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Introduction

Isayenko, O. Y., Knysh, O. V., Babych, Y. M., Ryzhkova, T. N., & Dyukareva, G. 1. (2019). Effect of disintegrates and
metabolites of Lactobacillus rhamnosus and Saccharomyces boulardii on biofilms of antibiotic resistant conditionally
pathogenic and pathogenic bacteria. Regulatory Mechanisms in Biosystems, 10(1), 3-8. doi:10.15421/021901

The work presented here is the first to examine the impact of Lactobacillus rhamnosus GG ATCC 53103 and
Saccharomyces boulardii metabolites obtained using the author's method on the formation of biofilm forms of bacteria.
The structural components of the probiotic microorganisms were obtained using the method of physical disintegration — low
frequency ultrasound waves produced by a G3-109 generator. Metabolites were obtained by cultivating L. rhamnosus and
S. boulardii in ultrasound disintegrates of lactobacteria and Saccharomycetes. The impact of biologically active substances on
the formation of biofilm of Corynebacterium ulcerans tox+ 112, C. diphtheriae gravis tox+ 108, by antibiotic-resistant
Pseudomonas aeruginosa PR, Klebsiella pneumoniae PR, Lelliottia amnigena (Enterobacter amnigenus) PR and
P. aeruginosa ATCC 27853 reference strain was studied using the spectrophotometric method. For the first time, we proved
that L. rhamnosus GG and S. boulardii metabolites and combinations of metabolites of Saccharomycetes and lactobacteria,
obtained by cultivating primary producers in their disintegrates, damage preformed 24-hour biofilms of gram-positive and
gram-negative bacteria. The representatives of Corynebacterium exhibited higher sensitivity to the filtrates of disintegrates and
products of vital activity of lactobacteria and Saccharomycetes than gram-negative pathogens. High parameters of decrease in
optical density of preformed biofilms of Corynebacterium and antibiotic-resistant gram-negative bacteria were observed under
the influence of combination of L. rhamnosus GG and S. boulardii metabolites (by 1.3-2.6 times). However, the largest
reduction of the optical density of the formed biofilm of all studied strains was observed under the influence of metabolites of
lactobacteria (by 1.5-5.3 times). Biologically active substances of L. rhamnosus GG and S. boulardii obtained using the
author’s method can be used as candidate preparations which could have a strong influence on the process of the formation of
the biofilms and preformed biofilms, and also as a preparations of substitution/addition of therapeutic prescription.

Keywords: biofilms; toxicogenous Corynebacterium; antibiotic-resistant gram-negative microorganisms.

are promising for developing new antimicrobial preparations due to their
inhibiting activity against polyresistant strains, broad range of effect, fast

Thanks to the scientific achievements of recent years, there has
been great progress in understanding the complexity of the process of
formation of biofilms, their importance in the development of infectious
diseases of different genesis, etiological role in development of chronic
diseases, and the difficulty of eliminating biofilm forms of pathogens as
a result of their high resistance to antimicrobial preparations (Rybal-
chenko et al., 2010; Zhejun et al., 2017; Wang et al., 2018).

Biologically active components and products of peptide origin, obtai-
ned from probiotic microorganisms, have demonstrated good results due
to their high antimicrobial properties (Otdak & Zielinska, 2017). Notable
antibacterial effect against gram-positive bacteria, mostly in relation to
Staphylococcus aureus, was demonstrated by LHG2 bacteriocin extracted
from Lactobacillus casei. In the future, it is planned to use it for improve-
ment of the existing antimicrobial peptides orientated against antibiotic-
resistant pathogenic microorganisms (He et al., 2018). From Lactobacillus
plantarum, bacteriocins (AMPs LR 14) have been extracted with anmimy-
cotic activity against four fungi: Aspergillus niger, Rhizopus stolonifer,
Mucor racemosus and Penicillium chrysogenum (Gupta & Srivastava,
2014). Antimicrobial substances extracted from probiotic microorganisms

elimination of pathogenic bioobjects, immune-modeling effect, and low
speed of induction of bacterial resistance to them (Di Luca et al., 2014;
Tkachenko, 2017).

Apart from the abovementioned positive properties of biologically
active substances of probiotic origin, it could be added that they have an
equally strong effect on both plankton and biofilm forms of microorga-
nisms. The impact has been reported of metabolism products of lactoba-
cilli (Lactobacillus plantarum L3 and L. fermentum 97) on Staphylo-
coccus aureus and S. epidermidis through inhibition of biofilm formation
of selected cultures of bacteria (Rybalchenko et al., 2010). There have
been studies on the action of nisin extracted from Lactobacillus lactis,
nukacin ISK-1 and lactacin Q against biofilms of methicillin-resistant
Staphylococcus (MRSA). It was determined that a combined usage of
glycopeptide antibiotic vancomycin with lacticin Q and nisin has a
bactericidal effect on MRSA biofilms in contrast to ineffective action of
using vancomycin alone. Lantibiotic nukacin ISK-1 demonstrated
activity only against plankton cells and did not prevent the formation of
biofilms of the pathogens. Bacteriocins produced by Lactobacillus plan-
tarum ATCC 8014 and L. acidophilus ATCC 4356 inhibit the formation
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of biofilm of Serratia marcescens. Bacteriocin extracted from Lactoba-
cillus fermentum 97 is effective against biofilms of S. gpidermidis (Mathur
& MaryRea, 2018). L. acidophilus and L. fermentum supernates are effec-
tive antimicrobial preparations against K. pneumoniae biofilms resistant to
amikacin and gentamicin (Al-Mathkhury & Abed Assal, 2012). It is well
known that galidermin is an antibiotic of lactobacteria, which inhibits
growth and formation of Staphylococcus biofilms, but does not affect the
formed (24-hour) biofilm (Mathur & MaryRea, 2018). Bacteriocin produ-
ced by Lactobacillus rhamnosus ATCC 53103 reduces the formation of
biofilm of Staphylococcus aureus in rabbits after surgical change of the
knee joint and its infection (Zhou & Zhang, 2018).

Most scientific publications are focused on proving a broad range
of antimicrobial effect of biologically active substances of probiotic
origin on pathogenic and conditionally-pathogenic gram-positive and
gram-negative microorganisms. The question of the influence of biolo-
gically active products on the processes of biofilm formation and prefor-
med biofilms of pathogenic bacteria are described to a less extent
(Rybalchenko et al., 2010; Wang et al., 2015; Frickmann et al., 2018).
At the same time, preparations developed by scientists are mostly orien-
tated against initial stages of formation of biofilms: adhesion and
maturing (Di Luca et al., 2014; Wang et al., 2015). Solving this problem
is much more practical because the concentration of substances needed
for inhibition of the process of biofilm formation is much lower than for
complete destruction of mature biofilm (Mathur & MaryRea, 2018).

Efficient use in scientific experiments by researchers, and also our
own results obtained earlier have encouraged us to study the impact of
promising biologically active substances of L. rhamnosus GG and
S. boulardii on the preformed biofilms of antibiotic-resistant condition-
nally-pathogenic and pathogenic bacteria (Arciola et al., 2012; Isajenko
et al., 2017, 2018; Osama et al., 2017; Sahib, 2017; Stefania, 2017).
The objective of this study was substantiation of the opportunity of de-
veloping a candidate preparation on the basis of metabolite complexes
of L. rhamnosus GG and S. boulardii, which have an effect on formed
biofilms of gram-positive and gram-negative microorganisms and which
would have antimicrobial activity against antibiotic-resistant pathogens.

Materials and methods

The research was performed in the Laboratory of Preventing Aerial
Infections of the National Academy of Medical Sciences of Ukraine, Me-
chnikov Institute of Microbiology and Immunology (Kharkiv, Ukraine).

Primary producers of the disintegrates and metabolites. As a pri-
mary producers of biologically active substances, we used probiotic
strains of bacteria and fungi:

1) Lactobacillus rhamnosus (LGG®) ATCC 53103 (L. rhamno-
sus), obtained from “PREEMA™ symbiotic (Schonen, Switzerland).

2) Saccharomyces boulardii CNCM 1-745 (S. boulardii), extracted
from BULARDI”® preparation (Schonen, Switzerland).

Preparation of the suspensions of L. rhamnosus GG and S. boular-
dii microorganisms. For obtaining biologically active substances (disin-
tegrations and metabolites), we prepared a suspension of cells with
optical density of 10.0 units according to McFarland scale with use of
Densi-La-Meter device (PLIVA-Lachema Diagnostika, Czech Republic).

Obtaining of ultrasound disintegrates of L. rhamnosus GG and
S. boulardii. Disintegration of cells of probiotic strains was performed
by processing the suspension of microbial weighed amounts of
L. rhamnosus GG (L) or S. boulardii (S) with low-frequency ultrasound
waves produced by a GZ-109 generator, loaded on circular piezocera-
mic converters of ZTC type (Dexiema X Dinemat % ) mm. The processing
was conducted in frequency range of Af, = 35-50 kHz (f,,,x = 40.0 kHz)
at excitement amplitude U= 15 V and load R =50 Q (P =5 W). Coeffi-
cient of conversion of electric power into acoustic equaled 1§ = 5%,
which allowed achievement of average power of acoustic fluctuations at
the position of biological object equaling 0.25-0.50 W. Test tubes with
suspensions of L. rhamnosus GG or S. boulardii probiotic strains were
in the zone near the converter positioned in aquatic medium.

Obtaining products of metabolism of L. rhamnosus GG and S. bou-
lardii by cultivating probiotic strains of microorganisms in ultrasound
disintegrates:

1) metabolites of Lactobacillus were obtained in their own ultra-
sound disintegrates (structural components). For this purpose, weighed
microbial amounts of L. rhamnosus GG with optical density of 10.0
units according to McF scale were added to the into the disintegrates of
lactobacteria in 1 : 9 proportion and were cultivated at 37 + 1 °C for
72 hours (Sample ML) (Isajenko et al., 2017);

2) metabolites of S. boulardii were obtained through cultivated
primary producer in their own ultrasound disintegrates (structural com-
ponents) in a similar way (Sample MS);

3) for obtaining a combination of L. rhamnosus GG and S. bou-
lardii metabolites, microbial suspensions of lactobacteria and Saccharo-
mycetes with optical density of 10.0 units according to McF scale were
added into the ultrasound disintegrates of lactobacteria in equal propor-
tion—1: 1 (Sample MLS) (Isajenko et al., 2018);

4) unique metabolites (products of vital activity) of Saccharo-
mycetes were obtained by cultivating S. boulardii in structural compo-
nents of L. rhamnosus (Sample LS).

Ultrasound disintegrations and cultures, grown in the disintergrates,
were centrifuged at 1100 g for 15 minutes, then supernatant was filtered
through sterile membrane filters with pore diameter equaling 0.2 pm
(Vladipor, Russia).

Test-cultures, used for formation of biofilms:

1) toxicogenous Corynebacterium: C. ulcerans tox+ 112, C. diph-
theriae gravis tox+ 108;

2) reference strain Pseudomonas aeruginosa ATCC 27853;

3) gram-negative bacteria polyresistent to antibacterial preparations:
P. aeruginosa PR, Klebsiella pneumoniae PR, Lelliottia amnigena (Ente-
robacter amnigenus) PR, extracted from patients with inflammatory
and pus-inflammatory diseases of the respiratory tract.

Some of the strains are maintained in the collection of microorga-
nisms of the Laboratory of Preventing Aerial Infections of I. I. Mechni-
kov Institute of Microbiology and Immunology of National Academy of
Medical Sciences of Ukraine in Kharkiv, some were obtained from the
Museum of Microorganisms of 1. I. Mechnikov Institute of Microbiology
and Immunology in Kharkiv.

Suspensions of test-cultures of microorganisms were prepared
using the McFarland scale of turbidity, using a Densi-La-Meter device
(PLIVA-Lachema Diagnostika, Czech Republic). The suspension of
microorganisms used in the experiment in the final solution contained
1.5 % 10’ CFU/ml.

Research on the influence of disintegrates and metabolites of
L. rhamnosus GG and S. boulardii on the formed toxicogenous Coryne-
bacterium and polyresistant gram-negative microovganisms of biofilm.
Research on the influence of the experimental samples on the biofilms
formed by the test-cultures was conducted using spectrophotometric
method of Stepanovi¢ in the author’s modification (Stepanovi¢ et al.,
2007). The experiment consisted of initial formation of a 24-hour bio-
film by microorganisms in growth medium with subsequent elimination
of plankton forms of microorganisms. Then, to the formed biofilm, the
studied substances of L. rhamnosus GG or S. boulardii were added;
then it was maintained over 24-hours, stained and optical density of the
samples was measured. This allowed us to study the impact of the
produced substances on the biofilm formed by the studied culture.

Biofilms of antibiotic-resistant of gram-negative bacteria and toxi-
cogenous strains of Corynebacterium were obtained in polystyrene
96-well microplates (EximCargoTrade, Ukraine). Into each of the wells,
we added 110 um of trypticase soy broth (TSB) (HiMedia, India) with
addition of 1% glucose. Into the positive control (control cultures) and
experimental wells, suspensions of the test-cultures of bacteria were
added, and into the negative control — isotonic solution of sodium chlo-
ride (0.9%). The samples were incubated for 24 hours at the temperature
37 £ 1 °C, then the content of the wells was removed, the wells were
washed three times with 0.1 M of phosphate-saline buffer (PBS,
pH 7.2), and 110 pm of TSB with 1% glucose was added into all wells.
Into the experimental wells, we added 30 pm of metabolites, and into
the control wells — isotonic solution of sodium chloride (0.9%). The mic-
roplates were kept in a thermostat for 24 hours at temperature 37 + 1 °C.
Then the content of the wells was removed, washed three times with 0.1 M
phosphate-saline buffer (PBS, pH 6.8), and the microplates were dried
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at 60 = 1 °C for 60 minutes. The fixated biofilms were stained with 1%
solution of crystal violet, adding 150 um/well. After thorough washing
with distilled water, 150 pm of 96° ethanol was put into each well and
kept for 30 minutes at room temperature. Optical density of the samples
was measured using Erba LisaScanTM EM analyzer (Germany) at
wavelength of 630 nm. Optical density of the experimental samples in
relation to the control indicated presence or absence of the effect of the
studied substances on the formed biofilm. Assessment of the extent of
development/damage to the biofilms of control and experimental samp-
les was performed using the formula presented by Stepanovi¢ S, and
expressed in conventional units:
OD,=0D,-OD,,

where OD, = ODy, + (3 X SD,,), where OD, — optical density of the
experimental strain, OD, — mean value of optical density of the experi-
mental strain, OD, — value of removal, OD,,, — mean value of optical den-
sity of negative control, SD,,. — standard deviation of negative control.

Statistical analysis of the obtained results. All studies were replica-
ted three times, in three separate experiments. The results were analyzed
using Statistica 8.0 (StatSoft Inc., USA) program. We calculated mean
arithmetic (x) and standard error of mean arithmetic (SD). The reliabi-
lity of the differences between the obtained data was determined using
nonparametric Mann-Whitney U-test. Difference of experimental samples
compared to the control was considered probable at values of P <0.05.

Results

Investigation of the anti-biofilm effect of biologically active sub-
stances of L. rhamnosus GG and S. boulardii against biofilms formed
by two toxicogenous strains of Corynebacterium, exhibited different de-
grees of reduction of their optical density (Fig. 1). Higher sensitivity to
all studied substances was shown by the pathogenic strain Corynebacte-
rium diphtheriae gravis tox+ 108. The difference between all experi-
mental samples (disintegrates and metabolites) in relation to the control
samples was statistically significant (P < 0.05): the lowest (by 1.5 times)
reduction of the optical density of the formed biofilm was following the
action of the filtrate of fungal disintegrate, and the highest (by 6.1 times)
damage was observed following the action of filtrate of disintegrate of
lactobacteria. A statistically unreliable influence on 24-hour biofilm of
this microorganism was observed following the action of metabolites of
Saccharomycetes obtained by cultivating fungi on their disintegrate (MS).

Absence of reliable anti-biofilm effect against the culture of Cory-
nebacterium ulcerans tox+ 112 was determined after treatment with
metabolites of Saccharomycetes (MS) and disintegrates of Saccharo-
mycetes (S) (Fig. 1). Samples which included components of lactobac-
teria underwent a statistically significant decrease in the parameters of
experimental samples in relation to the control by 1.8-5.1 times (P < 0.05).

Reliable reduction of the formed biofilm of reference strain P. aeru-
ginosa ATCC 27853 was observed following treatment with metaboli-
tes of lactobacteria (ML) by 2.6 times (P < 0.05), and with fungi meta-
bolites obtained by cultivation of fungi on disintegrates of lactobactria
(LS) by 1.9 times (P < 0.05) (Fig. 2). Following exposure of preformed
biofilm of this culture of Pseudomonas to filtrates of ultrasound disinte-
grates (L, S), no changes in the parameters of optical density were
observed.

Biofilm developed by P. aeruginosa PR polyresistant strain was
observed to be more sensitive to the filtrate of disintegrate of lactobac-
teria (L): reliable decrease by 1.4 times (P < 0.05) in its optical density
was observed. The impact of metabolites of L. rhamnosus GG (ML)
and combination of metabolites of lactobacteria and saccharomycetes
(MLS) on the biofilms of the polyresistant representative of Pseudomo-
nas was accompanied by similar damage to 24-hour biofilms: by
1.5 times. Usage of filtrate of disintegrate of S. boulardii (S) led to no
significant changes in optical density of preformed biofilms.

No anti-biofilm effect was demonstrated by the studied substances
obtained from Saccharomycetes (S, MS, LS) and filtrate of disintegrate
of lactobacteria (L) against formed by K. pneumoniae PR polyresistant
strain (Fig. 3). Damage to 24-hour biofilms formed by these micro-
organisms was observed only after exposure to metabolites of lactobac-
teria, obtained by cultivating the primary producer in its disintegrate

(ML), and combination of metabolites of L. rhamnosus GG and
S. boulardii (MLS). In the first case, statistically reliable reduction of
optical density of biofilms by 2.3 times (P < 0.05) was observed, and in
the second — by 1.9 times (P < 0.05).
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Fig. 1. Optical density of biofilms formed by toxicogenous strains of
Corynebacterium diphtheriae gravis tox+ 108 (a) and C. ulcerans tox+
112 (b) with consequent impact on them by the filtrates of ultrasound
disintegrates and metabolites of L. rhamnosus GG and S. boulardii,
CU (x + SD, n=3): K— control, L —filtrates of disintegrates (structural
components) of lactobacteria, ML — metabolites of lactobacteria,
MLS — combination of lactobacteria and Saccharomycetes, S — filtrates
of disintegrates (structural components) of Saccharomycetes,

MS —metabolites of Saccharomycetes, obtained by cultivating
saccharomycetes in their disintegrates, LS — metabolites of
Saccharomycetes, obtained by cultivating Saccharomycetes in
disintegrates of lactobacteria; * — difference of the experimental samples
compared to the control is statistically significant (P < 0.05)

The impact of filtrates of disintegrates and metabolites of lacto-
bacteria and Saccharomycetes on preformed biofilm of L. amnigena
(E. amnigenus) PR polyresistant strain exhibited statistically significant
reduction of optical density of all experimental samples in relation to the
control (Fig. 3). The greatest effect was observed after treatment with
metabolites of lactobacteria (ML): optical density of biofilms formed by
the mentioned strain decreased by 2.4 times (P < 0.05).

Discussion

There were several reasons for choosing to study the influence of
the studied substances obtained from lactobacteria and Saccharomyce-
tes on the test-cultures described in this article. Despite active vaccination
being conducted against the Corynebacterium diphtheriae pathogen,
outbreaks of this disease continue to be recorded around the world
(WHO, 2007; MOZ, 2018). In many countries, the epidemiology of the
diphtheria infection is characterized by distribution of the pathogen
through bacteria-carriers.
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Fig. 2. Optical density of the biofilms formed by P. aeruginosa ATCC

27853 (@) and polyresistant strain P. aeruginosa PR (b) following their

treatment with filtrates of ultrasound disintegrates and metabolites of L.
rhamnosus GG and S. boulardii (CU, x + SD, n = 3): see Fig. 1

Chronic respiratory diseases of a bacterial nature is a serious medical-
social problem, affecting, according to the data of the WHO, several
hundred million people (WHO, 2007). Many of these diseases have
appeared as a result of formation of antibiotic-resistant microorganisms.
According to the preliminary prognoses, if no efficient measures against
resistant pathogens are taken, by the year 2050, 10 million people could
die of infectious diseases caused by pathogen microorganisms with
multiple resistance to antibiotics (Mishra et al., 2017; WHO, 2017). For
this reason, we selected antibiotic-resistant gram-negative bacteria isolated
from patients with inflammatory and pus-inflammatory of the respira-
tory tract.

One of the directions of struggle against pathogenic microorga-
nisms is damaging their adhesion and development of biofilm. A num-
ber of authors have successfully proved the high level of antibiofilm ac-
tivity of derivatives and products of vital activity obtained from probio-
tic strains of microorganisms, both on the processes of formation of
biofilms and on preformed biofilms (Rybalchenko et al., 2010; Mathur
& Rea, 2018). Therefore, action of metabolites of Lactobacillus (L. plan-
tarum L3 and L. fermentum 97) against the process of biofilm formation
by S. aureus and S. epidermidis was accompanied by the death of the
bacteria. Elimination of microorganisms was caused by ultrastructural
changes in target cells, damaging vitally important processes (cell divi-
sion, synthesis of DNA and the peptidoglycan layer) and rejection of
peptidoglycan globules from the surface of cellular wall into the
external medium (Rybalchenko et al., 2010). Preliminary treatment of
microorganisms by cultural supematants L. acidophilus HNO17,
L. rhamnosus DR20 or B. lactis DR10 reduces adhesion and invasion
of E. coli O157: H7 (Kwannan Nantavisai, 2018).
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Fig. 3. Optical density of biofilms formed by polyresistant strains
K. pneumoniae PR (a) and L. amnigena (E. amnigenus) PR (b)
following treatment with filtrates of ultrasound disintegrates and

metabolites of L. rhamnosus GG and S. boulardii (CU, x = SD, n=3):
see Fig. 1

The described technology of obtaining metabolites with use of their
disintegrates for cultivation of probiotic microorganisms instead of
traditional nutrients was used for the first time (Isajenko et al., 2017,
Isajenko et al., 2018). Such research had not been conducted before.
Earlier, scientists determined the antibiofilm properties of combination
of metabolites of L. rhamnosus GG and S. boulardii, obtained by culti-
vation of primary producers in disintegrates of lactobacteria, against
formation of biofilm by antibiotic-resistant gram-negative pathogens.
In some cases, higher activity was demonstrated by metabolites of lacto-
bacteria obtained by cultivating L. 7hamnosus in its own structural com-
ponents. A more intense impact was observed on the formation of bio-
films by pathogenic Corynebacterium: reduction to total inhibition of
biofilms of microorganisms. The most notable effect was exhibited for
use of a combination of metabolites of lactobacteria and Saccharomycetes.

Thus, the metabolites obtained using the proposed method support
the literature data on the high anti-biofilm properties of products of vital
activity of probiotics. It should be mentioned that study of the influence
of biologically active substances of L. rhamnosus and S. boulardii on
biofilm-formation of microorganisms is described in a relatively small
number of works. In one of these studies, metabolites of S. boulardii
(obtained from 1x10° CFU/ml of microorganisms) in the amount of
0.1 MIC showed an anti-biofilm effect on S, aureus (2 x 10°) and exhi-
bited no activity against E. coli (Stefania et al., 2017). Concentration of
cells of probiotic strains from which the metabolites were obtained
corresponded to the one selected in our experiment, and the amount of
CFU/ml of test-cultures studied by the authors was significantly lower
compared to our study.
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In the study by Sahib et al. (2017), addition of silver nitrate
(AgNO:;) to the microbial cells of S. boulardii enabled supernatant with
antibacterial and antibiofilm properties to be obtained for use against the
following microorganisms: S. aureus, S. pyogenes, E. coli, K. pneumo-
niae, E. aerogens, S. typhi, A. baumannii, P. auruginosa, P. mirabilis,
its activity manifested in two concentrations of 1 and 2 mg/ml.

Bacteriocins isolated by Arciola et al. (2012) from the L. rhamnosus
ATCC 53103 master seed strain (cultivation in MRS broth) reduce for-
mation of biofilm of Staphylococcus aureus ATCC 29213 (Zhou & Zhang,
2018). The concentration of the microorganism, used in the experiment,
in the final solution (0.5 x 10° CFU/ml) was significantly lower than the
amount of the test-culture bacteria we studied (1.5 x 107 CFU/ml). Com-
paring the pathogens described in this article with our own studies, we
should note the authors used only S. aureus reference strain. Though, as
we know, in practical medicine the complications are caused by mostly
medication-resistant microorganisms (Arciola et al., 2012).

In the next study, a group of scientists (Osama et al., 2017) studied
the antibiofilm activity of metabolites of L. rhamnosus EMCC 1105,
cultivated in MRS broth, against biofilms of circulating strains P. aeru-
ginosa, S. aureus and etalon strain Escherichia coli NCTC 10959.
The results the authors obtained concur well with our data and demon-
strate significant reduction of biofilm of P. aeruginosa and S. aureus in
presence of these substances compared to their individual biofilms.
It should be mentioned that the duration of the influence of the metabo-
lites on the microorganisms' formation of biofilm was 24 hours. The amo-
unt of pathogens’ test-cultures used by the authors in the experiment
(2 x 10° CFU/ml) was significantly lower compared to the amount we
studied (1.5 x 10" CFU/ml). However, the significantly higher concen-
tration of microbial cells of the tested microorganisms did not prevent
the achievement of a high anti-biofilm effect of the metabolites obtained
by cultivating primary producers in their disintegrates.

In this study, the impact of metabolites of L. rhamnosus and S. bou-
lardii obtained using the authors’ method on developed biofilm forms
of pathogens was investigated for the first time. The results we obtained
prove and supplement the literature data. In the studies by Karthik
Sambanthamoorthy (2014), it was determined that metabolites of
L. rhamnosus exhibit activity against formation of biofilm of A. bau-
mannii, E. coli and S. aureus. Under their influence, in 25-50 mg/ml
concentrations, using electronic microscopy, damage to the membrane
of A. baumannii and cellular wall of S. aureus was proved. Also, the
effect was determined of the studied substances of L. rhamnosus on
biofilms formed earlier by these microorganisms at duration of impact
of ~ 18 h; no effect was observed for 1 hour’s exposure. The data obtained
by the authors concur with our results, which demonstrated reduction of
optical density of preformed biofilms of antibiotic-resistant gram-nega-
tive bacteria and toxicogenous strains of Corynebacterium after 24 hours
(interval of monitoring).

Biologically active substances of L. rhamnosus GG and S. boular-
dii obtained using the authors’ method can be used as candidate prepa-
rations which can actively affect the process of formation of biofilms
and preformed biofilms, and also be used as additional preparations of
therapeutic purpose.

Conclusions

The most notable reduction of 24-hour biofilms was observed for
the impact of metabolites of lactobacteria (ML), which was characteri-
zed by reduction of optical density by 1.5-5.3 times (P < 0.05) regard-
less of the species of the studied test-cultures. Despite the high level of
antimicrobial activity of the combination of metabolites of lactobacteria
and Saccharomycetes (MLS) in relation to pathogenic Corynebacte-
rium, the antibiofilm activity was lower compared to metabolites of
lactobacteria (ML). Accordingly, optical density of prebiofilms of all
the studied microorganisms statistically reliably decreased by 1.3—
2.6 times (P < 0.05) under the influence of a mixture of metabolites of
L. rhamnosus GG and S. boulardii (MLS). Treatment of pre-formed
biofilms with filtrates of disintegrates of lactobacteria (L) and metabo-
lites of fungi (MS) demonstrated less notable antibiofilm effect, which
depended on individual sensitivity of the studied test-strain to the studied

substances of L. rhamnosus GG and S. boulardii. Anti-biofilm activity
of filtrates of disintegrates of S. boulardii (S) manifested only against
the toxicogenous representative Corynebacterium diphtheriae gravis
tox+ 108 and L. amnigena (E. amnigenus) PR, optical density of their
biofilms decreasing by 1.5 times (P < 0.05) and by 1.3 times respect-
tively (P <0.05).
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