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ABSTRACT
The aim of this study was the partial characterization of plantaricin MZ, a two-component

antimicrobial peptides produced by the putative probiotic bacteria Lactobacillus plantarum DU10,
which was isolated from Algerian raw camel milk. This biomolecule was secreted in the
supernatant of a L. plantarum DU10 culture and showed diverse spectrum of antimicrobial
activities against several pathogenic bacteria. The activity as determined by the proteolytic action
of trypsin, pepsin and proteinase K, plantaricin MZ was maintained even after a treatment at
121°C for 15°C and a pH range from 2-10. This putative probiotic strain was found to produce
antimicrobial  substances  proteinaceous  in  nature.  Molecular  mass  determination was
estimated with tricine-sodium dodecyl  sulphate-polyacrylamide  gel  electrophoresis,  then 
confirmed by mass-assisted laser desorption ionization time of flight mass spectrometry. The
producing strain and its antimicrobial peptides may find an  application  as a bio-preservative
agent.

Key words: Lactobacillus plantarum, probiotic, bacteriocin, purification, antimicrobial peptide

INTRODUCTION
Algerian camel milk represents an important probiotic source, in which Lactobacillus

plantarum  was  the  major  species of Lactic Acid Bacteria (LAB) isolated from this product
(Zineddine et al., 2011; Marroki and Bousmaha-Marroki, 2014). This strain is able to produce
antimicrobial peptides with a specific action such as bacteriocins or bacteriocin-like inhibitory
substances (Xie et al., 2011).

These bio-molecules can inhibit even in low concentrations bacterial growth especially the
closely related ones. Despite of their  diversity  and  origins,  they  are  all  ribosomally  synthesized

46

http://crossmark.crossref.org/dialog/?doi=10.3923/ijbc.2015.46.58&domain=pdf&date_stamp=2015-06-25


Int. J. Biol. Chem., 9 (2): 46-58, 2015

antimicrobial peptides. Bacteriocins produced by gram-positive bacteria can be classified into two
main groups. Group 1 includes antibiotics which are post-traditionally modified bacteriocins, group
2 includes the unmodified bacteriocins and which can be divided into many subgroups due to their
characteristics. For example, class IIa bacteriocins are called Listeria-active or pediocin-like. Class
IIb are two-peptide bacteriocins, class IIc are circular and class IId are linear and non-pediocin
bacteriocins. From these subgroups, class IIb bacteriocins depends on the action of both
antimicrobial peptides.

Most of  LAB bacteriocins are found as single peptides but some of them only were found as
two-peptide systems. In the same operon, each system is encoded by adjacent Open Reading
Frames (ORFs) situated in the same operon which are transcribed and synthesized in the same
time. They are completely active usually because of the synergistic action of the two peptides, while
each peptide alone has less or no activity. In all previous studies, the optimal combination ratio of
the two peptides is about 1:1 (Chen et al., 2014).

This type of systems is found in lantibiotics which have not been categorized into a defined class
and in modified two peptides bacteriocins belonging to class IIb.

The first two-peptide bacteriocin was described for the first time from Lactococcus lactis subsp.
lactis LMG 2081 named as Lactococcin G. Its activity, structure and mode of action have been
examined extensively (Nissen-Meyer et al., 1992).

Bacteriocins, especially those produced by probiotic bacteria are of particular interest because
of their potential as biopreservative (Wang et al., 2008).

Nisin is a good model of safe biopreservative according to Food and Drug Administration and
has hence beneficiated of many research works mainly probiotic ones.

Lactobacillus plantarum strains have gained particular interest these last two decades, most
of their plantaricins were not only characterized but amino acid also sequenced.

Both class  I  and class  II   plantaricins   have   been   previously   identified   from  different
L. plantarum strains (Atrih et al., 2001; Enan et al., 2002; Galvez et al., 2007; Gong et al., 2010;
Hata et al., 2010; Hernandez  et  al.,  2005;  Holo  et  al.,  2001;  Tiwari  and  Srivastava, 2008;
Zhang et al., 2013) and were found to show high antimicrobial activities against L. monocytogenes
(Gong et al., 2010; Holo et al., 2001; Tiwari and Srivastava, 2008).

The probiotic  potential  of  L.  plantarum DU10 has already been established in our labs
(Amina et al., 2014). Therefore, the  present  study  was  designed  to  partially  characterize the
two-antimicrobial peptides plantaricin MZ by molecular techniques after their purification to
homogeneity.

MATERIALS AND METHODS
Sampling: Lactic acid bacteria were isolated from raw camel milk in Southern Algerian farms,
from Ouargla (Afran village, 786 km far from the capital Algiers). Ten milk samples were collected
in sterilized bottles and brought to applied microbiology laboratory at Oran 1 University (Algeria),
then to the Department of Biotechnology at Pondicherry University (India) for further analysis.

Identification of the selected strain: The identification was determined by classical methods
(Sharaf and Al Harbi, 2011), then finally by 16S rDNA sequencing using universal primers 16S1
(5‘AGA GTT TGA TCC TGG CTC AG 3‘) and 16S2 (5‘ACG GCT ACC TTG TTA CGA CTT 3‘) then
sent to Microsynth Laboratories, Switzerland.
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The obtained sequence was BLAST-analyzed using NCBI website and the results submitted to
GenBank (Marroki et al., 2011; Kumar et al., 2010; Talpur et al., 2012; Amina et al., 2014).

Antimicrobial spectrum: The antimicrobial activity of Cell Free Supernatant (CFS) was
determined by agar well diffusion method against several pathogenic bacteria. The MRS agar
containing the indicator strain was poured on petri dishes and then 4 mm wells were punched into
agar and filled with 80 µL of filter sterilized CFS of Lactobacillus plantarum using different
dilutions and adjusted to pH 6.5.

Clear zones around each well confirmed the antimicrobial activity of the selected probiotic
bacterium (Anas et al., 2012; Kumar and Arul, 2009).

Sensitivity to antibiotics: Twenty five milliliters of MRS agar was inoculated with 12 h old
culture and mixed carefully, then poured on petri dish. After solidification, all antibiotic discs
present in our lab were deposed on the medium and incubated at 37°C for 24 h. Clear zones of
inhibition indicated the sensitivity of the probiotic strain towards selected antibiotics.

Results were compared to ACFMS (Antibiogram Committee of the French Microbiology Society)
to confirm the obtained results. The dilution method was used to determine the Minimum
Inhibitory  Concentration  (MIC)  (Danielsen  and  Wind,  2003; Sahm and Washington, 1991;
Vlkova et al., 2006).

Crude bacteriocin preparation and partial purification: The MRS Broth culture inoculated
with 0.1% of DU10 inoculums grown for 16 h at 37°C. The cells were separated by centrifuging at
8,500 g at 4°C for 15 min, then the cell free supernatant neutralized to pH 6.5±0.1 with 1 N NaOH
(Enan, 2006).

The antimicrobial activities against pathogenic bacterial strains were elucidated by agar well
diffusion assay. Then the CFS was subjected to ultrafiltration using Amicon Ultra Centrifugal
Filters, which enable the high concentration of proteins (Merck Millipore, Germany), as the
desirable putative bacteriocins were suspected below this molecular weight.

Ammonium sulfate was gradually added to the procured filtrate to attain up to 90% saturation
and kept  for  overnight  at  4°C.  Then the precipitated proteins collected by centrifugation at
10,000 g for 20 min at 4°C and dissolved in a minimal quantity of a 10 mM ammonium acetate
buffer (pH 6.0) and dialyzed 16 h against the same buffer at 4°C with a 1 kDa pore size dialysis
membrane (spectrum labs, USA).

Purification of the antimicrobial peptide: The dialyzed crude bacteriocin was partially purified
by Akta  Prime  plus  protein   purification   system  (GE  Healthcare,  Uppsala,  Sweden)  which
was connected with a size exclusion  column (c) 10/20)  and  Sephadex G-25 (Sigma) as a matrix.
Two milliliter of dialyzed sample was injected into the column which was equilibrated with 10 mM
ammonium acetate  buffer  (pH  6.0)  and  containing  0.01  M  sodium  chloride at a flow rate of
0.5 mL minG1. The eluent was collected as 1 mL size of fractions. Each fraction carried out for
antibacterial activity and protein profiling by Tricine SDS-PAGE. The active fraction was
lyophilized and the concentrated fraction further purified by reverse phase liquid chromatography
RP-HPLC (Shimadzu, Japan).
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Then, 25 µL of the concentrated bacteriocin which was collected from Akta prime plus column
purification and able to inhibit pathogens was injected into an analytical C18 reverse-phase column
(Luna 5 µm, 250×4.6 mm; Phenomenex, CA, USA). The  elution  was  performed  at a flow rate of
1 mL minG1 using a linear gradient from 90% solvent A [0.1% (w/v) TriFluoro-Acetic Acid (TFA) in
5% (v/v) acetonitrile in water] and 10% solvent B [0.1% TFA in 100% acetonitrile] to 42 and 58%
of solvents A and B, respectively within 46 min. The peptide fractions were detected
spectrophotometrically by measuring the absorbance at 220 nm and collected manually. The
fractions were then lyophilized and dissolved in an ammonium acetate buffer (10 mM, pH 6.0) and
kept for further analysis.

Effect of enzymes, pH and temperature on antibacterial activity: From the gel filtration
chromatography an active fraction was obtained and adjusted to 1 mg protein mLG1 (pH 6.5) as
partially purified antimicrobial peptides and followed by an antimicrobial activity test. Aliquots of
these samples were co-incubated with  several  enzymes  at  37°C  for  2  h, pepsin (800 U mLG1,
0.05 M citric acid buffer, pH 2.0, Sigma, USA), trypsin (250 U mLG1, 0.05 M sodium phosphate
buffer, pH 7.0, Sigma), proteinase K (38 U mLG1, pH 7.5, 0.05 M sodium phosphate buffer, Amresco,
USA), α-chymotrypsin (100 U mLG1, 0.05 M sodium phosphate buffer, pH 7.5, Sigma) and catalase
(2000 U mLG1, 0.05 M sodium phosphate buffer, pH 7.0, Sigma). After incubation, all samples were
adjusted to pH 6.5 with sterile 3 M NaOH or 3 M HCl and tested for antibacterial activity by using
Listeria monocytogenes ATCC 15313 as an indicator strain. Partially purified antimicrobials in
buffers without enzyme and buffers alone were used as controls.

The pH of samples was adjusted (1 mg protein mLG1) to values varying from 2.0-10.0 with
sterile 3 M NaOH or 3 M HCl to check its effect on the antimicrobial activity. After incubation at
37°C during 72 h, the samples were re-adjusted to pH 6.5 with sterile 3 M NaOH or 3 M HCl and
tested again for antibacterial activities.

By heating the partially purified antimicrobials, the effect of temperature on antibacterial
activity was tested (1 mg protein mLG1) at 60°C/30 min, 80°C/30 min, 100°C/30 min 121°C/15 min,
respectively, then the samples were cooled and residual antibacterial activities were tested by using
Listeria monocytogenes ATCC 15313, as an indicator strain. In experiments of 121°C, heating and
cooling  time  were  about  15 min,  respectively.  All  experiments  were  conducted  in  triplicate
(Al-Otaibi, 2012).

Molecular mass determination: The molecular  mass  of the antimicrobial peptide was
confirmed by Mass-Assisted Laser Desorption Ionization Time Of Flight Mass Spectrometry
(MALDI-TOF/MS) using the Proteomic facility of the Molecular Biophysics Unit at the Indian
Institute of Sciences, Bangalore, India (Kaur et al., 2013).

Tricine-sodium dodecyl sulfate polyacrylamide gel electrophoresis: The separated fractions
obtained after an HPLC analysis, were used to determine the molecular size by Tricine SDS-PAGE
(10%) which was run under reducing and non reducing conditions (Schagger and Jagow, 1987). The
probe buffer wasn’t neither boiled nor added of 2-mercaptoethanol. The SDS was removed by
washing the gel 4 times for 10 min in distilled water and then the gel was placed in a petri dish
containing a 2% agar medium overlaid  with  a  precooled  0.7%  agar  medium  inoculated with the
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Lactobacillus plantarum strain M67 16S ribosomal RNA gane partial sequence

 gene for 16S ribosomal RNA partial sequence strain qz1195Lactobacillus plantarum
 strain 3m 116S ribosomal RNA gene partial sequenceLactobacillus plantarum

Lactobacillus plantarum strain TW 242 16S ribosomal RNA gene partial sequence
Lactobacillus plantarum gene for 16S ribosomal RNA partial sequence strain qz 138da

Lactobacillus plantarum partial  16S RNA gene isolate isolate 8
 strain MG 26 16S ribosomal RNA gene partial sequenceLactobacillus plantarum
 strain YM 2116S ribosomal RNA gene partial sequenceLactobacillus plantarum
 strain M42 16S ribosomal RNA gene partial sequenceLactobacillus plantarum
  strain M41 16S ribosomal RNA gene partial sequenceLactobacillus plantarum
 ZJ316 complete genomeLactobacillus plantarum
 strain DU 10 16S ribosomal RNA gene partial sequence Lactobacillus plantarum

Lactobacillus sp. SXVIII 102011 16S ribosomal RNA gene partial sequence
Lactobacillus plantrum gene for16 S ribosomal RNA sequence strain qz139

Lactobacillus plantrum plantraum subsp  P8 complete genome
Lactobacillus plantrum strain M60  16 S ribosomal RNA gene partial sequence

Lactobacillus plantrum strain p516S ribosomal RNA gene partial sequence
Lactobacillus plantrum strain M7416S ribosomal RNA gene partial sequence
Lactobacillus sp. ZJHD7 14 16S ribosomal RNA gene partial sequence

Lactobacillus plantarum 16 complete genome
Lactobacillus plantrum sups plantarum gene 16 S RNA partial sequence strain TO 1002

Lactobacillus plantrum strain M68  16 S  ribosomal  RNA  gene partial sequence

Frmioutes

Frmioutes

indicator organism at 37°C for 24 h. A low molecular mass protein marker with sizes ranging from
3.0-97.4 kDa (Bangalore Genei, Bangalore, India) was used. The gel was stained using the silver
staining method (Morrissey, 1981).

RESULTS AND DISCUSSION
Identification of Lb. plantarum from raw camel milk: Among 50 lactic acid bacteria isolated
from Algerian raw camel milk, only one was selected in this study for its remarkable
characteristics.  The  Isolate  was  identified  as  Lactobacillus  plantarum  DU10  by morphological,
biochemical and phylogenetic 16S rDNA sequence method as described previously by Amina et al.
(2014). The obtained sequence was identified and deposited in Genbank under the Accession
Number KF724943. The phylogenic tree is shown in Fig. 1.

Inhibitory spectrum of DU10: CSF of L. plantarum DU10 gave clear zones around the indicator
pathogenic strains. The largest diameter of inhibition which is 25 mm, was obtained with the CFS
of this probiotic strain (Yateem et al., 2008) on L. monocytogenes and L. innocua. Table 1 indicates
that L. plantarum is able to inhibit the growth of both gram-positive and gram-negative bacteria.

Table 1: Antimicrobial activity of DU10 towards pathogenic bacteria
Pathogenic strains Sensitivity
Listeria monocytogenes ATCC 15313 +++
Listeria innocua ATCC 33090 +++
Staphylococcus aureus ATCC 6538 +++
Pseudomonas aeruginosa ATCC 27853 +++
Escherichia coli ATCC 8739 ++
Klebsiella pneumoniae ATCC 700603 +
Salmonella enterica ATCC 14028 ++
Salmonella typhi ATCC 700720 ++
Vibrio fischeri ATCC 700601 +
Vibrio parahaemolyticus ATCC 17802 +
+: >5 mm, 5< ++: <10 mm and +++: <10 mm

Fig. 1: Blast tree view of L. plantarum DU10 using blast pairwise alignments
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Adeniyi et al. (2006) have used the CFS of Lactobacillus strains to prove their growth inhibition
of all organisms implicated in urinary tract infection.

Lactobacillus plantarum (Yateem et al., 2008)  has  been  isolated  from  un-pasteurized  camel
milk which was allowed to ferment  spontaneously  for  one  week,  was  able  to  inhibit the growth
of the  Gram-negative  tested   bacteria  such  as  Salmonella   spp.  and  E. coli  strains. Dialyzed
sample (semi-crude preparation) of L. plantarum  DU10  has  shown a broad spectrum antibacterial
activity towards several gram-positive  and   gram-negative  pathogens.  Similarly, plantaricin  423 
reported  by  Van  Reenen   et   al.  (1998)  and plantaricin  LP84 reported by Suma et al.  (1998)
showed  inhibitory  activity  towards  several  pathogens   such   as   S.  aureus and B. subtilis.

Plantaricin 35d produced by a L. plantarum strain showed a broad spectrum of antimicrobial
activity including S. aureus and L. monocytogenes according to Messi et al. (2001). Lash et al. (2005)
described a bacteriocin produced by L. plantarum (ATCC 8014), which inhibited S. aureus, E. coli,
L. innocua and P.  aeruginosa.  Plantaricin  35d  produced  by  a L. plantarum strain showed a
large broad  spectrum   of   antimicrobial   activity   including  S. aureus and L. monocytogenes
(Messi et al., 2001). Valenzuela et al. (2008) described an antimicrobial peptide that inhibited
pathogenic bacteria  like  B.  cereus,  E.  coli  and S. enterica. Gong and Xie have reported
plantaricin MG produced  by  L.   plantarum  KLDSI  0391  that  inhibited many pathogens such
as L. monocytogenes, S. aureus, S.  thyphimurium  and  E.  coli  (Gong  et  al.,  2010; Xie et al.,
2011).

Xie et al. (2011) described an active bacteriocin against strains of Lactobacillus, Listeria,
Sreptococcus and Pediococcus. Plantaricin LD1 produced by food isolate of Lactobacillus plantarum
LD1 inhibited not only related strains but also other gram-positive and gram-negative bacteria
such as S. aureus, P. aeruginosa, S. typhi as described by Gupta and Tiwari (2014). Plantaricin Y
produced by L. plantarum 510 reported by Chen et al. (2014) showed strong inhibitory activity
against L. monocytogenes BCRC 14845.

Sensitivity to antibiotics: The probiotic bacterium was sensitive to most selected antibiotics
except for polymyxin, kanamycin, sulfafurazole, cefpodoxim and vancomycin. Various reports
showed  that  Lactobacillus  plantarum  DU10  was  naturally  resistant to some antibiotics, such
as penicillin G, ampicillin,  vancomycin,  chloramphenicol  or  ciprofloxacin. These results are not
in concordance  with  ours,  except  for  vancomycin  (Coppola  et al., 2005; Halami et al., 2000)
(Table 2).

This antibiotic belongs to glycopeptide antibiotics and inhibits the peptidoglycan synthesis
which is important structural component of cell wall bacterial. Consequently, lactic acid bacteria
are particularly vulnerable to vancomycin treatment (Reynolds, 1989).

Purification of microbial peptides: To purify plantaricin MZ, the CFS was ultrafiltered through
a 10 kDa membrane, precipitated with  ammonium  sulfate,  dialyzed and subjected to Sephadex
G-25 gel chromatography (Fig. 2). The resulting active fraction was lyophilized and dissolved in a
minimum volume of solvent A for an HPLC analysis.

Upon injection of the Sephadex G-25-purified sample into the reverse-phase HPLC, two distinct
peaks were observed, corresponding  to  a  retention  time  of  16.90  and 23.38 min, respectively
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Fig. 2: Sephadex G-25 chromatogram for the whole bacteriocin sample. The bacteriocin sample was
purified by Sephadex G-25 gel chromatography and eluted at a flow rate of 0.5 mL minG1

Table 2: Antibiotic sensitivity of Lactobacillus plantarum DU10
Pathogenic strains Sensitivity Disc concentration (µg/disc)
Chloramphenicol S 30
Amoxycillin S 10
Vancomycin R 30
Gentamycin S 10
Oxytetracycline S 30
Erythromycin S 10
Amikacin S 30
Penicillin S 10
Cefpodoxim R 10
Neomycin S 30
Methicillin S 30
Novobiocin S 30
Kanamycin R 30
Rifampicin S 30
Tetracycline S 5
Ampicillin S 10
Polymyxin R 300
Sulfafurazole R 300
Ciprofloxacin S 5
S: Sensitive and R: Resistant

(Fig. 3). These peaks were also shown to be active against Listeria monocytogenes ATCC 15313  and
Staphylococcus     aureus    ATCC    6538    and    used    for    the  molecular  mass  determination.
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Fig. 3: High Performance Liquid Chromatography chromatogram of plantaricin M and Z. The
lyophilized partially purified samples were resuspended in a minimal quantity of solvent
A. A  25  µL  sample  was  eluted using a linear gradient  from  90%  solvent  A [0.1% (w/v)
trifluoroacetic acid (TFA) in 5% (v/v) acetonitrile in water] and 10% solvent B (0.1% TFA
in 100% acetonitrile) to 42  and  58%  of solvents A and B, respectively within 46 min. Two
distinct peaks of purified plantaricin M and Z were obtained at 16.90 and 23.38 min,
respectively

Table 3: Antimicrobial spectrum expressed as residual bacteriocin activity of mixed fractions (1:1 molar ratio)
Residual bacteriocin activity (%)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Temperature and time Surfactant pH
60°C, 30 min (100) Catalse (100) 2.0 (100)
80°C, 30 min (100) Proteinase-K (0) 6.0 (100)
100°C, 30 min (100) A-Chymotrypsin (0) 8.0 (100)
121°C, 15 min (100) Trypsin (0) 10.0 (100)

Pepsin (0)
Lipase (100)

Negative results were found when both fractions were tested separately, this means that the two-peptide bacteriocins acts synergistically

Effect of enzyme and heat treatment on antimicrobial activity: Plantaricin MZ was found
to be heat resistant to 121°C for 15 min. At temperatures of 60, 70 and 80°C for 30 min, 100%
activity was retained and stable. This may constitute an advantage in view of its potential use as
a food additive in processes like pasteurization and drying (Bhattacharya and Das, 2010). It was
sensitive to pepsin, trypsin, chymotrypsin and proteinase-K but insensitive to catalase confirming
that inhibition was due to proteinaceous molecule (bacteriocin). Its activity was not reduced by
lipase indicating that there was no structural modification by lipid moiety (Table 3). In previous
studies, most plantaricins treated with trypsin were inactivated (Gong et al., 2010; Gonzalez et al.,
1994; Jimenez-Diaz et al., 1993; Tiwari and Srivastava, 2008; Van Reenen et al., 1998; Zhang et al.,
2013).  Treatment   of    plantaricin    Y    with    trypsin    provided    a     similar    result   using
W.  paramesenteroides  BRCR  14006  as  the  indicator  strain  but  inhibitory activity was observed
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when L. monocytogenes BCRC 14845 was used as the indicator strain. In order to determine
whether trypsin-treated plantaricin MZ has inhibitory activity against other tested bacteria,
activity against all the indicator strains listed in Table 1 was tested. To clarify this, more detailed
analyses are necessary in future studies.

Negative results were found when both fractions were tested separately, this means that the
two-peptide bacteriocins acts synergistically.

Molecular mass determination: Plantaricin M and  Z  were  purified to homogeneity and
MALDI-TOF/MS confirmed the purity of samples and determined the exact molecular mass of
peptides to be 6.7956 and 7.1922 kDa, respectively as shown in Fig. 4 and 5.

These bacteriocins could temporary been classified as a class II bacteriocin based on their
molecular  mass  [9].  Previous  reports   on   molecular   weight   of   bacteriocins    isolated  from
L. plantarum strains did not exactly corresponded to Plantaricin M and Z.

Tricine-sodium dodecyl sulfate polyacrylamide gel electrophoresis: A clear zone in native
PAGE was observed (Fig. 6) which was corresponding to purified antimicrobial peptides Plantaricin
M and Z with a molecular weight around 6 and 7 kDa, respectively.

Fig. 4: Mass-assisted laser desorption ionization time of flight mass spectrum of plantaricin M.
The single  active  peak  fraction  of  HPLC   was  subjected to mass spectrometry. The
mass-assisted laser desorption ionization time of flight analysis showed a distinct peak
around 670 m zG1, indicating  that  the  molecular  mass  of the bacteriocin protein was
6.7956 kDa
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Fig. 5: Mass-assisted laser desorption ionization time of flight mass spectrum of plantaricin Z. The
single active peak fraction of HPLC was subjected to mass spectrometry. The Mass-assisted
laser desorption ionization time of flight analysis showed a distinct peak around 7250 m zG1,
indicating that the molecular mass of the bacteriocin protein was 7.1922 kDa

Fig. 6: Tricine SDS-Page of  DU10  antimicrobial  peptides, Lane 1: Molecular weight markers,
Lane 2: Position of peptide bands and Lane 3: Gel overlaid with the pathogenic strain

These results have validated further the molecular mass of the antimicrobial peptides as 6.7956
and 7.1922 kDa. Data obtained indicate that plantaricin M and Z have a different molecular mass
and characteristics to other known bacteriocins from L. plantarum.
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CONCLUSION
In vitro screening of Lactobacilli from raw camel milk constitutes a valuable strategy for the

large-level preliminary selection of putatively safe LAB expected for use as probiotic cultures.
This study shows that filter sterilized CFS from L. plantarum DU10 exhibited antimicrobial

activity against both gram-positive and gram-negative bacteria. The purified two-component
antimicrobial peptides plantaricin MZ were reported for the first time in this research work.

Some additional studies should be done to know the power of adhesion, mode of action and the
stability of the isolate to manufacturing processes.
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