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Summery. Salmonella typhimurium is one of the major pathogen dispersed through foodstuff. To
avoid non-desirable effects on the health the control of foodstuff should be constant. The traditional
approaches, which are used, as a rule, for the revealing of the infected organisms, are time consumable,
routine and demand a special laboratory conditions with a very professional staff. For overcoming of
these disadvantages there is necessary to develop instrumental methods, in particularly, based on the
principles of biosensorics. The efficiency of the instrumental methods depends on many factors: technical
characteristics of the registering part, specific preparation of biological sensitive layer and algorithm of
fulfilled analysis. At the optimization of the general characteristics of the biosensor there is necessary to
take into attention the main practice demands which concern sensitivity, specificity, rapidity, simplicity and
low cost analysis. Unfortunately, in many cases, investigators involve or very expensive devices, or very
complicate systems for the transducer preparation and analysis fulfiiment.

We used the miniature SPR based device developed by Spreta (USA) as basis of the registering part
and improved it by GPS system which can provide the immediately transferring of the obtained results in
the stationary laboratory for the further verification of analysis and taking of the appropriate decision to
restrict of the infection source. Analysis data are transferred from device to the medical centre or the
laboratory by means of radio channel. As radio-transmitter it is used the original unit, which is developed
by the company "VD MAIS". The procedure of the transducer preparation included several sequential
steps: a) cleaning of surface by ethanol, b) covering of surface by polyalylamine hydrochloride c)
immobilization of protein A from Staphylococcus aureus and, at last, the oriented binding of the specific
antibodies. The model solution of S. typhimurium with the number of concentrations (from 10° to 10°
cells/mL) was prepared in 0.9% of sodium chloride. The time of the sample incubation with the transducer
surface was about 5 min and after that the last was washed by the above mentioned buffer. It was stated
that the sensor sensitivity was on the level 10%-10" cells/mL and linear field is situated from this level up to
10" cells/mL. It is not sufficient sensitivity for all practice situations and, maybe, for its increasing there is
necessary to find the most optimal variant of analysis from or/and to use the specific antibodies with high
level of affinity.
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Introduction.

The increasing incidence of food poisoning has become a significant public health concern for
customers worldwide. Salmonella spp is one of the most frequently occurring food borne pathogens
affecting the microbial safety of food and cause great concern in the food industry. Furthermore
Salmonella infections are a serious medical and veterinary problem. Like other members of the bacterial
family Enterobacteriaceae, species of Salmonella are gram-negative and rod-shaped. Salmonella do not
require oxygen and their main habitat is the intestinal tract of animals. Salmonella species are motile and
produce hydrogen sulfide. They generally do not ferment lactose.

Salmonella infections are zoonotic; they can be transmitted by humans to animals and vice versa. The
microorganisms can be frequently found in sewage, sea, and river water and can contaminate a variety of
food. Some Salmonella species are restricted to one or few animal species, whilst others have a wider
host spectrum [1].

Salmonella nomenclature is complicated. Enterobacteriaceae family contains more then 2300
serovars, which are divided using somatic O-antigen set at 46 serotipes. Using the structure of H-antigen
about 2500 serovars are known. But main mass of human disease and death are caused by relatively
small group of serovars (10-12). Classification of Salmonella contains two species: S. enterica and S.
bongori which are divided at 7 subspecies and marked with numbers or own names — S. enterica (l),
salamae (ll), arizonae (lll), diarizonae (llIb), houtenae (IV), indica (V) and bongori (V). More often
Salmonellosis is caused by representatives of | and Il subspecies. Majority of Salmonella are pathogenic
for human and for animals but in epidemiological meaning only a few of them have especially significant
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part. There are: S. typhimurium, S. enteritidis, S. panama, S. infantis, S. newport, S. agona, S. derby, S.
london and some other agents that cause 85-91% cases of Salmonelosis [1]. The electron microscopy of
S. typhimurium is given in Fig. 1

Fig. 1. A — Salmonella typhimurium at the electron microscopy; B — Flagellar stain of a S. typhimorium. Like E. coli,
Salmonella are motile by means of peritrichous flagella.

Traditional methods [1, 2] for isolating and identifying Salmonella spp in foods relies on a multi-step
process involving: preenrichment, selective enrichment in both selective and differential media,
biochemical testing and serological confirmation. These cultural techniques for detection of Salmonella
spp require 3 — 4 days to provide presumptive results and an additional 1 — 2 days for further biochemical
confirmation [1]. As a rule the traditional approaches which are used for the revealing of the infected
organisms are time consumable, routine and demand a special laboratory conditions with the very
professional staff. For overcoming of these disadvantages there is necessary to develop instrumental
methods, in particularly, based on the principles of biosensorics. Depending on the basic transducer
principles, there are advances in biosensing technologies that use electrochemical, piezoelectric, optical,
acoustic and thermal biosensors for detection of pathogenic bacteria [3-11].

The efficiency of the instrumental methods depends on all sides: technical characteristics of the
registering part, specific preparation of biological sensitive layer and algorithm of analysis fulfillment. At
the optimization of the general characteristics of the biosensor there is necessary to take into
consideration the main practice demands which concern sensitivity, specificity, rapidity, simplicity and low
cost analysis.

Experimental.

Among wide quantity of types of biosensors a special attention is paid that which based on the SPR
with application of the different devices handmade in the laboratories and industrial produced: BIACORE
(Sweden), Spreeta (USA) [3, 6, 12] as basis of the registering part. The laboratory-on-crystal Spreeta
TSPR 1A170100 is manufactured by the company Nomadics, Inc on the base of SPR. Spreeta contains
the prism with the sensitive surface. The prism has build-in the LED, the mirror, the photodetectors and
the logic units. LED exit is connected by means of the optical line to the sensitive surface of the prism.
The sensitive surface of the prism is connected by means of the optical line to the mirror, which has
optical connection with the ruler of the photodetectors, exit of which is exit of the Spreeta. LED lights up
sensitive surface and light beam beats off to mirror. Then reflected beam falls on the photodetectors of
the Spreeta. Laboratory-on-crystal Spreeta converts the SPR curve shift to discrete pulses. These pulses
are digitizing, processing in the portable device and then data are transferred by radio-channel.

Spreeta is device with three channels. It may directly connect to the computer for the registration of
optical signal and its processing in advance. Moreover, this biosensor may have built in a simple
computer unit and may be improved by GPS system which can provide the immediately transferring of
the obtained results in the stationary laboratory for the further verification of analysis and taking of the
appropriate decision to restrict of the infection source. The principal scheme of such device is presented
in Fig. 2. Optical scheme of the Spreeta module is given in Fig. 3. To the sensitive module surface (which
was presented gold layer) it was connected the special flow through cell and system for the control of the
liquor injection with the help of the peristaltic pump as well as thermistor for temperature control and at
the necessary for it stabilization.
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Obtained data and information about the place of the analysis are transferred from device to the
medical center or the laboratory by means of radio channel through radio-transmitter developed by the
company "VD MAIS" [13].
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Fig. 2. Functional diagram of the device
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Fig. 3. Scheme of optical Spreeta module.
1 —light diode, 2 — polarizer, 3 — flow cell, 4 — thermistor, 5 — sensitive surface, 6 — mirror and 7 — line of 128 photo
detectors with 128-category movable register.

Principle of the operation is based on the transferring all data through the radio-channel (by means of
the GSM-technology) directly to the Internet, and then to the server of the medical organization. On the
first stage the SPR curve is measured when the device sensitive surface is covered only by layer from
specific antibodies. The prism transforms optic signal of refraction angle into appropriate pulse sequence
with different amplitude, which from prism exit comes in analog-digital converter (ADC). From ADC actual
code values, which are proportional to SPR curve, enter to microprocessor unit. On the second stage the
drop of investigated liquid is placed on the sensitive surface. If investigated liquid contains antigens, then,
in concordance with "antibody-antigen" reaction, the refraction angle of prism optical signal will vary. New
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refraction angle is transformed by microprocessor unit into pulse sequence. Microprocessor unit detects
the shift between these two SPR curves. In case of detecting of shift between these curves the
microprocessor unit displays proper information on display and simultaneously transfers these data via
GSM-communication to the server of necessary organization. The data about the place of measure,
which are received by means of built-in GPS-system, are transferred together with information about
presence of infection.

The procedure of the transducer preparation included several sequential steps: a) cleaning of surface
by ethanol, b) covering of surface by polyalylamine hydrochloride c¢) immobilization of protein A from
Staphylococcus aureus and, at last, the oriented binding of the specific antibodies. The sterilized and
concentrated samples of S. typhimurium as well as the specific antibodies to this microorganism were
prepared in the State Scientific-Research Control Institute of Veterlnaay Preparatlons and Feed Additives
of Ukraine. The number of concentrations of S. typhimurium (from 10° to 108 cells/mL) were prepared in
physiological solution (0,9% of sodium chloride). The time of the sample incubation with the transducer
surface was about 5 min and after that the last was washed by the above mentioned soltion.

Results and discussion.

An SPR biosensor is powerful tool for monitoring Salmonella infections. Among other biosensors
Spreta showed fair sensitivity for the detection of Salmonella. It was stated that the sensor sensitivity was
on the level 10° cells/mL and linear field is situated from this level up to 107 cells/mL. But it is not sufficient
sensitivity for all practice situations. Maybe, for its increasing there is necessary to find the most optimal
variant of analysis or/an use the specific antibodies with high level of affinity. The diagram of the obtained
results is presented in Fig. 4 (the changes of microorganism concentrations are indicated by the pointers
from above and the start of washing — by ones from bellow).

1.6

1.5 5

2
1.3 -
) _‘\/ N

1.2 %

1,1
180 420 660 900 1140 1380 1580

Fig. 4 Sensor diagram of the analysis of the different concentrations of
S. typhimurium. 1-6 — 10° - 108 cells/mL. Abscissa — time (sec) and ordinate — change of resonant angle. The
changes of microorganism concentrations are indicated by the pointers from above and the start of washing — by
ones from bellow.

It is shown that signal of the immune b|osensor has directly proportional dependence on the
concentration of cells of S. typhimurium from 10% to 10’ per mL (Fig. 5).
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Fig. 5. Dependence of immune biosensor signal on concentration of cells of S. typhimurium in solution.
Ordinate - change of resonant angle; Abscissa — 1-6 - 10° - 10° cells/mL.
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In comparison with others [7] described an immunosensor based on SPR for the detection of S.
typhimurium using protein G with a detection range of 10 to 10° CFU/ml. Gertie et al. [ 8] used Biocore
for the detection of Salmonella group. They have demonstrated that the minimal injected amount of cells
to obtain a significant response corresponds with 1.7X10° CFU per test portion (Table).

After all it is necessary to emphasize that recently an SPR method is widely used for the detection of
pathogenic microorganisms [14-20]. As in ELISA, SPR detection is quick and cheap. But simultaneously
along with high sensitivity another parameters for better work in real conditions must be developed. In our
case we tried to provide the system for long-time monitoring of Salmonella used the miniature SPR based
device as basis of the registering part and improved it by GPS system. It allows transferring obtained
results immediately in the stationary laboratory for the further verification of analysis and taking of the
appropriate decision to restrict of the infection source.

Table. Comparison of the characteristics of immune biosensors proposed for the determination of S.
typhimurium concentration in model solution

ltem Type of immune biosensor and its producer Level of sensitivity Linear diapason

1. Elaborated by us (SPR, intermediate layers — 10°-10* cells/mL 10°-10" cells/mL
polyelectrolites, protein A)

2. Elaborated by us (SPR, intermediate layers — 2x10°-10° 2x10°-10’
polyelectrolites, protein G) cells/mL cells/mL

3. Elaborated by us (SPR, intermediate layers — 5x10°-10" 5x10°-10"
dodecanthiol, protein A) cells/mL cells/mL

4, Oh Byung-Keum et al., 2004 (SPR, 10 cells/mL 102-109 cells/mL
intermediate layer — mercaptoundecanoic acid,
protein G )

5. Gertie et al., 2003 (Biacore, developed dextran) 1.7x10° CFU/mL -

6. Son et al.,, 2007 (SPR, intermediate layer — 10° CFU/mL -
neutravidin)

7. Koubova et al., 2001 (SPR, direct physical 10° cells/mL -
adsorption)

8. Lan Yu-bin at al., 2008 (SPR, 1 x 10° CFU/ml -

Conclusion

Diseases caused by food-borne pathogens constitute a world-wide increasing public health problem.
Detection of bacterial contamination of food, therefore, is very important for public health protection [6, 7].
Recently, SPR based immunosensors have been developed for the measurement of number of antigens
with high specificity and sensitivity as well as with a short detection time and simplicity [5].

The portable SPR based device developed by Spreeta was used by us as a basis of the registering

part for the detection of S. typhimurium. The sensor sensitivity was on the level 10% — 10" cells/mL. But
this sensitivity is not sufficient for all practice situations and subsequent work will be devoted to increase
it. The improving of the developed immune biosensor by GPS system which is built in the radio-
transmitter allows transferring obtained results immediately in the stationary laboratory for the further
verification of analysis and taking of the appropriate decision to restrict of the infection source.
A special attention there is necessary to avoid 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 combination of immune biosensor analysis with
preliminary application of such chromatography will be as the next task for authors.
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