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A method is described for construction of a highly sensitive electrochemical biosensor for detection
of glutamate. The biosensor is based on covalent immobilization of glutamate oxidase (GluOx) onto
polypyrrole nanoparticles and polyaniline composite film (PPyNPs/PANI) electrodeposited onto Au elec-
trode. The enzyme electrode was characterized by cyclic voltammetry (CV), scanning electron microscopy
(SEM), X-ray diffraction (XRD), transmission electron microscopy (TEM), Fourier transform infra-red
spectroscopy (FTIR) and electrochemical impedance spectroscopy (EIS). The biosensor showed optimum
response within 3 s at pH 7.5 (0.1 M sodium phosphate) and 35 °C, when operated at 50 mV s~'. It exhib-
ited excellent sensitivity (detection limit as 0.1 nM), fast response time and wider linear range (from
0.02 to 400 wM). Analytical recovery of added glutamate (5mM and 10 mM) was 95.56 and 97%, while
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Polyaniline within batch and between batch coefficients of variation were 3.2% and 3.35% respectively. The enzyme
Polypyrrole nanoparticles electrode was used 100 times over a period of 60 days, when stored at 4°C. The biosensor measured
Food stuff glutamate level in food stuff, which correlated well with a standard colorimetric method (r=0.99).

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Glutamate (Glu) is one of the 22 amino acids, which are used to
synthesize proteins and takes part in typical metabolic functions
like energy production and ammonia detoxification. Glutamate is
probably best known as “monosodium glutamate (monosodium
salt)” or “MSG” which is employed as a flavor or taste enhancer in
food. It is usually available together with other food additives and
spices in most large food stores, to give a taste known as Umami.
The excessive intake of it simulates glutamate receptors in CNS of
vertebrates & thereby release glutamate from neurons which lead
to neuronal degeneration & cell death beside several neurological
disorders including stroke, epilepsy, Alzheimer’s diseases & Parkin-
son’s disease as well as learning & memory power [1-6]. It has also
beenlinked to Chinese Restaurant Syndrome (CRS)[7], being a com-
mon ingredient of Chinese food [8]. The term “Chinese restaurant
syndrome” is a sudden fall in blood pressure with subsequent faint-
ing after ingestion of very spicy food which is rich in MSG. Hence,
there is need to determine its presence in variety of foods. India’s

* Corresponding author at: Department of Biochemistry, M D University, Rohtak
124001, Haryana, India. Tel.: +91 9416492413; fax: +91 126274640.
E-mail addresses: pundircs@rediffmail.com,
chandraspundir@gmail.com (C.S. Pundir).

0141-0229/$ - see front matter © 2014 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.enzmictec.2014.02.001

Prevention of Food Adulteration Act has set an upper limit of MSG in
food, which is 1% [9]. Different techniques have been developed to
determine Glu, e.g. potentiometric titration [10], chromatographic
[11-15], spectrophotometric [16-18] and fluorimetric [19-22], but
these methods require time consuming sample preparation, costly
equipment and skilled persons to operate. Biosensors overcome
these drawbacks, as these are simple, sensitive, rapid and spe-
cific. Recently biosensors have been improved using combination
of nanomaterials and conducting polymers.

Polypyrrole, obtained by polymerization of pyrrole is a conduct-
ing polymer. The film of polypyrrole is of yellow in color but get
darken in air due to oxidation. Although polypyrrole is an insula-
tor, its oxidized derivatives are good electrical conductor with a
conductivity range of 2-100S cm~! [23]. Nanoparticles of polypyr-
role have shown the higher conductivity when doped with short
alkyl chain than long alkyl chain [24] due to large surface area
for reactions and highly porous in sol form [25,26]. PPyNPs sand-
wiched with core shell Fe30,4 nanoparticles have been recently used
to improve the analytic performance of potentiometric glucose
biosensor [27]. Similarly polyanilne (PANI) is also a polymer of ani-
line, which has been used in biosensor architecture as transducer,
due to its electronic & biomolecular properties [28,29]. The present
work describes a unique approach of immobilizing glutamate oxi-
dase onto PPyNPs/PANI, modified Au electrode and its application
in construction of an amperometric biosensor for the determination
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of L-glutamte. PPyNPs/PANI, based glutamate biosensor is expected
to provide high sensitivity, high biocompatibility, high charge
transfer rate and good stability.

2. Experimental
2.1. Materials

Glutamate oxidase (GluOx) from Sigma-Aldrich, St. Louis, USA, potassium fer-
rocynide (K,Fe;CN;) & potassium ferricynide (K,(FeCN)g-3H,0), aniline, sodium
dodecylsulfate (SDS) ((NH4),S20sg), APS and polypyrrole, and potassium chloride
(KCI), from SISCO Research Lab., Mumbai, India, Glutamic acid & Glutraldehyde from
LOBA cheme. PVT. LTD. Mumbai, were used. Double distilled water (DW) was used
throughout the experimental studies.

2.2. Apparatus used

Potentiostat/Galvanostat (Autolab, model: AUT83785, manufac-
tured by Eco Chemie) with a three electrode system composed of a
Pt wire as an auxillary electrode, an Ag/AgCl electrode as reference
electrode and GluOx/PPyNPs/PANI/Au electrode as a working elec-
trode. Transmission electron microscope (TEM) (JEOL 2100F) and
Scanning electron microscope (SEM) (Zeiss EV040). UV Spectropho-
tometer (Shimadzu, Model 160A), X-ray diffractometer (XRD),
(122 Rigaku, D/Max2550, Tokyo, Japan) Fourier transform infra-red
spectrophotometer (FTIR) (Thermo Scientific, USA).

2.3. Assay of free GluOx

The assay of free GluOx was carried out as described by Satya-
pal and Pundir (1993) [30] with modification. The assay was based
on quantification of H,0,, generated from oxidation of glutamic
acid catalyzed by GluOx, using a color reaction consisting of 4-
aminophenazone, phenol and peroxidase as chromogenic system
[31]. The reaction mixture containing 1.8 ml of sodium phosphate
buffer pH 7.5 (0.1 M), 0.1 ml of L-glutamate solution (1 mM), 0.1 ml
of Glu Ox solution (5U/ml) was incubated at 37 °C for 10 min. One
ml of color reagent was added and incubated it in dark at 37 °C for
20 min to develop the color, Asyg was read and H, 0, concentration
was extrapolated from its standard curve. One unit of enzyme is
defined as amount of enzyme required to catalyze the formation
of 1.0 nmol of H,0; from oxidation of glutamate per min/ml under
standard assay conditions.

Preparation of color reagent: the color reagent was prepared
according to the method of Bais et al. (1980) [30] consisted of 50 mg
of 4-aminophenazone, 100 mg solid phenol and 1 mg horseradish
peroxidase per 100 ml of 0.4 M sodium phosphate buffer, pH 7.0. It
was stored in amber colored bottle at 4°C and discarded after one
week.

2.4. Preparation of PPyNPs

PPyNPs were prepared by microemulsion method [24]. An aque-
ous solution of 0.08 M SDS was prepared & stirred vigorously for
20 min, then pyrrole was added & stirred vigorously for 30 min.
Alcohol was added. After 24 h, excessive methanol was added to
terminate the reaction. The precipitate was centrifuged at 5000 rpm
for 15-20 min, washed it with methanol, DW & finally with acetone.
The PpyNPs were generated, filtered, dried & kept in dessicator.

2.5. TEM of PPyNPs

The morphological characterization of the PPy nanoparticles
was carried out in a Transmission electron microscope, at J.N. Uni-
versity, New Delhi.

2.6. Electrodeposition of PPyNPs/PANI onto gold electrode

The surface of Au electrode (2 cm x 1 mm) was polished man-
ually by alumina slurry (diameter 0.05pwm) with a polishing
cloth, followed by thorough washing with DW and then placed
into ethanol, sonicated to remove adsorbed particles and finally
washed with DW for 3-4 times. Aniline (200 l) and PPyNPs
suspension (200 wl) was added into 25ml of 1M H,SO4 and co-
electropolymerized them onto surface of Au electrode through
cyclic voltammetry in a potentiostat-galvanostat by applying 50
successive polymerization cycles at —0.3 to 0.7V at a scan rate of
20mVs~! (Fig. 1). The resulting PPyNPs/PANI modified Au elec-
trode was washed thoroughly with DW to remove unbound matter
and kept in a dry Petri-plate at 4°C.

2.7. Immobilization of GluOx onto PPyNPs/PANI modified Au
electrode

PPyNPs/PANI/Au electrode was immersed into 1 ml of 2.5% glu-
taraldehyde in 0.05 M sodium phosphate buffer (pH 7.5) for 30 min
& then washed thoroughly in 0.05 M sodium phosphate buffer pH
7.5. The glutaraldehyde activated PPyNPs/PANI/Au electrode was
dipped into 1.5ml of GluOx solution (5U/ml) in 0.1 M sodium
phosphate buffer (pH 7.5) and kept overnight at room tempera-
ture for immobilization. The resulting electrode with immobilized
GluOx was washed 3-4 times with 0.1 M sodium phosphate
buffer, pH 7.5 to remove residual unbound protein. The resulting
GluOx/PPyNPs/PANI/Au electrode was used as working electrode
and stored at 4°C when not in use. This working electrode was
characterized by SEM at different stages of its construction.

2.8. Scanning electron microscopy of Gluox/PPyNPs/PANI/AuE

The SEM images of bare Au electrode, PpyNPs/PANI/Au and
GluOx/PPyNPs/PANI/Au electrode were taken in a scanning elec-
tron microscope (Zeiss EV040) at J.N. University, New Delhi on
commercial basis.

2.9. Construction and testing of glutamate biosensor

An amperometric L-glutamate biosensor was constructed by
connecting with Ag/AgCl as reference electrode, GluOx/PPyNPs/
PANI/AUE (working electrode) and Pt wire as counter electrode
through potentiostat. The CV of this biosensor was recorded in a
25ml of 0.1 M sodium phosphate buffer (pH 7.4) containing 100 .l
of 1mM glutamate in the range of 0.05-0.5V at a scan rate of
50mVs-1.

2.10. Optimization of glutamate biosensor

To optimize working conditions of the biosensor, effects of
pH, incubation temperature, time and substrate (Glutamic acid)
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Fig. 1. Cyclic voltamogram for electrodeposition of PPyNPs/PANI composite film.
Supporting electrolyte: 1M H;S04 solution; scan rate: 20mVs-1.
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concentration on biosensor response were studied. To determine 900 -
optimum pH, the pH was varied between pH 5.5 and 9.5 at an inter- 200 .
val of pH 0.5 using the following buffer, each at a final concentration 200 1

of 0.1 M: pH 5.5 sodium acetate buffer, 6.5-7.5 sodium phosphate
buffers, pH 8.0-8.5 Tris HCl buffer and 9-9.5 sodium glycine buffer.
Similarly to determine optimum temperature the reaction mixture
was incubated at different temperatures (20-50°C) at an inter-
val of 5°C. The effect of glutamic acid concentration on biosensor
response was determined by varying the concentration of glutamic
acid in the range 0.02-1000 WM.

2.11. Application of glutamate biosensor in food stuffs

Food samples (1 ml each) were drawn from ripened tomato,
noodles, and tomato soup. Glutamic acid content in food was deter-
mined by the present biosensor in the similar manner as described
above for its response measurement, under its optimal working
conditions except that glutamic acid was replaced by food sample.
The glutamic acid content in food was interpolated from standard
curve between glutamic acid concentration vs current in A pre-
pared under optimal assay conditions of GluOx/PPyNPs/PANI/Au
enzyme electrode (Fig. 2).

2.12. Interference study

For interference study, following interferents such as citric acid,
ascorbic acid, cysteine, methionine, Lysine, aspartic acid, glucose,
Nad(l, glycine: were added in the reaction mixture individually each
at final concentration of 1 mM. The biosensor response, i.e. current
(A)was measured and compared with that where none was added
(control) and % relative response was calculated considering the
control as 100%.

2.13. Storage stability of GluOx/PPyNPs/PANI/Au electrode

The stability of the working electrode was studied for 4 months
by performing the assay on weekly basis. The present electrode
system was stored in dried condition at 4°C, when not in use.
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Fig. 2. Standard curve for glutamate biosensor for effect of glutamate concentra-
tion on response of glutamate biosensor based on PPyNPs/PANI electrode bound
glutamate oxidase.

3. Results and discussion
3.1. Characterization of PPyNPs

The characterization of polypyrrole nanoparticles was carried
out by recording its UV and visible spectra, X-ray diffraction (XRD)
pattern, transmission electron micrograph (TEM) and Fourier trans-
form infra red spectroscopy (FTIR). The UV and visible spectra
exhibited strong absorbance peak at 440 nm, confirming the syn-
thesis of PPyNPs (Fig. 3A). The XRD patterns of PPyNPs clearly
showed its characteristics peak at (Fig. 3B). No characteristic peaks
of impurities were observed, revealing the high purity of the
PPyNPs. The typical TEM images of PPyNPs nanoparticles showed
the spherical shape of PPy nanoparticles with an average size of
60-90 nm in diameter (Fig. 3C). The peaks at 1550 and 1475 cm™!
corresponded to the stretching vibration of C=C and C—N of PPy
respectively. The peak at 1190 cm~! is attributed to bending vibra-
tion of the pyrrole ring. The bands of C—H and N—H in-plane
deformation vibration are located at 1037 cm~! while the band of
C—H out-of-plane deformation vibration was found at 901 cm~!.
The expected peak of the S=O stretching vibration of SO3- at
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Fig. 3. UV-vis spectra of (A) PPyNPs/PANI, (B) X-ray diffraction (XRD) pattern of PPyNPs/PANI, (C) transmission electron microscopic (TEM) image of PPyNPs/PANI.
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Fig. 4. SEM images of (a) bare Au electrode, (b) PPyNPs/PANI/Au, (c) GluOx/PPyNPs/PANI/Au electrode.

1183 cm! could not be clearly observed due to overlapping with
the pyrrole ring vibration at 1190 cm~! (Fig. 3D).

3.2. SEM studies of Au electrode during its modification

The SEM images of the surface of bare Au electrode, PPyNPs/
PANI/Au electrode and GluOx/PPyNPs/PANI/Au electrode are
shown in Fig. 4(A-C) respectively. The stepwise modification of
electrode could be seen clearly from these SEM images. The SEM
image of the bare Au electrode showed a smooth and feature-
less morphology (Fig. 4A). The PPyNPs/PANI/Au composite film

Ppy + PANI Glutaraldehyde

==

exhibited a net structure. Film was more uniform and porous
(Fig. 4B), hence effective surface area is larger. On immobilization
of GluOx, the globular structural morphology appeared due to the
immobilization of GluOx onto PPyNPs/PANI/Au electrode (Fig. 4C).

3.3. Construction of glutamate biosensor

Fig. 5 summarizes the construction of enzyme electrode based
on covalent immobilization of GluOx on PPyNPs decorated PANI
film electrodeposited onto surface of Au electrode. PANI and
PPyNPs were co-electropolymerised on the surface of Au electrode,

Au Electrode
II{ H
" | oL
%,_\:(_ (:_\'.d.}. ¢l
- ¥
%N =c- ¢-0
H
|
N=C- |
C=0

-

Fig. 5. Schematic representation of chemical reaction involved in the fabrication of GluOx/PPyNPs/PANI/Au electrode.
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Fig. 6. Cyclic voltammetry response of GluOx/PPyNPs/PANI/Au on successive addition of 100 wl (0.5 mM) glutmate in 25 ml 0.1 M sodium phosphate buffer (pH=7.5) at the

different potential at a scan rate of 50 mVs~!.

as this method is easy and the layer thickness could be con-
trolled. To construct the enzyme electrode, GluOx was immobilized
covalently onto PPyNPs/PANI/Au electrode through glutaralde-
hyde coupling. One —CHO group of glutaraldehyde was linked
to —NH, group on surface of enzyme, while other —CHO group
was bound to —NH, group of aniline on PPyNPs-PANI composite
film, which provided physically more stable complex. The CVs of
PPyNPs/PANI/Au exhibited higher currents than PANI/Au revealing
that PPyNPs/PANI/Au composite film, have large effective surface
area than PANI/Au composite film and PPyNPs/PANI/Au compos-
ite film could provide a conducting path through the composite
matrix for faster kinetics. Hence, the PPyNPs acting as electron
transfer mediator help in enhancing the biosensor response and
thus increases its sensitivity.

3.4. Cyclic voltammetric (CV) studies of glutamate biosensor

The maximum current of the biosensor response (inmA)
was observed at —0.130V (Fig. 6) and hence subsequent stud-
ies were carried out at this voltage. Amperometric response of
GluOx/PPyNPs/PANI/Au get increased by the addition of 100 vl
(1 mM) glutamic acid at the applied potential of —0.130V. The
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optimum working potential of present glutamate biosensor was
lower than earlier reported amperometric glutamate biosensor
based on a on a multilayer of polymer films (+0.085V) [35], with
nanocube and nanosphere augmented single-walled carbon nano-
tube networks (0.90V) [41], coupling of GluOx to a copper ion
embedded polyion complex membrane (—0.2V) [43] and func-
tionalized conducting polymer (0.45V) [44]. The lowering of the
working potential in the present biosensor might be due to the
presence of PPyNPs/PANI/Au, which provides an environment for
the enhanced electrocatalytic effect and a fast electron-transfer
rate. The PPyNPs and PANI had a synergistic electrocatalytic effect
toward the oxidation of H,0,, hence contributes to the excellent
performance for the sensor. The existence of PPyNPs and PANI pro-
vides a favorable potential window and electrocatalytic behavior
for the H,0; electron transfer to the electrode (Table 1).

3.5. FTIR spectra
Fig. 7 showed FTIR spectra of PANI/Au electrode (curve i),
PPyNPs/PANI/Au electrode (curve ii) and GluOx/PPyNPs/PANI/Au

electrode (curve iii). FTIR spectra of electrodeposited PANI/Au
showed a band at 3000.17cm~! due to N—H stretching of the
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Fig. 7. FTIR spectra of (i) PANI/Au electrode, (ii) PPyNPs/PANI/Au electrode, (iii) GluOx/PPyNPs/PANI/Au electrode.
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Table 1
Measurement of apparent K, for glutamate and sensitivity of
GluOx/PPyNPs/PANI/Au electrode at different stages of its construction.

S. no. Electrode fabrication App. Km Sensitivity (nA/pwM/cm?)
1 GluOx/PANI/Au 254 42
2 GluOx/PPyNPs/Au 245 432
3 GluOx/PPyNPs/PANI/Au 205 533

benzenoid ring. The peak at 1510.52cm~! is assigned to the
quinonoid ring and 1492.80cm~! is attributed to the benzoid
ring (curve i). FTIR spectra of deposited PPyNPs/PANI/Au electrode
showed bands at 1550 and 1475 cm~! correspond to the stretch-
ing vibration of C=C and C—N of PPy respectively. The peak at
1190cm™! is attributed to bending vibration of the pyrrole ring.
The bands of C—H and N—H in-plane deformation vibration are
located at 1037 cm~! while the band of C—H out-of-plane defor-
mation vibration are found at 901 cm~! at 1360 and 3398 cm™!
due to the presence of C—N bending and N—H stretching vibrations,
respectively (curve ii). The peak at 1762 cm~! is assigned to C—O
stretching, while peak at 1549 cm~! is attributed to amide I group
(C—0 stretching along with N—H deformation mode) as shown in
curve iii. This shows the covalent immobilization of GluOx onto
PPyNPs/PANI/Au electrode.

3.6. Electrochemical impedance measurements (EIS)

Fig. 8 showed electrochemical impedance spectra (EIS)
of (i) bare Au electrode (ii) PPyNPs/PANI/Au electrode and
(iii) GluOx/PPyNPs/PANI/Au electrode in containing 5mM
K3Fe(CN)g/K4Fe(CN)g (1:1) as a redox probe. EIS provided an
effective method to probe electronic features of surface-modified
electrodes. The Rcp values (semicircle diameter) for bare Au
electrode, PPyNPs/PANI/Au electrode and GluOx/PPyNPs/PANI/Au
electrodes were 970 €2, 650 €2 and 757 2 respectively. The Rcr of
GluOx/PPyNPs/PANI/Au (iii) bioelectrode was higher compared
with that of PPyNPs/PANI/Au (ii) electrode. This increase in Rcp can
be attributed to the fact that most biological molecules, including
enzymes, are poor electrical conductors and cause hindrance
to electron transfer. These results also indicate the binding of
enzymes onto PPyNPs/PANI/Au composite.

3.7. Optimization of biosensor

The experimental conditions affecting the biosensor response
were studied in terms of effect of pH, incubation temperature,
time and substrate (glutamate) concentration. The optimum cur-
rent was obtained at pH 7.5, which is near to that of earlier
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Fig. 8. Impedance spectroscopy study of (i) Bare Au, (ii) PPyNPs/PANI/Au, (iii)
GluOx/PPyNPs/PANI/Au in 5mM KsFe(CN)g/K4Fe(CN)s (1:1) as a redox probe.

reported L-glutamate biosensors (Table 2). The optimum tempera-
ture of the present biosensor was at 35 °C which is higher to earlier
reported biosensors but similar to one biosensor (Table 2). The
current response decreased rapidly after 40-50°C due to thermal
inactivation of the enzyme. Hence, the subsequent experiments
were performed at 35 °C. The biosensor showed optimum response
within 3s, which is lower than earlier glutamate biosensors
(Table 2). There was a hyperbolic relationship between biosen-
sor response and glutamic acid concentration range 0.02-1000 M
with the linearity up to 400 WM. The app K, value for the present
enzyme electrode was calculated from LB plot and found to be
205 wM, which is lower than those reported for earlier biosensors
(Table 2).

3.8. Evaluation of biosensor

3.8.1. Linearity

There was a linear relationship between the current (in wA) and
the glutamic acid concentration in the range 0.02-400 uM which
is wider than earlier reported biosensors (Table 1).

3.8.2. Detection limit
The detection limit of the present sensor was 0.1nM (S/N=3)
which is better than earlier reported biosensors (Table 1).

3.8.3. Analytical recovery

The average recoveries of glutamic acid added to food stuff (at
levels of 5 mM and 10 mM) were 95.5 and 97.0% demonstrating the
good reliability of the present biosensor (Table 3).

3.8.4. Precision

Within-sample and between-sample coefficients of variation for
the determination of glutamic acid in food on the same day and after
one week of storage were 3.2 and 3.35%, respectively. These high
precisions highlight the good reproducibility and consistency of the
present method, which may be attributed to the covalent immobi-
lization of glutamate oxidase onto the PPyNPs/PANI/Au electrode.

3.8.5. Application of glutamate biosensor

The L-glutamic acid level in following food stuffs such as tomato,
noodles and tomato soup was measured by the present biosensor
and found to be 256 wM, 312 wM and 365 M respectively (range
256-365 wM). There was a good correlation (r=0.997) between
these values and the values obtained by standard enzymic colori-
metric method (Fig. 9).
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Fig. 9. Correlation between glutamate values measured by enzymic colorimetric
(x-axis) and the current method (y-axis) employing the glutamate biosensor based
on GluOx/PPyNPs/PANI/Au.



Table 2

A comparison of analytical characteristics of various glutamate biosensors.

Properties

(32]

[33]

[34]

[35]

[36]

(9]

(37]

Source of enzyme
Support of
immobilization

Type of transducer

Teflon-coated Pt wire

Amperometric

Streptomyces sp.
Graphite electrode

Amperometric

Nafion film on MnO,
bulk-modified carbon
electrodes

Multilayer of polymer
films

Amperometric

Streptomyces sp.
Polycarbonate membrane

DO metric

Streptomyces sp.
Polycarbonate membrane

DO metric

Pt nanoparticle
modified ordered
three-dimensional gold
nanowire arrays (Pt
NP/NAEs)
Amperometric

Methods for Adsorption Cross-linking Entrapment Entrapment Cross-linking Cross-linking Cross-linking
immobilization

Optimum pH 7.4 - 7.75 7.4 6.0 7.0 74

Temperature - - - 24 25 -

Linearity - 1-250 uM 53-855 uM 0.5-8.0mM 68-1271 uM 0.136-138 uM -

K - - - - - 0.4451 mM -

Detection limit 0.3 uM 0.7 uM 9.12 uM - 68 uM 0.68 uM -

Response time - - - - 120s 120s -

Storage stability - - - 16 days 60 days - -

Application - - - Soy sauce Food samples - -

Properties [38] [39] [40] [41] [42] [6] Present work

Source of enzyme - - - - Streptomyces sp. Streptomyces sp. Streptomyces sp.

Support of Pt electrode modified Tetrafulvalene- N-(3- Networks of SWCNTs Novel glutamate CMWCNT/AuNP/CHIT/Au  PPyNPs/PANI/Au

immobilization

Type of transducer
Methods for
immobilization
Optimum pH
Temperature
Linearity
Km
Detection limit
Response time
Storage stability
Application

with PPy and MWCNT

Amperometric

Up to 140 puM

0.3 uM
7s

tetracyanoquinodimethane

dimethylaminopropyl)-N'-

enhanced with Pd

oxidase integrated into

(TTF-TCNQ) paste

Amperometric
Cross-linking

7.0
25

0.05 mM
20-50s
10 days
Tomato

ethylcarbodiimide
hydrochloride (EDC)

nanocubes and Pt
nanospheres

activated thioglycolic acid

(TGA) self-assembled
monolayer (SAM)

0.1 xM-10.0mM
0.089 pM

Amperometric
Cross-linking

7.4
50nM-1.6 mM

4.6 nM

a redox hydrogel

Amperometric
Cross-linking

7-9

0-500 M
5mM

0.5 uM

10

Amperometric
Covalent

7.5

35

5-500 M
1.6 uM

2s

120 days
Serum

Amperometric
Covalent

7.5

35

0.02-400 M
205 M
0.1nM

3s

60 days

Food stuffs

cMW(CNT, carboxylated multiwalled carbon naotubes; AuNP, gold nanoparticles; CHIT, chitosan; SWCNT, single walled carbon nanotubes; PPyNPs, polypyrrole nanoparticles; PANI, polyaniline.
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Table 3

Analytical recovery of added glutamic acid in the food samples, as measured by
glutamate biosensor based on glutamate oxidase bound to GluOx/PPyNPs/PANI/Au
electrode.

Glutamic acid Glutamic acid % Recovery

added (mM) found (mM)
- 0.153 100
5 4931 95.56 + 2.7
10 9.853 97.0 &+ 3.1
101
100 -
= i
= 99
123
< 98 -
2
g 97 |
%}
& 96 -
X
95 |
94 |
¢ D > e e & > e O & e e
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& g & Q‘}*\ 2 © A
0 QB Q ©
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Interferents

Fig. 10. Effect of potential interferents on response of GluOx/PPyNPs/PANI modified
Au electrode.

3.9. Interference study

Among the various substances tested such as citric acid, ascor-
bic acid, cysteine, methionine, Lysine, aspartic acid, glucose, NaCl,
glycine (each at 1mM), none had practically any interference
(Fig. 10).

3.10. Long-term stability of enzyme electrode

The enzyme electrode lost only 30% of its initial activity after its
100 regular uses over a period of 60 days. These observations indi-
cate the better stability of enzyme electrode than earlier enzyme
electrodes (Table 1).

4. Conclusion

Animproved amperometric bilirubin biosensor was constructed
by immobilizing covalently a glutamate oxidase onto PPyNPs/PANI
electrodeposited onto Au electrode which exhibited relatively
rapid response (3 s), broad linear range (0.02-400 wM), low detec-
tion limit (0.1 nM), good reproducibility and long stability (60 days
at4°Q).
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