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Abstract
The antibiotic resistance in many pathogenic bacteria has become a major clinical problem, therefore, the necessity arises to 
search for new therapeutic strategies. The most promising solution lies in bacteriophages, phage endolysins and antimicrobial 
peptides. The aim of this study is to review the possibilities for the common use of bacteriophages, phage endolysins and 
antimicrobial peptides, both in the form of combined therapies and new strategies for the production of peptide drugs. 
Bacteriophages are viruses that specifically infect and destroy pathogenic bacteria by penetration into bacterial cells, 
causing metabolism disorders and, consequently, cell lysis. Phage-encoded endolysins are bacteriolytic proteins produced 
at the end of the phage lytic cycle that destroy elements of bacterial cell wall and enable the release of phage progeny 
from host cells. Antimicrobial peptides (AMPs) constitute an element of the innate immunity of living organisms and are 
characterized by the activity against a broad spectrum of bacteria. In the literature, there are only a few reports on the direct 
interaction of bacteriophages, phage endolysins and antimicrobial peptides against pathogenic bacteria. In each of them, 
a synergistic effect was observed, and Phage-encoded antimicrobial peptides as a specific group of AMPs have were also 
discussed. Phage-display technique was also reviewed in terms of its applications to produce and deliver biologically active 
peptides. The literature data also suggest that bacteriophages, phage endolysins and antimicrobial peptides can be used 
in combined therapy, thus negating many of the limitations resulting from their specificity as a single antimicrobial agent.
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INTRODUCTION

For more than half a century, humans have used antibiotics 
to fight infectious diseases caused by pathogenic bacteria. 
Excessive use (including in viral and fungal infections) 
and patients’ failure to comply with antibiotic dosing 
recommendations have led to an increase in the number 
of antibiotic resistant strains, which is termed the “post-
antibiotic era” [1]. As a consequence, many resistant pathogens, 
such as MRSA (methicillin-resistant Staphylococcus aureus), 
CRE (carbapenem-resistant Enterobacteriaceae), VRE 
(vancomycin-resistant enterococci) and multi-drug resistant 
Pseudomonas and Acinetobacter, have become a serious health 
risk. The rate at which bacteria acquire resistance to antibiotics 
is also disturbing. It has been shown that Pseudomonas 
aeruginosa rapidly gains resistance to five important 
antibiotics after exposure to their increasing concentrations 
[2]. Antibiotic-resistant strains are also the cause of increased 
health care costs [3]. In addition, it is expected that in the near 
future, the number of failures in operations and other medical 
procedures will increase, due to the occurrence of incurable 
infections. This may result in a return of the world to the pre-
antibiotic era, where common infections often ended in death.

Considering the above facts, it seems necessary to look 
for new, therapeutic strategies in combating infections 
caused mainly by multi-drug resistant (MDR) strains. 
Bacteriophages and their enzymes or antimicrobial peptides 
are particularly noteworthy here. They carry a significant 
advantage over antibiotics and many of them are already 
used in the treatment of humans and animals. In addition 
to the advantages, however, there are also drawbacks that 
may partially limit their use in monotherapy.

OBJECTIVE

The aim of this study is to review the possibilities for the 
common use of bacteriophages, their enzymes (endolysins) 
and antimicrobial peptides, both in the form of combined 
therapies and new strategies for the production of peptide 
drugs, with significantly better clinical efficacy.

Characteristics of bacteriophages, phage endolysins and 
antimicrobial peptides – Bacteriophages. The discovery 
of bacterial viruses or bacteriophages was one of the most 
momentous events in microbiology. They were discovered 
almost simultaneously by Frederick William Twort in 
England (1915) and Felix d’Herelle in France (1917). However, 
the first time their lytic activity was observed by the British 
bacteriologist Ernst Hankin in 1896 [4]. In 2007, more than 
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5,500 prokaryotic viruses were described, using electron 
microscopy, of which bacteriophages accounted for 99.6 % 
[5]. Thus, phages seem to be, at least theoretically, the largest 
existing group of viruses. Currently, it is considered that 
bacteriophages are the most frequently occurring biological 
particles on earth, and occur in the biosphere in the amount 
of 1030–1032 [4, 6].

The development of electron microscopy has enabled the 
very accurate classification of viruses. The first classification 
of bacteriophages was performed by Bradley (1967) who 
distinguished three groups of tailed phages and three 
types of isometric and filamentous phages. The current 
classification scheme includes 1 order, 13 families and 34 
types of bacteriophages [7].

Regarding the type of genetic material found in the capsid, 
bacteriophages can be divided into four main groups: phages 
with single-stranded DNA (ssDNA), double-stranded DNA 
(dsDNA), phages with single-stranded RNA (ssRNA) and 
double-stranded RNA phages (dsRNA). About 96% of phages 
are the tailed type. Polyhedral, filamentous and pleomorphic 
phages are rare and have a narrow host range [5].

The process of bacterial virus replication may be taking 
place in the form of a lytic cycle (virulent phage) or a lysogenic 
cycle (mild phage). The first usually ends with the production 
of new virions and the destruction of the host cell (lysis); the 
exception is filamentous phages of the Inoviridae family, 
which are released continuously without bacterial lysis. In 
the lysogenic state, the phage genome integrates into the 
host DNA, or may occur in a free state as a plasmid and 
becomes latent within the bacterial cell. When this balance 
is disturbed, the phase of phage production and cell lysis is 
initiated. The life cycle of virulent tailed phages is a multi-step 
process involving the adsorption phase, infection of the host 
cell with phage DNA, the phase of intracellular proliferation 
and, as a result, the release of new infectious phages [8].

Phage therapy is an alternative way to fight bacteria, 
including antibiotic-resistant strains. The main properties 
of phages as antibacterial agents include a specific 
mechanism of action (different from that of antibiotics), 
a narrow antibacterial spectrum resulting in the selective 
killing of pathogenic bacteria, without adversely affecting 
physiological microflora, and the ability to proliferate at the 
site of infection [9, 10]. Other advantages of phage therapy 
include: efficacy against multi-drug resistant bacteria, the 
ability to respond rapidly to the emergence of phage-resistant 
bacterial mutants (much higher frequency of phage mutations 
than bacteria mutations), lower costs of treatment using 
phages than antibiotics, and the very rare occurrence of 
side effects [11]. The high potential of phages for combating 
antibiotic-resistant bacteria has been demonstrated in 
many preclinical studies [12, 13, 14]. Potential areas of 
application of phages include not only clinical medicine, 
but also the food and agricultural industries [15, 16]. Phage-
based products have been approved by the FDA (Food and 
Drug Administration) in the field of food safety [17]. In 
2006, the first phage product, ListShield, was registered and 
introduced, being a cocktail of several phages specific to 
Listeria monocytogenes, contaminating meat and poultry 
products. Other phage-based products include Listex P100 
and AgriPhage for combating the bacterial spotting of tomato 
and pepper leaves. Furthermore, in 2008, the FDA approved, 
for the first time, Phase 1 clinical trials using phages. These 
studies concerned the effect of a cocktail of eight phages 

against various bacteria, including Staphylococcus aureus, 
Pseudomonas aeruginosa and Escherichia coli in venous leg 
ulcers. These attempts have finally confirmed the safety 
of phage preparations and have paved the way for further 
clinical trials on phage therapy [18].

However, certain problems are associated with phage 
therapy. These include: the rapid lysis of bacterial cells that 
may result in the release of large amounts of endotoxins, 
the ability to encode toxins by some phages, the lack of 
pharmacokinetic data, phage neutralization by the host’s 
immune system and conversion of lytic phages to lysogeny 
(prophages), leading to the “resistance” of bacteria to attack 
by appropriate lytic phages and possible changes in bacterial 
virulence.

Endolysins. Bacteriophages have the ability to encode 
lytic enzymes called peptidoglycan (PG) hydrolases. These 
enzymes are used to infect and/or release progeny virions 
from a bacterial host cell. PG hydrolases associated with 
phage particles may cause so-called “lysis from without”, 
occurring in the absence of a full lytic infection cycle. These 
lytic structural proteins, mainly associated with the phage 
tail, cause local cell wall degradation to allow infection of 
the host cell. In the late stages of the infectious cycle, phages 
encode PG hydrolases that, together with the holins, are a 
part of the lytic cassette. Holins cause the perforation of the 
bacterial cell membrane, thereby allowing the endolysins 
accumulated in the cytoplasm to gain access to peptidoglycan. 
The result is the lysis of bacteria and the release of progeny 
phages [19]. Because this type of PG hydrolases causes “lysis 
from within” they are referred to as endolysins or lysins.

The structure of endolysins is closely related to the 
structure of bacterial peptidoglycan. In Gram-negative 
bacteria, peptidoglycan occurs in the form of a thin layer 
deprived of surface proteins or carbohydrates. Most of the 
lysins produced by phages that infect Gram-negative bacteria 
are globular proteins, with a mass of 15 – 20 kDa composed 
of only a single catalytic domain. Gram-positive bacteria 
have a thick layer of peptidoglycan, which has crossing 
bonds and surface carbohydrates and proteins. Endolysins 
of bacteriophages infecting Gram-positive bacteria possess 
one or more catalytic domains and a binding domain 
that recognizes epitopes on the surface of cells of target 
organisms, often causing specific binding to a given strain or 
species [20]. Typically, the element connecting the catalytic 
domain to the binding domain is a flexible cross-domain 
linker sequence [21].

The exogenous action of phage endolysins on bacteria can 
be used to induce lysis from without due to high osmotic 
pressure in the cell [22]. This is the starting point for research 
on the use of purified phage endolysins as antimicrobial 
agents active against Gram-positive pathogens. In the case 
of Gram-negative bacteria, due to the presence of an outer 
membrane, it is usually necessary to use a surfactant, or 
other additional mechanism that allows the displacement 
of endolysin through the outer membrane. Nevertheless, 
there are some reports in the literature regarding the fusion 
of endolysins with other agents and the resulting activity on 
Gram-negative bacteria [23, 24, 25].

Antimicrobial peptides. Antimicrobial peptides (AMPs) 
have been found in almost all living organisms, ranging from 
bacteria to plants, invertebrates and vertebrates [26, 27, 28, 29, 
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30, 31]. They constitute an element of innate immune response 
in most species. To date, several hundred natural AMPs have 
been isolated [32], while several thousands were designed de 
novo and synthetically produced. Antimicrobial peptides 
display a wide range of biological activity against bacteria, 
fungi, protozoa, enveloped viruses and even cancer cells [33, 
34, 35, 36]. In addition, AMPs possess immunomodulatory 
properties, essential for innate immunity and inflammatory 
response [33, 37, 38]. However, the most widely known 
property of AMPs is their potential antimicrobial activity. In 
recent decades, antimicrobial peptides have been extensively 
studied for their use as an alternative to conventional 
antibiotics, especially for the treatment of infections caused 
by antibiotic-resistant strains [39, 40, 41].

There is a huge variety of AMPs, resulting from their 
antimicrobial activity, as well as the various bacterial defence 
mechanisms they encounter in the host organism [40]. 
Despite this diversity, antimicrobial peptides have several 
common features: relatively small size (up to 100 amino 
acids), the positive charge of the particle conditioned by the 
presence of arginine, lysine and/or histidine residues, and the 
ability to assume an amphipathic structure, characterized by 
the presence of hydrophobic and hydrophilic domains. Due 
to the positive charge they are also referred to as cationic 
antimicrobial peptides (CAMPs).

There are several criteria of AMPs classification. Due to 
the biosynthetic pathway of AMPs, they can be divided into 
ribosomally and non-ribosomally synthesized. In addition, 
AMPs are classified based on their origin, secondary 
structural elements or dominant amino acid residues. One 
of the most common classifications of AMPs is based on 
their secondary structure [42, 43], on the basis of which four 
groups of AMPs can be distinguished: linear antimicrobial 
peptides, with a α-helical structure (cecropin A, magainin, 
LL-37, temporins and several de novo-designed peptides), 
β-sheet peptides predominantly stabilized by disulphide 
bridges (e.g., tachyplesins, protegrins and defensins, such 
as HBD-1), or by cyclization of the peptide backbone (e.g. 
polymyxin B and gramicidin S).

The next group are linear peptides with an extended 
structure with the predominance of one or more amino 
acid (indolicidin and bactenecin-5 rich in tryptophan and 
proline/arginine residues) and peptides with a loop structure, 
which include lantibiotics (mainly nisin and mersacidin). 
Lantibiotics are cyclic peptides formed by thioether bridges 
as a result of post-translational dehydration of the side chains 
of serine and threonine residues and subsequent reaction 
with cysteine to form the atypical amino acids lanthionine 
and methyllanthionine, respectively. Peptides with a loop 
structure can also be formed by one disulfide bridge (i.e. 
thanatin, lactoferricin B and bactenecin-1).

The biological activity of AMPs is closely related to their 
effects on cell membranes. For many of them, it is assumed 
that the basic, antimicrobial mechanism is the degradation 
of the cytoplasmic membrane, due to electrostatic attraction 
by negatively charged functional groups of proteins and 
phospholipids [29, 44]. However, there is evidence of the effect 
of AMPs on the inhibition of certain cellular processes, such 
as nucleic acid and protein synthesis, enzymatic activity, and 
cell wall synthesis [40, 45, 46].

Considering the proposed mechanisms of action of AMPs, it 
seems that the development of resistance to AMPs in bacteria 
may be difficult, because it would require drastic changes in 

the composition and/or organization of the phospholipid 
membrane [29]. However, some researchers have observed 
that microbes show the capability to develop resistance 
to antimicrobial peptides. The main role is played by the 
mechanisms of proteolytic degradation [47, 48], the capture 
or ejection of AMPs by bacterial cells [49, 50], and the partial 
reduction of the negative surface charge of microorganisms 
[51]. There are also other mechanisms contributing to the 
development of bacterial resistance to AMPs, such as the 
formation of biofilms that confer protection on bacterial 
cells [52] or a change in the fluidity of the outer membrane 
of Gram-negative bacteria leading to the reduction of its 
permeability [53, 54].

Direct interaction of bacteriophages, phage endolysins 
and antimicrobial peptides against pathogenic bacteria. 
At the moment, there is not much data in the literature on 
the direct interaction of bacteriophages, phage endolysins 
and antimicrobial peptides against pathogenic bacteria. The 
research by Martinez et al. [55], who studied the combined 
effect of nisin and two lytic phages against Staphylococcus 
aureus, can be quoted here. A synergistic effect was indeed 
observed in pasteurized milk used for the studies. However, 
the appearance of cells resistant to nisin had a negative effect 
on the activity of bacteriophages, and the nisin-resistant 
strain had also partially become resistant to both phages. 
This may have been due to changes in the bacterial cell 
surface often associated with resistance to nisin and causing 
interference with the binding/recognition of receptors for 
phages. The nisin-resistant strain exhibited significantly lower 
hydrophobic properties and had a higher positive charge, 
which was expressed by the lack of binding of cytochrome c 
and nisin. Loss of resistance to nisin restored sensitivity to 
the phage. In contrast, mutants insensitive to bacteriophage 
were not resistant to nisin. These results indicate the limited 
possibility of using nisin in combination with bacteriophages 
against S. aureus, found in dairy products.

The same authors also studied the interaction between 
phage endolysin LysH5 and nisin against S. aureus, and 
found a strong synergistic effect [56]. The minimum 
inhibitory concentration (MIC) of nisin and LysH5, 
determined by the serial microdilution method, was 3 μg/ml 
and 50  U/ml, respectively. When both components were 
used in combination, the MIC value for nisin decreased to 
0.045 μg/ml, and for endolysin to 3.1 U/ml. In addition, nisin 
increased 8-fold the lytic activity of LysH5 in cell suspension. 
Synergism observed in vitro was confirmed by the time-
kill assay in pasteurized milk infected with S. aureus. The 
complete elimination of bacteria was achieved only with 
the combined action of both agents. This is probably the 
first study showing the possibilities of a new technology 
combining endolysin encoded by phage and bacteriocin to 
effectively inhibit the growth of S. aureus in milk.

The current study evaluates the activity of the lipopeptide 
PAL-KKKK-NH2 in combination with the bacteriophage 
EF34 against the E. faecalis 2943 strain, and the activity 
of the lipopeptides, PAL-KR-NH2 and MIR-KR-NH2 in 
combination with the same phage against the E. faecalis 
3584 strain, conducted using the time-kill method [57]. The 
MIC of peptide PAL-KKKK-NH2 against the E. faecalis 2943 
strain was 4 μg/ml. Using a combination of this peptide with 
bacteriophage, the reduction of bacterial titre were found to 
be 10-fold higher after 1 hr, and 100-fold higher after 2 hrs, 
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compared to the peptide alone. For the peptide PAL-KR-NH2, 
the MIC against the E. faecalis 3584 strain was 16 μg/ml, 
and when it was used in combination with bacteriophage, a 
10-fold increased reduction of bacterial titre was observed 
after 15 mins compared to the peptide alone. However, in 
the case of the peptide MIR-KR-NH2 (MIC 32 μg/ml for the 
E. faecalis 3584 strain), its use in combination with phage 
resulted in a 10-fold higher decrease in bacterial titre after 
15 mins compared to the peptide alone. After 30 mins of 
the experiment, the bacterial titre for the peptide-phage 
combination remained constant, while the peptide alone 
completely inhibited bacterial growth (unpublished data).

The research team of Shih-Yi Peng [58] synthesized 
four AMPs based on the amphipathic helical region at the 
C-terminus of endolysin LysAB2 encoded by Acinetobacter 
baumannii phage ФAB2. These peptides exhibited a strong 
antibacterial activity against A. baumannii (MIC 4–64 μM), 
including some MDR and colistin-resistant A. baumannii. 
Of the four peptides, LysAB2 P3, with modifications 
that increased its positive net charge and reduced its 
hydrophobicity, exhibited high antibacterial activity 
against A. baumannii, but low haemolytic and no cytotoxic 
activity against normal eukaryotic cells. The results of the 
experiments using electron microscopy and the fluorescein 
isothiocyanate staining assay indicated that this peptide 
killed A. baumannii by permeabilization of the membrane. 
In addition, in a mouse intraperitoneal infection model, at 
4 hrs after bacterial injection, LysAB2 P3 reduced 13-fold the 
amount of bacteria in fluid from the peritoneal cavity, and 
27-fold in blood. In addition, LysAB2 P3 rescued 60% of mice 
heavily infected with A. baumannii from lethal bacteriaemia. 
The results confirmed that bacteriophage endolysins are a 
promising source for the development of effective AMPs.

Phage-encoded antimicrobial peptides as a specific class 
of anti-infectious agents. In addition to the antimicrobial 
peptides produced by eukaryotes and bacteria, an additional 
class of these compounds is known and named phage-encoded 
AMPs. There are two types of these AMPs: phage-encoded 
lytic factors and phage tail complexes. Three different types of 
phage-encoded lytic agents were isolated, all of them derived 
from phages with small genomes constituting single-stranded 
DNA or RNA. These factors perform activities similar to 
elements of the endolysin-holin system of large lytic phages; 
i.e. induce bacteriolysis to allow release of phage particles 
into the environment, however, using completely different 
mechanisms (i.e. non-enzymatic). The examples include E in 
class φX174 and L in class MS2/GA of RNA phages and A2 
in class Qβ/SP. The E and L genes encode small membrane 
proteins, while the A2 protein binds to  the host  sex pilus 
playing a secondary role of a lytic agent [59].

Protein E, the best-known lytic agent, is a specific inhibitor 
of the enzymatic reaction catalyzed by the phospho-N-
acetylmuramic pentapeptide (MraY) translocase, an integral 
membrane protein essential for peptidoglycan biosynthesis 
[60]. It has been shown that the host’s peptidyl-prolyl 
isomerase is necessary for the bacteriolytic activity of E 
protein [61], and that the bacteriolyse involving the E protein 
requires continuous division of the host cell, as is the case 
of penicillin. This data suggests that the mechanism of 
action of the E protein is very similar to antibiotics [62]. 
Yu et  al. [63] showed that the 91-amino acid residue of 
the E protein plays a significant role in the propagation 

of phage X174 during the lysis of the host cell and can be 
used to produce so-called “bacterial ghosts”. These empty 
bacterial bodies, lacking cytoplasm and nucleic acids, show 
excellent immunogenicity and provide effective inducible 
immunoprotection, and thus can be used directly as vaccines. 
Analogously, A2 and L proteins encoded by E. coli-specific 
phages Qβ and MS2 can potentially be used for bacteria-
inactivating preparation.

Another type of phage-encoded AMPs are the phage tail 
complexes that are large molecular agglomerates of peptide 
subunits. These peptides are responsible for the recognition 
of and binding to specific receptors on the surface of the 
bacterial cell, and then for penetration through the outer 
membrane of Gram-negative bacteria and local lysis of 
peptidoglycan at the site of cell wall binding, and introduction 
of the phage genome into the host cell. A large number of 
phage tail proteins have been expressed [64, 65, 66], and for 
some of them there are reports regarding their antimicrobial 
properties [67, 68, 69]. In this light, the possibility of using 
phage tail complexes as alternative antimicrobial agents 
seems real, especially in the case of Gram-negative bacteria, 
where the mechanism of penetrating the outer membrane 
comes into play.

Application of bacteriophages to produce and deliver 
biologically active peptides. Recently, progress in 
the discovery of new drugs has been made through the 
introduction and development of such technologies as 
genomics, proteomics and metabolomics. In this context, 
so-called phage-display technology introduced by G.P. Smith 
in 1985 [70, 71] probably plays an increasingly important role 
in the future of pharmaceutical sciences. This technique, 
using genetic engineering, is based on the production of a 
phages population (library) to produce peptides of a random 
sequence, or proteins or antibodies on the surface of the 
engineered phages. From a large population, the phage that 
binds to the desired target is selected (biopanning). cDNA 
sequences randomly introduced into the phage genome are 
expressed, which leads to the formation of a fusion peptide, 
connected to a surface protein that builds the bacteriophage 
coat. In this way, the fusion peptide is displayed outside the 
virion, while the introduced DNA remains inside the phage 
particle [71, 72]. Phage display technology is an effective tool 
in the discovery of new drugs, mainly due to the identification 
of ligands with new functions [73].

The development of phage peptide libraries represents a 
significant advance in the discovery of new components for 
antibacterial therapy [74, 75]. The peptides obtained by the 
phage display technique as ligands for a large spectrum of 
bacterial enzymes have been extensively studied. Using this 
technique, well-described enzymes with various structures 
and functions were selected, and a series of peptides that 
specifically bound the given factor were isolated. These 
peptides have been shown to be effective in vitro as inhibitors 
of enzymatic functions [76]. Thus, isolated peptides can be 
used to assess enzyme activity or discover antibiotics (as 
components for the design of peptidomimetics). Based on the 
fact that lipid A is responsible for all the effects of endotoxin 
activity, Thomas et al. [77] obtained lipid A-binding peptides 
by biopanning a library of random pentapeptides displayed 
on the filamentous phage M-13. The 12 selected peptides were 
isolated, and analysis of their primary structure showed no 
matching sequences, suggesting that the lipid A-binding motif 
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is not sequentially specific. This is consistent with the observed 
high variability among natural endotoxin-binding peptides.

Tao et al. used peptides obtained through the phage display 
technique to inhibit the function of target proteins within 
the bacterial cell [78]. This researcher selected peptides that 
bound key targets with a known function that were expressed 
as fusions with S-glutathione transferase (GST) under the 
control of a tightly regulated promoter. As a result, inhibition 
of bacterial growth was obtained by inactivation of specific 
target proteins.

An interesting issue is also the study of the phage display 
system for the selection of peptides through biopanning 
of whole bacteria [79]. This method may allow selection of 
bacterial membrane ligands with antimicrobial activity from 
a large peptide library. Such ligands may be complex, so-
called dendrimeric peptides, consisting of peptide sequences 
covalently linked to a branched lysine core [80]. The in vitro 
and in vivo efficacy of dendrimeric peptides is related to their 
multimeric nature, which allows multiple interactions. In 
the medical sciences, dendrimers are a useful tool in many 
applications, such as antibody analogues, drug transport 
vectors, anticancer agents, magnetic resonance imaging 
(MRI) contrast reagents, among others [81].

Pini et al. [79] selected AMPs binding to the whole E. coli 
cells from a large 10-mer phage peptide library. One of 
the selected peptides was isolated and synthesized in both 
monomeric and dendrimeric forms, and it was shown that 
the antimicrobial activity of the dendrimeric peptide was 
much higher than the monomeric form. Modification of the 
original sequence by residue substitution or chain shortening 
gave three different AMPs with greater resistance to natural 
degradation and increased bactericidal activity against a wide 
panel of Gram-negative bacteria. These peptides also showed 
high resistance to blood proteases, low haemolytic activity 
and weak cytotoxic effects on eukaryotic cells, which makes 
them promising as new antibacterial agents.

CONCLUSIONS

According to the presented review of knowledge on 
bacteriophages and endolysins, as well as antimicrobial 
peptides, these agents may constitute a new class of drugs 
helpful in combating bacterial infections, including those 
caused by multi-drug resistant strains, thus obtaining a 
significant advantage over classic antibiotics. In addition 
to applications in monotherapy, they can also be used in 
combined therapy, thus negating many of the limitations 
resulting from their specificity as a single antimicrobial 
agent. The wide use of lysogenic phages for the expression 
of peptides with biological activity on their surface indicates 
that phages can be used as carriers of antimicrobials, antigens 
or anticancer drugs. However, so far, there is only limited 
research on the direct interaction of antimicrobial peptides 
and lytic bacteriophages, or their endolysins against clinically 
relevant pathogens. This fact indicates the need to undertake 
this type of research on a wider scale, which could be helpful 
in the development of new therapeutic strategies to combat 
severe bacterial infections, which have been a significant 
problem for a long time, due to the increasing number of 
strains resistant to classical antibiotic therapy.
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