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Pediococcus pentosaceus MZF16 has been isolated from artisanal Tunisian meat so
called “Dried Ossban,” an original ecological niche, and &hti ed by MALDI-TOF mass
spectrometry and 16S rDNA sequencing. This bacterium showa a high tolerance
to gastric stress conditions, and toward bile salts.P. pentosaceus MZF16 also
demonstrated a hydrophobic surface pro le (high adhesiona xylene), autoaggregation,
and adhesive abilities to the human intestinal Caco-2/TC7 dll line. These properties
may help the bacterium colonizing the gut. Furthermore, MZE6 was found to be
resistant to gentamycin and chloramphenicol but did not hasor any transferable
resistance determinants and/or virulence genes. The datalso demonstrated absence
of cytotoxicity of this strain. ConverselyP. pentosaceus MZF16 can slightly stimulate
the immune system and enhance the intestinal epithelial baer function. Moreover, this
bacterium has been shown to be highly active againsListeriaspp. due to bacteriocin
production. Characterization of the bacteriocin by PCR amipcation, sequencing and
bioinformatic analyses revealed that MZF16 produces a baetiocin 100% identical to
coagulin, a pediocin-like inhibitory substance produced # Bacillus coagulans To our
knowledge, this is the rst report that highlights the prodwction of a pediocin 100%
identical to coagulin in aPediococcus strain. As coagulin, pediocin MZF16 has the
consensus sequence YYGNGVXCXXXXCXVXXXXA (X denotes anynanacid), which
conrms its belonging to class lla bacteriocins, and its suability to preserve foods
from Listeria monocytogenesdevelopment. According to these results,P. pentosaceus
MZF16 can be proposed as a probiotic and bioprotective agenfor fermented foods,
including Tunisian dry meat and sausages. Further investigions will aim to study the
behavior of this strain in meat products as a component of fuctional food.
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Zommiti et al. Pediococcus Probiotic in Dried Ossban

INTRODUCTION in the manufacturing of fermented foodsi@lami et al., 2005;
Midha et al., 2012; Garcia-Ruiz et al., 2014; Lv et al., 2014fa«Ca
Lactic Acid Bacteria (LAB) are widely present in foods and:t al., 2015; Ilavenil et al., 2Q1@ccording to the bacteriocin
used as biopreservatives, in addition to scent, texture, anglassication proposed byCotter et al. (2005) pediocins
avor enhancers. Various investigations have demonsttdte  represent biomolecules that can be synthesized by several LAB
tight connection between these properties and the ability o&nd present a broad spectrum of antimicrobial activity agains
the LAB to produce, via fermentation, a wide range of sugar&ram-positive bacteriaRapagianni and Anastasiadou, 209
and metabolites such as acids (lactic and acetic acid)pr@eet It is noteworthy that pediocins may exert their antimicrobia
ethanol, exopolysaccharides, diacetyl, some specic preseaspotential even at nanomolar leveldgpagianni, 2003Pediocins
and proteinaceous antimicrobials also known as bacter®cinare highly active against pathogenic bacteria, particulzsieria
(Papagianni, 2012; Cotter et al., 2013; Gaspar et al., 2018; Sawonocytogene§he presence of this sturdy pathogen in dairy
et al., 2013; Mazzoli et al., 2014; Gudifia et al., 2015; Barbgproducts, sausages and vegetables can be harmful to immune-
et al., 201). Besides, some LAB are also known as probiotickompromised patients and pregnant womesnaminathan and
According to Hill et al. (2014) probiotics are de ned as live Gerner-Smidt, 2007causing a serious disease called listeriosis
microorganisms that when consumed in adequate amountg exeleading to imminent mortality in vulnerable infected patisnt
bene cial e ects in the host with a GRAS status (Generally(Schuppler and Loessner, 201The most known pediocins
Regarded As Safe). Probiotic strains mainly include membetsre pediocin PA-1 fromP. acidilacticiPAC1.0 Marugg et al.,
of the generalactobacillusand Bi dobacterium, but bacteria 1992 and pediocin AcH fromP. acidilacticiH (Motlagh et al.,
belonging to the genu®edioccocukave also been tested and 1992 belonging, both, to class Ila bacteriocin. Another pedigci
already used\(idhyasagar and Jeevaratnam, 2012; Martino et alpediocin PD-1, produced blp. damnosuéBauer et al., 2005is
2013; Belhadj et al., 2014; Savedboworn et al., 2014, Dubky e homologous to class | bacteriocins, which are lantibicsiesh as
2015; Chen et al., 20).7Such investigations have led to anactagardine and mersacidin. A class Il heat labile baatériof
obvious support of the signi cance dfediococdn the eld of 80 kDa, the pediocin A has been characterize® ipentosaceus
probiotics, indicating that new isolated strains from varsofood  FBB61 Piva and Headon, 1994P. pentosaceasidP. acidilactici
matrices and belonging to this genus may play a key role to beorrespond to the main species used in (i) pediocin production,
used in new generation of functional foods. The list of praloi® (i) fermentation processes as a starter culture for avajdin
needs to be urgently expanded due to the non-stop demand faontamination, and (iii) probiotic supplements for humans and
safe foods by the consumers, and since every single speciesiimal feeds.
LAB has its unique criteria and properties leading to a potdntia In this context, the aim of the current study was to appraise
use for di erent purposes. The biosafety useRafdiococcuspp. the probiotic properties and bacteriocinogenic potential of
as a probiotic requires speci ¢ studies that demonstrate aetgaf P. pentosaceus|ZF16, a new strain isolated from artisanal
evaluation of microorganisms throughout the food chairars®  Tunisian meat called “Dried Ossban,” an original biotopeetetty
for virulence factors, absence of acquired antibioticstasice cited for the rsttime in a research investigation led Bgmmiti
and probiotic viability at the end of shelf life for every sieg etal. (2018)
strain that claims GRAS or QPS (Quali ed presumption of sgfety
status.

According to Semjonovs and Zikmanis (20Q8pediococci MATERIALS AND METHODS
correspond to a group of Gram positive, coccus shape

d
non-motile, non-spore forming, homofermentative bacteria Sampling Collection and Isolation of Lactic
which are involved in the manufacturing of fermented foodsAcid Bacteria (LAB)
at industrial level. The genuBediococcuspp. includes several About 40 samples of “Dried Ossban,” obtained from homemade
species encompassirigediococcus inopinatuP. dextrinicus production of fermented meat were sterilely collected from
P. clausseniiP. damnosusP. cellicola P. ethanolidurans di erent governorates covering almost all the Tunisian tary,
P. parvulusP. stilesiiP. acidilacticiand P. pentosace(®obson and analyzed in the laboratoryZ¢mmiti et al., 2018 LAB
et al., 2002; Holzapfel et al., 2006; Todorov and Dicks, 2008trains were isolated from this original biotope so calledi¢n
Holzapfel and Wood, 20)4 The number of investigations Ossban,” a Tunisian traditional dry fermented meat typigall
involving the Pediococcusgenus has been continuously prepared from sheep intestine and meat mixed with salt and
increasing, particularly wittP. acidilacticiand P. pentosaceus spices and dried through exposure for several days to sun.
studying their genetic, molecular and physiological asp@&uth  Following sampling, 10g was suspended in 90mL of sterile
species are massively used in industry in purpose to fermempieptone saline water, homogenized exhaustively. Appropriate
foods such as vegetables, sausages and meat derivatives dkgmal dilutions were plated onto de Man Rogosa Sharpe (MRS)
to the preservative properties of pediocifPapagianni and agar and incubated at 3Z for 24—48 h. Colonies were randomly
Anastasiadou, 2009 Numerous studies have reported that selected from MRS agar, examined for morphology (color, shape,
strains of P. pentosacewsre frequently isolated from various elevation, density), Gram staining, and catalase prodac@mnly
food sources and biotopes encompassing plant material§ram-positive and catalase-negative isolates includingalate
bacterial ripened cheese, beverages, pickles, wine, daily, axamed MZF16 were retained and stored &80 C in MRS broth
meat products, with a potent role as starter cultures invajvin containing 20% glycerol.

Frontiers in Microbiology | www.frontiersin.org 2 November 2018 | Volume 9 | Article 2607


https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles

Zommiti et al. Pediococcus Probiotic in Dried Ossban

Identi cation of Pediococcus pentosaceus of overnight cultures was harvested by centrifugation @8,0
MZF16 by Matrix-Assisted Laser rpm, 10min, 4C). The cell pellets were washed three times
Desorption lonization-Time of Flight Mass with Phosphate Bu er Saline (PBS) and then resuspended to

10’ bacteria/mL in the MRS broth pH 3.0. Aliquots of 0.1 mL
Spectrometry (MALDl'TOF MS) and 16S were taken at Oh and after 1, 2, and 3h incubation at@7

rDNA Sequencing Tolerant bacteria were assessed in terms of viable colonytgou
The MZF16 strain isolated from “Dried Ossban” was identi ed and enumerated after 24 h incubation at &7 by the pour plate
by analysis of its total proteome, using an Autoex Il method of all samples using decimal serial dilutions prepared in
Matrix-Assisted Laser Desorption/ lonization-Time-Ofigiit  0.1% peptone water. A sample with pH 7.0 was used as a control.
mass spectrometer (MALDI-TOF MS) (Bruker, Marcy-I'Etoile, Survival bacteria were expressed as log values of Colomyifgr
France) coupled to the MALDI-Biotyper 3.1 systeriljon  Units per milliliter (CFU/mL).
et al., 2013; Zommiti et al., 201L.8The result was expressed as Bile tolerance of the strain was determined by measuring
a log (score) value, computed by comparison of the peak list gfrowth on MRS broth with 0.3% bile salts and the method
MZF16 strain with the reference main spectral pattern (MSP) irof Tambekar et al. (2009)as used with slight modi cations.
the database. A log (score) valu@.0 is the set threshold for a |n brief, MRS broth having 0 and 0.3% of Ox-bile (Sigma-
match at the species levéldgawa et al., 20)L1 Aldrich) was prepared and sterilized. The MZF16 strain was
Simultaneously to MALDI-TOF MS analysis, 16S rDNAgrown overnight in MRS broth, it was subsequently inoculated
sequencing was also used to identify the MZF16 strain. Fer thi(19% v/v) into MRS broth containing 0.3% (w/v) Ox-bile (Sigma-
total genomic DNA was extracted from overnight culture in MRSAIdrich). The viable colony counts were determined afted.,
broth with GeneJET Genomic DNA Puri cation Kit (Thermo 2, and 3 h of exposure to bile salts. Samples without addition of
Scienti ¢, France), and the 16S rRNA gene was ampli ed usingile salts served as controls. After incubating for 24 h aiC37
the universal bacterial 16S rRNA gene primers 63F0BGGCC  tolerance toward bile salts were estimated using viable dogint
TAACACATGCAAGTC-3) and 1492R BGTTACCTTGTTA  numbers (CFU/mL).
CGACTT-3) (Marchesi et al., 1998
The PCR reaction was performed with the Thermo Scienti ¢ .
PCR Master Mix, in a total volume of 501, using 1mM Autoaggregatlon .
of forward and reverse primers and 10 py mg of DNA The assay was performed ac_cordlng to_the_protocd]:oﬂa_do
template, according to the manufacturer's instructions.eTh et al (20_08) with some minor modi cations. Overnight
cycling parameters were an initial denaturing step at@®5 9roWn Pediococcuat 37C in MRS broth was harvested by

for 5min, followed by 30 cycles of denaturing at @5 for ce'ntrifugation (8,000 rpm, 10 min). The cell pellet was washed
1min, annealing at 5& for 1min, and extension at 72 twice with PBS and resuspended in the same bu er th0®

for 1min, then a nal extension step at 7€ for 10min. bacteria/mL. Four milliliters of the cell suspension were veet:

The amplicon obtained was sequenced by GENEWIZ (Takela or 20s and then stood at room temperature. Autoaggregation

United Kingdom) and BLAST-searched against the NCB as determined at 0 and 24 h after immobilized incubation, by
database to identify homologous sequences pipetting the upper suspension and measuring the absorbance

Following this identication step, theP. pentosaceus (A) at 600 nm (Aso0). The percent di erence between the initial

MZF16 strain was selected for further study and subjected t nd na.l absorbance gives an index of cellular autoaggregats

physiological tests for evaluating its probiotic attributasd ollows: .

bacteriocinogenic capacity. Autoaggregation (%P [1 — (Atime/Ao)  100] where Aime
refers to the absorbance of the suspension at 24 h apdhe

Growth in Harsh Conditions of Salinity and absorbance at time 0. , ,
Temperatures The autoaggregation capacity of the strain was also evaluated

The ability ofP. pentosacel$ZF16 to grow in harsh conditions by scanning electron microscopy (SEM) as previously described

has been carried out according the protocolAdfbasiliasi et al. (Biagginietal,, 2037

(2012) with slight modi cations. The growth potential of this

bacterial strain in high salinity levels has been studiedty Bacterial Hydrophobicity

application of an ascendant gradient of NaCl concentratidme T Ability of the microbes to adhere to hydrocarbons is a measur
MZF16 strain was inoculated (1% v/v) into MRS broth with of their adherence to the epithelial cells in the gut also known
various concentrations of NaCl [w/v] (0.5, 2, 4, 6.5, an@®.5nd  as cell surface hydrophobicity (CSH). The CSH of MZF16 strain
bromocresol purple indicator, then incubated at 87 After 48h, was determined by using the BATH (bacterial adherence to
growth was assessed by a color change from purple to yellow. Thigdrocarbons) test as described Bosenberg et al. (1980)
color indicator was also used to study the growth of the steti ~ Overnight bacterial culture was harvested by centrifugati

di erent temperatures (4, 10, 30, 35, 37, 45, or@p (8,000 rpm, 10 min), washed twice with PBS and resuspended in
) _ the same bu er at 1CP bacteria/mL. The cell suspension (3 mL)
Acid and Bile Tolerance was vortexed with xylene, ethyl acetate or n-hexadecane.1 m

Determination of acid tolerance of the MZF16 strain was teste for 2 min. The phases were allowed to separate for 20 min at room
according to the protocol ofonway et al. (19870ne milliliter  temperature leading to an obvious rise of the hydrocarboefay
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The lower aqueous phase was warily transferred to a new tulveas also estimated by observation with a photonic microscope

and the absorbance at 600 nm was determined. (X400).
Hydrophobicity (%) was calculated using the following
equation: Quanti cation of IL-8
H% D [(Ao—A)/Ag] 100, where Aand A are absorbance After overnight incubation with 1® bacteria/mL of
values measured before and after solvent extraction. P. pentosacedZF16, the levels of interleukin-8 (IL-8) produced
by Caco-2/TC7 cells and released in the culture supernatarg w
Caco-2/TC7 Culture quanti ed using the Human IL-8/CXCL8 Quantikine ELISA

The human colon adenocarcinoma cell line Caco-2/TC7 (nonkit (R&D systems, France) according to the manufacturer's
mucus secreting) was used between passages 40—-60. Cado-2/potocol.

cells were cultured in Dulbecco's Modied Eagle's Medium . . . .

(DMEM, Invitrogen, France), supplemented with 15% heat-Transepithelial Electrical Resistance

inactivated (30min, 56&C) fetal calf serum (FCS), and 100 (TEER)

U/mL each of penicillin and streptomycin. Cells were grownThe transepithelial electrical resistance of di erentiatedcG-

at 37 C under the atmosphere of 5% G@nd 95% air with 2/TC7 cells was monitored during 16h using the Millicell

regularly medium change until a conuent monolayer wasElectrical Resistance System (Millipore Corp, Bedford, MA). To

obtained. assess the potential e ect &f. pentosaceudZF16 strain on
) ) the epithelial barrier integrity, this bacterium was inctdeh at
In vitro Adhesion Assay 10 bacteria/mL on the Caco-2/TC7 cell monolayers. Control

The quantitative binding oP. pentosaceWdZF16 culture was monolayers were not exposed to the potential probiotic.
investigated on Caco-2/TC7 cell line by a main approach i.e.,
enumeration by plating on MRS. A MZF16 culture was grownEnzyme Pro le of P. pentosaceus MZF16
overnight, centrifuged at 8,000 rpm for 10 min at@ and the API ZYM system (BioMerieux, France) was used to evaluate the
pellets were washed twice in PBS and resuspended in celleulti@nzymatic activities of the stral?. pentosaceddZF16 (Humble
medium, without serum and antibiotic, at a concentration ofet al., 197y. The API strips were inoculated with an overnight
1% bacteria/mL, and then applied on con uent Caco-2/TC7 bacterial culture grown in MRS broth, subsequently incubated
monolayers. After 3h of incubation at 3Z, in 5% CQ-95% 37 C for 4 h. The appraisal of the enzymatic activity was carried
air atmosphere, monolayers were gently washed three tintas wiout according to the intensity of coloration.
sterile pre-warmed PBS to remove the bacterial suspensiahs an ) o
non-adherent bacteria and lysed by incubation for 15 mintwit Antibacterial Activity of  P. pentosaceus
0.1% (v/v) Triton X-100 (Sigma, Aldrich) solution to detatie MZF16
adherent bacteria. The lysates were then diluted, and theeia  Antibacterial potential of probiotics is thought to be a siguaint
were enumerated on MRS agar medium. The adhesion propertiggnctional criterion for competitively excluding or inhibitg
were recorded as the adhesion percentage of the applied lzactethe activities of pathogenic intestinal micro ora via prodion
. o o of antimicrobial compounds such as organic acids, hydrogen

Haemolytic Activity and Cytotoxicity Assay peroxide or bacteriocins. Antagonistic activities of the MBF
P. pentosaceuslZF16 was tested for haemolytic activity by strain was recorded againistinnocuaHBP13,L. monocytogenes
streaking on Tryptic Soy Agar (TSA) with 5% (v/v) sheep redCIP 55143Enterococcus faecai§CC 29212, andPseudomonas
blood cells. Plates were incubated at G7for 24h and then aeruginos®AO1 following the agar well di usion assay protocol
determined for alpha, beta or gamma-haemolysis as desdnped (Kim and Rajagopal, 2001 In brief, antimicrobial activity
Borges et al. (2013) of P. pentosaceudlZF16 was assessed using cell-free culture

Simultaneously, the cytotoxicity of MZF16 was determinedsupernatants (CFCS). TSA agar was seeded with the indicator
using an enzymatic assay (Cytotox 96 Promega, France) whigfrains mentioned above and solidi ed onto petri dishes,rthe
measures lactate dehydrogenase (LDH) released from thealyt 6 mm wells were formed. One hundred microliters of lItered
of damaged Caco-2/TC7 cells into the supernatant. LDH is 8terilized CFS of MZF16 were then added to each well, followed
stable cytosolic enzyme present in many dierent cell typeshy 24 h incubation at 37C. The diameter of zone of inhibition
particularly in eukaryotic cells, playing the role of an inaior ~ around each well was measured and a clear zone of 1 mm or
of necrotic cell death when released. After overnight irafidn ~ more was considered positive inhibition. The experiment was
with the P. pentosaceudZF16 strain (18 bacteria/mL), the performed in triplicate.
supernatants from con uent Caco-2/TC7 monolayers grown on
24-well tissue culture plates were collected and the coragon ~ Characterization of the Bacteriocin
of the LDH was quanti ed. Caco-2/TC7 cells exposed to TritonPrimers P1 (8 AAAATATCTAACTAATACTTG-39 and P2
X100 (0.9%) were used as a positive control of maximab>TAAAAAGATATTTGA CCAAAA-39 and  conditions
LDH release (100% lysis) as specied by the manufacturerdescribed byRodriguez et al. (1997Avere used to search for
recommendations. The background level (0% LDH releasg)ediocin. Ampli cation conditions were as follow: 2min at
was determined with serum free culture medium. To complet®5 C, 30 cycles of 1min at 9€, 35s at 45C, and 1min at
the cytotoxicity assay, the integrity of Caco-2/TC7 mogels 72 C, and nal elongation step 7 min at 7€. The ampli ed
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fragments were puried via PureLink PCR purication Kit RESULTS AND DISCUSSION

(Thermo Scientic, France) according to the manufactwer' . .
recommendations, visualized in 1% agarose gels and saephenédentl cation of P, pentosaceus MZF16 by

by GENEWIZ. Similarity searches were conducted with thdVIALDI-TOF MS and 16S rDNA Sequencing
BLAST program from NCBI. A collection of fourty samples of “Dried Ossban,” obtained

from homemade production of fermented meat were examined

] ] to isolate potential probiotics from the lactic acid microtdao
Detection of Virulence Factors The MZF16 strain was selected for identi cation by MALDI-
P. pentosaceldZF16 was subjected to the detection of virulenceTOF MS Biotyper and 16S rDNA sequencing. The analysis by
determinants, via PCR ampli cation, in order to identify its MALDI Biotyper classify this isolate aB. pentosaceusith
virulence activity disclosing the presence of genes engoftin  a score value>2 which is the set threshold for match at
aggregation protein&gg, gelatinase gel§, and enterococcal the species levelSpgawa et al., 20)0.116s rDNA sequencing
surface proteingsp (Eaton and Gasson, 200PCR forvirulence using the universal bacterial gene primers 63F/1492R and
determinant genes was performed using PCR protocols ®LAST analysis in the GenBank database conrmed this
(Mannu et al., 2008 identi cation.

Antibiotic Susceptibility Testing Hierarchical Cluster Analysis

The antibiotic susceptibility of P. pentosaceusMZF16 MALDI-TOF MS hierarchical cluster analysis was used to
was assessed according to the technical guidelines of tdetermine the relatedness between the MS spectrum of
European Food Safety AuthorityEFSA, 2012 Minimal P. pentosaceudlZF16 and the MS spectra available in the
inhibitory concentrations (MICs) of eight antibiotics, Biotyper library. For this, spectra were merged, and the nmgrgi
ampicillin, vancomycin, gentamycin, erythromycin, patterns of spectra were then represented as dendrograms or
o oxacin, streptomycin, tetracycline, and chloramphenicoltree structures Kigure 1). The distance of branches on the
on P. pentosaceudZF16 were determined by the broth dendrograms relates directly to the similarity of spectral,an
microdilution method. Brie y, 100m of P. pentosaceusrain  hence, of the bacteria. The results show tlat pentosaceus
(10° bacteria/well nal concentration) were inoculated into the MZF16 is closely related to the reference strRinpentosaceus
wells of a 96 well-plate containing 100 of each antibiotic in DSM 20206, a food originated strain, which was historically
serial two-fold dilutions from 1,024 to 0.12%/mL, then were namedStreptococcus citrovorfisammer, 192))

incubated at 37C for 24 h without shaking. MICs were de ned
as the lowest concentration of antibiotics that inhibiteldet

visible growth of the bacterium. Morphological and Physiological

Characteristics of the MZF16 Strain

The P. pentosaceUdZF16 strain is a gram-positive, catalase-
Statistical Analysis negative coccus. Colonies of this bacteria appeared on agar as
The data collected from each experiment were expressed asniky white, circular, concave, mucoid and glisteninalle 1).

mean standard error (SE) calculated over three independenGrowth at various salinity conditions and temperatures shdw
experiments performed in triplicate. When necessary, analysteat MZF16 strain displayed the potential to grow in the presence
of statistical signi cance was performed using GraphPadrRris of 2% NaCl and within a temperature range oscillating from 30
software and Studentstest. to45C.

MSP dendrogram P. pentosaceus 161 RLT

P. pentosaceus AL908877_BK14924 UKH
P. pentosaceus 091015_01 LBK

E P pentosaceus DSM 20206
P. pentosaceus MZF16

P, acidilactici 162 RLT

1| P acidilactici 146 RLT

+ P acidilacticiDSM 20238
- P acidilactici 160 RLT

1000 800 600 400 200 0
Distance Level

FIGURE 1 | MALDI-TOF MS-based phylogenetic tree oP. pentosaceus MZF16 isolated from “Dried Ossban” compared to the Biotypetfibrary.
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TABLE 1 | Morphological, biochemical, and physiological charactestics of the
isolate MZF16.

TABLE 2 | Cell viability ofP. pentosaceus MZF16 in various conditions of pH and
concentrations of bile salts.

Characteristics MZF16 ( Pediococcus pentosaceus )

Gram stain reaction Gram-positive cocci

COLONY MORPHOLOGY

Time of exposure

(h)

Cell viability (log 19 CFU/mL)

Concentration of
bile salts (%)

pH conditions

Color Milky white Control pH3 Control 0.3
Shape Circular
. 0 6.96 7.12 6.89 6.87
Elevation Concave
Density Mucoid and glistening 1 7.0 6.92 6.97 6.81
BIOCHEMICAL CHARACTERISTICS 2 714 6.86 7.06 6.74
3 7.26 6.81 7.18 6.69

Catalase activity
PHYSIOLOGICAL CHARACTERISTICS AND GROWTH IN MRS MEDIUM

CONDITIONS
With 0.5% NaCl C salts Abbasiliasi et al., 2012; Barbosa et al., 2015; llavenil, et a
With 2% NaCl c 2016. Even more, in a study performed Byoohi et al. (2016)

With 4% NaCl
With 6.5% NaCl
With 9.5% NaCl

P. acidilacticandP. pentosacestrains showed tolerance in 0.4%
bile salts re ecting a high ability of survival and proliféien in
intestinal conditions.

At4 C . -

AL10 C Autoaggregation and Hydrophobicity

AL30 C c Autoaggregation signi es the clumping of bacterial cells from
At 35 C c the same strain. It has been found a strong correlation betwe
AL37 C c autoaggregation of a probiotic strain and its adhesion capaci
AL45 C c to the intestinal epithelial cells, indicating a central prerisite
ALEO C for successful colonization and improvement of the persistenc

in the gastrointestinal tract. According té/ang et al. (2010)
valuable autoaggregation ability must be superior to 40%, and
any strains with the abilityx 10% are considered to have weak
autoaggregation potential. The MZF16 strain exhibited a high
Acid and Bile Tolerance level of autoaggregating ability, about 88%ig(re 2A). This
A critical step toward the selection of probiotic strains & t capacity of autoaggregation is also apparent when the bacteria a
appraise the strain behavior under conditions that mimic toobserved by SEM~gure 2B).
the GI tract. According toAnandharaj et al. (2015)potential Similar results have been found in the study\6fihyasagar
probiotic bacteria must have the ability to survive understar and Jeevaratnam (201#) which P. pentosaceugJ4l strain
conditions including low acidity (i.e., gastric conditisnand exhibited maximum aggregation of 89% revealing the clumping
high bile salts concentration (i.e., in the small intesjine®  of cells. The aggregation potential of MZF16 is quite highanth
successfully pass through the gut, supplying health benetis¢o the results presented in the work afee et al. (2014yhere
host. the three studiedPediococcisrains showed aggregative abilities
The results of acid and bile tolerance of MZF16 are presentdaetween 65.2 and 69.1%, than the studyl@fenil et al. (2016)
in Table 2 When the pH of the MRS broth was decreased towith the P. pentosaced€CC-23 strain (67.3% autoaggregation)
pH 3, a marginal reduction of the cell viability of MZF16 wasand the research @gfbbasiliasi et al. (20111 which P. acidilactici
observed. The initial counts of MZF16 were reduced from 7.1Kp10 (35.2% autoaggregation). Thus, it is di cult to artiené
t0 6.92, 6.86, and 6.81 CFU/mL after 1, 2, and 3 h, respectively standard rate for a high autoaggregation valueMediococcus
Other authors found similar survival ability #fediococcisgrains  strains. Nevertheless, the value reported herein can bedenesi
in harsh conditions, liké\bbasiliasi et al. (201#yho showed that relatively reliable.
97% of the population oP. acidilacticiKp10 survived after 3h Hydrophobicity is one of cell surface physicochemical features
incubation at pH 3, oBarbosa et al. (201®jith the P. acidilactici that able to aect autoaggregation and adhesion of bacteria
HA-6111 strain, andlavenil et al. (2016for P. pentosace&CC-  to various types of surfaceS4lakrishna, 20103 It has been
23.Table 2 also shows that MZF16 survived after 3 h exposureevealed the strong connection between autoaggregatibABf
to 0.3% bile salts, re ecting the critical concentratioredsfor  and their adhesive potentialCQllado et al., 2008 The a nity
the selection of resistant strain&i(liland et al., 198 Indeed, of the MZF16 strain, toward various solvents such as xylene,
compared to the control, only a marginal decrease was obdervethyl acetate and n-hexadecane, was examined. It exhibited
in bile salts supplemented MRS broth, this is due to the toxiwalues of 61, 38, and 18% of hydrophobicity ability, respeltiv
aspect of these salts in naturédrzo and Gilliland, 1999 The  (Figure 2Q. Our ndings are higher than those reported by
present ndings coincide with previous reports that showedhig Lee et al. (2014jn which hydrophobicity with xylene and
survival rates oPediococcua the presence of 0.3% (w/v) of bile n-hexadecane of threle. pentosacewsdrains did not exceed 34

Positive results C), negative results ().
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FIGURE 2 | (A) Autoaggregation ofP. pentosaceus MZF16, (B) Scanning Electron Microscopy (SEM) micrograph showing aaaggregation of MZF16, and(C)
Assessment of cell-surface hydrophobicity of MZF16.

and 4% correspondingly. Our value is higher than others citedioes not necessarily re eictvivocell adhesiongautista-Gallego
in various studies including those @fvenil et al. (2016Wwhere  etal., 2018

P. pentosacel€CC-23, an isolated strain from Italian ryegrass,

exhibited 32.9% of hydrophobicity to xylene. An investigati Haemolysis, Cytotoxicity, and

conducted byPuniya et al. (2016)in which, aLactobacillus | ammatory Potential

strain LHI7, exhibited values of 44.9 and 86.8% of adhesion t3emolysis represents the ability of bacteria to lyse thecloo

xylene and n-hexadecane. Results shown in this study are mugRyis Haemolysin plays an important role in virulence incregs
higher than found in the research performed Bggbasiliasietal. 5¢ 4 result, the possibility of infectionprandi et al., 2006

(20_17) whereP. acidilacticKp10 showed 46.9, 5.7, and 14.5% °§-|aemolytic activity was studied on TSA containing 5% (v/v)
anity to xylene, ethyl acetate and n-hexadecane, respebliv gheep red blood cellsFigure 3B). At the end of incubation
High hydrophobicity is rmly linked to the glycoproteins on (241 gt 37C), only small white colonies were visible without
the bacterial surface while low hydrophobicity is assodiatezones of clearing around the colonies. This can be interprate
to the presence of polysacchar_ldes on the bacterial surfaggsence of haemolysis activityRifpentosacetdZF16 (gamma-
(Bellon-Fontaine et al., 19)6it is important to know that the  aemolysis). The same result has been previously obtairted wi
hydrophoblc-potentlgl may vary between di erent 0rganisms,p pentosaceu8B83, a vaginal probioticprges et al., 20)3
stralns', and is also in uepced by age and surface chem!sftry Qith P. pentosacedsPl (Ryu and Chang, 20)3and with
bacterial strains along with the medium componenta(cia- p. pentosacel®9 (Narayanan et al., 20).7
Cayuelaetal., 20)4 Concomitantly,P. pentosacedZF16 was applied on Caco-
2/TC7 monolayers for 16 h and the cytotoxicity was assessed
Adhesive Potential of P. pentosaceus by measurement of LDH (Lactate Dehydrogenase) release and
MZF16 Strain microscopic observation. The results showed a level of cells
According to Blum et al. (1999) adhesion to intestinal mortality similar with MZF16 than the negative control (DMEM)
mucosal cells, such as Caco-2 or HT 29, is considerd@Presenting natural mortalityHigure 3Q). These ndings are in
a salient precondition screening approach for appraisal th#n€ with the study oftr et al. (2015)in which the cytotoxicity
adhesive properties of new probiotic strains. Adhesion capacif three LAB P. pentosaceudactobacillus plantarumand
of the MZF16 strain was assessed using Caco-2/TC7 cel¥eissellaconfusaas been studied on Caco-2 cells. o
originated from human epithelial colorectal adenocarcirom  Human intestinal cell lines have been shown to constitugivel
cells.P. pentosaceldZF16 showed weak adherence ability toProduce the interleukin 8 (IL-8). IL-8 is a member of the C-X-C
Caco-2/TC7 cells, about 49%igure 3A). Our ndings are in  chemokine family and plays an essential role in the recruitme
discordance with the study conducted Bh and Jung (2015) and activation of neutrophlls,there_bymltlatlng the in amatory
who showed more than 65% adhesion levels Witipentosaceus '€SPOnse. In this study, we examined the level of IL-8 retease
SWO01 andP. acidilacticiSW05 but the experiment has beenin cell-free supermatant of Caco-2/TC7 cells incubated with
conducted on the mucus secreting HT-29 cells, so the mucys m&: PentosaceusiZF16. As shown inFigure 3D, MZF16 did
have promoted adhesion of the bacteria. Another investigati N0t @ €ct IL-8 production by Caco-2/TC7 cells compared to
performed byVidhyasagar and Jeevaratnam (2Qfaund that ~untreated cells, suggesting that MZF16 does not induce an
two P. pentosaceustrains VJ13 and VJ49 exhibited adhesivdl @mmatory response.
potential about 17% which is not quite dierent from our . . . .
value of 4%. According t®el Re et al. (2000the cell surface Transepithelial Electrical Resistance
attributes may be used for preliminary screening to identifyMeasurement
potentially adherent strains. However, the interpretatidrttie  Under culture conditions on inserts, Caco-2/TC7 cells depelo
results should be taken with caution, because this adherenenorphological and functional traits of enterocytes, indhugl
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FIGURE 3 | Interactions of P. pentosaceus MZF16 with eukaryotic cells.(A) Adhesion to Caco-2/TC7 cells,(B) Haemolytic activity,(C) Cytotoxicity toward
Caco-2/TC7 cells, (D) Secretion of IL-8 by Caco-2/TC7 cells after exposition to MZF8, (E) TEER of Caco-2/TC7 cells exposed to MZF16. NS, not signi cant,
*P < 0.05.

intercellular tight junctions. Thus, transepithelial eiécal Antimicrobial Activity

resistance may ensure the measurement of the integritntagonistic activity of LAB against spoilage and pathogenic
of the tight junctions. After 16h of incubation, MZF16 bacteria is regarded as a probiotic trait, in order to maintai
showed a slight increase in the TEER measurement re ectingpe balance of the gut micro ora and to keep the gut rid of
one of the important criteria of probiotic Rigure 3. Our  pathogens. The microbial antagonism of probiotics comprises
results are in harmony with other investigations of di erent the production of non-specic antimicrobial substances
characterized probioticsB{ dobacterium infantis Lactobacillus including short-chain fatty acids (SCFA), hydrogen perexid
acidophilusLactobacillus rhamnos\Escherichia caNissle 1917, and low-molecular-weight proteins so called bacteriocing an
Streptococcus thermophjlike probiotic complex VSL#3) on bacteriocin-like inhibitory substances (BLIS) which arecag
several cell lines (T84, HT29/cl.19A, and Cacof2y{ta-Lenert the major reported compounds with antimicrobial potential
and Barrett, 2003; Sherman et al., 2005; Ewaschuk et aR). 20q(Cruz-Guerrero et al., 20J4LAB are well-known to produce
The application of probiotics on intestinal epithelial cellsyna a wide range of antimicrobial compounds of which bacteriocin
generally lead to improvement of TEER valug§r(gspor et al., is widely studied $chnurer and Magnusson, 200MNumerous

2015. investigations evidenced the production of bacteriocins by
Pediococci with wide spectrum of activitig¢driguez et al., 2002;
Enzyme Activities Jamuna and Jeevaratnam, 2004; Papagianni and Anastasiadou,

Several enzyme activities included in carbohydrate, pmptei 2009.

lipid, and phosphate metabolism were examined by using API- Antagonistic activity exhibited byP. pentosaceusIZF16
ZYM kit. The MZF16 strain demonstrated strong peptidasesvas determined against spoilage and pathogenic bacteria
activities (Leucine arylamidase and Valine arylamidase). Viz. L. monocytogene€IP 55143,L. innocua HBP13, E.
also showed N-acetyl-b-glucosaminidase, Acid phosphaaase, faecaliSATCC 29212, andP. aeruginoséPAOL. The results
b-Glucosidase activities at high levelBakle 3. Additionally, showed thatP. pentosaceudlZF16 is strongly active against
moderate levels of activity of Cystine arylamidase, NaphtholL. monocytogene€IP 55143 which is an important food-
AS-Bl-phosphohydrolase have been observiedslucosidase borne pathogen Table 4 Figure 4A). This observation could
(b-Glu) plays a central role in the bioconversion of glycosidesnfer that P. pentosaceUdZF16 has the potential to be used
into aglycones, which are more easily absorbed in humaas a probiotic microorganism, in order to conquer some
intestines and thus considered biologically more activenfo  serious challenges facing the food industry and regulatory
than corresponding glycosidesCIjun et al., 2007 In our agencies. Additionally, MZF16 showed resistance to its own
present study, P. pentosaceu$ZF16 produced dierent bacteriocin as indicated by the absence of activity around
types of enzymes encompassing glycolytic enzymes. THige well (Table 4. All bacteriocin-producing LAB have a self-
could be useful in the fermented food products relatedmmunity ability from the adverse e ect of their own bactecios
industries. via the production of an immune protein directly associated
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TABLE 3 | Enzyme activities ofP. pentosaceus MZF16 determined by API-ZYM

kit.

Enzyme Substrate P. pentosaceus
MZF16

Control

Alkaline 2-naphthyl phosphate

phosphatase

Esterase 2-naphthyl butyrate

Esterase Lipase 2-naphthyl caprylate

Lipase 2-naphthyl myristate

Leucine arylamidase L-leucyl-2-naphthylamide ccccC

Valine arylamidase L-valyl-2-naphthylamide cccc

Cystine arylamidase  L-cystyl-2-naphthylamide CcC

Trypsin N-benzoyl-DL-arginine-2 naphthylamide

a-chymotrypsin N-glutaryl-phenylanine-2-naphthylamide

Acid phosphatase 2-naphthyl phosphate cccc

Naphtol-AS-BI- Naphtol-AS-Bl-phosphate CcC

phosphohydrolase

a-galactosidase 6-Br-2-naphthyl-a-D-galactopyranoside

b-galactosidase 2-naphthylb-D-galactopyranoside

b-glucuronidase Naphtol-AS-Blb-D-glucuronide

a-glucosidase 2-naphthyla-D-glucopyranoside

b-glucosidase 6-Br-2-naphthylb-D-glucopyranoside ~ CCCC

N-acetyl-b-
glucosaminidase
a-mannosidase
a-fucosidase

1-naphthyl-N-acetyl-b-D-glucosaminide CC CC

6-Br-2-naphthyl-a-D-mannopyranoside
2-naphthyl-a-L-fucopyranoside

TV T

L. monocytogenesCIP 55143

o,

«—711bp

Mw

FIGURE 4 | (A) Antibacterial activity ofP. pentosaceus MZF16 againstListeria
monocytogenes CIP 55143 as demonstrated by the inhibition zone,

(B) Detection of pediocin gene in MZF16.

(), negative (colorless or very pale yellow)C(, positive (violet or orange or blue).

TABLE 4 | Inhibitory spectrum of the cell-free culture supernatant (ECS) of
P. pentosaceusMZF16 as measured by agar well diffusion method.

Indicator strains

Inhibition zone (mm)* of MZF16

Non-treated  Neutralized Proteinase Heat
CFCS at pH 6.5 K treatment
L. innocuaHBP13 CcccC CcC CcC
L. monocytogenes CIP cccC CcC CcC
55143
E. faecalisATCC 29212 cccC cccC cC
P. aeruginosaPAO1 CcC CcC C

P. pentosaceus MZF16

*, No inhibition zone;C <3mm, CC 3-6 mm, C C C radius inhibit zone> 6 mm.

with the C-terminal domain of the bacteriocinBfarti et al.,

2015.

primers P1 and P2 were used to amplify a 711-bp DNA fragment
(Figure 4B) and to sequence each DNA strarfedure 5A) (from

91 bp upstream of pedA to 33 bp downstream of the translational
start of pedC) {/lathys et al., 20Q7designed from the pediocin
PA-1 (ACH) operon ofP. acidilacticiPAC1.0 (larugg et al.,
1997 that allow to amplify both the PedA structural gene of the
bacteriocin and PedB encoding the immunity protein.

These two ORFs were translated to amino acid (AA)
sequences and compared B acidilacticiPAC1.0 bacteriocin
and immunity protein using BlastX and Bactibase, a database
dedicated to bacteriocing={gures 5B,3. The results showed
a high sequence identity of these peptides between the two
Pediococc(Figure 5B). The pedA structural geneF{gure SJ
encodes the putative pre-pediocin composed of 62 residues
(18 for the leader peptide and 44 for the mature pediocin).
The putative mature pediocin MZF16 contains the consensus
sequence YYGNGVXCXXXXCXVXXXXA, with the YGNGV
motif responsible for the anti-isteria activity, and the two-
disul de bonds, characteristics of class lla bacteriociasg
includes a mismatch at the C-terminus of the peptide, compared
to the known pediocins previously characterized, produced by
P. acidilacticior P. pentosaceustrains. Hence, a threonine
residue was present at position 41 (T41) in pediocin MZF16
instead of an asparagine residue (N41) for pediocin PA-1
(AcH) of P. acidilacticPAC1.0 and other pediocingigure 5B).

The same substitution has been found before in coagulin A,
the pediocin-like bacteriocin produced bgacillus coagulans
(Le Marrec et al., 200Gvhich is 100% identical to the pediocin
MZF16. This nding is interesting, as to our knowledge, this

In this study, the MZF16 strain produces an antimicrobialyepresents the rst report of such modi cation in the sequence
substance active at pH 6.5. The activity was lost after treatm of 5 pediocin in @Pediococcigtrain.

with proteinase K (protease) which proves that the antimicabbi

substance is bacteriocin in naturigl¢raes et al., 20)0

Characterization of the Bacteriocin and

Immunity Protein
The bacteriocin produced bf. pentosaceUdZF16 has been substitution at position 144 where a glutamic acid (E144) is
investigated by PCR ampli cation and sequencing. For thispresentinstead of an aspartic acid (D144).

Anti-Listeria class Ila bacteriocins are important
antimicrobial peptides for use as food preservatives as their
low molecular weight allow them to be stable to heat process.

The putative immunity protein of MZF16 also showed high
similarity with P. acidilacticPAC1.0 Figure 5C with only one
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The hydrophobicity prole Figure 6A) and helical wheel inhibitor (O oxacin), two cell wall synthesis inhibitors
structure Figure 6B) of pediocin MZF16 was constructed (Ampicillin and Vancomycin) and numerous protein synthesis
by similarity to coagulin A (http://bactibase.hammamilaty/  inhibitors (Chloramphenicol, Erythromycin, Gentamycin,
BACO084). The hydrophobic properties and helical structureStreptomycin, and TetracyclineP. pentosaceuslZF16 was
of class lla bacteriocins enable them to interact with thesensitive to ve antibiotics, resistant only to gentamycin,
phospholipids of the membrane and create pores in indicatochloramphenicol, and vancomycin. Antibiotic susceptilyilit
strains ad.isteriaspp. QOrider et al., 2006; Rios Colombo et al.,results are referred with reported strains d?ediococcus

2017. pentosaceu€RAG3 Shukla and Goyal, 20)4P. pentosaceus
o o KID7 (Damodharan et al., 20)5P. pentosaceu&CC-23

Antibiotic Susceptibility of the MZF16 (llavenil et al., 2015 P. pentosacel®9 (Narayanan et al., 20),7

Strain P. pentosace@&T65ACC Cavicchioli et al., 20)8P. pentosaceus

The MZF16 strain was subjected to commonly prescribed.lJR1 (adha and Jeevaratnam, 2),18hi et al. (2018yith minor
antibiotics (Table 5: a DNA replication and transcription variations.

FIGURE 5 | Sequences of pediocin MZF16(A,B) and its immunity protein(A,C). The amino acid sequences of pediocin MZF16 and immunity ptein of
P. pentosaceus MZF16 have been compared withP. acidilacticiPAC1.0 using BlastX.

FIGURE 6 | (A) Hydrophobicity pro le of pediocin MZF16, (B) Helical wheel structure of pediocin MZF16.

Frontiers in Microbiology | www.frontiersin.org 10 November 2018 | Volume 9 | Article 2607


http://bactibase.hammamilab.org/BAC084
http://bactibase.hammamilab.org/BAC084

Zommiti et al. Pediococcus Probiotic in Dried Ossban

TABLE 5 | Minimum inhibitory concentration (MICmg/mL) of eight antibiotics towardP. pentosaceus MZF16 strain.

Class Antibiotic MIC (mg/mL)

P. pentosaceus MZF16 MIC breakpoint recommendation of EFSA Antibiotic Susceptibility
for Pediococcus

b-Lactams Ampicillin 2 4 S
Tetracyclines Tetracycline 8 S
Macrolide Erythromycin 1 1 S
Quinolones O oxacin 16 N.R S*
Aminoglycoside Streptomycin 64 64 S

Gentamycin 32 16 R
Chloramphenicol Chloramphenicol 8 4 R
Glycopeptides Vancomycin >64 N.R R

EFSA, European Food Safety Authority; MIC, Minimal Inhibitory Concentati N.R, Not Required by EFSA guideline; R, resistant; S, susceptible¥SSusceptible according the MIC
breakpoints provided byDanielsen et al. (2007 for Pediococcus genus.

Several reports have shown that LAB are generally resistaate associated with other related LAB, suchEagerococcus
to various antibiotics Temmerman et al., 2003; Osmanagaoglwspp. Barbosa et al., 2010, 2015; Johansson and Rasmussen,
et al.,, 2010; Bhakta et al., 2012; Monteagudo-Mera et aPP13. Our ndings are in line with the study ofAlbano
2012. The resistance to vancomycin presented by the MZF16t al. (2009) in which P. acidilactici HA-6111-2 showed
strain was inherent in thé>ediococcugenus and is commonly total absence of virulence determinants. For instancegrsgv
reported (Toomey et al., 2010; Franz et al., 2DTFhis intrinsic  authors have reported the absence of virulence factors in
resistance to vancomycin is due to a modi ed peptidoglycarPediococcuspp. @orges et al., 2013; Mufoz-Atienza et al.,
precursor ending in D-Ala-D-lactateB(llot-Klein et al., 199%  2013.

According to Ammor et al. (2007,) intrinsic resistance is not

horizontally transferable and poses no risk in non-pathogeni

bacteria. Two pilot investigations carried out Hyanielsen CONCLUSION

et al. (2007)and Franz et al. (2014g¢xhibited thatPediococcus

spp. is intrinsically resistant to numerous groups of antitst Pediococci are microorganisms that are still little studied
encompassing b-lactams, cephalosporins, aminogchosides’,\‘eVerthebSSx interest seems to be in a non-stop rising th bo
glycopeptides, streptomycin, kanamycin, tetracyclines, an@&lds, the scientic inyestigatjon -and in the industry secIQn
sulfa (with or without trimethoprim). In fact, antibiotic the last decade, various scienti ¢ researches and studigs h
resistance as such is not a safety concern, but it becomes?@en published, and food supplements containiediococcus
serious peril when resistance is transferabéngrma et al., SPP. have invaded the nutraceutical markétapagianni and
2019. Anastasiadou, 2009

Antibiotic resistance of bacteria has increasingly become a 10 SUm up, P. pentosaceudZF16 isolated from artisanal
alarming medical issue. Multi-drug resistance of pathogenid unisian meat product “Dried Ossban” demonstrated high
bacteria against medically important antibiotics has beeomcapability to withstand harsh environmental conditions Buas
a critical threat and serious challenge to go over in purpost®W PH and bile salts. It passed most of timevitro properties
to treat infected patients. Therefore, antibiotic suscefijp for probiotics recommended byAO/WHO (2002) and was
represents a crucial prerequisite for probiotics. It is reteva sensitive to most common antibiotics. This strain exhibite
to know that the P. pentosaceuspecies is considered also e ective inhibition against food spoilage and pathogenic
according to the EFSA to be suitable for the Quali egbacteria asL. monocytogenedts bacteriocin, the pediocin
Presumption of Safety (QPS) approach to safety assessmMgF16 has been found identical to coagulin A, exhibiting
(EFSA, 2007; EFSA BIOHAZ Panel, 201This approach the originality of this study, as it represents the rst report
requires the identity of the strain to be decisively eswigl ©Of @ pediocin 100% similar to coagulin A. Its belonging to
and evidence that the strain does not show any type o$lass lla bacteriocins containing the YGNGV consensus motif
acquired resistance to antibiotics of human and veterinar)yhe salient criterion of pediocin-like bacteriocins with tan
importance. listerial activity, make pediocin MZF16 so appropriate as a food

preservative. Overalh vivoassessment and immunomodulation
tests are still required to boost the applicability of the strain
Detection of Virulence Determinants and to categorically substantiate its true potential. Our imgs
P. pentosaceuBiZF16 harbored any of the virulence genesindicate thatP. pentosaceuslZF16 with its bacteriocin can
assessed in this study. The absence of virulence deterisina@ct as a promising probiotic candidate for future use in a
represents a precondition to consider a bacterium as prohiotizvide range of functional foods to prevent development of
The virulence genes investigated herein were selectedegs thisteriaspp.
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