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The studies of the carbohydrate composition of the sulfate-reducing bacteria (SRB) biofilms formed on
the steel surface, which are a factor of microbial corrosion, are significant. Since exopolymers synthesized
by bacteria could activate corrosive processes. The aim of the study was to investigate the specificity
of commercial lectins, labeled with colloidal gold to carbohydrates in the biofilm exopolymeric matrix
produced by the corrosive-relevant SRB strains from man-caused ecotopes. Methods. Microbiological
methods (obtaining of the SRB biofilms during cultivation in liquid Postgate B media under microaerophilic
conditions), biochemical methods (lectin-binding analysis of 10 commercial lectins, labeled with colloidal
gold), transmission electron microscopy using JEM-1400 JEOL. Results. It was shown using transmission
electron microscopy that the binding of lectins with carbohydrates in the biofilm of the studied SRB
strains occurred directly in the exopolymeric matrix, as well as on the surfaces of bacterial cells, as seen
by the presence of colloidal gold particles. For detection of the neutral carbohydrates (D-glucose and
D-mannose) in the biofilm of almost all studied bacterial strains PSA lectin was the most specific. This
lectin binding in biofilms of Desulfotomaculum sp. K1/3 and Desulfovibrio sp. 10 strains was higher in
90.8 % and 94.4 %, respectively, then for ConA lectin. The presence of fucose in the SRB biofilms was
detected using LABA lectin, that showed specificity to the biofilm EPS of all the studied strains. LBA lectin
was the most specific to N-acetyl-D-galactosamine for determination of amino sugars in the biofilm. The
amount of this lectin binding in D. vulgaris DSM644 biofilm was 30.3, 10.1 and 9.3 times higher than
SBA, SNA and PNA lectins, respectively. STA, LVA and WGA lectins were used to detect the N-acetyl-D-
glucosamine and sialic acid in the biofilm. WGA lectin showed specificity to N-acetyl-D-glucosamine in
the biofilm of all the studied SRB; maximum number of bounded colloidal gold particles (175 particles/
um?) was found in the Desulfotomaculum sp. TC3 biofilm. STA lectin was interacted most actively with
N-acetyl-D-glucosamine in Desulfotomaculum sp. TC3 and Desulfomicrobium sp. TC4 biofilms. The
number of bounded colloidal gold particles was in 9.2 and 7.4 times higher, respectively, than using
LVA lectin. The lowest binding of colloidal gold particles was observed for LVA lectin. Conclusions.
1t was identified the individual specificity of the 10 commercial lectins to the carbohydrates of biofilm
matrix on the steel surface, produced by SRB. It was estimated that lectins with identical carbohydrates
specificity had variation in binding to the biofilm carbohydrates of different SRB strains. Establishing of
the lectin range selected for each culture lead to the reduction of the scope of studies and labor time in
the researching of the peculiarities of exopolymeric matrix composition of biofilms formed by corrosive-
relevant SRB.
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Recently, a great importance is given to the study
of microbial biofilms, since the basic processes
take place inside them [1, 2]. Exopolysaccharides
(EPS) produced by bacteria in the exopolymeric
matrix play a key role in biofilm formation [3, 4].
Neutral carbohydrates, as well as uronic acids and
aminosaccharides, which interact with carboxyl,
amino groups and other components of the matrix
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and participate in the formation of the biofilm
structure were identified in the EPS [5, 6]. Biofilms
formed by sulfate-reducing bacteria (SRB) on the
steel surface are factors of microbial corrosion
[7, 8]. Exopolysaccharides produced by bacteria in
the biofilm, due to their polyanionic properties, are
able to bind metal ions and sulphides in the matrix,
thus activating the corrosion process [8]. Therefore,
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a wide range study of the carbohydrate composition
of the exopolymeric matrix of biofilms by various
methods is relevant.

Currently, along with biochemical also ele-
ctron microscopy methods are used to study the
properties of bacterial biofilms: fluorescent, laser
confocal scanning and transmission microscopy
using labeled lectins. The feature of lectins to
appear the maximum affinity to oligosaccharides
of a strictly defined structure makes it possible to
identify carbohydrate components produced by
bacteria during the biofilm formation. Using lectin-
binding analysis for the estimating the biochemical
characteristics of biofilms, it is necessary to know
the spectrum of carbohydrate binding of a certain
lectin i.e. its specificity. However, standard lectins
(from the catalog) are tested by the manufacturer
only for certain carbohydrates that are important
for cell biological research, but are not necessarily
present in exopolymers of natural biofilms [9].

The most common method is the fluorescent
lectin-binding analysis. Lectins labeled with
fluorescent dyes in combination with confocal
laser scanning microscopy are used as markers for
studying the spatial localization of glycopolymers
produced in situ in model biofilms [10-13].
Using these studies, it is possible to evaluate
exopolysaccharide-specific glycoconjugates and
even differentiate several of their types [14].
However, this method is not always available.
So, we previously studied the possibility of
detecting and identifying carbohydrates in the
EPS of the biofilm exopolymeric matrix using
transmission electron microscopy with lectins
labeled with colloidal gold [15]. Using this
method, carbohydrate components of biofilms
formed by mono- and associative bacterial
cultures Desulfovibrio sp. 10, Bacillus subtilis
36, Pseudomonas aeruginosa 27, isolated from
a corrosive microbial community were studied.
Neutral carbohydrates (D-glucose, D-mannose)
and aminosaccharides (N-acetyl-D-glucosamine,
N-acetyl-D-galactosamine) were detected in the
monosaccharide composition of exopolymers.
It has been shown that limensis beans agglutinin
(LBA) lectin is most specific for detecting N-ace-
tyl-D-galactosamine in Desulfovibrio sp. 10 and
B. subtilis 36 biofilms and wheat germ agglutinin
(WGA) lectin is for detecting of N-acetyl-D-
glucosamine in B. subtilis 36 and P. aeruginosa 27
biofilms. Pisum sativum agglutinin (PSA) lectin
was the most specific for visualization of neutral
carbohydrates in the biofilms of the studied strains
[15].
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We also determined the composition of the
biofilm exopolymer matrix of the above mentioned
mono- and associative bacterial cultures by gas-
liquid chromatography. In the monosaccharide
composition of EPS biofilms formed by the
sulfidogenic microbial association and monocultures
of P. aeruginosa 27, B. subtilis 36, Desulfovibrio
sp. 10 were found neutral carbohydrates (glucose,
galactose, mannose, rhamnose, fucose, xylose),
uronic acids (galacturonic and glucuronic), as
well as aminosaccharides (galactosamine and
glucosamine) [16]. Therefore, the results of
biochemical studies were comparable to the data
of lectin-binding analysis. Thus, it was proved that
lectins labeled with colloidal gold can be used as
a rapid method for identifying and localizing of
carbohydrates in the glycopolymers of biofilms
matrix of corrosive-relevant bacteria.

The composition of carbohydrates in the
exopolymeric matrix of a biofilm formed on steel
by various SRB strains has not been studied. Given
the above, the aim of our work was to determine
the specificity of a range of commercial lectins
labeled with colloidal gold relative to carbohydrates
produced in the exopolymeric matrix of the biofilms
formed by corrosive-relevant SRB individual
strains, isolated from man-caused ecotopes.

Materials and methods. In this study we used
the collection SRB strains that we have previously
isolated and identified from various man-caused
ecotopes: gas pipelines, city heating systems and
reinforced concrete structures. Desulfovibrio
desulfuricans DSM642 (UCM B-11501),
Desulfovibrio vulgaris DSM644 (UCM B-11502)
were obtained from the Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ)
collection, Desulfovibrio sp. 10 (UCM B-11503)
[17], Desulfovibrio sp. TC2 (UCM B-11504),
Desulfotomaculum sp. TC3 (UCM B-11505),
Desulfomicrobium sp. TC4 (UCM B-11506) [18]
and Desulfovibrio sp. K2, Desulfotomaculum sp.
K1/3 [19] were isolated and stored in Ukrainian
Collection of Microorganisms (UCM) and in the
collection of the Department of General and Soil
Microbiology of the D.K. Zabolotny Institute of
Microbiology and Virology of the NAS of Ukraine.

Cultivation methods. Bacterial cultures were
grown in 50 mL flasks in liquid Postgate B medium
[16] inoculated with SRB strains in the log-phase
of growth. The amount of inoculation material was
10 % vol/vol, the initial bacterial cells titer was 107
cells/mL. The determination of bacterial amount
were performed by the method of serial dilutions
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in liquid Postgate B medium with subsequent
calculation (in cells per mL) using of the MacCrady
tables. A biofilm was formed on the low-carbon
steel samples from St-3 brand. Treatment of steel
samples were carried out according to the technique
described in [16], then the samples were put in
flasks with inoculated nutrient medium and closed
hermetically with rubber plugs. Cultures were
incubated at 28° C for 10 days. The data are shown
for three independent experiments.

Commercial preparations of lectins labeled
with colloidal gold (“Lectintest”, Lviv), used in the
study, are shown in Table 1.

The lectins were selected according to a prelimi-
nary biochemical and electron microscopic studies
[15, 16], as well as using literature data [4-6, 9].
The lectins were used as sol containing 0.02 % of
sodium azide, 10-20 % of ethylene glycol in 0.01 M
phosphate buffer solution (pH 6.5-8.5) as a
preservatives. The size of the colloidal gold partic-
les was 8-12 nm. The lectin concentration was A, =
= 5.0+0.2. Lectin solutions were prepared accor-
ding to the manufacturer’s recommendations.

Preparation of samples for electron microscopy.
Biofilm samples for electron microscopy were
obtained by the print method [15]. After exposure,
steel samples on the surface of which a bacterial
biofilm was formed were removed from the flasks.
Next, copper grids for electron microscopy covered
with a formvar film (Sigma-Aldrich, USA) were
put on the bacterial biofilm surface. After 1 minute
of exposure, the grids with the biofilm prints were
carefully taken and dried in the air. The grids
with the samples of biofilms were covered with
corresponding lectin (labeled with colloidal gold)
solution and kept for 1 hour for lectin binding with
carbohydrates of the exopolymeric matrix. After
exposure, the grids were washed three times with
distilled water to avoid traces of lectin solutions
and dried.

Microscopic studies. The prepared samples
were studied using the transmission electron
microscope JEM-1400 (“JEOL”, Japan) on the
basis of the Center for Collective Use of Devices of
the National Academy of Sciences of Ukraine. The
research was conducted at an acceleration voltage
of 80 kV and total instrumental magnification of
3000-12000 times. Using the randomized selection
method no less than 20 fields of vision were viewed.
The number of colloidal gold particles associated
with carbohydrate components of the exopolymeric
matrix of the biofilm was calculated on 1 pm?of'the
field of view using the Image J ver. 143u program
(http://rsb.info.nih.gov./ij).
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Statistical processing of the obtained results
was performed using the standard deviation for
amount of bonded colloidal gold particles in the
field of view using the MSExel 2010 program.

Results. It was shown using transmission
electron microscopy that the binding of lectins with
carbohydrates in the biofilm of the studied bacterial
cultures occurred directly in the exopolymeric
matrix, as well as on the surfaces of bacterial cells,
as seen by the presence of colloidal gold particles.
Lectins labeled with colloidal gold were visualized
in the images as small rounded electron-dense
particles of 8—12 nm size (Fig. 1).

To determine neutral carbohydrates in the
biofilm, we used specific labeled lectins: pea lectin
(PSA) and concanavalin A (ConA) which are
specific to D-glucose and D-mannose and golden
rain bark lectin (LABA) which is specific to fucose
(Fig. 2).

Binding of PSA and ConA lectin gold particles
with biofilm components was observed for all
the studied SRB cultures. However, when using
PSA in comparison with ConA, a higher amount
of colloidal gold particles were detected in the
biofilm formed by D. desulfuricans DSM642,
Desulfovibrio sp. 10, Desulfovibrio sp. TC2,
Desulfovibrio sp. K2, Desulfotomaculum sp.
K1/3, Desulfomicrobium sp. TC4 strains. Thus,
the maximum number of colloidal gold particles
of PSA lectin bound in the Desulfovibrio sp. 10
and Desulfotomaculum sp. K1/3 biofilms was 94.4
and 90.8 % higher, respectively, when using ConA
lectin. On the other hand, in D. vulgaris DSM644
and Desulfotomaculum sp. TC3 biofilms, the
amount of ConA bound lectin with D-glucose and
D-mannose compared to PSA was 47.3 and 37.1 %
higher, respectively (Fig. 2).

The presence of fucose in the SRB biofilm was
detected using LABA lectin. This lectin showed
specificity to the biofilm EPS of all the studied SRB
strains, but more amounts of bounded colloidal gold
particles (3544 particles/um?) were detected in the
biofilms of D. vulgaris DSM644, Desulfovibrio sp.
10, Desulfovibrio sp. K2 and Desulfotomaculum sp.
TC3. Only 11-16 colloidal gold particles per um?
associated with LABA lectin fucose were found in
the biofilm of the other SRB strains.

Labeled lectins of beans (LBA), soy (SBA),
peanuts (PNA), and black elderberry (SNA) with
appropriate carbohydrate specificity were used to
determine amino sugars in the biofilm, in particular
N-acetyl-D-galactosamine. Based on the obtained
results, LBA lectin was the most acceptable for
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detecting N-acetyl-D-galactosamine in the SRB’s
biofilm, as evidenced by the presence of bounded
colloidal gold particles (Table 2).

The amount of the above-mentioned lectin
associated with N-acetyl-D-galactosamine sig-
nificantly prevailed in the biofilm of all the studied
SRB cultures excluding D. desulfuricans DSM642,
where LBA binding to carbohydrates was not
detected. The maximum number of colloidal
gold particles of LBA lectin was detected in
D. vulgaris DSM644 biofilm — in 30.3, 10.1 and
9.3 times more compare to SBA, SNA and PNA
lectins, respectively. In Desulfotomaculum sp.
TC3 biofilm also detected a significant binding of

— 500

LS B

LBA lectin, which was in 2.9, 7.6 and 12.5 times
higher compared to SBA, SNA, and PNA lectins,
respectively. These lectins are more applicable for
detecting N-acetyl-D-galactosamine in D. desul-
furicans DSM642 biofilm. However, the number of
bounded colloidal gold particles in this biofilm was
insignificant (15-21 particles/um?). It is possible
that D. desulfuricans DSM642 strain produce a low
amount of N-acetyl-D-galactosamine in the biofilm.
For Desulfovibrio sp. TC2 strain the most specific
for detecting of the N-acetyl-D-galactosamine was
SBA lectin, which showed 25.0 and 33.3 % more
attachments to biofilm glycoconjugants, than LBA
and PNA lectins, respectively.

Fig. 1. Binding of lectins with carbohydrates in Desulfovibrio sp. 10 (a, b, ¢) and D. vulgaris
DSMo644 (d, e, f) biofilms: the length of the scale bar a, b, e, fis 500 nm; ¢, d is 200 nm

Number of colloidal gold particles/pm?2

0 20 40 60 80 100 O 20

60 80 100 0 20 40 60 80 100

DSM642
DSM644
10 |=
TC2
K2 |mm
K1/3 |m
TC3
TC4

ConA

PSA LABA

Fi g. 2. Binding of lectins specific to neutral monosaccharides (glucose, manose, fucose)
in SRB biofilms: DSM642 — D. desulfuricans DSM642; DSM644 — D. vulgaris DSM644; 10 —
Desulfovibrio sp. 10; TC2 — Desulfovibrio sp. TC2; K2 — Desulfovibrio sp. K2;

K1/3 — Desulfotomaculum sp. K1/3; TC3 — Desulfotomaculum sp. TC3;

TC4 — Desulfomicrobium sp. TC4
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Table 2

Binding of lectins with aminosaccharides in SRB biofilms formed on steel

Number of bounded colloidal gold particles (min — max), particles/um?
Bacterial culture N-acetyl-D-galactosamine | N-acetyl-D-glucosamine

SBA PNA LBA SNA WGA LVA STA
D. desulfuricans DSM642 3-20 12-15 - 3-21 13-30 4-30 5-34
D. vulgaris DSM644 4-8 4-26 20-242 | 3-24 6-26 2-14 6-18
Desulfovibrio sp. 10 2-12 2-36 640 4-88 2-42 2-8 2-14
Desulfovibrio sp. TC2 2-36 3-24 7-27 — 9-22 — —
Desulfovibrio sp. K2 3-8 3-10 25-84 2-10 10-70 3-10 10-29
Desulfotomaculum sp. K1/3 9-39 3-9 14-81 5-25 9-66 2-15 7-36
Desulfotomaculum sp. TC3 5-48 4-11 17-137 | 2-18 9-175 2-15 6—-138
Desulfomicrobium sp. TC4 3-13 8143 16-81 4-59 1-12 5-21 7-156

[T3ED)

Legends: “—no colloidal gold particles were detected.

To detect the N-acetyl-D-glucosamine and
sialic acid in the biofilm, potato (STA), wheat
germs (WGA) and spring white flower (LVA)
lectins were used. According to the obtained
results, these lectins were bound variously with
the carbohydrates of the biofilms of the studied
SRB strains. WGA lectin showed specificity to
N-acetyl-D-glucosamine in the biofilm of all the
SRB strains, while in Desulfovibrio sp. TC2 biofilm
bonded only with WGA lectin but not with LVA
and STA lectins. The maximum number of bounded
colloidal gold particles (175 particles/um?) was
found in Desulfotomaculum sp. TC3 biofilm.
STA lectin was interacted most actively with
N-acetyl-D-glucosamine in Desulfotomaculum
sp. TC3 and Desulfomicrobium sp. TC4 biofilms.
The number of bounded colloidal gold particles
was in 9.2 and 7.4 times higher, respectively,
than using LVA lectin. The lowest binding of
colloidal gold particles was observed for LVA
lectin.

Discussion. Due to transmission electron
microscopy, it was shown that the binding of
lectins to carbohydrates in the biofilm of the
studied bacterial cultures occurred directly in the
exopolymeric matrix, as well as on the surfaces of
bacterial cells, as seen by the presence of colloidal
gold particles. According to the literature [6, 21],
the structure of the biofilm widely depends
on the content of neutral carbohydrates in the
polysaccharides, charged monosaccharide units,
i.e. uronic acids (galacturonic, glucuronic), as
well as aminosaccharides (galactosamine and
glucosamine). Thus, we paid attention to the
content of these carbohydrates in the exopolymeric
matrix of the SRB biofilms.
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Based on the specificity of lectins labeled
with colloidal gold, in the biofilm exopolymeric
matrix of the studied bacterial strains neutral
carbohydrates (D-glucose, D-mannose, and fucose)
and aminosaccharides (N-acetyl-D-galactosamine,
N-acetyl-D-glucosamine, and sialic acid) were
visualized. Studies had shown that lectins with
the same carbohydrate specificity differed in the
degree of interaction with carbohydrates produced
in biofilms formed on steel by different SRB
strains.

The most specific for detecting of the D-glucose
and D-mannose was PSA lectin by which in
Desulfovibrio sp. 10, Desulfotomaculum sp. K1/3
and Desulfomicrobium sp. TC4 biofilms were
visualized the significantly higher number of
colloidal gold particles compared to ConA lectin.
It should be noted that ConA is the most common
and widely used lectin in biological research [9].
However, using it for estimating the carbohydrate
composition of SRB biofilm exopolymers, we
found that ConA lectin was showed less affinity
for SRB carbohydrates. Perhaps, there was a few
targets exactly for this lectin in the studied bacterial
biofilms.

For the detection of N-acetyl-D-galactosami-
ne, LBA lectin was the most specific for all the
SRB strains. For example, 30.3 and 10.1 times
more bindings of LBA lectin were revealed in
D. vulgaris DSM644 biofilm compared to SBA
and SNA lectins, respectively. The exception was
D. desulfuricans DSM642 strain, in whose biofilm
no binding to LBA lectin was detected.

For the detection of N-acetyl-D-glucosamine in
the EPS from biofilm, the most specific was WGA
lectin, in contrast to LVA and STA lectins, which
showed specificity for all the studied SRB strains.
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This points to the need for study the presence of
amino saccharides in the biofilm matrix of the SRB
with the most specific for them lectins as LBA and
WGA lectins.

The obtained results most likely could be
explained both by the lectins properties and the
structure of the exopolymeric matrix in which
carbohydrates were the target in the studied system.
Previously, researchers [20, 22, 23] showed that
the interaction of lectins with carbohydrates
depends on the structure of the latter: from the
conformation of the pyranose and furanose forms
of the monosaccharide residues comprising the
carbohydrate portion of the biopolymers, from
the configuration of the monosaccharide anomeric
center (D- or L-forms of the pyranose ring), from
a- or B-position of the glycoside bond at the C -
position of the monosaccharide. Therefore, in the
interaction of lectins with carbohydrates the most
important factors are stereo specificity, the presence
or absence of coordinating bonds, hydrogen bonds,
as well hydrophobic bonds and Van der Waals
interactions. In addition, the authors in the study
of glycoconjugates of EPS biofilm in situ found
using fluorescent lectin-binding analysis that the
lectin specificity depends on the applied dye used
for lectin labeling. It is shown that the specificity of
lectins is affected by both the presence and nature
of fluorochrome [10, 11]. During the using of the
fluorescent lectin-binding analysis, researchers
found that the composition of EPS produced by
cyanobacteria contains neutral carbohydrates
such as fucose and galactose, aminosaccharides
(N-acetyl-D-glucosamine, N-acetyl-D-galac-
tosamine), as well as sialic acids. Using fluo-
rochrome-labeled lectins, it was shown that the
biofilm formed by Deinococcus geothermalis
on stainless steel intensely interacted with WGA
lectin, which indicated the presence of N-acetyl-D-
glucosamine and N-acetyl sialic acid [13].

Fluorescent lectin-binding analysis is widely
used in the analysis of bacterial biofilm glyco-
conjugates in combination with other fluoro-
chromes, for example, specific for nucleic acids
[13, 24]. In addition, their multi-valence provides
highly affine binding to the cell surface and biofilm
structures containing various glycoconjugates.
However, since EPS consists of many types of
macromolecules, it is not possible to study their
complexity by only one staining method. Even
for such glycoconjugates, it is necessary to use
several lectin probes [26]. Thus, the structure of
EPS biofilms formed on pyrite and elemental sulfur
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by archaea Ferroplasma acidiphilum DSM28986,
Sulfolobus metallus DSM6482T and Acidianus
sp. DSM29099 was studied. Using fluorescent
lectin binding analysis 75 commercially available
lectins were tested. The researchers showed that
only 22 lectins bound to archaea strains in the
pyrite biofilm, and 21 lectins bound to Acidianus
sp. DSM29099 in the biofilm on the sulfur surface.
Thus, the authors showed the necessity for
screening the lectins library to find those that bind
with glycoconjugates in a certain biofilm [13, 27,
28]. The authors’ conclusion can also be applied to
the results of our research. In particular, firstly, we
have shown the spectrum of lectins for effective
detection of carbohydrates in SRB biofilms.
Additional interferences for using of lectin-binding
analysis firstly are the complex nature of the matrix
of individual bacterial biofilm, the probability of the
absence of a target for the used lectin, and the huge
variety of potential combinations of carbohydrates.
To avoid a number of uncertainties, each biofilm
system must be tested with a set of different lectins.
At the same time, in contrast to the biochemical
method, lectin-binding analysis allows us to study
fully hydrated (native) matrixes in mono- and
associative cultures of bacterial biofilms to identify
the qualitative carbohydrate composition without
isolating individual carbohydrate components.
Thus, lectin-binding analysis can be used in
situ to study the distribution of glycopolymers in
microbial communities. Using the carbohydrate
specificity of lectins labeled with colloidal gold
in the examination of carbohydrates produced
by bacteria is the most convenient, affordable
and fast test system, but it does not give a
complete description of the exopolymeric matrix
composition. Our obtained results indicate that
during the selection of the lectins for visualization
of carbohydrates in the exopolymeric matrix
produced by SRB, it is necessary to take into
account not only the carbohydrate specificity of
lectin, but also based on biochemical studies of
exopolymers and features of bacterial cultures.
Comparing the results from biochemical studies
exopolymeric matrix produced by components of
the sulfidogenic microbial community [16] with
data of the lectin-binding analysis, we can state
that the use of lectins labeled with colloidal gold,
can be effective for the initial identification and
localization of carbohydrates in the composition
of glycopolymers of SRB biofilm exopolymeric
matrix. In this aspect, currently available
lectins can be a valuable tool for evaluating the
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distribution of glycopolymers in complex biofilm
systems.

Conclusions. It was identified the individual
specificity of 10 commercial lectins to the
carbohydrates of biofilm matrix, produced by
SRB of different genera on the steel surface. It
was estimated that lectins identical in specificity
were bound variously to carbohydrates produced
in the biofilm of different SRB strains. It was
proved that it is necessary to study the matrix of
corrosive-relevant SRBs with lectins that are most
specific for each bacterial culture. Establishing
of the lectin range selected for each SRB culture
lead to the reduction of the scope of studies and
labor time in the researching of the peculiarities
of exopolymeric matrix composition of biofilms
formed by corrosive-relevant SRB.

We are grateful to Ph.D. Kharchuk M. S. for
conducted electron microscopic studies.
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Pesome

JlocaimKkeHHsT ByTJIEBOJIHOTO CKJIaly OlOTUTIBOK,
c(hOopMOBaHUX CYNb(aTBITHOBIIOBAILHUMHI OaKTe-
pisMu Ha cTali, mo € ¢pakTopaMu MiKpoOHOI KOpO-
311, Ba)JIMBE, OCKUIBKH €K30I0JIIMEPH, CHHTE30BaH1
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Meta. JlocmiauTu cienu(iaHiCTh PIIy KOMEPIIHHUX
JIEKTHUHIB, MIYE€HUX KOJIOIIHUM 30JI0TOM, BiIHOCHO
BYIJIEBO/IIB, 110 IPOIYKYIOThCSA B €K30IOJIIMEPHOMY
MaTpHKCi OiOMIIiBKH OKPEMHUMH IITaMaMH KOpO3iii-
HOArpecUBHUX CYIb()aTBiTHOBIIOBAIBHUX OaKTe-
piii, BUIIJICHUX 13 PI3HUX TEXHOTCHHHX EKOTOIIIB.
MeTtoau. Mikpo6ionoriuHi (OTprMaHHs O10TUTIBKY Ha
MOBEPXHi 3pa3KiB CTalli 3a KyJIbTUBYBaHHA CyJb(haT-
BIJTHOBIIIOBAJIBHUX OaKTepiil y piIKOMy cepeoBUINi

18

[MoctrefiTa B 3a mikpoaepodinbHIX yMOB), 0i0Xi-
Mi4HiI (JIEKTUH3B SI3yI0uUil aHaNi3 13 BUKOPUCTAHHIM
10 xoMepIifHUX NpenapaTiB JEKTHHIB, MiYCHUX KO-
JOTTHUM 30JI0TOM), TPaHCMICiliHa €JIEKTPOHHA Mi-
KpocKkomis 3a jjoriomororo npunanay JEM-1400 JEOL.
Pe3yabraTn. 3a BUKOPUCTAHHS TPAHCMICIHHOT elleK-
TPOHHOI MIKPOCKOMIT OyJI0 TIOKa3aHO, 110 3B’ sI3yBaHHS
JEKTUHIB 13 BYIJIEBOJaMHU OiOTUTIBOK JOCIIiJKEHUX
OakTepialibHUX KYJIBTYp B1IOYyBaIOCh OE3M0CEPEIHBO
SK Y €K30TIOJIIMEPHOMY MAaTpPHUKCi, TaK i Ha MOBEPXHi
OakTepiid, 110 BUJIHO 32 HASBHICTIO YaCTOYOK KOJIO-
inHOrO 3070Ta. J{j1s1 GLIBIIOCTI JOCTIIKEHUX [ITaMIB
CyIb(paTBIIHOBIIOBAILHUX OaKTepiil HAUOUIBIN Clie-
unhiYHUM JUTA BUSABJICHHA B O10TLTIBII HEUTpabHUX
BYIJICBOiB, 30Kkpema D-rmoko3u 1 D-mano3u, OyB
nextud PSA. 3B’s3yBaHHS IIHOTO JICKTHHY Y O10TITiB-
Kax, yTBOpeHuX mramaMu Desulfotromaculum sp.
K1/3 i1 Desulfovibrio sp. 10 6yno Ha 90.8 % 194.4 %
BUIIMM, BiIMIOBIJTHO, aH1’K 32 BUKOPUCTAHHS JICKTHHY
ConA. HasBHicTh (hyko3u y OiommiBii cynb(arsif-
HOBJIIOBJIBHHUX OAKTEpiil BUSBISLIN 33 JJOTIOMOTOIO
nextuHy LABA, sxuif posBIsIB ciennigHicTs 10
O10TUTIBKOBUX €K30MOTICaxapuIiB YCIX JOCTKESHIX
mramiB Oaktepid. J{ist BUsiBIEHHS y O10TUTIBKax ami-
HOcaxapuiB, 30kpema N-anerui-D-ranakro3aminy,
Haii0inpm crenudiyHUM BUSBUBCS JIEKTUH LBA,
KUTBKICTh 3B’SI3yBaHb SKOTO B OlommiBii D. vulgaris
DSM644 6yna y 30.3, 10.1 Ta 9.3 pasu 6inblie mo-
piBHsiHO 3 nektuHaMu SBA, SNA Ta PNA Biamno-
BiaHo. Jlyis BusiBaeHHs y OiormiBmi N-ametwii-D-
IJIIOKO3aMiHy Ta C1aJoBOi KUCIOTH OYyJI0 BUKOPHCTAHO
aextunu STA, LVA ta WGA. Jlexktun WGA mposiBUB
cnerdiunicTh 70 N-anetun-D-riroko3aMiny y 6io-
IJTIBKaX yciX JOCHIKEHUX MITaMiB OakTepid. Mak-
CHUMallbHE YHCJIO 3B’ SI3aHUX KOJOiTHUX YacTOK 30-
aota (175 gactok/MkM?) GyJI0 BUSIBICHO y OlOILTiBIII
Desulfotomaculum sp. TC3. Jlexktun STA Haii0inb11
aKTUBHO B3aeMoisB i3 N-anetmi-D-riroko3amiHoM
y OiomniBkax Desulfotomaculum sp. TC3 Ta
Desulfomicrobium sp. TC4. KinbkicTh 3B’sI3aHHX
Y4aCcTOK KOJIOITHOTO 30510Ta Oyna 'y 9.2 ta 7.4 pasu Bu-
00, BIMOBIHO, aHIK 32 BUKOPUCTAHHS JICKTHHY
LVA. HaiimeHnuie 3B’si3yBaHHSI 4aCTOYOK KOJIOiTHO-
0 30JI0Ta crocrepiranu aus aektuny LVA. BucHo-
BKH. [JIeHTH(IKOBaHO 1HIMBIAyaIbHY CIeNU(IYHICTh
10 xoMepuiiHUX JIEKTHHIB 0 BYIVICBOMIB MAaTPHK-
cy OIOIIIBOK, CHHTE30BaHHX OKPEMHUMH IITaMaMHu
Cynb(haTBITHOBIIOBAIBHUX OAaKTEpid PI3HUX BUJIIB
Ha MOBepxHi craii. BcraHoBieHO, 110 iIEHTHYHI 3a
crenu(ivHICTIO JIGKTUHU HO-Pi3HOMY 3B’sI3yBajlCh
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