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ABSTRACT

Aims: Our work is focused on the characterization of anti-Listeria innocua. F bacteriocins produced
by lactic acid bacteria belonging to the genus Lactococcus isolated from camel milk.

Methodology: We tested the bacteriocins activities by diffusion wells method, followed by protease
inactivation. The antibacterial peptides are extracted by adsorption/desorption method and then
separated on a PAGE-SDS and their activity is detected by the zymogram technique. On the other
hand, genetic characterization of these molecules was realized by the plasmid curing using two
antibiotics, Rifampicin and Novobiocin. The cure is checked by extraction of the plasmids followed
by a migration on an agarose gel. The Bac-mutants obtained underwent testing activity by well
diffusion method and by zymogram technique, using as a positive control, wild strains Bac+.

*Corresponding author: E-mail: houalitizi@yahoo.fr;




Chergui et al.; ARRB, 11(5): 1-9, 2016; Article no.ARRB.31767

Results: Lactococcus lactis ssp raffinolactis gave inhibition zones against Listeria innocua F strain
with a diameter of 16 mm as well as by the zymogram has inhibition zones between 5 and 10 Kda.
Bacteriocins produced are sensitive to the proteases used. The disappearance of the zones of
inhibition after the plasmid treatment confirms the plasmid location of the genetic clusters
bacteriocins. After cure of the plasmids, it is indicated that the genes for immunity to the parental
bacteriocins are also carried by the same plasmid and therefore co-transcribed with genes encoding
the bacteriocin. Finally, our work is completed by the determination of CMI of bacteriocins extracts;

the value found is 7.14 IU/ml.

Conclusion: Bacteriocins produced are sensitive to trypsin and pepsin, two proteolytic enzymes
most commonly used to confirm the protein nature of bacteriocins and gave a protein pattern and a
zone of inhibition of 9.26 KDa. This MW is situated between 5 to 10 KDa and it is corresponding to
sub-class lla of bacteriocins. The Minimal inhibitory concentration of bacteriocin was 7.14 1U/ml.

Keywords: Milk camel; lactococcus; bacteriocins; zymogram; Listeria.

1. INTRODUCTION

Camel milk is a microbiological biotope which is
very little exploited both on the industrial level
and in scientific researches. Serious problems of
bacterial resistance to conventional antibacterial
agents directed laboratories to new
investigations, which tend to use natural sources
to find new and more effective molecules [1,2].
One of the most studied sources of these
molecules is lactic acid bacteria. Considering its
rich and balanced microbiological composition,
milk is the ideal medium for seeking for new
molecules. By their nature, their variety, and their
different mechanisms of action antimicrobial,
peptides produced by lactic acid bacteria such as
bacteriocins represent an interesting alternative
among the new strategies to control bacterial
multidrug resistance [3,4,5].

Bacteriocins are peptides or proteins produced
by bacterial genera having specific antimicrobial
activities directed against the related bacterial
species but not lethal to the producing strain [6].
Using bacteriocins in food is advantageous not
only for their broad spectrum of action, but also
because they are non-toxic, easily degradable by
digestive enzymes and do not compromise the
medication [7]. Because they are natural
substances, their use would be more healthy
products without any chemical agents added [8].

A number of bacteriocins have shown synergistic
actions in combination with other antimicrobial
agents including chemical preservatives, natural
phenolic  compounds, and even other
antimicrobial proteins [9]. The combination of
bacteriocins with physical treatments such as
high pressure processing or in an electric field
provides a more effective preservation of
foodstuffs and providing an additional barrier to
the most resistant forms such as bacterial
endospores [8].

2. MATERIALS AND METHODS
2.1 Bacterial Strains

Lactic acid bacteria isolated from camel milk in
the region of Biskra in Algerian Sahara belonging
to the genus Lactococcus: Lactococcus lactis ssp
raffinolactis. The identification was carried out by
the study of cultural and biochemical characters
based on tests of identification contained in the
APl 50. The identification of the strain was
confirmed by the amplification and sequencing of
the 16S rRNA gene. Target bacteria were
purchased from University of Nantes in France:
Listeria innocua F.

2.2 Antagonist Activity

We adopted the activity test on solid medium.
We followed the well diffusion assay according to
the protocol of Nissen-Meyer [10]. To revive the
bacterial strains previously stored in the M17
medium, they are first cultured in 1ml of enriched
nutrient broth and incubated at 37<C for 18 h,
then, taken up in a volume of 10ml of the same
medium and incubated under the same culture
conditions.

To demonstrate the activity of our
bacteriocinogenic strains, the cultures are carried
out under anaerobic conditions to eliminate the
effect of hydrogen peroxide, the culture
supernatants are neutralized to pH7 with a 1N
HCI solution to remove the inhibitory effect of
lactic acid.

Inoculate 15 ml of enriched nutrient agar with 15
pl of Suspension of Listeria innocua F initially
prepared (OD = 0.08 corresponding to 10°UFC/
ml at 625 nm). Wells of 6 mm of diameter are
made in the agar. Fill the wells with 70ul of the
neutralized supernatant. Two wells are made by
Petri dish, one containing 70 pl of sterile distilled
water (negative control) and the other water,




70 pl of the active supernatant. The dishes were
then left for 1 h at room temperature to achieve a
pre-diffusion of molecules from the supernatant.
Finally, the plates are incubated in the culture
conditions of the target strain (at 37<C for 18 h).
The results are given by measuring the
diameters of the inhibition zones around the
wells.

2.3 Sensitivity to Proteases

The enzymes used are trypsin and pepsin.
Enzyme solutions at concentrations of 2 mg/ml
are prepared and mixed with active supernatant
with  proportions 1/1 (viv) to get final
concentrations of enzymes, of 1 mg/ml. The
mixtures were incubated for 2 hours at 37C in a
water bath to allow the reaction between
enzymes and their substrates.

Three wells are made by box, the first containing
70 pl of supernatant of culture, the second 70 pl
of enzyme solution and the third 70 pl of mixture
enzyme with supernatant of culture.

2.4 Extraction of Bacteriocins

To extract biomolecules, we followed the
adsorption desorption protocol [11]. After
revitalizing our strains, passing through two
successive subcultures, the first in 1ml and the
second in 10ml of nutrient broth enriched. Large
culture was initiated according to the process of
Isleroglu H [12], in 100 ml of medium containing
10% of previous culture and incubated at 37C
for 18h. At 16h of incubation, the culture was
removed from the oven and adjusted to pH 6.5
under sterile conditions, this pH value will
prevent the adsorption of bacteriocins on
bacterial membrane [10].

Culture is left for 2 h at room temperature; these
conditions are unfavorable to bacterial growth
causing massive production of antibacterial
molecules to a competitor interest. The culture is
subsequently centrifuged at 6000 g for 30 min at
4, the bacterial pellet was dispersed in 4 ml of
desorption solution (sterile distilled water
adjusted to pH 1.4 with a solution of HCI 1N) and
added with 500ul of Tween 80, and then
subjected to a second centrifugation at 6000 g
for 30 min at 4C. The supernatant containing
the desorbed molecules which is recovered.

2.5 Electrophoretic
Bacteriocins

Separation of

The bacteriocins extracted are separated on
SDS-PAGE according to the protocol of [13]. The
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supernatants recovered by the protocol of (11)
mixed with running buffer (non-reducing Loading
Buffer) at 10 pl of supernatant + 10 pl buffer
migration. The samples are distributed in a
duplicate plate migration containing three gels:
Separating gel with 15% Polyacrylamide, Spacer
gel with 10% of Polyacrylamide and the Staking
gel with 6% of Polyacrylamide, by using a size
marker for migration: PageRuler’ Plus
Prestained Protein Ladder (Fermentas LIFE
SCIENCE). The migration is performed at 250V,
20 mA for 2h30.

2.6 Activity Test the

Method

by Zymogram

Half of unstained gel containing molecules
migrated is subjected to the test of antibacterial
activity. To do this, 20 ml Soft-agar medium
(0.8% agarose) inoculated with 20 pl of the
bacterial suspension of the target strain at OD =
0.08, are cast on this part of the gel. After
incubation under the growth conditions of the
target bacterium, interpretation of results will be
divided into two steps, the first, the lighter areas
of inhibitions on opaque background, and the
second, by superimposing these colored bands
corresponding to them on the other part of the
gel in order to read the value of their molecular
weight [13].

2.7 Genetic Location of Genes Encoding
Bacteriocins

The genetic variants which plasmids are cleaned
are obtained using two antibiotics: Rifampicin
and Novobiocin. The elimination of these
plasmids is obtained by growing the bacteria in
the presence of a sub-inhibitory concentration of
these antibiotics; it is the value lying just below
the minimum inhibitory concentration (MIC).

The strain is inoculated through two sets of tubes
in the Elliker broth supplemented with increasing
concentrations of each antibiotic chosen. The
first series shows the dilution range: 1.875; 2.5;
3.75; 5; 7.5; 10; 15; 20; 30; 40 and 60 (g/ml
rifampicin). The second array of dilution is: 5; 2.5;
1.25; 0.625; 0.3125; 0.25 (g/ml of novobiocin).

After obtaining the variants with plasmids curing,
the strain is streaked onto nutrient agar enriched
then taken to perform the anti-Listeria tests. To
do this, we followed the same steps realised
during the two protocols: diffusion method wells
and zymogram while using plasmids curing
variants not as positive controls. Thus, for the
well diffusion method, we conducted three wells
in each box, the first containing 70 ul of sterile



distiled water (negative control), the second
contains 70 pl of the active crude -culture
supernatant variant with plasmids and the third
contains 70 pl of the active crude supernatant
cure plasmids of the same strain. The
disappearance of the zone of inhibition in the
plasmid curing variant confirms the plasmid
origin of the genes encoding bacteriocins.

For the zymogram technique, each two extracts
bacteriocins with and without plasmids of the
variant strain samples are deposited in two
adjacent wells on the electrophoresis gel. In this
case also, the disappearance of the zone of
inhibition ranging from the plasmids curing
variant confirms location of plasmid genes
encoding the antibacterial peptide.

2.8 Genetic Localization of Immunity to
Bacteriocins

To find the location of the genes encoding the
immunity protein, variants curing plasmids are
subjected to the action of parental bacteriocin
using as a positive control, the variant with
plasmids of the same strain. For this purpose,
the method of diffusion wells was undertaken.
The appearance of the sensitivity to parental
bacteriocin in the variants cure plasmids,
whereas variant with plasmids resists, shows that

1000 bp
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the genes immunity to the bacteriocin are
supported by plasmids [14].

2.9 Determination of Minimum Inhibitory
Concentrations

We used the method of critical dilution for the
determination of the activity on agar medium by
the method of diffusion wells. From a dilution
series made in half and half of the mother
solution of bacteriocins, obtained by the method
of adsorption / desorption of YANG [11], 70 pl of
each dilution are deposited in a well. The Petri
dishes are then incubated at 37<C for 24 h. The
concentration of bacteriocins in arbitrary units are
reduced to ml, corresponds to the inverse of the
final dilution, for which a zone of inhibition is still
visible. The dilutions series performed for the
extracted bacteriocin performed as follows: 1;
0.5; 0.25; 0.125; 0.0625; 0.0312; 0.016.

3. RESULTS AND DISCUSSION

3.1 Antagonist Activity and Sensitivity to
Proteases

Lactococcus lactis ssp raffinolactis expressed
inhibitory activities against Listeria innocua F by
the production of bacteriocins that gave zones of
inhibition with a diameter of 13 mm. The 16S
RNA sequence from producer strain is illustrated
in Fig. 1.

<— 1500 bp

Fig. 1. 16S RNA sequence from identification Lactococcus lactis ssp raffinolactis
M: Standard (GeneRuler 1KB DNA reader), 0 : Negative control, 1 : Amplified DNA fragment (gene 16S rRNA) of
Lactococcus lactis. Beginning sequence used: s-d-bact-0008-a-S-20; s-dbact-1495-a-A20, Agarose gel
concentration: 1.5% (w/v)



Using the same technique, bacteriocins inhibiting
Listeria innocua F and produced by Lactococcus
were characterized in a workshop salting dairy
products [15,16,17] who identified bacteriocins
produced by the genus Lactococcus which are
capable of inhibiting gram-positive strains
including Listeria innocua F.

The anti-Listeria activity of a class lla bacteriocin,
the mesenterica 52A was studied by the diffusion

test wells by JASNIEWSKI [18]. However,
several authors characterized in the same
environment using the same method,

bacteriocins produced by Lactococcus which is
active against bacteria of the genus Listeria.
Lactococcin BZ produced by Lactococcus lactis
ssp lactis BA [19], the bozacine 14 produced by
Lactococcus lactis ssp lactis B14 [20], the
ST69BZ produced by Lactobacillus plantarum
ST69BZ [21].

To inactivate bacteriocins by the protease, the
inhibition zones are affected by trypsin and
pepsin. Indeed, the zone of inhibition has
completely disappeared after the enzyme
treatment. These results  confirm  the
proteinaceous nature of the biologically active
fraction of the bacteriocins produced by this
strain [22].

Bacteriocins and
the Method of

3.2 Extraction  of
Activity Test
Zymogram

by

We passed the acid extraction method whose
principle is the adsorption and desorption of
molecules on cells producing bacteriocins
advocated by Yang [11]. The same technique
was followed by Allouche [23] in 2010, INA El
Harrach, for the purification of bacteriocins
produced by strains of thermophilic lactobacilli
used in the dairy industry. In 2001, MAO [24]
have purified a bacteriocin produced by isolated
from pig Lactococcus lactis FS92 and
determined its MW with a migration by SDS-
PAGE followed by a biological revelation by the
zymogram technique.
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The bacteriocins separated by SDS-PAGE
electrophoresis expressed inhibitory activities
against the target strain. By overlaying the two
halves (colored and uncolored) of each gel, the
inhibition for all active molecules areas are
located at MW below 10 kDa. Estimating MW
gave a value around 9.26 kDa.

With the same method, PHUONG [25] have
detected the presence, in a water-soluble extract
of Asiago (ltalian cheese), of compounds of
molecular weight between 3 kDa and 10 kDa and
inhibits the growth of Listeria innocua LRGIA 01.
Initially, these compounds are either similar to be
bacteriocins or are small fragments of casein
with antimicrobial activity, while HAYES [26]
demonstrated that the MW of these molecules do
not exceed 1000Da, which  concludes
bacteriocins.

3.3 Characterization of Genes Encoding
Bacteriocins

Understanding the molecular mechanisms that
regulate the production of bacteriocins against
pathogenic strains without attacking beneficial
bacteria is very important.

In some cases, it is investigated using non-
producing mutants or bacteriocins that exhibit
lesser or no activity variants [27,28].

In our work, we compared the activity of wild
strains with their variants which are undergoes a
cure of plasmid by using of Rifampin and
Novobiocin as curing agents. Table 2 shows the
results of the MIC for plasmid curing Lactococcus
lactis ssp raffinolactis.

The MIC is the lowest concentration of antibiotic
that inhibits all visible growth of a microorganism
after incubation for 24 h in a specific growth
medium. The sub-inhibitory concentration is the
nearest concentration MIC [29]. According to the
dilutions used, and from the MIC results, the
values of sub-inhibitory concentrations that
allowed the cure plasmids of our strain are
respectively: 2.5 pg/ml and 0.625 pg/ml for
Rifampin and Novobiocin.

Table 1. Results of antagonist activity and protease sensitivity (diameter of inhibitory zone by
mm)

Lactic acid bacteria
strain

Culture supernatants

Culture supernatants Culture supernatants
+ Trypsin + Pepsin

Lactococcus lactis ssp 13

raffinolactis

0 0
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Table 2. Results of the plasmid curing in MIC and sub-inhibitory concentrations

Curing agent

Lactococcus lactis ssp raffinolactis

Minimal inhibitory concentration

Sub-inhibitory concentrations

Rifampicin
Novobiocin

3,75 pg/ml
1,25 pg/mi

2,5 pg/ml
0,625 pg/ml

The realization of the activity test by the wells’
diffusion method for the supernatants extracts
with neutralized pH and their variants curing
plasmids, showed the disappearance of the
inhibition zones after plasmid treatment.

Fig. 2. Disappearance of activity after plasmid
treatment
T: Culture supernatant of strain before curing
plasmids; VC: Culture supernatant of Variant curing
plasmids

BENOIT [30] have demonstrated the localization
of the genes encoding the brevicine SB27 as well
as those encoding immunity to the bacteriocin.
After plasmid curing the strain becomes sensitive
to brevicine SB27 and in the same time unable to
produce it. The plasmid profile analysis showed
the disappearance of a band 3KDa for this
variant.

The variants Bac- were obtained from plasmid
curing using a Novobiocin at a concentration
ranging from 0.25 ug/ml to 5 pg/ml. The
disappearance of the anti-Listeria activity
confirmed the plasmid location of the gene
encoding this bacteriocin.

To complete the results obtained, the
bacteriocins extracts from Lactococcus lactis ssp
raffinolactis and its plasmids curing variants are
subject to migration on SDS-PAGE and activity
test by the zymogram technique was realized in
order to compare protein profiles and the zones
of inhibition. The disappearance of bacteriocin
phenotype after cure plasmids shows that genes

encoding these bacteriocins are carried by
plasmids.

On the part of the gel intended for the activity
test, the zone of inhibition disappeared in the
variant curing plasmid, as well as the protein
band corresponding to it.

The result is illustrated in Fig. 3.

72KDa

55KDa

36KDa
28KDa

17KDa

10KDa

M L rdf.

Lrafc L raf. L.rafc

Fig. 3. Electrophoresis separation and
zymogramme activity

A: SDS-PAGE profile of protein separation; B:

Zymogramme activity.
L. raf : Profile of migration of protein from the
Lactococcus lactis ssp raffinolactis strain.
L. rafc: Profile of migration of protein from the mutant

Bac- from the same strain

3.4 Genetic Characterization of Immunity
to Bacteriocins

We reacted bacteriocin of Lactococcus lactis ssp
raffinolactis to the same strain after plasmid the
results showed the appearance of a large zone
of inhibition. These results indicate that, in this
strain, the loss of the plasmids carrying the
genes for production of bacteriocins is
accompanied by the loss of immunity to their own
bacteriocins. We can therefore, conclude that the
genes and production of bacteriocin immunity are
co-transcribed and carried by the same plasmid.



Because according to ENNAHAR [31], the
common pattern of organization of the genetic
systems involved in biosynthesis, transport and
regulation of the biosynthesis class lla consists
of a set of genes, involved a group biosynthesis
and in immunity to the bacteriocin containing
genes encoding the precursor of the bacteriocin
(B) and (I) and a group immunity protein involved
in the export of the bacteriocin and comprises
genes encoding an ABC transporter (D), an
accessory protein (E) and sometimes a protein of
unknown function (C).

3.5 Determination of Minimum Inhibitory
Concentrations of Bacteriocins

The minimum inhibitory concentrations (MICs)
are variable depending on the bacterial species
and strains [31]. The inhibition spectrum of
bacteriocins established from supernatants
culture or semi-purified preparations (bacteriocin
extracts). The result will be, thus, representative
of the overall antibacterial activity of a strain and
not of the activity of one bacteriocin. For this
reason, when a strain produces several
bacteriocins, the interpretation of inhibition
spectrum is only possible if it is made from
purified bacteriocins [30].

In our case, the anti-Listeria activity disappeared
after diluting the extract to a quarter of it.
According to the principle of critical dilution, the
value of the MIC bacteriocins produced by
Lactococcus lactis ssp raffinolactis is 7.14 1U/ml.
In addition, the inhibitory potency of antimicrobial
molecule is inversely proportional to its MIC
[30,31].

4. CONCLUSION

Our work has focused on the characterization of
anti-Listeria innocua F bacteriocins produced by
Lactococcus lactis ssp raffinolactis isolated from
camel milk in the region of Biskra. We first
started by identifying the antibacterial activity of
bacteriocin by wells diffusion method, where the
strain inhibited the growth of Listeria innocua F,
with an inhibition zone of 13 mm.

Bacteriocins produced are sensitive to trypsin
and pepsin, two proteolytic enzymes most
commonly used to confirm the protein nature of
bacteriocins. Later, we performed an extraction
of these molecules by adsorption desorption
YANG protocol [9] followed by their migration by
SDS-PAGE and revealed by a method of
zymogram. Lactococcus lactis ssp raffinolactis
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gave a protein pattern and a zone of inhibition of
9.26 KDa. This MW is situated between 5 and 10
KDa it is corresponding to sub-class lla of
bacteriocins.

Our results are complemented by a genetic study
in order to locate the clusters genes of
production and immunity to bacteriocins. To this
end, we produced mutants Bac- (not producers
of bacteriocins) and Bac S (sensitive to the
action of parental bacteriocin), the plasmids are
curing by using two antibiotics, Rifampicin and
Novobiocin inhibiting nucleic acid synthesis at
sub-inhibitory concentration. The disappearance
of the anti-Listeria activity and the appearance of
the sensitivity of the strain to its own lactic
bacteriocin after cure show that the bacteriocin
genes and their immunity to those of these latter,
are carried by the same plasmids. Finally, we
used the method of critical dilutions and testing
activity by wells diffusion to determine MIC of
bacteriocin extracts the value of the MIC was
7.14 1U/ml.

Finally, it would be interesting to complete this
work by the purification of bacteriocins and
sequencing the bioactive fraction in order to
understand the mechanism of antibacterial
activities and study the stability of these
molecules to be use in food industries.
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