nanotubes (ENTs
are the promising material for sensing applicatiGhsr
was used as a support for immobilization of nitrate
reductase in nitrate biosensor owing to their gbiid



International Journal of Research in Advent Technology, Vol.3, No.5, May 2015
E-1SSN: 2321-9637

undergo fast electron transfer. Because of the Inove
structural and electronic properties, high chemical
stability, extremely high mechanical stability and
modulus, CNT have found a wide range of potential
applications from structural material to catalygigpport
[28]. In addition of potential electrochemical
application of CNTs its high conductance, tensile
strength and ultra-small size make them potential
nanoparticle for development of effective, low-casd
simple biosensor [29].In current study we descrithes
construction of improved nitrate biosensor by
covalently immobilizing NaR onto carboxylated
multiwalled carbon nanotubes(c-MWCNT)/PG
electrode, its evaluation and its application in
measurement of nitrate in serum.

2. MATERIALS AND METHODS

2.1. Chemicals and nanomaterials

NaR( from Aspergillus flavus) was obtained from
Sigma-Aldrich(USA) , Carboxylated multiwalled
carbon nanotubes (c-MWCNT) (functionalized
MWCNT, 12 walls, 15-3@m length, 90% purity)were
obtained from  Sigma-Aldrich, N-ethyl-N’-(3-
dimethylaminopropyl) carbodiimide (EDC), N-
hydroxysuccinimide (NHS),potassium nitrate ,NADH,
sulphuric acid, hydrochloric acid, sodium carbonate
sodium bicarbonate, tris buffer, potassium di-hgem
phosphate and dipotassium hydrogen phosphate were
purchased from Himedia. Double distilled water (DW)
was used in all experiments.

2.2 Instruments

All electrochemical experiments were performed at
25+1°C using an autolab Potentiostat (Autolab,
model:AUT83785,manufactured by Eco chemie).A
conventional three electrode cell consisting of
enzyme/c-MWCNT/PG, Pt wire as auxillary electrode,
an Ag/AgCl electrode as reference electrode, wasl us

for electrochemical experiments. Spectronic-20D
(Systronics, VIS Double Beam Spectro 1203), Cyclo
mixer (Remi equipment, Mumbai), Temperature
controlled water bath shaker and oven (Remi
equipment, Mumbai), Digital pH meter (335D,

Systronics, Ahemdabad) Refrigerator (LG), elecironi

balance (BSA223S, Sartorious). The morphological
studies were carried out by using scanning electron
microscopy (SEM) on commercial basis.

2.3.Construction of NaR-NADH/cMWCNT modified
pencil graphite electrode

2.3.1 Electrochemical deposition of c-MWCNT on
pencil graphite electrode

One milligram of c-MWCNT was suspended in a 4.0
ml mixture of concentrated 280, and HNQ in a 3:1

ratio and ultrasonicated for 2 hr to obtain a
homogeneous black colored Solution. The dispersed ¢
MWCNT were electrodeposited onto PG electrode
through electropolymerization using a
potentiostat/galvanostat. Prior to electrodepasititne
graphite electrode (1.95 cm x 1 mm) (length x
diameter) were ultrasonicated in 5.0 M HN@nd
acetone for 15 min and then rinsed with DW. For
electrodeposition of c-MWCNT, solution of 1ml c-
MWCNT in 25 ml 0.5M KCL solution were prepared in
a glass cell .The three-electrode system (Grapdste
working electrode, Platinum as counter current
electrode and Ag/AgCl as reference electrode) were
immersed in the electrodepositing solutions, angl th
potential scan was cycled 20 times between 0.1V to
1.5V v/s Ag/AgCl at a scan rate of 50 mMauring the
electrochemical polymerization, the surface of PG
electrode gradually became black, indicating the
deposition of c-MWCNT on the graphite electrodeeTh
PG electrode coated with c-MWCNT was washed with
distilled water and subsequently kept in a desicdar

24 hr at room temperature.

2.3.2 Immobilization of NaR on c-MWCNT fabricated
graphite electrode.

NaR was immobilized covalently onto c-MWCNT
coated PG electrode using EDC-NHS chemistry as
described previously[32] with modifications. Firfiee
and unbound —-COOH groups of c-MWCNT were
activated by immersing them into 0.1 M phosphate
buffer (PB, pH 7.5) containing EDC and NHS of the
same concentration(10mM) and then excess of EDC
and NHS was removed by washing with 0.1 M PB (pH
6.8). Finally, EDC-NHS-treated electrode was
incubated in 0.05 M PB (pH 7.5) containing NaR (1U)
and 1 ml NADH at &C for 6h and then washed with
005 M PB (pH 7.5).The resulting NaR-
NADH/cMWCNT/PG electrode  (i.e. enzyme
electrode)was used as working electrode and stared
4°C when not in use.

2.3.3 Scanning electron microscopy

The working electrode was characterized by scannin
electron microscopy (SEM) at different stages af it
construction.The SEM image of bare PG electrode,c-
MWCNT/PG, and NaR-NADH/c-MWCNT/PG
electrode were taken in a scanning electron miomsc
(Zeiss EV040) at Jawaharlal Nehru university, New
Delhi.

2.3.4. Cyclic voltammetry and testing of nitrate
biosensor

Cyclic voltammetry (CV) of c-MWCNT/PG electrode
with and without NaR was recorded in a potentiostat
from 0.1V to 1.5V versus Ag/AgCl as reference
electrode and Pt. wire as counter electrode in [28m
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0.05 M PB (pH 7.5) containing 0.1 ml of 100 uM
nitrate.

2.4 Optimization of Nitrate biosensor

To determine the optimum pH , the pH of the rieact
buffer was varied between pH 5.0 to 10.0 at terval

of 0.5 pH unit using the following buffer, eachaatinal
conc. of 0.1M; pH 5.0 to 8.0 potassium phosphate
buffer, pH 8.5 to 9.0 Tris-HCI buffer and 9.5 t0.Q0
sodium carbonate/bicarbonate buffer. The response
current in terms of mA was measured. Similarly, to
determine the optimum incubation temperature for
maximum response of the enzyme electrode, the
reaction mixture was incubated at different
temperatures ranging from 20 to 50 °C at 5 °C nmte
and incubation time is studied from 1 to 20s at an
interval of 2 sec. The effect of nitrate concemraton
biosensor response was determined by varying its
concentration from 0.1-1000uM/L. The current
response (in mA) was recorded by applying different
potentials ranging from 0.1V to 1.5V.

2.5 Application of nitrate biosensor in serum samples.
Nitrate content of blood serum was determined by
current biosensor in a similar manner as described
above for its response measurement under its ojptima
working conditions except that solution is repladsd
blood serum samples.

2.6 Storage stability of NaR-NADH/cMWCNT/PG
electrode.

The storage stability of working electrode was &dd
for 45 days by performing the assay on weekly basis
The present electrode was stored in dried condaion
4°C, when not in use.

3. RESULTS AND DISCUSSION
3.1. SEM studies of enzyme electrode

The SEM images of the surface of bare graphite
electrode, c-MWCNT/PG electrode and NaR/c-
MWCNT/PG electrode are shown in Fig.1A-C
respectively. The stepwise modification of elec&od
could be seen clearly from these SEM images. The
SEM image of bare PG electrode showed a smooth
morphology (Fig.1A). c-MWCNT/PG electrode that
reveal the uniform, homogenous and cage like
morphology of the nanostructure of c-MWCNT, which
showed the pore is smaller and denser in c-
MWCNT(Fig.1B). After immobilization of NaR on c-
MWCNT, the morphology of NaR electrode showed the
sporadic appearance of globular/beaded structureaalu
interaction between c¢c-MWCNT/PG electrode and
NaR(Fig.1C),indicating that enzyme was successfully
immobilized on surface of c-MWCNT film.
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Date :30 Aug 2012
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C

Figure 1. Scanning electron microscopy of [A] bare PG
electrode [B] fabricated c-MWCNT [C] immobilized
enzyme onto c-MWCNT deposited on PG electrode

3.2.Construction of nitrate biosensor

Fig. 2 provides the schematic representation of
construction of nitrate biosensor based on covalent
immobilization of NaR on to the c¢-MWCNT,
electrodeposited on the surface of graphite eldetro
First, c-MWCNT was deposited onto PG electrode
using cyclic voltammetry. Second, NaR enzyme was

7
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covalently immobilized on ¢c-MWCNT using EDC-
NHS chemistry. EDC-NHS was used to activate the
free —COOH groups present on c-MWCNT. Fig.3A
represents the cyclic voltagramm of electrodepmsitif
c-MWCNT onto the PG electrode. c-MWCNT acting as
electron transfer mediater, help to increase thesae
response of enzyme electrode and to increase the
sensitivity of the biosensor. Fig.3B representscydic
voltagram of NaR immobilized onto the PG electrode
showing the oxidation peak at 0.6V, at maximum
current. NaR performs the chemical reaction as show
in reaction:-

NO; + NADH + H" + 2¢ Naa NG + NAD" +

PG Flectrode

Enzymefc- MWCNI/ 96 electrode

Figure2.SchematidRepresentation of chemical reaction
involved in the fabrication of NaR-NADH/c-
MWCNT/PG hybrid electrode

Testof cyelic voltammetry
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Figure 3A. Cyclic voltagram of electrodeposited

cMWCNT onto the pencil graphite electrode, in 0.1M
PB buffer (pH 7.5),supporting electrolyte KCL.
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Figure 3B. Cyclic voltagram of immobilization of NaR
enzyme on to the fabricated c-MWCNT PG electrode in
0.1M P.B. buffer (pH 7.5) at 50uM nitrate solution.

3.3 Response measurement of nitrate biosensor

The maximum response was obtained at 0.6V wisich i
lower/better than earlier reported biosensors based
PPy/CNT (0.9Vv) [26] and poly-ortho-
phenylenediamine(-0.32V) [24]. Hence, subsequent
studies were carried out at this voltage. The low
working potential is advantageous because it da¢s n
allow ionization of any compounds. Amperometric
response of NaR-NADH/c-MWCNT/PG electrode was
increased in the addition of 100 pl (0.1 mM) ofrauié
at the applied potential (0.6V). When nitrate wedded
into the buffer solution, the redox current rosepty to
reach a stable value (Fig. 3B). The sensor resmbnde
very rapidly, producing 95% of the steady-staterentr
within 6 s, which is less than that needed foriearl
biosensors based on Poly-ortho-phenylenediamine
(180s)[24], Polypyrrole (4min, 2-4s) [33,34], Redox-
mediator(12s)[30].This faster response can bebated
to the influence of c-MWCNT, which provides an
environment for the enhanced electrocatalytic e
a fast electron transfer rate. The synergistiaigrice of
c-MWCNT and other cofactor contributes to the
excellent performance for the biosensor.

3.4.0ptimization of nitrate biosensor

The biosensor showed the optimal response at pH 7.
which is almost similar to earlier reported biosans
based on pyrolle- pyridinium (pH 7.5) [21] but hagh
than that of biosensor based on poly-ortho-
phenylenediamine and PPy (pH 7.3) [24,33] and
PPy/CNT (pH 7.0) [26] (Table 3). The biosensor
response increases as the incubation temperature
increases upto 35°C, after which it declines rapidl
because of the denaturation of enzyme (NaR). The
optimal temperature of the current biosensor was
comparable to those of earlier nitrate biosensablg@

8
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3). Hence, the subsequent experiments were perfbrme
at 35°C. There was a hyperbolic relationship betwee
biosensor response and nitrate concentration in the
range of 0.1 to 1000uM, and the response was aunsta
after 450uM. The linear plot reveals that enzyme
electrode can work well in nitrate solution with a
sensitivity of 0.050pA/uM/ci

3.5 Evaluation of Biosensor
3.5.1.Linearity

There was a linear relationship between current)(mA
and Nitrate concentration ranging from 0.1 to 450;M
0.1M PB pH 7.5 for NaR enzyme bound electrode as
depicted in Figure 4, which is a better linear mtigan
those of earlier reported biosensor (Table 3).
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#0035
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0.0015
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0 200 400 600 . 8?0
Nitrate concentration (LM)

1000 1200

Figure 4. Linear calliberation plot corresponding to
current response for different nitrate concentregiby
the nitrate biosensor based on c¢c-MWCNT
electrodeposited electrode.

3.5.2.Detection limit

The detection limit of the current sensor was Vb at

a signal to noise ration of 3 (S/N=3), which is wer
lower than previously reported Nitrate biosensaah€é
3).

3.5.3.Analytical recovery

The mean analytic recoveries of exogenously ad8ed
MM/L and 10 pM/L Nitrate in serum (final conc. in
reaction mixture) were 94% and 98 % respectively
demonstrating the satisfactory accuracy and rdifgbi
of the present biosensor (Table 1).

3.5.4 Precision

To check the reproducibility and reliability of the
present Nitrate biosensor, the Nitrate content ref t
sample in one run (Within batch) and after storage
20°C for one week (Between batch) were determined.
The results showed that the nitrate value of these
determination agreed with each other and withirchbat
and between batch coefficient of variation (CVsyave
3.3 % and 2.9 % respectively (Table 2), showing the
good reproducibility and reliability of the method.

Table 1. Analytical recovery of added Nitrate in tle serum samples, as measured by c- MWCNT based Nite

biosensor

Nitrate added(uM/L) Nitrate found(uM/L) Recovery%
5 34.7 94%
10 69.8 98%
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Table 2. Within batch and between batch coefficienof variation for determination of Nitrate in serum samples as

measured by c-MWCNT based nitrate biosensor.

N Nitrate (UM/L) CV %
Within assay (5)
0.4
0.42
0.46 0.434 3.3%
0.48
0.41
Between assay * Nitrate (UM/L) CV%
0.5
0.6
0.55 0.574 29%
0.63
0.59
* Samples were assayed after storage at -20 °Griewveek
3.5.5. Application of Nitrate biosensor
To study the accuracy of the current method, mitrat i / 1[‘19030’(;8%007 3
level in serum sample was determined by the present 154 4

method (y) with those obtained by standard
spectrophotometric method (x) [35]. The value oisdi

by both methods showed a very good correlation of
serum nitrate (r=0.983) with the following regressi
equation: y = 1.033x +0.007 (Fig. 5). These results
show high accuracy of the current method. It proved
that the modified electrode ascertained the pralctic
application of the biosensor in the routine quatitie
analysis of nitrate.

1 /"//
N P

-

method

Nitrate(uML'L) by present

0 02 04 06 08 1 12 14 16 18

spectrophotometric method

Figure 5. Correlation between serum nitrate values

measured by chemical spectrophotometric method (x

axis) and the current method (y axis) employing the

nitrate biosensor based on c-MWCNT electrodeposited
10
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Table 3 Comparison of analytical properties of NaRNADH/c-MWCNT/PG biosensor with earlier reported biosensor.

Property Ref.[14] Ref.[21] Ref.[30] Ref.[31]. Ref.[23] Ref.[24] Ref.[25] | Ref.[26] Ref.[33] Ref.[34] | Current work
Source ofNaR - Aspergillus Pseudomonas - E.coli Aspergillus - Aspergillus| yeast Aspergill| Aspergillus
niger stutzeri niger niger us niger | flavus
Immobilization Polypyrrole- Pyrolle- Redox - Polyvinyl/pyridi - Poly-ortho-| PPYy/CN | PPy/CNT PPy PPy c-MWCNT
support viologen film pyridinium mediator nium/saffaranin. phenylened| T
iamine(o-
PDA)
Type of Amperometric | Amperometri| Amperometric Amperometric Amperome Amperome | Ampero | Amperome | potentiome| potentio | Amperometric
c tric tric metric tric tric metric
Transduce
Working Optimal NR 7.5 NR NR NR 7.3 NR 7.0 7.3 7.3 7.5
pH
Working NR 35°C NR NR NR 32°C NR 30°C 32°C 32°C 32°C
temperature
Working electrode| Glassy carbon | Glassy carbon Graphite Gold electrode Screen platinum graphite Platinum platinum platinum  Graphi
electrode electrod printed
electrode electrode
Response time NR NR 12s NR NR 180s NR NR 4min 2-4s 6s
Linear NR 100uM NR NR 0.5-10mM| 10-500pM NR 500nM- | 100- 50- 0.1-450 uM
concentration range 10mMm 5000uM 5000uM

11
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3.5.6.Sorage and reusability of NaR electrode

The stability of enzyme electrode was investigatiyg
measuring the current response of the biosensay eve
week under its storage at 4°C. The enzyme electrode
maintained 50% of its initial activity even aftes days

of regular 50 uses (Fig. 6), indicating the bestability

of current enzyme electrode than earlier enzyme
electrodes (stability 1-45 days)[14-34].This can be
attributed to covalent immobilization of NaR onte ¢
MWCNT/PG electrode.

120 -

e
o=
(SIS
&

Relative Current
Response{maA)
[=3}
o

0 5 1015 20 25 30 3B 40 4

Storage time (days)

Figure 6. Storage of Nitrate biosensor at 4 °C

4. CONCLUSION

An improved amperometric nitrate biosensor was
constructed by covalent immobilization of NaR-NADH
onto c-MWCNT maodified PG electrode. The biosensor
was highly specific, more rapid (6s response tiama)
sensitive (0.05QA/uM/cm?), with a detection limit of
0.5uM, good reproducibility and high storage siapil
(45 days). It is concluded that c-MWCNT improves th
analytical performance of nitrate biosensor. Basad
these observations, it indicates that the proposed
biosensor has high selectivity to nitrate detection
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