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Ion-selective properties of the transistors are conditioned by 
pH-sensitive dielectric layer of Si3N4 deposited on transistor 
gate area. Sensor elements used in this work demonstrated 
intrinsic pH-sensitivity of approximately 40 mV/�� and 
transconductance of 400-500 mkA/V, thus providing pH-
sensitivity of the transistor channel current of 15-20 mkA/pH.  

Response of the pH-FET sensors was measured by means 
of current-to-voltage converter circuit with the sensors 
working in the current source mode with active load. 
Threshold voltage of the used pH-FETs was about –2.5 V. 
Measurements were performed with the channel current 
magnitude of approximately 500 mkA, drain–source voltage 
of approximately 2 V, transistor bulk connected to the source 
[12] (Fig. 2). Described sensor electrodes allow effective 
implementation of the differential measurement mode when 
one of the transistors is used as a reference, and the other one 
is equipped with bioselective membrane deposited onto the 
gate area.  

This mode of operation allows to significantly diminish the 
influence of such interfering factors as changes in temperature, 
pH and ionic strength of the solution, light and 
electromagnetic effects, upon the measurement results. 

Fig. 2 Diagram of the ISFET connection during the measurements: 1) 
reference electrode, 2) sample cell, 3) analyzed solution; S and D 

designates respectively source and drain of FET

C.Preparation of Bioselective Membranes on the pH-FET 
Surface 

In order to create a working urease-based bioselective 
membrane [13] the solution with 10 % urease and 10 % BSA 
content was prepared. Portions of enzyme were dissolved in 
20 mM pH 7.4 phosphate buffer with 10 % glycerol, the latter 
used for stabilization of enzyme during immobilization and to 
prevent premature drying of the solution deposited on the 
transducer surface. The mixture for reference membrane was 
prepared in the same way but with the enzyme replaced with 
BSA at final concentration of 20 %.  

Before deposition of membranes the working surface of 
transducers was degreased with ethanol and cleaned with 
distilled water. Obtained solutions were deposited with 0.1-2.5 
mkl “Eppendorf” micropipette onto the working surfaces of 
pH-FETs until their full coverage. All membranes had equal 
final protein content. For polymerization of membranes the 
sensors were placed in saturated glutaraldehyde vapor. After 
that the membranes were dried during 15-20 minutes in air at 
room temperature.  

Before the start of experiment the membranes were cleaned 
from remaining unbound glutaraldehyde by washing with the 
working buffer solution until the sensor baseline signal 
stabilized. 

D.Determination of Urea Content in Model Solutions 

Determination of urea concentration in model solutions was 
performed in the 5 mM potassium-phosphate �� 7.4 buffer at 
room temperature. The open type 1.5 ml sample cell with 
intensive stirring was used in experiments.  

Before the experiment start the sensors with immobilized 
membranes were cleaned from unbound glutaraldehyde 
remains by washing them for 20-30 min. until the baseline 
stabilization. Substrate concentration was varied by addition 
of definite aliquots of the initial concentrated solution. After 
registration of each response the sensor was cleaned from 
reaction products by changing the working buffer at least three 
times every two minutes. 

E. Determination of Urea Content in Blood Serum 

Analysis of urea concentration was performed with 10 
blood serum samples from the patients diagnosed with renal 
insufficiency. Measurement with biosensor based on pH-
sensitive FETs with immobilized urease was conducted in 5 
mM pH 7.4 phosphate buffer at room temperature in the open 
cell with intensive stirring. Urea concentration in the analyzed 
samples was determined from calibration curve.  

Before the measurement blood serum sample was diluted by 
half with the working buffer, then 6 mkl of the mixture was 
placed into the 1.5 ml buffer-filled cell. Final dilution of the 
blood serum in the working cell was by factor of 500. After 
registration of each response the sensor was cleaned by 
washing with buffer solution until the baseline stabilization. 

Verification of the determined urea concentration in blood 
serum was performed by classic spectrophotometric method 
based on diacetyl monoxime reaction [9] and with urease and 
peroxidase enzymatic system [14].

III. RESULTS AND DISCUSSION

In the biosensoric urea analysis method, when urea 
contacts with biosensor’s bioselective membrane the 
enzymatic hydrolysis takes place and the urea molecule 
dissociates to two ammonia ions and bicarbonate ion [7], [8]: 

Urease 
NH2CONH2 + 2H2O + H+  �  2NH4

+  +  HCO3
-  (1) 

During this enzymatic reaction protons are absorbed from 
the solution, which results in increase of the working buffer 
pH within the bioselective membrane deposited onto the pH-
FET surface and causes the change in the surface potential that 
is registered as the potentiometric biosensor response. 
When determining urea concentration in the model solutions 
urease biosensor demonstrated typical enzymatic reaction 
kinetics. Obtained calibration curve for urea concentration 
determination was linear in the range from 0.02 to 0.16 mM 
(Fig. 3).  

p+ p+

n-Si

S D

UdsUgs

µ�

1

23

p+ p+

n-Si

S D

UdsUgs

µ�

1

23



International Journal of Medical, Medicine and Health Sciences

ISSN: 2517-9969

Vol:6, No:8, 2012

360

Minimum urea concentration detectable by the described 
biosensor matches the lower limit of the linear range of 
detection. 
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Fig. 3 Calibration curve for urea concentration determination in the 
model solution. Measurement was conducted in the 5 mM pH 7.4 

phosphate buffer at room temperature 

During the work with model solutions analytical 
characteristics of biosensor were investigated. The biosensor 
was characterized with high operational stability and 
reproducibility of responses, and also long-term storage 
stability. Linear range of the urea detection was sufficient for 
analysis of the blood serum samples from renal insufficiency 
diagnosed patients diluted by factor of 500. 

When working with blood serum it is necessary to take into 
account presence of variety of substances that may cause non-
specific change in the sensor signal. These substances may 
include proteins or low molecular mass blood components. 
Thus it was important to investigate their influence upon the 
biosensor response. A definite quantity of urease was added to 
the blood serum sample which then was incubated during 
approximately one hour, with occasional stirring, in order to 
remove the endogenous urea. Then this urea-free sample was 
placed into the biosensor cell (Fig. 4). 
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Fig. 4 Biosensor responses to introduction of substrate, blood serum 
with and without urease into the sample cell. Measurement was 

conducted in the 5 mM pH 7.4 phosphate buffer at room temperature 

As can be seen from Fig. 4 introduction of the blood serum 
aliquot results in biosensor response similar to response 
toward pure urea. At the same time introduction of the blood 
serum previously incubated with enzyme does not lead to 
response signal appearance, apparently due to absence of urea 
in the sample.  

Presented results demonstrate that the blood serum sampled 
from patients diagnosed with renal insufficiency and diluted 
by factor of 500 virtually does not induce non-specific 
response, and the developed urease biosensor is highly 
selective towards urea. 

The influence of protein on the sensor response was also 
investigated (it is known that the content of protein in a 
healthy human blood is approximately 7.5 %). For this, bovine 
serum albumin was added to the working buffer in 
concentrations of 0.02 and 1 %. Fig. 5 shows calibration 
curves for urea concentration determination obtained in 
presence of protein in the said concentrations. 

From the obtained data we can conclude that the presence 
of high-molecular protein fraction in buffer, taking into 
account dilution of the initial sample, does not lead to 
appearance of significant non-specific response. The emulated 
blood components thus practically did not influence the 
response of urease biosensor. 

Next stage of the research was determining the urea content 
in the blood serum samples from the patients diagnosed with 
renal insufficiency. For this the classic biosensor method with 
calibration curve was used. Measurement was performed with 
10 samples of blood serum diluted by factor of 500. The 5 mM 
pH 7.4 phosphate buffer was used as the working buffer. 
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Fig. 5 Calibration curves for urea detection in presence of protein at 
various concentrations: 1) 5 mM pH 7.4 phosphate buffer; 2) 5 mM 
pH 7.4 phosphate buffer + 0.02 % BSA; 3) 5 mM pH 7.4 phosphate 

buffer + 1 % BSA 

Before each measurement of the urea concentration in blood 
serum, sensor response to the 0.04 mM reference urea solution 
was measured thus providing the possibility of permanent 
control of biosensor calibration (Fig. 6).  
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Comparison of magnitudes of the obtained responses in 
solution with known urea concentration and in the blood 
serum sample allowed to estimate urea content in the latter. 

4000 4800 5600 6400 7200 8000 8800
42

43

44

45

46

47

48

49

50

51

washing

7,
47

 m
kA

Blood serum 6 mkL
(500-times dilution)

5,
94

 m
kA

Urea
0.04 mM

B
io

se
ns

or
 r

es
po

ns
e 

(m
kA

)

Time(sec)

Fig. 6 Procedure for measurement of unknown urea concentration in 
the blood serum of a patient diagnosed with renal insufficiency. 

Measurement was conducted in the 5 mM pH 7.4 potassium-
phosphate buffer at room temperature 

One of the important characteristics of biosensor is the 
signal reproducibility, which was verified for urea 
concentration determination in both model solutions and 
actual blood serum samples. For this, sensor responses to the 
equal urea substrate concentration of 0.08 mM (for model 
solutions) and to 6 mkl of the blood serum admixed in buffer 
(for actual samples) were recorded during one workday at 30 
min. intervals. As can be seen from Fig. 7, biosensor 
demonstrated high degree of signal reproducibility in both 
cases. 
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Fig. 7 Results of the biosensor signal reproducibility verification for 
determination of urea content in model solutions and blood serum 

samples. Measurement was conducted in the 5 mM pH 7.4 phosphate 
buffer at room temperature 

Degradation of sensor functionality due to long-term 
storage in dry condition at +4 ºC also was investigated. The 
sensor was nearly daily used for urea analysis in blood serum 
(1-3 analysis procedures per day).  

As can be seen from Fig. 8, the sensor performance 
remained stable during two weeks, then its activity rapidly 
drops. This can be explained by various reasons: membrane 
clogging by proteins contained in blood, enzyme being 
washed out of the membrane, or inhibitive influence of other 
blood components. 
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Fig. 8 Dependence of the urease biosensor response magnitude on 
storage time in dry condition at +4 ºC 

IV. CONCLUSION

The method for determination of urea content in the blood 
serum of patients diagnosed with renal insufficiency was 
developed based on the designed potentiometric biosensor 
consisting of pH-sensitive field-effect transistors and urease 
immobilized by the glutaraldehyde vapor. It was shown that 
despite the multicomponent composition of the blood sample 
biosensor response remains selective towards urea. The latter 
can be explained by the use of biosamples diluted by factor of 
500 and by differential mode of the sensor operation. 

The high reproducibility of biosensor responses and 
stability of the sensor characteristics during storage and daily 
exploitation with the blood serum samples was shown too. 

With the help of developed biosensor urea concentration 
analysis was performed for 10 samples of blood serum from 
different patients. High correlation of results (with correlation 
factor R = 0.97) obtained with urease biosensor and 
independent analytical method with the use of 
urease/peroxidase enzymatic system was demonstrated. 
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