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The study of detection effectiveness of sulfate-reducing bacteria (SRB) in the samples from various
ecotopes by microbiological (cultural by serial dilutions) and molecular biological (by real-time PCR)
methods with designed test-systems lyophilized on the silicon microchip was performed. The developed
DSRM and SRB2 test-systems for detection of the functional gene dsrA presence, encoding one of the key
enzyme of dissimilatory sulphate-reduction pathway — dissimilatory sulfite reductase were used. It was
found that the minimal determined SRB titres in water samples were 10* cells/ml and in soil samples they
were 102-10° cells/g of absolutely dry soil. In natural and man-caused samples, the amount of SRB
detected by the microbiological method was correlated with calculated values determined by the molecu-
lar biological method, Pearson’s indexes were r=0.41-0.69 (k =11, P <0.01-0.05). Thus, real-time PCR
assay with designed test systems lyophilized on the silicon microchips is a high-quality and rapid method

for the detection of SRB in various natural and man-caused ecotopes.
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Losses from corrosion of the metal
underground structures and closed technical
systems were estimated approximately
1-6% of the gross domestic product (GDP)
of developed countries [1, 2]. However, all
existing methods for ensuring the operational
reliability of underground structures are based
on the principles of corrosion assessment as an
exclusively electrochemical process. However,
according to expert estimates, 80-90% of
corrosion destruction of metal structures in
the underground and marine environment is
directly or indirectly caused by the activity
of sulfate-reducing bacteria (SRB) which are
dangerous agents of microbial corrosion of
metals (biocorrosion). More than 20% of losses
in the oil and gas industry, which cost more
than $100 million annually, are the result of
biocorrosion [3—5]. Among the main factors of
biocorrosion, a special role belongs to corrosive
SRBs, capable to sulphidogenesis [6—9].

Presently the soils corrosion aggressiveness
factor as a result of activity of corrosive-
relevant bacteria is not taken into account
both in the design of underground structures
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and in the development of protective methods
against corrosion. Therefore, there is need
for identification and continuous monitoring
of SRB. The most common method of soil
biocorrosion activity monitoring, which
is noticed in current regulations, is the
quantitative measuring of sulfate-reducing
and thionic bacteria [4, 10, 11]. However,
the detection of bacteria by the classical
microbiological method of cultivation
on nutrient media is expensive, time-
consuming, and requires a specially equipped
microbiological laboratory. The total time of
determination of the SRB’s availability and
quantity takes up to 10—14 days.

New approaches in the detection of SRB
are molecular biological methods, which are
based on the determination of functional
genes encoding key enzymes of dissimilatory
sulphate-reduction pathways by real-time
PCR. Last decade, a rapid reduction in cost
and simplification of these methods has been
observed due to the development of large-scale
production of microchip systems and reducing
the reagents consumption. Nowadays,
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microchip systems are widely used in medicine,
crop production and animal husbandry to
detect the pathogens of bacterial and viral
diseases of humans, animals and plants [12,
13]. However, there is no available test-
systems for the detection of SRB in various
natural and man-made ecotopes using specific
primers for the a-subunit of the functional
gene encoding the dissimilatory sulfite
reductase (dsrA, EC 1.8.99.3). The analysis
of this gene is performed only as a part of the
metagenomic complex product Geochip 5.0
(Glomics) [14].

Previously, we have designed the test
systems for the detection of SRB by real-
time PCR assay. It was found that 3 of 6 test
systems had showed the specificity. The most
specific test system was SRB2 designed on
the basis of the nucleotide sequence of the
a-subunit of dsrA gene of the Desulfovibrio
bacteria and DSRM test-system specific to all
the SRB genera [15].

The aim of the study was to determine
the effectiveness of the developed molecular
biological method for detecting SRB in natural
and man-caused samples by real-time PCR
in microchip format in comparison with the
classical microbiological method.

Materials and Methods

Objects of study. Collection SRB strains
Desulfovibrio desulfuricans UCM B-11501,
Desulfovibrio vulgaris UCM B-11502,
Desulfovibrio sp. UCM B-115083 (Ukrainian
Collection of Microorganisms of the Zabolotny
Institute of Microbiology and Virology of the
NAS of Ukraine) were used. The presence of
SRB in soils, biofoulings, sludges, sewage and
sea waters samples using microbiological and
molecular biological methods was detected.

Sampling for analysis. For microbiological
studies, soil samples (10-50 g) were taken
with sterile spatula in sterile plastic or paper
bags. The samples of waters, sludges, foulings
were taken in volume of 50—100 ml in sterile
containers. Before the analysis, the samples
were stored at +4 °C, no more than 2—-3 days.
Determination of soil moisture was carried
out by drying at 105 °C to a constant mass of
absolutely dry soil (ADS).

The cultivation of the collection SRB
strains were performed in the liquid Postgate
“B” media under microaerophilic conditions,
at the temperature of 28 °C, during 7—10 days
up to the stationary phase of bacterial growth
[16]. The cell titres were determined by the
method of serial dilutions and the number of

bacterial cells in 1 ml of an aqueous sample
(or in 1 gram of absolutely dry soil) using
MacCradey’s tables were calculated [17].

Preparation of bacterial biomass. To isolate
DNA wet SRB biomass (up to 1 g) was put to
a 5—10 ml test tubes, 1.0 ml of saturated
citric acid solution was added (133 g of citric
acid in 100 ml of distilled water), and mixed
intensively by vortex until the biomass was
completely suspended and metal sulphides
were dissolved. Further, the bacterial biomass
was kept in a thermostat at 28—30 °C for 1-2 h,
centrifuged at 13.000 rpm for 10—15 min
(5415R, Eppendorf) and then re-suspended in
0.5 ml of distilled water.

DNA isolation. Isolation of total genomic
DNA from the SRB biomass was performed
using reagent kits DNA Sorb-B (AmpliSens,
Russia) or DNA PROBA-CTAB reagent kit
(DNA Technology, Russia) according to the
manufacturers’ instructions. Total DNA from
water samples was isolated using the reagent
kit DNA Probe-CTAB (DNA Technology,
Russia). Before isolation of total DNA
from the soil samples, it was prepared soil
suspension as mentioned in the laboratory
manual. To isolate total DNA from soil
samples two methods were used: 1) commercial
reagent kit DNeasy PowerSoil Kit (Qiagen,
USA); 2) guanidine and isothiocyanate method
followed by DNA purification in agarose gel
according to methodical recommendations
[18]. DNA concentration was measured
using the SmartSpec Plus (Biorad, USA)
spectrophotometer.

Test-systems. Test-systems consisting
of the primer pairs and fluorescent probes
were developed on the basis of available in
the GenBank database nucleotide sequences
of the a-subunit of the dsrA gene of SRB and
designed and characterized earlier [15]. For
the development of test systems, the Oligo 6.0
Primer Analysis Software program (Molecular
Biology Insights, Inc., Colorado, CO, USA) was
used. Sequences of primers and fluorescent
probes are listed in the Table 1.

Microchips used in the study. In this study
two types of silicon (Si) microchips (30 and 48-
well) were developed and tested (Fig. 1).

Preparation of microchips for analysis.
PCR mixture consisted of hot-start Taq
DNA polymerase (5.0 u/ul) (“Sibenzyme”,
Russia), ANTP mix (0.5 mmol/1 each), primers
(5.0 mmol/1 each), probe (2.5 mmol/l),
deionized water, stabilizing solution
(containing tregalose (100mM), polyvinyl
pyrrolidone (2%), Tween 20 (1%) with
deionized water). The mixtures were added
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to each microchip wells (including internal,
positive and negative controls) and lyophilized
with freeze-drying FreeZone6 (Labconco,
USA) using developed technology (Genbit LLC,
Russia).

DNA samples mixed with a PCR buffer
(“Sibenzyme”, Russia) at the ratio of 1:8.5 were
added to the previously prepared microchip. The
microchip was installed into holder cartridge
and the whole reaction zone was covered with
a sealing layer of mineral oil (620 pl). The test
samples were added to wells under the sealing
oil layer according to the microchip topology
(Fig. 1). As a positive control the total DNA
(C+) isolated from the SRB were used. The
negative control (C-) was deionized water.

Real-time PCR in microchips. Real-time

amplification was performed on two-beam
AriaDNA Microchip Amplifier (Lumex-
Marketing, Russia). Thermal cycling conditions
for amplification was as follows and included
initial denaturation (94 °C, 180 s), followed by
45 cycles of denaturation (94 °C, 5 s) and primer
annealing (56 °C, 30 s). Signal recording (FAM
detection channel) was performed at the end of
annealing step. The ROX detection channel was
used for IC. Processing of the results of PCR
analysis recording and counting of threshold
cycles (C,) was performed automatically using
the AriaDNA ver.1.4. software (Lumex-
Marketing, Russia).

The detection limit determination for
designed test-system was determined in a
series of model experiments. To detect the

Table 1. Specific test-systems used for real-time PCR on silicon microchips

The name
Specificity to of the Primers and Sequences P(Isgng‘:(l)ld(l)lfc ¢
SRB test probes primers and probes (5/-3/) ({; )
system p
SRBF2 ACC CACTGG AAG CACG
Desulfovibrio SRB2 SRBR2 ACG GTG TGG AAG TGC G 113
SRB2Probe FAM-CGGGCTGGTCACAGTAACGG-BHQ1
DSRM DSR1FM AAGGAACCCCGCACCAAC
All SRB genera DSR1RM TTATCTCAGGTGTCTCTTGCGG 102
DSR1Probe FAM-TCGCGATCCCAGCCACCAGG-BHQ1
A B
C

Fig 1. Topology of PCR silicon-based microchips with lyophilized test-systems for 48-cells (A)
and 30-cells (B), their surface (C):

1-6 — the number of samples loaded into the microchip, in 3 repeats (FAM detection channel),
C+ — positive control; C— — negative control; IC — internal control sample (ROX detection channel)
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minimum determined number of bacteria in
the samples the curves of representation of
the dependence between bacterial titre and
threshold cycles from real-time PCR were
fitted. Data for constructing dependencies
were obtained from a series of experiments
with known titres of test cultures
D. desulfuricans UCM B-11501, D. vulgaris
UCM B-11502, Desulfovibrio sp. UCM
B-115083. The initial titres of the SRB strains
were 109 cells/ml (g). A series of dilutions of
bacterial cells were prepared in sterile water,
as well as in the soil, excavated near the
water pipe-line. The soil was not sterilized,
but beforehand the amount of SRB and the
presence of dsrA genes were checked. From
water and soil series of bacterial dilutions,
total DNA was isolated and real-time PCR
was performed on 3-6 microchips repeats. The
total number of repeats was N = 9—-12.
Statistical analysis. Averaging and
approximation of the obtained data (M + m,
P < 0.05), construction of regression curves of
the threshold cycles (C,) from lg SRB (cells/ml
(g)) were performed using the MS Excel 2010
software package. The calculation of paired
Pearson’s correlation indexes () was performed
using the Statistica program software ver. 10
(StatSoft Inc., USA http://www.statsoft.com/).

Results and Discussion

The molecular biological method for
detecting of corrosive-relevant SRB is based on
the determination of functional gene encoding
key enzymes of the dissimilatory sulphate-
reduction pathway, in particular the a-subunit
of the dissimilatory sulfite reductase gene
(dsrA). Early, we had designed the test-systems
for the detection of SRB by real-time PCR
assay [15], which allow detecting effectively
the presence of the dsrA gene. However, there
are no data about comparative studies of the
effectiveness of detection SRB presence in
various natural and man-caused samples using
newly developed molecular approach and
microbiological method.

To estimate detection limit of the developed
test-system, serial dilutions of SRB in soil and
water samples were performed. This value is
one of the quantitative characteristics of test-
systems. Dilutes of SRB cells in sterile tap
water and in soil, excavated near the water
pipeline, were used for model experiments.
The initial titres of SRB cultures were
next for Desulfovibrio sp. UCM B-11503
(1083-10° cells/ml), D. desulfuricans UCM
B-11501 (108-10° cells/ml) and D. vulgaris

UCM B-11502 (108 cells/ml).

Total DNA was isolated from the prepared
series of diluted SRB cultures and the presence
of the dsrA gene was determined by real-time
PCR using the reaction threshold cycle (C,)
values. The PCR curves for estimation of the
detection limit i.e. the minimum SRB titres are
shown in Fig. 2 (the series of limit dilutions of
D. vulgaris UCM B-11502 in tap water). The
Chl line on the graph is the threshold line
for the first beam of the fluorescent probe
(FAM), drawn automatically by the microchip
amplifier’s program software above the
background. The intersection point of the
fluorescence curve with the threshold line Ch1
gives the threshold cycle value (C,). The earlier
the reaction curve crosses the Chl line, the
lower threshold cycle value is and PCR runs
more effective [15].

As appeared on the graphs, the real-
time PCR curves corresponded to a series of
limit dilutions both in terms of fluorescence
intensity, which went down with decreasing
bacterial titre (from 900-1 000 to 100—-200).
Threshold cycles for the DSRM test-system
detected C, were in range 21-31 (Fig. 2, A)
and for the SRB2 test-system from 27 to 37
(Fig. 2, B).

From the obtained data of 9—12 repeats
linear dependences of the number of SRB
cells (Ig cells/ml or cells/g) on the values of
threshold cycles (C;) of real-time PCR were
derived to build standard regression curves
(Fig. 3). The standard deviation of the average
threshold cycles did not exceed 5% . The points
of intersection of red lines indicate the values
of reliable threshold cycles (C,) do not exceed
35 cycles and the limit determined amount
(titre) of SRB in the sample.

For test-systems tested on the SRB cultures
diluted in water samples had shown that the
detection limit of the dsrA gene corresponded
to the follows bacterial titres — 10?* cells/
ml of the water sample (line 1, Fig. 3, A).
In soil samples, the detection limit of SRB
titres were differed for two used methods and
amounted in 10%*-10° cells/g of absolutely dry
soil (line 3, Fig. 3, B). The method of DNA
isolation according to the recommendations
[18] (line 2, Fig. 3, B) was more sensitive, since
the determined amount of SRB was 3 orders of
magnitude less compared with data obtained
for PCR with the DNA samples extracted with
the commercial reagent kit. The minimum
determined SRB titre was 10Z cells/g of ADS.
Thus, the minimum determined amount (lg
of SRB cells) in soil samples was 2 orders of
magnitude more than in water samples.
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To compare different methods, we
determined the amount of SRB in samples from
natural and man-caused ecotopes (Table 2).
For analysis, 13 samples were taken from the
following ecotopes: the Black sea, Odessa region
(sludge samples OL4, OL5; sea water OL6, OL7);
wastewater treatment plant Chernihiv city
(sewage waters samples Ch2, Ch4; biofoulings
Ch1, Ch3, Chb); main gas-pipeline, Poltava
region (soil from the pipe surfaces P5, P7 and
control soil P9, P10). In all the studied samples
SRB were detected by both methods, i.e.
microbiological and molecular biological using
real-time PCR. For the studied samples, the
dynamics of real-time PCR are shown in Fig. 4.

It was revealed that in the samples from
the Odessa region, i.e. OL4, OL5 samples from
the bottom of the estuary, the SRB titres
determined by microbiological method were
10%-108 cells/ml, and in OL6, OL7 sea water
samples the amount of SRB were lower by
2—4 orders of magnitude (10*-10° cells/ml).
Detection of the presence of the dsrA gene in the
total DNA isolated from these samples showed
that in the OL4 sample with a high SRB titre
(108 cells/ml), the C; values obtained from PCR
curves for two test-systems DSRM and SRB2
were 31.15 and 32.46, respectively. For OL5
and OL7 samples with SRB titre (10° cells/ml),

the C, values for the DSRM test-system were
31.65-32.13, which is less effective because the
threshold cycles are higher. For the OL6 sample
with the lowest SRB titre, it was noted that the
gene was detected by only one SRB2 test system
(C, = 34.50). It was noticed that the obtained
C; values are reaching to the reliable threshold
determination (35 cycles), i.e. the values above
which are considered unreliable (Table 2; Fig. 4,
A). Thus, the smaller number of bacteria in the
sludge and seawaters samples corresponds to the
highest C, values, which is considered with the
data of regression curves (Fig. 3). The SRB titre
obtained by the microbiological method in most
samples was higher than the values calculated
from the regression curves.

The data obtained for samples from the man-
caused ecotope (Chernihiv wastewater treatment
plant) showed a similar relationship between
the number of bacteria and the threshold cycles
C, values. For Chl, Ch3 biofouling samples, the
determined SRB titres were high (102 cells/ml)
with obtained subsequent threshold cycles for the
DSRM test-system were C, = 28.50-32.07 and
for the SRB2 test system C, = 29.49-30.84. In
Ch2, Chb sewage waters samples, the SRB titres
107 cells/ml were in one order less than in below
mentioned samples. The threshold cycles for the
DSRM test-system C, = 29.58-31.15 values were
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Fig. 2. Real-time PCR curves of determining the presence of dsrA genes in a series of limit dilutions
of D. vulgaris UCM B-11502 in water samples:
A — DSRM test-system, B — SRB2 test-system. The graphs show the titre values for D. vulgaris
UCM B-11502 test culture corresponding to the samples from which the DNA was extracted
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Table 2. Comparison of the microbiological method for determining the amount of SRB

with the real-time PCR method in microchip format

Microbiological Molecular biological real-time
method PCR method
The source of
No. sample isolation Sample name lg SRB, cells/g C,, cycles lg SRB (by
ADS (OI‘ 1 ml of regression curves)
water) DSRM | SRB2 | DSRM | SRB2
Water, sludge, biofouling
1 Odessa estuary OL4 (sludge, estuary) 8.0 31.15 32.46 5.28 5.04
2 | and water from | QLS5 (sludge, estuary) 6.0 31.65 - 5.13 0
Black sea
3 (Kryzhanovka, OL6 (Sea Water) 4.0 - 34.50 0 4.29
4 | Odessaregion.) OL7 (sea water) 6.0 32.13 | 28.87 | 4.98 6.36
5 Ch1 (biofouling) 8.0 28.50 29.49 6.08 6.13
6 | Wastewater Ch3 (biofouling) 8.0 32.07 | 30.84 5.0 5.64
treatment plant
7 | (KP “Chernihiv Ch5 (biofouling) 7.0 31.15 27.75 5.28 6.77
Vodokanal”,

8 Chernihiv) Ch2 (waste water) 7.0 29.58 29.32 5.75 6.20
9 Ch4 (waste water) 5.0 34.56 33.62 4.25 4.62
Soils

10 P5 (lower tangent) 4.0 34.96 - 3.45 0

Soils, near the -
11 main gas- P7 (side tangent) 5.0 34.34 - 3.82 0
12 pipeline P9 (control) 4.0 - 30.69 0 6.30
(Poltava region)

13 P10 (control) 6.0 27.12 26.97 8.20 7.63

Pearson’s correlation indexes (r) 0.69 0.41
Note: "— " — threshold cycles are not defined (no reaction occurred).

for one unit higher than for Chl, Ch3 samples.
For the SRB2 test-system, the C, values (27.75—
29.32 cycles) were similar to the above-described
samples.

In the Ch4 sample with the lowest SRB titre
(107 cells/ml) the threshold cycles values were
high (34.56 and 33.62), for two test-systems
DSRM and SRB2, respectively (Table 2; Fig. 4,
B). So, the amount of the SRB detected by the
molecular biological method was less than for
microbiological one.

For soil samples taken near the main gas-
pipeline (Poltava region), the DSRM test-
system detected the target gene in 3 total
DNA samples, in contrast to the SRB2 test-
system, which detect the gene in 2 samples
(Table 2; Fig. 4, B). It was also noted that in
the P10 sample with the largest among this
ecotope SRB titre (10° cells/g of absolutely
dry soil) the dsrA gene was detected with
the C, values 27.12 and 26.97, for the
DSRM and SRB2 test-systems, respectively.
For P5, P9 samples with 2 orders less SRB
titres (10* cells/g of absolutely dry soil),

the detection of the dsrA gene was less
effective. Threshold cycles for DSRM and
SRB2 test-systems were 34.96 and 30.69,
respectively. It was noted that in water
samples the dsrA gene was detected more
effectively than in soil samples. A lot of
factors can influence on the effectiveness of
determination of the dsrA gene both in water
and soil samples. As mentioned in the work
[19] the soil environment is heterogeneous
and multicomponent, that can effect on the
quality of the isolated DNA and, accordingly,
on the effectiveness of PCR analysis.

Thus, in the total DNA isolated from natural
and man-caused samples the presence of the
a-subunit of dissimilatory sulphite reductase
(dsrA gene) and, accordingly, the presence
of SRB by real-time PCR with using of the
lyophilized silicon microchips was determined
in 11 of the 13 samples using DSRM test-system
and 10 of the 13 samples using SRB2 test-system.

To compare the effectiveness of SRB
detection by microbiological and molecular
biological methods, Pearson’s correlation
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indexes were calculated for the results obtained
from different methods. To gain this, the derived
regression equations based on data obtained from
real-time PCR with designed test-systems for
SRB titres (presented in Ig) were calculated (Fig.
3). Calculated Pearson’s pair correlation indexes
(Table 2), were positive, which indicates the
coincidence of the data obtained by two methods.
Thus, according to data from 13 samples, the
Pearson’s correlation indexes for the DSRM test
system was r=0.69 (k =11, for P <0.01), which
indicates a positive average tightness of the
linear dependence, and for SRB2 test-system r =
0.41 (k = 11, for P < 0.05), which indicates a
weak tightness of the linear dependence. Based
on the number of triggers and correlation
analysis data, we could suppose that the DSRM
test-system is reliable and effective.

Thus, microbiological measurements
are obviously the most reliable and sensitive
quantitative method for detecting bacteria, but
this method is more expensive and, importantly,
time-consuming without the possibility of full
automatization the detection process. The use of

A

real-time PCR with the developed test-systems
on the lyophilized silicon microchips are cheaper,
high-quality and rapid method for the detection of
SRB in various natural and man-caused ecotopes.

When conducting large-scale construction
the molecular biological studies of soils with
the goal to detect the presence of the corrosive-
relevant bacteria are essentially needed.
Such expertise will help to avoid the severe
consequences that arise during operating
underground structures.

Potential areas of industry and national
economy where the use of developed test-
systems is recommended are: oil and gas
industry (to assess the corrosion activity of
soils in the design and laying of oil and gas
pipelines); microbiological control of oil and
oil products pollution; monitoring of reservoir
waters; monitoring of corrosion destruction
of tanks, tankers and closed communications,
etc.; development and testing of new inhibitors
of biocorrosion caused by SRB [20-22]. In
addition, the detection of SRB is necessary
during the searching and checking the quality

Fig. 3. Standard regression curves of a series of limit dilutions of SRB in water (A4) and soil (B) samples
(N =9-12, P <0.05):
DSRM, SRB2 microchip lyophilized test systems. Line 1: sample preparation using DNA PROBA-CTAB
reagent kit (DNA Technology, Russia, cat. P-004/2); line 2: sample preparation as indicated in the guidelines
[18]; line 3: sample preparation using the DNeasy PowerSoil Kit (Qiagen, USA)
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Fig. 4. Real-time PCR curves obtained from DSRM test-system for DNA extracted from natural
and man-caused samples:

A — sludge samples (OL4, OL5), sea water (OL7) (Black sea, Odessa region); B — sewage waters (Ch2, Ch4),
biofoulings (Ch1, Ch3, Ch5) (wastewater treatment plant, Chernihiv); C — soils near the main gas-pipeline
(P5, P7, P9, P10) (gas-pipeline, Poltava region)

Control — positive control of DNA isolated from SRB cultures of D. vulgaris UCM B-11502

or D. desulfuricans UCM B-11501.

of deposits of curative muds for the creation of
hospitals and recreational resorts. In monitoring
of the sanitary state of soils and assessing their
potential corrosion activity for municipal and
industrial construction, it is also necessary to
study the presence of SRB [4, 20, 21].
Advantages of bioprospecting: the use
of test-systems in microchip format will be
cost-effective for the following reasons such
as speed and accuracy of determination,
efficiency, and comparative reduction of the

analysis cost, the possibility of the process
automation and the introduction of serial
production of microchips. Also, it is possible to
use test-systems for monitoring and detection
of SRB in such samples as soils, waste waters
and biofoulings with a view to identify
corrosion spots on the objects with increased
man-caused loading to predict the future
possible occurrence of extreme situations.
After comparative analysis of the two
methods, we can conclude that microbiological
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measures are highly reliable and sensitive,
and can be used as a quantitative method, but
they are expensive, time-consuming, needed
for highly qualified personnel and there is
impossibility of full automation. The proposed
molecular-biological PCR assay using lyophilized
test-systems on a silicon microchips is a cheap,
effective, high-quality express method for
the detecting the presence of SRB in a various
samples, such as water, soil, biofouling, etc.
This method has the ability to automate the
determination process, as well as the introduction
of serial production of microchip systems.
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JAETERIIA CY JIbPATBITHOBJIIOBAJBHUX
BAKTEPIN ¥ PIBHUX EKOTOIIAX
METOJAOM IIJIP ¥ PEZKHUMI PEAJIBHOI'O
YJACY

II. P. A6oynina', I'. O. Iymuncera’,
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IIpoBegeno mocrigkeHHs e(peKTUBHOCTI BUSIB-
JIeHHA Cyab(PaTBiAHOBIIOBAILHUX OaKTepill y pis-
HUX €KOTOIIaX MiKp06ioIoriuHUM (KYJIbTYPaJIbHUM
MEeTOJOM TPAHUYHUX PO3BeNeHb) Ta MOJEKYJIAP-
Ho-6ionoriuaum (IIJIP y pesxumi peaabHOTO Hacy)
MEeTOJIOM 3a JOTIOMOTOIO0 PO3POOJIEHUX TECT-CHUC-
TeM Ha Jio(iIiZoBaHMX KPEeMHi€BUX MiKpPOUHIAX.
Byno Bukopucrano tecr-cucremu DSRM ta SRB2
IJIs1 BUABJNEHHA (PYHKI[IOHAIBLHOTO TeHa dsSrA, 1110
KOZAy€e OAUH i3 KJIIOUOBUX €H3UMiB IIPOIECY AUCCHU-
MigAaniiHol cyabdaTpeyKIil — AUCUMITAIINHY
cyab(pirpenykrasy. BeTaHOBIEHO, IITO0 TPAHUYHO
BU3HAUEHI TUTPU CYJIb(ATBIIHOBIIOBAIbHUX OAK-
Tepiii y BOAHUX 3pasKax CTaHOBUJIU 104 KJIiTuH/
MJI BOAH, y I'pyHTOBUX — Bix 102 o 10° 1/ aGeo-
JIIOTHO CYXOT'0 I'PYHTY. B IPUPOIHUX TA TEXHOTEH-
HUX 3pasKax KiJIbKIiCTb cyIb(aTBiHOBIIOBAIBHIX
OaxTepiii, 110 OyJI0 BUBHAUEHO MiKpPOOioJoTiuHuM
MeTOZOM, KOpeJIioBajia 3 pO3paxoBaHUMM 3HAUEH-
HAMU TUTPiB, BUSHAUEHUMMU 3a JOIIOMOI'0OI0 MOJIe-
KyJIsapHO-6iosoriunoro merony, ingexcu IlipcoHa
cramosusu r = 0,41-0,69 (k= 11, P <0,01-0,05).
Taxum unaoM, ITJIP y peansHOMY uaci 3 po3pobie-
HUMHU TECT-CUCTEeMaMU Ha KPEeMHi€BUX MiKpPOUYMUIIaxX
€ HaOiHUM Ta AKiCHUM eKCIIpec-MeTOI0M IJId Je-
TeKIIii cyab(aTBifHOBIIOBAIBLHIX OaKTepiit y pis-
HUX IPUPOTHUX Ta TEXHOTEHHUX €KOTOIIaxX.

Knwuwoei cnoea: dsrA reH, TecT-CUCTEMU,
cyJb(paTBigHOBIIOBANIbHI OakTepii, 6Giokoposisd,
I1JIP y pe:xumi peaJbHOTO Uacy.
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JETERIINA CYJIbPATPENYIUPYIOINUX

BAKTEPHU U3 PA3JUYHBIX 9KOTOIIOB

METOAOM IIIIP B PE;KUME PEAJIBHOI'O
BPEMEHU

I1. P. A6dyauna®, I'. A Hymunckas®,
A. H. Anucxuna®, M. M. Hukumun®
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IIpoBeneno ucciaenoBanme a3(p)eKTUBHOCTH BbISIB-
JIeHusI cyIbhaTpeayIupPyIoNX 0aKTepii B 00pasiax
U3 PaBHBIX SKOTOIOB MIUKPOOMOJIOIMTYECKUM (KYJIbTY-
PaATHLHBIM METOJIOM MPeeIbHBIX PasBeleHNiT) U MoJIe-
KyJaapHo-OmosiorudeckuM metogom (TP B pe:xume
PeaIbHOTO BPEMEHM) C TIOMOITIBIO PAa3pa00TaHHBIX TECT-
cricTeM Ha JTHO(DIIN3NPOBAHHBIX KPEMHIEBBIX MIKPO-
ynnax. BeLIn ncmoab30BaHbl TecT-cucteMbl DSRM u
SRB2 1151 BRIABIEHUA HAIUUNS (PYHKIIMOHAJILHOTO
reHa dsrA, KOIUPYIOITero OIH 13 KJII0UEBbIX SH3MOB
JTUCCUMUIAIINOHHON CYIb(aTPEIYKIITUN — TUCCUMU-
JIAIMOHHYIO CYJIb(MUTPERYKTa3y. ¥ CTAHOBJIEHO, UTO
MUHHMAJILHO OIIpeesseMble TUTPLI CYIb(aTpeayIiu-
pyiomux 6aKTeprii B BOSHBIX 00pasiiaX COCTABJISIIOT
10* ks1/mu1, B rpysETOBBIX — OT 102 K0 10° KIT/T a6CO-
JIIOTHO CYXOT'O TPYHTA. B IIPUPOAHBIX 1 TEXHOTEHHBIX
00pasIax KOJUYEeCTBO CyIb(haTpe yIupyonmx 0aK-
TepHii, BLISIBJIEHHOE MUKPOOMOJIOITUECKIIM METOOM,
KOPPEeJINPOBAJIO C PACCUNMTAHHBIMY 3HAYCHUSAMU TH-
TPOB, OIIPeIeJIEHHBIMU C IIOMOIIIHI0 MOJIEKYIAPHO-010-
JIOTMYECKOT0 MeTo1a, MHAeKChI I [upcoHa cocTaBmin 1 =
0.41-0.69 (k =11, P<0.01-0.05). ITILTP B pe:xrme pe-
AJILHOTO BpEMEHHU ¢ Pa3pabOTaHHBIMU TECT-CACTEMAMI
HA KPEMHUEBBIX MUKPOUMIIAX ABJIAETCS HAMECKHBIM
KAYeCTBEHHBLIM 9KCIIPECC-METOAOM [JIs HeTeKI[NN
cyab(paTpeyIPYIOIX OaKTePHii B PA3IMUHbBIX IIPH-
POIHBIX ¥ TEXHOTEHHBIX 9KOTOMAX.

Knwuesvle cnosa: dsrA res, TeCT-CUCTEMBI, CYJIb-

darpenynupymoiiue OakKTepuu, OMOKOPPO3Ud,
IIIIP B pexuMe peaibHOTO BPEMEHU.
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