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The aim of the work was to study Pseudomonas aeruginosa ability to produce
bacteriocins with low molecular weight, establishing their nature and belonging to
a certain group of antimicrobial substances. Methods. The objects of the study were
substances synthesized by six Pseudomonas aeruginosa strains — highly active bacteriocin
producers. Isolation of substances with low molecular weight was carried out by dialysis
through a semipermeable membrane with molecular weight cut-off (MWCO) 15 kDa. The
belonging of the obtained substances to bacteriocins was checked by the influence on own
producer strains, the treatment with trypsin (1 mg/ml), the detection of their absorption
spectrum. The investigated substances were concentrated by ammonium sulphate, and
the molecular weight was determined by SDS-PAGE. Results. The results of the dialysis
of P. aeruginosa lysates for 3 and 10 days showed that the studied cultures are able to
produce low-molecular substances that penetrate through the pores of dialysis membrane
with MWCO 15 kDa. The duration of penetration and activity of these substances for
each strain were different. But in all cases, dialysates of the I*' day were characterized by
the maximum activity, and then the tendency to decrease these parameters in subsequent
periods of sampling was observed. The detected substances did not penetrate through the
dialysis membrane with MWCO 6-8 kDa, did not affect their own producer strains, and
lost activity after treatment with trypsin (I mg/ml). The peaks of their absorption were 205-
210 nm, which is characteristic of peptide bonds of proteins. The received data allowed
characterizing the detected substances as low molecular weight bacteriocins. The results
of SDS-PAGE revealed a single peptide with molecular weight of 9 kDa. Conclusions.
The investigated P. aeruginosa strains were characterized by production of low molecular
weight microcin Il-like bacteriocins with molecular weight about 9 kDa. These substances
may be associated with S-type pycins, which are also synthesized by the same strains.

Keywords: low molecular weight pyocins, microcin Ill-like bacteriocins, Pseudomonas
aeruginosa, dialysis purification, absorption peak 205-210 nm.

For Pseudomonas aeruginosa, the production of bacteriocins (pyocins) of
three types is described: R-, F- and S-types [1]. Pyocins of the R- and F-types
are macromolecular structures, analogues of phage tails, which are constructed
of several proteins and characterized by total molecular weight of about
1-10 MDa [2]. S-type pyocins belong to colicin-like or low-molecular-weight
bacteriocins, which in most cases are a complex of two proteins — actually
bacteriocin and immunity protein. Bacteriocin realizes killer activity, and
cognate immunity protein protects the pyocin-producing cell [3].

In our previous studies it was shown that 30 and 40°C temperature
treatment for 10 min increased the killer activity of S-type pyocins isolated
from 10 of 11 investigated P. aeruginosa strains [4]. Temperature of 30°C
effect on most bacteriocins stimulated 2-fold activity increase, and 40°C caused
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4-fold rise in activity. In some cases the temperature influence on pyocins
made possible to reach 8-16 times growth of activity indices. Meanwhile, the
extension of duration of temperature impact doesn’t stimulate the additional
thermoactivation of bacteriocins. It was assumed in mentioned paper, that the
studied S-type pyocins may be associated with other substances in an unstable
complex, which, under the influence of temperature, destroys, improving the
availability of active centers and increasing the activity of bacteriocins [4].
It is known that the molecular weight of S-type pyocins is in the range from
30 to 100 kDa [1, 2]. In the case of the existence of the association of S pyocins
with other substances, the latter ones, obviously, should be characterized by
low molecular weight. In general bacteriocins with molecular weight below
10 kDa are produced only by Escherichia coli (microcins). They are divided
into two classes: class I microcins are small peptides (<5 kDa) and class II
microcins are larger (5 to 10 kDa) [2]. Therefore, the aim of this work was to
study the ability of Pseudomonas aeruginosa to produce bacteriocins with low
molecular weight, establishing their nature and belonging to a certain group of
antimicrobial substances.

Materials and methods. The objects of investigation were bacteriocins
with low molecular weight from six P. aeruginosa strains — UCM B-9, UCM
B-330, UCM B-332, UCM B-333, UCM B-335, UCM B-353, maintained in
the Ukrainian collection of microorganisms (UCM, Zabolotny Institute of
Microbiology and Virology, National Academy of Sciences of Ukraine). These
microorganisms were previously described by us as highly active bacteriocin
producers [5].

To obtain lysates of these P. aeruginosa strains, nalidixic acid was added
to suspension of strain-producers in the logarithmic growth phase (final
concentration 100 pg/ml). The used strains were sensitive to nalidixic acid at
such concentration. After further incubation for 3 h, the induction was stopped
by adding of chloroform. The lysates were purified from bacterial detritus by
low-speed centrifugation at 4.000 g for 30 min. The obtained supernatants were
aseptically removed and stored in closed containers at 4-6°C. Chloroform was
used as a preserving agent [6].

In our study we tested the ability of Pseudomonas aeruginosa strains to
produce bacteriocins with low molecular weight. The method of dialysis was
used to isolate low molecular weight substances from obtained P. aeruginosa
lysates. For dialysis we applied a semipermeable membrane of regenerated
cellulose with molecular weight cut-off (MWCO) 15 kDa (Serva). Before
conducting experiments semipermeable membrane was prepared and sterilized
accordingly [7]. 1 ml of each lysate was added in the sacs of dialysis membrane.
These sacs were dipped in 1 ml of 0.9% sodium chloride solution and kept
at + 4°C for 24 hours. After mentioned period, the solution around the sac
was aseptically sampled and marked as dialysate of the 1% day. After this,
1 ml of 0.9% sodium chloride solution was added to the vessel repeatedly
and the dialysis was continued. Solutions sampled in the following days were
marked as dialysate of the 2™ day, dialysate of the 3" day, etc. The dialysis was
conducted with two experiments for 3 and 10 days.
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The obtained dialysates were tested for the presence of substances with
antimicrobial activity against the indicator cultures for the detection of
bacteriocins — P. aeruginosa UCM B-3 and UCM B-10. Qualitative and
quantitative indices of killer activity were determined by the method of “two-
layer agar”, as described earlier [6, 8]. The obtained parameters were counted
on 1 ml of dialysate and expressed in AU/ml or for convenience in 10° AU/ml.

A number of experiments were carried out to define belonging of the
penetrated substances to bacteriocins. To determine penetration through
a semipermeable membrane with MWCO 6-8 kDa, the dialysates of the
I*t and 2™ days, received during 10-day dialysis, were carried into the sacs.
The following procedure corresponded to the described above one used for
dialysis. Determination of absorption spectra of dialysates was performed
on Specord UV VIS. The samples were diluted with 20 mM Tris-HCI buffer
(pH 7.5), brought into 0.2 cm thick cuvettes and registered against the
mentioned buffer. The sensitivity of low molecular weight bacteriocins
to proteolytic enzymes was tested by processing of dialysates with trypsin
(1 mg/ml, Roth, 2500 USP-U/mg). After incubation of treated and untreated
dialysates at 37°C for 1 h, their killer activity against the indicator cultures
P. aeruginosa UCM B-3 and UCM B-10 was checked.

Concentration of bacteriocins was carried out by the ammonium sulphate
precipitation to 20, 40, 60 and 80% saturation during 1 day at 4°C. The
sediment was obtained at 30.000 g and 4°C for 30 min and resuspended in
6 ml of 20 mM Tris-HCI buffer (pH 7.5). The samples were dialyzed through
dialysis membrane (3.5 kDa) against 50 ml of 20 mM Tris-HCI buffer for 1 day
at 4°C with a single replacement of dialysis buffer. Purification from insoluble
admixture was carried out by means of low centrifugation at 4.000 g for
30 minutes [3].

SDS-PAGE of P. aeruginosa low molecular weight bacteriocins was carried
out in 12,5% gel by the Laemmli method [9], using as markers the PageRuler
Plus Prestained Protein Ladder, 10-250 kDa (Thermo Scientific).

The tests were conducted in three replications, statistical processing of
experimental data was carried out using the Microsoft Excel program from
the Microsoft Office suite of applications. Differences in average values were
considered reliable at a level of significance p <0.05. The error of the received
data did not exceed 5%.

Results. It was established that during the dialysis of concentrated bacterial
lysates of P. aeruginosa containing S-type pycins [7, 8], low molecular weight
substances penetrate through the dialysis membrane. The dialysates containing
these substances were selected and their antimicrobial activity against indicator
cultures P. aeruginosa UCM B-3 and UCM B-10 was determined. The killer
activity test of dialysates taken for the first day (further dialysates of the
1** day) showed that the substances isolated from P. aeruginosa UCM B-9,
UCM B-332 and UCM B-335 did not influence P. aeruginosa UCM B-3
(Fig. 1A, C, E). The killer activity of P. aeruginosa UCM B-330, UCM B-333
and UCM B-353 dialysates concerning this indicator culture was low and
ranged from 0.8 to 12.8x10° AU/ml (Fig 1B, D, F). After the treatment of
the other indicator culture P. aeruginosa UCM B-10 with these substances
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the activity indices were some higher. So, the activity of UCM B-9 dialysate
against UCM B-10 was 0.8x10° AU/ml, whereas these substances didn’t
influence UCM B-3. Dialysates from UCM B-330, UCM B-333 and UCM
B-353 also were characterized by higher values of killer activity against UCM
B-10, since activity indices of the substances in their composition were 51.2;
6.4 and 102.4x10° AU/ml, respectively. The substances in UCM B-332 and
UCM B-335 dialysates also didn’t influence indicator culture P. aeruginosa
UCM B-10.

To estimate the duration of penetration of low molecular weight substances,
the subsequent sampling of dialysates was carried out. The substances taken
for the second day of dialysis (further dialysates of the 2™ day) from UCM
B-9 and UCM B-335, as well as their dialysates of the 1% day, didn’t influence
indicator culture P.aeruginosa UCM B-3 (Fig 1A, E). On the second day the
activity of other dialysates UCM B-330 and UCM B-353 against this culture
fell and amounted to 3.2 and 6.4x10° AU/ml, respectively (Fig 1B, F), but it
was absent in substances from B-333 (Fig 1D).
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Fig. 1. The activity of low molecular weight bacteriocins in the composition
of selected during 3 days dialysates of P. aeruginosa UCM B-9 (A), UCM B-330 (B),
UCM B-332 (C), UCM B-333 (D), UCM B-335 (E) and UCM B-353 (F) against indicator
cultures P. aeruginosa UCM B-3 and UCM B-10
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However, the activity of UCM B-332 substances increased from zero values
on the first day of selection to 1.6x10° AU/ml — on the second day (Fig 1C).

The test of dialysate activity revealed that on the second day the killer
properties of substances against P. aeruginosa UCM B-10 was also substantially
lower. For example, the activity of UCM B-9, UCM B-333 dialysates was
minimal — 0.2x10° AU/ml, and the dialysate of UCM B-335 didn’t influence
UCM B-10. For UCM B-330 and UCM B-353 dialysates the decrease of killer
activity level to 12.8x10* AU/ml was noted in both cases. But, activity indices
of dialysate substances from UCM B-332 against UCM B-10, as well as UCM
B-3, also partially increased and amounted to 0.4x10° AU/ml. Thus, in most
cases, the activity of substances from dialysates of 2™ day, comparing with
their analogues in dialysates of 1* day, significantly decreased.

The test of killer activity of dialysates selected on the 3™ day revealed
regularities similar to described above (Fig 1). The substances from UCM B-9,
UCM B-333 and UCM B-335 didn’t influence indicator culture P. aeruginosa
UCM B-3, but the activity indices of UCM B-330, UCM B-332 and UCM
B-353 dialysates decreased twice. The substances from UCM B-9, UCM B-333
and UCM B-335 did not exhibit activity against P. aeruginosa UCM B-10, and
indices of UCM B-330 and UCM B-353 fell in 2 and 4 times, respectively.
Thus, during all selection period, a tendency to activity decrease was observed
for most dialysates. However, the activity of UCM B-332 substances increased
and amounted to 3.2x10° AU/ml for dialysate of 3" day against UCM B-10. In
contrast to the most dialysates, substances of UCM B-9 didn’t influence UCM
B-3, and UCM B-335 dialysates didn’t cause the growth impediment of both
indicator cultures.

To find out the reasons of detected deviations and to establish regularities
of P. aeruginosa penetration of low molecular weight substances, a repeated
dialysis of concentrated lysates was performed for 10 days. It was shown
that the substances from UCM B-9 were released during 7 days (Fig. 2A).
Their activity against indicator culture UCM B-3 was minimal — 0.4-0.8x10°
AU/ml. Concerning P. aeruginosa UCM B-10 the lowering of indices was
noted from 6.4x10° AU/ml — in dialysate of the 1% day to 1.6x10° AU/ml —
in the substances of the 7" day. From the 8" day and in the subsequent, the
activity of selected UCM B-9 dialysates wasn’t revealed.

The substances of UCM B-330, as compared to the substances of UCM B-9,
were characterized by significantly higher activity indices against indicator
cultures P. aeruginosa UCM B-3 and UCM B-10 — 12.8 and 51.2x103 AU/ml,
respectively (Fig. 2B). During the observation period, their activity decreased.
The penetration of UCM B-330 substances active against P. aeruginosa UCM
B-3 as well as UCM B-9 dialysates was also observed only up to 7 days.
Instead, concerning UCM B-10, the substances of UCM B-330 maintained
activity 1.6x10° AU/ml even on the 10™ day of sampling. The activity of UCM
B-332 for the 1* day against UCM B-3 was similar to that in substances of UCM
B-330, and concerning UCM B-10 — twice lower (Fig. 2C). The penetration of
active substances in UCM B-332 was observed up to 7 days, and their activity
as compared with indices for the 1* day decreased in 16 times. For UCM B-333,
duration of activity detection in dialysates was the least prolonged (Fig. 2D).
Thus, on the first day of sampling, the activity of UCM B-333 dialysates was
rather high and approached to UCM B-330 indices — 6.4 ta 51.2x10° AU/ml
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against UCM B-3 and UCM B-10, respectively. However, on the second day it
was observed the 8-fold decrease of UCM B-333 activity concerning the UCM
B-3, after which on the 3" day these substances didn’t influence the mentioned
indicator culture. A similar sharp decrease in activity was noted against UCM
B-10, although even dialysates of 4™ day caused slight growth inhibition. The
most prolonged penetration of substances was characteristic for UCM B-335
(Fig. 2E). In this case, the activity, even at insignificant level, was detected
against both strains to 10 days of sampling. For UCM B-353 the penetration of
substances was similar to that of UCM B-333 (Fig. 2F). The activity of UCM
B-353 dialysates of the 1% day was the highest of all investigated substances —
204.8 and 819.2x10° AU/ml against UCM B-3 and UCM B-10, respectively.
Next two days a 4-fold decrease in activity was observed, and on the 4" day
the activity of substances fell in 8 times. The dialysates of the 7™ day didn’t
influence UCM B-3, and on the 9" day of sampling these substances weren’t
active against both used indicator cultures.
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Fig. 2. The activity of low molecular weight bacteriocins in the composition
of selected during 10 days dialysates of P. aeruginosa UCM B-9 (A), UCM B-330 (B),
UCM B-332 (C), UCM B-333 (D), UCM B-335 (E) and UCM B-353 (F) against indicator
cultures P. aeruginosa UCM B-3 and UCM B-10
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The obtained results indicate that all used producer strains are characterized
by the production of low molecular weight substances. However, the duration
of their production and the activity of these substances were different for each
strain.

To establish the kind of the isolated low molecular weight substances of
P aeruginosa, it was taken into account that these killer factors penetrated
through dialysis membrane with MWCO 15 kDa. The results of repeated
dialysis of the investigated substances through dialysis membrane with
6—8 kDa MWCO showed the absence of substances with antimicrobial acti-
vity in dialysates. Therefore it was concluded that the molecular weight of
the detected substances was in the range of 6—15 kDa. Such molecular weight
is characteristic for antibiotic-like substances and bacteriocins. To test the
belonging of the detected killer factors to antibiotics, their activity against
their own producer strains was investigated (Table 1). It was determined that
dialysates inhibited the growth of other microorganisms, but they didn’t cause
the formation of growth inhibition zones in their own producer strains in any
cases.

Table 1
The activity of P. aeruginosa low molecular weight bacteriocins against
their own producer strains

Dialysates Producer strains
B-9 B-330 B-332 B-333 B-335 B-353

B-9 - - - - - -
B-330 + - + + - +
B-332 + _ _ I
B-333 - - - - - -
B-335 + — - - - +
B-353 — — + — —

Annotation: + growth inhibition, — absence of impact.

This fact indicated that studied substances didn’t belong to antibiotics.
Treatment of low molecular weight substances by trypsin at the concentration
of 1 mg/ml led to loss of their activity. It proved that the protein component
was responsible for antimicrobial activity. Determination of absorption spectra
of investigated dialysates detected peaks in the near UV range (A = 205-210
nm), that are characteristic for peptide groups of proteins, which confirmed the
identity of killer factors to substances with protein nature (Fig. 3). Based on the
data above, the received substances were classified as bacteriocins.

The content of low molecular weight killer factors in received dialysates
was low. For the further study of the nature and biological properties of these
substances, we need to increase their concentration. For this, the precipitation
by ammonium sulphate was carried out, adding it to 20, 40, 60 and 80%
saturation.

The possibility to concentrate low molecular weight bacteriocins by
ammonium sulphate was tested on the substances of P. aeruginosa UCM B-353
as the most active among the investigated dialysates. The initial killer activity
of the investigated dialysate against indicator strain P. aeruginosa UCM B-3
was 12.8x10° AU/ml, and concerning UCM B-10 — 25.6x10* AU/ml. After
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centrifugation of the samples, precipitated by ammonium sulphate, supernatants
and sediments were obtained, and then their killer activities were determined.
The results of supernatant investigation indicated that under precipitation
by ammonium sulfate to 20 and 40% saturation, not all bacteriocins passed
into the sediment. Their activity against indicator strain UCM B-3 was 1.6
and 0.4x10° AU/ml, and concerning UCM B-10 — 25.6 and 2.6x10° AU/ml,
respectively. Under increase of ammonium sulphate concentration up to
60 and 80%, the activities in supernatants against both indicator strains weren’t
detected. The investigation of killer activity of obtained sediments showed that
their killer indices grew with increase of ammonium sulphate concentration.
Thus, after dialysate saturation with ammonium sulphate to 20%, the killer
activity of sediments against indicator strain UCM B-3 was 32x10° AU/ml,
and concerning the indicator strain UCM B-10 — 256x10°> AU/ml. Under the
increase of salt content to 40%, the activity against UCM B-3 grew up in 4 times,
and concerning UCM B-10 — in 2 times. The maximum killer activity values
against both indicator strains were obtained by saturation of dialysate with
ammonium sulphate up to 60%. In this case, the killer activity against UCM B-3
amounted to 512x10* AU/ml, and concerning UCM B-10 — 2048x10* AU/ml.
Further increase in the content of ammonium sulphate to 80% saturation led to
a sharp decrease in killer activity of dialysates, detecting at a minimum level.
Based on the obtained results, it was concluded that ammonium sulphate can be
used to increase the activity of P. aeruginosa low molecular weight substances.
The addition of ammonium sulphate to 60% saturation was the most optimal
and allowed to increase the activity of bacteriocins in 40 and 80 times against
indicator cultures UCM B-3 and UCM B-10, respectively. The ability to be
concentrated by ammonium sulfate additionally confirms the protein nature of
these low molecular weight bacteriocins.

Fig. 3. Absorption spectra of P. aeruginosa UCM B-353 dialysate substances in the UV
range: prior to dialysis (1 — dilution 1:10; 2 — dilution 1:50) and after (3 — dilution 1: 5;
4 — dilution 1:10)
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The obtaining of concentrated samples of low molecular weight bacteriocins
from P. aeruginosa UCM B-353 made possible to conduct their electrophoretic
separation (Fig. 4). As a result, a single protein band with an approximate
molecular weight of 9 kDa was revealed in the electrophoregram. No other
additional peptides were observed. Low molecular weight bacteriocins of other
producer strains P. aeruginosa UCM B-9, UCM B-330, UCM B-332, UCM
B-333 and UCM B-335 were also concentrated by ammonium sulphate. After
their SDS-PAGE, the obtained results were similar to described above.

Markers
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35 kDa
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15-17 kDa
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Fig. 4. The electrophoregram of low molecular weight bacteriocin from P.aeruginosa
UCM B-353 (the peptide found is indicated by an arrow)

Discussion. In our studies, the molecular weight of investigated
bacteriocins was about 9 kDa. The production of similar killer factors in gram-
negative bacteria is described for bacteriocins of E. coli — microcins, which
molecular weight is lower than 10 kDa. The analogous sizes are typical for the
bacteriocins of most gram-positive bacteria [10]. Nowadays about 22 subtypes
of S-type pyocins have been investigated or predicted for P. aeruginosa. These
substances belong to colicin-like or low-molecular-weight bacteriocins with
molecular weight in the range of 30 to 100 kDa [1, 2]. However, a number of
authors state that Pseudomonas genus bacteria are peculiar to production of
low molecular weight bacteriocins. So, Saleem et al. showed that isolated from
soil Pseudomonas aeruginosa strains were capable of synthesizing Pa pyocins,
whose molecular weight was less than 10 kDa [11]. In other studies, conducted
by Barberis et al., in pseudomonads there were found similar antibacterial
substances with molecular weight less than 10 kDa [12]. In Hubert et al. work,
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the molecular weight of the synthesized by Pseudomonas sp. R-10 bacteriocin
was ascertained more precisely, it was detected in the range from 2 to 4 kDa
[13]. Thus, bacteria of Pseudomonas genus are characterized by production of
low molecular weight microcin I- and microcin II-like bacteriocins.

It is known that protein compounds absorb UV rays. The absorption
peaks of our investigated bacteriocins were detected in the near-UV range at
wavelengths from 205 to 210 nm. Absorption in 200-220 nm is characteristic
of peptide bonds, which are the basic structure of all proteins [14]. Also it is
considered, that typical feature of the most proteins is absorption in the range of
280-290 nm. This is due to the presence of amino acids with aromatic residues
in their structure — tryptophan, tyrosine and, to a lesser extent, phenylalanine
and histidine [14]. In our case, the absorption in this region was insignificant,
which may indicate the minimum number or absence of the mentioned amino
acids. Since these amino acids are hydrophobic, it can be assumed that the
test substances are characterized by hydrophilic properties. This fact is also
indicated by the nature and duration of their dialysis. Thus, the penetration
of low molecular weight bacteriocins in most strains followed the general
regularities: the maximum activity was detected in dialysates of the 1% day with
a tendency to decrease the activity indices in subsequent periods of sampling.
However, during dialysis for three days, none of UCM B-335 dialysates
inhibited the growth of indicator cultures P. aeruginosa UCM B-3 and UCM
B-10 (Fig. 1). In this experiment, features that were not characteristic to other
bacteriocins were detected for UCM B-332 dialysates — the lack of activity
in substances of the 1** day and the growth of these parameters in subsequent
periods of sampling. The results of repeated dialysis for 10 days showed that
UCM B-332 and UCM B-335 bacteriocins are possessed of general regularities
of penetration (Fig. 2). Since in both experiments (dialysis of 3 and 10 days)
the same initial lysates were used, the identified differences were connected
with the peculiarities of the membrane preparation. The dialysis membrane for
the first experiment (dialysis of 3 days) was used immediately after preparation
and sterilization, respectively [7], whereas for the second experiment (dialysis
of 10 days), after similar treatment, the membrane was additionally kept in
distilled water under sterile conditions for 14 days. It is considered that keeping
of dialysis membrane in water or glycerin leads to its swelling, which can
increase the diffusion coefficient of low molecular weight substances [15].
Comparing the activity of bacteriocins from 3 (Figure 1) and 10-days dialysis
(Figure 2), it should be noted, that in the last all bacteriocins were released
according to the general regularities, the duration of their period of penetration
through the membrane was prolonged, and the activity of most dialysates
increased by 8 times. The mentioned fact may be an additional evidence of the
hydrophilicity of the investigated low molecular weight bacteriocins.

Thus, the studied P. aeruginosa strains are characterized by the production
of low molecular weight microcin II-like bacteriocins with molecular weight
about 9 kDa. Based on the results of this study and the previous investigation
[4], we can make an assumption that these substances may be associated
with S-type pyocins, which are also synthesized by the same strains. But
confirmation of this hypothesis requires further researches.

106 ISSN 1028-0987. Mixpobion. scypn., 2019, T. 81, No 6



BAKTEPIOOUHUW PSEUDOMONAS AERUGINOSA
3 HU3bKOIO MOJIEKVJIIAPHOIO MACOIO

O.b. Banko

Incmumym mikpobionoeii i gipyconoeii im. J{.K. 3a6onomnoco HAH Yxpainu,
eyn. Akademixa 3abonomnoeo, 154, Kuis, 03143, Ykpaina

Pesome

MeTto10 po6oTH OyJ0 TOCIiIKEHHS 3MaTHOCTI KyNbTyp Pseudomonas aeruginosa cus-
Te3yBaTH OAKTEPIOIMHN 3 HU3bKOIO MOJIEKYJISIPHOIO MAcOI0, BCTAHOBJICHHS iX TIPUPOAN 1
HAJISKHOCTI JI0 IEBHOT IPYITH aHTUMIKPOOHHX pedoBuH. MeTomn. O0’€KTOM J0CITiPKCHHS
OyJi pedOBHHH, CHHTE30BaHi 6 mTamaMu Pseudomonas aeruginosa — BACOKOAKTUBHAMU
MIPOYLEHTaMH OaKTepioNnHIB. BUIiJICHHS PEYOBUH 3 HU3BKOIO MOJIEKYJISIPHOIO Macolo
3IIFCHIOBAJIA METOMIOM [TiaJTi3y Yepe3 HalliBIPOHUKHY MeMOpaHy 3 AiameTpoM mop 15 k/la.
HanexHicTh OTpUMaHUX PEYOBUH J0 OAKTEPIOUMHIB MEPEBIPSIIN 3a JOTIOMOTOIO BIUTHBY
Ha BJIACHI MITaMH-TIPOYLIEHTH, 00pOOKOIO TpHUIICHHOM (1 Mr/miT), BUSBICHHS CIEKTPIB iX
noruHanHs. JlociimpKyBaHi pe4OBUHN KOHIIGHTPYBAJIM BUCOJIIOBAHHSIM CYIb(aroM amo-
Hif0, METOZIOM O1TKOBOTO eJeKTpodopesy BU3HAYAIH iX MOJEKYISIPHY Macy. Pe3yabrarn.
[IpoBenennst nianizy mizariB P. aeruginosa npotrsirom 3-x Ta 10-tu 1i6 nokasaso, 1o j1o-
CJIZKYBaHI KYJIBTYPH 3/1aTHI BUAUISTA HU3bKOMOJICKYIISIPHI PEYOBHHHU, SIKI MPOHUKAIOTh
Yyepes TopH AianizHoi MeMOpaHu 3 moporom BinciueHHs 15 x/la. TpuBanmicTs BUAITCHHS
Ta aKTHBHICTH JAHWUX PEYOBHUH JUI KOXXHOTO IITaMy BIJIPI3HSUINCH, ajle B YCIX BHIIAJKaX
MaKCUMaJIbHOIO aKTHBHICTIO XapaKTepH3yBalUCh Jiali3aTH MepIoi 1001 3 TeHICHIII€0
JI0 3HIKCHHS JTaHWX MOKAa3HHUKIB y HACTYMHI mepionn BixOopy. BusBieni pedoBUHU HE
IIPOHMKAIIN Yepe3 Aiai3Hy MeMOpaHy 3 Oporom BijaciueHHsS 6—8 k/la, He BIUIMBAIHM Ha
BJIACHI IITAMH-TIPOIYIICHTH, BTPayad aKTUBHICTb Miciist 00poOKu TpuricuHoM (1 Mr/mi).
[ikn ix mornmrHaHHS cTaHOBIIH 205210 HM, 110 € XapaKTePHUM IS ETTHIHNX 3B SI3KiB
OunkiB. OTpUMaHi JaHi TO3BOJIMIIM BiTHECTH BUSBIICHI PEUOBHHU 0 OAKTEPiONUHIB 3 HA3b-
KOIO MOJIEKYJISIpHOIO Macoto. [IpoBeieHHs OikoBoOro enexkTpodope3y BUSBIIO Y iX CKIai
€IMHUHA TETITUT 3 MOJIEKYIIpHOIO Macoro 9 x/la. BucHoBku. 151 DOCTIKYBaHUX KYyJTb-
Typ P. aeruginosa XxapakTepHUM € BUAIJICHHS HU3bKOMOJICKYJISIPHIX, MIKPOLIMHIIONIOHNX
0aKTEpIOIMHIB MOJICKY/SIPHOIO Macor 0iu3bko 9 k/la. BkazaHi pe4oBUHU MOXYTh OyTH
acoIifioBaHi 3 MOIMHAMH S-THUITY, IKi TAKO)XK CHHTE3YIOThCS JAHUMH IIITAMaMH.

Ktouogi croea: MoONMHY 3 HU3EKOK MOJICKYIIIPHOKO Macoro, MikponuH II-rioniOHi Oak-
Tepiouunu, Pseudomonas aeruginosa, O4uCcTKa METOJIOM JIiai3y, MK MOTIMHAHHS [TPH
205-210 aMm.

BAKTEPUOILIMHBI PSEUDOMONAS AERUGINOSA
C HU3KOM MOJIEKYJISIPHOM MACCOM

A.b. Banko

Hucmumym muxpoduonozuu u eupyconoeuu um. /.K. 3abonomnozo HAH Ykpaunui,
. Akademuxa 3abonommnoeo, 154, Kues, 03143, Vkpauna

Pe3ome
Leasio pa6oThl OBIIO H3yUYCHUE CTIOCOOHOCTH KYIBTYp Pseudomonas aeruginosa cuH-
TE3UPOBATh OAKTEPHUOIIMHEI C HI3KOH MOJICKYJISIPHOIO MacCOM, OIPECIICHIE UX PUPOJIBI
U TPUHAJIC)KHOCTH K OINpPEAENCHHOI TpyIne aHTHMHUKPOOHBIX BelecTB. MeToabl.
OOBEeKTOM HCCIenOBaHMs OBIITH BEIIECTBA, CHHTE3HPOBAaHHBIE 6 ITaMMaMu Pseudomonas
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aeruginosa — BHICOKOAKTUBHBIMU MPOAYIIEHTaMHU OaKTEpHOIMHOB. BrlieneHne BelecTs
C HU3KOH MOJIEKYJISIPHOM MaccOoi OCYILIECTBIISUIM METOAOM JAHaIM3a Yepe3 MOIyNpo-
HUllaeMyto MeMOpaHy ¢ auamerpom nop 15 k/la. [IpuHaaIe)KHOCTD MOJIYyYSHHBIX Be-
mCeCTB K 6aKTepI/IOL[I/IHaM MMPOBECPAIN C MOMONIBIO BIIUAHUA HA CO6CTBCHHbIe HITaMMBbI-
MIPOAYIICHTHI, 00PaOOTKH TPUTICHHOM (1 MT/MIT), OTIpeIeIeH s HX CIEKTpa MOTIOMICHHUS.
HccnenoBanHble BeleCTBa KOHIIGHTPUPOBAIIN BBICAIMBAHNEM CYyJIb()aTOM aMMOHUS U Me-
TOZIOM OEJIKOBOTO 3MEKTpodope3a OnpeAeisiiii UX MOJCKYIIpPHYI0 Maccy. Pe3yabrarbl.
Pesynbrare! mpoBeneHus Auannusa au3atoB P aeruginosa B Teuenue 3-x u 10-tH cyTOoK
MOKa3aJii, 4YTO UCCIIelyeMble KyJIbTypbl CIIOCOOHBI BBIIEIATH HU3KOMOJICKYIISIPHBIEC Be-
IIeCTBA, KOTOPbIE MPOHUKAIOT Yepe3 MOphl JHATU3HONW MEMOpaHbI C TOPOrOM OTCEYCHHUS
15 x[a. [IponomKuTenbHOCTh BBIIEIEHUS U aKTUBHOCTD JAHHBIX BELIECTB OTIMYAIUCH
JUISL Ka)KJI0T0 IITaMMa, OJTHaKO BO BCEX BapHaHTaX MAaKCHMAalIbHOM aKTUBHOCTBIO XapaKTe-
PHU30BaJIUCh AUAJIN3AaThl IICPBLIX CYTOK C TeHI[eHLIPIeﬁ K CHMXKCHHIO JJaHHBIX ToKazarenei
B cleyromue nepruoasl oroopa. ITomydeHHble BemecTBa HE MPOHUKAIHN Yepe3 AUATH3-
HyI0 MeMOpaHy ¢ rnoporom orcedeHusi 6—8 x/la, He BiusIM Ha COOCTBEHHBIE MITAMMBbI-
MPOJYLIEHTHI, TEPSUIM aKTUBHOCTH 1ocye o0padoTku TpuncuHoM (1 mr/mi). [Tukm ux
rortonieHnst cocTaBsy 205-210 HM, 9TO XapaKTepHO UIS MENTHIHBIX CBS3CH OEIKOB.
CormracHO MOJTY4YEeHHBIM JaHHBIM BBISIBJICHHBIC BEIIECTBA OBUIM OTHECEHBI K OaKTepHo-
[UHAM C HU3KOH MOJICKYJISIpHOU Maccoil. PesynbraTel OenkoBoro snekrpodopesa moka-
3aJIM HaJIM9HAe B X COCTaBE CIWHCTBEHHOTO IENTHAA C MOJIEKYIIpHOI Maccoi 9 x/la.
BriBoabl. /1151 nccineoBaHHbIX KYIABTYp P. aeruginosa XapakTepHbBIM SIBJISETCS BBIJEICHHE
HU3KOMOJICKYJISIPHBIX, MUKPOLIMH-TTOJJOOHBIX OaKTEPUOLIMHOB C MOJEKYJISPHOW Maccou
okxono 9 k/la. JlanHbIe BemecTBa MOTYT OBITH aCCOIMHPOBAHBI C MHONWHAMHU S-THIIA,
KOTOpPBIE TAK)KE CUHTE3UPYIOTCS ATUMU IITAMMaMHU.

Kniouesvie cnosa: MMOIMHBI C HU3KOH MONEKYISIpHON Maccoil, MUKporuH II-nmogo6Hsie
GakTepronnHsl, Pseudomonas aeruginosa, 04MCTKa METOOM ANAIN3a, TUKH TOTJIOMICHHS
npu 205-210 HMm.
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