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INTRODUCTION 

 

The members of the Enterococcus genus have an ambiguous nature. Many of them 

are part of the mammalian and human gastrointestinal microflora, thus having the 
potential to be opportunistic pathogens causing nosocomial infections (McBride et 

al., 2007), while others play an important role in the dairy, meat, and other food 

industries, participating in the fermentation processes and contributing to the 
organoleptic properties of the foods (Ogier and Serror, 2008). They also could have 

a protective role in food ripening by inhibiting pathogen species as reported 

(Álvarez et al., 2020). This implies that in every case a new Enterococcus strain is 
isolated from a food source, before declaring it safe for use, a complete 

characterization is obligatory. This characterization includes exact taxonomic 

identification, antibiotic resistances description, and presence of virulence factors 
(Ogier and Serror, 2008). 

The Bulgarian green cheese is the only kind of cheese in Bulgaria which ripening 

is marked out by noble molds. This cheese which is considered as a part of the 
national cultural heritage is produced artisanally from raw ewe’s or goat’s milk 

only in the village Tcherni Vit (Teteven municipality). As no starter culture is 
added, it relies only on environmental microbiota, most probably depending on the 

specific climatic conditions in the village, which explains the geographic 

limitations of its production. 
In this study, we used the Illumina HiSeq NGS platform generating 2 x 150 bases 

paired-end reads to characterize an E. faecalis isolate from Bulgarian green cheese, 

which was revealed to be a fast, cost- and labor-effective method for the 
assessment of newly isolated food-borne bacterial strains. 

 

MATERIALS AND METHODS 

 

Strains isolation 

 

50 mg from the core part of the Bulgarian green cheese were taken off in sterile 

conditions, and homogenized within 1 ml of sterile peptone water (PW). 10-fold 

serial dilutions in PW were made up to 10-4, then 100 µl of the 10-3 and 10-4 
dilutions were plated on Petri dishes containing the selective medium D-coccosel 

(Bioméruex). After incubation for 36-48 hours at 30 C, colonies with black halos 

appeared which were picked up and inoculated in 3 ml BHI liquid broth, and 

incubated at 30 °C for 24 hours. After that period ten isolates were plated on a BHI 
1.5% agar with a sterile loop by the agar streaking method, and incubated at 30 °C 

for 24 hours. The cultures were monitored microscopically for contamination. 

Stocks in skim milk were prepared from each isolate which were kept at -70 °C. 
 

Species identification 

 

A polyphase approach including other biochemical and physiological tests was 

used for the characterization of the isolates. They included the ability to grow in 

liquid medium at low and high temperatures, as well in the presence of 6.5% NaCl 
(Leclerc et al., 1996). For each of these experiments, a single colony of the isolates 

was inoculated in 3 ml BHI broth and incubated for a week at 10 °C, overnight at 

45 °C and 72 hours at 30 °C in BHI broth supplemented with 6.5% NaCl. Total 
DNA was isolated by “Gram Plus & Yeast Genomic DNA Purification Kit“, cat. 

№ 3585 (EURx), according to the manufacturer's instructions. The DNA 

concentrations were determined on a Quantus fluorimeter (Promega), while the 
quality was checked by 0.8% agarose gel electrophoresis. The isolates were further 

subjected to genus- and species-specific PCRs. All primers are listed in Table 1. 
Enterococcus sp. genus-specific PCR was performed accordingly Ke et al. (Ke et 

al., 1999). PCR amplification with E. faecalis specific primers 

EDA1_F1/EDA1_R1 was carried out as described by Peykov et al. (Peykov et al., 
2012), while PCR amplification with E. durans specific primers DU1/DU2 as 

described by Jackson et al. (Jackson et al., 2004). The specific reactions’ conditions 

are listed in Table 2. After the completion of the PCR reactions, 5 μl of the PCR 
products were analyzed by electrophoresis on a 1.6% agarose gel in a TBE buffer 

system, followed by staining with GelRed™ (Sigma-Aldrich). To check their 

clonal relatedness, all the isolates were subjected to RAPD analyses as previously 
described (Gyurova et al., 2021). 

 

 

 

 

 

 

 

 

In this study, Enterococcus faecalis H1041 which was isolated from the traditional Bulgarian green cheese was characterized in depth by 

a whole-genome sequencing performed on the Illumina HiSeq platform using 2 x 150 bases paired-end reads mode. The bioinformatic 

analysis performed only with free online tools revealed that the strain resembles other cheese-born E. faecalis strains by its antibiotics’ 
resistances and virulence genotype, thus its presence within the green cheese should not be considered as a health risk. Only two antibiotic 

resistance genetic determinants were found, but they both carry mutations, and probably are not functional. Furthermore, 18 virulence 

factor genetic determinants were found, but only 6 of them possessed 100% identities with the canonical sequences, and being more or 
less intrinsic for the Enterococcus genus. None of them were found on contigs that contain sequences with known plasmid origin of 

replication. Enterolysin A gene was also detected which most probably plays role in ripening process of the Bulgarian green cheese. 
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Table 1 PCR primers used in this study. 

Target 
Primer 

pairs 
Sequence (5′–3′) 

Product 

size (bp) 

Annealing 

temperature (°C) 
Source 

                                                                              Genus-specific primers 

tuf gene encoding 

EF-Tu 

Ent1 5'-TACTGACAAACCATTCATGATG-3' 
112 bp 55 ºС (Ke et al., 1999) 

Ent2 5'-AACTTCGTCACCAACGCGAAC-3' 

                                                                             Species-specific primers 

eda gene encoding 
KDPG aldolase 

EDA1_F1 5’-GGGGACAGTTTTGGATGCTA-3’ 
404 bp 51 °C 

(Peykov et al., 
2012) EDA1_R1 5’-TCCATATAGGCTTGGGCAAC-3’ 

soda gene, 

encoding 
superoxide 

dismutase 

DU1 5’-CCTACTGATATTAAGACAGCG-3’ 

295 bp 55 °C 
(Jackson et al. 

2004) DU2 5’-TAATCCTAAGATAGGTGTTTG-3’ 

16S ribosomal 

RNA gene 

27F 5’-AGAGTTTGATCMTGGCTCAG-3’ 
1465 bp 52 °C (Lane, 1991) 

1492R 5’-ACCTTGTTACGACTT-3’ 

                                                                                   RAPD primers 

n/a E1 5’-TCACGCTGCA-3’ n/a n/a 
(Barbier et al. 

1996) 

n/a L2 5’-ATGTAACGCC-3’ n/a n/a 
(Fitzsimons et al. 

1999) 

 

Table 2 PCR reactions conditions used in this study 

 
Enterococcus genus-

specific PCR 

E. faecalis species-specific 

PCR 

E. durans species-

specific PCR 

Primers pair 
Ent1/ 

Ent2 

EDA1_F1/ 

EDA1_R1 

DU1/ 

DU2 

Cycles    
Denaturation (at 94 °C) 15 sec. 30 sec. 30 sec. 

Annealing (at the corresponding t°) 15 sec. at 55 °C 60 sec. at 51 °C 60 sec. at 55 °C 

Synthesis (at 72 °C) 30 sec. 45 sec. 60 sec. 

All PCR reactions were performed in a total volume of 20 μl in a KCl buffer system containing 1,5 mM MgCl2, 0,4 U of Taq polymerase, 

dNTPs at a final concentration of 0,2 mM, each primer at a final concentration of 0,2 μM and 10 ng of template DNA. The initial denaturation 

in all reactions was performed at 94 °C for 5 min., while the final extension lasted for 3 min. at 72 °C. In all reactions, 35 amplification 
cycles were performed. 

 

Whole genome sequencing and data analyses 

 

Whole Genome Sequencing of E. faecalis H1041 was performed on the Illumina 
HiSeq platform, via 2×150 bp paired-end sequencing (Novogene, UK). The library 

construction was performed by Novogene. Sequencing data were pre-processed 

and assembled using the Shovill assembly pipeline for Illumina paired-end reads 
that is integrated into the Galaxy web-based platform (Afgan et al., 2018; Seemann, 

2017). Next, the resulting assembly was evaluated using QUAST (Gurevich et al., 

2013). MLST typing was performed on the MLST server (Larsen et al., 2012). In 
addition, the fasta-file with the draft genome sequence was uploaded to 

ResFinderFG 1.0 (https://cge.cbs.dtu.dk/services/ResFinderFG/)  and 

VirulenceFinder 2.0 (https://cge.cbs.dtu.dk/services/VirulenceFinder/) servers to 
test for the presence of antibiotic resistance determinants and virulence factors in 

this isolate (Joensen et al., 2014; Zankari et al., 2012). The scan for plasmid origins 

of replication within the assembled contigs was performed by the PlasmidFinder 
2.1. online tool (https://cge.cbs.dtu.dk/services/PlasmidFinder/) (Carattoli and 

Hasman, 2020). Putative bacteriocin open reading frames (ORF), immunity genes 

and transporters sequences were identified from the draft genome sequences 

through BAGEL4 (http://bagel4.molgenrug.nl/index.php) using default settings 

(de Jong et al., 2010). The exact locations of the putative bacteriocin ORFs were 

determined using the tblastn algorithm (Camacho et al., 2009). 
 

RESULTS AND DISCUSSION 

 

The ability of the isolates to grow on D-coccosel medium producing black halos 

around the colonies is indicative that they belong to the Enterococcus genus 
because of the ability to hydrolyze esculin (Facklam and Moody, 1970). Their 

genus affiliation was further confirmed by other classical approaches as the 

abilities to grow at low and high temperatures, as well as in the presence of 6.5% 

NaCl (Leclerc et al., 1996). Next, DNA-based approaches were used for 

confirmation of the results of the physiological tests. They included genus- and 

species-specific PCRs performed with genus-specific primers (Ke et al., 1999), E. 

durans specific primers (Jackson et al., 2004), and E. faecalis specific primers 
(Peykov et al., 2012). Positive results were obtained only with the genus-specific 

PCR as well as with the PCR performed with the E. faecalis specific primers, 

meaning that the isolates belonged to this species. When the clonal relatedness of 
the isolates was studied with RAPD analyzes with primers L2 and E1, lowest 

similarity coefficients of 91,4% and 96,2% respectively were obtained. As the 

generally accepted thresholds for clonal relatedness are 70%-75% (Grundmann et 
al., 1997; Webster et al., 1996), this means that all the 10 isolates belong to a single 

strain which was named H1041. 

To assess the role of E. faecalis H1041 for the Bulgarian green cheese ripening, as 
well as to consider its application in the food industry, we chose to sequence its 

entire genome on the Illumina HiSeq platform because the information obtained 

would permit in one single experiment to type exactly the strain, to evaluate its 
potential to be pathogenic, as well as to check it for the presence of antibiotics 

resistances genes, bacteriocins genetic determinants, etc.  The detailed statistics for 

the quality of sequencing data are shown in Table 3, which indicates that the 

sequencing is of good quality, allowing to proceed with the draft genome assembly. 

It was performed by the Shovill assembly pipeline for Illumina paired-end reads 

on the Galaxy web-based platform (Afgan et al., 2018; Seemann, 2017). The 
processing resulted in 91 contigs, from which 28 were larger than 1000 bp, the 

largest one being 455 750 bp. The total length of the genome was 2 944 653 with 

a GC content of 37.4%. These values are in agreement with those for E. faecalis 
with publically available genomes on NCBI’s GenBank server. The data was 

uploaded to the GenBank server for public availability (accession number 
PRJNA682033 and ID: 682033). 

 

Table 3 Statistics for the quality of sequencing data 

Sample 
Library Flowcell 

Lane 

Raw 

reads 

Raw 

data 

(Gb) 

Effective 

reads (%) 

Error 

rate (%) 
Q20(%) Q30(%) GC(%) 

H1041 

FDSW202493774-

1r_HCLFNDSXY_L4 
5130998 

1.6 

99.91 0.03 97.99 93.60 38.27 

FDSW202493774-
1r_HF75CDSXY_L1 

5791302 99.92 0.02 98.70 95.31 38.22 

https://cge.cbs.dtu.dk/services/ResFinderFG/
https://cge.cbs.dtu.dk/services/PlasmidFinder/
http://bagel4.molgenrug.nl/index.php
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Table 3 Statistics for the quality of sequencing data 

Sample 
Library Flowcell 

Lane 

Raw 

reads 

Raw 

data 

(Gb) 

Effective 

reads (%) 

Error 

rate (%) 
Q20(%) Q30(%) GC(%) 

Legend: Library Flowcell Lane: Library ID Flowcell ID lane ID; Raw reads: the total amount of reads of raw data; Raw data: the total 
length of the reads, calculated in gigabases (Gb); Effective reads: percentage of the clean reads; Error rate: base error rate; Q20 and Q30: 

percentages of the base counts with Phred values of more than 20 and 30, respectively; GC: percentage of the G & C base counts. 

The MLST analysis was performed on the MLST server (Larsen et al., 2012), and 
it attributed E. faecalis H1041 to the sequence type 220, showing 100% sequence 

identity with this type’s allele variants: aroE_9,  gdh_27, gki_12, gyd_6, pstS_23,  

xpt_10, and yqiL_7. E. faecalis ST 220 isolates were reported most often to be from 
an animal origin (Olsen et al., 2012; Si et al., 2015) which can explain the presence 

of our strain in a dairy product that was prepared from raw milk.  

First, the E. faecalis H1041 was scanned for the presence of antibiotics resistance 
genetic determinants by the ResFinderFG 1.0 tool. The results are presented in 

Table 4 and Fig. 1. Tetracycline and trimethoprim resistance genetic determinants 

were found on contigs 16 and 1 respectively.  However, the similarity to the 
reference sequences was not complete due to 17 and 4 nucleotide substitutions 

found in TetM and dihydrofolate reductase genes. Despite not knowing the effect 

of these point mutations, their high number, as well the fact that the BLAST 
analysis we ran with the canonical sequences, didn’t show variants within the 

GenBank’s database which were similar to ours, allow speculations that these 

genes are probably not functional because they have never been reported till now.  
 

 

 

Table 4 ResFinderFG 1.0 results 

Hit name Identity Query/HSP Contig Position in contig Drug 

treatment 

NCBI accession 

number 

spanning Tet(M) and variants 99.02 1935/1935 Contig 16 12364..14298 Tetracycline KU543782.1 
dihydrofolate reductase 99.19 495/495 Contig 1 89702..90196 Trimethoprim KF627019.1 

  

 
Figure 1 Partial alignment of the tet(M) (left panel) and the dhfr genes (right) panel of E. faecalis H1041 (up), carrying mutations, and the 

canonical sequences (down). The nucleotide substitutions are highlighted in red. 
 

Next, we uploaded the assembled genome to the VirulenceFinder 2.0 server. In 

total, 18 virulence factors were reported (Table 5). However, 100% nucleotide 
identity to the corresponding reference sequences was reported for only 6 of them 

- ElrA, SrtA, efaAfs, fsrB, gelE, and tpx. ElrA encodes an internalin-like protein 

that prevents the adhesion to macrophages (Nunez et al., 2018). StrA is a sortase 
enzyme that is essential for biofilm formation (Das et al., 2018) together with the 

fsrB (Gaspar et al., 2009). tpx encodes a thiol peroxidase determining oxidative 

stress resistance (Elghaieb et al., 2019). efaAfs encodes an adhesin protein, while 
gelE – a gelatinase enzyme (Zhong et al., 2021), both believed to be more or less 

intrinsic for the genus (Fiore et al., 2019). The presence of these intact virulence 

factors within the genome of a strain isolated from a dairy product could raise some 

well-motivated concerns. However, in the scientific literature, many reports exist 
where food-derived enterococci carry many of these genes, and some of the others 

listed in Table 5, in more or less similar combinations – in fermented meats 

(Barbosa et al., 2010), ready-to-eat salads (Campos et al., 2013), and retail meat 
(Elghaieb et al., 2019; Golob et al., 2019). Considering all these facts the virulence 

genetic profile of E. faecalis H1041 is not an exception for a traditional raw milk 

dairy product, and does not obligatory imply to be a health concern as it was the 
case of some other artisanal cheeses (Câmara et al., 2020). 

 

 

Table 5 VirulenceFinder 2.0 results 

Virulence 

factor 

Identity Query / 

Template 

length 

Contig Position in 

contig 

Protein function NCBI 

accession 

number 

ElrA 100 2172 / 2172 Contig 10 3499..5670 
 

CP003726.1 

SrtA 100 735 / 735 Contig 8 58242..58976 
 

CP003726.1 

ace 98.07 2025 / 2025 Contig 2 248603..250627 collagen adhesin precursor AE016830.1 
cCF10 99.76 828 / 828 Contig 12 97546..98373 

 
CP002491.1 

cCF10 99.76 828 / 828 Contig 12 97546..98373 
 

CP002621.1 

cOB1 99.88 819 / 819 Contig 3 128672..129490 
 

CP002491.1 
cad 99.78 930 / 930 Contig 9 4676..5605 

 
CP002621.1 

camE 99.4 501 / 501 Contig 14 88451..88951 sex pheromone cAM373 precursor AF435437.1 
camE 99.4 501 / 501 Contig 14 88451..88951 sex pheromone cAM373 precursor AF435438.1 

camE 99.4 501 / 501 Contig 14 88451..88951 sex pheromone cAM373 precursor AF435439.1 

ebpA 99.7 3312 / 3312 Contig 2 260557..263868 
 

295112306 
ebpB 99.86 1431 / 1431 Contig 2 259123..260553 

 
CP002491.1 

efaAfs 100 927 / 927 Contig 5 45134..46060 
 

CP003726.1 

fsrB 100 729 / 729 Contig 17 11545..12273 biofilm formation CP003726.1 

gelE 100 1530 / 1530 Contig 17 13851..15380 
 

CP003726.1 

hylA 99.94 3266 / 3266 Contig 8 82724..85989 
 

CP003726.1 

hylB 99.4 3015 / 3015 Contig 4 19754..22768 
 

CP002621.1 
tpx 100 510 / 510 Contig 15 40489..40998 

 
CP003726.1 
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One of the characteristics of pathogenic enterococcal strains is that they contain 

plasmids harboring virulence factors genes, as well as antibiotics resistances genes. 

In the case of E. faecalis H1041 only one hit was obtained with the PlasmidFinder 

tool: the origin of replication rep9b of a RepA_N-type plasmid (GenBank 

accession No. CP002494) found on Contig 16 with 100% sequence identity. This 

type of plasmids is broadly distributed among Gram-positive bacteria but they have 
a narrow host range and the intergeneric transfers are rare because of the reported 

co-evolution with the host (Weaver et al., 2009). None of the genetic determinants 

of the virulence factors detected were positioned on Contig 16, and only the 

mutations carrying the copy of the tetracycline resistance gene was on the same 

contig (Fig. 1, Table 4). The probably not functioning copy of the Tet(M), the lack 

of plasmid-associated virulence factors genes, and the strongly limited rates of the 

plasmid’s transfers indicate that the presence of this plasmid within E. faecalis 

H1041 should not be regarded as a pathogenicity trait. 
 

 

 
Figure 2 Organization of the genetic cluster containing the enterolysin A gene. 

 

Finally, the assembled contigs were scanned for the presence of bacteriocin 
encoding genetic determinants using the BAGEL4 online tool. Only one genetic 

cluster was found – that of enterolysin A, positioned on contig 5 (Fig. 2). 

Enterolysin A is a well-characterized bacteriocin (a metalloendopeptidase) that is 
typical for many E. faecalis strains, and that is known to inhibit the growth of 

closely related species and genera such as other enterococci, pediococci, 

lactobacilli, and lactococci by a bacteriolytic mode of action (Nilsen et al., 2003). 
The presence of enterolysin A has nothing to do with the presence or absence of 

pathogenicity characteristics, but rather with the cheese ripening process – the 

autolysis of the lactic acid bacteria of the starter cultures is important for the 
development of the flavor and to the debittering occurring during the cheese 

ripening (Crow et al., 1995; Hickey et al., 2004). So, in this regard, E. faecalis 

H1041 is a typical dairy strain. 
 

CONCLUSION 

 

Pathogenic Enterococci are not highly virulent, and till now enterococcal infections 

have never been linked to cheese consumption (Dapkevicius et al., 2021). Cheese- 

and other food-borne enterococci usually harbor few virulence factors and 
antibiotic resistance genes, a fact that does not mean that they are obligatory 

pathogens, every case requiring an individual study (Deng et al., 2021). In this 

regard, E. faecalis H1041 is a typical dairy representative of the species, which 
contributes to the development of the organoleptic properties of the Bulgarian 

green cheese. It should not be considered as a health risk, especially because of the 

lack of vancomycins’ resistances, as well as because of the presence of numerous 
mutations within the two antibiotics resistances genes found. Finally, the WGS 

technology which was chosen to characterize E. faecalis H1041 revealed to be a 
cost efficient and fast method for in depth characterization and assessment of the 

pathogenicity potential of newly isolated enterococcal strains. 
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