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Impedimetric Urea Biosensor Based on Modified Gold
Electrode with Urease Immobilized on Glutathione Layer
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Abstract: In this work, a glutathione (GSH) modified gold microelectrode was used for the covalent
immobilization of urease biomolecules via the glutaraldehyde-coupling agent. The self-assembled monolayers
(SAMs) onto the gold surface was investigated by using the electrochemical impedance spectroscopy
measurements (EIS). Before urease grafting, a significant interaction was noticed between urea and the
glutathione layer by forming hydrogen bonds. The H-NMR analysis was carried out to highlight the possibility
of having a covalent link between urea and the GSH deposited layer. In addition, contact angle measurements
were carried out to determine the hydrophobic/hydrophilic feature of the modified gold surface electrode.
After urease immobilization a stable and high sensitive impedimetric urea biosensors was obtained with a
sensitivity of 8.73 10-8 Ω-1mM-1 for the low concentrations range and a sensitivity of 7.03 10-9 Ω-1mM-1 for the
high concentrations range. Copyright © 2014 IFSA Publishing, S. L.
Keywords: Glutathione SAMs, Urea-GSH interaction, Urease immobilization, Impedance spectroscopy, Urea
biosensor.

1. Introduction
Some chemical and biochemical target molecules
present a major role in the human life continuity and
have considerable interest in clinical and agricultural
chemistry. When the concentration of these
substances becomes higher than the normal level a
permanent supervision should be established. In fact,
both robust and miniaturized instruments named
enzymatic biosensors are astonishing the researchers
worldwide for the reason that they are required in the
analysis of several biological substrates such as
glucose [1], cholesterol [2], penicillin [3],
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acetylcholine [4], creatinine [5], urea [6], adrenaline
[7], dopamine [8]. As an example, urea is of a
biological interest and is widely found in nature such
as soil [9], milk [10], alcoholic beverages [11] and
urine [12]. Urea is defined as an important label
for evaluating the uremic toxin levels (The normal
level of urea in serum is from 15 to 40 mg/dL).
That’s why its analysis in the human body, in food
chemistry and environment monitoring is getting
bigger importance and urease biosensor is the best
innovation to achieve this aim. Up to now many urea
biosensors were developed including potentiometric
[13], amperometric [14], impedimetric [15],
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2.2. Urease Immobilization and Assembling
of the Biosensor
To enhance the gold surface reactivity towards
glutathione S-H groups the assembling of the
biosensor layer by layer begins by a cleaning step.
OH
C
HN
H C
2

O

C

S

O

HC

C
H2

Au

C

O

CH
O

O

NH2

CH

C
OH

(1 ) (H 2C )3
CH

OH

O

C
2C

O

HN

H

NH2

(2 )
O

C
H 2C

HC

S

NH

Au

Urease

O

H

2C

H

2C

C

CH
O

C
OH

N

C
H

CH

NH2

Urease

48

Urease from jack beans (57 U/mg),
glutaraldehyde and urea were obtained from Sigma.
Glutathione reduced form (GSH) with purity of 98 %
was purchased from Aldrich and was used without
further purification. Other reagents and chemicals
were of analytical grade. A gold electrode made of a
300 nm thick gold film on an insulated silicon
substrate purchased from LAAS-CNRS, ToulouseFrance
was
used
as
working
electrode
(0.078 cm2 geometrical area) and was thoroughly
cleaned by chemical treatment before the surface
modification.

)
(H 2C 3

This enzymatic reaction takes place in a small
zone located in the urease biomolecule called
"pocket" or active site [22]. The latter presents both
physical and chemical complementarities serving
for the specific recognition and the degradation of the
urea respectively. To maintain this specific
characteristic of urease after its immobilization, many
strategies have been investigated based on different
immobilised procedures which contain basically
physical adsorption and covalent attachment
methods. This can be established by making direct
covalent link between urease and the material
transducer support. Otherwise a bifunctional reactive
intermediate
like
glutaraldehyde
[23] and
carbodiimide [24] is extensively used for enzyme
attachment and consequently prevent it from the
chemical and mechanical denaturation. As an
example, glutaraldehyde coupling-agent is so much
used in cooperation with aminothiol [25]
or aminosilane [26] derivatives for the enzyme
attachment. This is due to the specific and
spontaneous reaction between amino (-NH2) and
aldehyd (-COH) groups [27]. Thiol (-SH) terminated
molecules as well bond easily onto metal surfaces
such as platinum and gold [28, 29].
The same for silanol groups which bond onto silicon
dioxide (SiO2) to form nano-structured and thin
organic layer called self-assembled monolayer
(SAM). This assembly is characterized by high
stability and low molecular defect density [30].
For example, self-assembled monolayers of thiolated
molecules are used in the development of different
systems which are important for the enzyme
immobilization. In this work, impedimetric urea
biosensor was investigated being based on the selfassembled monolayer method. Urease biomolecules
were immobilized on gold microelectrode modified
with glutathione reduced form using the
glutaraldehyde reticulation process.
The electrochemical impedance spectroscopy,
H-RMN and contact angle measurements were
carried out in order to characterize the analytical

2.1. Reagents
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functioning and to control the building layer by layer
of the bioarchitecture
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couloumetric [16], piezoelectric [17], optical [18],
conductimetric [19] and thermal [20] methods.
Despite the multitude of these created biosensors, it
still in the area of scientific laboratories but with a
constant hope to be commercialized. Actually, the
major problem which handicaps the electrochemical
success of these biodevices in urea monitoring
depends essentially on the urease biomolecules and
the transducer biocompatibility. This leads to the best
integrity between the basic components of the
biosensor and preserves the enzymatic activity.
No one could deny that urease is a highly specific
enzyme which catalyses the hydrolysis of urea
to ammonium and hydrogenocarbonate resulting
to an increase in pH of the reaction environment
as follows [21].

Fig. 1. Schematic representation of the immobilization of
urease on gold electrode using a SAM of Glutathion
via Glutaraldehyde as coupling agent.

In fact the gold surface being treated using
acetone ultrasonic bath for 10 min, piranha mixture
for 1 min and dried under nitrogen flow at room
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temperature. After the cleaning step the gold
microelectrode was modified by dip-treatment
in
ethanol
solution
containing
10
mM
of glutathione for 3 h.
After the modification step, the microelectrode
was thoroughly rinsed with pure ethanol and
then with water to remove non covalent linked
glutathione molecules. Then, the modified electrode
was exposed to saturated vapors of glutaraldehyde for
1h before to be immersed in the urease solution
(2 mg/mL) for 3h at 4 °C. In fact, glutaraldehyde is a
bifunctional agent containing –COH groups react
immediately with available amino groups leading
to cross linking of glutathione and urease
biomolecules through Schiff bases (–N=CH–). Fig. 1
shows the Schematic representation of the
immobilization of urease on the gold electrode.

3. Results and Discussion
3.1. Investigation of the Hydrogen
Interaction Between the Grafted
Glutathione Layer and Urea Molecules
Electrochemical impedance spectroscopy (EIS)
is becoming a very useful method for modified
solid-liquid
interface
interpretation
[31].
This technique provides much information on the
impedance change of the electrode surface during the
fabrication process. In this report glutathione
modified gold surface was characterized by EIS
measurements towards urea addition.
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2.3.1. Contact-angle Surface and 1H-NMR
Spectroscopy Characterizations
Contact-angle measurements consisted of the
sessile drop method with an apparatus provided by
GBX scientific instrument (Romans, France).
Image of the drop deposit on the modified gold
electrode surface (1 cm2) was recorded by a video
camera and an image-analysis system calculates the
contact-angle (θ) from the shape of the drop.
1
H-NMR spectra were recorded on a Bruker Avance
DPX 250 (250 MHz for the 1H-NMR) as d6-Me2SO
solutions.

2.3.2. Electrochemical Impedance Spectrescopy Measurements
The electrochemical impedance spectroscopy
(EIS) was used to investigate the biosensor response
to urea addition at ambient temperature.
The Urease/Glutathione coated gold microelectrode
was connected to an Autolab PG301 electrochemical
analyzer system (Eco Chemie, Netherlands) with a
FRA2
module.
The
EIS
electrochemical
measurements were performed in a conventional
electrochemical cell containing a three-electrode
system, ensuring stable positioning of the electrodes
and an agitation of the solution.
The modified gold microelectrode was the
working electrode, a platinum wire the auxiliary
electrode and a saturated Ag/AgCl/KCl electrode
served
as
reference
electrode.
Impedance
measurements were performed in the frequency range
from 0.1 to 100,000 Hz with signal amplitude
of 10 mV.
The urea biosensor response were recorded
in 20 mM phosphate buffer solution (pH=7.0)
containing 0.1M of NaCl. All measurements were
performed in a dark Faraday cage.
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2.3. Apparatus
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Fig. 2. Electrochemical impedance spectra of the
Glutathione modified gold electrode in the presence of
different urea concentrations. 20 mM phosphate buffer
containing 0.1 M of NaCl and pH=7.4, applied
potential -0.3 V.

Fig. 2 shows the impedance spectra of the
modified gold microelectrode for different urea
concentrations. The impedance signal has a semi
circle geometrical form for a polarization potential
of -0.3 V. As can be seen, the diameter of the semi
circle decreases when the urea concentration
increases in comparison with the bare gold
microelectrode that shows a negligible response.
This result can be attributed to the interaction
between urea and glutathione through hydrogen
bonds. After the glutaraldehyde reticulation process
the modified gold microelectrode remains sensible
for urea addition in spite of the desactivation of the
glutathione amine groups (Fig. 3).
This residual sensitivity to urea addition can be
attributed to the interaction between urea and the
glutathione nitrogen atoms no involved in the
reticulation process. In a previous work
an astonishing interaction between urea and
glutathione was established. It was demonstrated that
this high interaction played any significant part in the
activity of human synthetic saliva [32]. In Fig. 4 we
proposed a conceptual scheme of the GlutathioneUrea interaction via hydrogen bonds.
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established between urea and glutathione.
We conclude that urea interacts with glutathione
through hydrogen bonds and the covalent interaction
was probably absent.
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Fig. 3. Electrochemical impedance spectra of the
Glutaraldehyde-Glutathione modified gold electrode
in presence of different urea concentrations. 20 mM
phosphate buffer containing 0.1 M of NaCl and pH=7.4,
applied potential -0.3 V.
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Fig. 4. A conceptual scheme of the Glutathione-Urea
interaction via hydrogen bonds.
(b)

3.2. Investigation of Chemical Interaction
Between Glutathione and Urea by
1
H-NMR Study
Our work is devoted to immobilize urease on gold
surface modified with glutathione molecules for urea
monitoring. It is known that Glutathione is a
biological compound containing thiol, amine and
carboxylic free groups. As it is shown in Fig. 1 the
thiol groups react spontaneously with the Au surface.
In addition, glutarldehyde as a bifunctional agent
react immediately with the free amine groups
of glutathione and urease biomolecules. The unused
glutathione carboxylic groups remain alert and it can
react with nucleophilic agent like urea in our work.
For this reason nuclear magnetic resonance technique
was carried out to elucidate the possibility
of chemical interaction between urea and
glutathione. In Fig. 5 we report the 1H nuclear
magnetic resonance (1H-NMR) (JEOL; EX-270)
spectra of glutathione with (spectrum b) and without
(spectrum a) urea. As a result, we could observe no
change in glutathione spectrum after urea addition
confirms the non covalent link that can be
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Fig. 5. 1H-NMR spectra of Glutathione:
(a) before, and (b) after urea addition.

3.3. Multilayer Assembly and Contact Angle
Characterization
The thermodynamic features like hydrophobicity,
hydrophilicity or the free surface energy and its
components can be quantified by contact angle
measurements [33]. In our work experimental
measurements were carried out using the sessile drop
method. The change of the surface polarity before
and after such modification step as well as the quality
of such formed monolayer can be estimated from the
wetting measurements; the shape of the liquid drop
is affected by the free energy of this modified
surface. The obtained contact angle value using water
as test liquid probe was found to vary from 82°
for the untreated blank gold surface, 85° when the
gold surface is treated with acetone (10 min), and 60°
after piranha treatment (1 min). It is important to note
here that the increase of the contact time between the
gold surface and the piranha mixture leads to a low
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Contact angle (°)

electrochemical
impedance
spectroscopy
measurements. Different volumes of urea were
corresponding to different concentrations in the cell
and were added at room temperature. In Fig. 7 we
report the impedance spectra of the modified gold
microelectrode for urea addition.
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contact angle value. In our case one minute
is sufficient because gold layer is very thin and risky
to be distorted by the piranha treatment.
This tendency in contact angle change was in good
agreement with the impedance results obtained from
the same treated gold surface (results not shown
here). A decrease in contact angle was observed (30°)
when the gold surface was grafted with glutathione
which indicates the formation of the SAM layer.
This hydrophilic behaviour observed for the deposit
glutathione layer can be attributed to the presence
of the amine and the carboxylic polar groups which
lead to a high wettability surface. This behaviour
appears contrary to other more hydrophobic thiol
layers grafted on the gold surface such as Ethanethiol
(67°), Propanethiol (69°), Pentanethiol (86°),
Dodecanethiol (105°) and 6-Mercapto-1-hexanol
(54°) [34]. Fig. 6 shows the contact angle change for
the gold surface before and after such modification
step. A high change in the contact angle value near
74° was observed after the glutaraldehyde
reticulation.
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Fig. 7. Electrochemical impedance spectra of the UreaseGlutaraldehyde-Glutathione modified gold electrode in
presence of different urea concentrations. 20 mM
phosphate buffer containing 0.1 M of NaCl and pH=7.4,
applied potential -0.3 V.
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Fig. 6. Static contact angle variation during the building
of the SAM system on the gold electrode surface.

Indeed, as the products of the urea hydrolysis are
alkaline, an increase of urea concentration in the
analyzed solution causes an increase of pH inside the
enzyme layer of the biosensor. Then this variation
of pH causes a variation of the electrode impedance
which can be detected. We observe that the
impedance measurement results of urea in range
of 0-13 mM. The semicircle diameter in the Nyquist
plot seems to decrease with the urea concentration.
Fig. 8 shows the biomembrane resistance differences
versus the added urea concentration. As we can see,
the sensor is sensitive to urea addition.

After urease immobilization a contact angle value
near 69° was obtained confirms its binding onto the
glutathione modified gold surface through the
glutaraldehyde cross-linked agent.
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The development of a biosensor for biological
analysis not only requires that the thiolated layer has
good and high affinity for enzyme immobilization,
but also that this layer shows good biocompatibility.
Glutathione has this latter characteristic and is often
used for biological or medical applications.
In our work urease was immobilized by selfassembled monolayer strategy and was immediately
applied for urea catalysis assay. The sensitivity of the
constructed urea biosensor was evaluated by using
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Fig. 8. Calibration plots of the membrane resistance
variation as a function of the urea addition. () bare,
()
Glutathione/Au
and
()
urease/
glutaraldehyde/Glutathione/Au
electrodes.
20
mM
phosphate buffer containing 0.1 M of NaCl and pH=7.4.

51

Sensors & Transducers, Vol. 27, Special Issue, May 2014, pp. 47-53
Under optimal conditions, i.e. buffer capacity
corresponding to 20 mM phosphate buffer containing
0.1 M of NaCl and pH=7.4, the urea biosensor
showed an impedimetric linear response with a
sensitivity of 8.73 10-8 Ω-1mM-1 for the low
concentrations
range
and
a
sensitivity
of 7.03 10-9 Ω-1mM-1 for the high concentrations
range. The obtained urea biosensor response can be
attributed to the specific and non specific interaction
between urea and immobilized urease on glutathione
layer. In one hand the non specific interaction can be
explained by the urea-glutathione interaction through
hydrogen bonds. In other hand the specific
interaction was due to the catalytic process based on
the substrate-enzyme interaction leading to the urea
degradation.

4. Conclusions
In this work an impedimetric urea biosensor was
developed based on the self assembly process on gold
microelectrode. The constructed SAM system was
successfully tested for the impedimetric sensing
of the urea in solution. Before urease immobilization
we have highlighted the possibility of interaction
between urea and glutathione via hydrogen bonds.
Using the contact angle measurements the
hydrophobicity and the hydrophilicity of the gold
surface was attempted before and after such grafted
layer. Under optimized conditions the developed
urease-Glutathione-Au bioelectrode was tested to
urea addition under electrochemical impedance
spectroscopy measurements. As a result, a high
sensitivity and good stability of the bioelectrode were
observed during the urea addition with a sensitivity
of 8.73 10-8 Ω-1mM-1 for the low concentrations range
and a sensitivity of 7.03 10-9 Ω-1mM-1 for the high
concentrations range.
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