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The aim of work was the investigation of influence of different temperatures on activity
of Pseudomonas aeruginosa S-type pyocins. Methods. The objects of investigation were
S-type pyocins from eleven P. aeruginosa strains. These killer agents were subjected to the
temperature influence in the range of 20 to 100° C for 10 minutes. Quantitative indices
of killer activity of treated bacteriocins were compared with those ones of untreated
analogs. For a more detailed study of 30 and 40° C effect on lysates, different durations of
temperature treatment were used. 5, 15 and 25 minutes. Results. It was shown that 60° C
caused the decrease in the activity of most bacteriocins to the minimum values, and 70° C —
entailed the absolute loss of activity of all investigated lysates. Temperature treatment
at 30 and 40° C increased the killer activity of bacteriocins. This effect was revealed
with different rates depending on the used indicator cultures. The activity of the first
group lysates increased after 30° C influence, the lysates from the second group — 40° C,
and the third group — under the action of several temperatures, including 50° C or not
changed. The 30° C effect on most bacteriocins stimulated 2-fold activity increase, and
40° C caused 4-fold rise in activity. But activity indices of some lysates extended more:
8 times — for PAE-24 and 16 times — for PAE-6. The investigation of influence of 30 and
40° C on PAE-19 and PAE-22 activity revealed no change in killer activity of bacteriocins
caused by different duration of temperature impact. Conclusions. Temperature treatment
of P. aeruginosa S-type pyocins at 30-40° C during 10 minutes makes possible to increase
their activity in 2 — 4 times and in some cases, reach 8 — 16 times growth of activity
indices. The extension of duration of temperature impact doesn t stimulate the additional
thermoactivation of bacteriocins.

Keywords: pyocins, thermoactivation, influence of temperature, increase of killer
activity, Pseudomonas aeruginosa.

Natural ecological niches are inhabited by a large amount of different
species of microorganisms [1]. During competition for nutrients, bacteria
use different survival strategies. One of them consists in the synthesis of
antimicrobial agents, in particular bacteriocins [2]. These substances are active
against of closely related bacteria that populate the certain ecological niche [3].
Previously we have shown that Pseudomonas aeruginosa strains can produce
bacteriocins, active against not only other P. aeruginosa strains [4, 5], but all
investigated plant pathogenic Pseudomonas syringae strains too [6]. Potential
application of bacteriocins for regulation of phytopathogenic bacteria quantity
was proposed by a number of researchers [7, 8]. It is supposed that the use of
strictly specific killer factors can become an effective strategy for the pointed
control of bacterial diseases, in particular diseases of agricultural crops against
which even chemical pesticides are ineffective [9].
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It is obvious that one of the criteria of perspectivity of bacteriocin use is high
indices of their killer activity in the composition of potential preparation. We
revealed that the increase in concentration of P. aeruginosa S-type bacteriocin
(pyocins) makes possible to expand the spectrum of lysate activity against
P. syringae strains significantly [6]. Analyzing possible methods for further
increase of bacteriocin activity we paid attention to the results obtained during
the investigation of the properties of induced killer factors, namely data of their
thermostability testing [10].

Therefore, the purpose of this work was to study the influence of different
temperatures on the activity of Pseudomonas aeruginosa S-type bacteriocins.

Materials and methods. The objects of investigation were S-type
bacteriocins (pyocins) from eleven collection strains P. aeruginosa maintained
in the Ukrainian collection of microorganisms (UCM, Zabolotny Institute of
Microbiology and Virology, National Academy of Sciences of Ukraine).

To obtain P. aeruginosa pyocins, nalidixic acid was added to suspension
of strain-producer in the logarithmic growth phase (final concentration
100 pg/ml). After further incubation for 3 h, the induction was stopped by the
addition 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 [5]. In the earlier studies we have shown that the
properties of antimicrobial substances in the obtained lysates allowed classified
them as S-type pyocins [6, 11].

The killer activity of lysates was determined by the method of “double layer
agar”. For this purpose 24-h culture of indicator strain was added to melted
and cooled to 50 — 55° C semifluid (0,7 %) agar, then this agar was layered on
MPA in Petri dishes. After hardening of upper agar, 5 pl of obtained lysates
were applied on the lawn of the indicator culture. Dishes were incubated for
18 — 24 hours at 28°C. The formation of impediment zones on the lawn with
indicator culture indicated the presence of substances with killer properties
against the used indicator strain. To evaluate the antimicrobial activity of pyocins,
P. aeruginosa UCM B-3 and UCM B-10 were used [4].

Quantitative activity indices of the certain lysates were determined by
double serial dilutions method. The aliquots of each dilution (5 ul) were applied
to a lawn with indicator culture, then the maximal dilution with impediment
zone was determined. This dilution indicated the activity of the test substance.
The obtained indices were counted for 1 ml of lysate and expressed in AU/mL
or for convenience in thousand AU/mL or million AU/mL [5].

In the study of bacteriocin resistance to temperature there were used eleven
P aeruginosa lysates, marked according to their species as PAE. In this case,
the lysates obtained from P. aeruginosa UCM B-1 were labeled as PAE-1 from
UCM B-6 — as PAE-5, UCM B-7 — PAE-6, UCM B-9 — PAE-8, UCM B-13 —
PAE-14, UCM B-330 — PAE-19, UCM B-332 — PAE-21, UCM B-333 —
PAE-22, UCM B-335 — PAE-24, UCM B-349 — PAE-38, UCM B-353 —
PAE-41. The obtained lysates stability to the temperature influence were
estimated at 20, 30, 40, 50, 60, 70, 80, 100° C in the water bath using standard
method. With this purpose 200 pl of lysate was put into Ependorf tube and
exposed to the appointed temperature for 10 min. Immediately after thermal
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inactivation, for the stopping of temperature impact, the test tubes with lysates
were carried into the “ice bath” for 5 minutes. For more detailed investigation
of 30 1 40° C influence on bacteriocin activity tubes with lysates were kept
at these temperatures during 5, 15 and 25 minutes. After lysate exposition to
certain temperature killer activity indices were determined for treated lysates.
Obtained results were compared with analogous ones for untreated lysates.

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. In our previous studies we have shown, that investigated
antimicrobial substances in P. aeruginosa lysates were not transferred from the
formed lysis zones to the clear lawn of indicator strain. They didn’t influence
own producer culture, were not visualized under an electronic microscope,
not precipitated by ultracentrifugation, not split by DNAase and RNAase.
Also these substances lost their activity after thermal inactivation at 80° C and
trypsin treatment. The investigated substances were characterized by a narrow
spectrum of action, since they influenced exclusively bacteria of Pseudomonas
genus and did not inhibit the growth of other microorganisms. According
to the given data, the killer factors in the lysates were referred to colic-like
bacteriocins — S-type pycins [6, 11].

Now it was shown, that killer activity indices didn’t decrease after lysate
treatment by 20, 30 and 40° C temperatures for 10 minutes. Partial loss of
activity was noted after 50° C, whereas 60° C caused a sharp decrease in
these parameters. At the same time, PAE-5, PAE-22 and PAE-24 lysates were
characterized by higher resistance to temperature action and after treatment
affected both indicating strains. Whereas PAE-6, PAE-8, PAE-14, PAE-19,
PAE-21 and PAE-41 lysate activity was maintained only against P. aeruginosa
UCM B-10. After 70° C treatment all investigated lysates lost their activity.

Some unexpected results were obtained at slightly lower temperatures. After
30 and 40° C treatment, an increase in killer activity level was observed. It
should be noted that this effect varied for each individual lysate and indicator
strain. All studied substances can be divided into 3 groups according to their
activation temperature (Table 1).

Additionally, depending on the indicator culture on which this increase was
noted, the groups were divided into two subgroups: PAE-6, PAE-12, PAE-14 and
PAE-41 lysates were included in 1.1 group and were characterized by increase
of killer activity against P. aeruginosa UCM B-3 after 30° C treatment; the
substances of PAE-5, PAE-19, PAE-22, PAE-24, PAE-38 lysates heightened the
activity against this indicator culture after 40° C and were referred to 2.1 group.
PAE-8 and PAE-21 lysates differed from other substances by their properties
and were included in 3.1. group. The differentiation of lysates into the groups
according to the temperature that caused the increase of their activity against
P aeruginosa UCM B-10 was somewhat different. So, the activity of PAE-6
and PAE-14 lysates against P. aeruginosa UCM B-10 increased after 30° C
treatment. So, their substances were included to 1.2 group. The substances
of PAE-5, PAE-12, PAE-24, PAE-38 and PAE-41 lysates were referred
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to 2.2. group, since their activity against P. aeruginosa UCM B-10 was
increased under 40°C effect. Killer properties of PAE-8, PAE-19, PAE-21
and PAE-22 against P. aeruginosa UCM B-10 differed from described earlier
lysates and these lysates were classified as 3.2. group.

Table 1
Activation of P. aeruginosa bacteriocins (PAE) at different temperatures
against used indicator strains

Groups | Activation temperature | Indicator strain Lysates

1.1. 30°C UCM B-3 PAE-6, PAE-12, PAE-14, PAE-41

2.1. 40°C UCM B-3 | PAE-5, PAE-19, PAE-22, PAE-24, PAE-38
3.1 50°C* UCM B-3 PAE-8, PAE-21

1.2. 30°C UCM B-10 PAE-6, PAE-14

2.2. 40°C UCM B-10 | PAE-5, PAE-12, PAE-24, PAE-38, PAE-41
3.2. 40-50°C* UCM B-10 PAE-8, PAE-19, PAE-21, PAE-22

Annotation: * - increase of lysate activity didn’t observe at mentioned temperature or activation didn’t
occur.

So, PAE-6 lysate activity at 20° C was characterized by not high activity
index — 800 AU/mL (Fig. 1A). Under 30° C influence killer activity of this
lysate increased in 16 times and amounted to 12.8 thousand AU/mL. The same
killer activity indices were observed after 40 and 50° C treatment. The influence
of 60° C caused the loss of killer properties of the test substance. PAE-12 lysate
was characterized by increase of activity index in 2 times under 30°C impact. In
this case after 20° C influence killer activity index was 25.6 thousand AU/mL,
but under 30°C processing it increased to 51.2 thousand AU/mL 40°C and
higher temperature caused decrease of killer activity level. Complete loss of
PAE-12 lysate activity was observed at 60° C. For PAE-14 lysate the increase
of activity index in 2 times was discovered after 30° C treatment. Thus, the
activity of initial substances was 12.8 thousand AU/mL, then after 30° C
impact it grew to 25600 AU/mL. Under further elevation of temperature to
40° C slight decrease in the lysate killer activity was observed. Influence killer
activity of this lysate was lost absolutely after 60° C impact.

Some higher indices of initial activity were noted for PAE-41 lysate — they
were equal to 204.8 thousand AU/mL 30° C treatment resulted in a 2-fold
increase in these killer properties with an achievement of 409.6 thousand
AU/mL. Also a sharp decrease and total loss of killer activity were revealed
under 50 and 60° C impact, respectively.

Substances activated against P. aeruginosa UCM B-3 by 40° C were
referred to 2.1 group. (Fig. 1B). PAE-5 lysate was characterized by an
insignificant level of killer activity at 20 and 30° C. Its indices were equal to
3.2 thousand AU/mL. After 40° C treatment their activity increased to 12.8
thousand AU/mL, i.e. 4 times. The killer activity at 60° C was only 200 AU/mL
and completely lost under the influence of 70° C. PAE-19 lysate revealed
significantly higher killer activity indices, which at 20 and 30° C were 204.8
thousand AU/mL. In this case the activity of lysate at 40° C increased 2-fold and
reached 409.6 thousand AU/mL. The decrease of activity level was observed
after the influence of 50°C, under 60°C there was it total loss. Similar results
were obtained for lysate PAE-22. Under 40°C influence the increase of activity
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level in 2 times to 819.2 thousand AU/mL was observed. The decrease of
activity level was noted under 50 and 60° C impact, 70° C resulted in it total loss.
The killer activity of PAE-24 lysate reached the maximum values after 40° C
treatment. So, at 20° C and 30° C lysate activity was 25.6 thousand AU/mL,
but after 40°C treatment it increased in 4 times to 102.4 thousand AU/mL.
Gradual decrease of this lysate activity was observed under further temperature
elevation and it total loss occurred at 70° C. PAE-38 lysates were characterized
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Fig. 1. The bacteriocin activity against indicator strain
Pseudomonas aeruginosa UCM B-3 after temperature treatment.
Bacteriocin groups: 1.1. (A), 2.1. (B) and 3.1. (C)

There and in next figures the error of the received data did not exceed 5 %.
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by 4-fold increase of activity level at 40° C to 51.2 thousand AU/mL. Complete
loss of killer activity under 60° C impact.

PAE-8 and PAE-21 lysates were referred to 3.1 group, since their substances
differ from other lysates in their properties after thermal activation (Fig. 1C).
Thus, the killer activity of PAE-8 lysate did not change at 20 and 30°C, but it
decreased by half under 40° C influence and completely disappeared after 60° C
processing. PAE-21 lysate was characterized by some other peculiarities. In
this case the killer activity at 30° C and 40° C corresponded to the initial
activity — 102.4 thousand AU/mL. Under the influence of 50° C the partial
regeneration of activity was observed, but 60° C caused its loss.

According to influence on P. aeruginosa UCM B-10 the belonging of
the studied lysates to the described thermoactivation groups was somewhat
different. In that case 1.2 group included PAE-6 and PAE-14, that were activated
under 30° C (Fig. 2A). Thus, the killer activity of PAE-6 at 20° C was 12.8
thousand AU/mL and after 30° C impact, a 4-fold increase of activity indices
occurred up to 51.2 thousand AU/mL. Then under 40 and 50° C influence the
killer activity level decreased by half to 25.6 thousand AU/mL. Under the
influence of 60° C the activity decreased to 800 AU/mL. Complete activity loss
was observed at 60° C. The same regularity was found for PAE-14 lysate, but
with slightly lower killer activity indices. Thus, at 20° C the level of activity
was 12.8 thousand AU/mL and under 30° C influence it increased twice and
reached 25.6 thousand AU/mL. Subsequently, after 40 and 50° C processing a
decrease of killer activity indices to the original values was observed. Under
the influence of 60°C the activity decreased to 800 AU/mL. Full activity loss
took place at 70° C.

2.2 group included substances that were activated against P. aeruginosa
UCM B-10 by 40° C influence (Fig. 2B). PAE-5 lysate was characterized by
not high killer activity indices. Thus, at 20° C and 30° C the activity of this
substance was equal to 25.6 thousand AU/mL, whereas at 40° C the activity level
doubled and reached 51.2 thousand AU/mL. Then, under higher temperature
impact the activity level decreased gradually and at 60° C the lysate activity was
only 200 AU/mL. Complete activity loss was detected after 70° C treatment.
The results obtained for PAE-12 and PAE-38 lysates after their treatment by
different temperatures were similar. These substances were characterized
by 4-fold increase of activity level at 40° C to 12.8 thousand AU/mL
and complete loss of killer activity under 60° C impact. PAE-24 and PAE-41
lysates proved to be the most active against P. aeruginosa UCM B-10. These
substances were characterized by the highest killer activity growth at 40° C.

Thus, at 20° C the activity of PAE-24 lysate was equal to 25.6 thousand
AU/mL, whereas under 30° C influence it increased in 4 times and reached
102.4 thousand AU/mL. After 40° C impact, the activity increased in 8 times
as compared with the initial value and amounted to 409.6 thousand AU/mL. A
decrease of activity level to 51.2 thousand AU/mL was observed at 60° with it
full loss at 70° C. Results obtained for PAE-41 were more definite. Substances
of this lysate didn’t change activity indices under 30° C. At 40° C this value
increased in 4 times and reached 819.2 thousand AU/mL. Subsequently, under
60° C impact the decrease of activity to 200 AU/mL was noted and after 70° C —
it full loss.
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Fig. 2. The bacteriocin activity against indicator strain Pseudomonas aeruginosa UCM
B-10 after temperature treatment. Bacteriocin groups: 1.2. (A), 2.2. (B) and 3.2. (C)

3.2 group included PAE-8, PAE-19, PAE-21 and PAE-22 lysates. Their
substances were characterized by other properties then mentioned above
(Fig. 2C). The peculiarity of PAE-8 and PAE-22 lysates was lowering of killer
activity at 30° C with its further recovery to initial level under 40°C influence.
Thus, at 30° C activity level of PAE-8 decreased twice to 102.4 thousand
AU/mL, while for PAE-22 the 4-fold reduction to the same level was observed.
After 50° C and 60° C influence activity indices of PAE-8 was the same as at
40° C, but activity of PAE-22 at 60° C was reduced to 204.8 thousand AU/
mL. Activity loss of both lysates was noted under 70° C impact. PAE-19
was characterized by significant sensitivity to temperature effects. The killer
activity level of this lysate remained stable at 30°C, but went down sharply
after 40° C impact. Complete activity loss was observed under 70° C influence.
At the same time, PAE-21 showed a high stability of killer activity, which was
at the level of 819.2 thousand AU/mL after 30, 40 and 50° C treatment. Sharp
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decrease to 51.2 thousand AU/mL and complete loss of activity were observed
only under the influence of 60 and 70° C respectively.

For more thorough examination of this thermoactivation phenomenon the
change of lysate killer activity was researched after their treatment by 30 —40° C
for different periods. PAE-19 and PAE-22 were used because their activity
against P. aeruginosa UCM B-3 increased at 40° C only 2-fold. The influence
of these substances on UCM B-10 was ambiguous too, which created an
opportunity for a more detailed study of thermoactivation peculiarities.

It was determined that killer activity of PAE-19 didn’t change at 30° C for
different time period and amounted to 3.2 thousand AU/mL (Fig. 3A).
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Fig. 3. The killer activity of PAE-19 (1) and PAE-22 (2) lysates after 30° C treatment
during different time periods (T) against indicator cultures Pseudomonas aeruginosa
UCM B-3 (A) and UCM B-10 (B)

The activity of PAE-22 substances, untreated and obtained after holding
at 30° C during 5 and 25 minutes was 25.6 thousand AU/mL. But after 30° C
treatment during 15 minutes this parameter increased twice and amounted to
51.2 thousand AU/mL. After checking of killer activity of PAE-19 it was found
that this lysate didn’t change its indices against P. aeruginosa UCM B-10 as
well as against UCM B-3. (Fig. 3B). PAE-22 was characterized by decrease
of killer activity under prolonged heat treatment. Thus, initial activity of this
lysate was 102.4 thousand AU/mL. Under influence of 30° C during 5 and
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15 minutes the activity decreased in 4 times to 25.6 thousand AU/mL. The
action of this temperature factor during 25 minutes led to further 4-fold
decrease in activity rates.

It was shown that after 40° C treatment killer activity of PAE-19 against
P. aeruginosa UCM B-10 didn’t change and during all time periods was 2-fold
higher the initial activity — 6.4 thousand AU/mL (Fig. 4A).
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Fig. 4. The Kkiller activity of PAE-19 (1) and PAE-22 (2) lysates after 40° C treatment
during different time periods (T) against indicator cultures Pseudomonas aeruginosa
UCM B-3 (A) and UCM B-10 (B)

Killer activity of PAE-22 after the influence of this temperature during
15 and 25 minutes didn’t change too and was equal to untreated substances index —
25.6 thousand AU/mL. But the shortening of treatment time to 15 minutes
caused double increase of this parameter. The test of lysates activity against
P, aeruginosa UCM B-10 found out the decrease of PAE-19 activity index after
5 minutes of 40° C processing (Fig. 4B). The prolongation of temperature effect
didn’t influence on substance activity, its index was 51.2 thousand AU/mL.
Initial level of PAE-22 activity was 102.4 thousand AU/mL. The 40° C impact
during different time periods caused the increase of this parameter doubly.

Discussion. We discovered that all investigated bacteriocins were

thermolabile substances, since 70° C treatment caused the absolute loss of their
killer activity. This property is characterized to pyocins. Thus, low molecular
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weight P. aeruginosa S2 and AP41 bacteriocinins are also completely
inactivated after 70° C treatment and pyocin S1 loses its activity after 60° C
impact during 10 minutes [12].

But it was revealed that 30 and 40° C treatment increased the indices of
bacteriocin killer activity. The activation of some lysates, for example PAE-
6 and PAE-14 occurred at 30° C, and PAE-5, PAE-24 and PAE-38 lysates —
exclusively at 40° C. However, the activity of other substances grew under
the impact of both indicated temperatures. So, the indices of PAE-12 and
PAE-41 against P. aeruginosa UCM B-3 indicator strain increased after 30° C
treatment, but concerning P. aeruginosa UCM B-10 — both at 30°C and at 40° C.
So, PAE-12 and PAE-41 activity against P. aeruginosa UCM B-3 increased
after 30° C treatment, but these lysates indices against P. aeruginosa UCM
B-10 grew both at 30° C and at 40° C. The activity of another lysate — PAE-
22 against P. aeruginosa UCM B-3 increased under 40° C influence, but its
index concerning P. aeruginosa UCM B-10 — at 40° C and even at 50° C. The
absence of the influence of temperature treatment was noted only for PAE-
8 lysate. Obviously the revealed regularity is connected with multiplicity of
bacteriocin synthesis, the typical feature of pyocins [3]. As a result, some of the
lysates contain pyocins, which killer activity increase at the same temperature,
while in the composition of the lysate majority, bacteriocins are activated
by different temperatures. In favor of this assumption, different intensity of
thermoactivation effect was revealed depending on the used indicator cultures.
Thus, the activity of the lysate majority against P. aeruginosa UCM B-3
increased at one temperature, while in the case of P. aeruginosa UCM B-10
the influence of temperatures had a more varied effect.

It should be noted that the action of 30° C on most bacteriocins stimulated
2-fold, and 40° C — 4-fold increase in activity. However, activity indices of
some substances grew significantly: 8 times — for PAE-24 and 16-fold — for
PAE-6. The revealed property may indicate that the synthesized bacteriocins are
associated with each other or with other substances in an unstable complex. The
temperature treatment, obviously, breaks these bonds, improves the availability
of bacterial killer domain, exhibiting in bacteriocin activity increase. For
E. carotovora J2/S2 carotovoricins it was shown the production of low-
molecular bacteriocins with pigment-containing lipid [13] and Xanthomonas
campestris pv. glycines glycinecin is synthesized in the form of a heterodimer
containing two polypeptides [ 14]. The phenomenon of killer factor activation is
the characteristic feature of some microcins, but in this case a posttranslational
modification associated with the proteolytic cleavage of their molecule occurs
[15]. However, similar results of the temperature influence on the killer activity
of pyocins were not found in literature available to us.

Using a different duration of temperature effect on lysates PAE-19 and PAE-
22 at 30 and 40° C it was shown that the obtained results correlated with the
data of previous experiments. It was also noted that the indices of bacteriocin
killer activity did not significantly change with the variation in the treatment
duration: 5, 15 and 25 minutes. It is evidence of single-stage of temperature
on the structural organization of synthesized bacteriocins and confirms the
assumption about the instability of the complex.
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Thus, it has been shown for the first time that the use of temperature
treatment of Pseudomonas aeruginosa bacteriocins at 30-40° C makes possible
to increase their activity in 2 — 4 times, and in some cases to achieve 8 — 16
times rise of activity parameters. The prolongation of temperature impact
doesn’t stimulate the additional thermoactivation of bacteriocins, since the
key factor of activity increase is the temperature value not the duration of the
temperature effect. The revealed regularity can be used for pyocin concentrating
at the stage of their research or to increase the killer activity of bacteriocins for
their application.

TEPMOAKTHUBANIIA HNIOLIUHIB
PSEUDOMONAS AERUGINOSA

O.1. Banxko, O.b. banko, JI.B. Aéoccea

Incmumym mikpobionoeii i gipyconoeii im. /].K. 3a6onomnoco HAH Yxpainu,
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MeTo10 podoTH OyJI0 JOCTIHKEHHS BIUIUBY Pi3HUX TEMIIEpPaTyp Ha MOKa3HUKH Kilep-
HOI aKTUBHOCTI MONUHIB S-THIy Pseudomonas aeruginosa. Metomn. O6’€KTOM J0CITi-
JOKEHHS OyJIM mionMHU S-THIy, oTpuMani 13 11 mramiB Pseudomonas aeruginosa. Ilani
KinepHi (hakTopu mianaBamy aii Temreparyp B miana3oHi Bix 20 no 100° C mpotsarom 10 xB.
KinmpkicHI MOKa3HUKH KIIEPHOT aKTUBHOCTI OAKTEPIONUHIB ITiC)IsT 00pOOKH TEMIIEPaTypOrO
MOPIBHIOBAJIN 13 TAKMMHU y HeoOpoOsieHux OakrepionuHiB. OCHOBHY yBary HmpHIiIsUIA
BIUIHBY Ha Jrizatu Temmepatyp 30 i 40° C. s mboro BUKOPUCTOBYBAIH Pi3HY TPHBAIICTh
TeMIepaTypHOro BILIUBY — 5, 15 ta 25 xsunus. Pe3yasraru. Bruius Temneparypu 60° C
0OyMOBITIOBAB 3HIDKCHHS 10 MIHIMAJIbHUX MOKa3HUKIB, a 70° C — BUKJINKaB aOCOIIOTHY
BTPaTy aKTUBHOCTI YCiX MOCIiKyBaHUX Ji3ariB. Temreparypra o6pooka pu 30 ta 40° C
ITiIBUIITyBaJIa IIOKa3HUKH KiJIEpHOT aKTMBHOCTI OakTepionuHiB. [lanuii eexT nposBisiBes
Ha BUKOPHCTaHUX 1HJMKATOPHHUX KYJIbTypax 3 PI3HOI IHTEHCHBHICTIO. AKTHBHICTB Jii3a-
TiB MIEPIIIOI TPYIH IMiABUIIyBanach micist BmuBy 30° C, npyroi rpymu — 40° C, a TpeTsoi
IpYIH — IiJ] AI€10 JeKUTBKOX TeMreparyp, y T. 4. 50° C abo He 3miHIoBanack. Brumis 30° C
Ha OUTBIICTh OAKTEPIOMHIB CTUMYJTIOBaIA 2-X KparHe, a 40° C — 4-X KpaTHE i BUILICHHS
MTOKA3HUKIB aKTUBHOCTI. [IpoTe MOKa3HNKM aKTHBHOCTI AESKUX PEUOBHH 3POCTAIH 3HATHO
Buiie: y 8 pa3iB — st PAE-24 ta 'y 16 pasiB — s PAE-6. Pe3ynsraTu 10CITiPKEHHS BILTH-
By 30 ta 40° C Ha aktuBHicTh PAE-19 Ta PAE-22 mnoka3anu BifiCyTHICTh 3MiH KiJIEpHOT
AKTHUBHOCTI OaKTEepiONMHIB, CIPUIMHEHOI PI3HOIO TPHUBAJICTIO TEMITEPaTypPHOI 0OpPOOKH.
BucuoBku. Buxopucrannas temneparypHoi o0poOku mionuHiB S-tuny Pseudomonas
aeruginosa ipu 30 — 40° C 103BoJIsI€ MIABUIINTH 1X aKTHBHICTB Y 2 — 4 pa3u, a B OKpEeMHUX
BHIIAIKAX JOCATHYTH 1 16-KpaTHOTO 3pOCTaHHS aKTUBHOCTI. TPUBAIIICTh TEMIIEPATyPHOTO
BIUIMBY HE IIPU3BOJUTS JI0 JJOIATKOBOT TEPMOAKTHUBALlIT OaKTEepiONHHIB.

Kniouogi cnosa: miounuHU, TCPMOAKTHBALIIS, MTIABUIICHHS KIJIEPHOT aKTUBHOCTI, Pseu-
domonas aeruginosa.
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TEPMOAKTHUBALIIMA INOLIMHOB
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yi. Akademura 3a6onomnoeo, 154, Kues, 03143, Vkpauna
Pesrome

Heabio padoThl ObUIO M3yUCHNUE BO3JACHCTBUS Pa3HBIX TEMIIEPATyp HA MOKA3aTeIH
KIUICPHOHN aKTHBHOCTH MUOIUHOB S-tuna Pseudomonas aeruginosa. Metombl. O0beK-
TOM HCCIICIOBaHUS ObUTH TTUOIMHBI S-TUIIA, BhIJIeJIeHHbBIC U3 11 mtammoB Pseudomonas
aeruginosa. Jlanuble KHIIIEpHBIE (PaKTOPHI MTOJBEPTaIN BO3ICHCTBUIO TEMIIEPATyp B Ana-
na3zoHe oT 20 1o 100° C B teuenue 10 mun. KonuuecTBeHHbIE MOKA3aTENN KULIEPHON
AKTHBHOCTH OAKTEPHOIIMHOB MIOCIIE TEMIIEPaTypHO 00pabOTKK CpaBHUBAIIH C aHAJIOTHY-
HBIMH TI0Ka3aTeIMI He0OpaOboTaHHBIX OakTepHoIMHOB. OCHOBHOE BHUMAaHKE OBIIO yrie-
JIEHO BIIMsIHUIO Ha Ju3arbl Temnepatyp 30 u 40° C. [Ii1st Toro ucnosab30Balid pa3Hylo Mpo-
JOJDKUTEIILHOCTh TeMIIepaTypHOil 00padoTku — 5, 15 u 25 munyT. Pe3ynbrarsl. BiusHue
temneparypsl 60° C o0ycriaBmuBaio CHIKEHIE KWUICPHOW aKTUBHOCTH K MUHIMAJILHBIM
nokasarensM, a 70° C — npuBOAUIIO K MOJHON MOTEPe aKTUBHOCTHU BCEX UCCIIEOBAHHBIX
nu3aroB. TemmepatypHas oopadotka mpu 30 u 40° C moBblIIaia moka3arein KHUICPHOH
aKTUBHOCTH OakTepnonnHoB. Ha MCIONBb30BaHHBIX WHAWKATOPHBIX KyIBTYPax HaHHBIN
3¢ EKT NpOosBISLICS ¢ pa3HOH MHTEHCHBHOCTHIO. AKTHMBHOCTB JIM3aTOB I1E€PBOM TPYIIIIEI
noBbImanack nocie BausHus 30° C, Bropoit rpymnmsl — 40° C, a TpeTbeit rpynmnsl — HOA
JIEHCTBHEM HECKONBKHUX TeMmeparyp, B ToMm uncie 50° C wim He m3MeHsIach. BinsHue
30° C Ha GoNbIIMHCTBO OAKTEPHOLIMHOB CTUMYIHPOBAIIO 2-X KpaTHoe, a 40° C — 4-x kpar-
HOE TMOBBIINICHUE TIOKa3aTenel akTuBHOCTH. OTHAKO TTOKA3aTeNT aKTUBHOCTH HEKOTOPBIX
BEIIIECTB YBEIMYUBAJINCH 3HAYUTENBHO OombIre: B 8 pa3 — mist PAE-24 u B 16 pa3 — s
PAE-6. Pesynsrars! uzyuenus snusHus 30 u 40° C na aktuBHocth PAE-19 u PAE-22
MOKa3aJId OTCYTCTBHE M3MEHEHUI KUIUIEPHOW aKTUBHOCTH OAaKTEPHOIIMHOB TIPH Pa3HOU
TIPOIODKUTETEHOCTH TeMITEpaTypHoii 00padoTku. BeiBoasbl. Mcrions3oBanme Temieparyp-
HOW 00paboTkM MUONKMHOB S-tHMa Pseudomonas aeruginosa npu 30 — 40° C no3possier
TIOBBICUTH UX aKTUBHOCTH B 2 — 4 pa3a, a B OTJICNIbHBIX CIy4asX JOCTUTHYTh U 1 6-KpaTHOTO
YBEITMYEHUS] aKTUBHOCTH. [IpOIOIKUTENIEHOCTD TEMIIEPATYPHOTO BO3CHCTBHS HE BIHUSACT
Ha JIOTIOJIHUTENIBHYIO TEPMOAKTHBAIMIO OAKTEPHOIIMHOB.

Kniouesvie cnosa: MIOIMHBI, TEPMOAKTUBAIIHS, TTOBBIIIICHNE KUJICPHOW aKTUBHOCTH,

Pseudomonas aeruginosa.
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