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Abstract The aims of this study were to purify and characterize a bacteriocin produced by
a strain of Enterococcus faecalis TG2 and to test the safety of the strain. In this work, the
active peptide was purified through precipitation with 70% saturated ammonium sulfate,
cation-exchange chromatography, and gel filtration. The specific activity of purified
bacteriocin was 30,073.42 AU/mg of protein, which corresponded to a 33.34-fold in-
crease. The molecular mass of the purified bacteriocin was 6.3362 kDa determined by LC-
MS/MS. The ten amino acid of N-terminal was MTRSKKLNLR and the ten amino acid of
C-terminal was ATGGAAGWKS. The activity of the bacteriocin was unaffected by pH 2–
10 and thermostable but was sensitive to proteolytic enzymes. The antimicrobial activity
of the bacteriocin was not affected by metal ions. Tween-20, Tween-80, Triton X-100, and
EDTA did not affect the bacteriocin activity and SDS was able to increase the activity of
bacteriocin. Bacteriocin activity was not lost after treatment by < 8% NaCl. Inhibitory
spectrum of the bacteriocin showed a wide range of activities against other lactic acid
bacteria, food-spoilage, and food-borne pathogens. Ent. faecalis TG2 was sensitive to
tetracycline and erythromycin but resistant to ampicillin, gentamicin, kanamycin, and
chloramphenicol. Results from PCR indicated that Ent. faecalis TG2 did not harbor any
virulence genes. The study suggests that Ent. faecalis TG2 and its bacteriocin might be
used as bio-preservatives in food products.
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Introduction

Mankind has been involuntarily used lactic acid bacteria (LAB) that is a diverse group of
beneficial bacteria for thousands of years. The starter cultures not only provide peculiar
taste to fermented products, but also serve to extend the shelf-life of the product [1]. LAB
has been used as starter cultures for preparation of a large number of fermented dairy
products which include yogurt, cheese, buttermilk, kefir, and many products indigenous to
various regions of the world. The safety and quality of fermented products may be
increased by some strains of LAB due to production of different antimicrobial substances
that can inhibit the growth of pathogenic and spoilage bacteria [2]. Antimicrobial metab-
olites of LAB include organic acids, hydrogen peroxide, diacetyl, and also additional
metabolites such as small proteins or peptides named bacteriocins. Bacteriocins are
secondary metabolite products secreted to prevent the growth of strains which have a
close relationship related to the bacteriocin-producing strain. Bacteriocins can also inhibit
the growth of competitive bacterial strains [3, 4]. Currently, many works report that
bacteriocins produced by some LAB are studied extensively as to their generally recog-
nized as safe (GRAS) status [5–7]. In food preservation, more and more bacteriocins have
been tested as natural antimicrobials due to their strong antibacterial properties [8, 9].
Bacteriocin can prevent the growth of many food-borne pathogens and spoilage bacteria
such as Staphylococcus aureus, Listeria monocytogenes, Escherichia coli, Pseudomonas
spp., Bacillus spp., and Clostridium spp. They can also be used in different food products
in order to enhance their shelf life [10]. Most of bacteriocins are small, cationic (a net
positive charge at neutral or slightly acidic pH) heat-stable, amphiphilic, wide antimicro-
bial spectrum, and varying mode of activities. Bacteriocins also show different molecular
structures, molecular masses, pH ranges of activity, and genetic determinants [10–14].

Many works have reported that Enterococci have been found in different habitats,
especially in the human and animal gastrointestinal tracts [15, 16]. Although Enterococci
have been used as artisanal cultures for preparation of various types of cheeses for a long
time, they are sometimes associated with pathogenicity such as endocarditis, bacteremia,
and urinary tract infections [17, 18].The pathogenic strains harbor multiple antibiotic
resistances and virulence factors, for example, adhesins, invasins, and hemolysin
[19–21]. Clinical isolated strains have the highest incidence of virulence and pathogenic-
ity, followed by the animal and food isolated strains. However, no reports have been
reported that enterocins secreted by Enterococci have any risk in food preservation. Many
enterocins produced by Enterococci have been reported including enterocins L50A and
L50B [22], enterocin B [23], enterocin P [24], enterocin A [25], and many others [10].
However, no works have been reported that they were purified and characterized
enterocins secreted by Ent. faecalis isolated from stinky tofu brine, which is a traditional
Chinese fermented food.

In a previous study, bacteriocin-like antimicrobial substance produced by LAB,
named TG2 isolated from stinky tofu brine and identified as Ent. faecalis. The aim of
this work was to purify and characterize bacteriocin produced by Ent. faecalis TG2 and
evaluate the safety of the strain, which might be used as potential natural preservatives
inhibiting the growth of food-borne pathogens and food-spoilage bacteria, improving the
shelf life of food.
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Materials and Methods

Bacterial Strain and Cultivation

Ent. faecalis TG2 was isolated from stinky tofu brine collected from a bazzar in Changde
County, Hunan Province, People’s Republic of China. This strain was preserved in Key
Laboratory of Food Science, School of Chemical Engineering and Technology, Tianjin
University. For the seed culture, one colony was inoculated into 200 mL/250 mL MRS liquid
culture medium (20.0 g/L glucose, 10.0 g/L tryptone, 10.0 g/L beef extract, 5.0 g/L yeast
extract, 2.0 g/L K2HPO4, 5.0 g/L anhydrous sodium acetate, 2.0 g/L ammonium citrate,
0.58 g/L MgSO4·7H2O, 0.25 g/L MnSO4·H2O, 1 g/L Tween-80) and incubated at 30 °C for
24 h. For purification of the bacteriocin produced by TG2, 2 mL seed liquid of strain TG2 was
inoculated into 1 L MRS liquid culture medium. The incubation lasted 24 h under the
conditions at 30 °C. The crude bacteriocin from TG2 could be obtained by centrifugation
(4000 rpm for 30 min at 4 °C). Lactobacillus sakei DSMZ 20017Twas used as indicator strain
and was grown at 30 °C in MRS for 12 h.

Determination of Bacteriocin Activity by Agar Well Diffusion Assay

Determination of bacteriocin activity was tested by agar well diffusion assay. An arbitrary unit
(AU) was defined as 50 μL of the highest dilution of the twofold serial dilution which showed
a minimal visible inhibition zone against the sensitive cells of indicator strain [26].

AU=mL ¼ 1000

V
D

Where D is the dilution factor and V is the volume of cell-free supernatants (CFS).

Purification of Bacteriocin

The CFS produced by Ent. faecalis TG2 was obtained as described above, and the bacteriocin
activity in it was tested by agar well diffusion assay. The crude bacteriocin was purified to
homogeneity by using 70% (w/v) saturated ammonium sulfate, cation-exchange chromatog-
raphy (SP-Sepharose Fast Flow, GE, USA), and gel filtration (Superdex 30 pg, Sigma, USA)
[27]. The final purified bacteriocin was subsequently used for further characterization. Tricin-
SDS-PAGE was performed to confirm the homogeneity and rough molecular mass of the
purified bacteriocin. The purified bacteriocin band was cut and placed on plate containing
indicator strain for activity determination and sent to Gene Great Company (People’s Republic
of China) for protein determination. The amino acid sequence was determined by liquid
chromatograph-mass spectrometer/mass spectrometer (LC-MS/MS) (ekspertTMnanoLC; AB
Sciex TripleTOF 5600-plus).

Effect of Enzymes on Antimicrobial Activity

Fifty microliters (~ 640 AU/mL) of the partially purified bacteriocin (PPB) from gel filtration
was added to the 50 μL of each enzyme solution which has an ultimate concentration of 1 mg/
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mL and shaken well (lipase, α-amylase or catalase in 50 mmol/L potassium phosphate buffer,
pH 7.0; α-chymotrypsin, pronase E, proteinase K, or trypsin in 50 mmol/L potassium
phosphate buffer, pH 7.8; pepsin in 50 mmol/L glycinee HCl buffer, pH 2.2) [26]. Reaction
mixtures were incubated for 4 h at 37 °C. In this step, PPB in buffer (50 mmol/L phosphate
buffer, pH 7.0) without enzyme, enzyme solutions and buffers alone were used as controls. All
the enzymes were purchased from Solarbio (Beijing, China). The pH of all samples was
readjusted to 7.0 with sterile phosphate buffer (pH 7, 100 mmol/L). Then enzymes activity was
stopped by heating at 100 °C for 10 min. After cooling, bacteriocin activity was assayed
against L. sakei DSMZ 20017T by agar well diffusion assay. This step was tested in duplicate.

Effect of Temperature and pH on Antimicrobial Activity

To evaluate the effect of temperature and pH on bacteriocin activity, the experiments were
performed as follows: 100 μL PPB solution (~ 2560 AU/mL) were incubated at 4, 37, and
100 °C for 0, 15, 30, 60, 90, and 120 min and at 121 °C by autoclaving for 20, 40, and 60 min.
The residual bacteriocin activity was tested as described previously. PPB solution (100 μL)
(~ 640 AU/mL) was added to the aliquots (4 mL) buffer solution (pH 2–12), respectively. After
4 h incubation at 37 °C, the pH was adjusted to 7.0 and bacteriocin activity was tested as
described earlier. All described experiments were tested in duplicate.

Effects of Reagents, Metal Ions, and Salt on Antimicrobial Activity

PPB solution (~ 640 AU/mL) was treated with sodium dodecyl sulfate (SDS) at a final
concentration of 1, 2, and 5% (w/v), Tween-20, Tween-80, and Triton X-100 at a final
concentration of 1, 2, and 5% (v/v), and ethylene diamine tetra acetic acid (EDTA) at a final
concentration of 1, 2, and 5 mmol/L [28]. Untreated PPB solution and surfactants were served
as controls. These samples were incubated for 2 h at 37 °C, and then the activity was tested by
agar well diffusion assay.

PPB solution (~ 640 AU/mL) was mixed with Fe2+, Mg2+, Zn2+, Cu2+, Ca2+, Mn2+ solution
at a final concentration of 1, 2, and 5 mmol/L, respectively. Untreated PPB solution and the
same solutions of cation were served as controls. After 3 h at 37 °C, the residual activity was
tested as described above.

PPB (~ 640 AU/mL) solution was added to sterile microcentrifuge containing 6, 7, 8, 9, and
10% (w/v) NaCl. Untreated PPB solution and the same concentration of NaCl were served as
controls. These solutions were incubated at 37 °C for 2 h, and then tested activity. All
described experiments were tested in duplicate.

Antimicrobial Activity Assay

The antibacterial activity spectrum of bacteriocin was assessed against food-spoilage and food-
borne pathogens bacteria by agar well diffusion assay. Soft agar of each medium was inoculated
with 106 CFU/mL of each indicator strain (Table 1) andmixed well. The mixture was poured into
sterile Petri dish and then left to solidify and wells of 5 mm in diameter were cut. PPB (50 μL)
(2560 AU/mL) solution was placed in wells. At the optimum temperature, the inoculated
mediums were incubated for 24 h and the inhibition zones were observed and recorded.
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Antibiotic Sensitivity Testing

By disk diffusion antibiotic sensitivity testing, the antibiotic sensitivity of Ent. faecalis TG2
was assessed against ampicillin (≤ 4 mg/mL), gentamicin (≤ 32 mg/mL), kanamycin
(≤ 512 mg/mL), tetracycline (≤ 2 mg/mL), chloramphenicol (≤ 8 mg/mL), and erythromycin
(≤ 4 mg/mL). All antibiotics were dissolved with sterile distilled water, except that tetracycline
was dissolved in ethanol + distilled water (1/1, v/v). On the inoculated agar plate surface, disks
(6 mm) were placed and 30 μL of the antibiotic solutions were added. The plates were left for
1 h at room temperature before incubating at 37 °C for 24 h [29]. A clear zone was taken as
positive. The minimum inhibitory concentration (MIC) breakpoint value that was described by

Table 1 Antimicrobial spectrum of bacteriocin produced by Ent. faecalis TG2 by using agar well diffusion assay

Indicator Growth
medium

Growth
conditions

Antimicrobial
activity

Origin

Pediococcus pentasaceus MRS 30 °C + FS, TJU
Lactococcus lactis MRS 30 °C – FS, TJU
Lactobacillus sakei DSMZ20017T MRS 30 °C + DSMZ
Enterococcus faecalis ATCC29212 MRS 30 °C + ATCC
Enterococcus faecalis MRS 30 °C + FS, TJU
Lactococcus lactis NZ9000 MRS 30 °C – FS, TJU
Leueconostos citreum NM105 MRS 30 °C + FS, TJU
Lactobacillus plantarum MRS 30 °C – FS, TJU
Pediococcus acidilactici PA003 MRS 30 °C + FS, TJU
Brochobacillus thermospacta BHI 30 °C – FS, TJU
Listeria monocytogenes ATCC 23074 BHI 37 °C + ATCC
Listeria monocytogenes CMCC 1595 BHI 37 °C + CMCC
Listeria monocytergenes CMCC 54001 BHI 37 °C + CMCC
Listeria monocytergenes CMCC 54002 BHI 37 °C + CMCC
Listeria monocytergenes wscl 1018 BHI 37 °C + FS, TJU
Listeria monocytergenes wscl 1019 BHI 37 °C + FS, TJU
Listeria monocytergenes wscl 1020 BHI 37 °C + FS, TJU
Listeria monocytergenes wscl 1442 BHI 37 °C + FS, TJU
Listeria monocytergenes ATCC23074 BHI 37 °C + ATCC
Listeria monocytergenes 15313 BHI 37 °C + ATCC
Listeria innocua 58 T DSMZ 20649T BHI 30 °C + DSMZ
Listeria ivanovii DSMZ 20750T BHI 30 °C + DSMZ
Micrococcus luteus ATCC 4698 LB 37 °C – ATCC
Staphylococcus aureus ATCC 19258 LB 37 °C – ATCC
Escherichia coli O157:H7 LB 37 °C – ATCC
Escherichia coli V-69 LB 37 °C – ATCC
Escherichia coli DH5α LB 37 °C – ATCC
Salmonella paratyphi-A CGMC

1.1859
LB 37 °C – CGMCC

Salmonella typhimurium ATCC 19430 LB 37 °C – ATCC
Bacillus ceres ATCC 10987 LB 37 °C – ATCC
Bacillus subtilis LB 37 °C – FS, TJU
Bacillus licheniformis LB 37 °C – FS, TJU

+ indicates presence of the inhibition zone; – no inhibition

FS, TJU Key Laboratory of Food Science, School of Chemical Engineering and Technology, Tianjin University,
DSMZ Deutsche Sammlung von Mikroorganismen und Zellkulturen, ATCC American Type Culture Collection,
CMCC National Center for Medical Culture Colllections, CGMCC China General Microbiological Culture
Collection Center
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the European Food Safety Authority [30] was measured with the purpose of classifying Ent.
faecalis TG2 as sensitive or resistant toward those antibiotics.

Screening for Virulence Genes

In order to evaluate the safety of Ent. faecalis TG2 as bio-preservatives for controlling the
pathogens in food products, the presence of virulence genes in Ent. faecalis TG2 was tested by
PCR which used total DNA extracted by the commercial kit Bacterial DNA (Tiangen Biotech,
Beijing, China) and specific primers were showed in Table 2. The target genes were as follows:
ace (adhesin of collagen protein), asa1 (aggregation substance), cylA/B (cytolysins), efaAfs
(cell wall adhesin), and esp. (enterococcal surface protein). The amplifications were performed
according to a previous method [26]. The amplified fragments were analyzed by electropho-
resis for 30 min at 80 V in 1.5% (w/v) agarose gel with 5 μL goldview buffer (pH 8.0) and
observed under UV light. In this step, ace obtained from Ent. faecalis BEF2480, asa1 obtained
from Ent. faecalis MMH594, cylA obtained from Ent. faecalis DS16, cylB obtained from Ent.
faecalisDS16, esp. obtained from Ent. faecium Ec2594, and efaAfs obtained from Ent. faecalis
EBHI were used as positive controls. Ent. faecalis 217 without asa1, cylA, and esp. and
Pediococcus acidilactici PA003 not having ace, cylB, and efaAfs were treated as negative
control strains.

Results and Discussion

Purification of the Bacteriocin Produced by Ent. faecalis TG2

The crude extract of bacteriocin produced by Ent. faecalis TG2 was purified by three steps as
shown in Table 3. Precipitation with 70% saturated ammonium sulfate was the first step, which
increased the specific activity about 3.6-folds. In the second step, the active sample was
purified by cation-exchange chromatography. The fraction eluted with 1 mol/L NaCl had the
antimicrobial activity against the indicator strain L. sakei DSMZ 20017T. This step increased
the specific activity about18-folds. The third purification was gel filtration, and the final

Table 2 Primers used for determination of virulence genes in Ent. faecalis TG2

Target
genes

Primers (5′-3′) Annealing
temperature (°C)

References

ace ACE-F: GAATTGAGCAAAAGTTCAATCG
ACE-R: GTCTGTCTTTTCACTTGTTTC

56 Ben Omar et al.
[31]

asa1 ASA11: GCACGCTATTACGAACTATGA
ASA12: TAAGAAAGAACATCACCACGA

56 Vankerckhoven et
al. [32]

cylA CYT I: ACTCGGGGATTGATAGGC
CYT IIb: GCTGCTAAAGCTGCGCTT

58 H-Kittikun et al.
[26]

cylB cylB1: AAGTACACTAGTAGAACTAAGGGA
cylB2: ACAGTGAACGATATAACTCGCTATT

52 Semedo (2003)

esp TE5: GACAGACCCTCACGAATA
TE6: AGTTCATCATGCTGTAGTA

54 Eaton et al. [33]

efaAfs ESP14F: AGATTTCATCTTTGATTCTTGGESP12R:
AATTGATTCTTTAGCATCTGG

56 H-Kittikun et al.
[26]

Appl Biochem Biotechnol (2018) 184:1106–1119 1111



purified bacteriocin was 30,073.42 AU/mg of protein, which corresponded to a 48.10-fold
increase.

Bacteriocin band cut from gel of Tricine-SDS-PAGE (Fig. 1) appeared antimicrobial
activity against L. sakei DSMZ 20017T. According to the results of Tricine-SDS-PAGE, the
bacteriocin sample occurred as a single band with a molecular weight ranging about 6 kDa.
From the amino acid sequence (Fig. 2), bacteriocin produced by TG2 had a precursor cleavage
site after the double glycine residues and the highly conserved YGNGX motif in the N
terminus, both of which are typical of class IIa bacteriocins. The ten amino acid of N-
terminal was MTRSKKLNLR and the ten amino acid of C-terminal was ATGGAAGWKS.
There was seem homology with other reported antimicrobial peptide when the bacteriocin was
searched in the National Center for Biotechnology Information (NCBI), which had 88%
identity with enterocin CRL35 and 86% identity with mundticin L precursor. The fragment
was input into and analyzed with ExPASy (Expert Protein Analysis System) to predict the
secondary structure of the bacteriocin, and the predicted structure was shown in Fig. 2. The α-
helix was 41.0%, the β-sheet was 14.7%, and the random coil was 44.3%. The content of α-
helix and β-sheet reached 55.7% and random coil remained high level. The α-helix and β-
sheet might provide energy for bacteriocin stability in extreme environments. Thus, the activity

Table 3 Purification steps of bacteriocin produced by Ent. faeclis TG2

Step of
purification

Total
volume
(ml)

Activity
(AU/ml)

Protein (mg/
ml)a

Total
activity
(AU)

Total
protein
(mg)

Specific
activity
(AU/mg)

Yield
(%)

Increase in
specific
activity

Cell-free
supernatant

1000 640 0.709 ± 0.006 640,000 709.47 902.08 100 1

Crude
(NH4)2SO4

precipitate

8 10,240 3.180 ± 0.145 81,920 25.44 3220.13 25.6 3.56

Cation-exchange
chromatogra-
phy

10 10,240 0.632 ± 0.071 102,400 6.323 16,339.18 16 17.95

Gel filtration 5 20,480 0.681 ± 0.007 102,400 3.405 30,073.42 16 33.34

aMeans ± SD from triplicate determinations

26.0 kDa

17.0 kDa

14.2 kDa

6.5 kDa

3.5 kDa

M AFig. 1 Tricine-SDS-PAGE of
bacteriocin produced by Ent.
faecalis TG2. Lane M low
molecular weight marker (MW

1060–26,600 Da) purchased from
(Sigma-Aldrich, USA), Lane A
partially purified bacteriocin from
gel filtration
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of the bacteriocin was unaffected by pH 2–10 and thermostable. But antimicrobial activity of
bacteriocin was lost or partially lost under extreme conditions.

The molecular weight of many enterocin is within the range of 3.5–6.5 kDa, for example,
the partially purified bacteriocins produced by Ent. faecium 130 that was isolated from
mozzarella cheese [34]. The molecular mass of the bacteriocin produced by TG2 is higher
than other bacteriocins such as enterocin 1071A (4.284 kDa) and enterocin 1071B (3.897 kDa)
produced by Ent. faecalis BFE 1071 isolated from the feces of minipigs in Gottingen [35].
Abriouel et al. [36] reported that enterocin AS-48 RJ, a variant of enterocin AS-48 produced
by Ent. faecium RJ16, is isolated from goat cheese with a molecular weight of 7.125 kDa,
which is higher than our bateriocin.

Effect of Enzymes on Antimicrobial Activity

The effects of enzymes were presented in Table 4. The activity of bacteriocin was totally lost
by the treatment with α-chymotrypsin, trypsin, pepsin, pronase E, and proteinase K. However,
catalase, lipase, and α-amylase had no effect on the antimicrobial activity. These characteristics
also appear in bacteriocin produced by Enterococcus strains isolated from pig feces, which
were inactivated by proteinase K, α-chymotrypsin, trypsin, pronase, papain, and pepsin, but
lipase, lysozyme, and catalase had no effect on the antimicrobial activity [37]. The crude
bacteriocin produced by Ent. faecium AQ71 isolated from Azerbaijani Motal cheese was
inactivated by protease type X, pronase E, protease type VII, and a-chymotrypsin typeII, but
not affected by catalase, lipase type II, and a-amylase [28]. Bayoub et al. [38] reported that
proteinase K, pepsin, and trypsin could inactivate bacteriocins 3 Da and 3 Db produced by Ent.
faecium isolated from fermented traditional Moroccan dairy product; however, catalase did
affect the activity. Protease sensitivity assay indicated proteinaceous nature of bacteriocin
produced by TG2.

Effect of Temperature and pH on Antimicrobial Activity

The effects of temperature and pH on antimicrobial activity were showed in Table 4. The
bacteriocin activity of Ent. faecalis TG2 was stable after heating 120 min at 100 °C and at
121 °C for 20 min. The antimicrobial activity was lost 50% after autoclaving at 121 °C for
40 min. The bacteriocin produced by TG2 was thermostable after heating 60 min at 121 °C.
Therefore, there is a broad application prospects in thermal processing of food. Bacteriocin
activity was stable at pH 2–10 and most of activity was disappeared at pH 11. At pH 12,
antimicrobial activity was completely eliminated.

Fig. 2 Prediction of the second structure of bacteriocin produced by Ent. faecalis TG2. Pink columns: α-helix,
yellow array: β-sheet, black line: random coil
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Many reports reported that most of the bacteriocin produced by enterococcus strains
was thermostable and had a wide range of pH. For example, partially purified bacteriocins
produced by Ent. faecalis and Ent. faecium were heat stable and had the highest antimi-
crobial activity at pH 7 [37]. In a similar study, the crude bacteriocin produced by Ent.
faecium AQ71 isolated from the Azerbijani Motal cheese was stable at pH ranging from 3
to 10 with no loss of activity after heating at 121 °C for 15 min [28].

Effects of Reagents, Metal Ions, and Salt on Antimicrobial Activity

The results were presented in Table 4. Effect of different surface active agents on antimicrobial
activity demonstrated that different concentrations of Tween-20, Tween-80, Triton X-100, and
EDTA had no effect on bacteriocin activity. Within this concentration range, there was no
correlation between concentration and antimicrobial activity. However, bacterocin modified by
different concentrations SDS had a higher antimicrobial activity. No inhibition was observed

Table 4 Effects of enzymatic and physciochemical treatment on antimicrobial activity of partially purified
bacteriocin produced by Ent. faecalis TG2

Treatments Bacteriocin activity (AU/ml)a

Enzymes
Control 640
Catalase 640
Lipase 640
a-Amylase 640
Pepsin 0
Trypsin 0
Proteinase K 0
Pronase E 0

Heat treatment
4 °C/15–120 min 2560
37 °C/15–120 min 2560
100 °C/15–120 min 2560
121 °C/20 min 2560
121 °C/40 min 1280
121 °C/60 min 1280

pH
2–10 640
11 160
12 0

Surface active agents
Control
Tween X-20 /(1, 2, 5% v/v) 640
Tween X-80 /(1, 2, 5% v/v) 640
Triton X-100 /(1, 2, 5% v/v) 640
EDTA/(1, 2, 5 mmol/L) 640
SDS /(1, 2, 5% w/v) 1280

Metal ions
Control 640
Fe2+, Mg2+, Zn2+,Cu2+, Ca2+,Mn2+/(1, 2, 5 mmol/L) 640

NaCl
Control 640
6%, 7%, 8% 640
9%, 10% 320

a Triplicate determinations
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by surfactants. Some other bacteriocins showed similar but not absolutely same result.
Bacteriocin activity produced by Ent. faecalis CV7 was found to increase with the addition
of detergents such as Tween-20, Tween-80, and urea [39]. Different concentrations of metal
cations did not change the activity of bactriocin compared with the controls. Metal cations had
no effect against the L. sakei DSMZ 20017T. Effect of different concentrations NaCl on
bacteriocin activity revealed that no loss of activity was observed after treatment by 6, 7,
and 8% NaCl, and 50% of antimicrobial activity was lost after treatment by 9 and 10% NaCl.
In a similar study, effect of different chemicals on bacteriocin activity in cell-free supernatants
revealed that Triton X-20, Triton X-80, Triton X-100, β-mercaptoethanol, Na-EDTA, and SDS
did not modify the inhibition of the test organism with the treated supernatant, and CFS treated
with NaCl at a final concentration of 6.5% (w/v) had the antimicrobial activity [28]. These
results state that the bacteriocin is resistant to surface-active compounds and salt, demonstrat-
ing a good potential to survive in the high-salt food processing.

Antimicrobial Spectrum of Bacteriocin

The antimicrobial spectrum of bacteriocin produced by TG2 (2560 AU/ml) was assessed
by the agar well diffusion assay. The bacteriocin showed a wide spectrum of inhibition
(Table 1). PPB could inhibit the growth of closely related species of Enterococcus and
Lactobacillus and showed activity against Bacillus spp., Pediococcus pentassaceus, and
Leuconostos citreum NM105. Bacteriocin produced by TG2 had a strong activity against
Listeria, which could inhibit the growth of all tested Listeria spp. No activity was
observed against strains of Escherichia coli, Salmonella, fungus, and other tested bacterial
strains. The inhibitory spectrum displayed a wide range of antimicrobial activity against
closely related strains, food-spoilage bacteria, and food-borne pathogens, indicating it
might be used as a suitable biopreservative to increase the safety and extend the storage
life of different food products. In a similar study, H-Kittikun et al. [26] characterized a
bacteriocin produced by Ent. faecalis KT2W2G isolated from the mangrove forests in
southern Thailand. They found that the most of sensitive strains were gram-positive
especially all tested Listeria spp. In addition, one of gram-negative indicator bacteria
S. montevideo was also inhibited. Moreover, the results obtained in this study consistently
well with previous studies demonstrating that bacteriocin produced by Enterococci strains
are having an antibacterial activity against closely related gram-positive bacteria, food-
borne pathogens, and food-spoilage bacteria such as Enterococcus spp., L. monocytogenes,
and Bacillus spp. [10, 28, 40].

Antibiotic Sensitivity of the Strain TG2

The antibiotic resistance of TG2 was described in Table 5. Ent. faecalis TG2 was resistant to
ampicillin, gentamicin, kanamycin, and chloramphenicol, but sensitive to tetracycline and
erythromycin. A similar profile of sensitivity to antibiotics was tested in the study of Nueno-
Palop and Narbad [41] who reported that Ent. faecalis CP58 isolated from human gut was
sensitive to vancomycin, tetracycline, rifampicin, and erythromycin but resistant to kanamycin
and chloramphenicol. Additionally, Ahmadova et al. [28] reported that Ent. faecium AQ71
isolated from Azerbaijani Motal cheese was susceptible to ampicillin, gentamicin, tetracycline,
ciprofloxacin, vancomycin, and penicillin. A different description of sensitivity to antibiotics
was also studied in the study of Koo et al. [42] and Rams et al. [43].
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Enterococci belong to the LAB, and they are important in foods due to their involvement in
food spoilage and fermentations, as well as to their utilization as probiotics in humans and
slaughter animals. However, they are also important nosocomial pathogens causing bacter-
emia, endocarditis, and other infections. Some of their strains are resistant to many antibiotics
and possess virulence factors. The role of Enterococci in disease has raised questions of the
safety of their use in foods or as probiotics [19].

Screening for the Presence of Virulence Genes

Safety of use of Ent. faecalis TG2 was also assayed by the screening for the presence of genes
which could encode different virulence factors. Results from PCR amplification revealed that
Ent. faecalis TG2 did not harbor any of these virulence genes (Fig. 3). In the negative control
test, the bands did not found. In a similar study, Ahmadova et al. [28] characterized a

Fig. 3 PCR screening for the presence of virulence genes in Ent. faecalis TG2. Lanes 1, 3, 5, 7, 9, and 11:
amplification products of corresponding genes obtained for Ent. faecalis TG2; lanes 2, 4, 6, 8, 10, and 12:
amplification products of corresponding genes obtained for positive controls (Ent. faecalis BEF2480, Ent.
faecalis MMH594, Ent. faecalis DS16, Ent. faecalis DS16, Ent. faecium Ec2594, and Ent. faecalis EBHI,
respectively). Lane M: 100 bp and 1 kb marker

Table 5 Antibiotic resistance profile of Ent. faecalis TG2

Antibiotics MICs breakpoints(g/ml)a Antibiotics susceptibility

Ampicillin 4 R
Gentamicin 32 R
Kanamycin 512 R
Chloramphenicol 8 R
Tetracyclin 2 S
Erythromycin 4 S

R resistant, S sensitive
aMinimum inhibitory concentration breakpoint according to EFSA [30]
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bacteriocin-producing strain of Ent. faecium AQ71 isolated from Azerbaijani Motal cheese.
This study reported that strain AQ71 does not harbor the genes encoding cytolysin (cylA, cylB,
cylM, cylLL, cylLS), enterococcal surface protein (esp), cell wall adhesins (efaAfm), aggrega-
tion substance (asa1), and adhesion of collagen protein (ace). The absence of cytolysin coding
genes (cylA and cylB) is a good characteristic for food application. Generally, cytolysin is a
bacterial toxin expressed by some isolates of Ent. faecalis that display both hemolytic and
bactericidal activities [3]. The absence of enterococcal surface protein (esp) gene in Ent.
faecalis TG2 agrees well with results of H-Kittikun et al. [26] who detected frequent presence
of the esp. gene only in medical Ent. faecium strains. However, many reports had reported that
Ent. faecalis strains mostly contain virulence genes. Nueno-Palop and Narbad [41] reported
probiotic assessment of Ent. faecalis CP58 isolated from human gut. The strain harbors efaAfs,
gelE, agg, cpd, cob, ccf, and cad, a profile which is similar to many Ent. faecalis isolated from
food sources. Ent. faecalis TG2 which does not harbor any virulence factors may maintain its
application within safety framework for human and animal consumption.

Conclusion

Results presented in this work indicated that bacteriocin produced by Ent. faecalis
TG2 could be applied in thermally processed foods because the bacteriocin has
activity after heating 60 min at 121 °C. Moreover, the Ent. faecalis TG2 did not
possess virulence factors, so the bacteriocin produced by the strain may be used as a
potential biopreservative which can inhibit food-pathogens and food-spoilage bacterias
to increase the safety and extend the shelf life of food. The strain Ent. faecalis TG2
can resist to ampicillin, gentamicin, kanamycin, and chloramphenicol. However,
whether the strain could be used for industrial production of food need too further
study. In the future, the safety of the strain should be tested by some further
appropriate experiment, such as a hemolytic experiment, before being put into use.
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