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Introduction

Knysh, O. V., Isayenko, O. Y., Voyda, Y. V., Kizimenko, O. O., & Babych, Y. M. (2019). Influence of cell-fiee extracts of
Bifidobacterium bifidum and Lactobacillus reuteri on proliferation and biofilm formation by Escherichia coli and Pseu-
domonas aeruginosa. Regulatory Mechanisms in Biosystems, 10(2), 251-256. doi:10.15421/021938

The development of new effective preparations for the correction of microecological disorders based on probiotic derivatives
requires a comprehensive study of the biological activity of the latter. We studied the proliferative activity and biofilm formation by
clinical isolates: Escherichia coli and Pseudomonas aeruginosa under the influence of cell-free extracts containing structural com-
ponents and metabolites of the Bifidobacterium bifidum and Lactobacillus reuteri probiotic strains. Cell-free extracts were obtained
from disintegrates and cultures of probiotics. Disintegrates were prepared by cyclic freezing-thawing of probiotic cell suspensions.
The cultures were obtained by cultivating probiotic microorganisms in their own disintegrates. The obtained disintegrates and cul-
tures were filtered. The proliferative activity of the test cultures was studied using the spectrophotometric microtiter plate method
after an hour-long exposure in undiluted cell-free extracts and subsequent cultivation in a nutrient medium containing 30%vol of the
studied extracts at 37 °C for 24 hours. The biofilm formation of the test cultures was studied with 30% vol content of cell-free ex-
tracts in the cultivation medium using the spectrophotometric microtiter plate method. All the studied extracts exerted a similar
effect on the proliferative activity and biofilm formation by E. coli and P. aeruginosa. Exposure of the test cultures in all undiluted
extracts during an hour led to a significant decrease in the optical density of the test samples: optical density of the test wells ranged
from 36.5% to 49.8% of the control wells. The test cultures that were exposed to the extracts: filtrate of L. reuteri disintegrate (L),
filtrate of B. bifidum disintegrate (B) and filtrate of B. bifidum culture, grown in B. bifidum disintegrate (MB) after dilution and sub-
sequent cultivation over the next 24 hours completely restored the ability to proliferate. The proliferative activity of the test cultures
that were exposed to the extracts: filtrate of L. reuteri culture, grown in L. reuteri disintegrate (ML) and filtrate of L. reuteri culture,
grown in L. reuteri disintegrate supplemented with 0.8 M glycerol and 0.4 M glucose (MLG), was significantly inhibited after
dilution and subsequent cultivation. The inhibition indices calculated for the ML extract were: 25.9% (E. coli) and 53.0% (P. aeru-
ginosa). Inhibition indices calculated for the MLG extract were: 62.0% (E. coli) and 96.9% (P. aeruginosa). MLG extract had more
pronounced inhibitory effect on the proliferation of the test cultures than ML extract. All the studied extracts exerted significant
inhibitory effect on the biofilm formation of the test cultures. Analysis of the results of the study shows that cell-free extracts of L.
reuteri culture grown in its disintegrate without supplementation or supplemented with glycerol and glucose have the highest anti-
microbial activity and can be used as metabiotics to prevent overgrowth of potentially pathogenic bacteria, as well as inoculation and
proliferation of pathogenic gram-negative bacteria in the gastrointestinal tract. They can be used alone or in combination with cellu-
lar probiotics to enhance their probiotic action. This study encourages further careful investigation of the biochemical composition of
cell-free extracts and clarifying the mechanism of their action.

Keywords: probiotic derivatives; lactic acid bacteria; gram-negative bacteria; metabiotics.

between members of the intestinal microbe community and host orga-
nism leads to dysbiosis. Microbiota disturbance can be caused by vari-

Gut microbiota plays a key role in maintaining human health. Nor-
mal gut microflora provides colonization resistance and is involved in
the regulation of digestion, immune, metabolic processes and neuro-
behavioral traits. ‘“Health-promoting” microbes control the overgrowth
of potentially pathogenic bacteria and prevent the diseases they cause
(Harmsen & de Goffau, 2016; Khodaii et al., 2017; Valdes et al., 2018).
Balanced microbial composition is characterized by predominance of
obligate anaerobic bacteria belonging to the classes Bacteroidia (phy-
lum Bacteroidetes) and Clostridia (phylum Firmicutes). Minor constitu-
ents include members of the phyla Actinobacteria, Proteobacteria, Fu-
sobacteria and members of other phylogenetic groups. The imbalance

Regul. Mech. Biosyst., 2019, 10(2)

ous factors: diet, toxins, drugs and pathogens. Pathogens have the great-
est potential among these factors (Carding et al., 2015). Microbial imba-
lance usually is characterized by increased abundance of Proteobacteria
belonging to the families Enterobacteriaceae, Pasteurellaceae, and Pseu-
domonadaceae. Dysbiosis accompanies inflammatory bowel diseases
of various etiologies and may develop as a result of broad-spectrum
antimicrobial chemotherapy (Winter & Béaumler, 2014; Stecher, 2015;
Litvak et al., 2017). Inflammation of the intestinal mucosa is accompa-
nied by dysfunction of the gut barrier, manifested by the hyperpermea-
bility of the mucosa epithelium. Membrane lipopolysacharides of the
gram-negative bacteria penetrate through the intestinal mucosa into the
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blood stream, induce metabolic endotoxaemia, inflammation, impaired
glucose metabolism and insulin resistance, obesity, and contribute to the
development of metabolic syndrome, type II diabetes, inflammatory bo-
wel diseases, autoimmune pathology and carcinogenesis. Dysbiosis ag-
gravates nosocomial infections, sepsis, and multiple organ dysfunction
syndrome (Halmos & Suba, 2016; Wischmeyer et al., 2016; Yu, 2018).

The species Escherichia coli belongs to the Enterobacteriaceae fa-
mily. It is predominant among facultative anaerobic bacteria of the gast-
rointestinal tract. This species includes of diverse strains of bacteria.
Most of the strains are harmless and are an important part of a healthy
gut microbiota. They have beneficial effects on some gut disorders.
On the one hand, E. coli plays an important role in maintaining homeos-
tasis between host and its associated microbiome, on the other hand, this
microorganism is involved in development of dysbiosis. £. coli mostly
lives in environment of multispecies biofilm and represents less than
1% of the human intestinal microbiome. However, in various cases of
gut inflammation an overgrowth of E. coli and its significant abundance
in the fecal microbiota (up to 80-90%) can be observed. In environment
of chronic intestinal inflammation, accompanied by increased fecal fat
and the generation of host-derived nitrates, clonal proliferation of E. coli
occurs. Such clonal expansion is detrimental to the balance between the
microbiota and the host. This overgrowth of E. coli contributes to the
inflammatory process and requires new therapeutic approaches that can
prevent the proliferation of potentially harmful microorganisms and
improve patient outcomes (Winter & Béumler, 2014; Martinez de la
Pefia et al., 2016, Matamouros et al., 2018). Some E. coli strains are
pathogenic. Pathogenic E. coli strains are categorized into pathotypes.
Six pathotypes belong to diartheagenic E. coli. They can cause not only
diarrhea, but also diseases outside the intestinal tract (urinary tract, nerv-
ous and respiratory system diseases). “Beneficial” gut flora can interfere
with adhesion, invasion and overgrowth of E. coli, preventing the initia-
tion and inhibiting the development of an infectious process (Gomes et
al., 2016; Khodaii et al., 2017).

Pseudomonas aeruginosa belongs to the Pseudomonadaceae family.
This opportunistic pathogen causes serious infections in hospital pati-
ents and immunocompromised people. P. aeruginosa also is considered
as gut-associated bacterium. The fact that this species the most frequent-
ly identified in the feces of patients with irritable bowel syndrome indi-
cates its involvement in the pathogenesis of this disease and its relation
to intestinal dysbiosis (de Freitas et al., 2018). P. aeruginosa has the
same ability to exploit inflammatory by products for its own benefit as
E. coli. 1t also can utilize host-derived nitrates for anaerobic respiration,
growth and bloom (Scales et al., 2016). P. aeruginosa produces quorum
sensing (QS) signals that modulate the expression of virulence factors,
enhance the biofilm maturation and actively inhibit innate immune
responses in vitro and in vivo. QS signals which down regulate the
production of tumor necrosis factor (TNF-a) in stimulated macrophag-
es, contributes to chronization of infection process (Lin & Zhang, 2017).
The severity of most infections in humans caused by P. aeruginosa is
correlated with their ability to form biofilms (Sharma et al., 2018).

There is a huge arsenal of microbiota manipulation tools. For the
recovery of the normal composition of the gut microflora in at-risk
people and patients at risk people and patients are assigned to diet, pro-
biotics, prebiotics, symbiotics, fecal microbiotatransplantation and pha-
ge therapy (Carding et al., 2015; Fuentes & deVos, 2016; McCarville
etal., 2016). The lack of effectiveness of the existing methods for the
correction of microecological disturbances makes it necessary to con-
tinue the search for more effective preparations. In recent years, high
hopes have been pinned on derivatives of probiotics: structural compo-
nents and metabolites of probiotic cells. They can significantly affect the
microbiome, host physiology, metabolism and signaling pathways.
They have been developed as “metabiotics”, “biological drugs”, “bio-
genics”, “cell free supernatants” (CFS), “postbiotics”, “heat-killed pro-
biotics” or “pharmacobiotics” (Shenderov, 2013; Bitto & Kaparakis-
Liaskos, 2017; Singh et al., 2018). The development of therapeutic
agents based on bacterial derivatives for the correction of microecologi-
cal disorders and the correct approaches to their use in clinical practice
should be based on understanding of the mechanism of their action.
In our previous study we have shown that cell-free extracts containing

structural components and metabolites of probiotic B. bifidum and
L. reuteri strains have a significant bifidogenic effect (Knysh, 2019).
The present work was focused on studying the effect of cell-free ext-
racts of probiotic origin on the basic physiological functions of opportu-
nistic gram-negative microorganisms involved in the pathogenesis of
dysbiosis. This study is necessary to assess the prospects for the creation
of new metabiotics on the base of derivatives probiotics, that can effec-
tively correct the altered microbial composition.

The objective of the research was investigation of the proliferative
activity and biofilm formation by E. coli and P. aeruginosa in vitro
under the influence of cell-free extracts of L. reuteri and B. bifidum.

Materials and methods

Commercial probiotic strains B. bifidum 1 (from medical product
Bifidumbacterin-Biopharma, JSC Biopharma, Ukraine) and L. reuteri
DSM 17938 (from medical product BioGaia, BioGaia AB, Sweden)
were used as sources of biologically active structural components and as
producers of metabolites. Cell free extracts were obtained by the au-
thors’ method (Knysh et al., 2018). Disintegrates were prepared by a
multiple freezing-thawing of the suspension of probiotics with optical
density of 10.0 units according to the McFarland scale (measured using
the Densi-La-Meter device, Pliva-Lachema Diagnostika, Czech Repub-
lic) in physiological saline. Total of 10 cycles of freeze-thawing were
carried out according to the following regimen: passive cooling (freez-
ing) in freezing chamber of Samsung RB29FSRNDSA refrigerator
down to 23 + 1 °C, thawing in water bath at 37 = 1 °C up to complete
defrosting. Cultures of probiotics were obtained by cultivating of probi-
otic microorganisms in their disintegrates. To that end, the probiotic
suspension in physiological saline of turbidity equaling 10.0 units on the
McFarland scale was added into the disintegrate in 1:9 ratio and cul-
tured at 37 = 1 °C for 72 hours in anaerobic conditions.

The disintegrates and probiotic cultures, grown in their disintegra-
tes, were centrifuged at 1000 g for 30 minutes in order to remove re-
mained cells and cellular debris. Supernatant was passed through sterile
membrane filters with pore diameter of 0.2 um (Vladipor, Russia).

Five types of cell free extracts have been studied:

— L —filtrate of L. reuteri disintegrate;

—ML —filtrate of L. reuteri culture, grown in L. reuteri disintegrate;

— MLG — filtrate of L. reuteri culture, grown in L. reuteri disinte-
grate supplemented with 0.8 M (73.7 g/L) glycerol and 04 M
(72.1 g/L) glucose;

— B —filtrate of B. bifidum disintegrate;

—MB —filtrate of B. bifidum culture, grown in B. bifidum disintegrate.

Clinical isolates: E. coli No. 22 and P. aeruginosa No. 23 (isolated
from patients with gut dysbiosis and stored in the Collection of Micro-
organisms of the Laboratory of Prevention of Respiratory Infections of
IMI NAMS, Kharkiv) were used as test cultures. The test cultures were
cultivated overnight aerobically at 37 °C on Mueller-Hinton agar
(Merck, Germany).

Preparation of the inoculum: after verifying the purity of the cultu-
re, few colonies from the overnight incubated agar medium were emul-
sified in a physiological saline for obtaining a suspension of turbidity
equaling 0.5 on the McFarland scale. The turbidity of the suspension
was measured using the Densi-La-Meter.

Effect of cell-free extracts on proliferative activity of E. coli and
P. aeruginosa was studied using modified Gladisheva’s method (Gladi-
sheva, 2014). Cell-free extracts and 10 times diluted inoculums were
added into the test wells in the ratio of 9:1. Physiological saline and
inoculums were added into the positive control wells (PC) in the same
ratio. The negative control wells (NC) contained only physiological saline.
The plates were covered with lids and incubated aerobically for 1 hour
at 35-37 °C in static conditions. After incubation, pepted meat broth
(PMB; HiMedia, India) supplemented with 1% glucose aseptically was
added into all wells of the microtiter plate in volume 2 times exceeding
the total volume of cell-free extract and inoculum. The final concentra-
tion of microbial cells in the incubation medium was ~10° CFU/mL.
The optical density (OD) of the wells was measured at 578 nm using a
microtiter-plate reader Lisa Scan EM (Erba Lachema s.r.o., Czech
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Republic) right after adding PMB and after incubation of plates aerobi-
cally for 24 hours at 35-37 °C in static conditions. The inhibition (or
stimulation) index was calculated using the formula: II(SI) = (AOD —
AODypc) + AODpc x 100%, where AOD and AODy are the changes in
optical density of the control and test samples within 24 hours.

Effect of cell-fiee extracts on biofilm formation by E. coli and
P. aeruginosa. Biofilms were obtained in sterile 96-well polystyrene
microtiter plates (JSC Eximcargotrade, Ukraine) by modified Stepanov-
ic smicrotiter-plate technique (Stepanovic et al., 2007). The tryptone
soya broth (TSB; HiMedia, India) supplemented with 1% glucose asep-
tically was added into all wells of the microtiter plate. Cell-free deriva-
tive-containing extracts were added into the test wells to achieve a final
concentration equaling 30%vol. Physiological saline was added to the
positive control wells (PC) in the same volume. The inoculum was vor-
texed and then inoculated into a test and positive control wells of the
microtiter plate. The final concentration of cells in the incubation me-
dium was ~10” CFU/mL. The negative control wells (NC) contained
TSB supplemented with 1% glucose and physiological saline instead of
cell-free extracts and inoculum. The plates were covered with lids and
incubated aerobically for 24 hours at 35-37 °C in static conditions.
After incubation, the contents of the wells were removed. Each well
was washed three times with sterile 0.1 M phosphate-buffered saline
(PBS; pH 7.2). The remaining attached biofilms were fixed by exposing
them to hot air at 60 °C for 60 min; they were stained by 1% crystal
violet for 15 min. After that, wells were washed ten times with distilled
water. Ethanol was carefully added and then the microtiter plate was
covered with the lid. It was left at room temperature for 30 min. The op-
tical density (OD) of the test and control wells was measured at 630 nm
using a microtiter-plate reader Lisa Scan EM. Based on the OD values
obtained for NC and test samples, biofilm formation was defined as:
weak (ODyc < OD < 2xODyc); moderate (2xODyc < OD < 4xODyc);
strong (4xODyc < OD); no biofilm formation (OD < ODyc), according
to the previously described method (In Leeet al., 2017).

The inhibition (or stimulation) index was calculated using the for-
mula: II (SI) = (OD — ODp¢) + ODPC x 100%, where ODpc and OD
are optical densities of the control and test samples, respectively.

All experiments were performed three times. Each sample assayed
in triplicate. Average values of the obtained indices with standard devia-
tions were determined (x + SD). One-way analysis of variance
(ANOVA) followed by Bonferroni’s post hoc multiple comparison test
was performed. Differences were considered significant at P < 0.05.

Results

After the exposure of the test-cultures in the studied extracts for
1 hour at 35-37 °C and the addition of pepted meat broth, the optical
density of the test samples was significantly lower than of the control
ones. This is evidenced by the data presented in the Table.

Table
The optical density of the test samples in relation to the controls
after exposure of the test cultures in cell-free extracts (%, x = SD, n=3)

Cell-free extracts
L ML MLG B MB
100.0 36.5+1.8 434+3.7 443+53 454+34 402+22
100.0 37.54+3.7 455+62 46.7+59 49.8+59 460+72

Testcultures PC

E. coli
P. aeruginosa

Notes: PC — positive control; L — filtrate of L. reuteri disintegrate; ML — filtrate of
L. reuteri culture, grown in L. reuteri disintegrate; MLG — filtrate of L. reuteri
culture, grown in L. reuteri disintegrate supplemented with glycerol and glucose;
B —filtrate of B. bifidum disintegrate; MB — filtrate of B. bifidum culture, grown in
B. bifidum disintegrate.

As shown in Figure 1, the exposure of E. coli in cell-free extracts L,
B and MB and the subsequent cultivation in the medium with 30%
content of these extracts did not lead to significant changes in the optical
density gain of the test culture compared to PC. Calculated for L, B and
MB cell-free extracts SIs were 3.4%, 8.0% and 9.9% (P > 0.05), respec-
tively. Exposure in the ML extract and subsequent cultivation of E. coli
in the medium with its 30% content was accompanied by significant
decrease in the optical density gain of the E. coli culture compared to

PC (Il = 25.9%, P < 0.05). Exposure and cultivation of the test culture
with MLG extract led to an even more significant decrease in the optical
density gain of the E. coli culture compared to PC (Il = 62.0%, P <
0.005). The difference between the indicators of the optical density gain
of the E. coli culture under the influence of the ML and MLG extracts
was significant (P < 0.05).

Thus, L, B and MB cell-free extracts had no significant effect on the
proliferative activity of the E. coli in the conditions of this experiment.
ML and MLG extracts had a significant inhibitory effect on the prolife-
rative activity of E. coli. It is noteworthy that at the same concentration
in the cultivation medium MLG extract had more pronounced inhibito-
ry effect on the proliferation of the E. coli culture than ML extract.

0.15 *
0.10 - *%f
0.05 i
0.00 - T
PC L ML MLG B

Control and test samples

Fig. 1. The effect of cell-free extracts of L. reuteri and B. bifidum
on the proliferation of E. coli (average AOD £ SD at 578 nm, n=3):
PC — positive control; L —filtrate of L. reuteri disintegrate; ML — filtrate
of L. reuteri culture, grown in L. reuteri disintegrate; MLG — filtrate
of L. reuteri culture, grown in L. reuteri disintegrate supplemented
with glycerol and glucose; B —filtrate of B. bifidum disintegrate; MB —
filtrate of B. bifidum culture, grown in B. bifidum disintegrate; the
differences are significant compared to the PC: * —P < 0.05; ** —P <
0.01; the differences are significant compared to the ML: *— P < 0.05

e
)
S

Optical density difference, AOD

MB

The biofilm formation by the clinical isolate of E. coli was deter-
mined as strong. The data presented in Figure 2 suggest that the addition
of all cell-free extracts to the cultivation medium leads to a significant
decrease in the optical density of the eluates compared with eluate of
PC. Thus, all studied extracts significantly inhibit biofilm formation by
the clinical isolate of E. coli. In the presence of MLG and MB cell-free
extracts in the cultivation medium the culture of E. coli still retains the
ability for strong biofilm formation. II calculated for MLG extract was
22.6% (P < 0.05), for MB extract II equaled 26.8% (P < 0.05).
The addition of L, ML and B cell-free extracts was accompanied by the
transition of the test-culture to the category with moderate biofilm for-
mation. II calculated for L extract was 32.3% (P < 0.01), II for ML ext-
ract was 35.8% (P <0.01) and for B extract Il was 40.5% (P <0.001).

0.50

* *
0.30 o o E3E3
0.20
0.10
0.00
PC L ML MLG B MB

Control and test samples

Fig. 2. The effect of cell-free extracts derived from L. reuteri and
B. bifidum on the biofilm formation by E. coli (average OD + SD at
630 nm, n=3): PC —positive control; L —filtrate of L. reuteri disinte-
grate; ML —filtrate of L. reuteri culture, grown in L. reuteri disintegrate;
MLG —filtrate of L. reuteri culture, grown in L. reuteri disintegrate
supplemented with glycerol and glucose; B —filtrate of B. bifidum
disintegrate; MB — filtrate of B. bifidum culture, grown in B. bifidum
disintegrate; the differences are significant compared to the PC:
*—P<0.05; **-P<0.01; ¥**—-P<0.001

Optical density, OD
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As shown in Figure 3, exposure of P. aeruginosa culture in the L, B
and MB cell-free extracts and its subsequent cultivation in a medium at
30% content of extracts caused no significant changes in the optical
density gain of the test culture compared to PC. IIs calculated for L, B
and MB cell-free extracts are 5.9%, 9.1% and 12.2% (P > 0.05), respec-
tively. Exposure of the test culture in ML extract and subsequent culti-
vation in the presence of 30% concentration of this extract in the cultiva-
tion medium led to significant decrease in the optical density gain of the
test-culture compared to PC (Il = 53.0%, P < 0.001). It turned out that
MLG extract even more inhibited the optical density gain of the test-
culture. II calculated for MLG extract was 96.9% (P < 0.001). The dif-
ference between the indicators of the optical density gain of the P. aeru-
ginosa culture under the influence of the ML and MLG extracts was
significant (P <0.01).

Obtained data allow us to conclude that L, B and MB cell-free ex-
tracts do not have a significant effect on the proliferative activity of the
P. aeruginosa in the conditions of this experiment. ML and MLG ex-
tracts have a significant inhibitory effect on the proliferative activity of
P. aeruginosa. It should be noted that MLG extract has more pronoun-
ced inhibitory effect on the proliferation of the P. aeruginosa culture
than ML extract.

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

e

MLG B MB

Optical density difference, AOD

PC L ML

Control and test samples

Fig. 3. The effect of cell-free extracts derived from L. reuteri and

B. bifidum on the proliferation of P. aeruginosa (average AOD + SD
at 578 nm, n=3): PC —positive control; L — filtrate of L. reuteri disinte-
grate; ML —filtrate of L. reuteri culture, grown in L. reuteri disintegrate;

MLG —filtrate of L. reuteri culture, grown in L. reuteri disintegrate
supplemented with glycerol and glucose; B — filtrate of B. bifidum disin-
tegrate; MB — filtrate of B. bifidum culture, grown in B. bifidum disinte-

grate; the differences are significant compared to the PC: *** —P <
0.001; the differences are significant compared to the ML: # — P <0.01
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Fig. 4. The effect of cell-free extracts of L. reuteri and B. bifidum on the
biofilm formation by P. aeruginosa (average OD + SD at 630 nm,
n=3): PC—positive control; L — filtrate of L. reuteri disintegrate;
ML —filtrate of L. reuteri culture, grown in L. reuteri disintegrate;
MLG —filtrate of L. reuteri culture, grown in L. reuteri disintegrate
supplemented with glycerol and glucose; B —filtrate of B. bifidum
disintegrate; MB — filtrate of B. bifidum culture, grown in B. bifidum
disintegrate; the differences are significant compared to the PC:
**_P<0.01; ***-P<0.001

The biofilm formation by the clinical isolate of P. aeruginosa was
determined as strong. The data presented in Figure 4 suggest that the

addition of all cell-free extracts to the cultivation medium leads to sig-
nificant decrease in the optical density of the eluates compared to eluate
of PC. The least pronounced decrease in the optical density of eluates
was observed in the presence of L and MB extracts. IIs calculated for L
and MB extracts equaled 38.2% (P < 0.01) and 32.3% (P < 0.01). Un-
der the influence of L and MB extracts, the test-culture retained the
ability of biofilm formation. Biofilm formation in the presence of these
cell-free extracts was determined as strong. A more pronounced decrea-
se in the optical density of eluates was observed under the influence of
MLG extract. II calculated for MLG extract was 78.0% (P < 0.001).
The biofilm formation by P. aeruginosa in the presence of MLG extract
in the cultivation medium was determined as moderate. The most pro-
nounced decrease in the optical density of eluates was observed under
the influence of ML and B extracts. IIs calculated for ML and B extracts
equaled 85.0% (P < 0.001) and 83.0% (P < 0.001). In the presence of
ML and B extracts in the cultivation medium, the biofilm formation of
the test-culture was determined as weak.

Discussion

The obtained data indicate that all the studied cell-free extracts have
amore or less pronounced antimicrobial activity against the investigated
gram-negative test cultures. A significant difference between the optical
density of the test and control samples after hour exposure of the test
cultures in cell-free extracts confirms it. The results of the study of the
effect of cell-free extracts on the proliferative activity of the test cultures
should be analyzed taking into account the peculiarities of the technique
used. Fact is that after an hour of exposure of test-culture in undiluted
test extract, the sample is diluted by nutrient broth. As a result of dilu-
tion, the concentration of the test substance was reduced to 30% vol.
Test cultures that were exposed to the L, B and MB extracts after dilu-
tion completely restored the ability to proliferate over the following
24 hours, as evidenced by the same degree of optical density gain of the
test and control samples. The proliferative activity of the test cultures
that were exposed to the ML and MLG extracts was not completely
restored after dilution over the following 24 hours. This is evidenced by
a significantly lower in the optical density gain of the test samples com-
pared to control ones. Thus, we can conclude that extracts containing
the disintegration products of B. bifidum and L. reuteri, as well as ex-
tract containing metabolic products of B. bifidum, obtained when it was
grown in its disintegrate, exhibit significantly less antimicrobial activity
toward E. coli and P. aeruginosa than extracts containing metabolic
products of L. reuteri, obtained when it was grown in its disintegrate
without supplementation or supplemented with glycerol and glucose.
Obviously, the similar effects of the studied extracts on the proliferative
activity of E. coli and P. aeruginosa occured due to the same mechan-
isms of their action.

Antimicrobial activity of the metabolites of various lactic acid bac-
teria species was determined. Antimicrobial activities of L. acidophilus
(Pyar et al., 2011; de Marco et al., 2018), L. casei subsp. pseudoplanta-
rum, L. plantarum, and L. delbrueckii subsp. delbrueckii and different
pools of Lactobacillus (Poppi et al., 2015), L. plantarum, L. fermentum
and B. bidifum PTCC 1644 (Hesari et al., 2017), L. lactis, L. casei and
L. reuteri (de Marco et al., 2018), L. plantarum, L. gasseri (Karimi
etal, 2018) supernatants against E. coli was studied. Karimi et al.
(2018) have detected the inhibitory effect of the supematants of two
probiotic lactobacilli (L. plantarum and L. gasseri) on the growth of
four pathotypes of E. coli (enterotoxigenic, enteroaggregate, enteroinva-
sive and enteropathogenic) using two methods: disk diffusion and well
diffusion agar methods. Poppi and co-authors reported that the superna-
tant from L. reuteti exhibited bactericidal activity toward pathogenic E.
coli strain O157:H7. These researchers showed that pH adjustment
(alkalinization) results in the decrease of antibacterial properties of the
supernatants. The authors determined no direct relationship between the
amount of lactic acid produced by lactobacilli and the degree of anti-
microbial activity. This was a confirmation that the antimicrobial activi-
ty of lactobacilli is caused not only by the production of organicacids.
Greifova et al. (2017) reported about high antibacterial potential of four
L. reuteri strains against E. coli CCM 3988 and P. aeruginosa CCM
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3955 due to the production of organic acids, ethanol, and reuterin. In
contrast to these results, other authors comparing of antimicrobial acti-
vity of supernatants of several probiotics (L. acidophilus, L. lactis, L. ca-
sei and L. reuteri, grown in absence or in presence of prebiotics) against
E. coli have showed that the L. reuteri supematant exhibits the least
antimicrobial activity. Only the prebiotic combination improved the
antimicrobial effect of L. reuteri supematant on E. coli. However, it still
remained lower compared to the activity of the supernatants of the other
lactobacilli (de Marco et al., 2018).

Lactic acid bacteria has been reported to have antibacterial activity
due to the ability to produce organic acids (lactic, acetic, propionic, bu-
tyric, succinic) and other antimicrobial compounds, such as hydrogen
peroxide and bacteriocins, during growth (Sarkar & Mandal, 2016; Jor-
gensen et al., 2017; Mokoena, 2017). Weak acids have higher antimic-
robial activity than strong acids that are fully ionized in an aqueous
solution (Poppi et al., 2015). It was demonstrated that only the proto-
nated form of lactic acid has antimicrobial activity. Unlike the lactate
anion, protonated form of lactic acid is membrane-permeant and enters
the cells without using transporters or receptors. It acidifies the cytosol
of most bacteria and provokes the cell death. The protonated lactic acid
dominates at pH < 3.9 (Tachedjian et al., 2017). In addition to the direct
damaging effect on the cells, lactic acid can inhibit the growth of bacte-
ria due to its chelating properties. It can capture elements necessary for
growth (for example, iron) (Lebeer et al., 2008).

As shown by the results of the study, addition of glycerol and glu-
cose to the disintegrate resulted in significant increase in the antimi-
crobial properties of the extract from L. reuteri culture grown in its
disintegrate. It is known that some microorganisms can convert glycerin
to reuterin. This non-protein water-soluble substance has antimicrobial,
antifungal and antiprotozoan activity (Poppi et al., 2015; Spinler et al.,
2017). Among all microorganisms, L. reuteti has the most pronounced
ability to produce reuterin and has the least sensitivity to its antimicrobi-
al action (Britton, 2017). We suppose that the most pronounced anti-
microbial activity of the extract from the L. reuteri culture grown in its
disintegrate supplemented with glycerol and glucose towards the test
cultures occurs due to the content of reuterin in this extract. The ob-
tained results confirm the promise of obtaining probiotic metabolites
with bacteriotropic activity through precursor-directed biosynthesis.

The obtained data show that all studied extracts inhibit the biofilm
formation by investigated test-cultures. The inhibition of biofilm forma-
tion by E. coli and P. aeruginosa under influence of probiotic derivatives
was also achieved by other researchers. Therefore, some authors found
out that the probiotic L. fermentum has the ability to attenuate the bio-
film-forming potential of P. aeruginosa PAO1 due to postbiotics: bacte-
riocins and exopolysaccharides (Sharma et al., 2018). Other authors
have shown that lactic acid has an inhibitory effect on biofilm formation
by P. aeruginosa through QS system (Kiymaci et al., 2018). De Marco
et al. examined the ability of E. coli to form biofilm in the absence or
presence of supernatants of several probiotic microorganisms: L. acido-
philus, L. lactis, L. casei, L. reuteri and Saccharomyces boulardii. Su-
pematant of L. acidophilus, grown in de Man, Rogosa and Sharp
(MRS) broth without supplementation or supplemented with inulin and
isomaltose, was able to reduce the biofilm mass of E. coli. The addition
of fructo-oligosaccharides exerted its anti-biofilm activity against
E. coli. Metabolic products of L. casei, obtained in absence or in presen-
ce of prebiotics, showed an anti-biofilm activity against E. coli. Super-
natants of L. lactis, L. reuteri and S. boulardii did not significantly redu-
ce the biofilm formation by E. coli. It has been shown that the exopoly-
saccharides produced by L. acidophilus are able to inhibit the biofilm
formation of gram-positive and gram-negative bacteria by affecting the
expression of the genes involved in chemotaxis, auto-aggregation and
co-aggregation (Miquel et al., 2016). In recent years special attention of
researchers is focused on the biological role of biosurfactants. This gro-
up of various surface active molecules includes glycolipids, lipopepti-
des, polysaccharide-protein complexes, protein-like substances, lipo-
polysaccharides, phospholipids, fatty acids and neutral lipids. They are
believed to perform a variety of physiological functions. Biosurfactants
are involved in bacterial pathogenesis: adhesion and aggregation of
cells, quorum sensing and biofilmformation. It has been shown that

biosurfactants of lactobacilli have antimicrobial and antiadhesive pro-
perties (Gomaa, 2013).

It should be noted that all the authors, to whose works we refer, in-
vestigated the antimicrobial and anti-biofilm properties of supernatants
obtained after growing lactobacilli in a traditional nutrient medium,
MRS broth. In this study, we used filtrates of disintegrates and filtrates
of cultures, grown in their disintegrates. That is, we used disintegrate as
a cultivation medium for growing metabolite producers. This allowed
us to obtain a metabolite-containing extract without admixture of the
nutrient medium. In the process of disintegration by repeated cyclic
freezing and thawing, part of the bacterial cells was destroyed. Both su-
perficial and intracellular structural components entered the extracellular
space. The surviving cells were exposed to thermal, osmotic, thermo-
mechanical, dehydration and rehydration shock. Their metabolism was
rearranged in response to stress. Bacterial cells were particularly sensi-
tive to cold shock. The cold shock response is a cascade of cellular
reactions, accompanied by a high level of temporarily expression of
cold-induced proteins (CIPs). CIPs have the property to regulate mul-
tiple cellular processes, including proliferation and differentiation (Lind-
quist & Mertens, 2018). Intracellular metabolites may leave cells ex-
posed to temperature changes. Thus, bacterial disintegrate contains not
only the structural components of cells (microbe-associated molecular
patterns, MAMPs), but also bacterial cold shock proteins and other pro-
ducts of altered metabolism (damage-associated molecular patterns,
DAMPs), which have powerful bioregulatory potential. During the cul-
tivation of bacteria in disintegrates some of the components were used
as nutrients. Actively growing and proliferating cells produce metabolic
products into the extracellular space. Thus, the studied extracts were
complex and different in composition. Probably the different compo-
nents of the extracts may have different effects on biological processes
in the cells. Cellular derivatives can act as signaling molecules and inf-
luence proliferation and biofilm formation by altering the expression of
the genes involved in these processes. Supposedly, the disintegration
products, which are structural components of lactic acid bacteria, can
inhibit the biofilm formation by shielding cell surface adhesins and
changing its physicochemical properties. Thorough study of biochemi-
cal composition of cell-free extracts would help clarifying the mechan-
isms of their bacteriotropic action and explain their effect on the proli-
ferative activity and biofilm formation by test cultures.

Conclusion

The obtained results demonstrate that all cell-free extracts derived
from L. reuteri and B. bifidum have more or less pronounced inhibitory
effect on growth and biofilm formation by E. coli and P. aeruginosa.
The discovered properties of cell-free extracts may contribute to their
pharmaceutical applications. The extracts obtained from the culture of
L. reuteri grown in its disintegrate without supplementation or supple-
mented with glycerol and glucose exerted the highest antimicrobial
activity and can be used as metabiotics to prevent overgrowth of poten-
tially pathogenic, as well as inoculation and proliferation of pathogenic
gram-negative bacteria in the gastrointestinal tract. They can be used
alone or in combination with cellular probiotics to enhance their probio-
tic action. This study also encourages further careful study of the bio-
chemical composition of cell-free extracts and clarifying the mechanism
of their action.
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