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Background

The ESKAPE group of pathogens, which can cause bacteremia, 
pneumonia, etc., has repeatedly shown itself to be one of the main 
offenders among superbugs [1,2]. According to Antonova et al. 
[1], the ESKAPE (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and other Enterobacteriaceae species) group of 
pathogens require a lot of antibiotics due to the rapid spread of 
multiple drug-resistant bacteria. Due to selection pressure, some 
bacteria interact through quorum sensing to adapt and gain  

 
resistance genes from other members, especially in a biofilm. 
AMR is a natural process [3,4]. Due to the lack of pipelines for 
developing new antibiotics and the global spread of AMR bacteria, 
there is a need to investigate alternate medicines. Bacteriophage 
therapy, which uses phages with an obligatory lytic cycle, is one 
such treatment. In addition to antibiotics, bacteriophage therapy 
is an effective method of treating bacterial infections [5]. Long 
before penicillin (“the wonder medicine”) was invented, phages 
were used to control microbial populations, but after antibiotics 
were discovered, research and development on their effective use 
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came to an end. Bacteriophages have co-evolved with bacterial 
species and have helped to select and evolve microorganisms that 
are better suited to reducing infection [1,6,7]. The co-evolution of 
microbial genetics with bacteria has significantly shifted bacterial 
populations to only species better able to fend off illnesses and 
endure throughout time.

Endolysin, holin, and other phage-encoded lytic proteins 
help break down the bacterial membrane by cleaving the cells’ 
peptidoglycan layer, which causes cell death and releases phage 
partic [8,9]. Today, three different types of phages can be studied: 
prophage mining and phage sequences embedded in bacterial 
genomes [10-13]; individual laboratory isolates infecting a 
single specific bacterial species [14-16]; viral metagenomics of 
populations harvested in large quantities from the environment 
[17-19]. The growth of phage-resistant bacterial species, however, 
also leads to the emergence of antimicrobial-susceptible bacterial 
species, providing a pathway for phage-encoded endolysins [20-
23]. Bacteriophages have always had an impact on the microbial 
population, regulating the number of microbes on earth [24,25]. 
In numerous infectious model organisms, bacteriophage lysins, a 
group of highly developed peptidoglycan hydrolases, have proven 
to be effective enzyme antibiotics (enzybiotics). Because of their 
structure, it is possible to create bioengineered lytic enzymes 
with desired characteristics, such as increased activity or a wider 
killing spectrum [14,26].

Additionally, unlike bacteriophage lysins, designed lysins can 
“lyse from without” (LO) after being applied to the target bacteria 
externally [27]. The phenomena that occur when the phage lysin 
kills cells after being applied outside of the cellular matrix are 
described in LO. Endolysin offers a distinct class of enzybiotics 
that are potent and easily accessible in this era of rising AMR to 

combat AMR infections.

The study’s objective was to investigate the dynamics of 
success while using bacteriophages and endolysin in place of 
conventional antibiotics. To demonstrate this, LysECD7 and 
an environmental cocktail of bacteriophages were tested in 
antimicrobial assays against clinical bacterial isolates that acted 
as representative members of the ESKAPE group of pathogens.

Materials and Methods

Collection and sample preparation 

On either side of the bridge along Simon Mazorodze Road 
(-17.9814, 30.9624), water samples from the Hunyani River were 
taken using a 1-liter bottle. Lake Chivero, from which the City of 
Harare receives some of its water, is where the Hunyani River sips. 
Five meters from the banks of a tiny creek that flows through the 
University of Zimbabwe, soil samples were also taken.

The liquid samples were processed as a crude lysate, and 5ml 
of the mixture was combined with 50ml of bacteria (in log phase 
with an OD600 of 0.6), and the mixture was then cultured at 37 
oC in a shaking incubator at 150rpm for 12 hours. To completely 
loosen the particles in solid samples, 50ml of LB broth was added 
to each 5g of the sample before being shaken at 200rpm for 30 
minutes. After the flask had stood for two hours, the supernatant 
was added to a bacterial suspension, and it was incubated. The 
culture was transferred into 50ml falcon tubes after incubation 
and centrifuged at 4000g for 10 minutes at 4 °C. A 10 ml syringe 
was used to draw the supernatant, and it was filtered using a 
0.4µm filter membrane. Figure 1 depicts the whole experimental 
design (Figure 1).

Figure1: The overall experimental design for isolation of evolved infective phages from environmental sources.

Preparation of bacteria

Escherichia coli ATCC 25922, Staphylococcus aureus 25923, 
Enterobacter cloacae NCTC 13465, and Pseudomonas aeruginosa 

2751 were used in this investigation as clinical bacterial isolates 
from Zimbabwe’s National Microbiology Reference Laboratory. 
Bacteria were introduced into a 50ml tube of sterile, rich NZCYM 
medium. The tube was then cultured overnight at 37 °C with mild 
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agitation at 200 cycles per minute. The bacterial culture was 
centrifuged at 5000 g for 5 minutes at 4 °C, and the pellet was re-
suspended in 20ml of sterile 0.01M MgSO4 after the supernatant 
was discarded. The tubes were incubated at 37 oC for an hour with 
gentle agitation, and they were put into storage at 4 °C (cells will 
be viable for at least 4 weeks without loss of viability).

Bacteriophage isolation and purification

A modified version of Adams, (1959) approach was used to 
analyze the bacteriophage lysate. After combining 0.25ml of the 
phage culture with 1 ml of logarithmic phase cells (OD600 = 
0.5 - 0.6) of the host bacterial strains in LB broth supplemented 
with 0.1M CaCl2, the mixture was incubated at 37 °C in a shaking 
incubator for 20 minutes. Following incubation, 3ml of 0.7% 
agarose was aliquoted into the tube, properly mixed, and then 
poured as an overlay onto already-set agar plates (incubated 
at 37 °C for 12 hours). The bacteriophages were purified by 
selecting a single plaque from the initial test plate, inoculating it 
into a 5 ml culture of the host bacteria in LB broth supplemented 
with 0.1M CaCl2, and incubating it for 10 -12 hours at 37 °C with 
minimal agitation. The inoculating loop was then sterilized in 
alcohol and flamed. A 0.22µm membrane filter was used to filter 
the liquid culture after it had been centrifuged at 10,000g in a 
microcentrifuge and added to an SM phage buffer. For 20 cycles, 
the isolation and reinfection phases were repeated.

Maintenance and storage of bacteriophages

Phages were stored long-term using two different methods: 
directly at 4 °C and as glycerol stocks. After purification, a phage 
lysate was obtained. It was kept in sterile 2ml Eppendorf tubes 
and kept at 4 °C until it was needed. A glycerol stock with a final 
concentration of between 15-20% was achieved by combining 
600µl of the filtered phage lysate with 400µl of 50% glycerol, then 
freezing the combination at -80 °C until use.

 Molecular characterization of isolated bacteriophages

16S ribosomal RNA polymerase chain reaction 

Bacteriophage DNA extraction was then carried out 
using an Invitrogen kit according to the manufacturer’s 
instructions. The DNA was amplified using the 16S universal 
primers (Eurofins) 1492R: 5’CGGTTACCTTGTTACGACTT3’ and 
27F: 5’AGAGTTTGATCMTGGCTCAG3’ in a 16S ribosomal RNA 
polymerase chain reaction. The PCR amplification protocol used 
in the thermal cycler is as follows: initial denaturation at 95 
°C for 2 minutes, followed by 30 cycles of 95 °C for 30 s, 55 °C 
for 60 s, and 72 °C for 2 minutes, and then a final extension at 
72 °C for 10 minutes. The reaction’s byproducts were run on an 
electrophoresis gel stained with ethidium bromide.

Phylogenetic analysis using M13 RAPDs polymerase 
chain reaction 

Utilizing the M13 F primer, the RAPDs analysis was performed 
on the extracted viral genetic material. The thermal cycler was 
used to perform PCR amplification using the M13 F primer, 
5’GTTTTCCCAGTCACGAC3’. The amplification protocol used 
was: initial denaturation at 95 oC for 90 s, 40 cycles of 95 °C 
for 30 s, 36 oC for 60 s, and 72 °C for 2min, followed by a final 
extension at 72 °C for 10min. With the help of DendroUPGMA: 
Dendrogram construction using the UPGMA algorithm (urv.cat), 
the 100 bootstraps duplicating the test, and the Unweighted Pair 
Group Method with Arithmetic Mean, the bands were scored 
appropriately and used to draw a phylogenetic tree.

Bacteriophage cocktail preparation

A phage cocktail, which had at least 4 separate bacteriophages, 
was created by mixing the bacteriophages that showed a wide lytic 
spectrum across the bacterial species and were unique from one 
another. To create the bacteriophage cocktails, the bacteriophages 
were given numbers, and the numbers were chosen at random 
without replacement.

Construction of the Cloning Vector pUC57-LysECD7-
Amp 

Using the accession number ASJ80195.1, Antonova et al. 
[1] sequenced the endolysin gene and acquired the mature 
endolysin gene sequence (peptidoglycan L-alanyl-D-glutamate 
endopeptidase [Escherichia phage ECD7]). The immediate 5’ 
and 3’ of the endolysin gene, respectively, were supplemented 
with restriction endonuclease sites for BamHI and HindIII. Using 
Snape Gene software, the restriction site modified gene was in 
silico cloned into pUC57-Amp at the EcoRV restriction site and 
assessed. GeneWiz synthesized the modified gene, which was 
then sub-cloned into pUC57-Amp at the EcoRV restriction site.

Transformation of pUC57-LysECD7-Amp and 
subsequent in vivo cloning of the gene 

According to the procedure described by Sambrook et 
al. [28], the generated plasmid containing the LysECD7 gene 
was transformed into E. coli NM522 cells. On the ice, 100µl of 
chemically competent cells from -80 °C were defrosted in a 1.5 ml 
Eppendorf tube. The frozen cells were mixed with approximately 
10 µl of the pUC57-Amp- LysECD7 plasmid DNA and incubated 
on ice for 30 minutes. The cells were placed in a water bath 
and subjected to a 90-second heat shock at 42 °C before being 
immediately returned to the ice with 400 µl of LB broth. The cells 
were then agitated at 180 rpm for 1 hour while being incubated at 
37 °C. Cells were divided into 200 and 100µl aliquots and plated 
out onto LB agar plates treated with ampicillin. The cells were 
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then incubated overnight at 37 °C. To confirm the presence of 
the recombinant endolysin insert in randomly chosen colonies, 
colony PCR was carried out using primers that were unique to the 
insert. Colony PCR was performed as follows: initial denaturation 
at 95 °C for 2 minutes, followed by 30 cycles of 95 °C for 30 s, 55 
oC for 60 s, and 72 °C for 2 minutes, and then a final extension at 
72 °C for 10 minutes. The reaction’s byproducts were run on an 
electrophoresis gel stained with ethidium bromide.

Plasmid Extraction by Alkaline Lysis Method 

Striking positive clones on ampicillin-containing LB agar was 
done. A single colony was selected from each plate and injected 
into 1ml of ampicillin-supplemented LB broth. The culture 
was incubated at 37 °C with agitation at 180rpm. Using UV/Vis 
Spectrophotometry, the cell culture was developed and monitored 
until it attained an optical density of 0.4 units at 660nm. By using 
the alkaline lysis technique as described by Sambrook et al. [28], 
plasmid DNA was extracted from the overnight culture.

Restriction Digest and Cloning into Pdawn

The products of the colony PCR were cleaned and double-
digested using BamHI and HindIII enzymes. A light-inducible 
plasmid, pDAWN, was isolated using the alkaline lysis method 
[28], and digested using the enzymes BamHI and HindIII in a total 
volume of 50µl (10µl of DNA, 5µl of NEB Buffer 3.1, 1 µl BamHI, 
1µl HindIII, 33µl of ultra-pure water). The digestion mixtures 
were incubated at 37 °C for 1 hour and run on an agarose gel 
to confirm digestion. After complete digestion of the DNAs, the 
vector (pDAWN) was mixed with the insert (LysECD7), at a ratio 
of 1:7 respectively forming a ligation mixture. To the ligation 
mixture, 1µl of T4 DNA ligase, and 2µl of ligation buffer with ATP 
and water were added to a microfuge tube. The ligation mixture 
was incubated at room temperature for 2 hours and ligation 
was confirmed using agarose gel electrophoresis. The ligation 
mixture was transformed into E. coli NM522 cells according to the 
transformation protocol by Sambrook et al. [28].

Recombinant Protein Isolation

Escherichia coli NM522 cells were cultured in 100ml of LB 
broth supplemented with kanamycin at 37 °C while being shaken 
at 200rpm for 3.5 hours in the dark. Induction was then achieved 
by exposing the broth culture to light at 20 °C for 16 to 24 hours. 
Using a Japson Benchtop centrifuge, the cells were centrifuged 
at 5,000g for 30min at 4 °C before being re-suspended in 200l of 
20mM Tris HCl, 250mM NaCl, 0.1mM EDTA, pH 8.0, and 100g/ml 
of lysozyme. The tubes were sonicated after being combined with 
1mM phenylmethylsulfonyl fluoride (30 s pulses for 5 minutes), 
and incubated for 30 minutes at 25 °C. Extracellular debris was 
eliminated by centrifuging the supernatant at 10,000g for 30min 
in a microcentrifuge and filtering twice through a 0.22µm filter. 

The filtrate was mixed with 1mM imidazole and 50mM MgCl2 
before being placed onto a column that had already been pre-
equilibrated with 20mM Tris HCl, 250mM NaCl, and 50mM 
imidazole, pH 8.0. The fractions were eluted using a G50 Sephadex 
column and collected using a fraction collector. The collected 
protein fractions were dialyzed against 20 mM Tris HCl pH 7.5. 
Protein concentrations were measured using a spectrophotometer 
at 280nm.

Antibacterial Activity of Isolated Endolysin 

The strains for the tests of antibacterial activity were taken 
from clinical isolates of various bacterial species. To swiftly 
assess the effectiveness of the recombinant endolytic protein on 
stationary phase cells on an LB-Agar plate, a spot test was used 
for the first assay. For the recombinant protein, 1µl of diluted 
concentrations of 25, 50, 100, and 200µg/ml were added to each 
quadrant of the plate that had previously been covered with a 
bacterial culture. The plates were set for 30 minutes at ambient 
temperature, to allow the endolysin to diffuse into the agar. After 
that, it was inverted and incubated for a further night at 37 °C. 
The second test involved adding endolysin to a bacterial culture 
that was being grown in LB broth. 100ml of LB broth and 1ml of 
an overnight bacterial culture were combined, and the mixture 
grew to the exponential phase (OD600 = 0.6). 100ml of the bacterial 
culture and 100 µl of the expressed endolysin were combined in a 
500ml flask. PBS buffer devoid of endolysin served as the negative 
control. The recombinant endolysin’s antibacterial activity was 
measured by plating 100µl from each culture after the initial 
absorbance reading while the mixes were incubated at 37 °C with 
agitation and examined for changes in absorbance values every 
half minute. Following is an expression of the antibacterial activity 
calculated at T = 30 seconds: Recombinant endolysin activity (%) 
= 100% - (CFUexp/CFUcont) × 100%, where CFUexp is the number of 
bacterial colonies in the experimental culture plates, and CFUcont is 
the number of bacterial colonies in the control culture plate.  

Antibacterial Activity of Isolated Bacteriophage

The strains for the tests of antibacterial activity were taken 
from clinical isolates of various bacterial species. To promptly 
assess the effectiveness of the phage cocktail on stationary phase 
cells on an LB-Agar plate, a spot test was used for the first assay. 
Approximately 1ml of the phage cocktail from the original culture 
was diluted to 10-4, 10-6, 10-8, and 10-10 before being added to each 
quadrant of an LB-agar plate that had already been spread with 
a single clinical isolate of bacteria. The plates were incubated for 
30 minutes at room temperature so that the phage cocktail could 
diffuse into the media, turned over, and incubated for an additional 
12 hours at 37 °C. For the second test, 100ml of LB broth and 1ml 
of an overnight bacterial culture were combined, and the mixture 
was allowed to grow to the exponential phase (OD600 = 0.6). 500ml 
flasks were filled with a mixture of 100ml of the bacterial culture 
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and 1ml of the isolated bacteriophage cocktail (including at least 
one phage infecting each type of bacteria), with PBS buffer devoid 
of bacteriophage serving as the negative control. To determine the 
antibacterial activity of the bacteriophage cocktail, the mixtures 
were incubated at 37 °C with agitation and monitored for any 
change in absorbance values every 30 minutes at OD600 and 
100µl from each culture plated after the first absorbance reading. 
Bacteriophage cocktail antibacterial activity was calculated 
as follows: Bacteriophage antibacterial activity (%) = 100% – 
(CFUexp/CFUcont) × 100%, where CFUexp is the number of bacterial 
colonies in the experimental culture plates, and CFUcont is the 
number of bacterial colonies in the control culture plate.  

Results

 Isolation of Bacteriophages 

Only 38 of the bacteriophage isolates survived through the 

second phase of bacterial plating, out of a total of 120 isolates 
that were detected and selected from the first round of plating 
from the environmental sources. The 16S ribosomal RNA gene 
was examined in the bacteriophages that had survived the second 
infection cycle, and any that had it were not employed in subsequent 
infections. As shown in Figure 1, the 16S rRNA analysis eliminated 
a total of 27 phages, which were then employed for the remaining 
infection rounds and described using the RAPDs PCR technique 
to check for genetic diversity in the isolates. When seen under UV, 
the phage isolates displayed varying levels of heterogeneity.

To visually examine the genetic variations between the 
environmental phage isolates, a phylogenetic tree was drawn 
using dendro UPGMA using the RAPDS-PCR electrophoresis gel for 
scoring phage genome diversity (Figure 2). The selection of phages 
from various lineages to create the mixture utilized for assessing 
bactericidal activity was then done using the phylogenetic tree.

Figure2 : Ethidium bromide stained electrophoresis gel image of M13 RAPDs PCR analysis of phage DNA. The image shows differences 
between the isolated phages with some similarities owing to the binding of the primer to the same segments of genomic material.  

Recombinant Expression and Purification of LysECD7 

Bacteriophage lysin, LysECD7, synthetically cloned into 
pUC57-Amp and transformed into chemically competent E. coli 
NM522 cells. After overnight incubation at 37 °C, cell growth was 
seen on LB agar plates supplemented with 50 µl of ampicillin 
diluted to a final concentration of 20µg/ml. Colony PCR was used 
to confirm the insert (Figure 3A), and the LysECD7 was ligated 

for expression in the pDAWN plasmid and a confirmatory plasmid 
extraction was done after digestion of the pDAWN plasmid with 
BamHI and HindIII enzymes (Figure 3B).

The inducted E. coli cells were sonicated to extract the 
recombinant protein from the cells. The extract was filtered with a 
0.22 µm filter membrane and run on SDS-PAGE gel electrophoresis 
to confirm the presence of the protein, LysECD7 (Figure 4).
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Figure 3: Phylogenetic tree of isolated phages. The RAPDs analysis was used to draw the tree showing visual differences between and 
among almost similar phages.

Figure 3. A: Colony PCR to check for insert gene. The observed band size is around 500 base pairs, which included the original base pairs 
of the endolysin and other expression primer flanking sequences on either side. B. Confirmatory restriction enzyme digest of ligated plasmid 
showing the presence of insert gene.

The crude protein was dialyzed three times in a water bath 
containing 20mM Tris HCl (pH 7.5), and the dialyzed fraction’s 
absorbance was compared with a Bovine Serum Albumin (BSA) 
standard to determine its concentration. The dialyzed sample 
was additionally concentrated using a speed-vac concentrator to 
produce the final stock, which is represented in Table 1 as being 
0.203mg/ml (200µg/ml). Using a combination of spot tests and 
an antibacterial assay for activity determination of LysECD7, 
the extracted lysin sample was put through in vitro testing on 
bacterial isolates in the same way that bacteriophages from the 
environment were (Figure 5).

Antibacterial Activity of Isolated Bacteriophages and 
Endolysin LysECD7

Spot tests were done on culture plates to visually show 
the bactericidal activity of the phage cocktail (Figure 6A) and 
recombinant endolysin (Figure 6B). 

The rise in absorbance at OD600  (Figure 7) indicates that E. 
coli had the maximum number of bactericidal activities displayed 
by the phage cocktail and P. aeruginosa had the lowest activity. 
The endolysin demonstrated the ability to limit the growth of the 
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clinical isolates in vitro, with varied action from the phage cocktail 
on the bacterial isolates. Endolysins are known to be more 
effective on developing cells than on cells in the stationary phase, 
and the effect of the produced lysin is always stronger in liquid 
culture, as illustrated in Figure 8 On culture plates, a spot test was 

carried out to demonstrate the presence of the lytic enzyme and 
the degree of clearance, as shown in Figure 6B. Although lysins are 
thought to have little effect on bacteria in the stationary phase, the 
zones of clearance were much greater than anticipated due to the 
protein’s diffusion in the media.

Figure 4:  SDS-PAGE gel electrophoresis of the isolated endolytic protein at 15kDa.

Figure 5: Spot test showing the antibacterial effect on growing bacterial isolates. A. Spot test with bacteriophage cocktail and B test using 
varying amounts of recombinant endolysin.
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Figure 6: Changes in absorbance of liquid bacterial culture inoculated with phage cocktail over time.

Figure 7: The effect of LysECD7 on growing bacterial cells. Little effect was observed on culture media with S. aureus than all the other 
bacterial species.
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For this particular investigation, the recombinant endolysin 
(LysECD7) demonstrated lower antibacterial activity than the 
bacteriophage cocktail when variations in treatment efficacy were 
examined (p > 0.005). In comparison to the 200 µg/ml recombinant 
endolysin, the antibacterial activity of the bacteriophage cocktail 
and recombinant endolysin was revealed in Figure 8 to have 
greater activity and affinity to the bacterial species. With an 
average activity of 50.05% and 43.71%, respectively, E. coli ATCC 
25922 and E. cloacae NCTC 13465 had the greatest levels of both 

activities.

While S. aureus 25923 had low recombinant endolysin activity 
(19.55% activity), the cocktail of bacteriophages had relatively 
high activity (39.33%), indicating a higher affinity for the 
cocktail than for the endolysin. P. aeruginosa 2751 had the lowest 
antibacterial activity in relation to E. coli ATCC 25922, having 
an average antibacterial activity of 26.41% for both treatments 
(Figure 8).

Figure 8: Antibacterial activity of recombinant endolysin and phage cocktail on bacterial isolates. E denoting E. coli ATCC 25922, SA for S. 

aureus 25923, PA for P. aeruginosa 2751 and EC for E. cloacae NCTC 13465.

Table 1: The concentration of the recombinant protein, LysECD7 isolated.

Sample Absorbance (280nm) Concentration (mg/ml)

Crude Extract 0.165 0.184

Dialyzed Sample 0.178 0.197

Final 0.184 0.203

Discussion
The study’s objective was to investigate the dynamics of 

success while using bacteriophages and endolysin in place of 
conventional antibiotics. The effectiveness of environmental 
isolates of bacteriophages and LysECD7 on bacterial growth was 
examined in antimicrobial assays using clinical bacterial isolates 
from the ESKAPE group of pathogens as an example. Because 
the phages recycle and degrade their bacterial host genome for 
their DNA synthesis, the plaque-forming units show that they 
lacked integrases. As a result, they lack the molecular basis for 
coexistence with the host bacteria [29,30]. This characteristic also 

lowers the possibility of in situ DNA transformation brought on 
by phage lysis [31], demonstrating a very high susceptibility and 
effectiveness of phage induction by bacteria. The isolated phages 
were distinguished from one another by the resultant DNA, 
which was extracted and examined using molecular techniques, 
although they all shared a common ancestor. An effective screen 
was provided by the RAPDs analysis, which revealed variation 
among the phages. The diversity of the isolated phages was not 
significant, but it is sufficient to have various phages that evolved 
in response to competition, phages that originated from the same 
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lineage of ancestors, and phages that evolved as a result of random 
naturally occurring mutations in the genetic makeup [32,33]. The 
development of tolerance to any therapeutic agent compromises 
its efficacy from the first time it is administered [34], and this is 
true for the majority of medicines used to treat microbial diseases. 
The synergy of many phages in a cocktail of quickly developing 
bacterial cells can be the cause of the high activity displayed by 
bacteriophages, but this cannot be seen in stationary phase cells. 
Upon induction, cells were lysed quickly, but over time, alterations 
to the bacterial cell wall due to mutation, CRISPR-Cas-mediated 
resistance, and/or adjustments to the attachment sites resulted in 
resistance mechanisms that slowed lysis [35-38].

The lowest bacteriophage activity was observed for 
Pseudomonas aeruginosa 2751 and the highest bacteriophage 
activity was observed for Enterobacter cloacae NCTC 13465, which 
in some ways demonstrates P. aeruginosa’s capacity to quickly 
evolve a resistance mechanism preventing infection. Endolysins 
were able to directly target and destroy the peptidoglycan 
layer of cells without entering the cells due to the effect of lysis 
from without [39], which reduced the threat posed by bacterial 
efflux pumps. Under the same circumstances, bacteriophage 
and endolysin activity fluctuate within bacterial isolates, 
demonstrating that neither substance’s activity is dependent 
on concentration. Endolysin action at such a low concentration 
demonstrates its potency and effectiveness against stationary and 
developing bacterial cells, making it a possible top-rank alternative 
therapy to antibiotics that are currently used in medicine [8,9]. 
The endolysin can function effectively at incredibly low quantities, 
as seen by the highest endolysin activity observed for Escherichia 
coli ATCC 25922, Pseudomonas aeruginosa 2751, Enterobacter 
cloacae NCTC 13465, and the lowest endolysin activity observed 
for Staphylococcus aureus 25923. A single dose of endolysin with 
such potent antibiotic activity has been shown to lower mortality 
rates of hospital-acquired infections [40,41], opening up new 
therapeutic options for Gram-negative infections [42,43]. 

According to Antonova et al. [44], adding the amino 
polycarboxylic acid EDTA or changing the pH to a slightly acidic 
level has been observed to increase the activity of lysins, and the 
absence of these in the antibacterial assay may have decreased 
endolysin activity [1,44,45]. Smaller doses of lysins can easily 
reach most parts of the circulatory system since they disperse 
faster in media and blood than antibiotics do [46,47]. By 
immediately attacking the peptidoglycan layer of the bacterial cell 
wall, lysins can directly attack and lyse colonizing bacteria with a 
low likelihood of attachment site mismatch [20]. The differences 
between phages and host bacteria, as well as the laws governing 
the use and application of lysins for therapy, are the only two 
factors that currently limit lysin therapy [20,48,49]. However, the 
bacteriophage mixtures were more active than the endolysin when 

evaluated for effectiveness against bacterial isolates. Endolysin 
has the potential to be utilized as an alternative to antibiotics, as 
evidenced by the modest concentration that was used and the 
average antibacterial activity of 31.48% across all test pathogens 
that it produced. LysECD7 demonstrated less antibacterial activity 
than bacteriophage cocktails on developing cells in culture media, 
although lysin is known to have a higher antibacterial activity 
than bacteriophages on growing cells in their mid-log phase. 
The isolation process and other contaminants that might have 
contaminated the lab samples and interfered with the activity 
and folding of the endolytic protein may have contributed to the 
endolysin’s low efficacy [50-53].

Conclusion

A single dose of low endolysin concentration had a very 
significant antibacterial activity, bacteriophage treatment of 
bacterial isolates varied greatly per each species under the same 
conditions, and a delay in bacteriophage inoculation resulted in 
high bacterial CFU and low burst size (pfu/ml) of phage. These 
four findings from this study stand out as particularly interesting. 
Most nations’ rules surrounding the use of viruses as therapeutic 
agents in healthcare systems, together with variances in the 
attachment sites between the host bacterial species and the 
bacteriophage, are the main causes of bacteriophage therapy’s 
limits. The selection of combinations that successfully decrease 
the development of resistance in a bacterial population can 
be facilitated by our present understanding of phage-bacteria 
systems. It should be noted that each medication has a different 
effect on the activity and effectiveness of lysin and bacteriophage. 
Phage-based techniques, such as phage display and phage typing, 
have also evolved into standard operating procedures in molecular 
biology labs and have been adapted to several additional uses, 
such as serving as drug delivery systems when not being utilized 
in therapy. Under the same circumstances, bacteriophage and 
endolysin activity change within bacterial isolates, demonstrating 
that activity is independent of concentration. Lysin activity was 
highest in E. coli and lowest in the other bacterial species, but it 
should be emphasized that lysin and bacteriophage activity and 
efficacy differ with each treatment.
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