


flammatory responses to Campylobacter infection. Differ-
entiated T helper cells rapidly secrete particular cytokines
upon antigen challenge [18]. The use of new probiotic
preparations could be a promising form for the prevention
and treatment of Campylobacter infections in poultry by
the modulation of cytokine production and thus an im-
mune answer as well as by inhibition of the pathogen.

In recent years, great attention has been focused on the
use of probiotic lactobacilli derived from natural sources
to improve human and animal health. Probiotics are de-
fined as “live microorganisms that, when administered in
adequate amounts, confer health benefits on the host” [11].

Lactobacillus is the largest genus of lactic acid bacteria
(LAB), which includes 183 species. They are Gram-posi-
tive bacteria that ferment glucose, produce lactic acid and
other substances. Moreover, lactobacilli are the dominant
bacteria in the animal gastrointestinal system. They play an
important role mainly in the maintenance and recovery of
gut health [37, 39]. In chickens treated with various Lac-
tobacillus species it has been observed that they modulate
many aspects of the immune response to pathogens [17].

The development of each new probiotic preparation
needs research into the selected strain to be used, how does
it affects the host organism, mechanism of action, safety
and genetic stability must be documented [14]. Many other
factors have to be tested, including the survival in gastric
and intestinal fluids, the capability to adhere to the intesti-
nal surface, and the sensitivity to antibiotics during in vitro
experiments [9]. In terms of protection against pathogenic
organisms, it is necessary to test the immunomodulatory
effect and antimicrobial activities of newly isolated poten-
tial probiotic strains.

Among other things, one of the selection criteria for
safety is that the potential probiotic strain should dem-
onstrate ATB (Antibiotic)-sensitive based on the EFSA
(European Food Safety Association) requirement [10] and
does not contain transferable (acquired) ATB resistance
genes located for example on conjugated plasmids or trans-
posons. Probiotic microorganisms should not increase the
existing risks of antibiotic resistance. If the lactobacilli live
in an environment that is regularly exposed to ATB, such
as the intestines of poultry kept in intensive farm condi-
tions, acquired resistance may also develop. Therefore, we
decided to isolate potential probiotic strains from wild
birds—pheasants, where a low incidence of resistant iso-

lates might be expected.
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For the possible use of new, potentially probiotic lacto-
bacilli, isolated from pheasant gut designed for the preven-
tion or treatment of campylobacteriosis in chicken, we fo-
cused on the study of the effect of L. reuteri B1/1, B2/1 and
B6/1. Specifically, we focused on the relative gene- expres-
sion of selected pro-inflammatory interleukins, MIP-1p,
the relative percentage of T lymphocyte subpopulations in
the PMBCs of chickens. Moreover, we tested antimicrobial

activities of L. reuteri isolates against selected pathogens.

MATERIALS AND METHODS

Cultivation and isolation of peripheral
mononuclear blood cells

The State Veterinary and Food Administration of the
Slovak Republic approved the experimental protocol num-
ber 836/17-221 and the animals were handled in a humane
manner.

Peripheral mononuclear blood cells (PMBC) were
obtained from the peripheral blood of clinically healthy
poultry reared under standard conditions by puncture of
vena cutanea ulnaris using Heparin (10—20 Uml* PBS,
Zentiva, Czech Republic) as an anticoagulant. The blood
was diluted in a ratio of 1:2 with PBS, transferred and lay-
ered into Leucosep tubes (Greiner bio-one, DE) containing
Histopaque-1077 (Sigma-Aldrich, UK). The isolation of
the PMBC was done by centrifugation (19 000 x g, 40 min,
20 °C; Hettich Rotina 420R Centrifuge, DJB Labcare, UK).
The mononuclear cells collected from the gradient inter-
face were washed two times with PBS (16 000x g, 5 min)
[3]. Trypan blue was used to determine cell viability and
a Biirker chamber to count the total number of cells diluted
in Tirk solution. Isolated PMBCs were placed on a 12-well
cultivation plate (Orange Scientific, BE) with concentration
1x107 cells.ml™ and cultured overnight (39 °C, 5 % CO,)
in RPMI 1640 medium enriched with 10-mM HEPES
(4-(2-hydroxyethyl)- 1-piperazineethanesulfonic acid; Lon-
za, BE) and 10 % foetal bovine serum (Lonza, BE). Each
Lactobacillus isolate at a concentration of 1x 10° CFU.ml™
in 200 ul PBS was added to the individual PMBCs cultures
with cultivation lasting 24 and 48 h. The cultivation (cul-
ture medium, growth conditions) of the new lactobacilli

isolates were performed as described previously [32].



Bacterial strains

The strains of lactobacilli used in the present study
were isolated from the gut contents of healthy pheasants.
In a previous study, the strains were identified by matrix-
assisted laser desorption/ionization—time of flight mass
spectrometry (MALDI-TOF MS) as Lactobacillus reuteri
B6/1, B2/1 and B1/1. The strains were characterized by the

production of exopolysaccharides [31].

Homogenization and isolation
of the total RNA from PMBCs

The PMBCs were collected from each well by pipetting
and then centrifuged for 1 min at 8000 xg. The cell lysate
was homogenised two times for 45 s at 2700 rpm using
1.0 mm zirconia/silica beads (BioSpec Products, USA) and
1 ml of TRI Reagent (Sigma-Aldrich, Germany) in a Mag-
Na Lyser instrument (Roche, UK). In the separation phase,
50 ul of 4-bromanisole (Molecular Research Center, USA)
was added. For the purification of total RNA from the cell
lysate, the RNAeasy mini kit (Qiagen, UK) was used. The
purity and concentration of the total RNA was determined
on a NanoPhotometer (Implen, Germany), and 1 pg of the
total RNA was reverse transcribed by using Maxima first
strand cDNA synthesis kit (Thermofisher, USA) and oligo-
dT primers. The resulting cDNA was 10x diluted in DN-
ase/RNase-Free distilled water (Invitrogen, USA) and used
as a template for QRT-PCR or stored at —20 °C.

Quantitative Real-time PCR

The mRNA levels of interleukins and MIP-1B were
determined. The mRNA relative expression of a reference
gene, coding for GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) was used for data normalization. The spe-
cific primer sequences used for qPCR are listed in Table 1.
All primer sets allowed DNA amplification efficiencies
between 94—100 %. Amplification and detection of spe-
cific products were performed via the CFX 96 RT system
(Bio-Rad, USA). The cycling conditions included an ini-
tial denaturation: at 95 °C for 15 min and 38 cycles; dena-
turation 95 °C for 20 s, annealing 60 °C for 30 s and final
elongation 72 °C for 30s. A melting curve ranging from
50—95 °C, with readings taken every 0.5 °C, was obtained
for each individual qRT-PCR plate. Each sample was sub-
jected to quantitative real-time PCR in triplicate, and mean
values of triplicates were used for subsequent analysis. We

confirmed that the efficacy of amplification of each gene

Table 1. List of primers used in qRT-PCR for IL-1B, IL-15
and MIP-18 mRNA detection in PMBC culture

Primer Sequences 5'-3’ References
IL-15 For TGGAGCTGATCAAGACATCTG
IL-15 Rev CATTACAGGTTCCTGGCATTC 2
IL-1B For GAAGTGCTTCGTGCTGGAGT
IL-13 Rev ACTGGCATCTGCCCAGTTC s
MIP1-BFor  GGCAGACTACTACGAGACCAACAG
MIP1-BRev  ACGGCCCTTCCTGGTGAT .
UB For GGGATGCAGATCTTCGTGAAA
UB Rev CTTGCCAGCAAAGATCAACCTT 7

(including GAPDH) was essentially 100 % in the exponen-
tial phase of the reaction, where the cycle of quantification
(Cq) was calculated. The Cq values of the genes studied
were normalized to an average Cq value of the reference
gene (ACq), and the relative expression of each gene was

computed mathematically as 2-ACq.

Flow cytometry procedure

The direct immunofluorescent method and double im-
munostaining labelled isolated lymphocytes with mouse
anti-chicken monoclonal antibodies (SouthernBiotech,
USA) in arrangement CD3PE/CDAFITC, CD3PE/CD8
FITC (T-cells) were used. Polyclonal goat-anti mouse
FITC-conjugated immunoglobulin F(ab’)2 fragment
(Dako, Denmark) was used at a working dilution of
1:50 with PBS as the control antibody. Fifty uL of cellular
suspension (1.10” lymphocytes in PBS) and 2 ul of specific
or control MoAbs were mixed and incubated in the dark
at 22 °C for 15 min. After washing in 0.5 ml PBS and re-
suspended in 0.2 ml of PBS with 0.1 % paraformaldehyde,
the cells were measured by FACScan (Becton Dickinson,
Germany) with a 15 mV argon ion laser. The fluorescence
data was collected and analysed on at least 10,000 lympho-
cytes using the Becton Dickinson Cell Quest programme
(Germany). The results were expressed as the relative per-
centage of the lymphocyte subpopulation that was positive
for a specific Mo Ab. Samples were measured in triplets be-
fore cultivation, 24 h and 48 h post inoculation (p.i.) in the
following arrangement: control (C) and lactobacilli strains
marked B1/1, B1/2 and B1/6.
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DISCUSSION

This study was mainly focused on the evaluation of the
immune properties and antimicrobial activities of new lac-
tobacilli isolates from pheasant guts.

The most significant stimulating effect on the expres-
sion of all pro-inflammatory interleukins and MIP-1p was
found in the group that was administered L. reuteri B1/1
mainly 24 h p.i. Similarly, Hoffmann etal [19] re-
ported that L. reuteri 100-23 significantly induced the ex-
pression of [L-1, IL-6 and MIP-2 in intestinal epithelial cells
of mice. Interestingly, L. reuteri B6/1 did not induce the ex-
pression of the IL-1PB gene in PMBCs. For the initiation of
inflammation IL-1p represents a key cytokine. Moreover,
IL-1pB plays an important role in the regulation of MIP-1p
expression and thereby contributing to the maintenance
of inflammation [38]. Likewise IL-15 induces the expres-
sion of chemokines and their receptors on T-cells. IL-15
improves the proliferation of cytotoxic and helper T cells,
and directs heterophils and NK cells to the sites of inflam-
mation [34].

We observed a rise in the relative percentage of T cells
including CD3+, CD4+ and CD8+ lymphocytes in the
groups with L. reuteri B2/1 and L. reuteri B1/1 as compared
to the control 24 h p.i., and this indicates the ability of new
lactobacilli isolates to stimulate the required cellular im-
mune response. It is known, that the individual strains of
Lactobacillus spp. are able to induce the production of Th1
proinflammatory cytokines [21], while other strains in-
duce the production of Th2 regulatory anti-inflammatory
cytokines [30]. In agreement with a previous statement, in
subsequent studies it would be appropriate to confirm this
effect in in vivo conditions.

Lin etal [27] demonstrated that Lactobacillus reuteri
6475 suppressed the activity of AP-1 transcript factor, which
regulates the expression of pro-inflammatory cytokines in
response to TLR activation. In another study, L. reuteri
GMNL-263 reduced serum MCP-1, TNE and IL-6 levels
in mice fed with a high fat diet [20]. Taken together, the
studies indicate that several strains of Lactobacillus can
keep the balance in Th polarization (Th1/Th2), thereby
creating better conditions for inflammation control [22].

Conversely, no stimulatory effect of Lactobacillus re-
uteri B6/1 on the relative expression of cytokines, che-
mokine and percentage of T cell subpopulations were

observed. Several authors noticed, that certain isolates of
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Lactobacillus reuteri, affected neither: colonic microbial
composition in piglets [28], IgA concentration and cyto-
kine levels in saliva [4, 24] nor the incidence of nosocomial
diarrhoea, including rotavirus infection [35]. We assumed
that the final effect of the L. reuteri strain that was used
in this study is also dependent on the real concentration
of antimicrobial substances. In any case, the production of
antimicrobial substances is essentially involved in the an-
timicrobial activity of lactobacilli; but their concentration
could be different among certain isolates [15].

The antimicrobial activity is one of the most impor-
tant criteria for selecting a probiotic strain against poten-
tially harmful pathogens. Lactobacillus strains are unique
in their production of antimicrobials substances against
pathogens. Their antimicrobial activity is mainly due to the
production of hydrogen peroxide, organic acids, especially
lactic acid and acetic acid, and bacteriocins [33, 25].

According to our results, the tested lactobacilli strains
inhibited the growth of both gram-positive and gram-
negative indicator bacteria probably by reducing the pH
of the environment as a result of organic acid production.
After 48 hours of lactobacilli incubation, the pH ranged
from 3.46—3.78 which is unsuitable for most pathogenic
bacteria. In addition, the lipophilic and undissociated form
of lactic acid and acetic acid allows these molecules to ex-
hibit antibacterial character through the penetration of the
bacterial membrane. Undissociated acid fractions diffuse
passively across the membrane and subsequently ionize
depending on intracellular pH, causing the cytoplasm to
acidify and form inhibitors [29]. We noted a difference
in the size of the inhibitory zones among the individual
strains. Gram-positive Bacillus cereus was more sensitive
than S. aureus CCM 4223. The sensitivity of E. coli 0149
F4 and S. Typhimurium CCM 7205 to the lactobacilli
tested was approximately the same. Likewise, Bilkov4d
et al. [1] referred to S. aureus as the bacteria that are most
resistant to L. reuteri, L. murinus and L. mucosae probiotics
compare to Yersinia enterocolitica and Listeria monocyto-
genes, which were sensitive to the antimicrobial activity of
lactobacilli. Georgieva etal [13]tested the inhibitory
activity of the 23 lactobacilli strains by the disc-diffusion
method, which demonstrated their antimicrobial activity
against pathogenic strains of S. aureus, Bacillus cereus and
E. coli, with the majority of strains recording a correlation
between the acidification intensity (pH) and the inhibitory

zone size. De Angelis etal [6] confirmed antimicro-



bial activity against S. aureus and E. coli in L. plantarum
and L. reuteri (isolated from swine feces). The antimicro-
bial activity of L. rhamnosus against S. Typhimurium was
demonstrated as a result of lactic acid accumulation [8]
and pH reduction [12].

CONCLUSIONS

In summary, L. reuteri B1/1 and L. reuteri B2/1 showed
promising stimulatory effects on the relative expression of
pro-inflammatory interleukins, MIP-13 and the percent-
age of T cell subpopulations in vitro. On the flip side, L. re-
uteri B6/1 suppressed the relative expression of selected
interleukins and MIP-1pB and did not affect the percentage
of T cells. Overall, selected lactobacilli strains inhibited
the growth of both gram-positive and gram-negative in-
dicator bacteria. These conclusions show the importance
of individual testing of each probiotic strain for its various
effects on the immune status of the host, mainly for their
wide uses throughout the fermented dairy, food, and meat
processing industries. In addition, it is necessary to con-
firm their properties also in vivo conditions, because they
may not be the same. Based on the results, L. reuteri B1/1
was selected for a subsequent in vivo experiment in broiler
chickens infected with Campylobacter jejuni CCM6189,

which is currently in progress.
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