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Many strains belonging to lactobacilli exert a variety
of beneficial health effects in humans and some of the
bacteria are regarded as probiotic microorganisms. Ad-
herence and capabilities of colonization by Lactobacillus
strains of the intestinal tract is a prerequisite for probi-
otic strains to exhibit desired functional properties. The
analysis conducted here aimed at screening strains of
Lactobacillus helveticus possessing a health-promoting
potential. The molecular analysis performed, revealed
the presence of a slpA gene encoding the surface S-
layer protein SIpA (contributing to the immunostimula-
tory activity of L. helveticus M 92 probiotic strain) in all
B734, DSM, T80, and T105 strains. The product of gene
amplification was also identified in a Bifidobacterium
animalis ssp. lactis BB12 probiotic strain. SDS-PAGE of a
surface protein extract demonstrated the presence of a
protein with a mass of about 50 kDa in all strains, which
refers to the mass of the S-layer proteins. These results
are confirmed by observations carried with transmission
electron microscopy, where a clearly visible S-layer was
registered in all the strains analyzed. The in vitro study
results obtained indicate that the strongest adhesion
capacity to epithelial cells (HT-29) was demonstrated by
L. helveticus B734, while coaggregation with pathogens
was highly diverse among the tested strains. The per-
centage degree of coaggregation was increasing with
the incubation time. After 5 h of incubation, the strong-
est ability to coaggregate with Escherichia coli was ex-
pressed by T104. The T80 strain demonstrated a signifi-
cant ability to co-aggregate with Staphylococcus aureus,
while DSM with Bacillus subtilis. For B734, the highest
values of co-aggregation coefficient was noted in sam-
ples with Salmonella. The capability of autoaggregation,
antibiotic susceptibility, resistance to increasing salt con-
centrations, and strain survival in simulated small intesti-
nal juice were also analyzed.
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INTRODUCTION

Bacteria inhabiting guts have an important role in
maintaining health of the entire host body. To avoid
negative consequences connected with undesirable
changes in microflora, a proper microorganism composi-
tion in the intestinal ecosystem needs to be maintained.
This can be implemented through a supply of functional
bacterial strains, which are capable to resist stressful fac-

tors during technological processes and survive under
environmental conditions present during passage through
the stomach to the intestinal tract to be able to exert the
desired health-promoting effects (Nazarro ef al, 2012).

Lactobacillus  helveticus is a homofermentative, Gram-
positive, rod-shaped thermophilic microorganism belong-
ing to lactic acid bacteria (LAB). These microorganisms
are used in the dairy industry as a starter predominantly
employed to ferment milk in manufacturing of several
cheeses. Besides their technological applications, scien-
tific reports have demonstrated evidence that the L. he/
veticus species strains exhibit health-promoting properties
(Taverniti & Guglielmetti, 2012).

Several #n wvitro studies have confirmed that some
strains of L. belveticus meet the requirements for probiotic
bacteria with common properties, i.e. an ability to antag-
onize pathogens, survive in the digestive tract conditions,
and adhere to epithelial cells. Also, studies conducted 7
vivo in mouse models provide evidence that L. helveticus is
able to stimulate the immune system, increases defense
against pathogens, has an influence on the composition
of the intestinal microbiota, and prevent gastrointestinal
infections. L. belveticus was also demonstrated to estab-
lish synergistic interactions with other bacterial strains to
antagonize pathogens (Gareau ef al, 2010). A protective
effect was observed when L. helveticus was administered
orally. Research suggests that L. helveticus may lead to
health promoting effects through not only production of
lactic acid, hydrogen peroxide, and other antimicrobial
agents, but also by stimulating host immunity at the sys-
temic level (Rogers, 2002). Moreover, specific enzymatic
activities of L. helveticus help to remove allergens from
food, enhance the bioavailability of nutrients, and gener-
ate bioactive peptides through protein hydrolysis (Taver-
niti & Guglielmetti, 2012).

Various desired health-promoting sequences with an-
timicrobial, immunostimulating, opioid, mineral binding,
and antihypertensive activities have been isolated from
products fermented with L. helveticns (Griffiths & Tellez,
2013). Administration of those products containing bio-
active compounds might be used as a potential alterna-
tive treatment for prevention of enteric infections. (Tav-
erniti & Guglielmetti, 2012).

The aim of this study was to investigate L. helveticus
strains in terms of selected properties required for pro-
biotic organisms, which might indicate their potential ap-
plications. For this purpose, molecular identification of
the s/pA gene and S-layer proteins was performed and
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the capability of autoaggregation and coaggregation with
pathogens, adhesion capacity, antibiotic susceptibility, re-
sistance to increased salt concentrations were compared
among the analyzed strains.

MATERIALS AND METHODS

Bacterial strains and growth condition. Four
strains of L. helveticus (B734, T80, T104, and T105), kind-
ly provided by Professor Fucja FLaniewska-Trokenheim
(Univerisity of Warmia and Mazury in Olsztyn, Poland),
were examined in this study. These strains were isolated
from Polish fermented milk products and deposited in
the Polish Microorganism Collection (Wroclaw, Poland).
L. helveticus DSM 20075 (DSMRZ, Germany) and Bifido-
bacterinm animalis subsp. lactis BB12 (DSMRZ, Germany)
were used as reference strains.

All bacterial strains were maintained in 15% glycerol
stocks and stored at —80°C. Prior to the beginning of
the experiments, each bacterial strain was routinely cul-
tured (2% v/v) in Man-Rogosa-Shatrpe broth (BTL, Po-
land) with 0.05% cysteine addition and incubated over-
night (16 h) at 37°C£0.5 under anaerobic conditions
(Wasko et al, 2014).

Tolerance to NaCl. Examination of the influence of
sodium chloride concentrations on bacterial growth was
conducted on MRS containing 0% (control), 2%, 3%,
4%, 6%, and 8% NaCl. The growth rate of each bac-
terial strain was monitored by measuring optical density
(OD ) using Bioscreen C (LabSystem, Finland) (Po-
lak-Berecka ez al., 2013).

Survival of bacterial strains in simulated small
intestinal juice. Components of the small intestinal
juice (Macfarlane ez al 1998) were dissolved in distilled
watet, mixed thoroughly, and autoclaved (15 min/0.5
atm./117°C). Duting cooling, the mixture was continu-
ously stirred to prevent coagulation. After cooling, the
fluid obtained was directly supplemented with a vitamin
solution containing vitamin B,, nicotinic acid amide,
p-aminobenzoic acid at the concentration of 0.005 g/
dm?, thiamine (0.004 g/dm? , D-biotin (0.002 g/dm?)
and menadion, pantothenic acid (0.001 g/dm’) previ-
ously dissolved in 10 ml of distilled water and passed
through a sterile Millipore vacuum filter with a pore size
of 200 nm. Simulated small intestinal juices were freshly
prepared for each experiment. After 24-h incubation at
37°C in MRS broth, 1 ml of each strain cell suspension
was centrifuged (8000 X g/5 min at 4°C). The pellets wete
washed twice in phosphate-buffered saline (pH=7.2) and
resuspended to the initial volume. Washed cell suspen-
sions (0.5 ml) were added to 4.5 ml of fresh simulated
intestinal juice tempered at 37°C, mixed well, and incu-
bated for 2 h at 37°C under anaerobic conditions with
periodical shaking. 4.5 ml of sterile MRS broth inoculat-
ed with the same amount of the cell strain suspension
as in the sample with simulated intestinal juice and cul-
tured for the same period and under the same incuba-
tion conditions were the control samples for each strain.
Surviving bacteria were enumerated with the pour plat-
ing method. All enumerations were carried out using the
standard serial dilution method in a physiological solu-
tion, plated on MRS agar with 0.05% cysteine, and incu-
bated at 37°C for 48 h under anaerobic conditions.

Antibiotic susceptibility testing. Antibiotic sus-
ceptibility of the bacterial strains was tested using the
agar disc diffusion method. Six antibiotics from differ-
ent groups, diverse in terms of their effect on micro-
organisms, were used: erythromycin and gentamicin as

inhibitors of protein synthesis; ampicillin and bacitracin
as inhibitors of cell wall synthesis; nalidixic acid and ri-
fampicin as inhibitors of nucleic acid synthesis. Biomax-
ima (Centrum Mikrobiologii Emapol, Poland) disks for
analysis of susceptibility to each of the antibiotic tested
were applied to MRS agar plates inoculated with a bacte-
rial strain suspension. After incubation at 37°C for 24 h
under anaerobic conditions, the results (average of four
independent readings) were expressed as sensitive (S),
when the diameter of the growth inhibition zone (clear
area) was bigger than 2 cm, intermediate (I), when the
diameter of the inhibition zone was up to 2 cm, and re-
sistant (R), when no inhibition area was detected.

Transmission electron microscopy (TEM). For
TEM, bacterial samples were fixed in 4% GA (glutar-
aldehyde) for 24 h (4°C). After fixation, the samples
were washed in cacodylate buffer and postfixed for 2 h
in 2% OsO4. They were then washed in a saline solu-
tion and dehydrated in an alcohol series of 30, 60, 70,
90, 96, 96%, and twice in absolute alcohol (10 min. for
each change). Next, the samples were cleared in pro-
pylane oxide, embedded in epoxy resin (Agar Scientific
R 1078), and sections were cut with an ultramicrotome
(HM 3555, Microm). The sections were placed on a
metal grid, stained with 5% uranyl acetate and Reynolds
lead acetate for contrasting, and viewed in a Libra 120
transmission electron microscope (Zeiss).

Detection of S-layer protein genes by PCR. DNA
isolation of L. helveticus was performed using Genomic
Mini AX Bacteria Spin (A&A Biotechnology, Gdynia,
Poland) according to the attached protocol. Qualita-
tive and quantitative assessment of the isolated DNA
was performed by spectrophotometry and absorbance
was measured by NanoDrop 2000c Spectrophotometer
(Thermo Scientific, Germany).

SIpA  gene-specific oligonucleotides F-slp ATGAA-
GAAAAATTTAAGAAT and R-slp CACCGATCTTG-
TAGTA (Beganovic¢ et al, 2011a) were used for detec-
tion of the spA gene (HM140425). The amplification
reaction was carried out in a thermal cycler (Labcycler-
-SensoQuest GmbH, Germany). The initial denaturation
was conducted at 94°C for 5 min and followed by 25 cy-
cles of denaturation at 94°C for 1 min, annealing at 37°C
for 2 min, extension at 72°C for 2 min., and final elon-
gation at 72°C for 8 min. PCR products were analyzed
by electrophoretic separation on 1 % agarose gel with
addition of 0.2% Midori Green DNA Stain (Nippon Ge-
netics Europe), run at a constant voltage of 60 V for
1 h, and visualized and photographed under UV light
(GelDoc, BioRad).

Detection of surface proteins. The surface protein
extracts were prepared according to Gatti ez al, (1997)
with some modifications. 1 ml of the harvested cells of
overnight bacterial strain cultures was washed twice in
distilled sterile water and resuspended to a final volume
of 1.5 ml. The suspensions were centrifuged (8000 X g,
10 min at 4°C). Cell wall proteins were extracted from
final pellets with 0.5 ml of 0.01 mol X' Tris-HCI, 0.01
mol XI-' EDTA, 0.01 mol- I-' NaCl, 2% SDS, pH 8 and
heated at 100°C for 5 min. Next, the supernatants were
centrifuged (11600 X g/10 min at 4°C). Protein concen-
tration was determined with the Bradford method.

Cell wall protein extracts thus obtained were examined
on SDS-PAGE with the use of a MiniProtean appara-
tus (Bio-Rad) and according the Laemmli method (1970)
on vertical slab gels, using a stacking gel containing 4%
acrylamide and 10% resolving gel. Electrophoresis was
carried out at 120 V for 60 min using the MiniProtean
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apparatus (Bio-Rad). Proteins were visualized by staining
with Coomassie Brilliant Blue R-250 (Sigma).

Bacterial adhesion capacity. Human colon ade-
nocarcinoma cell line HT-29 (ATCC no. HTB-38) was
used to assess the bacterial adhesion capacity. Cells were
cultured in RPMI 1640 medium supplemented with 10%
fetal calf serum (FCS; Gibco™, Paisley, UK) and antibi-
otics (100 U/ml penicillin and 100 mg/ml streptomycin;
Sigma, St. Louis, MO) at 37°C in a humidified atmo-
sphere with 5% CO,. Cells were seeded onto a 24-well
tissue culture plate (Nunc, Roskilde, Denmark) at a con-
centration of 5X 105 cells X ml-!. After 24-h incubation,
a monolayer was obtained. The bacterial strains were re-
suspended in the HT-29 growth medium at a final con-
centration of 5X 107cells X ml-' and 1 ml of each suspen-
sion was added to appropriate wells of the culture plate.
After 2-h incubation, the monolayers were washed three
times with phosphate-buffered saline (PBS with Ca2p
and Mg2p ions, pH 7.4) to remove bacteria that had not
attached to the HT-29 cells. Thereafter, the cells were
lysed using 0.1% (v/v) Triton-X100 (Sigma, St. Louis,
MO) and the number of viable adherent bacteria was de-
termined by plating serial dilutions on MRS agar plates.
The results of adhesion assays are expressed as the ad-
hesion index for each strain (A ), which is defined as the
number of bacterial cells adhering per 100 epithelial cells
(Gopal et al, 2001; Polak-Berecka ez al, 2014).

Auto- and co-aggregation assays. The ability of
each strain to autoaggregate was assessed according to
the method of Golowczyc et al. (2007) with a slight
modification (Polak-Berecka ¢ al, 2014). Briefly, bac-
terial strain cultures were harvested in the stationary
phase, collected by centrifugation (10000 X g for 10 min),
washed twice, and resuspended in PBS (pH 7.2). In all
experiments, bacterial suspension was standardized to
OD,,=1.0 (2x10% CFUXml"). Optical density was
measured in a spectrophotometer (BioRad, Germany) at
regular intervals (2, 3, 4 and 5 h) without disturbing the
microbial suspension, and the kinetics of sedimentation
were obtained. The autoaggregation coefficient and was
calculated according to Polak-Berecka and coworkers
(2014).

In the coaggregation assay, suspensions of bacterial
cells were obtained as described above. Pathogenic bac-
teria were harvested in the stationary phase by 4-min
centrifugation at 5000 X g and resuspended in PBS (pH
7.2). One milliliter of .. helveticus strain suspensions and
1 ml of pathogenic bacterial suspension at the same op-
tical density (OD,,,=1.0) were mixed. Optical density
was measured at regular intervals (2, 3, 4 and 5 h) in
order to obtain the kinetics of sedimentation. The co-
aggregation coefficient was calculated in accordance with
(Polak-Berecka ez al., 2014).

RESULTS

The analyzed strains of L. helveticus exhibited diver-
sified growth dynamics on MRS supplemented with
NaCl, especially at concentrations higher than 3% (Fig.
1 A-E). Generally, with increasing salt concentrations in
MRS broth, the dynamics of the growth of the strains
were slower. The T105 strain was the most susceptible
to the changes in the salt concentrations in the culture
medium and exhibited the lowest value of optical den-
sity during the incubation time (Fig. 1E). Other strains
showed similar growth curves, particularly DSM and T80
(Fig. 1B, C), while B734 showed higher sensitivity to the
4% NaCl concentration.
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Figure 1. Effect of different NaCl concentrations on the growth
capacity of L. helveticus strains during 48-h incubation:
A, B734; B, DSM; C, T80; D, T104; E, T105.
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Table 1. Survival of bacterial strains (dilution 106) after 24 h (and
72h for the T105 and B734 strains) digestion in simulated small
intestinal juice.

Survival in simulated small intesti-

Strain of L.helveticus nal juice (log CFU ml)

B734* 36.7

DSM 35.65
T80 35.65
T104 39.75
T105* 33.95

Explanatory notes: *enumerations were carried out after 72h

Table 2. Antibiotic susceptibility exhibited by L. helveticus strains.

generation ability and a slower growth rate; after 48 h,
only an initial phase of colony formation was observed.

he DSM and T80 strains exposed to digestion by simu-
lated small intestinal juice demonstrated the same level
of cell survival (35.65 log CFU ml).

The antibiotic susceptibility disc diffusion test (Ta-
ble 2) revealed that the tested strains exhibited pheno-
typic resistance only to nalidixic acid.

TEM images indicate the presence of the S-layer in
all strains (Fig. 2). Microscopic results referring to the
S-layer are confirmed by the gel (Fig. 3) displaying elec-
trophoretic separation of amplification products of the
spA gene encoding the surface S-layer protein SIpA. A
single 1.2 kb PCR product was obtained from L. helve-
tiens B734, DSM, T80, T105 and the probiotic strain of
Bifidobacterinm animalis ssp. lactis BB12, whereas this gene
was not identified in T104. All
strains were further examined

o ) Strain for the presence of the cell sur-
Antibiotic Concentration [pg] 8734 ey T80 Ti04  Tios fac; S-layer using SDSAP.AGE,
which revealed a potential S-
Ampicillin 10 S S S S s layer protein with molecular
Bacitracin 10 | | I I | weight of approximately 50 kDa
S in all strains (Fig. 4).
Nalidixic acid 30 R R R R R The adherence ability of the
Rifampicin 5 S S S S S analyzed strains was examined 7
Gentamicin 120 | | | | L vifro as_the number of bacterial
cells adhering per 100 epithelial
Erythromycin 15 ) | ) S S cells (HT-29). The adhesion in-

Explanatory notes: R-resistance; I-intermediate; S-susceptible

A typical logarithmic growth phase of the strains was
not registered in the medium with salt content exceeding
6%. The fastest cell mass growth was observed in the
control samples.

The diversity of the bacterial strains was also exhibit-
ed by their survivability in simulated small intestinal juice
(Table 1). The T104 strain was the least sensitive to the
simulated digestion conditions, as the most numerous
colonies were obtained (39.75 log CFU ml™). For T105
and B734, the incubation time had to be prolonged for
another 24 hours. These strains demonstrated weaker re-

A

Figure 2. L. helveticus cells displayed under transmission elec-
tron microscopy:

A: B734; B: T105; C: DSM; D: T104; E: T80; 1: S-layer; 2: cell wall: 3:
cell membrane.

dex (A varied from 0.26 to 20
(Fig. 5), which implies high di-
versity of the strains in terms of
the analyzed feature. Only T80 and T104 demonstrated
Ax at a similar level of 0.82 and 0.91, respectively. The

4 5 6

bp M 1 2 3

Figure 3. Agarose gel electrophoresis of the amplified sIpA gene
encoding the surface S-layer protein SIpA of the Lactobacillus
helveticus strains.

Lanes: 1: B734; 2: DSM; 3: T80; 4: T104; 5: T105; 6: Bifidobacterium
animalis subsp. lactis. BB12 (probiotic strain) and M: molecular size
DNA marker.

kDa M 1 2 3 4 5

- —

100 ——
S ——
e

2 ——

Figure 4. SDS-PAGE surface protein profiles of L. helveticus
strains.

Line: 1: B734; 2: DSM; 3: T80; 4: T104; 5: T105; M, molecular weight
protein standards.
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strongest adherence ability was exhibited by L. helveticus 0

B734 (A ,=20), which was ten times greater than that of
the reference strain, whereas the lowest value of adhe-
sion index was noted for the T105 strain.

The ability to coaggregate is a desirable probiotic
property facilitating competitive exclusion of pathogenic
microorganisms from the intestinal epithelium. It ap-
pears to be a strain-specific feature (Table 3). The values
of the measured parameter increased with the longer in-
cubation time. The strongest ability to coaggregate after
5 h was exhibited by the T104 strain with Escherichia coli,
T80 strain with Staphylococcus aurens (43.17%), DSM with
Bacillus subtilis, and B734 with Salmonella.

The autoaggregation capacity was increasing with in-
cubation time (Fig. 6). The highest values were achieved

Time[h] * 2

Figure 6. Autoaggregation abilities demonstrated by L. helveti-
cus strains

for the T80 strain at 4 h and 5 h of incubation, i.e. 51%
and 59%, respectively, whereas the weakest ability to au-
toaggregation was demonstrated by the B734 strain.

DISCUSSION

Lactobacillus helveticus is considered as a multifunctional
LLAB, able to produce bacteriocins and generate bioactive

Table 3. Coaggregation percentage of L. helveticus strains with the representatives of pathogenic bacteria in 1 h time intervals.

Coaggregation (%)

Pathogen L. helveticus strain Time ()
1 3 4 5
T80 8.59+0.006 10.15+0.004 17.33+0.035 19.38+0.002 27.54+0.003
T104 5.18+0.007 11.43+0.002 12.78+0.001 14.29+0.003 32.95+0.005
E. coli T105 6.91+0.014 8.95+0.008 13.50+0.009 13.92+0.002 16.41+£0.005
B734 8.67+0.002 14.13+0.011 14.42+0.004 15.69+0.005 28.07+0.017
DSM 7.34+0.092 10.89+0.010 15.50+0.036 18.51+0.009 17.81+0.002
T80 6.48+0.012 12.31+£0.006 11.27+0.002 16.94+0.006 48.17+0.008
T104 7.68+0.002 9.76+0.013 22.60+0.002 26.40+0.002 32.38+0.004
S. aureus T105 4.60+0.008 7.46+0.012 19.82+0.006 20.62+0.005 43.92+0.001
B734 7.25%£0.003 8.16+0.006 16.44+0.001 26.89+0.002 42.56+0.003
DSM 4.98+0.012 8.10+0.006 15.36+0.003 17.80+0.002 31.43+0.030
T80 9.44+0.006 11.42+0.003 12.61+0.002 18.98+0.002 22.41+0.001
T104 5.44+0.004 11.66+0.006 21.53+0.004 25.00+0.005 30.06+0.005
B. subtilis T105 8.55+0.006 9.08+0.001 12.86+0.002 21.29+0.002 27.10+0.002
B734 5.05+0.002 9.26+0.002 9.75+0.003 13.57+0.004 18.37+0.002
DSM 8.81+0.009 9.17+0.008 12.46+0.013 21.55+0.005 31.23+£0.005
T80 11.54+0.004 12.46+0.018 16.39+0.013 17.11+0.001 22.45+0.002
T104 3.39+0.005 13.48+0.005 15.29+0.004 20.37+0.003 23.44+0.004
Salmonella T105 1.92+0.001 10.14£0.001 12.23+£0.002 18.56+0.004 26.48+0.004
B734 1.26+0.001 1.30+0.001 1.49+0.003 12.30+0.002 33.17+0.007
DSM 2.74+0.005 11.99+0.014 13.93+0.006 19.81+0.017 23.97+0.005
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peptides in fermented dairy products, which enhances
the importance of L. helveticus as health-promoting cul-
ture in functional food products (Giraffa, 2014).

The health-promoting properties of L. helveticus have
been reviewed by Taverniti & Guglielmetti (2013), who
provide evidence that this species positively influences
human health. However, the beneficial health effect of
bacterial activities is strictly dependent on the specific
strain and the dose used (Perdigon et al, 2002; Ongol
et al., 2008).

This study is an attempt to compare several basic re-
quirements imposed on probiotic organisms. The prelim-
inary investigations aim to determine and compare the
desirable potential exhibited by the analyzed L. helveticus
strains, which might be used in dairy applications. Salt
tolerance is one of the several factors that must be tak-
en into account in the initial probiotic starter screening.
Functional starter cultures have to be able to survive and
maintain their health-promoting properties throughout
technological processes (Beganovi¢ ef al, 2014). Salt ad-
dition influenced microbial growth and most of the ana-
lyzed strains were similarly inhibited by NaCl, with the
exception of T104, which was much more resistant. This
may affect the possibility of the application of the strains
in production of food products, e.g. 4% w/v represents
the maximum level of NaCl usually added during sau-
erkraut fermentations (Beganovi¢ ef al, 2014) and most
of the strains tested showed a high tolerance to the salt
content.

The ability to survive under conditions prevailing in
the gastrointestinal tract and the capacity to antagonize
enteropathogens is advantageous for probiotic bactetia
to adhere to the luminal epithelium (Beganovic¢ ef al,
2014). The in vitro study revealed that the survivability
in simulated small intestinal juice and cell capacity of re-
generation varies among the tested bacteria. The T104
strain appears to be the most suitable to survive these
digestion conditions.

Lactobacillus helveticus belonging to the group of lactic
acid bacteria (LAB) possess Generally Recognized as
Safe (GRAS) status (Giraffa, 2014). Nevertheless, the
antibiotic resistance pattern of potential probiotic strains
must be determined in order to exclude the use of mi-
croorganisms containing transferable antibiotic-resistance
genes; moreover, absence of antibiotic resistance is con-
sidered as a safety prerequisite for selection of a probiot-
ic strain (EFSA, 2008). The analyzed L. helveticus strains
were sensitive to most of the tested antibiotics but dis-
played phenotypic resistance to nalidixic acid, which spe-
cifically inhibits DNA synthesis. Research conducted by
Wiatrzyk ef al. (2013) revealed that most strains belong-
ing to Lactobacillus and Bifidobacterium exhibit especially
high sensitivity to B-lactam antibiotics (except for some
cephalosporins) and significant resistance to aminogly-
cosides and nalidixic acid. All probiotic strains isolated
from investigational medicinal products and analyzed by
the scientists were resistant to nalidixic acid (quinolone).

The complete mechanisms of adhesion are not thor-
oughly understood; however, there is evidence that bac-
terial cell-surface associated proteins, e.g. S-layer proteins
in lactobacilli, could be involved in adhesion through
autoaggregation (Kos ez al, 2003; Frece ez al, 2005; Mo-
bili ef al, 2009; Beganovi¢ e# al, 2011b). The role of the
S-layer in the adherence of L. helveticns M92 to mouse
and pig intestinal epithelial cells has been demonstrated
(Kos et al., 2003; Frece et al., 2005). Studies have con-
firmed that several species of the genus Lactobacillus pos-
sess surface S-layer protein (SlpA). Due to their struc-
tural regularity and the unique self-assembling proper-

ties, S-layers have potential for many biotechnological
applications (Avall-Jadskeldinen & Palva, 2005; Hynénen
& Palva, 2013). PCR amplification with specific primers
used to amplify the s/p4 gene revealed the presence of a
single 1.2 kb product in the B734, DSM, T80, and T105
strains. The amplicon mass obtained is in accordance
with the results obtained by Beganovi¢ ef al, (2011a).
Delcour et al. (1999) have suggested that the SIpA pro-
tein may have the highest probability of the interaction
with immune cells associated with the gut.

Lactobacilli S-layer proteins with stable tertiary struc-
tures range from 40 to 60 kDa (Lebeer es al, 2008),
which is in accordance with the surface protein profiles
obtained and presence of a protein with a molecular
weight of approximately 50 kDa, moreover the presence
of the S-layer in all strains has also been confirmed by
the TEM image.

It has been proven that the S-layers of Lactobacillus
species interact with the receptors on the host epithe-
lial cells and block receptor sites on the mucosal surfaces
for the adherence of pathogenic species (van der Mei ef
al., 2003; Liu et af,. 2010). The S-layer protein extract of
L. helveticus RO0O52 was able to ameliorate the pathogene-
sis of E co/i O157:H7; moreover, some research indicates
that the S-layer protein extract incorporated on epithe-
lial cells prior to infection with E. co/i O157 maintained
their cellular integrity and barrier function (Sherman ef
al., 2005; Johnson-Henry ez al, 2007).

Adhesion to the intestinal epithelium is another crite-
rion to be fulfilled by a probiotic culture. This feature
is important for preventing immediate washing out of
the strain by intestinal peristalsis (Beganovi¢ e al, 2014).
Carrying out of probiotic effects is performed by bacte-
rial adhesion, which is a primary requirement for coloni-
zation of GIT and an important prerequisite for compet-
itive exclusion of enteropathogens and capability of im-
munomodulation of the host organism (Kos ez a/. 2003;
Buck et al. 2005; Beganovi¢ e a/, 2011b). Adherence and
colonization of Lactobacillus strains in the intestine is the
fundamental requirement for bacteria to demonstrate
beneficial effects on human health (von Ossowski ez al,
2010). Human enterocyte-like HT-29 cell cultures have
been used as a model system for 7z vitro methods to de-
termine the adherence ability of Lactobacillus strains to
intestinal epithelial cells (Servin & Coconnier, 2003). Mi-
croorganisms that possess probiotic characteristics vary
in their ability to adhere to colonic mucosa (Matto ez al.,
2006), which is also confirmed by the results presented
here i.e. the 7n vitro analysis performed for the L. belveticus
strains.

The study suggests that adhesion to intestinal mucosa
is a significant bacterial property related to the benefi-
cial effects of lactobacilli duting intestinal inflammation
(Castagliuolo e al, 2005). It was also reported that pro-
biotic microorganisms with a higher adhering capac-
ity could adhere to colonic mucosa (Gueimonde e/ al,
2006). This property is essential for colonization of the
gastrointestinal track by probiotic lactic acid bacteria and
ensures their functional stability in the intestine (Rosen-
feldt ez al, 2003). Based on these reports, the B734 strain
might be chosen as having the highest potential for ad-
hesion in the human gastrointestinal tract, but this ability
is ultimately determined by many other factors.

Coaggregation is part of the competitive exclusion
mechanism, which, combined with the antimicrobial
activity of the probiotic strain, might be supportive in
treatment of infectious diseases (Beganovi¢ ¢t af, 2011a).
Coaggregation is an important factor in elimination of
pathogens from the gastrointestinal tract, i.e. in mecha-
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nisms preventing pathogen adherence to host intestinal
epithelial tissue (Todorov ez al, 2008). It has been proven
that Lactobacillus is able to form a barrier through coag-
gregation that prevents colonization by undesirable mi-
croflora (Ferreira ef al, 2011). The coaggregation capacity
might be a preliminary screening determinant for admin-
istration of probiotic bacteria to humans. The L. helveticus
strains tested showed varying degrees of coaggregation
depending on the pathogen and time. The highest per-
centage values were exhibited by the T80 strain coaggre-
gating with S. aureus (48.17%), while T105 reached the
lowest values (16.41%) with E. co/i samples. Gueimonde
et al, 2006 noted a very high specificity in the inhibi-
tion of adhesion and displacement of enteropathogens
by lactobacilli and suggested that case-by-case assessment
should be done in order to select strains with the ability
to inhibit or displace a specific pathogen.

Vlkova and coworkers (2008) reported that auto-ag-
gregation and coaggregation abilities might be used to-
gether for selection of probiotic bacteria. Both processes
are crucial in biofilm formation, which protects the host
from pathogen colonization (Ocafla & Nader-Macias,
2008). Taking into account those two determinants, the
T80 strain appears to have the greatest ability to auto-
aggregate after a 5-h incubation and exhibits the high-
est degree of coaggregation with pathogenic S. aurens. It
has been suggested that the surface-bound protein influ-
ences adherence and autoaggregation abilities of strains
(Nikolic e¢# al, 2010; 2012). In turn, Ramiah e# a/, (2008)
concluded that other factors were responsible for these
properties. Thus, further studies are required to clarify
the differences between strains in the capability of auto-
aggregation and coaggregation.

CONCLUSIONS

Appropriate assessment of microorganisms with dif-
ferent methods is essential for selection and evaluation
of maximum survival of strains exhibiting a health-pro-
moting potential. This is of great importance for devel-
opment of starter cultures’ formulations for functional
food production. The preliminary 7z vitro studies reveal
that the analyzed L. helveticus strains have a great po-
tential, especially the T80 strain, but further studies are
needed to confirm the targeted health-promoting proper-
ties like immunomodulation or antagonist activities. The
Lactobacillus helveticus strains tested might be used in dairy
applications and bring an additional functional value to
the final products.

Conflicts of interests

The authors declare no conflict of interests.

REFERENCES

Avall-Jadskeldinen S, Palva A (2005) Lactobacillus surface layers and
their applications. FEMS Microbio/ Rev 29: 511-29. doi:10.1016/j.
femsre.2005.04.003. .

Beganovi¢ ], Frece J, Kos B, Lebos Pavunc, A, Habjani¢ K, Suskovi¢
J (2011a) Functionality of the S-layer protein from the probiotic
strain Lactobacillus helveticus M92. Antonie van 1eeuwenhoek 100:
43-53. doi: 10.1007/s10482-011-9563-4. .

Beganovi¢ ], Kos B, Lebos Pavunc A, Uroi¢ K, Joki¢ M, Suskovi¢ |
(2014) Traditionally produced sauerkraut as source of autochtho-
nous functional starter cultures. Microbiol Res 169: 623-632. doi:
10.1016/j.micres.2013.09.015.

Beganovi¢ |, Pavunc AL, Gjuraci¢ K, Spoljarec M, Suskovi¢ J, Kos
B (2011b) Improved sauerkraut production with probiotic strain
Lactobacillus plantarum L4 and Leuconostoc mesenteroides LMG
7954. ] Food Sci 76: 124-129. doi: 10.1111/}.1750-3841.2010.02030.x.

Buck BL, Altermann E, Svingerud T, Klaenhammer TR (2005) Func-
tional analysis of putative adhesion factors in Lactobacillus acido-
philus NCEM. App/ Environ Microbiol T1: 8344-8351. doi: 10.1128/
AEM.71.12.8344-8351.2005.

Castaglivolo I, Galeazzi F, Ferrari S, Elli M, Brun P, Cavaggioni A,
Tormen D, Sturniolo GC, Morelli L, Palu G (2005). Beneficial ef-
fect of auto-aggregating Iactobacillus crispatus on experimentally
induced colitis in mice. FEMS Immunol Med Microbiol 43: 197-204.
doi: 10.1016/j.femsim.2004.08.011.

Delcour J, Ferain T, Deghorain M, Palumbo E, Hols P (1999) The
biosynthesis and functionality of the cell-wall of lactic acid bacteria.
Antonie van 1 eemwenhoek 76: 159—184. doi: 10.1023/A:1002089722581.

European Food Safety Authority (2008) Technical guidance prepared
by the Panel on Additives and Products or Substances Used in Ani-
mal Feed (FEEDAP) on the update of the criteria used in the as-
sessment of bacterial resistance to antimicrobials of human or vet-
erinary importance. EFSA | 732: 1-15 doi:10.2903/j.efsa.2008.732.

Ferreira CL, Grzeskowiak L, Collado MC, Salminen S (2011) In vitro
evaluation of Lactobacillus gasseri strains of infant origin on adhesion
and aggregation of specific pathogens. | Food Prot 74: 1482-1487.
doi: 10.4315/0362-028X JFP-11-074.

Frece ], Kos B, Svetec 1K, Zgaga Z, Mrsa V, Suskovi¢ | (2005) Impor-
tance of S-layer proteins in probiotic activity of Lactobacillus acidophi-
Ins M92. | Appl Microbiol 98: 285-292. doi: j.1365-2672.2004.02473 x.

Gatti M, Fornasari E, Neviani E (1997) Cell-wall protein profiles of
dairy thermophilic lactobacilli. Le#t App! Microbiol 25: 345-348. doi:
10.1046/j.1472-765X.1997.00235.x.

Giraffa G (2014) Lactobacillus helveticus: importance in food and
health. Front Microbiol 5: 338, 1-2. doi:10.3389/fmicb.2014.00338.
Golowezye MA, Mobili P, Garrote GL, Abraham AG, De Antoni GL
(2007) Protective action of Lactobacillus kefir carrying S-layer protein
against Salmonella enterica serovar Enteritidis. Int | Food Microbiol 118:

264-273. doi:10.1016/j.ijffoodmicro.2007.07.042.

Gopal PK, Prasad J, Smart ], Gill HS (2001) Iz vitro adhetence prop-
erties of Lactobacillus rhamnosus DR20 and Bifidobacterinm lactis DR10
strains and their antagonistic activity against an enterotoxigenic
Escherichia coli. Int | Food Microbiol 67: 207-216. doi: http://dx.doi.
org/10.1016/S0168-1605(01)00440-8.

Gueimonde M, Jalonen L, He F, Hiramatsu M, Salminen S (2006)
Adhesion and competitive inhibition and displacement of human
enteropathogens by selected lactobacilli. Food Res Int 39: 467-471.
doi:10.1016/j.foodres.2005.10.003.

Hynénen U, Palva A (2013) Lactobacillus surface layer proteins: struc-
ture, function and applications. App/ Microbiol Biotechnol 97: 5225—
5243. doi: 10.1007/s00253-013-4962-2.

Johnson-Henry KC, Hagen KE, Gordonpour M, Tompkins TA, Sher-
man PM. (2007). Surface-layer protein extracts from Lactobacillus
helveticus inhibit enterohaemorrhagic Escherichia coli O157:H7 adhe-
sion to epithelial cells. Cel/ Microbiol 9: 356-367. doi: 10.1111/}.1462-
5822.2006.00791.x.

Kos B, Suskovi¢ J, Vukovi¢ S, Simpraga M, Frece J, Matosi¢ S (2003)
Adhesion and aggregation ability of probiotic strain Lactobacillus aci-
dophilus M92. | Appl Microbiol 94: 981-987.

Laemmli UK (1970) Cleavage of structural proteins during the as-
sembly of the head of bacteriophage T4. Nature 227: 680-685.
doi:10.1038/227680a0.

Lebeer S, Vanderleyden ], De Keersmaecker SC (2008) Genes and
molecules of lactobacilli supporting probiotic action. Microbiol Mo/
Biol Rev 72: 728-764. doi: 10.1128/MMBR.00017-08.

Liu TS, P Zhang, Ma Y, Qin H (2010) Lactobacillus plantarum surface
layer adhesive protein protects intestinal epithelial cells against tight
junction injury induced by enteropathogenic Escherichia coli. Mol Biol
Rep 38: 3471-3480. doi:10.1007/s11033-010-0457-8.

Macfarlane GT, Macfarlane S, Gibson GR (1998) Validation of a
three-stage compound continuous culture system for investigating
the effect of retention time on the ecology and metabolism of bac-
teria in the human colon. Microb Ecol 35: 180—187. doi: 10.1007/
$002489900072.

Matto J, Fondén R, Tolvanen T, von Wright Atte, Vilpponen-Salmela
T, Satokari R, Saatela M (2006) Intestinal survival and persistence
of probiotic Lactobacillus and Bifidobacterium strains administered in
triple-strain yoghurt. Int Dairy ] 16: 1174-1180. doi: 10.1016/j.id-
airyj.2005.10.007.

Mobili P, Serradell MA, Trejo SA, Puigvert FXA, Abraham GA, Anto-
ni De GL (2009) Heterogeneity of S-layer proteins from aggregating
and non-aggregating Lactobacillus kefir strains. Antonie van Leempenhoek
95: 363-372. doi: 10.1007/510482-009-9322-y.

Nazzaro F, Fratianni F, Nicolaus B, Poli A, Orlando P (2012) The
prebiotic source influences the growth, biochemical features and
survival under simulated gastrointestinal conditions of the probiot-
ic Lactobacillus acidophilus. Anaerobe 18: 280-285. doi:10.1016/j.anacr-
0be.2012.03.002

Nikolic M, Jovcic B, Kojic M, Topisirovic L. (2010) Surface proper-
ties of Lactobacillus and Leuconostoc isolates from homemade cheeses
showing autoaggregation ability. Eur Food Res Technol 231: 925-931.
doi: 10.1007/500217-010-1344-1.



720 K. Skrzypczak and others

2015

Nikolic M, Lépez P, Strahinic I, Sudrez A, Kojic M, Fernandez-Garcia
M, Topisirovic L, Golic N, Ruas-Madiedo P (2012) Characterisation
of the exopolysaccharides (EPS)-producing Lactobacillus paraplantarum
BGCG11 and its non-EPS producing derivative strains as potential
probiotics. In | Food Microbiol 158: 155-162. doi: 10.1016/}.ijfoodmi-
cro.2012.07.015.

Ocania VS, Nader-Macias ME (2002) Vaginal lactobacilli: self- and
co-aggregating ability. Br | Biomed Sci 5: 183-190.

Ongol MP, Iguchi T, Tanaka M, Sone T, Ikeda H, Asano K, Nishimu-
ra T (2008) Potential of selected strains of lactic acid bacteria to in-
duce a Thl immune profile. Biosci Biotechnol Biochenr 72: 2847-2857.
doi: 10.1271/bbb.80307.

Perdigon G, Maldonado GC, Valdez JC, Medici M (2002) Interaction
of lactic acid bacteria with the gut immune system. Eur | Clin Nutr
56: 21-26. doi:10.1038/sj.¢jen.1601658.

Polak-Berecka M, Wasko A, Paduch R, Skrzypek T, Sroka-Bartnicka
A (2014) The effect of cell surface components on adhesion ability
of Lactobacillus rhamnosns. Antonie 1 an Leemwenhoek 106: 751-762. doi:
10.1007/s10482-014-0245-x.

Polak-Berecka M, Wasko A, Szwajgier D, Choma A (2013) Bifidogenic
and antioxidant activity of exopolysaccharides produced by Lactoba-
cillus rhammnosus E/N on different carbon sources. Polish | Microbiol
62: 181-189.

Ramiah K, van Reenen CA, Dicks LM (2008) Surface-bound proteins
of Lactobacillus plantarnm 423 that contribute to adhesion of Caco-
2 cells and their role in competitive exclusion and displacement of
Clostridinm  sporogenes and  Enterococcus faecalis. Res Microbiol 159: 470—
475. doi: 10.1016/j.resmic.2008.06.002.

Rogers TR (2002) Antifungal drug resistance: does it matter? [nt | Infect
Dis 6: 47-53. doi: http://dx.doi.org/10.1016/51201-9712(02)90154-
2.

Rosenfeldt V, Pxrregaard A; Larsen CN, Moller PL; Tvede M, Sand-
strom B, Jakobsen M, Michaelsen KF (2003) Faecal recovery, mu-
cosal adhesion, gastrointestinal effects and tolerance of mixed cul-
tures of potential probiotic lactobacilli. Microb Ecol Health D 5: 2-9.
doi: 10.1080/08910600310015547

Servin AL, Coconnier MH (2003) Adhesion of probiotic strains to the
intestinal mucosa and interaction with pathogens. Best Pract Res Clin
Gastroenterol 17: 741-754. doi: http://dx.doi.org/10.1016/81521-
6918(03)00052-0

Sherman PM, Johnson-Henry KC, Yeung HP, Ngo PS, Goulet J,
Tompkins TA (2005). Probiotics reduce enterohemorrhagic Esche-
richia coli O157TH7: H7-induced changes in polatized T84 epithelial
cell monolayers by reducing bacterial adhesion and cytoskeletal rear-
rangements. Infect Immun 73: 5183-5188. doi: 10.1128/I1A1.73.8.5183-
5188.2005

Taverniti V, Guglielmetti S (2012) Health-promoting properties of
Lactobacillus  helveticus. Front Microbiol 3: 392, 1-13. doi: 10.3389/
fmicb.2012.00392

Todorov SD, Botes M, Guigas C, Schillinger U, Wiid I, Wachsman
MB, Holzapfel WH, Dicks LMT (2008) Boza, a natural source
of probiotic lactic acid bacteria. | App/ Microbiol 104: 465-477.
doi:10.1111/j.1365-2672.2007.03558 x.

van der Mei HC, van de Belt-Gritter B, Pouwels PH, Martinez B,
Busscher HJ (2003) Cell surface hydrophobicity is conveyed by
S-layer: a study in recombinant lactobacilli. Colloids Surf., B 28: 127—
134 doi:10.1016/80927-7765(02)00144-3.

Vlkova E, Rada V, Smehilova M, Killer ] (2008) Auto-aggregation and
co-aggregation ability in bifidobacteria and clostridia. Folia Microbiol
(Praha) 53:263-269. doi: 10.1007/512223-008-0040-z.

von Ossowski I, Reunanen J, Satokari R, Vesterlund S, Kankainen M,
Huhtinen H, Tynkkynen S, Salminen S, de Vos WM, Palva A (2010)
Mucosal adhesion properties of the probiotic Lactobacillus rhamnosus
GG SpaCBA and SpaFED pilin subunits. App/ Environ Microbiol 76:
2049-2057. doi: 10.1128/ AEM.01958-09.

Wasko A, Szwajgier D, Polak-Berecka M (2014) The role of ferulic
acid esterase in the growth of Lactobacillus helveticus in the presence
of phenolic acids and their derivatives. Exr Food Res Technol 238:
299-236. doi:10.1007/s00217-013-2107-6.

Wiatrzyk A, Polak M, Czajka U, Krysztopa-Grzybowska K, Lutyiska
A (2013) Phenotypic and genotypic characterization of probiotic
bacterial strains used in medicinal products. Med Dosw Mikrobiol 65:
47-56.



