
ABSTRACT
Background: The multidrug-resistant enterococci (MDR), Enterococcus faecalis, is considered a major medical problem 
in recent times and has been reported increasingly worldwide. Scientists applied phage therapy to induce lysis of antibiotic-
resistant pathogenic bacteria in various environments. Alternative to conventional antibiotics, the lytic enzymes (endolysins) 
produced by bacteriophages were employed to lyse MDR bacteria. These enzymes hydrolyze the cell wall peptidoglycan, 
resulting in the lysis of the host cell.
Objective(s): This study investigated the antibacterial and antibiofilm activities of the extracted endolysin from E. faecalis 
phage that can be used as an alternative approach for the treatment of MDR enterococci in Iraq, together with its phylogenetic 
relationship.
Materials and Methods: The endolysin was extracted using gel filtration chromatography (Sepadex G100) from E. faecalis 
phage. The elutes with the highest absorbance at 280 nm were tested by spot analysis assay on MDR E. faecalis lawns 
isolated from a patient with urinary tract infection. The endolysin concentration was measured by Bradford protein assay. 
The microdilution method was used to determine the minimum inhibitory concentration (MIC). Accordingly, the minimum 
bactericidal concentration (MBC) of the extracted endolysin was verified.The ability of E. faecalis isolates to form a biofilm was 
evaluated by Congo Red Agar (CRA) method. Furthermore, the microtiter plate method was used to quantify the antibiofilm 
activity of the extracted endolysin. Phage DNA was extracted for sequencing using the automated Sanger method, and further 
genetic analysis by NCBI-BLAST program was done.
Results: The antibacterial activity of the extracted endolysin was evaluated with a clear decline in bacterial growth.The 
endolysin concentration was (256 μg/mL) with (>64 μg/mL MIC and (>128 μg/mL) MBC. Black colonies with dry crystalline 
consistency were developed on CRA after overnight incubation which indicated the ability of E. faecalis isolates to form a 
biofilm. About (90.04%) of the bacterial biofilm was reduced after the incubation ofthe extracted endolysin with E. faecalis 
mature biofilm. Sequencing of the Endolysingene obtained from the conventional PCR method uncovered (1257) base pairs. 
The amino acids translation showed a total number of (419). The phylogenetic analysis of the extracted E. faecalis phage 
endolysin gene revealed a 100% similarity with Enterococcus phage phiEf11 endolysin gene.
Conclusion: The current study discovered the promising ability of the extracted E. faecalis phage endolysin to eliminate the 
growth of MDR E. faecalis and reduce its mature biofilm. The easy and inexpensive method to extract this enzymobiotic 
agent encourages further studies to use it as an alternative antibacterial agent on such MDR bacteria. The phylogenetic study 
of its genome clarified a complete description of the genetic sequence that could enhance further molecular studies to produce 
a cloned endolysin. 
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INTRODUCTION
Enterococcus faecalis is a Gram-positive bacterium that can 
be present in water, soil, and as a commensal organism in 
humans and animals’ gastrointestinal tract.1 It is one of the 
most common sources of nosocomial infections in hospitals. 

RESEARCH ARTICLE

Itis well-known for its ability to develop and transmit a 
wide range of gene-adaptive traits such as virulence genes 
and antimicrobial resistance genes, as well as its genomic 
plasticity and a large number of extrachromosomal elements.2 

In recent years, transferable genes conferring resistance 
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Hafidh.14 The isolated phage was symbolized as E.faecalis  
13 phage 3 (EF13P3). The top layer assay was used to determine 
the specific phage characteristics (size, clarity, shape, and 
margin) and the phage titer (109 PFU/mL).EF13P3 had the 
following characteristics: one mm in size, semi-clear clarity, 
round shape, and irregular margin.

Phage Spot Lysis Assay
Phage was tested using the phage spotting technique on 
a nutrient agar plate. The formation of inhibition zones 
recommends the presence of lytic phages.16 Frozen EF13 was 
subcultured twice on nutrient broth and incubated at 37°C. 
An overnight cultured bacterium was spread on nutrient agar 
plates in a sterile swab to form a bacterial lawn. After 10 to 
15 minutes, a frozen phage suspension (EF13P3) of 10 µL  
was applied as spots. All the plates were incubated for 
overnight at 37°C. The lytic phage was identified for the target 
bacterium by the formation of the lytic zone of inhibition after 
overnight incubation.A sterile pasture pipette collected the 
identified specific lytic phage for EF13. The collected phages 
were applied in new sterile Eppendorf tubes with one mL  
SM buffer. Gentle vortex and shaking were done for 20 seconds. 
Chloroform (1:10 v/ v) had been added to lysate the bacteria and 
vortexed at room temperature. The mixture was centrifuged 
at 1000 g for 3 minutes. The supernatants which contained 
phages were transported to a new sterile Eppendorf tube, 
then kept at 4°C. The collected EF13P3 was used for further 
analyses in this study.

Endolysin Extraction
E. faecalis (EF13) in 100 mL of Nutrientbroth medium 
were cultured and incubate dovernight at 37°C.The next 
day, 250 mL of sterile Nutrientbroth medium were added 
to the bacterial growth and incubated for another three 
hours. A 10 mL of the specific phageattiter 1×109 PFU/mL 
were mixed with the bacterium then put directly in ice for 
20 minutes. The mixture was centrifuged at 10,000g for  
20 minutes, and the sediment was collected. The sediment 
was suspended in 10 mL of 0.05 Mphosphate buffer saline +5 
mg deoxyribonuclease and incubated for 60 minutes at 37°C.
EDTA at (0.005 M) was added and centrifuged at10,000 g 
for 60 minutes then the supernatant was taken. Ammonium 
sulfate was added to 85% saturation and incubated overnight 
at 4°C.The nextday, the suspension was centrifuged at 10,000 
g for 60 minutes and wasre-suspended in five milliliters of 
0.05 M phosphate-buffered saline at pH7.5. Dialysis against 
200 mL of 0.05 Mp hosphate buffer saline was done. The 
buffer was changed every two hours for two times and kept 
overnight at 4°C. The dialysissolution was added to Sephadex 
G100 column chromatography (3×20 cm) in 20 mL of 0.05 
Mphosphate-buffered salineat pH 7.5 a seluent. One mL of 
elute was collected in 50 Eppendorf tubes every 5 minutes. 
Absorbance of each fraction was measured at 280 nm using 
a spectrophotometer. From each Eppendorf tube, 10 µL of 
the elute were dropped onto E. faecalis lawns to catch the 
tube with the end olysinlytic activity.

to last-resort antibiotics like linezolid, especially optrA, 
have emerged in various regions, particularly in E. faecalis 
strains obtained from various hosts.3,4 A number of genomic 
traits, such as bacteriocins, microbial surface proteins, cell  
wall-anchored proteins, or biofilm-forming proteins support 
E. faecalis ability to colonize and cause infection in a variety 
of hosts.5 Infections become more severe and difficult to treat 
when bacteria develop resistance to all antibiotics available.6 

Bacteriophages, also called phages, are viruses that only infect 
and reproduce in bacteria. They are extremely diverse in size 
morphology, in addition genomic organization.7 Scientists 
have re-applied phage therapy to cause antibiotic-resistant 
pathogenic bacteria to lyse in a variety of habitats, including 
soil, air, and water.8 The emergence of multidrug-resistant 
pathogenic microorganisms has heightened awareness of the 
critical need for alternative antimicrobial strategies. Lytic 
enzymes (endolysins) released by bacteriophages during lytic 
infection are one such alternative to a traditional antibiotic.9 

These enzymes hydrolyze the cell wall peptidoglycan 
during bacteriophage lytic infection, causing lyses of the  
host cell.10

Endolysins from phages are lytic enzymes made by 
bacteriophages at the end of their replication cycle. They are 
antimicrobial enzyme with peptidoglycan hydrolase activity.11 
When added exogenously in the form of purified recombinant 
proteins, these antimicrobial agents can cause gram-positive 
bacteria to lyse and die quickly.12 Endolysins are a new class 
of antimicrobials for the treatment of drug-resistant bacterial 
infections because of their rapid action, high specificity, and a 
low degree of bacterial resistance development.13 Accordingly, 
this study aimed to assess the antibacterial and antibiofilm 
activities of E. faecalis extracted phage endolysin as a potential 
enzymobiotic for MDR bacteria. In addition, exploration of 
the endolysin genetic structure and compare it with other 
world strains.

MATERIALS AND METHODS
Bacterial Collection, Identification, and Antibioresistant 
Pattern
An isolate of E. faecalis was previously collected from The 
Teaching Laboratories in the Medical City, Baghdad, Iraq, 
from Dec. 2019 to Feb. 2020.14 The specimen was from a 
patient with urinary tract infections (UTI) and the isolate was 
symbolized as E. faecalis 13 (EF13) after complete manual 
and automated bacterial identification.VITEK 2 Compact 
System was used to detect the bacterium to a species level 
and for antibiotic sensitivity testing. Fifteen antibiotics were 
tested, which belong to 10 categories. The isolate EF13 was 
only sensitive to linezolid, tigecycline, vancomycin, and 
ampicillin. Thus, the isolate was considered as a multidrug-
resistant (MDR) bacterium.15

Identification of the Isolated Bacteriophage
Characteristics of the Isolated Phage
A highly lytic phage that produced a demonstrably inhibited 
zone on E.faecalis 13 was isolated from sewage by Ahmed and 
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Phage DNA proliferation by polymerase Chain Reaction
The phage DNA proliferation was carried out using (MaximeTM 
PCR PreMix Kit (i-TaqTM)) and the method proceeded 
according to the manufacturer’s instructions. Polymerase 
Chain Reaction master mixcomponents (DNA template 5 µL,  
Forward primer (10 pmol/µL) 2.5 µL, Master mix 25 µL, 
PCR water15 µL, Reveres primer (10pmol/µL) 2.5 µL, Total 
volume 50 µL) were placed in the standard maxime PCR 
Pre-mixtubes that containing all other elements which were 
needed for PCR reaction including Taq DNA polymerase, 
dNTPs, Tris-HCl (pH 9.0), KCl, MgCl2, and loading dye. 
Then, all the PCR tubes were centrifuged by Exispin at  
(3000 rpm) for three minutes. Later, the tubes were applied in 
PCR Thermocycler (ABM Canada).

Polymerase Chain Reaction Thermo cycling Conditions 
The PCR tubes were put into the thermocycler and the right 
PCR cycling program parameters conditions were adjusted 
according to each primer. The following programs were 
carried out in 37 cycles for EntEndolysin 1 primer as 95°C for 
5 minutes, 95°C for 30 Seconds, 56°C for 30 seconds, 72°C 
for 30Seconds, and 72°C for 10 minutes then hold at 4°C.  
The same program was run for EntEndolysin 2 primer, except 
the annealing step was (54°C for 1min) and the extension  
step was 72°C for 1.30 minutes. According to Sambrook and 
Rusell (2013), the PCR products were analyzed using agarose 
gel electrophoresis.22 The 100 bp Plus Opti-DNA Marker 
(100–3000 bp) was used. The PCR products were run in 
duplicates and compared to the markers.

Phage Genomic Sequencing
The phage DNA sequencing was performed for Endolysin 
gene using NCBI-BLAST and the phylogenetic tree analysis 
was carried out. The amplification products for Endolysin gene 
obtained from conventional PCR were sent for sequencing 
using the automated Sanger DNA sequencing method.23

Phylogentic Molecular Analysis
Nucleotides sets were used to obtain the identity score of 
this isolate with the world’s other reference strains by the 
online program “Basic local alignment search tool (BLAST) 
at https://blast.ncbi.nlm.nih.gov/Blast.cgi. By comparing 
nucleotide or protein sequences to sequence databases and 
a calculation of the statistical significance, this program 
can find regions of similarity between biological sequences. 
BLAST program was also used to analyze the phylogenetic 
relationship of EF13P3 gene with other nearby E. faecalis  
phage genes.

Data Analysis
The plots were represented, and the percentages were 
measured using Microsoft Excel Version (14.0.6023.1000). 
The bioresistant profile of E. faecalis was performed using 
Vitek 2 system with software version (5.01). Biosystems™ 
MicrobeBridge™ software platform was used as a Sanger 
sequencing and fragment analysis software. The software 
connects the entered data with an online virtual reference 

Measurement of the Endolysin Concentration
The endolysin concentration was measured by the Bradford 
method, the quantitative colorimetric method.17 The color 
development was measured at 595 nm. Subsequently,Bovine 
serum albumin (the standard protein) curve wasdrawn.

The Minimum inhibitory concentration (MIC) of Purified 
Endolysin on Live Bacterial Cells
The MIC of the endolysin on E. faecalis was determined using 
the broth serial dilution method. The lowest concentration of 
the antimicrobial agent that will inhibit the visible growth of 
the microorganism after overnight incubation is known to be 
the MIC of that antimicrobial.18

The Minimum Bactericidal Concentration (MBC)
The lowest concentration of the antimicrobial agent that will 
prevent the growth of a microorganism after sub-culturing onto 
an antimicrobial-free medium is known as MBC.18 The MBC of 
the endolysin was determined using the tubes that showed no 
visible growth by the MIC method. Plates with Mueller-Hinton 
agar (MHA) were inoculated with 100 μL from each tube with 
no visible growth. All the plates were incubated for 24 hours 
at 37°C. The MBC was measured as the lowest concentration 
of endolysin required to kill E. faecalis. 

Formation and Quantification of the Antibiofilm Activity of 
Endolysin
Enterococcus biofilm was detected by the Congo red agar 
(CRA) using the streaking method.19,20 To evaluate the 
antimicrobial activity of the extracted endolysin against the 
mature EF13 biofilm, the microtiter plate method was used.21

Phage DNA Extraction
The phage DNA was extracted using 200 μL of the phage 
stock solutionfollowing the manufacturer’s instructions (Viral 
DNA extraction kit, Bosphore/Spin Kit). The collected phage 
DNA was stored at (+4°C) for instant use or stored at -20°C 
for later use. 

Phage Genomic DNA Profile 
The extracted genomic DNA (1 μL)was checked by using 
a Nanodrop spectrophotometer which measured DNA 
concentration (ng/µL) and check the DNA purity by reading 
the absorbance at (260/280 nm).

Primers
Two set of PCR primers (Ent Endolysin1 and Ent Endolysin 2) 
were used in this study. The first primer was to sequence the 
phage endolysin gene, and the second was to detect and confirm 
the phage endolysin gene. Both were designed by (primer 
blast NCBI). These primers were provided by (IDT Company, 
Canada). The primers were re-suspended by dissolving the 
lyophilized product. About 295 to 349 µL of PCR water  
(free nuclease) was added to reach 100 picomole per micro later 
(pmol/µL) as a stock primer suspension. The working primer 
solution equal to (10 pmol/µL) concentration was prepared by 
diluting (10 µL) of stock primer with (90 µL) of PCR water 
and then mixed well by vortex.
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database using 16S sequencing technology. Thus, identify 
microbial pathogens and compare them globally.

RESULTS
Re-activation of the Isolated Bacteriophage
The previously isolated and identified E. faecalis 13 phage 3 
(EF13P3) was highly lytic phage and produced demonstrably 
inhibition zone on E. faecalis 13. The phage re-activation was 
done using the spot lysis assay on EF13 lawn (Figure 1).

Endolysin Extraction
The isolated phage from the spot lysis assay was used to 
extract endolysin. The enzyme was successfully extracted 
by using Sephadex G100 column chromatography from 
E. faecalis bacteriophage (EF13P3). The results showed a 
variable, but approximate peak for the bacteriophage extracted 
proteins. Suspected proteins were obtained from 12 to 38 
fraction number, which is compatible with 0.11 to 0.18 protein 
absorbance at (280 nm). In addition, the best-obtained protein 
was with fraction number 26 and 1.8 absorbance the absorbance 
at 280nm for the purified protein fractions, extracted using 
gel filtration chromatography G100 Sephadex column (3×20 
cm) with 0.05 M phosphate-buffered saline at pH 7.5 as eluent.
Antimicrobial Activity of Endolysin on E. faecalis
Antibacterial activity was observed on live bacterial cells. A 
spot lysis assay was performed to check whether endolysin 
sample can lyse EF13 by placing a small drop (10 μL) of 
endolysin on freshly grown lawn of E. faecalis on a nutrient 
agar then incubated at 37°C for 24 hours. The fractions 12–38 

which showed the highest absorbance were checked. The best 
tube containing endolysin with lytic activity was with fraction 
number,22 as shown in Figure 2.
The Concentration of the Extracted Endolysin
In order to measure the MIC of the extracted endolysin in 
tube number (22), the Bradfrod protein assay was used the 
concentration of endolysin was (256 μg/mL).
The MIC and the MBC of the P purified Endolysin on 
Live Bacterial Cells
The MIC was determined as the lowest concentration at 
which there was no visible growth after overnight incubation.  
The MIC of the endolysin was > 64 μg/mL. In consequence, 
the MBC, which was the lowest concentration of endolysin 
that killed E. faecalis (EF13) was >128 μg/mL.
Biofilm Formation
After overnight incubation of EF 13 on Congo Red Agar (CRA) 
black colonies were detected. The ability of the bacterium to 
form a biofilm is considered positive if such black colonies 
with a dry crystalline consistency are observed on CRA. Pink 
colonies were developed after culturing a known E. faecalis 
with no ability to form a biofilm or slime (Figure 3). 
The Antibiofilm Activity of the Extracted Endolysin 
After proving the ability of EF13 to form a biofilm by the Congo 
red method, the antibiofilm activity of endolysin was evaluated. 
A quantitative method using a microtiter plate was used.  
The antibiofilm activity was measured by reading the 
absorbance after overnight incubation of the extracted 
endolysin with the mature biofilm. In addition, the percentage 
of inhibition of the extracted endolysin was shown to be 
(90.04%). 
Detection and Identification of Phage Endolysin Gene
The extracted phage genome was checked using two set of PCR 
primers. The first primer (EntEndolysin 1) was to sequence 
phage endolysin gene and the second (EntEndolysin 2) was 
for detection and confirmation of the phage endolsyin gene 
presence. The product size of primer EntEndolysin 1 was  
(1748 bp), while the product size of primer EntEndolysin 2 was 
(208 bp), (Figure 4).Figure 1: Re-activation of E.faecalis specific phage  

(EF13P3) by the top layer assay.

Figure 2: The antibacterial spectrum of the extracted endolysin 
(fraction number 22) against E. faecalis (EF13).

Figure3: A biofilm formation test for EF13 using CRA method. Black 
colonies with dry crystalline consistency were observed after overnight 
incubation at 37°C and compared to a known E. faecalis with no ability 

to form a biofilm (pink colonies). A: Non-slime producing  
E. faecalis. B: Slime producing E. faecalis (EF13).

A

A B
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Table 1: The sequence of E. feacalis 13 phage 3 endolysin gene by the automated Sanger DNA sequencing method.

Sequence Base pair 

1 atgaaaaagaaaattttagtcggagcgttaatcgctctattttttatgcctttaaatgta

61 tttgctgctaaaggcgatcaaggtgttgattgggccgtttatcaaggtgaacaaggtcgt

121 tttggttatgcgcatgataaattcgctattgctcaaattggcggctacaatgccagtggt

181 atttacgagcagtatacctataaaacgcaagtagcaagtgccattgctcaaggaaaacga

241 gcacacacctatatttggtatgacacttggggaaacatggacattgcgaaaacaacgatg

301 gattacttcttattacgtattcaaacgcctaaaaattccattgttgctttagactttgag

361 catggcgctagttctgatgtaaacgcaaatacagaaacgattttgtatggtatgcgtcgc

421 atcaaacaagcaggttacacgccaatgtattatagctacaagccttttacgttacaatac

481 gtggactatcagagaattattaaagagtttcctaactctttatggattgctgcctatcct

541 agctatgaggtaacgccagaaccactatatgcttatttcccaagtatggagggcattgga

601 atttggcaatttacgtccacttatattgcaggcggcttagatggtaacgtagatttaaca

661 ggaattacggatagtggttatacagataacaataaaccagaaacggacactccagcaaca

721 gatgcaggtgaagaaattgaaaaaacaccgaattctgatgttaaagtcggcgacacagtt

781 aaagtgaaatttaatgtagatgcatgggcaactggtgaagctattccagattgggtaaaa

841 ggaaacaactacaaagtgcaagaagtaactggaagcagagtattgttagaaggtatcctg

901 tcatggattagcaaaggcgatattgaattattgccagatgcaacaattgttcccgataag

961 caaccagaatctattcacgtagttcaatatggtgaaacattatccagcattgcttaccaa

1021 tacggtactgactatcaaaccttagcttcgctaaatggattggctaatccaaatcttatt

1081 taccctggacaaactttgaaagtaaatcgatcagtagtaagcaatgtttacacagttcaa

1141 tacggtgataatttatcaagtattgcatctaagcttggtacgacataccaagctttagca

1201 caacgaaacaggttaactaatcttaacttgatttatccagggcaaacattaatttat

Phage Endolysin Gene Sequencing
The PCR products (1748 bp) of Endolysingene obtained 
from conventional PCR was sent for sequencing using the 
automated Sanger DNA sequencing method. The total number 

of nucleotides: Adenine (418 A), Cytosine (224 C), Guanine 
(257 G), and Thymine (358 T) were 1257 (Table 1). The DNA 
sequence was translated to its amino acid with total number 
of 419.

Figure 4: Agarose gel electrophoresis shows duplicates of (A) the primer EntEndolysin1 product and (B) the primer EntEndolysin 2 product

 1748pb 

 208pb 

A B

Product Marker Product Marker
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The Phylogentic of EF13P3 Gene 
After getting the gene sequence of EF13P3, the sequence 
was compared to other world reference strains of E. faecalis 
phage endolysin using BLAST program. A 1257/1257 
(100%) similarities and 0/1257 (0%) gaps were detected with 
Enterococcus phage phiEf11 endolysin. A complete genomic 
definition was provided by BLAST about Enterococcus phage 
phiEf11 endolysin. 

DISCUSSION
Endolysin Antibacterial Activity
Enterococcus faecalis is a Gram-positive, facultative 
anaerobic, non-motile bacterium that was previously classified 
as part of the Streptococcus Group D system, which lives in the 
intestines of humans and other mammals.24,25 It can cause life-
threatening infections, especially in the nosocomial (hospital) 
environment, where the naturally high levels of antibiotic 
resistance found in E. faecalis.26 Enterococci can acquire an 
extensive variety of resistance mechanisms by mutation or 
by the acquisition of exogenous genes.5 E. faecalis has been 
identified as a significant opportunistic pathogen, community-
acquired infections. In hospitalized patients with underlying 
conditions, typical enterococcal infections occur, such as 
wound, urinary tract infections, and bacteraemia.27,28

E. faecalis under investigation was previously isolated from 
urinary tract infection sample, which was 100% resistant to 
Cefoxitin, Erythromycin, Amikacin, and Ceftriaxone and 100% 
sensitive to tigecycline.14 Thus, it is considered as MDR.29 This 
antibioresistant profile was similar to a recent study in Iraq by 
Al-Naqshbandi et al. in 2020, which explored the fact that E. 
faecalis isolates have 100% sensitivity to tigecycline and (100%) 
resistance to Ceftriaxone and Cefotaxime with 80 to 90%  
resistant to erythromycin and tetracycline.30 Exploring 
the antibioresistant pattern can greatly assist physicians in 
treating this commonly attributed bacterium in Iraq. These 
findings were in harmony with other similar studies in 
Iraq31 and Egypt.32 In contrast, a study in Italy by Bertelloni 
showed that (53%) isolates of E. faecalis were classified 
as MDR and 5.2% strains as possibly extensively drug-
resistant (XDR).33 In addition, the prevalence of the high-
level gentamicin-resistant clinical enterococci was rising.34  
All these findings bring to mind the importance of the 
alternative antibacterial therapy like therapy by phage or its 
lytic enzyme to eliminate these bacteria.

Bacteriophages are viruses that infect bacteria and 
can be used as antibiotic alternatives, especially for MDR 
pathogens.35 The main two sources for these phages 
were sewage and wastewater.36,37,14 Endolysins from 
bacteriophages are a critical source of peptidoglycan 
hydrolase, which is induced in antimicrobial enzymes.38,39 
In this study, endolysin was successfully extracted using 
gel filtration column chromatography from E. faecalis 
bacteriophage (EF13P3). The fractions from numbers (12–38)  
showed the highest absorbance when measured by the 
spectrophotometer. The fraction number 22 was the 

best one to give the lytic activity when tested on the  
E. faecalis lawn and thus considered the tube with endolysin.  
The concentration of the extracted endolysin was (256 μg/mL) 
with (>64 μg/mL) MIC and (>128 μg/mL) MBC. The same 
extracted endolysin was tested previously against (20) MDR 
E. faecalis. It was effective against (90%) of themand was 
even more effective than the phage alone or the phage cocktail 
that showed 60% antibacterial activity.14 The finding agreed 
with a study that showed the bactericidal of endolysin against  
E. faecalis which can kill 32/36 of diverse E. faecalis isolates.40 
Phage endolysins can lyse antibiotic-resistant bacteria.  
It has proven to be medically superior to antibiotic therapy.12 
The results of this study supported this notion, as phage 
lysin was shown to be highly efficacious against infections 
caused by antibiotic-resistant bacteria. This research revealed 
that bacteriophage lysins from E. faecalis can be employed 
to effectively lower bacterial loads that were multidrug-
resistant. The recent investigation validated phage lysins’ 
potential therapeutic relevance in gram-positive bacterial 
infections as an alternate therapy. As the threat of multidrug-
resistant bacteria grows, there is a greater need for new 
antimicrobial agents. Bacteriophages and their lytic enzymes 
are naturally occurring agents that can be used to combat  
the problem.41

Endolysin Antibiofilm Activity
Because of the protective and nutritional benefits of living in 
a tightly knit community, research over the last few decades 
has determined that 99.9% of all microorganisms found in 
natural settings are attached to surfaces, both abiotic and biotic 
surfaces.42,43 Bacterial isolates form complex exopolymers that 
stick to surfaces. As the number of bacteria in a given region 
grows, this adhering population is referred to as a biofilm.44 
Microbial biofilms have been observed in a submerged form 
and as a floating mat on liquid surfaces.45 Bacterial isolates 
in biofilms are frequently immersed in a self-produced 
extra-polymeric matrix consisting primarily of proteins, 
lipids, polysaccharides, and nucleic acids.The extracellular 
matrix is responsible for the microbial biofilm’s cohesion, 
adhesiveness, stability, and three-dimensional architecture.46,47 
Approximately 80% of the entire microbial infection is caused 
by the biofilm population that linked to both device- and 
non-device-associated infections.48 E. faecalis is commonly 
recovered from chronic periapical or root canal infections 
associated with failed endodontic therapy. It has been proposed 
that this is associated with their ability to tolerate prolonged 
periods of starvation, form biofilms, and acquire antibiotic 
resistance.49,50

The enterococcal phage or phage cocktail have been 
discovered and used to combat bacterial infections and biofilms 
such as those generated by E. faecalis.51-53 The results of this 
study demonstrated the ability of E. faecalis (EF13) to form a 
biofilm by the formation of black colonies with a dry crystalline 
consistency on Congo red agar plates. These findings were in 
agreement with other studies that E. faecalis is the common 
pathogen isolated from urinary tract infections and usually 
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associated with biofilm formation that is responsible for its 
bioresistant.54,55 The efficient quantitativemode of investigation 
formation and evaluation of biofilms the effectiveness 
antibacterial properties drugs is to utilize microtiter plates. 
This method is used to measure the reduction before and 
after phage in biofilm matrices or its product handling.56  
The quantitative analysis in this study, after overnight incuba-
tion of the extracted endolysin with the mature biofilm, found 
that the percentage of inhibition of the extracted endolysin was 
shown to be 90.04%. There is no recent information that we are 
aware of or previous study in Iraq on the usage of endolysin 
as an antibacterial substitute against E. faecalis biofilm was 
found. Hence, this study’s findings could be considered a 
promising outcome to develop a cheap and effective antibiofilm 
agent against this harmful bacterium. 

Many studies worldwide tried to focus on the ability of 
engineered endolysin or peptidoglycan hydrolases to overcome 
bacterial biofilms’. For instance, engineered endolysin was used 
to eliminate biofilms formed by two important pathogens in food 
and clinical environments, Staphylococcus and Streptococcus 
species. The successful strategy for endolysin is by its ability 
to directly lyse biofilm matrix, which happens due to its 
diffusion through the extracellular material of pathogens.57,58 

Regarding the elimination of E. faecalis biofilms, a study 
carried out by Zhang et al. (2019) disclosed the ability of a 
geneticallyengineered endolysin to disrupt the biofilm within 
one hour of incubation.59 The potential of the bacteria to form 
a biofilm as a resistant mechanism against currently used 
antibiotics can be overwhelmed by the usage of an endobiotic 
agent like phage endolysin. The proficiency of resistant 
development is very difficult to occur against endolysin. This 
is due to the endolysin’s catalytic activity, which acts on the 
peptidoglycan layer of the bacterial cell wall.12 Moreover, 
the vast majority of known endolysins from phages infecting 
Gram-positive bacteria contain a well-conserved domain 
architecture, in which the N-terminal region carries one or two 
enzymatically active catalytic domains and the C-terminus 
motifs responsible for cell wall binding.60

Genome Comparison
Endolysin, which is an important component for phage burst 
from within the host bacterium, is encoded by a gene in lytic 
phage.61,62 In this study, NCBI-BLAST formatted protein 
database was searched for top matching phage and prophage 
genomes to find whether there were any phage or prophage 
endolysin genes that were similar to the currently isolated  
E. faecalis 13 phage endolysin. After extracting the DNA of 
E. faecalis 13 phage, the endolysin gene was 1257 nucleotides 
long. The BLAST analysis and the phylogenetic tree map 
agreed with Enterococcus phage phiEf11 endolysin gene that 
waswaspreviously obtained, based on the DNA sequence. 

The lysozyme, also known as muramidase, is a basic 
enzyme that functions as an antibacterial agent normally 
present in saliva, tears, egg white, and many animal fluids.  
It is a glycoside hydrolase that cleaves the peptidoglycan layer 
by catalyzing the hydrolysis of 1,4-beta-linkages between 

N-acetylmuramic acid and N-acetyl-D-glucosamine residues.63 
Peptidoglycan is the major component of the gram-positive 
bacterial cell wall. Hydrolyzing this layer weaken the integrity 
of bacterial cell walls causing lysis of the bacteria. This fact 
highlights the importance of the genetic analysis of the current 
study to explore the nature of EF13P3 endolysin that can be 
used as an alternative antibacterial agent. 

It is clear that in the intestinal ecosystem, the induction 
of the prophages occurs as a response to environmental cues 
is emerging as one strategy for enterococcal colonization and 
control.64Enterococcus phage phiEf11 was a prophage that 
induced with mitomycin C from E. faecalis root canal isolate. It 
is a temperate prophage and is part of the Siphoviridae family.65 
Later, the geneticallyengineered Enterococcus phage phiEf11 
was used to reduce the static biofilm of E. faecalis after 
overnight incubation. Thus, improve phage therapy՚s efficacy 
in the treatment of E. faecalis root canal infections.53

The disadvantage of the phages’ limited host ranges is 
a drawback of phage therapy. Therefore, scientists tried to 
expand by making phage cocktails with a wider host range; 
you can expand the phage host range,depending on the fact 
that resistance to all pathogenic phages is unlikely to emerge 
simultaneously. Additionally, even if phages or the phage 
cocktails fail in providing a therapy for E. faecalis, their 
naturally or genetically engineered Endolysins could be a 
viable alternative to antibiotics in the fight against E. faecalis-
related illness.

Moreover, the biomass of both vancomycin-sensitive 
and vancomycin-resistant E. faecalis biofilms was markedly 
reduced following infection by genetically-modif ied 
Enterococcus phage phiEf11.66 Genomic sequence analysis 
of Enterococcus phage phiEf11 predicted genes coding for 
two endolysins: a Cpl-1 type muramidase endolysin (similar 
to the one extracted in this study) and an N-acetylmuramoyl-
l-alanine amidase endolysin also possessing peptidase and 
acetylglucosaminidase domains.67 The results of this study 
demonstrated the potential of the EF13P3 endolysin to reduce 
E. faecalis biofilm matrices were in harmony with a study of 
Zhang, et al. In their study, they found N-acetylmuramoyl-l-
alanine amidase endolysin which extracted from Enterococcus 
phage phiEf11 was able reduce E. faecalis biofilm with one 
hour of incubation.59

CONCLUSION
The significant expansion in the emergence of multi-drug 
resistant bacteria, particularly, E. faecalis increases the 
need for research to find an alternative antibacterial therapy.  
This study was a continuous search for the ability of naturally 
isolated phages as an alternative therapy to antibiotics in 
the fight against E. faecalis infections. The potential of the 
endolysin extracted from E. faecalis bacteriophage was 
significant to reduce bacterial growth and biofilm in 90.04%. 
The concentration that needed to inhibit the bacterial growth 
was (> 64 μg/mL) while the concentration that needed to kill 
the bacteria was (>128 μg/mL), which focused on the powerful 
effect of this lytic enzyme to eradicate infections by E. faecalis.
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The genetic analysis of the extracted endolysin found the 
relationship between this locally isolated lytic enzyme and 
other similar enzymes worldwide. It was found to be identical 
to Enterococcus phage phiEf11 endolysin with glycoside 
hydrolase activity that can cleave the peptidoglycan layer of 
gram-positive bacteria. Hence, the extracted endolysin can act 
like the natural lysozyme, which is one of the innate immunity 
arms of the immune system. These findings emphasize on the 
importance of the current study and the future aspects of using 
natural or genetically engineered endolysins to break down 
gram-positive or gram-negative bacteria and control their 
resistant infections. Further, in vivo studies arerecommended 
to explore the potency of a cloned endolysin to eradicate  
E. faecalis infections.
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