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Abstract 
A new cerium oxide ISFET based immune biosensor for the determination of Salmonella in solution 
was developed. It was chosen “sandwich” algorithm of analysis when one part of specific antibodies 
was immobilized on the transducer surface and other one labeled by the horse radish peroxidase 
(HRP) was added to analyzed solution. Overall time of analysis was about 15-20 min. The maximal 
sensitivity of S. typhimurium determination in model solutions was on the level of 2-3 cells ml-1 with the 
linearity of the immune biosensor response up to 5x105 cells ml-1. 
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Introduction  
The traditional methods for the control of 
contamination by Salmonella, Trichinella and 
others pathogenic microorganisms are 
extremely routine and performance of them is 
rather routine, expensive and requires the use 
of the stationary equipments and high 
professional level [1, 2]. To overcome these 
shortcomings, at least at the stage of screening 
or of purely serological testing we believe that it 
is appropriate to use modern methods of 
biosensors. A number of different types of 
biosensors based on surface plasmon 
resonance (SPR), total internal reflection 
ellipsometry (TIRE), quartz crystal acoustic 
wave, amperometry, chemiluminescence and 
PCR-genosensor were proposed [3-10]. 
Previously [9-11], we have developed the 
optical immune biosensors based on the SPR 
and TIRE. The linear diapason of the detection 
of S. typhimurium by SPR based immune 
biosensor is 2x102-107 cells/mL and the 
sensitivity of the analysis by the TIRE immune 
biosensor achieves up to 5 cells/10 ml. Both 
approaches may be fulfilled by the “direct” way 
when the specific antibodies immobilized on the 
transducer surface preliminary treated by 
polyalylamine hydrochloride and protein A react 
with the S. typhimurium being in model solution. 
The similar results were obtained and other 
authors [3,7,8, 12-17] which used the “Biocore” 
device. However, infection dose of pathogenic 

microorganisms is less than 10 cells per 100 ml 
[18] therefore it is necessary to find ways for the 
sensitivity increasing. Perhaps, satisfactory 
result can be obtained using monoclonal 
antibodies. Also it is necessary to pay attention 
to the effective methods of previous food 
samples preparation especially to the methods 
of bacteria cells concentration in the solution. 
On the other hand it should be emphasized that 
the above mentioned biosensors require fairly 
sophisticated and expensive equipment for the 
registration of the formed immune complex. In 
this case the application of the electrochemical 
biosensors may help to overcome this lack. In 
particular it may be achieved with the help 
immune biosensor based on the ISFETs. We 
have developed this type of biosensors for the 
control of some biochemical quantities [19, 20] 
and toxic substances [21, 22]. Early [22] we 
used nitride oxide ISFETs in immune 
biosensors intended for the control of some 
biochemical quantitives, pesticides and 
mycotoxins. To increase the sensitivity and 
stability of such type biosensor we have 
proposed to replace silicon nitrate to cerium 
oxide on the transducer surface [23, 24]. The 
main purpose of this report is to demonstrate 
the abilities of the cerium oxide ISFETs at its 
application for the development of immune 
biosensor for determination of S. typhimurium in 
the model solutions. 
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Experimental 
ISFETs were produced by Prof. A.N. 
Shmyryeva in the National Technical University 
of “Kiev Polytechnical Institute”. CeOx layer was 
fabricated by method of “oxidization of metallic 
mirror” with the electron beam evaporation. The 
chamber pressure was 10-5 Pa, the emission 
current – equal to 140 mA, accelerating voltage 
– 12 kV, substrate temperature – in the range 
170 ÷ 180° C. Oxidation of cerium was carried 
out in a diffusion furnace at 250 °C in oxygen. It 
was investigated the ISFETs with two types of 
insulators: SiO2 - Si3N4, dSi3N4 = 50 nm and 
CeO2 dCeO2 = 50 nm. The measurements were 
performed at the room temperature and 
atmospheric pressure. To measure pH 
sensitivity using atandard buffer solutions with 
value from 12,45 up to 1,68. The design 
parameters of ISFETs were studied by methods 
of optical and scanning microscopy.ISFET 
surface was cleaned by its sequential 
immersion into the mixture of potassium 
dichromate and sulfuric acid, water, acetone, 
ethanol and phosphate Na-phosphate buffer 
(PB), pH 7.3, contained 100 mM NaCl. Then, it 
was treated by water solution of cystamine, 

glutaraldehyde (GA) and protein A from 
Staphylococcus aureus. At last, the working 
chip was covered by specific antiserum and the 
reference one - by non-specific antiserum. 
Analysis was fulfilled by the “sandwich” way 
when the immobilized specific antibodies 
interact with Salmonella. Then, bounded cells 
on the transducer surface were treated by the 
specific antibodies labeled by HRP which 
activity was registered [25]. 

Results and discussion 
Any surface oxide always contains hydroxyl 
groups. In case of CeOx the changes of surface 
charge at the variation of pH arise due to CeOH 
groups. Between protons in solution and 
hydroxyl groups formed on the boundary of 
CeO2-solution the equilibrium reactions have 
place. The hydrogen proton concentration may 
be determined according to shift of the 
threshold voltage of ISFET or to change the 
drain current in the transistor channel. The 
experimental characteristics of the studied 
ISFETs are presented in Fig. 1.  

 
 

 
Fig. 1. Influence of pH on the output characteristics of ISFETs with the Si3N4 and CeO2 dielectric structures. 

 

At the pH increasing of solution the value of 
positive charge on the surface of ion-sensitive 
dielectric is decreased. Since we used p-
channel ISFETs the decreasing of positive 
charge on the dielectric surface leads to 
increasing in channel conductance and hence 
to increase the drain current for both structures 
SіО2 - Sі3N4 and SіО2 - CeO2. It was shown that 
the most linear and stable responses for both 
dielectric structures were registered at the 
voltage in 10V. The same they had linear 

character of dependence on pH changes (for 
SiO2-Si3N4 - 63 mV/pH and for CeO2 - 58 
mV/рН). The sensitivity of current flow due to 
the large dielectric constant of cerium oxide 
was increased more than two times (ε=26).  

When the concentrations of the HRP-specific 
antibodies were varied in the range 0.1–0.4 µg 
per ml−1 it was found that the maximal sensor 
output (about 100 mV) corresponded to 0.2 µg 
ml-1 of the conjugate. Under these conditions 
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binding sites of the specific antibodies were 
saturated. In the range of Salmonella 
concentrations from 2 to 5x105 cells ml-1 the 
ISFET gate varied from 95 to 5 mV (Fig 2). The 
standard deviation was in average about 5%. 
When transducer surface was preliminary 
prepared the overall time of the assay was 
about 30 min. It may be shortened in two times, 
in particular, at the concentration of Salmonella 
cells in 10 ml-1 and higher. Another approach to 
short time of analysis even at the minimal 
concentrations of Salmonella is preliminary 
introduction of the specific HRP labeled 
antibodies into solution to be analyzed. Our 
experiments have shown that the time of the 
analysis may be about 15-20 min only without 
any changes in the value of biosensor response 
and the sensitivity of analysis. Destruction of 
antigen-antibody bonds by treatment of the 
chips with 0.1 M HCl for 5 min made possible to 
reuse the chips for several measurements (up 
to 5) without signal decrease. Between the 
measurements chips were stored in dry state at 
4 ºC. Before every new assay they were 
washed with PB for 1 h. 
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Fig. 2. Immune biosensor response at the different 
concentration of Salmonella in the model solution. 

It is necessary to mention a high reproducibility 
of results between different measurements by 
individual ISFETs. To achieve such 
reproducibility we used the gate surface in 
ISFETs in form of CeOx instead of Si3N4. 
Moreover, both the electrical characteristics of 
the transducer and the procedure for biological 
membrane preparation were standardized. In 
the letter case, it was very important to fulfill 
exactly the protocol of cleaning and activation of 
gate surface as well as to provide constant 
humid conditions during the recommended time 
of interaction of the protein A with the activated 
groups of the gate surface.  

We analyzed the non-specific responses to 
addition of the work buffer (WB) or hydrogen 
peroxide. For this purpose, a differential 
scheme was used: the one of ISFET contained 
specific antibodies immobilized via protein A, 
the second had non-specific proteins from 
human serum blood immobilized via GA. It was 
shown (Fig. 3) that the WB did not influence on 

the biosensor output, while hydrogen peroxide 
in the concentration mentioned above (10 mM) 
initiated small (<10 mM) responses. H2O2 
caused acidic pH shift in constant to the basic 
changes during the determination of the HRP 
activity. Thus neither WB nor H2O2 contributed 
to the biosensors basic pH shifts during the 
salmonella recording. 

 
 
Fig. 3. Non-specific sensor response at the 
addition of H2O2 and buffer. The ISFET potential is 
recorded as a function of time. 

 

The study of the optimal concentration of 
hydrogen peroxide indicated that the immune 
biosensor output was about 15-20% higher for 
10 mM of H2O2 than 5 mM of H2O2. 

The comparison of our data about the 
determination of S. typhimurium in model 
solution obtained by the optical immune 
biosensors and by the developed immune 
biosensor based on the ISFETs is shown that 
they are very close in the respect of the 
sensitivity (Table). So, the sensitivity of the 
analysis by the surface plasmon resonance 
(SPR) immune biosensor is 101 cells/mL, or 5 
cells/10 ml and linear field – in range 101-107 
cells/mL. The overall time of analysis is no 
more 30 min, total internal reflection 
ellipsometry (TIRE) based biosensor allows 
having the sensitivity up to 5 cells per 10 ml. 

The above-mentioned characteristics are in 
good correlation with other approaches 
published in the literature. But this sensitivity is 
not sufficient for all practice situations and 
subsequent work will be devoted to increase it. 
As it was shown early there is necessary to 
avoid especial attention to the procedures of 
sample preparations for analysis. They should 
include a number of steps: obtaining of 
quantitative extract from sample to be analyzed 
(in particular, if it is solid-state substance) and 
providing pre-enrichment of the obtained extract 
bacteria, which are amenable to definition. The 
last step is very important since it can give 
possibility to achieve the desired sensitivity 
analysis for practice. This situation can be 
successfully resolved through pre-use express 
bioaffine column chromatography. The 
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combination of immune biosensor analysis with 
preliminary application of such chromatography 
will be as the basis for the fulfillment of very 
rapid, simple analysis with the sensitivity 
according practice demands. There is 
necessary to underline that the application of 
the ISFETs as transducers and the 
electrochemical registration of signal are most 
suitable approach in the respect of the creation 
of the immune biosensor which can provide low 
cost analysis in the comparison with that which 
may be provided by the optical ones based on 
the SPR and TIRE. 

Conclusion 
The comparison of the characteristics of the 
immune biosensors based on the SPR, TIRE, 
quartz crystal acoustic wave, amperometry, 
chemiluminescence [3-10] and on the ISFETs 
with CeOx gate surface testifies that they have 
similar sensitivity but the last approach may 
provide to achieve low cost of analysis. To have 
the sensitivity of analysis of bacteria on the 
level of infection dose, maybe, there is 
necessary to have a special system of the 
analyzed sample preparation, in particular, 
accumulation of cells through application of 
bioaffinic columns. 
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