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ABSTRACT

AL Kassaa, 1., Safourim, N., Mostafa, N. and Hamze, M. Antimicrobial activity and high
thermostability of a novel BLIS secreted by Enterococcus Mundtii isolated from lebanese
cow’s milk. 2016. Lebanese Science Journal, 17(2): 166-176.

Lactic acid bacteria (LAB) are used in many fields such as fermentation agents, increasing
nutritional value and improving organoleptic quality of food. Also they are used as probiotics
and preservatives against pathogens and spoilage microbes by producing antimicrobial
substances such as bacteriocins. Fifty cow’s milk samples were collected and 175 LAB isolates
were isolated and identified by using biochemical method. Fifteen isolates showed an
antimicrobial activity against Listeria monocytogenes ATCC® [9115™. One strain, BL4 which
showed the strongest activity, was chosen to extract and characterize its antimicrobial
substance in order to evaluate its potential use as a new food protective agent. This strain was
identified as Enterococcus mundtii by pyrosequencing method. The active substance was
extracted using solvent method. This Bacteriocin like Inhibitory Substances “BLIS” can
support a high temperature (121 °C) for a long time and resist pH variation. The BLIS BL4 can
be considered as a peptide active against many food pathogen and food-spoilage microbes,
such as Listeria monocytogenes and Penicillium spp. BLIS BL4 can be used in food application
as bio-preservative to reduce food-spoilage and food-borne diseases in food products.
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INTRODUCTION
The new life style in food sector imposes on the agribusiness industries to increase

the production of ready to eat food or frozen food, imposing to keep this type of food in good
conditions and away from spoilage and pathogenic microbes.
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Unfortunately, the chemical products used for conserving food have a lot of side
effects on human health. Carcinogenic, teratogenic, allergic and high toxic effects are the most
important problems of these chemical additives (Ross et al., 2002). Because of these
consequences, the idea of bio-preservation was born. The concept of bio-preservation of food
is using bioactive agent such as microorganisms and/or their own substances to conserve food
in a natural way. This would preserve the organoleptic characteristics and nutritional properties
of food usually lost after using chemical agents (Kassaa et al., 2015; Settanni and Corsetti,
2008).

LAB bacteriocins are antimicrobial peptides synthesized and secreted by many genus
and species of bacteria. Besides bacteriocins, secondary metabolites are also secreted to inhibit
the growth of competitive bacterial strains (Drider et al., 2006; Hwanhlem et al., 2013; Kjos et
al., 2010). Most of bacteriocins are small peptide, have a net positive charge at neutral or
slightly acidic pH, amphiphilic in nature and vary in spectrum and mode of activities.
Bacteriocins also display different molecular structures and molecular weights; they are stable
at high pH and thermal conditions (Kassaa et al., 2015; Nes et al., 1996; Zacharof and Lovitt,
2012)

Currently, the production of bacteriocin by enterococci is studied extensively due to
their GRAS (Generally Recognized As Safe) status (Fernandez et al., 2007; Javed et al., 2011),
since they prevent the growth of many food-borne pathogens and spoilage bacteria such as
Staphylococcus aureus (S. aureus), Listeria monocytogenes (L. monocytogenes), Escherichia
coli (E. coli) and Pseudomonas spp. They can also be used in different food products in order
to enhance their shelf life (Javed et al., 2011).

This study reports the isolation of LAB from Lebanese cow’s milk. A screening of
the antimicrobial activity of isolated LAB was realized and followed by extraction and
characterization of the bacteriocin or BLIS produced by Enterococcus mundtii (E. mundtii)
BLA4. This substance showed high thermostability and can be used as potential bio-control agent
against food borne pathogens and food spoilage microbes.

MATERIALS AND METHODS
Sampling and LAB isolation

Fifty samples of healthy cow’s milk were collected from farms in North Lebanon,
and then the samples were transported in sterile tubes to LMSE laboratory under 4°C
condition. LAB were isolated from samples, by direct plating on MRS agar (Scharlau-Spain).
A 10% (wi/v) food sample in diluent [0.1% (w/v) peptone] was homogenized and 10-fold
serially diluted. Plates of serial dilution (10-) in MRS were incubated for 48 h at 30°C in 5%
CO:2 condition. From each plate, 3 suspected colonies were picked up and re-cultured on a
new plate to be conserved with 10% glycerol MRS broth at — 80 °C.

Identification of active LAB

The LAB strains showing an anti-listerial activity were identified using biochemical
and molecular methods. The RAPID STR® (Remel, UK) was used as biochemical method
followed by API 50 CHL (Biomérieux-France) kit to confirm the identification of BL4 strain.
The test protocol was done as mentioned in the kit manual. The pyrosequencing was used as a
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molecular identification by sequencing the V1 and V2 region of 16S rDNA gene of active
strains. The pyrosequencing protocol was realized according to (Al Kassaa et al., 2014).

Antimicrobial activity of isolated LAB by agar well diffusion assay

50 mL of Muller Hinton (MH) soft agar (1% agar, w/v) was seeded with 500 uL of a
suspension of 108 CFU/ml (0.5 Mac-Ferland) of L. monocytogenes ATCC® 19115™ (used as
indicator strain) and then mixed. The mixture was poured into a sterile Petri dish, and after
setting of agar, wells of 5 mm in diameter were formed. Two-fold serial dilutions of supernatant
were made in 40 mM potassium phosphate buffer (pH 7) and aliquots of 50 ul from each
dilution were placed in wells in agar plates seeded with the indicator strain. Plates were
incubated for 24 h at the optimum temperature of indicator strains as shown in Table 2
(Ogunbanwo et al., 2003; Schillinger and Liicke, 1989). The antimicrobial activity was defined
according to the zone of inhibition on the lawn of sensitive cells of indicator strains.

Bacterial strains and growth conditions of BL4

Enterococcus mundtii BL4 (E. mundtii), was grown at 37°C in de Man, Rogosa and
Sharpe (MRS) medium (Scharlau-Spain) for 18-24 h. L. monocytogenes ATCC® 19115™ was
used as indicator strain to determine its activity in all characterization steps.

Characterization of the crude active antimicrobial substance
i) Effect of temperature on crude BLIS BL4

The thermostability of BLIS BL4 was tested by heating 500 ul of the supernatant at
95°C for 5 min. After cooling, the anti-listerial activity was assayed by agar well diffusion
assay.

i) Effect of enzymes on crude BLIS BL4 activity

One mL of supernatant was mixed with 150 pl of each enzyme solution (o-
chymotrypsin (10mg/ml), proteinase K (20mg/ml) and trypsin (10mg/ml)) purchased from
Sigma-aldrich (Germany). The mixtures were then incubated at 37 °C for 2h. The pH of all
samples was readjusted to 7.0. Then all treated supernatants were heated for 5 min at 95 °C and
put directly in ice to inhibit activity of proteolytic enzymes.

Extraction of BLIS BL4
i) Extraction of adsorbed BLIS BL4 from producer cells

For extraction of BLIS BL4, the Yang method was followed as described before
(Yang et al., 1992). Briefly, the producer strain, E. mundtii BL4, was grown to early stationary
phase in 500 mL of MRS nutrient broth. The culture broth was adjusted to pH 7. Then it was
heated to 70°C for 20 min to kill the cells which were harvested by centrifugation at 6,000 rpm
for 20 min. After the cells had been washed with 5 mM sodium phosphate (pH 6.5), they were
resuspended in 25 ml of 100 mM NaCl at pH 2.0 (adjusted with 5% phosphoric acid) and mixed
with a magnetic stirrer for 30 min at 4°C. Cell suspensions were then centrifuged at 6,000rpm
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for 45 min. The supernatants were collected and dialyzed in 1,000-molecular-weight-cutoff
dialysis bags against H20 at 4°C for 24 hours. The BLIS activity was defined according to the
zone of inhibition by agar well diffusion assay.

i) Extraction of BLIS BL4 using organic solvent method (chloroform)

500 mL of nutrient MRS broth were seeded with E. mundtii BL4 and incubated at
37°C for 24 hours. The sample was centrifuged at 6,000 rpm for 20 min and the supernatant
was collected. The culture supernatant (490 ml) was stirred vigorously with chloroform (500ml)
and transferred in a separating funnel. The interface layer between the aqueous and organic
phase, which contain bacteriocin was harvested, and the residual chloroform was eliminated by
speed vacuum (Mezaini et al., 2009).

iii) The activity assay of BLIS BL4

The BLIS BL4 was serially diluted (1:2, 1:4, 1:8, etc.) by mixing 500 pl of
supernatant and 500 pl of MRS broth. The activity was assayed against L. monocytogenes
CMUL 004 by agar well diffusion assay. Then the activity units (AU) per milliliter were
calculated (Saraniya and Jeevaratnam, 2014).

BLIS characterization
i) Storage and thermostability of BLIS BL4

The effect of temperature on BLIS stability was determined by keeping aliquots of
extracted BLIS for 1 day, 1 week and 6 weeks in sterile tubes at 4°C. On the other hand, 500 pl
of extracted BLIS were incubated at 35, 50 and 100 °C in temperature-controlled water bath for
0, 15 and 30 min, and at 121 °C by autoclaving for 15 and 30 min. The pH was readjusted back
to 7.0 and antilisterial activity was assayed using agar well diffusion assay.

i) Stability of BLIS BL4 under pH conditions

The effect of pH was determined by adjusting the pH of BLIS BL4 solution in the
range 2-12 by adding 1M HCL (acidic pH) and 2M NaOH (alkaline pH). The samples were
then incubated at 25°C for 2 h, the pH was readjusted back to 7.0 and BLIS BL4 anti-listerial
activity was assayed using agar well diffusion assay.

iii) Cytotoxicity effect
In order to determine the cytotoxicity of the extracted BLIS, a preliminary test was
performed using blood agar as described before to evaluate the hemolytic effect of BLIS BL4
and its produced strain (DeMaria and Lye, 1999).

Antimicrobial spectrum determination

The antibacterial activity spectrum of the extracted BLIS BL4 was assessed against
food-borne pathogens and food spoilage bacteria obtained from “Collection Microbiologique
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de I’ Université Libanaise (CMUL)” (Table 2) by agar well diffusion assay. For bacterial
indicator strains, the same protocol aforementioned was followed, whilst for fungal indicator
strains another methodology was realized. Briefly, a few conidia (without mycelium) were
taken from culture plate and then poured in 0.9% NaCl suspension. After dilution, the conidia
concentration was determined by using a cell counter under microscope. Once the suspension
was ready (108 conidia/ml), a sterile swab was immersed in suspension and then the excess
was removed by pressing the swab at the edges. Finally, the culture medium was inoculated
with this swab by spreading three times on the three plate zones.

RESULTS AND DISCUSSION

The aim of this study was the isolation and characterization of the first
bacteriocinogenic LAB strain “E. mundtii BL4” isolated in Lebanon. E. mundtii BL4 will be
evaluated for their capacities to control food-spoilage and food-borne pathogens in food
products, in order to enhance food shelf life.

From 50 cow’s milk samples, 175 strains were isolated and evaluated for an eventual
antimicrobial activity. The preliminary identification of the fifteen active strains was based on
morphologic and biochemical characteristics. First, as results of biochemical identification
using RapID™ STR (Remel, UK), the active strains were identified as four Lactococcus spp,
four Pediococcus pentasaceus, two Streptococcus sanguinis, two E. mundtii, two Weissella
confuse, and one Gemella morbillorum. The gallery APl 50 CHL (BioMerieux, France) was
performed to confirm the biochemical identification of Lactococcus spp BL4 which showed the
strongest activity. The API 50 CHL (BioMerieux, Frane) result showed that BL4 strain was
identified as Lactococcus lactis. According to Al Kassaa et al., (2014), the biochemical
identification of LAB is not efficient and therefore molecular methods are needed. The variable
region V1 and V2 of 16S rDNA gene of BL4 were pyrosequenced. The results showed that
BL4 was identified as E. mundtii by pyrosequencing. Several studies have showed that the
pyrosequencing was more reliable especially for LAB strains (Al Kassaa et al., 2014).

The antimicrobial activity of these different strains was tested by agar well diffusion
assay. The experimental conditions eliminate the influence of lactic acid and hydrogen
peroxide. This is why L. monocytogenes was chosen as a target strain (Al Kassaa et al., 2014).
This bacterium has the ability to tolerate lactic acid and produces catalase as a protective agent
against hydrogen peroxide.

The results of this assay showed that only fifteen strains of the total 175 LAB isolates
had an antimicrobial activity against L. monocytogenes. Their inhibition zone diameters against
L. monocytogenes vary between 8 and 20 mm. The low number of active strains was similar to
another study realized by Toit et al., when they found only seven active strains among 92
isolates (7.6%) (Toit et al., 2000). Another study showed that one active strain was isolated of
77 isolates (1.29 %) (Jennes et al., 2000). Several studies have showed the capacity of LAB to
inhibit the growth of certain strains of L. monocytogenes (Allende et al., 2007). This bacterium
is responsible of severe diseases transmitted by food with high percentage of fatality (20 to
30%) (Ramaswamy et al., 2007).

E. mundtii BL4 isolate showed the strongest anti-listerial activity (20 mm) and was
chosen to characterize its antimicrobial substances. The Enterococcus genus plays an important
role in cheese production (Franz et al., 1999). The bacteriocins secreted by Enterococcus spp.,
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named recently enterocins, have shown an antibacterial activity against Listeria spp. and
Clostridium spp. (Giraffa, 1995). Protease sensitivity assay demonstrated that BLIS BL4
activity was largely impaired by treatment with a-chymotrypsin, proteinase K and trypsin. This
protease treatment confirmed that the active substance is a peptide or protein. In addition, this
substance is stable under high temperature. These preliminary characterizations reveal that this
inhibitory substance is probably “BLIS” or “Bacteriocin” and must be demonstrated
(Hwanhlem et al., 2014; Toit et al., 2000).

These features are similar to those of bacteriocins produced by Enterococcus strains
isolated from pig feces (Toit et al., 2000). They were inactivated by a-chymotrypsin, proteinase
K, trypsin, pronase, pepsin and papain, but not by lipase, lysozyme and catalase. These
bacteriocins were heat stable (Toit et al., 2000).

Extraction of bacteriocin or BLIS

In this context, BLIS BL4 was extracted using two methods: extraction of adsorbed
bacteriocin from producer cells, and extraction using an organic solvent (chloroform). The
organic solvent method showed more satisfying results. The other technique, adsorption-
desorption, could serve as an alternative to purify this BLIS (Yang et al., 1992). This method is
more economical and faster than other classic methods (Piard et al., 1992). Unfortunately, this
method depends on producer strain and on the nature of bacteriocin or BLIS itself (Yang et al.,
1992). The activities of extracted BLIS BL4 as well as the extraction yield are shown in Table
1.

TABLE 1
Summary of the Extraction Profile of Bacteriocin from Culture Supernatant of E.
Mundtii BL4
Extraction method Volume(ml) | Bacteriocin activity (AU/ml) Yield (%)
Crude 100 840 100
Adsorption/desorption 10 112 13.3
Chloroform 10 280 33.3

BLIS characterization

Extracted BLIS BL4 maintained full activity after 6 weeks of storage at 4°C. Also
this substance was heat-stable to 35°C, 50°C, 100 °C and 121 °C for 30 min. In a similar study,
Grande et al., (2005) studied the stability of enterocin AS-48 for fruit and vegetable juices
biopreservation. They found that the solutions of enterocin AS-48 in sterile distilled water were
stable for 120 days at 4 to 28 °C (Grande et al., 2005). Hwanhlem et al., (2013) reported that
the storage of bacteriocin at low temperature allowed long storage periods. However, optimum
temperature and time of storage depend on bacteriocin type (Hwanhlem et al., 2013).
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BLIS BL4 was found active and stable over a wide range of pH from 2 to 9 (Figure
1). Solichova et al., (2012) characterized an anti-Listeria bacteriocin-like substance produced
by E. mundtii. This bacteriocin-like substance is heat-stable to 100 °C at 30 min; it is also stable
in a wide range of pH value 2-10 (Solichova et al., 2012). In another study, partially purified
bacteriocin produced by E. faecium 130 isolated from mozzarella cheese was stable at pH
ranging from 2 to 10 with no loss of activity after heating at 100 °C for 15 min (Tulini et al.,
2011).

Inhibition zone at different pH
value

Axis Title

=e—=pH =& |nhibition zone

Figure 1. pH stability of BL4 BLIS measured by inhibition zone (mm)

This result confirms the possibility of using BLIS BL4 in food industry as
conservative agent, especially food which needs heat and acidic treatment.

On the other hand, BLIS BL4 showed low hemolytic effect but Enterococcus mundtii
BL4 had none. This effect is not necessarily caused by BLIS BL4 but due to action of impurities
in the extract. So it is essential to perform total purification and then the hemolytic test could
be performed. The use of Enterococcus genus in food is not comfortable yet. The opportunistic
species like E. faecium and E. faecalis are not “GRAS” (De Vuyst et al., 2003). For this reason,
E. mundtii was chosen as the representative of bacteriocins producing enterococcus due to their
potential safety in food (Jennes et al., 2000).

Antimicrobial spectrum of bacteriocin

The antimicrobial spectrum of BLIS BL 4 was evaluated by the agar well diffusion
assay. The bacteriocin exhibited a good spectrum of inhibition. When BLIS BL4 was tested
against 17 indicator strains, 5 strains were found sensitive (Table 2). Most of the sensitive
strains were Gram-positive bacteria especially L. monocytogenes CMUL 004. Table 2 shows
the indicator strains which were susceptible to BLIS BL4 and the value of inhibition zone
diameters. This indicates that BLIS BL4 could be a suitable biopreservative to increase the
safety and extending the storage life of various food products especially after evaluation of its
GRAS characteristics.
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A study reported that Enterocin LR/6, a purified bacteriocin, exhibited a broad
inhibitory spectrum against some food-borne pathogens comprising both Gram-positive and
Gram negative such as L. monocytogenes, Pseudomonas aeruginosa, Aeromonas spp., Yersinia
enterocolitica, Bacillus licheniformis and Shigella spp. as well as against several strains of LAB

(Kumar and Srivastava, 2009).

Moreover, the results obtained in the present study agree well with those of previous
studies indicating that some strains of LAB, isolated from Forest of mangrove (water, soil,
leaves, fruits...etc.), have a broad spectrum of activity against strains of L. monocytogenes but

inactive against some strains of E. coli (Hwanhlem et al., 2014).

TABLE 2

Different Strains Tested to Determine the Antibacterial Activity Spectrum of the

Extracted BLIS

Tested strains

Culture media used in well
diffusion method

Incubation
temperature and time

Inhibition zone
(mm)

Streptocoque bovis CMUL 425 Muller-Hinton 35°C, 18 hrs 11
Enterococcus feacalis CMUL 624 Muller-Hinton 35°C, 18 hrs 12
Enterococcus faecium CMUL 613 Muller-Hinton 35°C, 18 hrs 13
Staphylococcus areus CMUL 520 Muller-Hinton 35°C, 18 hrs 0
Bacillus cereus ATCC 11778 CMUL 141 Muller-Hinton 35°C, 18 hrs 0
Clostridium perfrengens CMUL IX 002 Muller-Hinton + 5% blood 35°C, 20 hrs 0
Escherichia coli (EPEC) CMUL 578 Muller-Hinton 35°C, 18 hrs 0
Salmonella typhi CMUL 232 Muller-Hinton 35°C, 18 hrs 0
Shigella spp CMUL 049 Muller-Hinton 35°C, 18 hrs 0
Brucella spp CMUL 031 Muller-Hinton + 5% blood 35°C, 20 hrs 0
Campylobacter jejuni CMUL Ax 016 ’l:l/l'::ljer—Hinton + 5% blood + 35°C, 24 hrs 0
Listeria monocytogenes CMUL AL 004 Muller-Hinton + 5% blood 35°C, 20 hrs 19
Lactobacillus acidophilus CMUL 011 Man, Rogosa and Sharp 30°C, 24 hrs 0
Lactobacillus brevis CMUL 024 Man, Rogosa and Sharp 30°C, 24 hrs 0
Pseudomonas aeruginosa CMUL 297 Muller-Hinton 35°C, 18 hrs 0
Penicillium spp CMUL 127 Sabouraud + Choloramphenicol 20°C, 5 days 10
Aspergillus flavus CMUL 051 Sabouraud + Choloramphenicol 20°C, 5 days 0
Candida albicans CMUL 032 Sabouraud + Choloramphenicol 35°C, 18 hrs 0
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LAB use the production of bacteriocin as a defense system against other bacteria that
come into competition for food. This is mainly produced during period of stress (Riley and
Chavan, 2007). Under the conditions of our work at the laboratory, LAB isolates are in
monoculture and in excess of nutrients so the production of bacteriocin seems to be pointless
for them. This hypothesis could explain why among 175 isolates, only 15 had a positive activity.

A study demonstrated that the production of bacteriocin is related to the producer
strain, incubation time, final pH of the culture media, etc. Stressful conditions could have been
set for isolates in order to collect a large amount of antimicrobial peptides as reported by several
studies (Hwanhlem et al., 2014; Pal and Ramana, 2010; Saraniya and Jeevaratnam, 2014; Yang
etal., 1992).

CONCLUSION

The BLIS BL4 exhibit a good spectrum activity against many indicator strains. As
BLIS BL4 can be active under high temperature and acidic pH conditions, it can be used in
food sector as a natural preservative to inhibit several food-borne pathogens and food spoilage
microbes such as Penicillium spp, and to prevent the transmission of L. monocytogenes to
vulnerable population. A cytotoxicity assay should be realized on pure BLIS BL4 in order to
ensure its safety use. In addition, cation exchange Liquid Chromatography and Mass
Spectrometry will be realized to totally purify BLIS BL4 and to determine its molecular weight.
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