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ABSTRACT 

The prevalence of resistance to traditional antimicrobials is increasing rapidly, leading to a significant rise in 

annual deaths from antibiotic-resistant illnesses. In 2020, the global death toll from such diseases was 

approximately 500,000. If current trends continue, this figure could exceed 10 million by 2050, with associated 

economic damages surpassing 100 trillion USD. These alarming statistics highlight the urgent need for 

alternative antimicrobials. Bacteriocins are considered among the most promising options. Enterococcus 

faecium ATCC 19434 is known to produce a potent bacteriocin effective against Listeria monocytogenes and 

Staphylococcus aureus, though its specific bacteriocin and genetic properties have not been fully explored. 

This study aimed to identify the gene responsible for bacteriocin production in Enterococcus faecium ATCC 

19434. DNA was extracted from the bacterium, and polymerase chain reaction (PCR) was conducted. The 

PCR products were analyzed through agarose gel electrophoresis, sequenced, and subjected to homology 

searches using the BLASTN and BLASTX tools from the National Center for Biotechnology Information 

(NCBI). Results revealed that Enterococcus faecium ATCC 19434 contains a gene encoding enterocin B. 

Additionally, it was found to harbor the gene for enterocin A immunity protein production. This discovery 

paves the way for future genetic modification of Enterococcus faecium ATCC 19434 to enhance enterocin B 

synthesis, facilitating its commercial application.  
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INTRODUCTION 

In the pre-antimicrobial period, infectious diseases accounted 

for a whopping one-third of global annual deaths. The 

discovery of antimicrobial agents was a massive breakthrough 

which engendered significant drop in global mortality due to 

infectious diseases. Antimicrobials are not only used in 

treatment of infections but are also used in prevention of post-

operative infections (Hocking et al., 2021).  

However, overuse and misuse of conventional antimicrobials 

fostered development of resistance by pathogens. Within the 

last 20 years, avalanche of reports on the rise of antibiotic 

resistance in different parts of the world have been made 

(Crysler & Streu, 2022; Kaczor et al., 2021). Moreover, some 

pathogens have developed multidrug resistance which 

exacerbates the conundrum (Jernigan et al., 2020). 

Consequently, infectious diseases that were once treatable 

have become difficult to treat. As of 2020, global annual 

deaths due to antimicrobial-resistant diseases stands at 500 

000. Based on the current trend, this number is expected to 

rise to over 10 million by 2050 (Hasan et al., 2020). If urgent 

action is not taken, infectious diseases will have the health 

impact it had during the pre-antimicrobial era. More so, by 

2050 over 100 trillion USD would be lost due to antimicrobial 

resistant infections (Denku et al., 2022). Against this 

backdrop, the world health organization craves the indulgence 

of researchers in developing novel antimicrobials. 

Bacteriocins are globally considered plausible alternatives to 

conventional antimicrobials (Simons et al., 2020). These 

ribosomally synthesized peptides are generally regarded as 

safe and act against their microbial targets using novel 

mechanisms that evade development of resistance. 

Additionally, their thermal, pH and chemical stability favor 

their deployment as replacement for conventional 

antimicrobials (Wayah et al., 2022; Wayah & Philip, 2018). 

Bacteriocins are widely divided into two classes: class I 

(which are post-translationally modified to form lanthionine 

or methyl lanthionine bridges), and class II (which are not 

subjected post-translational processing). Class II bacteriocins 

are unmodified, small and thermally-stable peptides. They are 

further subdivided into various subclasses which include class 

IIa (pediocin-like bacteriocins), class IIb (comprising of two 

different peptides, each having reduced activity against their 

microbial target but when combined, act synergistically 

against their microbial target), class IIc (cyclic bacteriocins) 

and class IId (non-pediocin-like, one-peptide bacteriocins) 

(Cotter et al., 2005). In other classification schemes, large and 

thermally-sensitive bacteriocins were placed in class III 

(Alvarez-Sieiro et al., 2016) while bacteriocins with 

carbohydrate or lipid groups were placed in class IV 

(Kaškonienė et al., 2017; Klaenhammer, 1993). 

Enterococcus faecium is a lactic acid bacterium. Bacteriocin 

production has been observed among some strains of 

Enterococcus faecium such as Enterococcus faecium ATCC 

19434 (Javed et al., 2011). This bacteriocin is highly potent 

against major human pathogens such as Listeria 

monocytogenes and Staphylococcus aureus suggesting its 

future application in the treatment of diseases associated with 

these pathogens.  However, the specific type of bacteriocin 

produced by Enterococcus faecium ATCC 19434 has not been 

investigated. Moreover, the genetic organization of the 

operon for bacteriocin production has not been ascertained. 

Consequently, the objective of this investigation was to 

identify the gene that is responsible for the production of 

bacteriocin in Enterococcus faecium ATCC 19434. 
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MATERIALS AND METHODS 

DNA Extraction 

Total DNA was extracted from Enterococcus faecium ATCC 

19434 using MO BIO microbial DNA isolation kit (Valencia) 

according to manufactures’ instructions. To a 2 ml collection 

tube 1.8 ml of Enterococcus faecium ATCC 19434 culture 

was added. The tube was centrifuged at 10,000 x g for 30 

seconds at room temperature. Thereafter, the supernatant was 

decanted and the tube was spined at 10,000 x g for 30 seconds 

at room temperature. A pipette tip was used to completely 

remove remnant supernatant. The resulting cell pellet was 

resuspended in 300μl of MicroBead solution and vortexed 

lightly. The content was transferred to a MicroBead tube and 

50 μl of solution MD1 was added.  MO BIO vortex adapter 

tube holder was used to horizontally secure the tubes and 

maximum vortexing was done for 10 minutes. The resulting 

supernatant was moved to a clean 2 ml collection tube 

thereafter, 100 μl of solution MD2 was added, vortexed for 5 

seconds and incubated at 4 0C for 5 minutes. Centrifugation 

of the tube was carried out at 10,000 x g for 1 minute at room 

temperature and the supernatant was transferred to a clean 2 

ml collection tube. To 900 μl of the supernatant, solution 

MD3 was added and vortexed for 5 seconds afterwards, the 

spin filter was loaded with 700 μl of the supernatant and 

centrifugation was performed at 10,000 x g for 30 seconds at 

room temperature. After discarding the flow-through, the 

remaining supernatant was added to the spin filter, and 

centrifuged at 10,000 x g for 30 seconds at room temperature. 

Thereafter, 300 μl of solution MD4 was added and 

centrifuged at 10,000 x g for 30 seconds at room 

temperatureand and the flow-through was discarded. The tube 

was centrifuged at 10,000 x g for 1 minute at room 

temperature.  The spin filter was carefully placed in a new 2 

ml collection tube and 50 μl of solution MD5 was added to 

the center of the white filter membrane. The tube was 

centrifuged at room temperature for 30 seconds at 10,000 x g 

thereafter, the spin filter was discarded. The resulting DNA 

was stored at -40 0C for downstream applications. 

 

PCR Detection of Enterocin Genes in Enterococcus 

faecium ATCC 19434 

PCR was carried out using enterocin-specific primers (Table 

1). PCR for enterocin GM-1, enterocin A, enterocin B, 

enterocin P and enterocin L50A and B required an initial 

denaturation step (95 0C for 5 minutes) followed by 30 cycles 

of further denaturation at 95 0C for 1 minute, annealing at 56 
0C for 1 minute and extension at 72 0C for 1 minute. 

Afterwards, a final extension at 72 0C for 3 minutes. With 

respect to enterocin Q, hiracin JM79 and enterocin CRL35, 

number of cycles and annealing temperature were adjusted to 

35 and 60 0C respectively.  Gel electrophoresis of PCR 

products was carried out using 2.5 % agarose. PCR products 

were sequenced and homology searches was conducted using 

blast n and blast x of the NCBI database (Kang & Lee, 2005; 

Saavedra et al., 2004; Sánchez et al., 2008). 

 

Table 1: PCR primers used in this study 

Primer Sequence Reference 

Enterocin GM-1 F 

Enterocin GM-1 R  

5’-GCTACGCGTTCATATGGTAATGGTG-3’  

5’-ATGTCCCATACCTGCCAAACCAGAAGC-3’ 

(Kang & Lee, 2005) 

Enterocin A F  

Enterocin A R  

5’-GAGATTTATCTCCATAATCT-3’  

5’-GTACCACTCATAGTGGAA-3’ 

(Kang & Lee, 2005) 

Enterocin B F  

Enterocin B R  

5’-GAAAATGATCACAGAATGCCTA-3’  

5’-GTTGCATTTAGAGTATACATTTG-3’ 

(Kang & Lee, 2005) 

Enterocin P F  

Enterocin P R  

5’-TTATGCGCGTTATTGTGTG-3’  

5’-CATAACTCAAAGTCCCGACC-3’ 

(Kang & Lee, 2005) 

Enterocin L50A and B F 

Enterocin L50A and B R 

5’-TCCCTACAGTCTCCCTTCC-3’  

5’-TCTAGCGTTAAGCCGAATG-3’ 

(Kang & Lee, 2005) 

Enterocin Q F  

Enterocin Q R  

5’-AACAAGAAAATTGCGGCTG-3’ 

5’-AGGGCTACTTGGATAGTACAC-3’ 

(Kang & Lee, 2005) 

Hiracin JM79 F  

Hiracin JM79 R  

5’-TGAATTCAAAACTACTTTTTATGACG-3’ 

5’-TGGGACTGATGAATCAGAATTG-3’  

(Sánchez et al., 2008) 

Enterocin CRL35 F  

Enterocin CRL35 R 

5’ –GCAAACCGATAAGAATGTGGGAT- 3’  

5’ -TATACATTGTCCCCACAACC -3’ 

(Saavedra et al., 2004) 

 

RESULTS AND DISCUSSION 

PCR Detection of Enterocin Genes in Enterococcus 

faecium ATCC 19434 

Gel electrophoresis revealed clear bands for enterocin A (400 

bp) and B (121 bp) (Figure 1). No band was obtained for other 

enterocins. Homology searches showed that the PCR product 

for enterocin A shares 100 % homology with the gene 

encoding enterocin A immunity protein in a strain of E. 

faecium while that of enterocin B shares 97 % homology with 

the gene encoding enterocin B. 
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Figure 1: Gel electrophoresis of PCR products from E. faecium ATCC 19434. L, 100 bp ladder; 

1, enterocin GM-1; 2, enterocin B; 3, enterocin P; 4, enterocin A; 5, enterocin Q; 6, enterocin 

L50A and B; 7, hiracin JM 79; 8, enterocin CRL35; C, negative control  

 

Nucleotide Sequences of Enterocin A Immunity Protein 

and Enterocin B 

The nucleotide sequences of genes encoding enterocin A 

immunity protein and enterocin B are shown in Figure 2. 

Gene encoding enterocin A immunity protein is made up of 

359 nucleotides while gene encoding enterocin B comprises 

of 122 nucleotides (Figure 2). 

 

 
Figure 2: Nucleotide   sequences of (A) Enterocin A Immunity Protein   and (B) Enterocin B 

 

Amino Acid Sequences of Enterocin A Immunity Protein 

and Enterocin B 

Homology searches (using blastx) of PCR product for 

enterocin A revealed 100 % homology with enterocin A 

immunity protein while PCR product for enterocin B showed 

100 % homology with enterocin B (Figure 3). 

 

A  

 
B 

Figure 3: Amino acid sequence of (A) enterocin A immunity protein and (B) enterocin B 

 

Discussion 

We reported for the first time that Enterococcus faecium 

ATCC 19434 harbors genes encoding Enterocin B and 

Enterocin A immunity protein. It has been reported that all 

enterococci that harbor Enterocin B gene also possess gene 

encoding Enterocin A (Vuyst et al., 2003). Enterococcus 

faecium ATCC 19434 is an exception in that it produces 

Enterocin B without possessing gene encoding Enterocin A. 

This could be due to mutational changes leading to the loss or 

inactivation of the gene as revealed by the presence of gene 

A 

TAAATGTACGGTCGATTGGGCCAAGGCAACTACTTGTATTGCAGGAATGTCTATAGGTGGTTTTTTAGGT 

GGAGCAATTCCAGGGAAGTGCTAAAATGAAAAAAAATGCTAAGCAAATTGTTCATGAATTATATAATGAT 

ATATCTATAAGTAAAGATCCTAAATATTCTGATATTCTTGAGGTTTTACAAAAGGTATATTTAAAATTAG 

AAAAACAAAAATATGAATTAGATCCCGGTCCTTTAATAAATAGATTGGTGAATTATCTATATTTTACTGC 

TTATACTAATAAAATAAGATTCACTGAATATCAAGAGGAATTAATAAGAAATTTGAGTGAAATTGGAAGA 

ACTGCTGGAATAAATGGTTTATATCGAGCAGATTATGGAGATAAATCTCA 

B 

CCAGCAAGTGGTCTTTTGGGATTCCAAAAATCCCCCAGCAATTGCAGCACCACATTTTGCTCCACCTTTA 

GATAAGTTGTTAGGTCTATTTAACTCATTAGGCATTCTGTGATCATTTTCA 
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encoding Enterocin A immunity protein in Enterococcus 

faecium ATCC 19434 (Figure 2 and 3). The presence of gene 

encoding Enterocin A immunity protein suggests its lack of 

susceptibility to Enterocin A.   Enterococcus faecium is an 

important component of the gastrointestinal tract of humans. 

It has also been isolated from various foods (Goh & Philip, 

2015; Kang & Lee, 2005; Vuyst et al., 2003). They are mainly 

known for their ability to inhibit the growth of pathogens such 

as Listeria monocytogenes and Staphylococcus aureus 

(Abdel-Hamid et al., 2018; Franz et al., 2024). This finding 

suggests the potential future application of Enterococcus 

faecium ATCC 19434 in the treatment of diseases associated 

with Listeria monocytogenes and Staphylococcus aureus.  

 

CONCLUSION  

The escalating prevalence of antimicrobial resistance presents 

a dire global health crisis, with current trends suggesting a 

dramatic rise in annual deaths and substantial economic 

repercussions by 2050. Our study underscores the critical 

necessity for novel antimicrobial agents, spotlighting 

bacteriocins as a promising solution. Through comprehensive 

genetic analysis, we identified the gene encoding enterocin B 

in Enterococcus faecium ATCC 19434, a bacteriocin with 

potent activity against significant pathogens such as Listeria 

monocytogenes and Staphylococcus aureus. Additionally, the 

presence of the enterocin A immunity protein gene was 

confirmed, which provides further insight into the bacteriocin 

production and immunity mechanisms of this strain. 

These findings offer a foundational step toward the genetic 

enhancement of Enterococcus faecium ATCC 19434, aiming 

to boost enterocin B production. Such advancements could 

significantly contribute to the development of alternative 

antimicrobial therapies, addressing the urgent need to combat 

antibiotic-resistant infections. Future research should focus 

on the genetic modification techniques to optimize enterocin 

B synthesis, exploring its potential for large-scale commercial 

applications and its efficacy in clinical settings. This approach 

not only promises to mitigate the impending health crisis but 

also aligns with the global endeavor to find sustainable and 

effective antimicrobial strategies. 
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