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ABST RACT
Enterococci produce a wide variety of antimicrobial peptides called bacteriocins, including enterocins. Strains 
that produce these bacteriocins appear to have an ecological advantage against others that populate the 
same environment. Enterococci can cause many economically important animal diseases including bovine 
mastitis. However little information is available about bacteriocin production of bacteria originating from 
mastitic bovine milk. This study was carried out to investigate the presence of the most important bacteriocin 
structural genes, β-hemolytic and antimicrobial activities of Enterococcus faecalis. Identification of E. faecalis 
among enterococci isolates and the presence of bacteriocin structural genes were investigated by polymerase 
chain reaction (PCR). To determine the hemolytic activity, strains were streaked onto Columbia Agar plates 
containing 7% blood. Presence of antimicrobial activity of E. faecalis isolates was tested using 7 indicator 
bacteria. A total of 96 enterococci were isolated from 600 mastitic milk samples. Of 96 enterococci 56 were 
E. faecalis and further studied for antimicrobial activity and presence of bacteriocin genes. Of 56 E. faecalis 20 
(35.7%) showed β hemolysis, 23 (41.0%) and 25 (44.7%) showed antimicrobial activity against at least one of 
the tested indicator strains and harbored bacteriocin structural genes, respectively. To the best knowledge of 
the authors this is the first report converning the presence of bacteriocin structural genes among E. faecalis 
isolates from bovine mastitic milk in Turkey. The results showed the common presence of different bacteriocin 
encoding genes in the enterococcal isolates, indicating an elevated genetic potential of these strains to produce 
various bacteriocins. Further studies should be designed to investigate the distribution of these genes in other 
enterococcal species other than E. faecalis. 
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INTRODUCTION
Bacteriocins are ribosomally produced peptides or pro-

teins that generally show antimicrobial effects against isolates 
from the same or close species and genera of bacteriocin 
producers. Enterococci synthesize antimicrobial peptides 
including enterocins. It is thought that bacteriocin produc-
tion is a special bacterial defense mechanism, which ensures 
the producer strain, a competitive advantage against non-
producers and bacteriocin sensitive strains in the environment 
(1, 2). 

Enterocins are classified into four groups as Group I 
(lantibiotic enterocins), Group II (small, non-lantibiotic 
peptides); Group III (cyclic enterocins); and Group IV (large 
proteins) (3). Group I enterocins comprise cytolysin (cylL) 
and it is formed by two-peptide bacteriocin and both sub-
units have lanthionine residues (4). Group II can be divided 
into three subclasses: 1. enterocin of the pediocin family 
[enterocin A (entA), enterocin P (entP) and bacteriocin 31 
(bac31)]; 2. enterocins are without a leader peptide [enterocin 
L50A/B (entL50A/B)]; subtype 3 is linear, non-pediocin-
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type enterocin [enterocin B (entB)]. Group III enterocins 
contain cyclic antibacterial peptides like enterocin AS-48 
(entAS-48) (5). 

Although enterococci are accepted as normal commensals 
they also have medical importance. Enterococci are usually 
cause nosocomial infections in humans (6) and have been 
associated with bovine mastitis in dairy cattle (7). Although 
enterococci can be listed among the most economically im-
portant causative agents of animal diseases such as bovine 
mastitis (7), little information is available on enterocins 
produced by enterococci isolated from mastitic bovine milk 
(8). There are reports which describe enterococci of environ-
mental and human origins, producers of distinct enterocins 
(9, 10), but studies with E. faecalis isolates of animal origin 
and enterocin producers are very rare (11-13).The aim of the 
study was to determine the presence of important bacteriocin 
structural genes (entA, entB, entP, cylL, bac31, entL50A/B, 
entAS-48) and to show the β-hemolytic and antimicrobial 
activities of E. faecalis isolates obtained from mastitic bovine 
milk samples. 

MATERIAL AND METHODS

Milk samples
Milk samples were collected from small scale dairy farms in 
Aydin a county of 8007 km2 by Aegean Sea at the western 
part of Turkey. A total of 242 Holstein cows at 38 dairy farms 
(average 4-7 bovine from each farm) were included in this 
study. Milk was aseptically collected and 600 milk samples 
were obtained with mastitis (clinical or subclinical) in a re-
cent two years period. One, 2, 3 and 4 mastitic milk samples 
were obtained from 55, 71, 61 and 55 cows, respectively. The 
age of the cows varied between 3 to 9 years. 

The diagnosis of mastitis among cows with reduced milk 
production was carried out clinically or by California Mastitis 
Test. Clinical mastitis was diagnosed by changes in the udder 
and milk compositions by veterinary practitioners. Changes 
in the udder included pain, swelling, warmth and abnormal 
appearance (blood tinged milk, watery secretions, clots, pus) 
of milk. Cows that did not have clinical mastitis were sub-
jected to further investigation for subclinical mastitis by using 
California Mastitis Test. The procedures and interpretations 
have been described previously (14). Samples were taken from 
cows were which had not undergone any treatment since at 
least two months. For collected milk samples, teat ends were 

cleaned using 70% alcohol moistened swabs and allowed to 
dry. After discarding the first few streams, 2-5 ml of the milk 
samples were collected into sterile 5 ml glass flasks.

Identification of Enterococci
Milk samples were used to culture Enterococci. Ten μl of 
milk was transferred in 5 ml Chromocult Enterococci Broth 
(Merck, Darmstadt, Germany) and incubated for 48 h at 
37°C for selective enrichment of the enterococci. Positive 
cultures (a strong blue-green color of the broth indicated the 
presence of enterococci) were transferred to Enterococcosel 
Agar (Becton Dickinson, Le Pont de Claix, France) for 
selective isolation. Plates were incubated overnight at 37°C. 
One presumptive (small, translucent with brownish-black 
to black zones) colony was sub-cultured to blood agar. 
Bacteria were identified by standard methods using mor-
phological and biochemical characteristics (14). All isolates 
were stored at -80°C in Brain Heart Infusion Broth (Oxoid 
Ltd, Hampshire, England) with 20% glycerol until use for 
molecular confirmation.

Hemolytic activity
E. faecalis isolates were stored overnight in enterococci broth 
at 37°C for growing. To determine the hemolytic activity, 
strains were streaked onto Columbia Agar plates (Merck, 
Darmstadt, Germany) containing 7% blood. Then, the plates 
were incubated at 37°C for 48 h under aerobic conditions. 
Zone formation around the colonies was interpreted as ß-
hemolysis (15).

Antimicrobial activity screening
Seven strains were used as indicators (Bacillus cereus ATCC 
11778, Staphylococcus aureus ATCC 25923, Escherichia coli 
ATCC 35218, E. coli ATCC 35150, Listeria monocytogenes 
ATCC 7644, E. faecalis ATCC 51299, Microccoccus luteus 
ATCC 9341). An inoculum of 0.5 McFarland from indica-
tor bacteria was spread onto Trypticase Soy Agar (Merck, 
Darmstadt, Germany) plates. Plates were then incubated at 
room temperature for drying. Then, to be tested for antimi-
crobial activity an inoculum of 0.5 McFarland from our E. 
faecalis isolates was spread with a sterile swab on the indica-
tor bacteria. Plates were incubated at 37°C for 24 h. Clear 
inhibition zones around the tested bacteria were interpreted 
as antimicrobial activity. Isolates having antimicrobial activity 
were considered as bacteriocin producers (16).
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DNA extraction 
For genomic DNA from individual pure cultures of the 
isolates were extracted with DNA extraction kit (InstaGene 
MatrixTM, Bio-Rad Laboratories, Mississauga, Ontario, 
Canada) according to the manufacturer’s instructions. DNA 
sample concentrations were determined by spectrophotom-
etry (Thermo Fisher Scientific) at the wave length of 260 
nm and 280 nm (17). 

Identification of enterococci, E. faecalis and 
bacteriocin genes by PCR
The suspicious colonies were genetically confirmed by using 
genus (18) and species (19) specific PCR. Uniplex PCR was 
used for detection of entP, bac31, entA, entB, entL50A/B, 
AS-48 (9) and cylL (4) genes. All primers used in the present 
study were listed in Table 1. 

All the PCR reactions were carried out in a final volume 
of 30 μl containing 1X PCR buffer, 2 mM MgCl2, 0.2 mM 
each of the four dNTPs, 0.5 mM of each primer and 1.25 
units of Taq DNA polymerase. The cycles used were 95°C 
for 5 min, 95°C for 30 s, 53°C(ddlE.faecalis), 55°C (tuf, 
entA, B and P), 57°C (bac31 and AS-48), 58°C (cylL and 
ent L50A/B) for 30 s and 72°C for 60 s for the next 35 
cycles. The last cycle was 72°C for 15 min. The amplification 
products were analyzed by electrophoresis on 1.5% agarose 

gel at 100 V for 40 min in Tris-acetate-EDTA buffer and 
revealed in ethidium bromide (20 μg/ml). 

RESULTS

Isolation of enterococci and identification of E. faecalis
Among 600 milk samples investigated a total of 96 (16.0%) 
Enterococcus spp. was detected biochemically. For these, plates 
were incubated at 37°C for 24 h after which one colony 
per sample with typical enterococci morphology was then 
transferred onto blood agar plates in order to obtain pure 
culture. These isolates were then subjected to Gram stain-
ing and catalase testing. Then, identification of the isolates 
was carried out by standard methods using morphological 
and biochemical characteristics (14). After the isolation 
of enterococci, identification based on genus and species 
were also performed using PCR (Figure 1). Of those, 56 
(58.3%) E. faecalis were detected from the 96 isolates (Figure 
2).Twenty of isolates (35.7%) showed a positive β hemolysis 
reaction in aerobic condition. By screening of antimicrobial 
activity, 23 (41.0 %) isolates inhibited the growth of at least 
one indicator bacterium: 13, 12 and 7 of the 56 enterococci 
(23.2%, 21.4%, 12.5%) showed antimicrobial activity against 
M. luteus, L. monocytogenes and E. faecalis, respectively (Figure 
3, Table 2).

Table 1: Oligonucleotide primers used to in the study
Strain Primer Sequence (5’-3’) Amplicon size (bp) Target gene Reference

1 Ent1
Ent2

TACTGACAAACCATTCATGATG
AACTTCGTCACCAACGCGAAC 112 tuf 18

2 DDF 
DDR

 CACCTGAAGAAACAGGC
 ATGGCTACTTCAATTTCACG 475 ddlE.faecalis 19

3 entP GCTACGCGTTCATATGGTAAT
TCCTGCAATATTCTCTTTAGC 87 Enterocin P 9

4 bac31 CCTACGTATTACGGAAATGGT 
GCCATGTTGTACCCAACCATT 130 Enterocin 31 9

5 entA GGTACCACTCATAGTGGAAA 
CCCTGGAATTGCTCCACCTAA 138 Enterocin A 9

6 entB CAAAATGTAAAAGAATTAAGTACG 
AGAGTATACATTTGCTAACCC 201 Enterocin B 9

7 cylL GGCGGTATTTTTACTGGAGT 
CCTACTCCTAAGCCTATGGTA 248 Cytolysin L 4

8 entL50A/B ATGGGAGCAATCGCAAAATTA 
TAGCCATTTTTCAATTTGATC 274 Enterocins

L50 A, B 9

9 AS-48 GAGGAGTATCATGGTTAAAGA
ATATTGTTAAATTACCAA 339 entAS-48 9
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Detection of bacteriocin genes
The E. faecalis isolates were investigated for the presence of 
seven bacteriocin genes (Figure 4, Table 2). While there were 
2 isolate having no bacteriocin genes, at least one bacterio-
cin gene was found in 25 (44.7 %) isolates. Eight, 4 and 5 
of the 56 isolates detected 1, 2, 3 and 4 bacteriocin genes 
respectively. However, results showed that four isolates hav-
ing bacteriocin structural genes did inhibited the growth of 
indicator bacteria (code of the isolates: 22, 26, 27, 28) while 

two isolates inhibited the growth of the indicator bacteria 
but had no bacteriocin structural genes (code of the isolates: 
5, 30). Three β-hemolytic isolates both had no bacteriocin 
structural genes and did not inhibited the growth of indicator 
bacteria (code of the isolates: 6, 11, 16)

The results showed that there were different combinations 
of entA, entB, entP, entL50A/B, bac31 and cylL genes. EntA 
and entB were the most prevalent detected genes and they 
generally appeared together. EntAS-48 gene was not found. 

Table 2: The distribution of harbored bacteriocin structural genes, inhibitory spectrum and hemolytic activity of E. faecalis isolates

Code Isolate 
Number Hemolysis

Antimicrobial Activity Bacteriocin Structural Genes
L.

moncytogenes M. luteus E. 
faecalis

ent
P bac31 entA entB cyl

L
entL

50A/B
1 5 β + + +
2 6 β + + + +
3 11 β + + + + + + +
4 13 β + + + + + +
5 14 +
6 17 β
7 19 β + + +
8 20 β + + + + + +
9 22 β + + +
10 23 + +
11 24 β
12 25 + + + +
13 26 β + + + +
14 28 β + +
15 29 β + + + + +
16 31 β
17 32 β + + + +
18 34 + + +
19 35 β + + +
20 36 β + +
21 39 + + + +
22 41 + +
23 42 β + + +
24 43 + + + + +
25 44 β + + + + +
26 45 + +
27 46 +
28 47 +
29 55 β + +
30 56 β +

Number
%

20
35.7

12
21.4

13
23.2

7
12.5

12
21.4

1
1.8

17
30.3

16
28.6

3
5.4

7
12.5

Number
%

20
35.7

23
41.0

25
44.7
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The incidence of bacteriocin structural gene combinations 
was given in Figure 5.The distribution of harbored bacte-
riocin structural genes, inhibitory spectrum and hemolytic 
activity of E. faecalis isolates were given in Table 2. 

DISCUSSION
It’s acknowledged that enterococci have the ability to produce 
bacteriocins which inhibit especially Gram-positive food-
borne bacteria and intestinal pathogens (20). It is reported 
that enterocin-producing isolates were able to control patho-
genic bacteria in the gastrointestinal tracts of animals (21). In 
addition, bacteriocin producing strains showed potential to 
prevent bovine mastitis (22) and gingivitis (23). A new pro-

totype formulation containing the bacteriocin, lacticin 3147 
and teat seal has also been shown to be effective in controlling 
Streptococcus dysgalactiae and Staphylococcus aureus using exper-
imental infection models both in non-lactating and lactating 
dairy cows (22). Furthermore, their anti-neoplastic activity 
has been reported (24). In this study, presence of β-hemolytic 
and antimicrobial activities as well as the occurrence of the 
most important bacteriocin structural genes were investigated 
in 56 E. faecalis isolated from mastitic bovine milk.

Enterococci can lead to serious economic losses caused 
by bovine mastitis (25) and little information is available on 
enterococcal pathogens isolated from milk samples. In recent 
studies on mastitis it was reported that 0-21.2% of the cases 

Figure 1: PCR detection of Enterococcus spp. isolated strains 1-6: 
Enterococcus spp. field isolates 7: Positive control (E. faecalis ATCC 29212) 
8: Negative control (E. coli ATCC 25922) M: 100 bp DNA ladder.

Figure 3: Examples of enterococcal isolates and their inhibition zones 
against Listeria monocytogenes.

Figure 2: PCR detection of isolated E. faecalis strains 1-2: Enterococcus 
spp. field isolates 3: Positive control (E. faecalis ATCC 29212) 4: 

Negative control (E. coli ATCC 25922) M: 100 bp DNA ladder.

Figure 4: Agarose gel pictures of the enterocin genes of E. faecalis 
isolates. 1: Positive field isolates A: EntP (87 bp) B: bac31 (130 bp), 
C: EntA (138 bp), D: EntB (201 bp) E: cylL (248 bp) F: EntL50A/B 
(274bp) 2. Negative control (E. coli ATCC 25922) M: Marker (100 

bp DNA Ladder).
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were caused by enterococci (26-28). The rate of Enterococcus 
spp. in the study was calculated as 16%. Analysis on species 
basis showed that E. faealis was the most common species. 
This finding was found similar with other studies in which 
E. faecalis has reported as the most common isolated species 
(26, 27).

In studies reported by Del Campo and Ike et al. that the 
rates of β-hemolysin carriage among clinical isolates of E. 
faecalis ranged from 17 to 60% (12, 29). β-hemolytic activity 
was detected at a rate of 35.7% for our isolates. Similarly, 
Coque et al. (30) detected β-hemolysin activity among E. 
faecalis strains of different origins (16% to 37%). 

Six bacteriocin genes (entA, entB, entP, bac31, entLA/B, 
cylL) were investigated by PCR. In our study 83.3% of the 
isolates (25 isolate gene positive) had at least one bacteriocin 
gene however the presence of bacteriocin gene does not mean 
the production of the enterocin (31).The existence of silent 
bacteriocin genes has been previously reported in other stud-
ies (2, 32, 33). Nes et al. (34) emphasized that identification 
of bacteriocin genes does not mean that the bacteria show 
antimicrobial activity. Similarly, the lack of detectable an-
timicrobial activity does not reflect that genes involved in 
bacteriocin production are defective. However, our results 
showed that four isolates having bacteriocin structural genes 
did not inhibited the growth of indicator bacteria while two 
isolates inhibited the growth of the indicator bacteria but 
have no bacteriocin structural genes (Table 2). In this context, 
it is essential to use susceptible indicator because some pep-
tide bacteriocins act only on a narrow target range of bacteria 
and the production of peptide bacteriocins is often regulated. 
Problems in the production of antimicrobial activity can be 

attributed to a lack of functional genetic system. Therefore 
the antimicrobial activity may be due to the production of 
isolates, other than the genes tested in the present study.

Parallel to our results, the structural gene of enterocin B 
was usually associated with the presence of enterocin A, as 
mentioned in former studies (9, 35). This may be since no 
transport genes have been found for enterocin B producers 
(35). It should be underlined that only one of our E. faecalis 
isolates showed wholly the entA gene. Similar observations 
have been previously reported (9).

The enterocins A, B, P genes were found widespread 
among E. faecalis strains, while cytolysin and bacteriocin 31 
structural genes were detected uncommonly in these strains. 
The bacteriocin 31 structural gene has been formerly reported 
in isolates of E. faecium and E. durans isolates recovered from 
different origins (9). The bacteriocin 31 structural gene was 
found in one E. faecalis strain and not occurred alone. The 
cytolysin structural gene has been formerly reported in iso-
lates of E. faecalis isolates, recovered from food and clinical 
samples (32). In our study, the cylL gene was identified in 3 E. 
faecalis isolates and 2 of them showed antimicrobial activity, 
and were not associated with any other bacteriocin genes. 
The β-hemolytic activities were demonstrated in 2 of these 3 
cylL-positive E. faecalis isolates. The absence of β-hemolytic 
activity despite the presence of all cyl genes in one of our E. 
faecalis isolates might be explained by low level or down-
regulation of gene expression or by an inactive gene product 
as has been suggested by Smedo et al. (32). 

Environmental factors are known to influence gene 
expression. Silent genes may also be activated by temporal 
factors (9, 32, 33). The production of cytolysin has been dem-
onstrated to contribute to the severity of enterococcal disease 
in several animal models (36), as well as in humans (37). 

There were no enterocin AS-48 genes in our E. faecalis 
isolates. Similarly, the gene encoding this bacteriocin was 
not found among enterococci of wild animals (37). However, 
AS-48 gene has been investigated in enterococcal isolates and 
found in E. faecalis (38).

In conclusion, 41.0% of the isolates included in this study 
showed antimicrobial activity against at least one of the tested 
indicator strains and the presence of bacteriocin structural 
genes were demonstrated in 44.7% of them. Enterocin genes 
were commonly distributed and they can be found in differ-
ent combinations. Results showed a high incidence of strains 
carrying one to four genes, having a high genetic potential Figure 5: Incidence of bacteriocin structural genes combinations.
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of enterococcal strains to produce various bacteriocins. The 
presence of bacteriocin genes and the production of antimi-
crobial activities seem to be a common characteristic of the 
isolates tested. More studies should be designed to recognize 
the distribution of these type of genes in other enterococcal 
species.
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