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The aim of work was study of peculiarities of Pseudomonas aeruginosa biofilm
formation on media with different concentration of glucose as sole source of carbon and
energy. Methods. Three Pseudomonas aeruginosa strains were cultivated in stationary
system on glass in Kozer medium with 0.1%, 5% and 20% of glucose. The effect of
unfavourable conditions on microorganism growth was analyzed by intensity of biofilm
formation and quantities of viable cells in biofilm and planktonic form. Results. It was
determined that investigated cultures maintained the ability to grow and form biofilm
in the presence of 0.1-20% glucose in Kozer medium. If there was 0.1% of glucose,
dynamics of biofilm accumulation was characterized by strain peculiarities. But under
increase of carbon source concentration to 20%, these differences became less evident
and biofilm formation acquired common for all used cultures regularities. The increase of
glucose concentration caused reduction of the sample area covered by biofilm and fall of
microorganism quantity in its composition, stabilized the biofilm formation dynamics, but
didn t influence on bacterium titre in planktonic form. Conclusions. Under the influence
of unfavourable conditions, besides protective function, Pseudomonas aeruginosa biofilm
can perform the role of depositary formation, maintaining stable cell quantity in planktonic
form.

Keywords: Pseudomonas aeruginosa, biofilm formation, microorganisms in planktonic
and biofilm form, carbon source concentration.

In nature microorganisms always undergo unfavourable conditions of
environment. Concentration of carbon source in culture medium is one of the
basic factors, influencing on microorganism growth [1]. Not only minimum,
but maximum measures of this parameter play an important role, since re-
dundant concentration of any medium component is able to influence on the
growth of planktonic form microorganism and their biofilm formation [2]. In
the end of the 21 century it was shown that in the environment conditions mi-
croorganisms predominately exist in an attached state in a biofilm composition
[3]. It was shown that the expression of some cell genes, which are inactive in
planktonic form, occur in biofilm composition [4]. As a result the properties of
microorganisms in planktonic form substantially differ from analogous ones in
biofilm [5]. In addition the formation of such bacterial community optimizes
functions of microorganisms, improves cell to cell communication, and also
increases the resistance to unfavorable factors of environment, thus providing
collective existence advantages [6]. Pseudomonas aeruginosa is one of main
modeling means for the study of microorganism functional regularities in bio-
film composition [7]. Often the results obtained with this modelling technique
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are extrapolated to related microorganisms [8]. In our previous investigations
it was noted that the biofilm of Pseudomonas aeruginosa strains can perform
not only protective function, but some other uninvestigated properties [9]. To
research this function of biofilm we have modeled the unfavorable environ-
mental conditions using different quantities of carbon source. Changing quan-
tity of glucose as soul source of carbon and energy we exposed Pseudomonas
aeruginosa strains to directed stress factor. It is necessary to emphasize, that
in spite of significant achievements in biofilm investigation, nutritional condi-
tions, such as carbon source concentrations, still influence on results of the
biofilm formation studies, even finding universal antibiofilm compounds [10].
Thus, the aim of our work was study of characteristics of Pseudomonas
aeruginosa biofilm formation under unfavourable conditions on the model of
cultivation in media with different amounts of glucose as sole carbon source.

Materials and methods. The influence of unfavourable conditions on
biofilm formation was studied using three collection strains: Pseudomonas
aeruginosa: UCM B-1 (ATCC 10145), UCM B-12 (CCM 1500) and UCM
B-900 (ATCC 9027) — kept in Ukrainian collection of microorganisms (UCM,
Zabolotny Institute of Microbiology and Virology, National Academy of Sci-
ences of Ukraine). These cultures were grown in synthetic Kozer medium
having minimal salt composition which is needed for growth of Pseudomonas
strains [11]. Glucose was added up to a final concentration — 0.1%, 5% and
20% (w/v in Kozer medium) as the sole carbon source. Cultivation of micro-
organism was conducted in a stationary system [12].

For this, covered glasses 18%18 mm, 1.8 ml of Kozer medium with proper
concentration of glucose and 0.2 ml of tenfold dilution of twenty-four-hour
culture of researched P. aeruginosa strain (final titre 2x10” CFU ml™') were
added to culture vessels (30x50 mm, 20 ml volume). A double number of
culture vessels was used in the experiment, taking into account the planned
sampling frequency. The cultivation was conducted at 37°C for 7 days. Every
day two vessels were taken away for measuring of biofilm intensity [13] and
P. aeruginosa cell quantities in biofilm and planktonic form [14].

A number of mean values were determined to assist with the study of com-
mon dependence regularities. Note this applies to all studied parameters for the
cell amounts in biofilm and planktonic form for all studied strains in different
glucose concentrations. Here are the definitions:

NPI - the average quantity of viable cells in planktonic form during the
observation period. This parameter was calculated by dividing the sum of free-
swimming bacteria titers by number of all tested samples.

NPL = (N, day Nogey TNy day)/ T,

where N, — quantity of viable cells in planktonic form on the first
observation day, etc; T - quantity of observation days.

NBp,, — the average quantity of viable cells in biofilm composition over
the observation period. This parameter was determined in the same manner as
NPIL_ .

NBpav = (Nlday+N2day+' : 'N7day)/T’
where N - — quantity of viable cells in biofilm composition on the first

observation day, etc; T - quantity of observation days.
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B,, — the average sample area covered by biofilm during the observation
period. This parameter was determined in the same manner as NPI_.

B, = (B, day Bogay -+ B )T,

"7 Tday
where B, ay — ArCa covered by biofilm on the first observation day, etc; T -
quantity of observation days.
NBp,, - the average exponent of specific quantity of viable cells in biofilm
form in relation to the sample area covered by biofilm during the observation
period. This parameter was calculated by dividing NBp, by B .

NBpsp = NBpaw/BaV

B, . — the index of maximum biofilm formation during the observation
period. This index is equal to maximal value of sample area covered by
biofilm (B) among all sample test values determined for this strain during the
observation period.

B, =MAX (B, B

m > 2day” * 'B7day)
B, the fluctuation amplitude of sample area covered by biofilm during
the observation period. This index is equal to subtraction of maximum and
minimum of the measured sample area covered by biofilm (B) during the

observation period.
B..,=B..—B

where B_. — the index of minimum biofilm formation during the observation
period. B . =MIN(B, B, ...B . ).

Results. During the cultivation of P. aeruginosa UCM B-900 in Kozer
medium with 0.1% glucose the stepped percentage increase of sample area
covered by biofilm was documented. The index peak (of 54 mm?) was reached
on day 4 (Fig. 1a).

On subsequent days (5—7), it was observed that the decrease in this
characteristic was in a stepped manner. On the Ist day, an increase was
seen in the quantity of viable cells in biofilm composition (reaching 1.4x10°
CFU ml"). Then from the 2™ to the 7™ day, this index remained in dynamic
balance over the range 2.1x10° to 3.0x10° CFU ml". The titre of microorgan-
isms in planktonic form was characterized by more stable values. During the
observation period, this stable value parameter ranged from 1.3x107 to 5.2x10’
CFU ml. Other researched cultures P. aeruginosa - UCM B-1 and UCM B-12
differed more intensively in the amount of biofilm formation (Fig. 1b, c). So,
comparing with UCM B-900, the maximum sample areas covered by biofilm
was up by 14% for UCM B-1 and up by 38% for UCM B-12.

The biofilm formation of P. aeruginosa UCM B-1 was characterized by two-
peak type. The reason for such phenomenon could be the early achievement
of first maximal accumulation on the 2™ day. The variation dynamics of cell
quantity in biofilm and planktonic form for strains UCM B-1 UCM B-12 were
in comparable with UCM B-900 characteristics. Thus, despite the minimal
amount of glucose all researched strains were able to grow and to form biofilm.
It was interesting that bacterial titres of different strains on the certain time
points were not the same. The possible reason of such phenomenon may be
due to the different source of their isolation [9].
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Fig. 1. The process of biofilm formation by collection strains Pseudomonas aeruginosa
UCM B-900 (a), UCM B-1 (b) and UCM B-12 (c) in minimal Kozer medium

with 0,1% of glucose

There and in Fig 2—3: N — quantity of viable cells: in planktonic form (1, —0—), in biofilm
composition (2, --0--). B — sample area covered by biofilm (3, ~A-); T — time of observation.
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During the cultivation of P. aeruginosa UCM B-900 in Kozer medium with
5% of glucose the temperate biofilm formation, an absence of sharp fluctua-
tions was observed (Fig. 2a). It should be noted that the maximal sample area
covered by biofilm and the fluctuation amplitude of this parameter during the
observation period in the medium with 0.1% of glucose changed from 54.1 and
40.5 mm?*. Whereas, the addition of 5% of glucose caused the decrease of these
characteristics from 37.3 to 20.4 mm?. In a Kozer medium with 5% of glucose,
the sample area covered by biofilm increased gradually and reached 32 mm?
by the 3™ day of observation. Then a slow decrease of formed biofilm area to
21 mm? was observed at 5th day with its repeated accumulation to 37 mm? at
7th day of observation.

Simultaneously the quantity of microorganisms in biofilm form was
subjected to essential changes over the range 1x10* to 3.6x107 CFU ml'.
The analogous regularity was observed in the quantity of microorganisms in
planktonic form.

Thus, the initial growth of microorganism titre to 7.8x10% CFU ml"' dur-
ing first 2 days was replaced by gradual decrease of microorganism quantity
to 1.3x107 CFU ml"! at 4" day. At a later period a similar cyclicism was
seen, but at a lower intensity of variation. During growth of other researched
P. aeruginosa strains on this medium it was observed the two-stage biofilm ac-
cumulation, which was pronounced too much for UCM B-1 (Fig. 2b, c). These
cultures had essential fluctuations in cell quantity in biofilm and planktonic
forms. The mentioned results for UCM B-1 were over the range 1x10* to
1.6x10° and 2x107-1.4x10° CFU ml”, for UCM B-12 — 3.5x10°—4.7x10°¢ and
1x107-1.2x10° CFU ml”, respectively.

During the cultivation of P. aeruginosa UCM B-900 in Kozer medium
with 20% of glucose the low intensity of biofilm formation was observed. The
sample area covered by biofilm increased gradually and at the 3rd day reached
maximum results — 18.8 mm? (Fig. 3a). A tendency for a stepped decrease of
this index to 6.5 mm? at the 7th day of cultivation was also observed. In biofilm
composition the microorganism (total) quantity reached its maximum on the
2nd day and was equal to 9.8x10* CFU ml"'. Subsequently their titre decreased
gradually and attained 5.0x10° CFU ml™! at the final stage of observation. The
microorganisms in planktonic form during all experiments were maintained at
a stable high level - at an average 5.4x107 CFU ml"' with minimal deflection.

Thus, examined P. aeruginosa strains maintained the ability to grow even
under the presence of 20% of glucose in the medium — under strong osmotic
pressure for the cells. It was noted, that with increased carbon source concen-
tration, strain differences diminished partially and biofilm formation dynamics
of their biofilm formation became more identical. So, the cultivation in the
Kozer medium with 0.1% of glucose caused the intensive changes in sample
area covered by biofilm, which was observed for different strains at different
periods of time. The increasing of glucose concentration up to 5% resulted in
considerable decrease of biofilm area and diminution of fluctuation amplitude
of biofilm formation indexes, whereas in the medium with 20% of glucose all
strains used were characterized by low intensity of biofilm formation. It could be
noted, that in media with 0.1%, 5% and 20% of glucose maximum sample area
covered by biofilm of UCM B-900 strain was equivalent to a biofilm area of 54.1,
37.3 and 18.8 mm?, respectively.
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Fig. 2. The process of biofilm formation by collection strains Pseudomonas aeruginosa
UCM B-900 (a), UCM B-1 (b) and UCM B-12 (¢) in minimal Kozer medium
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Fig. 3. The process of biofilm formation by collection strains Pseudomonas aeruginosa
UCM B-900 (a), UCM B-1 (b) and UCM B-12 (¢) in minimal Kozer medium
with 20% of glucose
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The dynamics of biofilm formation by UCM B-1 and UCM B-12 strains
(Fig. 3b, c) approximated to P. aeruginosa UCM B-900 characteristics. Thus, it
was revealed the difference unification, which included the reduction of sample
area covered by biofilm, the lessening of its variation during all observation period,
and stabilization of cell quantity in planktonic form. Probably, under high intensity
of unfavourable environmental conditions, this impacted different microorganisms
exhibit more common characteristics of biofilm formation type.

Though, regardless of concentration of glucose added in cultivation me-
dium, all strains kept their behaviour of biofim formation. For UCM B-1 the
most intensive sample covering by biofilm was observed at first stages of
observation (1-2 days), whereas UCM B-12 was characterized by maximum
indexes later on (5—7 days). The peak indexes of biofilm accumulation for
UCM B-900 occupied in an intermediate period on days 3 to 4.

Comparison of different indexes for growth of three strains in media with
different concentrations of carbon source was complicated by large quanti-
ty of data processed. To simplify the analysis of results and improve factors
for quantitative assessment of biofilm formation under different cultivation
conditions, we propose using some generalizing parameters. Thus, the intensity
of biofilm formation was estimated according to the average sample area
covered by biofilm (B, ), its fluctuation amplitude (B, ) and indexes of maxi-
mum biofilm formation (B_ ). The data obtained was compared with the results
of strain growth in optimal medium for cultivation (LB broth), characteristics
of which were described earlier [12].

It can be noted, that under cultivation of P. aeruginosa UCM B-900, UCM
B-1 and UCM B-12 in LB broth, microorganisms were characterized by
considerable biofilm accumulation (B, , Table 1) and intensive variation of
biofilm forming indexes during the whole observation period (B, and B,
Table 1).

At the same time, the titre of cells in planktonic form (NPI , Table 2)
maintained at high level, whereas bacteria quantity in biofilm composition
was minimal (NBp, and NBp_, Table 2).

p)

Table 1
The characteristics of Pseudomonas aeruginosa biofilm formation under
different concentrations of carbon source in cultivation medium

Indexes of biofilm Pseudomonas The cultivation mfadlum.used
formation aeruginosa strains | LB broth* Kozer medium with glucose
0,1% 5% 20%
UCM B-900 39,0 26,0 25,9 10,7
B,, mm’ UCM B-1 57,0 39,3 25,1 14,6
UCM B-12 59,4 42,5 22,1 13,7
UCM B-900 153,6 54,1 37,3 18,8
e M UCM B-1 172,6 61,5 35,7 23,0
UCM B-12 105,6 74,8 37,3 25,6
UCM B-900 150,1 40,5 20,4 13,0
ampr T UCM B-1 169,2 34,7 20,3 15,9
UCM B-12 74,1 53,4 23,9 21,8

Annotations: * — results of previously obtained data [12] processing. B, — the average sample area
covered by biofilm; B — the index of maximal biofilm formation; B,.,~ the fluctuation amplitude of
sample area covered by biofilm.
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Table 2
The main parameters of viable cell quantities of researched Pseudomo-
nas aeruginosa strains under different concentration of carbon source in
cultivation medium

Pseudomonas The cultivation medium used
The parameters of aeruginosa Kozer medium with glucose
viable cell quantities strains LB broth 0.1% 5% 20%
UCM B-900 8.9x10° 1.2x10° 8.3x10° 1.5x10*
NBp, , CFU ml"! UCM B-1 4.3x10* 6.8x10° 1.1x10° 5.1x10°

UCM B-12 | 52x10° | 6.6x10° | 13x10° | 1.2x10°
UCMB-900 | 2.3x10° | 45x10° | 3.2x10° | 1.4x10°
NBp,, CFU ml"-mm? | UCM B-1 7.5}10° | 1.7x10° | 44x10° | 3.5x10°
UCMB-12__ | 88x10° | 1.6x10° | 5.9x10° | 9.0x10!
UCM B-900 | 29x10° | 2.7x107 | 6.9x107 | 5.5x107
NPL_,CFU ml"! UCM B-1 3.0<10° | 1.2x10° | 1.8x10° | 2.9x107
UCMB-12 | 4.0x10° [ 2.0x10" | 59107 | 2.5x10’

Annotations: * — results of previously obtained data [12] processing. NBp,_ — the average quantity of
viable cells in biofilm composition; NBp,, — the average exponent of specific quantity of viable cells in
biofilm form in regard to sample area covered by biofilm; NPl  — the average quantity of viable cells in
planktonic form.

The cultivation of P. aeruginosa under addition of glucose — 0.1% to 20%
can be considered as the consequence of unfavourable environment conditions
[1, 15]. Under such conditions B, indexes of UCM B-900, UCM B-1 and
UCM B-12 strains went down in 2.4, 2.7 and 3.1 times, respectively (Table 1).
Also, it was noticed the fluctuation decrease of biofilm formation features over
time. This phenomenon for P. aeruginosa UCM B-1, UCM B-12 and UCM B-900
resulted in reduction of Bamp in2.2,2.4 and 3.1 times, and B___indexes - in 2.7,
2.9 and 2.9 times, respectively. Thus, increase of glucose concentration in the
Kozer medium caused decrease of sample area covered by biofilm and stabiliza-
tion of its accumulation dynamics.

While comparing average quantities of viable cells of P. aeruginosa UCM
B-900, UCM B-1 and UCM B-12 in biofilm composition (NBp, ) it was
observed that under increased concentration glucose (from 0.1 to 20%) these
indexes decreased in 80, 133 and 550 times, respectively (Table 2). To examine
if this phenomenon was related to reduction of sample area, the average exponent
of specific quantity of viable cells in biofilm form (NBp_) was assessed. This
parameter, as compared with NBp_  went down less intensively when the glucose
concentration was increased. So, N]’?)pSp for P. aeruginosa UCM B-900, UCM B-1
and UCM B-12 fell by 32, 48 and 177 times, respectively. Therefore, reduced
quantity of viable cells in biofilm composition was not only caused by a reduc-
tion of biofilm area, but also changed cultivation conditions. Thus, the rise of
glucose concentration in Kozer medium from 0.1 to 20% caused the decrease of
cell quantity in biofilm composition in 2.5-3.1 times, but did not result in their full
elimination. In contrast to cells in biofilm composition, bacterium titre in plank-
tonic form maintained on more stable level irrespective of cultivation conditions.
So, under elevation of glucose concentration in terms of 0.1% to 20% the average
quantity of viable cells of P. aeruginosa UCM B-900, UCM B-1 and UCM B-12
in planktonic form (NP1 ) enlarged in 1.5, 2.5 and 3 times, respectively (Table 2).
Further increase of glucose concentration in the medium to 20% resulted in
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decrease of NP1 indexes in 6.2, 1.3 and 2.4 times, respectively. Though, quantity
of microorganisms in planktonic form under all used cultivation conditions didn’t
fall below 107 CFU ml"!. The results obtained proved, than increased carbon source
concentrations in Kozer medium didn’t considerably influence the bacterium titre
in planktonic form.

Discussion. Revealed regularities enable to suppose, than P. aeruginosa
in biofilm composition generate a pool of reserve cells, which can turn into
planktonic form and provide stable quantity of free-swimming bacteria.
Vlamakis H., Aguilar C., Losick R. et al. [16] hold the same opinion and
declare that Bacillus subtilis cells can transfer from attached state to free-
swimming form. Biofilm serves as a protective formation and is able to react
to the influence of external factors by changing the intensity of cell accumu-
lation. Optimal conditions of cultivation permit microorganisms to maintain
high levels of titre of bacteria in planktonic form at a stable level. In this
case lower quantity of cells is observed in composition of biofilm, allowing
its substantial fluctuation. But, under unfavourable environmental conditions,
such as the increase of carbon source concentration in medium, P. aeruginosa
maintained the stable cell quantity in planktonic form too. In that case, the
reduction of biofilm area was compensated by stabilization of it accumulation
dynamics, that ensure the maintenance of viable microorganisms in biofilm
form. Hence, it can be supposed that biofilm performs not only protective
function, but also does as depository formation. It means that the purpose of
the biofilm is the conservation of reserve cell pool in biofilm composition and
the maintaining of stable cell quantity in planktonic form. Bacterial cells in
biofilm form provide the survival of microbial population in certain econiche
and bacterial cells in planktonic form carried out the search of new habitats
[6]. As we showed, the leaving of bacteria from the biofilm is observed even
under unfavourable conditions, which causes destruction of free-floating cells.
The possible biological sense of this phenomenon is the preserve of bacterial
population by cell transfer to a new econiche with better conditions. Exactly for
this aim the biofilm supports the high titer of cells in planktonic form, realizing
its depositary function. This supposition is confirmed by results, obtained pre-
viously at other cultivation conditions and after the treatment of biofilm by
some antimicrobial substances [9]. The stimulation of active conversion of
microorganisms from more protected existence form (biofilm) to less protected
(planktonic) create facilities to increase the accessibility of bacteria to antibi-
otic effect. The peculiarities revealed can find practical application in medicine
and veterinary science for liquidation or exhaustion of biofilm formation nidus
in alive objects.

Thus, researched Pseudomonas aeruginosa strains kept ability to grow and
form the biofilm under the presence of 0.1-20% glucose in Kozer medium. The
microorganisms manifested their strain characteristics of biofilm formation,
which under increased carbon source concentrations became less clear and
gained more common features for all used cultures of microorganisms. The
increase of glucose added caused reduction of the sample area covered by bio-
film and quantity of microorganisms in its composition, stabilization of biofilm
formation dynamics, but didn’t influence on the bacterium titre in planktonic
form.
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JAENNOHYIOYA ®YHKIIA BIOIIJIIBKHA
PSEUDOMONAS AERUGINOSA ITPU PI3BHOMY BMICTI
J/KEPEJIA BYIUVIEINIO B CEPE/JOBUIII KYJIbTUBYBAHHSA

O.I. banko, JI.B. As¢ocesa, O.b. Banko

Incmumym mikpobionoeii i eipyconoeii im. /I.K. 3a6onomnoco HAH Yxpainu,
8yn. Akademika 3abonomuoeo, 154, Kuis, 03143, Ykpaina

Pesome

MeTo10 po6oTH 0yi10 TOCTiHKEHHS 0cOONMMBOCTEH O10TUTIBKOYTBOPEHHS Pseudomonas
aeruginosa 'y cepeloBHIIAX 13 pi3HUM BMICTOM IVIFOKO3H SIK €IMHOTO JKEepesia ByIJIEIIO Ta
eneprii. Meroau. KyiasTHByBaHHS TPbOX MITaMIB Pseudomonas aeruginosa npoBOANIN
B CTamioHapHi#l cucteMi Ha ckii B cepenoBuii Kozepa 3 0,1%, 5% Tta 20% mimoxo3m.
BB HecnpusATIMBHAX YMOB Ha picT MIKpOOPTaHi3MiB OLIHIOBAJIM BiAIIOBITHO O 3MiH
IHTEHCHBHOCTI O10TUIIBKOYTBOPEHHSI Ta KIIBKOCTI KHUTTE3JaTHUX KIITHH B IUIAHKTOHHIN
¢dopmi Ta y ckmaxi 6iorutiBku. Pe3yabraTu. BeTaHoBIeHO, M0 AOCTIKYBaHI KYIbTypH
30epiraiu 30aTHICTh A0 pocTy Ta (hopMyBaHHs OI1OIUIIBKM 32 HasBHOCTI B CEPEJOBHUIII
Ko3zepa Bix 0,1 mo 20% riroko3u. 3a HasiBHOCTI B cepenoBuii 0,1% IIr0K031 TUHAMIKA
HaKOMMMYCHHS O10TUTIBKM XapaKTepu3yBajach MTaMOBUMHU ocobmmuBocTsaMu. [IpoTe mpu
30UIBIIEHH] BMICTY JuKepesna Byriento 10 20% BiIMIHHOCTI cTaBallli MEHII BUPQ)KEHUMH,
010TITIBKOYTBOPEHHSI Ha0yBaJIO 3arajlbHUX JJIsl BCIX BUKOPHCTAHUX KYJIBTYp 3aKOHOMIp-
HocTel. [linBUIIEHHS KOHIICHTpAIlii BHECEHOI TITIOKO3H CIPUYMHSIIO 3MEHIICHHS TUIOIII
TTOKPHTTS 3pa3KiB O10ILTIBKOIO 1 KUIBKOCTI MiKpoOpraHi3miB y ii ckiai, cradinizyBalio 1u-
HaMiKy OlOIUTIBKOyTBOPEHHS, [IPOTE HE BIUIMBAJIO HA TUTP OAKTEpii y IIIAHKTOHHIH (opMmi.
BucHoBkH. 3a BIUTNBY HECHPHUATINBHX (PakTopiB OiormmiBka Pseudomonas aeruginosa,
OKpiM 3axHCHOI (QyHKIIIT, MOKE BUKOHYBATH POJIb JAETOHYI0U0T0 (hopMyBaHHS, siKe 3a0e3-
nevye miATpUMaHHs cTablIbHOT KUTBKOCTI KJIITHH Y TUIAHKTOHHIH (hopMi.

Kurouosi crosa: Pseudomonas aeruginosa, 0610T1iBKOyTBOPEHHS, MIKpOOPTaHI3MH y
TUTAHKTOHHIH 1 610TITIBKOBIH ()OpMi, KOHIIEHTpALIiS JKEepesia BYJICLO.

JAEINOHUPYIOIIAA ®YHKI WA BUOIIJIEHKH
PSEUDOMONAS AERUGINOSA I1PU PA3JINYHOM
COIJEPKAHUUN UCTOYHUKA YIVIEPOJA B CPEJIE
KYJIbTUBUPOBAHUA

O.U. Banxo, JI.B. Aéoeesa, A.b. banko

Hucmumym muxpooduonozuu u eupyconoeuu um. /K. 3abonomnoeo HAH Ykpaunui,
yi. Akademuxa 3abonommuoeo, 154, Kues, 03143, Ykpauna

Pesome

Lesasio padoTs OBLTO M3yUEHHE 0COOCHHOCTEH OnoreHkooOpazoBanus Pseudomonas
aeruginosa Ha cpejax, COJACPKAIIMX Pa3JInYHOE KOJIMYECTBO IVTIOKO3bI B KauecTBE
€/IMHCTBEHHOTO MCTOYHMKA yriepojaa. Mertoabl. KyiabTuBupoBaHHE TpexX HITAMMOB
Pseudomonas aeruginosa MpoBOJMJIN B CTAIMOHAPHOU CHCTeMe Ha cTekie B cpene Ko-
3epa ¢ 0,1%, 5% u 20% mroko3sl. BiusiHue HeOIaronpusSTHEIX YCIOBUH Ha POCT MUKPO-
OpraHM3MOB OLICHUBAJIM COINIACHO U3MEHEHUIO0 MHTEHCHBHOCTH OMOIIIIEHKOOOpa30BaHMsI
1 KOJIMYECTBA KU3HECTIOCOOHBIX KIICTOK B INIAHKTOHHOH ()opMe M B COCTaBE OUOIUICHKH.
Pe3yabrarsl. [TokazaHo, 4TO HCTIOIB30BAHHBIE KYJIBTYPBI COXPAHSIIM CIIOCOOHOCTB K PO-
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cTy ¥ (hOpMUPOBAHUIO OMOTIICHKH NpW Hasm4unu B cpezne Kosepa ot 0,1 10 20% rintoKo3bl.
ITpn nanmuaum B cpene 0,1% mIFOKO3b! JUHAMHKA HAKOTIJICHUS! OMOIUIEHKH XapaKTepH30-
BaJIaCch ITAMMOBBIMH 0COOEHHOCTIMH. OIHAKO TPH TTOBBIIICHUH COICPKAHMS HCTOUHHUKA
yrepoa 10 20% OTINYMSI CTAHOBHIIMCH MEHEE BhIPAXKEHHBIMHU, OMOINIEHKOOOpa3oBaHKe
puoOpeTano odIue I BceX HCIOIb30BAHHBIX KYJIBTYpP 3aKOHOMEpHOCTH. [1oBbIIeHNe
KOHIICHTPAIINN BHECEHHOH IJTIOKO3bI BBI3BIBAJIO CHMIKEHHE IUIONIAN MTOKPHITUS 00pa3-
OB OMOIUICHKOW M KOJMYECTBA MUKPOOPTaHM3MOB B €€ COCTaBe, CTAOMIN3UPOBAJIO M-
HaMUKY OMOIUIEHKOOOPA30BaHUS, OJHAKO HE BIMSJIO HA THTP OakTepuil B IIIAHKTOHHOM
¢dopme. BeiBoabl. [1pn BiustHrN HEOMAronpuATHBIX (hakTOpoB OMOMIIeHKA Pseudomonas
aeruginosa, KpoMe 3alUTHON (pyHKIIUH, MOXKET UCIIOIHSATH POJIb JICHOHUPYIOIEro oOpa-
30BaHMs, KOTOPOE 00ECIIeUNBaLT MOIEPIKaHUe CTaOMIBHOTO KOJIMYEeCTBa KJIETOK B IUIaH-
KTOHHOM (hopme.

Kniouegvie cnosa: Pseudomonas aeruginosa, OMOILICHKOOOpa30BaHIe, MUKPOOPraHH3-
MBI B INIAHKTOHHOI U OMOIUICHOYHOH (popMe, KOHLIEHTpalus HCTOYHHKA yIIIepoaa.
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