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Abstract

The present study aimed to characterize Enterococcus faecalis (n=-6) and E. faecium (n=1)

isolated from healthy chickens to find a novel perspective probiotic candidate that antagonize

Clostridium botulinum types A, B, D and E. The isolated enterococci were characterized

based on phenotypic properties, PCR and Matrix Assisted Laser Desorption/Ionization Time

of Flight (MALDI-TOF). The virulence determinants including hemolytic activity on blood agar,

gelatinase activity, sensitivity to vancomycin and presence of gelatinase (gelE) and

enterococcal surface protein (esp) virulence genes were investigated. Also, the presence of

enterocin structural genes enterocin A, enterocin B, enterocin P, enterocin L50A/B,

bacteriocin 31, enterocin AS48, enterocin 1071A/1071B, and enterocin 96, were assessed

using PCR. Lastly, the antagonistic effect of the selected Enterococcus spp. on the growth of

C. botulinum types A, B, D and E was studied. The obtained results showed that four out of

six E. faecalis and one E. faecium proved to be free from the tested virulence markers. All

tested enterococci strains exhibited more than one of the tested enterocin. Interestingly, E.

faecalis and E. faecium significantly restrained the growth of C. botulinum types A, B, D and

E. In conclusion, although, the data presented showed that bacteriocinogenic Enterococcus

strains lacking of virulence determinants could be potentially used as a probiotic candidate

against C. botulinum in vitro, however, further investigations are still urgently required to verify

the beneficial effects of the tested Enterococcus spp. in vivo.
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Introduction

Probiotic bacteria are used to modulate the gastrointestinal tract microflora towards a

favorable composition. The beneficial health effects of probiotics can be mediated via
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antagonism towards pathogens, colonization of the intestinal mucus, production of beneficial

compounds and modulation of the immune system [1-2]. Lactic acid bacteria (LAB), e.g. E.

faecalis and E. faecium, are potential probiotic that known to be present in the intestine of

healthy animals. E. faecalis and E. faecium are widely distributed in nature and considered as

bacteria of low pathogenicity [3]. However, some enterococcal species are involved in major

nosocomial infections [4]. Enterococci produce a variety of products that contribute to the

texture, flavor, aroma and safety of different foods as cheeses, sausages and other fermented

products [5-7]. Hence enterococci have desirable characteristics as resistance to gastric juice

and bile salts [8] and production of antimicrobial compounds such as bacteriocins [9-10];

therefore, their use alone or in combination with other beneficial intestinal bacteria as

probiotics was investigated in different studies [11-14]. On the other hand, it was postulated

that the reduction of Enterococcus spp. and other beneficial microbiota could lead to

overgrowth of Clostridia and increase the incidence of chronic botulism [15-16]. The

antagonistic effect of the common beneficial bacterium such as Enterococcus spp. on

Clostridia has been previously studied [17]. It was shown that E. faecalis and E. faecium

isolated from Chlorella vulgaris (green algae) prevent the growth and production of botulinum

neurotoxins (BoNTs) [18] of C. botulinum types A, B, D and E.

The safety of the enterococci as probiotics must be assured, and the benefits of new

probiotic strains should be considered due to existence of

pathogenic species and strains [18-21]. Moreover, some enterococci may carry

extrinsic resistance genes, located in the plasmids or in transposons, to

chloramphenicol, erythromycin, tetracycline and vancomycin. These genes can be

transferred horizontally or vertically to other microorganisms such as Streptococcus spp.,

Staphylococcus aureus and Bacillus subtilis, and thus obstruct the antimicrobial therapy [22-

24].

The present work aimed mainly to characterize the bacteriocinogenic enterococci isolated

from chickens as well as to determine the existence of bacteriocin structural genes. Moreover,

the antagonistic effect of enterococci lacking of virulence determinants against C. botulinum

was assessed.

Materials and Methods

Isolation of enterococci

Enterococci were isolated from a total of 6 cecal contents samples of healthy chickens on

Kenner Fecal [25] Streptococcus agar and Citrat-Azid-Tween-Carbonate Agar (CATC, Oxoid,

Germany) at 37 °C for 48 h. Then the isolated strains were identified based on the

morphological characters and biochemical activities.

Genotypic characterization of enterococci using MALDI-TOF

The Matrix Assisted Laser Desorption/Ionization Time of Flight (MALDI-TOF) profile of the

isolated enterococci was analyzed according to a previously developed protocol [17]. Briefly,

about 10 mg of cell material of the cultured strains were suspended in 300 μl of sterile water. 



After addition of 900 μl of absolute ethanol, the mixture was centrifuged at 10,000 rpm for 2 

min. The supernatant was discarded and the pellet was suspended in 50 µl formic acid

(70% v/v). After adding 50 µl acetonitrile (AN), the mixture was then centrifuged at 10,000

rpm for 2 min and 1 μl of the clear supernatant was transferred to the MALDI target and 

allowed to dry followed by addition of 1 µl α-cyano-hydroxy-cinnaminic acid (Bruker Daltonik 

GmbH) in a standard organic solvent mixture (2.5% trifluoroacetic acid, 50% AN in water). All

chemicals used were of the highest quality (Merck, designated to be especially suitable for

HPLC or MALDI-based techniques). Before each MALDI run, E. coli 1917 strain Nissle was

analyzed to serve as the positive control and the calibration standard. The MALDI–TOF MS

analysis was performed using a Bruker microflex LT mass spectrometer (Bruker Daltonik

GmbH) and the spectra were automatically identified using the BrukerBioTyper™ 1.1

software.

Genotypic characterization of enterococci using PCR

The total DNA was obtained using QIAamp DNA Mini kit (Qiagen, Germany, GmbH) following

the manufacturer’s recommendations. For genotyping of E. faecalis, the 5'-ATC AAG TAC

AGT TAG TCT TTA TTA G-3' and 5'-ACG ATT CAA AGC TAA CTG-3' primers targeting ddl

gene were used as forward and reverse primers, respectively [26]. EM1A (5´-TTG AGG CAG

ACC AGA TTG ACG-3´) and EM1B (5´-TAT GAC AGC GAC TCC GAT TCC-3´) primers

targeting the gene/DNA were used as forward and reverse primers, respectively, for

genotyping of E. faecium [27]. PCR reactions were performed in a final volume of 25- µl in all

the PCR conditions containing 12.5 µl of PCR Master Mix, 1 µl of each primer of 20 pmol

concentrations, 4.5 µl of water, and 6 µl of DNA template. The PCR conditions were, 94 °C/ 5

min; 30 cycles of (94 °C/ 1 min, 54 °C/ 1 min, 72 °C /1 min) followed by 72 °C /7 min. The

products of PCR were separated by electrophoresis on 1.5% agarose gel (AppliChem,

Germany) to determine the fragment sizes.

Safety profile of Enterococcus isolates

The hemolytic activity of the isolated enterococci was tested by cultivation on blood agar. The

gelatinase activity was determined according to the method previously described by Marra

and coworkers [28]. Briefly, samples were inoculated into tubes containing 4 mL of brain heart

infusion broth with 4% gelatin and incubated at 37 °C for 24 h. The tubes were then cooled at

4 °C for 30 min and the liquefaction of the medium was observed. The sensitivity of the

isolated enterococci to vancomycin was performed using the disc diffusion method according

to the Clinical Laboratory Standards Institute [29]. The presence of gelatinase (gelE) and

enterococcal surface protein (esp) virulence genes was verified by PCR according to Eaton

and others [30]. The primers 5´- ACC CCG TAT CAT TGG TTT (upper) and 5´- ACG CAT

TGC TTT TCC ATC- 3´ (lower) were used for the amplification of 419 bp from the gelE gene.

While, the primers 5´- TTG CTA ATG CTA GTC CAC GAC C -3´ (upper) and GCG TCA ACA

CTT GCA TTG CCG AA- 3´ (lower) were used for amplification of 933 bp from esp gene. The

PCR reactions and conditions were performed as previously mentioned.

Screening of bacteriocins of enterococci



The structural genes of enterocin A (entA), enterocin B (entB), enterocin P (entP), enterocin

L50A/B (entL50A-entL50B), bacteriocin 31 (bac31), enterocin AS48 (entAS48), enterocin

1071A/1071B (ent1071A-ent1071B), and enterocin 96 (ent96) were amplified using specific

enterocin PCR primers [31-34] (Table 1). The conditions of the 8 genes were performed at 94

°C for 5 min, 35 × (94 °C for 1 min, 53 °C or 1 min, and 72 °C for 40 sec) and 72 °C for 7 min.

The PCR products were analyzed on 1.5% agarose gel.

Antagonistic effect of different bacteria on Clostridium botulinum types A, B, D and E

in vitro

The effect of the selected Enterococcus spp. on C. botulinum growth was studied in vitro. C.

botulinum types A, B, D and E (Institute of Bacteriology and Mycology, University of Leipzig)

were inoculated to reinforced clostridial medium (RCM, Sifin, Germany) at a final

concentration of 10
4

CFU ml. Enterococcus strains were inoculated to C. botulinum at a final

concentration of 10
4

CFU/ml. The co-culture was incubated anaerobically at 37 °C for 5 days.

C. botulinum was quantified using the most probable number (MPN) method. Briefly, the co-

cultures were diluted 1:10 in Differential Reduced Clostridium Bouillon (DRCM, Sifin, Berlin,

Germany). From each serial dilution, 0.2 mL was added to 0.8 mL DRCM in microtest plates

(96-well, 400 µL, VWR) and incubated for 48 h/37 °C anaerobically. Three replicates of each

dilution were analyzed. The reduction of sulfite to sulfide was used as a sign of growth. After

the 48-h incubation, the bacterial concentration was estimated by the blackness (visually) of

the medium. Statistical assessment was performed on the data and the bacterial growth was

calculated by the MPN with a confidence interval of 95 %.

Statistical analysis

The statistical analysis was carried out with GraphPad Prism (GaphPad Software, La Jolla,

USA). The data were presented as reciprocal log10, (n = 3), Mean ± SD. A two-way analysis

of variance, followed by an unpaired Student t test, was used to identify significant differences

between means.

Results

Phenotypic and genotypic characterization of Enterococcus spp.

In the present study, the isolated Enterococcus spp were characterized at the species level

based on phenotypic and genotypic criteria. The colonies of enterococci were pink or red

color on KF Streptococcus agar and CATC agar media. The bacteria were Gram-positive,

oval cocci, in pairs or short chains. Seven Enterococcus spp of typical colonies were further

genotypically characterized using specific primers sets. The data presented showed that 6 of

the tested isolated Enterococcus spp were confirmed as E. faecalis with a specific band of

941 bp (Figure 1) and only one isolate proved to be E. faecium and exhibited a specific band

of 658 bp (Figure 1). Further confirmation was obtained based on MALDI-TOF spectra.

Safety profile of the Enterococcus isolates

The confirmed Enterococcus spp were further examined for the presence of virulence

markers including hemolytic activity on blood agar, gelatinase activity, sensitivity to

vancomycin and presence of gelE and esp virulence genes. The obtained data showed that,



only four out of six E. faecalis and one E. faecium proved to be free from the tested virulence

determinates. On the contrary, E. faecalis-5 and-6 showed hemolysis on blood agar (Table 2).

E. faecalis-6 was positive for the presence of esp gene (Figure 2).

Detection of bacteriocins

The distribution of enterocin genes within the tested enterococci are shown in Table 3. All the

selected enterococci strains harbor entAS48 and bac31 structural genes (Table 3). E. faecalis

1 was positive for entAS48, bac31, entA, entL50A-entL50B, entP and entB. E. faecalis 2 was

positive for entAS48, bac31,entL50A-entL50B, ent96 and ent1071A-ent1071B. E. faecalis 3

was positive for entAS48, bac31, entA, entP and ent1071A-ent1071B. E. faecalis 4 was

positive for entAS48, bac31, entL50A-entL50B and ent1071A-ent1071B. E. faecium was

positive for entAS48, bac31 and entP structural genes. The presented data showed that the

overall incidence of these structural genes in the selected Enterococcus spp was 100% (5/5),

100% (5/5), 60% (3/5), 60% (3/5), 60% (3/5), 40% (2/5), 20% (1/5) and 20% (1/5) in the case

of entAS48, bac31, entL50A-entL50B, entP, ent1071A-ent1071B, entA, entB and ent96,

respectively.

Antagonistic effect of Enterococcus spp. on C. botulinum types A, B, D and E

Enterococcus spp. isolated from healthy chickens significantly (P ≤ 0.001) inhibited the growth 

of C. botulinum types A, B, D and E (Table 4). Based on the MPN method, the reciprocal log10

of C. botulinum type A, B, D and E in a co-culture with E. faecalis-1, E. faecalis-2, E. faecalis

3, E. faecalis-4 or E. faecium ranged from 2.05 to 3.88, versus 6.12 to 7.18 in the control non-

treated (Table 4).

Discussion

The study herein aimed to characterize seven different enterococci isolated from

healthy chickens and to investigate the potential probiotic activity against C. botulinum. To

assure the safety of the isolated enterococci as probiotics, the hemolytic activity, gelatinase

activity and gelE and esp virulence genes were investigated.

Four E. faecalis and one E. faecium isolates showed no hemolytic activity. However,

two E. faecalis isolates exhibit a hemolytic phenotype. Hence the hemolytic activity of

enterococci is an indicator for the presence of genes involved in haemolysin/cytolysin

production and considered a risk factor [35], therefore, the hemolytic phenotype enterococci

(E. faecalis-5 and-6) are considered undesirable as probiotic candidates and were not

subjected for further investigations. In this study, the gelatinase activity was not detected in all

tested Enterococcus strains and the gelatinase genotype and phenotype were correlated. The

gelE virulence gene was not detected in all tested Enterococcus isolates. The presence of

gelatinase can affect the virulence and the process of biofilm formation in enterococci [36].

However, other authors found that gelE is not associated with such phenotypes [37-39]. It

was suggested that gelatinase expression may influence biofilm formation [38]. Our isolates

were further examined for the presence of esp virulence genes and the obtained data showed

that only E. faecalis 6 was positive (Figure 2). The role of esp and gelE genes in biofilm



formation is still controversial. The esp gene, a phenomenon that has been described

previously only for E. faecalis, was found in E. faecium [39].

The probiotic candidate should be also sensitive to vancomycin; since the incidence

of infection and intestinal colonization with vancomycin resistant enterococci (VRE) is

increasing in many countries in the last decade [40] causing difficult antimicrobial treatment of

enterococcal infections. Herein, the isolated enterococci were sensitive to vancomycin.

The probiotic action of enterococci is reciprocally correlated with the capability of the

isolates to produce enterocins. All tested enterococci strains exhibited more than one of the

tested enterocins (Table 3). It was found that the enterocins could modulate the GIT

microbiota with a potentially positive impact on the anaerobic populations such as

Bacteroides, Clostridium and Bifidibacterium spp [41]. Enterocins produced by enterococci

probably act in a synergistic mode of action, as reported, hence a synergistic effect of some

bacteriocins mixtures was observed [42-43]. Collectively, the tested strains harboring

enterocin encoding genes could be find applications as protective cultures and possibly

conferring a probiotic effect on the host.

Interestingly, four E. faecalis and one E. faecium inhibited the growth of C. botulinum types A,

B, C and D. This desired property could help controlling chronic botulism. This disease is a

growing multifactorial clinical condition primarily resulted from the prolonged accumulation of

sub-lethal doses of BoNTs in the gut of the animals as a result of imbalance of the gut

microbiota which significantly affects the colonization and germination of the C. botulinum

type A and B. Several attempts were conducted to decrease the incidence of botulism

including vaccination of the animals with C. botulinum type C and D [44]. The introduction of

the beneficial bacterium Enterococcus spp as a probiotic markedly prevents the overgrowth of

the clostridia [17, 45].

Conclusion

From the obtained data some conclusions with potential implications for the phenotypic and

genotypic charcaterization of enterococci isolated from chickens could be drawn. The

characterized bacteriocinogenic enterococci could be used as potential probiotic candidates

and/or biopreservatives to prevent the overgrowth of the clostridia in vitro. Therefore, further

investigations are still urgently required to confirm this effect in vivo.
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Table (1): Primers used for screening of bacteriocins

Primers PCR
product

Reference

Enterocin AS-48 F: GAGGAGTATCATGGTTA

R:ATATTGTTAAATTACCAA

339 31

Bacteriocin 31 F: TAT TAC GGA AAT GGT TTA TAT TGT

R: TCT AGG AGC CCA AGG GCC

123 31

Enterocin A F: AAA TAT TAT GGA AAT GGA GTG TAT

R: GCA CTT CCC TGG AAT TGC TC

126 31

Enterocin L50
A/B

F: TGG GAG CAA TCG CAA AAT TAG

R: ATT GCC CAT CCT TCT CCA AT

98 32

Enterocin P F: TAT GGT AAT GGT GTT TAT TGT AAT

R: ATG TCC CAT ACC TGC CAA AC

120 31

Enterocin B F: GAA AAT GAT CAC AGA ATG CCT A

R: GTT GCA TTT AGA GTA TAC ATT TG

159 31

Enterocin 96S F: ATATTGTTAAATTACCA

R: ATATTGTTAAATTACCA

348 33

enterocin
1071A/1071B

F: CCT ATT GGG GGA GAG TCG GT

R: ATA CAT TCT TCC ACT TAT TTT T

343 34

Table (2): Safety profile of Enterococcus isolates

Isolates Gelatinase
activity1

Hemolysis2 Vancomycin
resistance

esp3 gelE4

E. faecalis 1 neg neg neg neg neg

E. faecalis 2 neg neg neg neg neg

E. faecalis 3 neg neg neg neg neg

E. faecalis 4 neg neg neg neg neg

E. faecalis 5 neg pos neg neg neg

E. faecalis 6 neg pos neg pos neg

E. faecium neg neg neg neg neg

1Gelatinase activity determined after Marra and coworkers (28).
2Hemolytic activity on blood agar
3esp= enterococcal surface protein
4gelE= gelatinase gene



Table (3): Screening of bacteriocins in enterococci

Table (4): Antagonistic effect of probiotic candidates on C. botulinum types A, B, D
and E

Co-culture1

C. botulinum (CFU)2

Type A Type B Type D Type E

E. faecalis 1 2.05±0.89 2.18±0.45 2.87±0.45 2.26±0.88

E. faecalis 2 2.69±0.69 3.88±0.78 2.44±0.23 2.34±0.22

E. faecalis 3 2.91±0.18 3.29±0.76 2.11±0.61 2.32±0.76

E. faecalis 4 2.18±0.90 3.18±0.66 2.12±0.05 3.0±0.65

E. faecium 2.08±0.13 2.90±0.45 3.16±0.87 3.06±0.15

Control 7.18±0.89 6.12±0.87 6.28±0.38 6.18±0.12

1C botulinum cultured anaerobically in RCM co-culture with different bacteria for 5 days
2C botulinum quantified using the most probable number (MPN) method. Data expressed as
reciprocal log10, (n = 3).

E. faecalis 1 E. faecalis 2 E. faecalis 3 E. faecalis 4 E. faecium

Enterocin AS48 + + + + +

Bacteriocin 31 + + + + +

Enterocin A + - + - -

Enterocin L50A/B + + - + -

Enterocin P + - + - +

Enterocin B + - - - -

Enterocin 96 - + - - -

enterocin
1071A/1071B - + + + -




