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The bacteriocins produced by Enterococcus species (enterocins) show considerable activity against 
diverse pathogens. One of these antimicrobial peptides was isolated from Enterococcus faecium E86 
cultured in MRS broth for 24 h at 37°C. The antimicrobial peptide was purified by precipitation in 75% 
ammonium sulfate, followed by chloroform precipitation and chromatography in Dowex-50, resulting in 
a specific activity of 52.46 AU/ mg in a final yield of 80% and a 6-fold recovery. The enterocin was 
purified to homogeneity and had an apparent molecular mass of 3.5 kDa as evaluated by 18% SDS-
PAGE. The purified and the partial-purified enterocin were able to inhibit the proliferation of natural 
microbiota of fresh-cut lettuce as well as that artificially contaminated with Listeria spp. After 30 min in 
the presence of 0.5% acetic acid, the natural microbiota proliferation was reduced by 3 log cycles, while 
the enterocin in its purified or partially purified form showed an inhibition of the microbiota proliferation 
by 1 or 2 log cycles, respectively. These results indicate that enterocin could be used as a natural 
antimicrobial to reduce chemical treatment in minimally processed leafy vegetables. 
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INTRODUCTION 
 
Several studies have investigated the presence of 
pathogenic microorganisms in salad, in relation to 
washing treatment and/ or processing steps, which may 
change bacterial communities in the final products 
(Shuenzel and Harrison, 2002). Treatment with chlorine-
based agents may reduce the bacterial load 100-fold in 
leafy vegetables (Garcia and Barret, 2002), although with 
wide variability in decreasing the number of bacteria. 
With the aim to improve the quality and safety of MPV 
(minimally processed vegetables) products, and reduce 
preservatives, the industry is seeking novel and 
alternative technologies. The use of lactic acid bacteria 
(LAB) and/ or their natural products for the preservation 
of  foods  (biopreservation)  appears  to  be  a   promising 
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strategy for reducing growth of pathogens, according to 
the barrier technology strategy (Trias et al., 2008). 
Bacteriocins are ribosomally-synthesized antibacterial 
peptides produced by bacteria, and are usually active 
against genetically closely related species. They have 
been grouped into four classes, based on their structure 
and mode of action (Heng et al., 2007).  

Several researches have been focused on the 
production of bacteriocins from members of the LAB 
group, mainly Lactobacillus sp., Lactococcus sp., 
Leuconostoc sp., Enterococcus sp., and Pediococcus sp. 
(Ghrairi et al., 2008; Millette et al., 2008). The LAB 
bacteriocins are active against a broad spectrum of food-
spoilage and food-borne bacteria. Gram-positive 
pathogenic bacteria, including Listeria monocytogenes, 
Clostridium sp., and Bacillus sp. L. monocytogenes can 
produce a wide variety of human disease ranging from a 
nonspecific flu-like illness to severe diseases such as 
sepsis   and   meningitis  (Beuchat,  1996).  It    is   widely 
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distributed in the environment, where it is associated with 
decaying vegetation, soil, sewage, and animal feces, and 
has been isolated from several types of vegetables 
(Marekova et al., 2003).  

Several bacteriocins produced by enterococci, 
especially by Enterococcus faecium strains of different 
origins (rumen contents, sausages, waste, olives) have 
been described (Aymerich et al., 1996). To date, the 
following enterocins from E. faecium have been 
characterized: enterocin A (Casaus et al., 1997), 
enterocin B (Cintas et al., 1997), enterocin P (Cintas et 
al., 1998), enterocins L50A and L50B (Floriano et al., 
1998), enterocin I (identical to enterocin L50A) (Cintas et 
al., 2000), enterocin Q (Marekova and Laukova, 2002), 
and enterocin M (a new variant of enterocin P) (Nes et 
al., 1996). In general, most enterocins belong to the class 
IIa bacteriocins, which are thermostable, pediocin-like 
bacteriocins. The use of bacteriocinogenic enterococci to 
control contamination in food, feed and in the digestive 
tract of animals has been reported (Audisio et al., 2000; 
Cotter et al., 2005; Galvez et al., 2007).  

The antimicrobial substance E86 produced by E. 
faecium strain E86 was previously characterized (Miguel 
et al., 2008). These authors observed that their 
antimicrobial activity can be abolished by proteinase K, 
chymotrypsin, pronase, and trypsin treatments, and 
partially destroyed by pepsin and after exposure to 
alkaline solutions. The residual activity was 100, 50 and 
12.5% after heating at 100°C for 30 min and 1 h, and 
autoclaving at 121°C for 15 min. The antimicrobial 
substance could be exposed to pH 2 to 9 without any loss 
of activity. The antimicrobial substance was active 
against LAB genera, Clostridium, Listeria innocua, and L. 
monocytogenes strains. 

The aim of the present study was to purify the peptide 
protein with antimicrobial activity produced by E. faecium 
E86, and to study the effect of the purified bacteriocin in 
minimally processed lettuce samples artificially inoculated 
with L. innocua. 

 
 
MATERIALS AND METHODS 

 
Bacterial strains and culture conditions 

 
BHI, MRS and agar were purchased from BD, Dowex 50w/ H+ 

exchanger resin was obtained from Sigma- Aldrich . Organic 
solvents and salts from Merck. Coomassie Blue, acrylamide and 
bisacrylamide were from ge healthcare life sciences. E. faecium 
E86 was isolated from meat pie, and L. innocua strain LI005 was 
kindly provided by Professor Ernesto Hofer (FiOCRUZ, Rio de 
Janeiro). The strains were maintained in skim milk at -20°C and 
propagated in MRS (deManet al., 1969) and BHI broths (Brain 
Heart Infusion) (Fildes, 1920), respectively at 37°C for 24 h. 
 
 
Susceptibility to antimicrobial activity 

 
Overnight cultures of E. faecium E86 were spotted onto modified 
MRS agar containig 0.2% glucose (wt/vol) and incubated for 24 h at 

 
 
 
 
26 and 37°C. After growth, E. faecium were killed by chloroform 
vapors and the surface of the agar plates were covered with 5.0 ml 
of soft MRS or BHI agar [with 0.75% agar (wt/vol)] inoculated with 
10

7
 cells of the indicator microorganisms. The plates were checked 

for zones of inhibition around the colonies after incubation at the 
appropriate conditions. 

 
 
Antimicrobial production 

 
To determine the time course of antimicrobial substance 
production, 10 ml of an overnight culture of E. faecium strain E86 
was inoculated in 2 L of MRS broth media 24 h at 37°C. At 
appropriate intervals, the growth of cells was monitored by 
measuring the turbidity (OD600nm) for biomass determination and the 
antibacterial activity detection by the agar well-diffusion method, by 
using L. innocua L1005 as the indicator organism and grown culture 
was centrifugated at 6000 x g for 20 min at 4°C and the cell- free 
supernatant was adjusted to pH 6.5. 

Aliquots (50 µl) were applied in slots on agar plates previously 
inoculated with L. innocua strain L1005. The plates were then 
incubated for 1 h at room temperature in sterile conditions, followed 
by incubation at 37°C for 24 h. A clear zone of inhibition was 
recorded as positive. 

The activity of the bacteriocin was defined as the reciprocal of the 
dilution after the last serial dilution giving an inhibition zone, and 
was expressed as arbitrary units per milliliter (AU/ ml). The titer of 
the antimicrobial substance solution, in AU/ml, was calculated as 
(1000/d) D, where D is the dilution factor and d is the dose, the 
amount of antimicrobial substance solution added on each spot, 
(Parente et al., 1996). 

 
 
Purification of antimicrobial substance 

 
E. faecium E86  was grown in 4 L of MRS broth until reaching OD 
600 nm of 0.1 (log phase). The cells were harvested by 
centrifugation at 10,000 x g for 20 min and the supernatant was 
precipitated by ammonium sulfate at 75% saturation and stirred for 
1 h. The precipitate was collected by centrifugation at 10,000 x g for 
20 min, and the resulting pellet was resuspended in distilled water. 
The resuspended precipitate was dialyzed against 10 volumes of 
distilled H2O for 24 h. Chloroform (1:2) was added to the dialyzed 
precipitate, stirred vigorously, and centrifuged at 9,000 x g for 25 
min (Burianik and Yousef, 2000). 

The pellet was resuspended in 0.1 M Tris-HCl buffer pH 7.0 and 
centrifuged under the same conditions. The pellet was dried 
overnight and resuspended in 2 ml of 0.1 M Tris-HCl buffer pH 7.0, 
with agitation, and held overnight at 7°C to allow particles to 
hydrate and dissolve. The resuspended pellet was applied onto a 
Dowex 50W-H

+
 exchanger column, equilibrated with 0.02 M 

Na2HPO4 pH 2.0, with a flow rate of 4 ml/ min. Polypeptide chains 
were eluted in a stepwise mode using: 0.02 M Na2HPO4 pH 2.0 
(acid fraction), 0.02 M Na2HPO4 pH 7.0 (neutral fraction), and 1 N 
NH2OH (basic fraction), at the same flow rate (Porfirio et al., 1997). 
Unless otherwise specified, all purification steps were performed at 
4°C. The antimicrobial activity of the cell-free supernatant and the 
fractions from each purification step was assayed by the agar well-
diffusion method, as described earlier. Protein concentration was 
determined according to Lowry (1951) using bovine serum albumin 
as standard. 

 
 
Molecular size approximation 

 
Fractions (2 ml) containing antimicrobial activity were pooled and 
precipitated  with  60%  TCA  (Jiang  et  al.,  2004),   centrifuged   at  



 

 
 
 
 
10,000 x g at 4°C for 20 min, and the pellet was washed with 90% 
acetone and incubated at room temperature for 20 min. The 
acetone was removed by centrifugation (10,000 x g for 15 min), and 
the resulting pellet was analyzed by 18% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) under denaturing 
and reducing conditions according to Laemmli (1970) in a Hoeffer 
MiniVE electrophoresis unit (Amersham Biotech). The molecular 
weight of the bacteriocin was estimated by comparing molecular 
mass markers. The gel was divided into two vertical parts; one part 
was stained with Coomassie blue R-250, and the other part was 
assayed for the detection of antimicrobial activity. 
 
 
Detection of bacteriocin activity in polyacrylamide gel 

 
To determine bacteriocin activity, the electrophoresis gel was 
extensively washed with sterile water for 3 h for SDS removal; 
drained off on sterile filter paper for 2 to 3 s, and fixed with acetic 
acid, isopropanol, and water in a proportion of 1: 2: 7. The slice was 
placed on a Petri dish of convenient diameter; the gel was flooded 
with precooled BHI medium and contaminated with L. innocua (10

5 

CFU/ml) in 0.7% soft agar medium and incubated at optimal growth 
conditions for the indicator organism (Park et al., 2003). 
 
 
Determination of the effectiveness of enterocin 
decontamination on lettuce  
 
The effectiveness of enterocin in inhibiting the proliferation of 
natural microbiota or artificially contaminated lettuce was evaluated 
by using fresh-cut lettuce or lettuce seed with L. innocua L1005 (10

9
 

CFU/ ml). One gram of lettuce  (not treated) was cut into pieces and 
dipped for 5 min in 5 ml of saline (natural microbiota), or in 5 ml of 
0.5% acetic acid or in 5 ml of L. innocua strain L1005 (10

9
 CFU/ ml) 

suspension, at room temperature during 30 min. Next, the lettuce 
pieces were placed on sterile filter paper to drain excess water and 
dipped in an adequate concentration of purified (32 AU) or partially 
purified (128 AU) (ammonium sulfate precipitate fraction) enterocin 
or sterile water for 5 min at room temperature. At several time 
intervals, the liquid was drained, and the lettuce pieces were 
washed in 1.0 ml of sterile, serially diluted in saline solution and 
spread on plates of Oxford and BHI agar. Plates were incubated at 
37°C for 24 h, and the number of colonies showing features typical 
of Listeria was enumerated, in order to calculate viable cell counts. 
Experiments were run in triplicate. 

 
 
RESULTS AND DISCUSSION 
 
Antimicrobial production 
 
The search for methods of food conservation that 
minimize the use of artificial substances has increased 
the number of studies of bacteriocins for this purpose 
(Molinos et al., 2005). E. faecium E86 was grown in MRS 
broth for 24 h, and the production of the antimicrobial 
substance was detected in the beginning of the log phase 
(after 7 h, OD 660nm = 0.06), reaching the peak after 9 to 
11 h (0.1≤ D.O.≤ 0.145). The titer of activity was 2,560 
AU/ ml. The production of the antimicrobial substance 
decreased after 19 h of growth (Figure 1). The decrease 
in production of bacteriocin when the bacteria are in the 
stationary phase is frequently observed for other 
bacteriocins (Miguel et al., 2008). This decreased  activity  
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was ascribed to the adsorption of the antimicrobial 
substance molecules on the surface of producer cells 
(Folquie-Moreno et al., 2003). Another possibility is that 
the bacteriocin molecules are degraded by proteases 
produced during their growth.  

The antimicrobial substance produced by E. faecium 
E86 has a broad spectrum of inhibition. The bacteriocin 
was tested against Listeria sp. (25 isolates) and 
Enterococcus sp. (82 isolates) (Table 1). All strains of L. 
innocua (10) and L. monocytogenes (15) isolated from 
food were susceptible to E. faecium E86, and 69 isolates 
of Enterococcus (faecalis, durans, casseliflavus, faecium, 
munditi, and raffinosus) from food or clinical samples 
were also susceptible to the bacteriocin. As a result of the 
risks and severity of infections caused by L. 
monocytogenes in human beings, and based on the 
susceptibility of L. innocua to the E. faecium E86 
bacteriocin, this specie replaced L. monocytogenes as 
the indicator organism in all subsequent experiments.  
 
 
Purification of antimicrobial substance 
 
Cells were harvested by centrifugation, and the 
supernatant was submitted to ammonium sulfate and 
chloroform precipitation. The resultant sample was 
applied to a Dowex-50 exchanger column, and the 
proteins left the column in the first two fractions eluated. 
This purification system resulted in a yield of 80% and a 
6-fold increase in the specific activity (Table 2). As with 
other antimicrobial substances, a marked increase in 
specific activity occurred after some purification steps. 
This finding could reflect the presence in culture 
supernatants of inhibitory compounds that are removed 
during the purification and/ or the dissociation of high-
molecular-weight aggregates into their smaller, more 
active forms (Floriano et al., 1998). A review of 
antimicrobial substance purification methods (Carolissen-
Mackay et al., 1997) highlighted the disadvantages of the 
complex and time-consuming purification protocols 
existing at that time, which usually resulted in low protein 
yields. 

 
 
Zymographic analysis of bactericidal activity 
 
The apparent molecular mass of the peptide as judged by 
8% SDS-PAGE was approximately 3.5 kDa, similar to 
other enterocins that have been characterized (Aymerich 
et al., 1996; Folquie-Moreno et al., 2003). SDS gel was 
already cut into two parts: one part of the gel was stained 
with Coomassie blue R-250 (Figure 2 A), and the other 
part was used for zymographic analysis of bacteriocin 
activity (Figure 2 B). The zone of growth inhibition of L. 
innocua corresponded to the same band present in the 
gel stained with Coomassie blue, although the band was 
more  diffuse,  indicating  that the purified protein showed  
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Figure 1. Growth of Enterococcus faecium in MRS broth (▲) and the 

production of antimicrobial substance E86 (•). 
 
 
 

Table 1. Antimicrobial spectra of the bacteriocin produced by Enterococcus faecium E86 against different 
Listeria and Enterococcus species.  
 

Indicator strains Origin No. of susceptible/tested strains 

Listeria monocytogenes  Food 15/15 

L. innocua Food 10/10 

Enterococcus faecalis Clinical and food 39/47 

E. durans Clinical 2/2 

E. casseliflavus Clinical 1/1 

E. faecium  Clinical and food 23/28 

E. galinarum Clinical 2/2 

E. munditii Clinical 1/1 

E. raffinosus  Clinical 1/1 

Total   94/107 
 

10
7
 strains of Lysteria and Enterococcus species tested on agar plate method. Susceptibility was determined by the 

presence of a clear zone around the colonies tested. 
 
 
 

Table 2. Purification of the antimicrobial substance produced by Enterecoccus faecium E86. 

 

Purification step 
Total protein 

(mg) 

Total activity 

(UA) 

Specific activity 

(UA/mg) 

Yield 

(%) 
Purification 

75% ammonium sulfate precipitation 2952.5 25600 8.67 100 1 

Chloroform precipitation  400.0 20480 51.2 80 5.9 

Dowex 50W chromatography 390.4 20480 52.46 80 6.05 
 

Arbitrary unit (AU) was defined as the amount of the antimicrobial peptide required to produce a clear zone of inhibition using 10
5 

CFU/ml of L. innocua L1005 (indicator organism), as described in Materials and methods. 
 
 
 

the expected molecular mass and activity of an 
antimicrobial substance. Since the inhibition growth was 
indicated by a clear area around the polypeptide band. 
 
 
Enterocin effectiveness in decontaminating 
artificially contaminated lettuce   
 
The purified and the partially purified  (ammonium  sulfate  

precipitate fraction) enterocin were able to inhibit the 
proliferation of L. innocua strain L1005 on artificially 
contaminated lettuce. 32 AU/ml of antimicrobial 
substance was used to treat lettuce artificially 
contaminated by L. innocua. Purified and partially purified 
(ammonium sulfate precipitate fraction) enterocin were 
able to reduce the proliferation of L. innocua by 4 log 
cycles (10

9
 to 10

5
 CFU/ml), and by 2 log cycles (10

9
 to 

10
7
 CFU/ml),  respectively,  after  15  min  exposure.  The  
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Figure 2. Analysis and identification of the purified antimicrobial substance from 

Enterococcus faecium E86. The purified antimicrobial substance was analyzed by 18% SDS-
PAGE: (A) Gel stained with Coomassie blue R-250: line 1, peptide ladder of Amresco® with 
molecular mass ranging from 3.5 to 31 kDa, and line 2, the purified protein; (B) Detection of 
antimicrobial activity against Listeria innocua (10

5 
CFU/ml): line 1, the purified protein, and 

line 2, peptide ladder of Amresco®. 
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Figure 3. Decontamination effect of the purified peptide from Enterococcus faecium 
E86 on lettuce artificially contaminated by Listeria innocua. 32 AU/ml of purified (▲) or 
partially purified enterocin 128AU/ml (O - ammonium sulfate precipitate) was used to 
treat 1 g of lettuce artificially contaminated by L. innocua (10

9 
CFU/ml) for 30 min. Data 

represent means ± SD of three independent experiments.  

 
 
 
purified enterocin inhibited 99.99% of L. innocua 
proliferation, whereas the partially purified fraction 
inhibited nearly 90% of cell proliferation (Figure 3). 

These results indicate that enterocin in its purified or 
even partially purified form can be very effective against 
Listeria sp.  Since  the  assays  were  performed by using 

the same quantity of bactericidal activity present in the 
purified or partially purified fraction, it could be concluded 
that this increase in activity result from the removal of 
proteins, peptides, and other cellular components from 
the producer or even from the culture medium, which 
could  prevent  the  bonding of enterocin to the target cell.  
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This adverse effect may have been reduced when the 
purified peptide was used. 

Additionally, the purified fraction has the advantage of 
not contributing to the enrichment of the lettuce, since it 
does not contain culture media components that could 
enhance the growth of the raw vegetable microbiota and 
increase the number of contaminants. The effectiveness 
of a natural bactericidal substance has been described 
previously; another study (Bennick et al., 1999) found 
that the application to mungbean sprouts of an 
antimicrobial substance produced by E. mundtii was able 
to reduce the proliferation of L. monocytogenes by two 
log cycles. 
 
 
Combined effect of enterocin and acetic acid on 
natural microbiota of fresh-cut lettuce  
 
Acetic acid has also been widely used as a food 
preservative for killing food-borne pathogenic bacteria on 
leafy vegetables (Samelis et al., 2001). In this study, after 
30 min in the presence of 0.5% acetic acid, the natural 
microbiota proliferation was reduced by 3 log cycles, 
while the enterocin (128 AU/ml) in its purified or partially 
purified form showed a lower but not less significant 
inhibition of the microbiota cell proliferation, by 1 or 2 log 
cycles, respectively (Table 3). As observed for samples 
artificially contaminated, the purified enterocin is more 
effective in reducing natural microbiota than is the 
partially purified enterocin.  

When both were combined with acetic acid, a 
synergistic effect was observed, reducing proliferation by 
4 or 6 log cycles compared to the control. Bacteriocin 
activity may be a function of pH, it is well known that 
organic acid and their salts can potentiate the bacteriocin 
effect (Stiles, 1996), cationic nature seems to be crucial 
for bacteriocidal activity. Although the purified enterocin 
was more effective in decontaminating leafy vegetables, 
the partial purified fraction can be further exploited on the 
large-scale of enterocin production, since the preparation 
of the partial-purified enterocin is an effortless and low-
cost procedure, and the product can be stored at 4°C 
until its use.  
 
 
Conclusion  
 
This study represents the first report on the purification 
and partial characterization of an antimicrobial substance 
produced by E. faecium E86. This is also the first 
indication that bacteriocins could provide a novel, safe 
alternative and effective barrier, which, combined with 
other control measures such as pH and temperature, can 
maximize protection from food borne pathogens on MPV 
(minimally processed vegetables) products. The develop-
ment of appropriate barriers in terms of the number 
required,   the   intensity  of  each,  and  the  sequence  of 

 
 
 
 
applications to achieve a specified outcome is expected 
to have significant potential for future use with minimally 
processed leafy vegetables. 
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