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Abstract A collection of 57 enterococcal isolates from

different origin (including river, treatment plant, spring and

garbage water, soil, animal, and vegetables from Aydın)

was screened for the production of bacteriocins. Entero-

cocci were identified at species levels as Enterococcus

faecium (34), E. hirae (6), E. casseliflavus (4), E. durans

(4), E. faecalis (4), E. mundtii (3) and E. avium (2). Of the

57 isolates 40 of them inhibited the growth of at least one

indicator bacterium. Based on our PCR results 54 strains

possesed enterocin genes. The genes of entA and entB were

the most frequently detected structural genes among the

PCR positive strains (54 and 53 strains, respectively) and

the entB gene was always associated with entA gene. The

highest combination of enterocin genes (24 of 54 strains)

detected was entA, entB, entP and entL50A/B. The ente-

rocins AS-48 and CylLLS genes were not found. Three

enterococcal isolates, 2 E. faecium and 1 E. hirae were not

harbour any of tested enterocin genes. No correlation

between the presence of enterocin structural genes and the

origin of the strain was detected, also no relationship

seemed to exist between the tested enterocin genes and the

activity spectra of isolates. Genes encoding bacteriocins are

widely disseminated among enterocci from different origin

and more studies should be done for evaluate industrial

potential of bacteriocins.
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Introduction

Enterococci represent lactic-acid producing bacteria that

can be isolated from different ecosystems such as human,

animals, water, soil, plants, food/feed, waste and poultry

[1]. Enterococci can produce antimicrobial peptides, called

bacteriocins or more specifically enterocins with inhibitory

activity against strains closely related to the producer

microorganism [2]. It is assumed that bacteriocin produc-

tion is a bacterial defense mechanism, which gives the

producer strain a competitive advantage towards non-pro-

ducer and bacteriocin sensitive strains in the same niche. In

recent years, Franz et al., proposed simplified classification

scheme for enterocins; Class I enterocins (lantibiotic

enterocins), Class II enterocins (small, non-lantibiotic

peptides); Class III enterocins (cyclic enterocins); and

Class IV enterocins (large proteins) [3]. Cytolysin belongs

to Class I enterocins, it is a two-peptide bacteriocin and

both structural subunits contain lanthionie residues [4].

Class II can be subdivided into three subclasses: II.1, en-

terocin of the pediocin family (enterocin A, enterocin P and

bacteriocin 31); II.2, enterocins synthesized without a

leader peptide (enterocin L50A/B, and enterocin Q); II.3,

other linear, non-pediocin-type enterocins (enterocin B).

Class III enterocins includes cyclic antibacterial peptides

like enterocin AS-48 and Class IV enterocins are large

proteins such as enterolysin A [5]. A major portion of the

bacteriocin-producing enterococci have been isolated from
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foods (cheese, meat, fish and vegetables), animals, and

humans [6]. Bacteriocin producing enterococci have also

been isolated from municipial wastes [7], sewage sludge

[8], rumen content of different ruminants and animal

wastes [9].

Many bacteriocins from enterococci have been purified

and genetically characterized over the years, and most of

them have been obtained from Enterococcus faecalis and

Enterococcus faecium. Although a screening for produc-

tion of bacteriocins by E. faecalis and E. faecium was the

subject of several previous studies [10–14], only little

information is available about this feature in E. avium,

E. hirae, E. mundtii, E. casseliflavus and E. durans isolated

from different environments. The aim of this study was to

screen the production of antimicrobial activities as well as

the presence of bacteriocin structural genes in enterococcal

isolates include diverse species isolated from different

sources in Turkey.

Materials and Methods

Bacterial Strains

A collection of 57 Enterococcus strains were isolated from

different sources including water, soil, animal and vege-

table samples. The Enterococci isolated by using

m-Enterococcus agar and species identification was based

on 16S rDNA sequence analysis. The frozen stocks were

stored at -80�C in skimed milk (20% v/v). The following

cultures were tested for sensitivity to enterocins: Listeria

sp. (food isolate), Listeria innocua DSM 20649, E.coli

ATCC 35218, Enterococcus faecalis ATCC 51299,

Bacillus cereus ATCC 11778, Staphylococcus aureus

ATCC 25923, Micrococcus luteus ATCC 9341.

Bacteriocin Production Assay

For detection of antimicrobial activity, 50 ll of an over-

night culture of the indicator strain was added to 5 ml of

molten soft BHI broth (Merck, Darmstadt, GERMANY)

supplemented with 0.7% agar, mixed, and poured onto a

BHI agar plate (Merck, Darmstadt, GERMANY). A single

colony of each enterococci to be tested for antimicrobial

activity was trasferred with a sterile toothpick to the agar

plate seeded with the indicator bacteria [15]. Plates were

incubated for 24 h at 37�C in aerobic conditions. The

antimicrobial activity was visually detected by observing

clear inhibition zones around the tested strain.

PCR Detection of Enterocin Structural Genes

Structural genes (cylLLS, entA, entB, entP, entAS-48,

entL50A/B and bac31) of different bacteriocins (Cytolysin

L, enterocin A, enterocin B, enterocin P, enterocin AS-48,

enterocin L50 A/B and bacteriocin 31 respectively) were

studied by PCR in all isolated enterococci using primers

included in Table 1. PCR was performed using Techne

T-3000 thermocycler. All the PCR reactions were carried

out in a final volume of 20 ll containing 19 PCR buffer,

1.5 mM MgCl2, 200 mM each of the four dNTPs, 0.5 mM

of each primer and 1.25 units of Taq DNA polymerase. The

cycles used were 94�C for 5 min, 94�C for 30 s, 55�C (Ent

A, B and P), 57�C (Bac 31 and AS-48), 58�C (Cylls and

Ent L50A/B) for 30 s and 72�C for 45 s for the next 35

cycles, 72�C for 5 min were used fort the last cycle.

Table 1 Specific primers used for PCR detection of enterocin structural genes

Gene Sequence (50-30) Fragment (bp) References

entA F: GGTACCACTCATAGTGGAAA 138 [10]

R: CCCTGGAATTGCTCCACCTAA

entB F: CAAAATGTAAAAGAATTAAGTACG 201 [10]

R: AGAGTATACATTTGCTAACCC

entP F: GCTACGCGTTCATATGGTAAT 87 [10]

R: TCCTGCAATATTCTCTTTAGC

entL50A/B F: ATGGGAGCAATCGCAAAATTA 274 [10]

R: TAGCCATTTTTCAATTTGATC

AS-48 F: GAGGAGTATCATGGTTAAAGA 339 [10]

R: ATATTGTTAAATTACCAA

bact31 F: CCTACGTATTACGGAAATGGT 130 [10]

R: GCCATGTTGTACCCAACCATT

cylLLS F: GGCGGTATTTTTACTGGAGT 248 [4]

R: CCTACTCCTAAGCCTATGGTA
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Table 2 Sources, harboured enterocin genes and inhibitory spectrum of enterococcal isolates

Isolate Source Enterocin genes Inhibition

Listeria sp. L. innocua E. faecalis B. cereus S. aureus

E. faecium HBE-1 River water A, B, bac31, L50A/B ? ? ? – –

E. faecium HBE-2 River water A, B, L50A/B ? ? ? – –

E. faecium HBE-3 River water A, B, L50A/B ??? ??? ?? – –

E. casseliflavus HBE-4 River water A, B, L50A/B – ? – – ?

E. faecium HBE-5 River water A, B – – – – –

E. casseliflavus HBE-6 River water A, B ? ? – ? ?

E. faecium HBE-7 River water A, B, P ??? ??? ?? – ?

E. faecium HBE-8 River water A, B, P, L50A/B ??? ??? ?? – ?

E. faecium HBE-9 River water A, B, P ??? ??? ?? – ?

E. hirae HBE-10 Agricultural soil – – – – – –

E. hirae HBE-11 Agricultural soil A, B – – – – –

E. durans HBE-12 Agricultural soil A, B ??? ??? ?? – ?

E. faecium HBE-13 Agricultural soil A, B – – – – ?

E. faecium HBE-14 Treatment plant water A, B, P – – – – –

E. faecalis HBE-15 Treatment plant water A, B, P – – – – –

E. faecalis HBE-16 Treatment plant water A, B, P, L50A/B – – – – –

E. faecium HBE-17 Treatment plant water A, B, P, L50A/B ??? ??? ?? – ?

E. faecium HBE-18 Treatment plant water A, B, P – – – – ?

E. faecium HBE-19 Treatment plant water – – – – – ?

E. faecium HBE-20 Treatment plant water A, B, P – – – – ?

E. faecium HBE-21 Treatment plant water A, B, P – – – – ?

E. faecalis HBE-22 Treatment plant water A, B, P – – – – –

E. faecium HBE-23 Treatment plant water A, B, P ?? ?? ?? – ?

E. faecium HBE-24 Treatment plant water A, B, P ?? ?? ?? – ?

E. faecium HBE-25 Treatment plant water A, B, P – – – – –

E. faecium HBE-26 Sheep rectum A, B, P ? – – ? ?

E. faecium HBE-27 Sheep rectum A, B, P – – – ? ?

E. hirae HBE-28 Sheep caecum A, B, P – – – – –

E. hirae HBE-29 Sheep caecum A, B, P, L50A/B – – – – –

E. faecium HBE-30 Sheep caecum A, B,P, L50A/B – – – – ?

E. faecium HBE-31 Cattle rectum A, B, L50A/B ?? ?? ? – ?

E. faecium HBE-32 Cattle rectum A, B, L50A/B ?? ?? ? ?

E. faecium HBE-33 Cattle rectum A, B – – – – ?

E. faecium HBE-34 Cattle caecum A, B, L50 A/B – – – – ?

E. faecium HBE-35 Cattle caecum A, B, P, L50A/B ??? ??? ?? – ?

E. faecium HBE-36 Cattle caecum – – – – – ?

E. faecalis HBE-37 Spring water A, B, P, L50A/B – – – – –

E. avium HBE-38 Spring water A, B, P, L50A/B – – – – ?

E. avium HBE-39 Spring water A, B, P, L50A/B – – – – –

E. casseliflavus HBE-40 Spring water A, B, P, L50A/B – – – ? ?

E. casseliflavus HBE-41 Spring water A, B, P, L50A/B – ? – – ?

E. mundtii HBE-42 Spring water A, B, P, L50A/B – ? – – –

E. faecium HBE-43 Spring water A, P, L50A/B – – – – ?

E. faecium HBE-44 Spring water A, B, P, L50A/B – – – – ?

E. hirae HBE-45 Spring water A, B, P, L50A/B – – – – –

E. durans HBE-46 Spring water A, B, P, L50A/B ? ? – – –

E. durans HBE-47 Spring water A, B, L50A/B – – – – –
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Positive and negative controls were included in all assays,

except for entAS-48 and CylLLS.

Results and Discussion

The Enterococci used in this study were isolated from

different water, soil, animal and vegetable samples in

Aydın (Turkey). Based on 16S rDNA sequence analysis

strains were identified as E. faecium (34), E. hirae (6),

E. faecalis (4), E. casseliflavus (4), E. durans (4),

E. mundtii (3), E. avium (2). Strains were collected from

the following sources river water (n = 9), soil (n = 4),

treatment water plant (n = 12), sheep and cattle rectums

and caecums (n = 11), spring water (n = 11), garbage

water (n = 3), vegetable (n = 7) (Table 2).

The 57 enterococcal isolates were screened for anti-

bacterial activity since they may be produce enterocins to

control the growth of the tested indicator bacteria (Fig. 1).

Table 2 shows the profile of the inhibitory effects exhibited

by the enterococcal strains, as well as the specific bacte-

riocin genes harboured by them.

Of the 57 isolates screened, 40 of them (70.2%) were

found to be effective against at least one of the indicator

bacteria. The isolates having antilisterial activity included

18 E. faecium, 3 E. casseliflavus, 3 E. durans and 2

E. mundtii. Of the 40 isolates with antibacterial activity, 12

of them were found to be inhibitory only against to

S. aureus (11 E. faecium and 1 E. avium). The similar

results were reported in previous studies that most

enterocin producing enterococci displayed antilisterial

activity, while a fewer portion of them also showed anti-

bacterial spectrum activity against Staphylococcus spp.,

Bacillus spp. and Clostridium spp [3, 10, 16–18]. No cor-

relation was found between the origin of the strains and the

inhibitory spectrum.

According to our PCR results occurence of enterocin

structural genes seems to be widespread among entero-

coccal strains isolated from different sources and high

frequency of the occurence of enterocin structural genes

(94.7%) was observed (Fig. 2). It was reported that, in a

collection of 61 enterococci isolated from environmental

sources like surface and waste waters, sheep manure, en-

terocin structural gene positive strains were found to be

57.4% [22]. In another research, 64 of 122 (52.5%),

inhibitory Enterococcus strains isolated from food and

feed, animal, clinical and non-clinical samples, were found

to harbour at least one enterocin structural gene [10]. None

of the bacteriocin genes tested in this study were demon-

strated in two strains of E. faecium (HBE-19, HBE-36) and

E. hirae HBE-10, which showed antibacterial activity

Fig. 1 Examples of enterococcal isolates and their inhibition zones

against Listeria sp

Table 2 continued

Isolate Source Enterocin genes Inhibition

Listeria sp. L. innocua E. faecalis B. cereus S. aureus

E. faecium HBE-48 Garbage water A, B, P, L50A/B ??? ??? ?? – –

E. faecium HBE-49 Garbage water A, B, P, L50A/B ??? ??? ?? – ?

E. durans HBE-50 Garbage water A, B, P, L50A/B ? ? ? – ?

E. mundtii HBE-51 Vegetable A, B, P, L50A/B ?? ?? ? ? –

E. hirae HBE-52 Vegetable A, B, L50A/B – – – – –

E. mundtii HBE-53 Vegetable A, B, P, L50A/B – – – – –

E. faecium HBE-54 Vegetable A,B, P, L50A/B ??? ??? ?? – ?

E. faecium HBE-55 Vegetable A, B, P, L50A/B ??? ??? ?? – ?

E. faecium HBE-56 Vegetable A, B, P, L50A/B ??? ??? ?? – –

E. faecium HBE-57 Vegetable A, B, P, L50A/B – – – – –

? weak inhibition, ?? moderate inhibition, ??? strong inhibition
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against S. aureus. Genes encoding new bacteriocins or

other non-tested known bacteriocins could be included in

those isolates. Although the detection of enterocin struc-

tural genes must not necessiraly correspond with the pro-

duction of the bacteriocin, it can be speculated that various

environments require various level of bacterial defense

mechanism thus also the presence of bacteriocin genes as

the basis for bacteriocin production [14].

Bacteriocin production seemed to be correlated to the

species involved in this study; all E. hirae (6) and E. fae-

calis (4) were non-producers. The other strains had no

activity against none of the indicator bacteria were E.

faecium (4), E. mundtii (1), E. avium (1) and E. durans (1).

All of these non-producer isolates except for E. hirae HBE-

10, had various combination of enterocin genes. The

detection of enterocin structural gene does not means the

production of the corresponding enterocin [14] and exis-

tence of silent bacteriocin genes hes been previously

reported in other studies [2, 19, 20]. It emphasized by Nes

et al., [21] identification of putative bacteriocin genes does

not necessarily mean that the relevant bacterium produces

antimicrobial activity and a lack of detectable antimicro-

bial activity does not necessarily mean that genes involved

in bacteriocin production are defective. First, because of

some peptide bacteriocins act only a narrow range of target

bacteria, it is of key importance to use a susceptible

indicator. Secondly, the production of peptide bacteriocins

is often regulated. Deficiency in production of antimicro-

bial activity is often due to a dysfunctional genetic system.

The structural genes of Enterocins A and B were

shown to be most frequent genes (100 and 98.1%)

among PCR positive strains, respectively in this study.

Enterocin B gene was always found to be together with

enterocin A gene. Similar to our results the enterocin B

structural gene was always associated with the presence

of enterocin B gene in previous studies due to the fact

that no transport genes have been found for enterocin B

producers [10, 23].

Enterocin P and Enterocin L50 A/B were found to be

72.2 and 62.9%, respectively. Enterocins A and P are

belong to pediocin family and they are grouped in Class

II.1 bacteriocins, which are very effective for growth of

listeriae [24]. Enterocin B classified in the subgroup II.3,

non-pediocin type enterocins. The individual peptides en-

terocin L50A and enterocin L50B possesed antimicrobial

activity, with the L50A peptide being most active and

enterocin L50 is grouped in Class II.c, leaderless type.

The combination of two different genes was observed in

6 strains (11.1% of PCR? strains). Three different genes

were detected in 21 strains (38.9%) and four different

genes were present in 25 strains (46.3%). The wide en-

terocin genes distribution may be due to remarkable ability

Fig. 2 Amplification gel pictures of the enterocin structural genes of enteroccal isolates. Lanes 1,40, 41 and 63 are 100 bp-DNA ladder. Lanes

after ladder are isolate numbers in order of HBE1-HBE57, last lane before ladder is negative control
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of enterococci to disseminate and receive genetic material

between strains but also between genera [14].

Cytolysin and enterocin AS-48 genes were not found

any of examined enterococci. Cytolysin is the only two-

peptide lantibiotic isolated from enterococci with cytolytic

(hemolytic) activity. Cytolysin is a virulence factor and

consequently it is not considered useful as an antimicrobial

agent [22]. The structural gene of bacteriocin AS-48 has

been examined in enterococcal isolates and bacteriocins

that very closely related or identical to peptide AS-48 were

detected in E. faecalis and E. faecium isolates [25].

In conclusion, 70.2% of the enterococcal isolates

included in this study showed antimicrobial activity against

at least one of indicator bacteria and 94.7% of isolates

harboured various enterocin structural genes. Enterocin

structural genes are widely distributed and they can be

found in possible combinations together. The presence of

four enterocin genes in 25 strains in this study indicates the

high genetic potential of many strains to produce various

enterocins. Because of these properties screening of

enterocin genes may offer great possibilities for isolation of

bacteriocin producing strains and their use in the food

industry.
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