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Abstract
Themain objective of this study was to isolate lactic acid bacteria from kefir grains and investigate their probiotic potential. In this
study, 48 bacterial strains were isolated from kefir grains, whereas 39 strains were categorized to the genus Lactobacillus.
Evaluation of the probiotic potential of the isolated stains was performed, including resistance to low pH, tolerance to pepsin,
pancreatin and bile salts, and antibiotic resistance. In addition, evaluation of adhesion and antiproliferative properties in in vitro
experimental systems was also conducted. Strains SP2 and SP5 that displayed the best performance in the conducted in vitro tests
were selected for further studies. Firstly, genotypic identification of the two strains was performed by partial 16S rRNA gene
sequencing, BLAST analysis, and species-specific multiplex PCR assay. The two strains were confirmed to be Pediococcus
pentosaceus SP2 and Lactobacillus paracasei SP5. Then, the adhesion properties of the two strains were examined in vitro. Both
strains displayed substantial adherence capacity to HT-29 human colon cancer cells. Moreover, a significant decrease of HT-29
cell growth after treatment with viable P. pentosaceus SP2 or L. paracasei SP5 was recorded. In addition, downregulation of anti-
apoptotic genes and over-expression of cell cycle–related genes was recorded by real-time PCR analysis. Treatment with
conditioned media of the two strains also caused significant reduction of cancer cell proliferation in a time- and concentration-
dependent manner. P. pentosaceus SP2 and L. paracasei SP5 displayed the best probiotic properties that exerted substantial
adherence on human colon cancer cells as well as significant anti-proliferative properties.
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Introduction

Probiotics are defined as health-promoting bacteria.
Lactobacillus species, such as Lactobacillus casei,
L. paracasei, L. rhamnosus, and L. plantarum, are among the
most common probiotic bacteria, which are used for the pro-
duction of many dairy and non-dairy fermented food products
(Granato et al. 2010; Rivera-Espinoza and Gallardo-Navarro
2010). Probiotic foods must contain an adequate amount (at
least 106 CFU/g) of live microorganisms (Weese and Martin
2011), although recent studies aim towards the development of
novel functional food products containing either inactivated
cells or cell extracts (Howarth and Wang 2013). The health-
promoting properties of probiotics were originally described
by the Russian immunologist, Elie Metchnikoff, and presented
in his book BThe prolongation of life^ published in 1907.
Nowadays, several studies have demonstrated that probiotics
may be successful against several digestive disorders, such as
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the irritable bowel disease (Del Carmen et al. 2011), antibiotic-
associated diarrhea (Szajewska and Kołodziej 2015), and the
necrotizing enterocolitis (Deshpande et al. 2010). In addition,
probiotics may also have a positive impact against colorectal
cancer prevention. They act through various molecular and cel-
lular mechanisms that include alteration of the intestinal micro-
flora, adhesion to colon cancer cells, and anti-proliferative ac-
tivity (Bermudez-Brito et al. 2012).

The beneficial effects of probiotic bacteria have been con-
sidered to be strain-specific. Thus, different bacterial strains of
the same species may induce completely different effects on
the host (Campana et al. 2017). For that reason, a case-by-case
approach should be followed to study the specific properties
of individual strains and evaluate their potential positive effect
on health. In addition, an elegant study has demonstrated re-
cently that probiotic efficacy may also be person-specific and
dependent on the host gastrointestinal (GI) microbiome com-
position and structure (Zmora et al. 2018). Therefore, future
probiotics should be tailored-made to cover the needs of each
individual rather than being universally consumed.

Probiotic bacteria are isolated mainly from the human gas-
trointestinal tract as well as from several fermented dairy prod-
ucts, including yogurt, cheese, and kefir. Kefir is an acidic,
self-carbonated beverage made from the fermentation of kefir
grains with milk. Regular consumption of kefir has been as-
sociated with gastro-protective, anti-hypertensive, and anti-
allergenic activities (Rosa et al. 2017). Furthermore, some
strains of kefir microflora, exhibit antimicrobial, anti-inflam-
matory, antioxidant, and potentially anti-cancer properties
(Rosa et al. 2017; Sharifi et al. 2017). Moreover, in some
cases, kefir grains demonstrated immunomodulatory activi-
ties, as well as improvement of lactose intolerance in animal
models (Rosa et al. 2017). The quality and the health benefits
of kefir are mainly dependent on the exact composition of the
microflora of the grains, which also affects the sensory char-
acteristics of kefir. Kefir grains microflora mainly consists of
lactic acid bacteria (LAB) (L. brevis, L. plantarum, L. casei,
L. paracasei, etc.), Streptococci (Streptococcus salivarius),
Lactococci (Lactococcus lactis ssp. thermophilus), and yeasts
(Kluyveromyces, Torulopsis, and Saccharomyces sp.)
(Vardjan et al. 2013; Garofalo et al. 2015). The beneficial
features mentioned in the literature lately indicate that kefir
grains are a promising possible source of new microbial
strains for the development of functional foods (Zheng et al.
2013; Raja et al. 2009; Cho et al. 2009; Bengoa et al. 2018).

The aim of our study was to identify and characterize a
number of lactic acid bacteria isolated from a commercially
available Russian kefir drink and evaluate their probiotic po-
tential. Assessment of the probiotic potential was based on the
general guidelines of WHO/FAO (FAO/WHO 2002) and in-
cluded tolerance to pH and bile salts concentrations mimick-
ing intestinal conditions, safety assessment, molecular
genotyping and phylogenetic analysis, evaluation of adhesion

properties, and antiproliferative properties in in vitro experi-
mental systems. The isolated strains with the most promising
probiotic properties might be employed in further research for
the production of highly added value and innovative function-
al food products.

Materials and methods

Isolation of LAB strains from kefir grains

Kefir grains were obtained from a Russian kefir drink that was
bought from a local market. The kefir grains were gently sep-
arated from the drink using a strainer and they were washed
with sterile de Man, Rogosa, and Sharp (MRS) broth (Sigma-
Aldrich, Taufkirchen Germany). Lactic acid bacteria were iso-
lated from kefir grains through the following procedure. The
grains (50 g) were aseptically weighted into filtered stomacher
bags and homogenized with 250 mL (0.1% w/v) peptone wa-
ter for 3 min. Samples were then serially diluted and 1 mL of
dilution was incorporated into MRS agar (Sigma-Aldrich).
MRS pla tes were incubated a t 37 °C for 48 h.
Morphologically distinct colonies were isolated from the plate
of kefir grain and cultivated in MRS broth (Acumedia) at
30 °C for 48 h. All isolates were further purified by streak
plating and preliminarily identified based on their morpholog-
ical and staining characteristics (Gram-positive bacilli). In ad-
dition, negative catalase reaction (3% v/v H2O2) was applied.

In vitro tests simulating the human GI tract

Resistance to low pH, pepsin, pancreatin, and tolerance
to bile salts

The isolated strains were tested for resistance to low pH as
described previously (Plessas et al. 2017). Briefly, bacterial
cells from overnight cultures (18 h) were collected by centri-
fugation at 10,000×g at 4 °C for 5 min, washed twice with
phosphate-buffered saline (PBS) (pH 7.2), and resuspended in
PBS adjusted to different pH including 2.0, 3.0, and 4.0.
Resistance to low pH was measured by counting viable colo-
nies on MRS agar plates after an incubation period of 0 and
2 h at 37 °C. For resistance of the lactobacilli to pepsin and
pancreatin, the bacterial cells from overnight cultures were
collected by centrifugation as described above, washed twice
with PBS and then resuspended either in PBS solution pH 2.0
containing pepsin (3 mg/mL; Sigma-Aldrich), or in PBS so-
lution pH 8.0 containing pancreatin USP (1 mg/mL; Sigma-
Aldrich). The viable cell populations were determined after
incubation on MRS agar plates at 37 °C for 0 and 3 h with
pepsin and 0 and 4 h with pancreatin, respectively. Finally, to
assesses tolerance to bile salts, cells from overnight cultures
were centrifuged, washed twice with PBS buffer, and
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resuspended in PBS solution (pH 8.0), containing 0.5% (w/v)
bile salts. Resistance was assessed in terms of viable colony
counts and enumerated after incubation at 37 °C for 0 and 4 h
reflecting the time spent by food in the small intestine. All
experiments were performed in triplicates and the results are
presented as average values plus standard deviations.

Resistance to synthesized antibiotics

Antibiotics resistance was determined by the gradient diffu-
sion method using M.I.C. Evaluator® strips. Τen common
antibiotics were used (amoxycillin, ampicillin, amoxycillin/
clavulanic acid, clindamycin, erythromycin, gentamicin, met-
ronidazole, tetracycline, tigecycline, and vancomycin) in con-
centration ranged from 0.015 to 256 μg/mL. Evaluator strips
were placed on the surface of Mueller-Hinton agar plates al-
ready inoculated with 107 CFU/mL bacterial cells (McFarland
turbidity index) and incubated at 37 °C for 24 h in
microaerophilic conditions. The results were expressed in
term of Minimum Inhibitory Concentration (MIC) (μg/mL).
Three replicates per strain were conducted. L. plantarum
ATCC 14917 was used as a reference strain.

Bacterial strains and culture conditions

L. casei ATCC 393 and L. plantarum ATCC 14917 were
obtained from ATCC (LGC Standards, Middlesex, UK).
L. paracasei K5 was recently isolated from Greek feta-type
cheese in our lab (Plessas et al. 2017). All strains were grown
anaerobically at 37 °C on MRS broth (Sigma-Aldrich).

DNA extraction, PCR amplification, and phylogenetic
organization

Genomic DNA was isolated using a genomic isolation
kit NucleoSpin Tissue (Macherey Nagel, Düren,
Germany) following the manufacturer’s instructions.
The concentration and the purity of the extracted DNA
were measured at Nanodrop Spectrophotometer 2000.
PCR reactions were carried out as reported before
(Plessas et al. 2017). The primers P1 and P2 were de-
scribed by Klijn et al. (1991). The reactions were ana-
lyzed by electrophoresis on 1% (w/v) agarose gels
stained with 0.5 μg/mL ethidium bromide, visualized
under UV illumination and photographed with a digital
camera (GelDoc EQ system, Biorad, Segrate, Italy). The
PCR products were purified using a PCR extraction kit
(Macherey-Nagel) and sent for sequencing to VBC-
Biotech, Austria. The obtained DNA sequences were
searched in the GenBank database using the BLAST
program. Sequences of the top BLAST hits were
aligned with the 16S rRNA gene sequence of the iso-
lated strain of interest using the Clustal W program

(www.ebi.ac.uk/Tools/msa/clustalw2). Phylogenetic trees
were then constructed using the neighbor-joining meth-
od within the MEGA 6 software.

Species-specific multiplex PCR

Species-specific multiplex PCRwas performed as reported before
(Plessas et al. 2017). Primers PAR, CAS, RHA, and CPR were
described byVentura et al. (2003). The reactionswere analyzed by
electrophoresis on 1% (w/v) agarose gels stained with 0.5 μg/mL
ethidium bromide, visualized under UV illumination, and
photographed with a digital camera (GelDoc EQ system, Biorad).

Cancer cell lines

The human colon adenocarcinoma cell line HT-29 was pur-
chased from the American-Type Culture Collection (ATCC).
Cells were maintained under sterile conditions at 37 °C, 5%
CO2 in a humidified atmosphere, and cultured in RPMI-1640
medium supplemented with 10% heat-inactivated fetal bovine
serum, 100 U/mL penicillin, and 100 μg/mL streptomycin (all
from Biosera, Boussens, France).

Assessment of bacterial adhesion by quantitative
analysis

The quantitative analysis of bacterial adhesion to HT-29 cells
was performed as reported by Saxami et al. (2016). Briefly,
3 × 105 cells/well were seeded in 24-well culture plates.
Bacterial cultures were grown in MRS, overnight at 37 °C,
108 bacterial cells were added to each well, with each strain
being tested in tetraplicates. Following co-incubation at 37 °C
for the indicated times (2 and 4 h), the cells were washed three
times with PBS, lysed with 1% Triton X-100 (Sigma-
Aldrich), and the lysates were serially diluted, plated on
MRS agar, and incubated at 37 °C for 72 h. Adhesion values
(%) were calculated as follows: % adhesion = (VB/VA) * 100,
where VA is the initial viable count of bacteria tested, and VB
is the viable bacteria count obtained from the HT-29 cells, at
the end of the experiment.

Preparation of conditioned medium

For the preparation of the conditioned medium (CM), the
strains were grown in MRS broth (Sigma-Aldrich) at 37 °C
for 16 h. At late-log phase of growth (109 CFU/mL), the
cultures were diluted to sterile PBS (Biosera) and centri-
fuged at 4000×g for 15 min. Then, the cultures were used
to inoculate RPMI-1640 containing 10% FBS and 25 mM
Hepes (all frοm Biosera) and were grown anaerobically for
24 h at 37 °C. Culture supernatants were collected by cen-
trifugation at 4000×g for 15 min and filtered twice through a
0.22-μm pore size filter.

Ann Microbiol (2019) 69:751–763 753

http://www.ebi.ac.uk/Tools/msa/clustalw2


Cell proliferation assay

The anti-proliferative effects of lactobacilli were determined
on HT-29 cells by sulforhodamine B (SRB) colorimetric assay
as described previously (Saxami et al. 2016). Briefly, HT-29
cells were seeded in 96-well microplates at a density of 6 ×
103 cells per well. After the incubation period with live
lactobacilli (24 and 48 h) or conditioned medium (48 and
72 h), cells were fixed with 10% (w/v) trichloroacetic acid
(Sigma-Aldrich) and stained with 0.4% (w/v) SRB (Sigma-
Aldrich) for 30 min, after which the excess dye was removed
by washing repeatedly with 1% (v/v) acetic acid (Scharlau,
Barcelona, Spain). The bound dye was dissolved in 10 mM
Tris base (Sigma-Aldrich) and the absorbance was determined
at 570 nm using a microplate reader. Cells treated with normal
culture medium (untreated) were used as control. The percent
cellular survival was calculated using the formula:

½ sample OD570−media blank OD570ð Þ=
mean control OD570−media blank OD570ð Þ� � 100

RNA extraction and cDNA synthesis

Total RNAwas extracted fromHT-29 cells using RNAiso Plus
(Takara, Saint-Germain-en-Laye, France) based on manufac-
turer’s protocol. The concentration and quality of the extracted
RNA were assessed spectrophotometrically and by agarose
gel electrophoresis. cDNA was synthesized from 1 μg total
RNA by using PrimeScript 1st Strand cDNA Synthesis Kit
(Takara) according to manufacturer’s instructions.

Quantitative PCR

Real-time PCR was performed on a StepOne PCR System in
MicroAmp® Fast Optical 48-Well Reaction Plates (both from
Thermo Fisher Scientific, Waltham, USA) using the KAPA
SYBR® FAST qPCR Kit (Kapa Biosystems, Wilmington,
USA) according to manufacturer’s instructions under the fol-
lowing conditions: 95 °C for 3 min followed by 40 cycles of
95 °C for 15 s and 60 °C for 1 min. The housekeeping gene b-
actin was used as an internal control for normalization. Each
reaction was performed in duplicates and each experiment
included two non-template controls. The sequences of Bcl-2,
Bcl-xL, Survivin, cyclin A, cyclin B1, cyclin B2, and b-actin
primers are shown in Table S1. Primer specificity was verified
by performing a melting curve analysis. For the relative quan-
tification of transcripts the formula RQ = 2-ΔΔCt was used.

Statistical analysis

Graphical representations of the data were performed using
GraphPad Prism. Statistical analysis was performed using

IBM® SPSS® v20 (IBM Corp. Armonk, NY, USA).
Results are represented as the mean ± SD. Statistical differ-
ences were analyzed by ANOVAwith Fisher’s LSD post hoc
application. A p value of less than 0.05 was considered statis-
tically significant.

Results

Isolation of lactic acid bacterial strains
and assessment of their probiotic potential

Initially, 48 strains were isolated from kefir grains. Thirty-nine
strains were categorized to the genus Lactobacillus. The iso-
lated LAB strains were screened in a series of established
in vitro tests for probiotic potential such as (i) resistance to
low pH, (ii) resistance to pepsin and pancreatin, (iii) tolerance
to bile salts, and (iv) antibiotic resistance. L. plantarum ssp.
plantarum ATCC 14971 was employed in the above in vitro
tests as a reference probiotic strain, as reported in previous
studies (Wang et al. 2016; Plessas et al. 2017). The outcome
showed that ten of these strains displayed probiotic potential.
The ten strains that showed resistance to pH 3.0 and pH 4.0 are
presented on Table 1. Notably, strains SP2 and SP5 displayed
adequate viability to pH 2.0, comparable to the reference
strain. Concerning resistance to pepsin and pancreatin and
tolerance to bile salts, strains SP2 and SP5 again exhibited
the best scores and the achieved viabilities were near to the
respective values of the reference strain (Table 1).

Accordingly, Table 2 presents the MIC (μg/mL) results of
the ten strains, as well the MIC of L. plantarum ATCC 14917
(reference strain) against ten common synthesized antibiotics.
It is evident that all lactobacilli were resistant to vancomycin
(MIC > 256 μg/mL) and tetracycline (MIC > 4 μg/mL).
Additionally, six strains were resistant to clindamycin (MIC
> 1 μg/mL) and seven were resistant to erythromycin (MIC >
1 μg/mL). MIC ranged from 2.41 to 5.78 μg/mL for amoxi-
cillin, 0.18–2.67μg/mL for amoxicillin-clavulanic acid, 0.28–
2.15 μg/mL for ampicillin, 3.30–10.07 μg/mL for
gentamycin, 44.8–256 μg/mL and above for metronidazole,
and finally, 0.15–0.79 μg/mL for tigecycline, respectively.
Notably, strains SP2 and SP5 showed the lowest MIC values
for ampicillin, ampicillin, clindamycin, tetracycline, and
tigecycline.

Molecular characterization and phylogenetic analysis
of strains SP2 and SP5

LAB strains SP2 and SP5 recorded the highest scores in the
conducted in vitro tests; likewise, were chosen for further
study. Firstly, to characterize strains SP2 and SP5 at species-
level, a variable region of the 16S rRNA gene was amplified,
sequenced, and BLAST analysis was performed to reveal the

754 Ann Microbiol (2019) 69:751–763



Ta
bl
e
1

A
ss
es
sm

en
to

f
vi
ab
ili
ty

of
th
e
is
ol
at
ed

st
ra
in
s
af
te
r
ex
po
su
re

to
lo
w
pH

,b
ile

sa
lts
,p
ep
si
n,
an
d
pa
nc
re
at
in
.I
n
al
lt
es
ts
,t
he

pr
ob
io
tic

L.
pl
an
ta
ru
m
A
T
C
C
14
91
7
se
rv
ed

as
a
re
fe
re
nc
e
st
ra
in

Fi
na
lc
ou
nt
s
(l
og

C
FU

/m
L
)

Pr
op
er
ty

Is
ol
at
ed

La
ct
ob
ac
ill
us

st
ra
in
s

T
im

e
(h
)

S
P
2

S
P
5

S
P
10

S
P
12

S
P
24

SP
25

SP
29

S
P3

1
SP

35
S
P3

8
L.

pl
an
ta
ru
m

R
es
is
ta
nc
e
to

lo
w
pH

0
9.
1
±
0.
14

c
9.
1
±
0.
14

c
8.
2
±
0.
22

a
8.
5
±
0.
11

ab
c

9.
0
±
0.
48

b
c

8.
4
±
0.
62

ab
8.
3
±
0.
44

a
8.
1
±
0.
19

a
8.
2
±
0.
14

a
8.
3
±
0.
67

a
9.
1
±
0.
21

c

pH
=
2

2
6.
2
±
0.
10

d
6.
1
±
0.
05

d
5.
1
±
0.
85

c
nd

nd
2.
8
±
0.
13

b
nd

1.
9
±
0.
14

a
nd

nd
7.
9
±
0.
15

e

pH
=
3

2
7.
8
±
0.
04

d
fe

8.
1
±
0.
05

f
7.
1
±
0.
13

c
6.
3
±
0.
25

b
7.
4
±
0.
24

cd
8.
0
±
0.
73

ef
7.
6
±
0.
30

cd
e

6.
4
±
0.
27

b
5.
4
±
0.
13

a
5.
1
±
0.
29

a
7.
8
±
0.
05

d
ef

pH
=
4

2
8.
4
±
0.
05

e
8.
6
±
0.
11

e
6.
9
±
0.
07

c
6.
0
±
0.
35

b
7.
4
±
0.
19

c
8.
3
±
0.
29

e
7.
5
±
0.
29

cd
5.
3
±
0.
19

a
5.
1
±
0.
55

a
5.
4
±
0.
92

ab
8.
1
±
0.
10

d
e

P
ep
si
n

0
9.
1
±
0.
08

e
8.
8
±
0.
10

d
e

8.
1
±
0.
82

cd
8.
0
±
0.
22

b
c

7.
5
±
0.
29

ab
c

8.
0
±
0.
81

b
c

7.
9
±
0.
19

b
c

7.
1
±
0.
61

a
7.
4
±
0.
23

ab
c

7.
8
±
0.
41

ab
c

7.
3
±
0.
05

ab

3
6.
2
±
0.
07

d
6.
5
±
0.
12

d
3.
8
±
0.
79

b
4.
8
±
0.
28

c
5.
2
±
0.
21

c
3.
5
±
0.
29

b
5.
3
±
0.
29

c
5.
2
±
0.
19

c
2.
8
±
0.
21

a
2.
8
±
0.
19

a
6.
7
±
0.
15

d

P
an
cr
ea
tin

0
9.
0
±
0.
09

e
8.
9
±
0.
08

e
7.
0
±
0.
41

a
7.
4
±
0.
15

ab
8.
3
±
0.
35

d
7.
7
±
0.
38

b
c

8.
5
±
0.
25

d
e

7.
4
±
0.
15

ab
7.
2
±
0.
05

ab
7.
7
±
0.
73

b
c

8.
2
±
0.
10

cd

4
7.
3
±
0.
11

d
6.
3
±
0.
05

c
3.
7
±
0.
56

b
2.
9
±
0.
26

a
4.
2
±
0.
21

2.
7
±
0.
19

a
8.
1
±
0.
44

e
6.
0
±
0.
19

c
3.
1
±
0.
87

ab
2.
9
±
0.
12

a
7.
5
±
0.
10

d
e

B
ile

sa
lts

0
9.
1
±
0.
05

d
8.
8
±
0.
11

cd
8.
4
±
0.
94

b
c

9.
0
±
0.
11

cd
8.
9
±
0.
37

cd
8.
6
±
0.
61

b
cd

8.
5
±
0.
11

b
cd

8.
1
±
0.
19

b
5.
5
±
0.
17

a
5.
3
±
0.
22

a
8.
7
±
0.
20

b
cd

4
8.
0
±
0.
05

d
7.
1
±
0.
05

c
8.
3
±
0.
29

d
9.
0
±
0.
13

e
9.
0
±
0.
21

e
8.
0
±
0.
33

d
8.
3
±
0.
19

d
7.
5
±
0.
15

c
5.
3
±
0.
49

b
4.
5
±
0.
36

a
8.
0
±
0.
15

d

D
if
fe
re
nt

su
pe
rs
cr
ip
tl
et
te
rs
de
no
te
s
a
st
at
is
tic
al
ly

si
gn
if
ic
an
td

if
fe
re
nc
e
in

vi
ab
ili
ty

be
tw
ee
n
th
e
va
ri
ou
s
st
ra
in
s
fo
r
ea
ch

pr
op
er
ty

(A
N
O
V
A
w
ith

F
is
he
r’
s
L
SD

po
st
ho
c
ap
pl
ic
at
io
n)

nd
,n
on
-d
et
ec
te
d

Ann Microbiol (2019) 69:751–763 755



Ta
bl
e
2

M
IC

(μ
g/
m
L
)o

f
an
tib

io
tic
s
fo
r
sp
ec
if
ic
La

ct
ob
ac
ill
us

st
ra
in
s
as

de
te
rm

in
ed

by
gr
ad
ie
nt
di
ff
us
io
n
us
in
g
M
.I
.C
.E

va
lu
at
or
®
st
ri
ps
.T

he
pr
ob
io
tic

L.
pl
an
ta
ru
m
A
T
C
C
14
91
7
se
rv
ed

as
a
re
fe
re
nc
e

st
ra
in

A
ge
nt

S
P2

S
P5

S
P1

0
S
P1

2
S
P
24

S
P
25

SP
29

S
P
31

S
P
35

S
P3

8
L.

pl
an
ta
ru
m

C
ut
-

O
ff
‡

(M
IC

μ
g/
m
L
)

A
m
ox
yc
ill
in

4.
73

±
0.
84

d
ef

1.
28

±
0.
24

a
4.
2
±
0.
26

cd
e

3.
42

±
1.
01

b
cd

5.
24

±
1.
08

ef
3.
76

±
1.
25

b
cd

3.
9
±
0.
14

cd
e

5.
78

±
0.
94

f
3.
09

±
0.
98

b
cd

2.
41

±
0.
95

ab
2.
86

±
0.
78

b
c

n.
r.†

A
m
ox
yc
ill
in

+
cl
av
ul
an
ic
ac
id

1.
14

±
0.
25

b
c

0.
79

±
0.
29

ab
1.
38

±
0.
58

b
c

0.
20

±
0.
07

a
0.
18

±
0.
11

a
0.
25

±
0.
07

a
1.
67

±
0.
58

c
0.
20

±
0.
07

a
0.
18

±
0.
11

a
0.
25

±
0.
19

a
2.
67

±
1.
15

d
n.
r.†

A
m
pi
ci
lli
n

1.
01

±
0.
14

b
c

0.
28

±
0.
04

a
2.
15

±
0.
01

f
1.
14

±
0.
28

b
c

1.
42

±
0.
14

d
1.
67

±
0.
08

e
2.
00

±
0.
11

e
1.
33

±
0.
28

cd
0.
89

±
0.
14

b
1.
28

±
0.
58

b
cd

0.
33

±
0.
18

a
4†

C
lin

da
m
yc
in

0.
28

±
0.
13

a
0.
88

±
0.
09

b
cd

1.
12

±
0.
25

d
e

0.
83

±
0.
19

b
cd

2.
00

±
0.
09

f
1.
33

±
0.
37

e
1.
00

±
0.
21

cd
e

0.
64

±
0.
10

b
2.
09

±
0.
12

f
1.
91

±
0.
27

f
0.
67

±
0.
20

b
c

1†

E
ry
th
ro
m
yc
in

0.
99

±
0.
08

ab
0.
48

±
0.
11

a
1.
41

±
0.
21

b
cd

1.
19

±
0.
41

b
c

2.
31

±
0.
21

e
1.
77

±
0.
39

cd
e

0.
53

±
0.
17

a
1.
09

±
0.
42

ab
1.
83

±
0.
32

d
e

1.
77

±
0.
19

cd
e
1.
00

±
0.
87

ab
1†

G
en
ta
m
yc
in

4.
59

±
0.
82

ab
c

8.
01

±
2.
47

d
e

5.
81

±
0.
29

b
cd

3.
30

±
1.
11

a
4.
16

±
0.
21

ab
10
.0
7
±
1.
87

e
6.
67

±
1.
09

cd
4.
21

±
1.
15

ab
4.
09

±
0.
65

ab
7.
23

±
2.
08

d
3.
33

±
1.
15

a
32

†

M
et
ro
ni
da
zo
le

18
7.
3
±
38
.1
6b

c
15
3.
6
±
38
.1
b

21
7.
9
±
29
.7
d
18
4.
7
±
21
.0
8c

44
.8
±
8.
47

a
13
7.
4
±
29
.4
b
20
8.
3
±
33
.8
cd

20
6.
1
±
30
.7
5c

d
15
3.
0
±
41
.0
3b

15
9.
2
±
27
.8
b
c

>
25
6d

n.
r.†

Te
tr
ac
yc
lin

e
4.
18

±
1.
45

a
4.
27

±
0.
16

a
10
.0
3
±
0.
54

cd
6.
41

±
1.
08

ab
d
12
.9
±
1.
07

cd
4.
75

±
0.
47

ab
4.
29

±
1.
09

a
7.
21

±
1.
08

b
d

13
.9
±
1.
09

d
10
.9
7
±
1.
48

cd
13
.3
±
4.
62

d
4†

T
ig
ec
yc
lin

e
0.
15

±
0.
02

a
0.
24

±
0.
04

ab
0.
39

±
0.
07

cd
0.
52

±
0.
09

d
e

0.
79

±
0.
11

f
0.
61

±
0.
07

ef
0.
75

±
0.
09

f
0.
42

±
0.
09

cd
0.
53

±
0.
11

d
e

0.
49

±
0.
08

d
e
0.
33

±
0.
14

b
c

n.
r.†

V
an
co
m
yc
in

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

>
25
6a

n.
r.†

D
if
fe
re
nt

su
pe
rs
cr
ip
tl
et
te
rs
in

a
ro
w
de
no
te
s
a
st
at
is
tic
al
ly

si
gn
if
ic
an
td

if
fe
re
nc
e
in

M
IC

va
lu
es

be
tw
ee
n
th
e
va
ri
ou
s
st
ra
in
s
(A

N
O
V
A
w
ith

Fi
sh
er
’s
L
SD

po
st
ho
c
ap
pl
ic
at
io
n)

‡
B
re
ak
po
in
ts
ar
e
re
fe
rr
ed

to
L.

ca
se
i/p

ar
ac
as
ei
st
ra
in
s.
E
FS

A
br
ea
kp
oi
nt
s
fo
r
ot
he
r
ty
pe
s
of

L
A
B
s
ar
e
sl
ig
ht
ly

di
ff
er
en
t

†
St
ra
in
s
w
ith

M
IC

hi
gh
er

th
an

th
e
br
ea
kp
oi
nt
s
ar
e
co
ns
id
er
ed

as
re
si
st
an
ta
cc
or
di
ng

to
E
FS

A
(E
FS

A
,2
01
2)

n.
r.,

no
tr
eq
ui
re
d

756 Ann Microbiol (2019) 69:751–763



most similar sequences and species. It was found that strain SP2
shared 99% similarity to Pediococcus pentosaceus species,
whereas the strain SP5 shared 99% similarity to Lactobacillus
casei and Lactobacillus paracasei species. For discrimination
of the two species, a second PCR assay was then performed for
strain SP5, utilizing species-specific primer sets based on the tuf
gene (Ventura et al. 2003). As shown in Fig. 1, strain SP5
displayed the distinctive pattern of L. paracasei species, gener-
ating two amplicons at 240 bp and 520 bp, respectively.
Therefore, strain SP5 was identified as belonging to the species
of L. paracasei and it was named L. paracasei SP5. The phy-
logenetic relationships of L. paracasei SP5 and P. pentosaceus
SP2 are presented in Fig. S1.

Evaluation of adhesion ability of P. pentosaceus SP2
and L. paracasei SP5 on HT-29 colon cancer cells

To determine the adhesion capacity of P. pentosaceus SP2 and
L. paracasei SP5 to HT-29 colon cancer cell line, quantitative
analysis was performed. L. casei ATCC 393 was used as a
reference sample. Our results showed that the adherence ca-
pacities of both strains are similar to the well-characterized
probiotic strain L. casei ATCC 393. In particular, after 2 h of
co-incubation, the adhesion rates of P. pentosaceus SP2 and
L. paracasei SP5 were approximately 40% (Fig. 2a).
Increased adhesion rates were documented for both strains
after 4 h of co-incubation with the cancer cells (Fig. 2b).

Viable P. pentosaceus SP2 and L. paracasei SP5 cells
reduce proliferation of HT-29 cells

Τo assess the anti-proliferative properties of P. pentosaceus SP2
and L. paracasei SP5 in vitro, SRB assay was employed in two
time-points (24 and 48 h) and at two concentrations of viable
cells (107 and 108 CFU/mL) in HT-29 human colon carcinoma
cells (Fig. 3). L. casei ATCC 393 was used as a reference strain.
Both strains exhibited a significant (P < 0.05) decrease of HT-29
growth in a time- and concentration-dependent manner.
Specifically, treatment of cancer cells with 108 CFU/mL
P. pentosaceus SP2 cells for 48 h caused an up to 80% reduction
of cell survival. Similar results were recorded for L. paracasei
SP5. Notably, treatment with L. casei ATCC 393 resulted in a
lower inhibitory effect on the survival of HT-29 cell line (Fig. 3).

P. pentosaceus SP2 and L. paracasei SP5 induce
downregulation of anti-apoptotic genes
and over-expression of cyclin A gene on HT-29 cells

To gain more insight into the anti-proliferative effects of strains
P. pentosaceus SP2 and L. paracasei SP5, the expression levels
of apoptosis and cell cycle-related genes were studied by qPCR
analysis. HT-29 cells were treated for 6 and 12 h with 108 CFU/
mL P. pentosaceus SP2 or L. paracasei SP5 cells and the
mRNA levels of Bcl-2, Bcl-xL, Survivin, cyclin A, B1, and B2
were analyzed. As shown in Fig. 4 a and b, treatment with
P. pentosaceus SP2 and L. paracasei SP5 resulted in significant
reduction of Bcl-2 and Bcl-xLmRNA levels. Moreover, the two

200 bp

500 bp

M 1 2 3

240 bp

520 bp

1000 bp

Fig. 1 Species-specific multiplex PCR for Lactobacillus SP5. Agarose
gel electrophoresis of PCR products frommultiplex PCRwith the primers
CAS, PAR, RHA, CPR, and DNA from pure cultures of L. casei ATCC
393 (line 1), L. paracasei K5 (line 2), and Lactobacillus SP5 (line 3). M:
100 bp DNA marker

0

20

40

60

80

P. pentosaceus L. paracasei L. casei

)
%( noisehdA

2 Hours

4 Hours

SP2 SP5 ATCC 393

Fig. 2 Assessment of the adhesion ability of P. pentosaceus SP2 and
L. paracasei SP5 to HT-29 cells by quantitative analysis. HT-29 cells
were incubated with 108 CFU/mL of P. pentosaceus SP2, L. paracasei
SP5, or L. casei ATCC 393 (as reference strain) for a 2 and b 4 h. Cells
were lysed with 1%Triton X-100 and the lysates were serially diluted and
plated on MRS agar. Adhesion was expressed as the ratio of the number
of bacterial cells counted to HT-29 cells to the number of bacterial cells
added initially. The data presented are the mean ± standard deviation of
three independent experiments performed in duplicates
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strains induced strong upregulation of cyclin A expression
levels compared to the control cells (Fig. 4c, d).

Conditioned media of P. pentosaceus SP2
and L. paracasei SP5 exert anti-proliferative effects
of HT-29 cells

The effect of the conditioned media of P. pentosaceus SP2 and
L. paracasei SP5 on HT-29 cell survival was presented in
Fig. 5. Treatment of HT-29 cells with undiluted CM of the
two strains for 48 h resulted in an approximately 60% reduction
of cell survival. A further reduction was observed following
treatment of cancer cells for 72 h. Of note, a similar reduction
was recorded for the reference strain L. casei ATCC 393.

Discussion

Kefir is a popular probiotic drink that is made from the
fermentation of kefir grains with any type of pasteurized

milk. Kefir grains are a complex and multifunctional cul-
ture that have been employed in various fermented sys-
tems such as bread, cheese, and milk as well as pome-
granate juice and other non-alcoholic beverages
(Mantzourani et al. 2014; Sabokbar and Khodaiyan
2015). The complex microbiological association of kefir
grains is responsible for the high numbers of metabolites
that exhibit significant health-promoting effects, such as
anti-microbial, antioxidant, anti-proliferative, anti-inflam-
matory, and anti-mutagenic activities (Rosa et al. 2017;
Sharifi et al. 2017). Likewise, kefir grains have been con-
sidered as a significant source for the isolation of
probiotics microorganisms (Bengoa et al. 2018; Koh
et al. 2018). In this context, we used established in vitro
screening protocols to select and characterize probiotic
strains from a commercially available Russian kefir drink.
Initially, 48 bacterial strains were isolated, while 39 of
them were categorized to the genus Lactobacillus.
Evaluation of the probiotic potential of these isolates
was performed, including resistance to low pH, tolerance

Fig. 3 Time- and dose-dependent
anti-proliferative effect of
P. pentosaceus SP2 and
L. paracasei SP5 on HT-29 cells
for a, c 24 and b, d 48 hours.
L. caseiATCC 393 (LC) served as
reference strain. The anti-
proliferative effect was
determined by the SRB assay.
Data shown are the mean ± SD of
three independent experiments
performed in duplicates. U:
untreated cells. *Significantly
different from untreated cells
(control) (P < 0.05)
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to pepsin and pancreatin and bile salts as well as safety
assessment involving antibiotic susceptibility to select the
strains that display the most promising probiotic proper-
ties for further studies.

The pH of the gastric juice is considered as a significant
criterion of probiotic performance. Candidate probiotic strains
should withstand at least pH 3.0 or even lower. In the present
study, six isolates retained their viability in high levels at pH 3,
whereas strains SP2 and SP5 displayed the best performance
at pH 2 (Table 1). These data are in agreement with previous
studies demonstrating that potentially probiotic LAB were
able to retain their viability when exposed to pH ranges from
2.0 to 4.0 (Argyri et al. 2013; Plessas et al. 2017). Resistance
to pepsin and pancreatin and tolerance to bile salts are also
considered as prerequisites for probiotic efficacy. The produc-
tion of pepsin is stimulated by the release of hydrochloric acid
in the stomach and induces protein digestion. Pancreatin, on
the other hand, is produced in the pancreas and contributes to
lipid metabolism. Bile salts are synthesized in the liver from
cholesterol and also play an essential role in digestion and
absorption of fats. The mean intestinal bile concentration is

approximately 0.5% (w/v) and the staying time for food in the
small intestine is around 4 to 6 h. Accordingly, LAB have to
tolerate the presence of the digestive enzymes of the stomach
and the small intestine for growth, adhesion to the GI tract and
subsequently, efficient probiotic action (Ouwehand et al.
2001; Argyri et al. 2013; Plessas et al. 2017). We observed
that strains SP2 and SP5 were able to survive in high levels
after incubation with pepsin, pancreatin, or bile salts, respec-
tively (Table 1).

A crucial step during the in vitro assessment of any poten-
tial probiotic strain is the examination of its resistance profile
against antibiotics since there is always the possibility of var-
ious resistance genes to be transferred in the gut microflora.
Therefore, in this study, isolated LAB strains were tested for
their susceptibility against 10 common antibiotics with differ-
ent modes of action on microbial cells. Amoxicillin with or
without clavulanic acid, ampicillin, and vancomycin are all
inhibitors of cell wall synthesis. Clindamycin, erythromycin,
gentamycin, tetracycline, and tigecycline breaks down or in-
hibits the synthesis of proteins while metronidazole disrupts
the nucleic acid formation. An inherent resistant to
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Fig. 4 P. pentosaceus SP2 and L. paracasei SP5 induce downregulation
of anti-apoptotic genes and over-expression of cell cycle-related genes.
HT-29 cells were treated with 108 CFU/mL P. pentosaceus SP2 or
L. paracasei SP5 cells for a, c 6 h or b, d 12 h and quantitative PCR
was performed to determine the mRNA levels of a, b Bcl-2, Bcl-xL,
Survivin and c, d cyclin A, B1, B2. The expression levels of Bcl-2, Bcl-

xL, Survivin, cyclin A, B1, and B2 were normalized to those of b-actin,
while the untreated cells served as a reference sample. For the quantifi-
cation, the formula RQ= 2-ΔΔct was used. Data shown are the mean ± SD
of three independent experiments in duplicates. *Significantly different
from control (untreated cells) (P < 0.05)
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vancomycin and metronidazole similar to our results has been
reported in earlier studies (Klare et al. 2007; Plessas et al.
2017). Lactobacilli, Pediococci and Leuconostoc spp. are con-
sidered resistant to vancomycin, which is an inhibitor of cell
wall synthesis and as it is suggested, this resistance is a natural
property for the above species arose by the presence of D-
alanine:D-alanine ligase-related enzymes (Elisha and
Courvalin 1995). In fact, this property has been used to dis-
tinct lactobacilli from other Gram-positive bacteria. Similarly,
a natural or Bintrinsic^ resistance of lactobacilli to metronida-
zole has also been reported (Danielsen and Wind 2003).
Additionally, in our study, a shared resistance to tetracycline
was observed by all LAB strains. Such a resistance has also
been reported previously (Drago et al. 2013). However, the
resistance to these particular antibiotics does not possess any
risk of resistance genes transmission by a horizontal manner,
since according to EFSA, bacterial strains carrying intrinsic
resistance (per se) present a minimal risk for horizontal spread
and thus may be used as a feed additive (EFSA 2012).
Nevertheless, for any potential probiotic strain presented for
commercial use, further investigation by PCR analysis is
needed for the detection (or absence) of even more specific
antibiotic genes (Drago et al. 2013).

As LAB strains SP2 and SP5 recorded the highest scores in
the conducted in vitro tests, they were chosen for further stud-
ies. Firstly, genotypic identification of the two strains was
performed by partial 16S rRNA gene sequencing, BLAST
analysis, and species-specific multiplex PCR assay. The two
strains were confirmed to be Pediococcus pentosaceus SP2
and Lactobacillus paracasei SP5. Several P. pentosaceus
strains have demonstrated health-promoting properties. For
example, it has been shown that P. pentosaceus LI05 is effec-
tive against Clostridium difficile infection in a mouse model
(Xu et al. 2018), whereas P. pentosaceus LP28 downregulates
the expressions of specific genes related to fatty acid metabo-
lism in hepatic cells and exerts anti-obesity effects in high-fat
diet–induced obese mice (Zhao et al. 2012). Similarly, several
studies have presented probiotic properties of specific
L. paracasei strains (Dang et al. 2018; Shi et al. 2018).

Adhesion of probiotic bacteria to the intestinal epithelium is
a necessity to probiotic action. Adhesion may lead to transient
and distinct colonization of the GI tract, immunomodulation,
production of antimicrobial substances, and exclusion of path-
ogens by competing of their binding sites in the epithelium
(Saxami et al. 2012; Chen et al. 2018). L. casei ATCC 393 is
a probiotic strain, commonly used for the production of

Fig. 5 Conditioned media of
P. pentosaceus SP2 and
L. paracasei SP5 inhibit growth
of HT-29 cells in a time- and
dose-dependent manner. HT-29
cells were cultured for a, c 48 h or
b, d 72 h in the presence of CM
from P. pentosaceus SP2 or
L. paracasei SP5, a, b at dilution
ration 1:2 and c, d undiluted (C,
D). The CM of the reference
strain L. casei ATCC 393 (LC)
was also examined. Data shown
are the mean ± SD of three
independent experiments
performed in duplicates. U:
untreated cells. *Significantly
different from untreated cells
(control) (P < 0.05)
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fermented dairy and non-dairy (Sidira et al. 2015) food prod-
ucts. The adherence capacity of L. casei ATCC 393 has been
well-documented (Saxami et al. 2012; Sidira et al. 2015). In our
study, similar levels of adhesion to HT-29 colon cancer cells
were recorded forP. pentosaceus SP2 and L. paracasei SP5 and
the reference strain L. caseiATCC 393, a result enhancing their
probiotic potential.

The anti-tumoral effects represent another important pa-
rameter of probiotic action. It has been demonstrated that
L. rhamnosusGG caused significant inhibition of proliferation
of Caco-2 and HT-29 colon cancer cells (Orlando et al. 2016).
In addition, both gastric (HGC-27) and colon (DLD-1) cancer
cell lines were sensitive to growth inhibition and apoptotic cell
death caused by L. paracasei IMPC2.1 and L. rhamnosusGG
treatment (Orlando et al. 2012). Moreover, it has been shown
that L. casei ATCC 393, displayed a significant anti-
proliferative effect on murine (CT-26) and human (HT-29)
colon carcinoma cell lines in vitro as well as a strong reduction
in tumor volume of syngeneic mice (Tiptiri-Kourpeti et al.
2016). Similarly, we have shown recently, that L. paracasei
K5, a LAB strain isolated from feta-type cheese, exerts growth
inhibitory effects on Caco-2 cell line, through induction of
apoptosis and upregulation of proapoptotic-related genes
(Chondrou et al. 2018). Here, we recorded a significant de-
crease of HT-29 cell growth after treatment of cancer cells
with P. pentosaceus SP2 or L. paracasei SP5. Furthermore,
real-time PCR analysis showed downregulation of Bcl-2 and
Bcl-xL, two major anti-apoptotic genes, and over-expression
of cyclin A, a critical mediator of the G1-S transition, indicat-
ing a potential deregulation of cell cycle and induction of
apoptosis. Indeed, over-expression of cyclin A has been shown
to cause double strand DNA damage and a delay to the S
phase progression (Tane and Chibazakura 2009). Future ex-
periments, including flow cytometry and analysis at protein
level by immunoblotting will elucidate the molecular and cel-
lular signaling pathways involved.

Live probiotic bacteria used for the production of
fermented food products are Generally Recognized as Safe
(GRAS) by the Food and Drug Administration (FDA).
However, certain populations are potentially at risk, including
cancer patients that undergo chemotherapy or radiation, preg-
nant women, and patients with structural heart disease (Doron
and Snydman 2015). Moreover, probiotic efficacy is also de-
pendent on the conditions of the bacterial culture and the con-
ditions in consumer product matrices (Marco and Tachon
2013), as well as on the composition of the host gut microbiota
(Zmora et al. 2018). In recent years, there has been an upsurge
in research into the properties of cell-free supernatants and
conditioned media of certain probiotic bacteria. Accordingly,
it has been demonstrated that cell-free supernatants from pro-
biotic L. caseiATCC 334 and L. rhamnosusGG attenuate cell
invasion of the human colon carcinoma cell line HCT-116 by
reducing the activity of matrix metalloproteinase-9 and the

levels of the tight junction protein zona occludens-1
(Escamilla et al. 2012). Similarly, we have shown recently,
that CM of the probiotic strains L. pentosus B281 and
L. plantarum B282, inhibited proliferation of Caco-2 cells
through induction of a G1 arrest of the cell cycle and down-
regulation of specific cyclin genes (Saxami et al. 2017). An
elegant study demonstrated that ferrichrome isolated from the
CM of L. casei ATCC 334 exerted anti-cancer properties both
in vitro and in a mouse xenograft model (Konishi et al. 2016).
Here, we showed that the CM of P. pentosaceus SP2 and
L. paracasei SP5 caused significant reduction of cancer cell
proliferation in vitro in a time- and concentration-dependent
manner. Our future research will focus on identifying the
mechanisms of action and the probiotic-derived factors in-
volved in the observed activity.

In conclusion, in the present study, we isolated a number of
lactic acid bacteria from a commercially available Russian
kefir drink and evaluated their probiotic potential in a series
of established in vitro tests. The strains that displayed the best
probiotic properties were molecularly assigned as
P. pentosaceus SP2 and L. paracasei SP5, respectively. Both
strains exerted substantial adherence on human colon cancer
cells as well as significant anti-proliferative properties. Future
studies, including evaluation of the technological properties
and assessment of the health-promoting effects in animal
models, will further elucidate the probiotic properties and ver-
ify the potential of the two strains for the development of
novel functional food products.
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