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Abstract

Vanadium pentoxide (V2O5) was used as support material to
immobilize the urease enzyme. V2O5 was prepared from a
sol–gel process, and the immobilization of urease was done
onto the surface of the PET/ITO/V2O5 film. Different
concentrations of urea were tested to study the sensitivity of
the biosensor. Tests with pH variation were carried out, and it
was noticed that the total charge in the cyclic voltammograms
decreases due to the increase in pH that influences the
catalytic activity of the enzyme. From cyclic voltammograms,
with a different scan rate, for linear correlation testing, it was

observed that the anodic currents varied as a function of the
scan rate. Based on the variation in the urea concentration, the
current increased with the increase in the urea concentration,
indicating the sensitivity of the material. The use of
V2O5/urease showed favorable electrochemical responses for
application in biosensors as well as being sensitive to the
variation in the urea concentration and easy to obtain and
prepare. © 2020 International Union of Biochemistry and Molecular
Biology, Inc. Volume 0, Number 0, Pages 1–6, 2020
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1. Introduction
Since the development of improved new technologies and
low cost computation, there is now a significant demand for
new biosensors in search of better precision in the results
of real-time analysis, applied in the field of medicine, clini-
cal chemistry, and industry and the control of pollutants. In
addition, there is a growing need to identify and quantify
metabolites quickly, specifically and in very small sample quan-
tities, favoring the development of biosensors [1]. Biosensors
are sensors modified with a biological material attached to
the surface of a transducer capable of converting a chemical
reaction into an appropriate signal. The biological component
recognizes the substance of interest by means of a chemical
reaction generating a signal that may result from a variation
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in the concentration of protons, release of gases, emission or
absorption of light, emission of heat, variation of mass, change
of oxidation state, etc. The transducer converts this signal into
a measurable response, such as current, potential, temperature
variation, among others [2]. The necessity to determine sub-
stances in biological fluids, such as, blood glucose, cholesterol,
lactate, urea, creatine, and hemoglobin, has led to the demand
for methods that are cheap and have high selectivity, reliability,
and capability of real-time analysis. Then, the application of
biosensors has become necessary mainly in clinical analysis
[3, 4]. In the clinical area, there are several reports on kidney
diseases and, as a result, there is also a growing demand for
rapid and accurate diagnoses, considering that the evaluation
of renal function is one of the oldest challenges to be resolved
[5]. In Brazil, official sources indicate that about four million
people are affected with chronic renal failure [6]. In the United
States of America, the disease affects around 20 million indi-
viduals [7]. It is worth adding that the incidence of individuals
with kidney diseases is extremely high, and it is recognized
as a complex disease that requires multiple approaches to its
treatment. These pathologies require great care, since their
control is not easily detected, and greater control is essential to
avoid causing complications. Clinically, the most used method
to obtain information about these diseases is the creatinine
clearance, with urine collection over 24 H. Unfortunately,
creatinine clearance does not meet the criteria of an ideal
marker, since creatinine is excreted not only via glomerular
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filtration but also via secretion in the proximal tubule. Another
problem with creatinine clearance is the need to collect urine
for 24 H, something that is inconvenient for some patients and,
therefore, collections are often inaccurate. This is particularly
true in some clinical situations (e.g., very elderly or cognitively
impaired individuals). Among the most effective routine tests
for assessing renal function are urea measurements [8, 9].
Normal urea values in human blood in an adult are around
10–40 mg�dL−1, and in urine around 9–24 mg�dL−1. Values
above this limit may indicate renal failure, severe dehydration,
heart failure, high protein diet, liver disease, among others. For
values between 180 and 400 mg�dL−1 of blood urea, the patient
urgently needs hemodialysis [10]. The excessive concentration
of urea in the body (in serum or urine) is an indicator of these
kidney diseases. However, medical samples are often mixtures
that require the use of complex techniques to detect regulatory
substances in the bloodstream, such as urea. Therefore, the
development of biosensors has been a key element in analytical
instrumentation, since they are able to determine the amount
of urea in the body through a specific enzyme [11]. The medical
samples available in the market are mixtures that demand
the use of complex techniques for detecting urea. Currently,
several materials such as, vanadium pentoxide (V2O5) [4, 12,
13], tungsten trioxide (WO3) [14–16], zinc oxide (ZnO) [17],
and titanium dioxide (TiO2) [18, 19] have beenproposed in the
literature as material for biosensor, which may reduce costs,
increase sensitivity, and possess conductive properties. V2O5 is
one of the oxides that has been shown to be quite promising due
to its remarkable characteristics such as thermal and chemical
stability, biocompatibility, and conductivity, which allows its
application in multiple and different areas [22,23]. One of the
best way to obtain V2O5 films is via sol–gel. The use of synthesis
by the sol–gel route can be easily recognized, as it deals with
the synthesis of materials in which, at a certain moment, a
transition from the sol system to a gel system occurs. This
synthesis has attracted considerable interest from researchers,
since it presents ease of manufacture, flexibility of the synthesis
project, and the fact that the enzymes included in the sol–gel
matrix maintain their respective catalytic activity. In addition, it
is a relatively simple and inexpensive process, when compared
to other methods with the same purpose [24]. Through a brief
search using the keywords “V2O5 urease biosensor” in Web
of Science, we find only one article using V2O5 nanorods with
urease immobilized [20]. Thus, it can be highlighted that there
is still more study to be done on this subject. Based on this
context, the present study is aimed to develop an amperometric

biosensor for the detection of urea, using the enzyme urea
immobilized in vanadium pentoxide films.

2. Experimental Procedure
2.1. Synthesis of V2O5 by sol–gel process
To obtain the V2O5 by the sol–gel process, an aqueous solution
of 0.1 mol�L−1 sodium metavanadate was used, and it was
percolated on an ion exchange resin column in an acid form,
to obtain the polyvanadic acid solution, which when freshly
prepared it has an orange coloration [27]. After passing
through an acidic ion exchange resin, the solution was left to
stand for 7 days at room temperature. Therefore, the oxide was
polymerized by a self-catalytic process and obtained a viscous
solution with a dark red color, a characteristic of V2O5.

2.2. Immobilization route
After characterization, the V2O5 solution via sol–gel was
deposited on the PET/ITO electrode by the casting method in
an area of 1 cm2. The sample was dried at room temperature.
Subsequently, 5.0 mg of urease was dissolved in sodium
phosphate solution (PBS) solution and was added with a 5% v/v
solution of glutaraldehyde (Glu) onto the V2O5 film. The film
was dried at room temperature for 24 h.

The PBS was prepared at pH = 7 by adding monosodium
phosphate (NaH2PO4) and disodium phosphate (Na2HPO4)
both in 0.1 mol�L−1. Cyclic voltammetry tests were performed
by varying the pH, variation in the scan rate, and different
concentrations of urea in PBS solution for the best calibration
of the biosensor and identification of the redox reactions in the
electrochemical process.

2.3. Characterization methods
The cyclic voltammetry study was carried out with the objective
of analyzing the behavior of the V2O5 film before and after
urease immobilization in the same film. Cyclic voltammetry is
an electroanalytical technique that is based on the phenomenon
that occurs at the interface between the surface of three
electrodes (reference electrode, work, and counterelectrode).

The cyclic voltammogram experiments were performed
on a Potentiostat/Galvonostat AutoLab III interfaced to a
computer. The reference electrode used was Ag/AgCl, together
with the platinum counterelectrode and the PET/ITO working
electrode. The electrolyte used for the first test was PBS
buffer, pH = 7, and urea at a concentration of 25 mmol�L−1.
Other cyclic voltammogram tests were performed at different
concentrations of urea after choosing the ideal pH for the
biosensor according to the results obtained. A schematic
mechanism of bioelectrode with the sensing mechanism is
shown in Scheme 1.

3. Results and Discussion
The response of the V2O5 film to urea was explored from cyclic
voltammograms using the enzyme-free film. Initially, for that
purpose, the electrolyte containing PBS, pH = 7, and urea was
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SCHEME 1
Schematic mechanism of the electron exchange

occurring at the surface of PET/ITO/V2O5/urease in

the presence of redox species
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FIG. 1
Cyclic voltammogram obtained during the 30

cycles of the V2O5 film, ν = 10 mV�s−1, PBS,
pH = 7, urea in 25 mmol�L−1 vs. Ag/AgCl.

used, 25 mmol�L−1 vs. Ag/AgCl. This concentration was chosen
from the series of concentrations to be tested corresponding to
the normal limits of urea in the human body.

The cyclic voltammogram study was carried out with the
objective of analyzing the behavior of the V2O5 film before
and after the immobilization of the urease in the same film, in
which each cycle was cycled 30 times. Figure 1 shows cycles
1–30 in the absence of urease. The area covered by V2O5 onto
PET/ITO electrode was approximately 1.0 cm2, and PBS, pH =
7, with a fixed concentration of urea 25 mmol�L−1 was used
as electrolyte. Due to the insertion and de-insertion of ions in
the film, the total charge decreases as the number of cycles
related to structural accommodation increases (Fig. 1). Besides,
from the cyclic voltammogram of the V2O5 film before urease
immobilization, the total charge decreases when the number
of cycles increases because the charge transfer reactions tend
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FIG. 2
Cyclic voltammogram of the 30th cycle of V2O5

and the first cycle of V2O5/urea, ν = 10 mV�s−1,
PBS, pH = 7, urea in 25 mmol�L−1 vs. Ag/AgCl.

to be stable due to the restructuring of V2O5 caused by the
insertion/de-insertion of ions reaching a dynamic balance on
the electrode surface. Then, the dynamic balance cause an
increase in voltammetric stability as a function of the total
charge as well as reaching a structural accommodation, after
several cycles and allowing a better performance [5].Thus,
after several cycles, the film reaches structural stability due to
mechanical stress and the immobilization was carried out onto
the electrode.

After the immobilization of the enzyme, the V2O5/urease
film presented a new voltammetric profile due to the electro-
catalytic activity of the urease in urea present in the medium
(Fig. 2). The new material (V2O5/urease) starts to present new
electrochemical characteristics that can be observed as the
voltammogram’s area increases, and there is also the displace-
ment of anodic peaks, as shown in Fig. 2. In Fig. 2, the cyclic
voltammogram refers to the 30th cycle before enzyme immo-
bilization and the other voltammogram refers to the first cycle
after the enzyme is immobilized. Besides, with the structural
stabilization of the film before immobilization, the changes
observed in the voltammogram after the addition of urease
indicate that the enzyme may have been immobilized to the
substrate. In addition, after adding of urease, there is a subtle
increase in the total charge (total area of the voltammogram).
This can be attributed to the immobilization of the urease en-
zyme that can be done by covalent cross-linking, thus making it
difficult to lose mass and expose the film’s internal layers. This
improvement in structural stability proves the effectiveness of
immobilizing the enzyme.

In order to analyze the sensitivity of the component
together with the enzyme, cyclic voltammetry studies were
carried out, making it possible to observe anodic and cathodic
peaks, shown in Fig. 3. That one may have to study the
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FIG. 3
V2O5/urease cyclic voltammogram with pH range

4–10, ν = 10 mV�s−1, PBS, urea in 25 mmol�L−1 vs.
Ag/AgCl.

effect of the pH on the reaction medium on the activity of the
enzyme immobilized and biosensor sensitivity; therefore, four
different pH values (4.0, 6.0, 8.0, and 10.0) were chosen for
the electrolyte buffer solutions. At room temperature, the best
enzyme activity occurs at pH 7 [21]. Thus, the pH of the medium
used in the measurement of urea from V2O5/urease films was
varied to verify the electrochemical behavior changes using a
PBS 0.1 mol�L−1 buffer solution.

In all pH values, it was noted that there is a slight change
in values of redox potentials. However, the total area of the
voltammogram decreases as the pH increases. This may
indicate that the enzyme has greater activity between pH 4 and
8, and above 8 the enzyme may be starting the denaturation
process, reducing the catalytic activity of the enzyme.According
to the Nernst equation, the slope value of the line E vs. pH should
be 59.2 mV�pH−1 [28]. However, the result of the study was
46.2 mV�pH−1, which represents a value relatively close to
the theoretical one (Fig. 4). However, good linearity has been
observed and it can be appropriate as a device for biosensors.

Cyclic voltammograms at different scan rates are shown in
Fig. 5. It is possible to notice that the current peaks that increase
linearly with the scan rate, ν, in which 10–200 mV�s−1 were
used. The separation between the peaks increased considerably
with the variation in the scan rate.

Figure 6 shows a correlation between the anode peak cur-
rents as a function of the scan rate. Regarding the calculation of
the correlation coefficient, an R value of 0.9962 was observed,
with ν ranging from 10 to 200 mV�mol�L−1�s−1. This indicates
that there is a proportional linear correlation between the scan
rate and current density.

Finally, the investigation of the variation in urea concen-
trations in the electrolyte was evaluated (Fig. 7). New cyclic
voltammetry tests were performed at a fixed pH of 7, and the
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Variation of potential as a function of different pH

values.
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FIG. 5
Cyclic voltammogram of V2O5/urease, PBS, pH = 7,

urea in 25 mmol�L−1 vs. Ag/AgCl

chosen concentrations were 20, 40, 60, and 80 mmol�L−1. The
values of 20 and 80 mmol�L−1 represent borderline values
associated with the kidney disease. The other concentrations
were chosen to present more values for studies of sensitivity
of the biosensor and to decrease the value of the standard de-
viation if there is a linear correlation close to 1. Furthermore,
these values are within the concentration range of a healthy
individual without considerable changes in blood urea.

Figure 7 shows the variations in concentrations in the
V2O5/urease film. In all results, it was noted that the current
intensity increased concomitantly with the urea concentration.
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FIG. 7
Cyclic voltammograms of V2O5/urease with

variation in the urea concentration from 20 to 80

mmol�L−1 vs. Ag/AgCl, ν = 10 mV�mol�L−1�s−1,
PBS, pH = 7.

Figure 8 shows a correlation between anode peak currents
as a function of urea concentration.Regarding the calculation of
the correlation coefficient, an R value of 0.9948 was observed,
with the concentration ranging from 20 to 80 mmol�L−1.
This indicates that there is a proportional linear correlation
between the variation in the concentration and current density.
The sensitivity was calculated using the slope of the current
versus concentration divided by the active surface area of
V2O5/urease.Then, the slope was 1.32 μA�(mmol�L−1)−1 and the
sensitivity of the V2O5/urease sensor was calculated as being
1.38 μA�(mmol�L−1�cm−2)−1. The sensitivity of V2O5/urease
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TABLE 1
Comparison of the presented work with other type of
urea biosensors

Structure

Sensitivity

[μA�(mmol�L−1�cm−2)−1] Reference

ZnO nanorods 41.64 [26]

SnO2 18.90 [27]

CeO2 3.70 [28]

V2O5/urease 1.38 This work

electrode is considered low when compared with the literature
[22–25].

Based on the literature and data observed in Table 1, it is
possible to note different values of sensitivity for urea sensors
using different oxides. Comparing with works presented in
Table 1, the sensitivity in this work is low but still high enough
to detect the urea. The largest advantage of our V2O5/urease
as component in the urea sensor is that the material is
biocompatible with high reproducibility, low cost, effectiveness,
and easy handling.

4. Conclusion
The use of the V2O5 film as an immobilization matrix of the
enzyme urease by cross-covalent bonding with glutaraldehyde
and the development of enzymatic electrochemical biosen-
sors were performed successfully. Cyclic voltammetry was
an extremely important tool and demonstrated that the im-
mobilization occurred satisfactorily through characteristic
peaks of the cyclic voltammograms of each material as well
as the variation of the total area. The cyclic voltammetry tests
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were performed by varying the pH of the support electrolyte,
and it was observed that the total area of the voltammogram
decreases as a function of the increase in pH influencing the
catalytic activity of the enzyme. The optimum pH range of the
immobilized enzyme was found to be between pH 6 and 8.
When the scan rate variation was carried out, it was observed
that there was a proportional linear correlation. In the cyclic
voltammetry tests, at different concentrations of urea, it was
noticed that the intensity of the current increased concomi-
tantly with the increase in the concentration of urea indicating
the sensitivity of the material. The studies carried out revealed
that the V2O5/urease material proved to be sensitive in the
detection of urea, in addition to being relatively simple and
sensitive to the analyte being a potentially interesting for
application in this area.

5. Acknowledgements
This work was supported by INEO, FAPEMIG, RQ-MG/FAPEMIG,
CNPq, and CAPES.

6. Conflict of Interest
The authors declare that they have no conflicts of interest.

7. References
[1] Soares Rosatto, S., Sanches Freire, R., Durán, N., and Kubota, L. T. (1999)

Quím. Nova. 24(1), 77–86.

[2] Silva, L. M. C. (2011) Desenvolvimento de biossensores eletroquímicos

para fenol e uréia com foco na aplicação ambiental. Tese de Doutorado.

Universidade Federal do Rio de Janeiro. Retrieved from http://tpqb.eq.ufrj.

br/download/biossensores-eletroquimicos-para-fenol-e-ureia.pdf

[3] Guerra, E. M., and Mulato, M. (2009) J. Sol-Gel Sci. Technol. 52(3). https:

//doi.org/10.1007/s10971-009-2062-7

[4] Guerra, E. M., Silva, G. R., and Mulato, M. (2009) Solid State Sci. 11(2),

456–460.

[5] Braga, C. R. C. (2012) Desenvolvimento e Caracterização de Membranas

Quitosana/Silicatos em Camadas para Uso como Suporte Enzimático na

Construção de um Biossensor de Uréia. Universidade Federal de Campina

Grande.

[6] Leite, I. da C., Schramm, J. M. de A., Gadelha, A. M. J., Valente, J. G., Campos,

M. R., Portela, M. C., … Bittencourt, S. A. (2002) Ciência & Saúde Coletiva.

7(4), 733–741.

[7] Coresh, J., Byrd-Holt, D., Astor, B. C., Briggs, J. P., Eggers, P. W., Lacher, D.

A., and Hostetter, T. H. (2005) J. Am. Soc. Nephrol. 16(1), 180–188.

[8] Antônio, J., Ribeiro, M., Da Costa, K., Dias, N., Ribeiro, S., Karla, C., …

Nogueira, V. S. (2015) Rev. Facul. Montes Belos. 8(1), 1–16. Retrieved from

http://faculdademontesbelos.com.br/wp-content/uploads/2017/11/20-75-1-

PB.pdf

[9] Cohen, J., Harrington, J. T., Kassirrer, J. P., and Madias, N. (1990) Kidney Int.

38, 167–184.

[10] Prats-Alfonso, E., Abad, L., Casañ-Pastor, N., Gonzalo-Ruiz, J., and Baldrich,

E. (2013) Biosens. Bioelectron. 39(1), 163–169.

[11] Mulyasuryani, A., Roosdiana, A., and Srihardyastutie, A. (2010) Indo. J.

Chem. (2), 162–166.

[12] Guerra, E. M., Cestarolli, D. T., and Mulato, M. (2018) Int. J. Electrochem. Sci.

13, 9905–9915.

[13] Felix, A. T., Mulato, M., and Guerra, E. M. (2018) J. Electron. Mater. 47(10),

6016–6020.

[14] Guidelli, E. J., Guerra, E. M., and Mulato, M. (2011) Mater. Chem. Phys. 125(3),

833–837.

[15] Guidelli, E. J., Guerra, E. M., and Mulato, M. (2012) ECS J Solid State Sci.

Technol. 1(3), N39.

[16] De Campos, R. C., Cestarolli, D. T., Mulato, M., and Guerra, E. M. (2015) Mater.

Res. 18(1), 15–19.

[17] Batista, P. D., and Mulato, M. (2005) Appl. Phys. Lett. 87(14), 143508.

[18] Guidelli, E. J., Guerra, E. M., and Mulato, M. (2012) J. Electrochem. Soc.

159(6), J217–J222.

[19] Guerra, E. M., and Mulato, M. (2014) Mater, Sci. Appl. 5(7), 459–466.

[20] Vieira, N. C. S., Avansi, W. B., Figueiredo, A., Mastelaro, V. R., and Zucolotto,

V. (2016) Sens. Actuators B. 229, 461–465.

[21] Sigma-Aldrich. (2006). Urease. Sigma Aldrich. Retrieved from www.

sigmaaldrich.com

[22] Gougis, M., Ma, D., andMohamedi, M. (2015) Int. J. Nanomed. 10, 2939–2950.

[23] Das, S., and Saha, M. (2014) J. Pharm.Anal. 4, 351–359.

[24] Yang, Z., Qin, T., Niu, Y., Zhang, Y., Zhang, C., Li, P., Zhu, M., Jia, Y., Li, Q.

(2019) Carbon 157, 457-465.

[25] Muthusankar, E., Ponnusamy, V. K., and Ragupathy, D. (2019) Synth. Met.

254, 134–140.

[26] Ahmad, R., Tripathy, N., and Hahn, Y. B. (2014) Sens. Actuators B. 194,

290–295.

[27] Tak, M., Gupta, V., and Tomar, M. (2015) Mater. Sci. Eng. C. 57, 38–48.

[28] Ansari, A. A., Azahar, M., and Malhotra, B. D. (2012) J. Phys. Conf. Ser. 358,

1–8.

[29] Sharma, S. A., Jain, R., and Raja, A. N. (2020) J. Electrochem. Soc. 167(3),

037501.

6 Synthesis of V2O5/Urease for a Biosensor of Urea

http://tpqb.eq.ufrj.br/download/biossensores-eletroquimicos-para-fenol-e-ureia.pdf
http://tpqb.eq.ufrj.br/download/biossensores-eletroquimicos-para-fenol-e-ureia.pdf
https://doi.org/10.1007/s10971-009-2062-7
https://doi.org/10.1007/s10971-009-2062-7
http://faculdademontesbelos.com.br/wp-content/uploads/2017/11/20-75-1-PB.pdf
http://faculdademontesbelos.com.br/wp-content/uploads/2017/11/20-75-1-PB.pdf
http://www.sigmaaldrich.com
http://www.sigmaaldrich.com

