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Abstract  

Introduction: Endolysins, antimicrobial peptides that disrupt the peptidoglycan (PG) layer of bacteria, are a strong alternative 

to common antibiotics and less prone to antibiotic resistance. However, endolysins are ineffective against gram-negative 

bacteria due to an additional outer membrane (OM) blocking the PG layer. This research protocol aims to address this caveat 

by developing a novel recombinant endolysin peptide, EndoT5-Ctn (15-34), comprised of phage Endolysin T5 and a 

Crotalicidin tag (Ctn (15-34)) capable of permeabilizing the OM. This would render the endolysin effective against gram-

negative bacteria such as multidrug-resistant (MDR) Pseudomonas aeruginosa.  

Methods: Experimentation will begin with recombinant DNA techniques to engineer a bacterial vector which expresses the 

EndoT5-Ctn (15-34) peptide. Protein expression will be achieved in competent BL21 (DE3) E. coli strains before protein 

isolation with lysis methods and immobilized-metal affinity chromatography. Resulting sample concentrations will be assayed 

using spectrophotometry. Finally, in vivo minimal inhibitory and bactericidal concentration assays will be conducted on MDR 

P. aeruginosa and methicillin-resistant Staphylococcus aureus (MRSA) to evaluate bactericidal efficacy. 

Results: A minimal bactericidal concentration of EndoT5-Ctn (15-34) recombinant endolysin is expected to yield significant 
bactericidal activity against the MDR P. aeruginosa strain with limited effect on the gram-positive MRSA. A higher 

concentration of recombinant endolysin is expected to maintain its gram-negative bactericidal efficacy with an imported gram-

positive bactericidal efficacy. 

Discussion: The observed bactericidal efficacy on AMR and non-AMR strains on P. aeruginosa will prompt further exploration 

of the therapeutic feasibility of this therapy regarding factors such as cytotoxicity, immunogenicity, and thermal stability. The 

potential introduction of recombinant endolysins presents an alternative treatment for infections with reduced risk of inducing 

resistant mutations.  

Conclusion: The EndoT5-Ctn (15-34) recombinant endolysin is a novel anti-bacterial agent which is expected to have 

significant bactericidal effects on MDR strains of gram-negative bacteria which current antibiotics have been ineffective at 

combating. 
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Introduction 

Modern accelerated development of antimicrobial 

resistance (AMR), in part due to hospital clustering and 
antibiotic over-prescription, threatens antibiotic efficacy [1]. 

An example of this is the proliferation of P. aeruginosa in 

medical settings. It is a common nosocomial pathogen that 

causes a variety of infections with a high mortality rate due 

to its intrinsically high resistance to many antimicrobials and 

increasing multidrug resistance [2]. Greater multidrug 

resistance has been correlated with greater 

morbidity/mortality, length of hospital stays, and medical 

costs [2]. As a result, alternative therapeutic developments 

are needed to curb AMR growth [1]. 

Antimicrobial peptide (AMP)-tagged bacteriophage 

endolysins are a potential antibacterial mechanism which 

more effectively overcomes AMR [3]. Research outlined by 
Antonova et al. and Wang et al. has demonstrated that 

recombinant endolysins possess bactericidal effects against 

multidrug resistant bacteria such as S. aureus [4,5]. 

Endolysins disrupt specific bonds in the peptidoglycan (PG) 

layer of host bacteria causing turgor destabilization and lysis 

to release new phage virions in the viral cycle [6]. Common 

endolysins can successfully disrupt the PG layer in gram-

positive bacteria [3]; however, the additional outer 

membrane (OM) present in gram-negative bacteria prevents 

endolysins from accessing the PG layer if applied 
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extracellularly [7]. Endolysins fused with a permeabilizing 

agent can circumvent this issue by allowing the OM to be 

penetrated, and thus allow the endolysin to effectively lyse 

gram-negative bacteria (Figure 1) [8].  

 

 
 

Figure 1. Effect of the addition of membrane-permeabilizing agents to Endolysins. a) Individual endolysins cannot penetrate 

the OM to access the PG layer b) The addition of permeabilizing agents or structural modification can increase efficacy [9]. 

Image made using BioRender. 

 
This proposal will explore the bactericidal effectiveness 

of modifying the endolysin of bacteriophage T5 (EndoT5) 

with a Ctn (15-34) peptide tag, thereby producing a EndoT5-

Ctn (15-34) recombinant protein. The effect of EndoT5-Ctn 

(15-34) will be tested on a MDR strain of P. aeruginosa. 

Attributed to the co-evolution of phages and bacteria, 

EndoT5 is known to act selectively on essential sections of 
the gram-negative PG wall which limits its susceptibility to 

AMR countermeasures [10,11]. The addition of Ctn (15-34), 

a C-terminal fragment of crotalicidin (Ctn), and its OM-

permeabilizing properties to EndoT5 may increase the lysing 

efficacy of EndoT5-Ctn (15-34) on gram-negative bacteria 

[12]. Moreover, development of resistance against OM 

permeabilization has also been shown to be unlikely even 

under conditions supporting the mutation and accumulation 

of resistance genes [13].  

Preliminary research exploring recombinant endolysins 

indicates its potential effectiveness toward gram-negative 
bacteria [9]. Phage combinations can be optimized to limit 

resistance development and enforce long-term efficacy of 

phage therapy [14]. In addition, endolysin therapy may be 

more efficacious and less prone to AMR than traditional 

antibiotics as the lysing capabilities are directed on essential 

components as opposed to reliant on stages of cellular 

development [11]. The synergistic effects of recombinant 

EndoT5-Ctn (15-34) molecule has the potential to increase 

antimicrobial efficacy with limited susceptibility to AMR 

[3]. Additionally, EndoT5-Ctn (15-34) eliminates the need 

for simultaneous administration of endolysins with 

permeabilizers such as EDTA, which increases its 

effectiveness [4]. Although therapeutic use of AMPs has 

historically been limited by inherent cytotoxicity, the Ctn 

(15-34) fragment has demonstrated negligible adverse 

effects on healthy cells [11,12]. EndoT5 also has high 
thermal stability, allowing ease of administration and 

modification in diverse conditions without compromising 

activity, suggesting therapeutic implications [6]. 

It is hypothesized that the EndoT5-Ctn (15-34) 

recombinant protein will have high bactericidal efficacy 

against MDR P.  aeruginosa due to the addition of the OM-

penetrating protein tag. Two controls will also be 

incorporated to ascertain the mechanism of the recombinant 

endolysin. The positive control involves testing normal 

Endolysin T5 on a strain of gram-positive, methicillin-

resistant Staphylococcus aureus (MRSA), which is expected 
to yield significant bactericidal activity as the OM is not 

present in gram-positive bacteria. The negative control tests 

normal Endolysin T5 on the MDR P. Aeruginosa strain, 

which is expected to yield negligent antibacterial activity 

without a mechanism to penetrate the OM of gram-negative 

bacteria. Additionally, EndoT5-Ctn (15-34) will also be 

tested against the same strain of MRSA to determine if there 

are any bactericidal effects against gram-positive bacteria. 
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Methods 

Cloning and Amplification  

Starting with the sequenced Bacteriophage T5 genome 

as a template, the EndoT5 gene will be PCR amplified with 

primers associated with 3’ XhoI sequence and a 5′ HindIII 
sequence [13]. The product will be isolated with the 

respective restriction enzymes and cloned into the 

pET21a(+) vector with the addition of a C-terminal His6-tag 

for future affinity purification. The Ctn (15-34) sequence 

will be determined through reverse translation (with an E. 

coli usage bias) into nucleotide sequences and commercially 

synthesized [13]. To fuse the two proteins, a flexible linker 

(GSAGSAAGSGEF) the Ctn (15-34) is inserted to the 5’ end 
of the open reading frame of pET21a(+)-EndoT5 vector 

(between HindIII, BamHI and NdeI sites) (Figure 2) [5].  

 

 
 

Figure 2. Vector Diagram Containing EndoT5-Ctn (15-34). Image made using BioRender. 

 

Recombinant Expression and Purification 

Following a standard heat shock transformation protocol 

[15], the expression vectors will be introduced into 

competent BL21 (DE3) E. coli strains and cultured in LB 

broth (at 37°C) with 100μg/ml of ampicillin to an optical 

density at 600nm [OD600] of 0.45-0.55 following previous 

studies [4,5].  Following 4 hours of exposure to 0.5 mM 
Isopropyl β- d-1-thiogalactopyranoside, which induces 

protein expression by activating T7 RNA polymerase to the 

T7 promoter and dissociating Lac repressor bound to the Lac 

operon (see Figure 2) [16], the E. coli host bacteria will be 

centrifuged, lysed and sonicated to isolate the proteins. Final 

purification of the His6-tagged EndoT5-Ctn (15-34) follows 

immobilized-metal affinity chromatography (IMAC), where 

the His6-tag specifically binds to the metal ligands, Ni2+, on 

a column before elution with an imidazole containing buffer 

[16]. These final protein fractions are then prepared in 

solution, dialyzed against a buffer, before its concentration 

is assayed using spectrophotometry. 

 

Bacterial Cultures and Antibacterial Assay 

A minimal bactericidal concentration (MBC) assay will 

be used to determine the lowest concentration of EndoT5-Ctn 

(15-34) required to achieve bactericidal killing, defined as a 
99.9% reduction in initial inoculum [17]. 2-fold serial 

dilutions of EndoT5-Ctn (15-34) will be dispensed into a 

microdilution plate [17]. Inoculi of Pseudomonas aeruginosa 

will then be prepared through a McFarland standard and 

placed into the microdilution plate. The plate will then be 

incubated and subsequently read to determine the minimal 

inhibitory concentration value (MIC), the lowest 

concentration that prevents visible growth of MDR 

Pseudomonas aeruginosa (PA7) [17]. Portions of each well 

with no growth will then be incubated in agar media to confirm 
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the MBC, or the concentration of EndoT5-Ctn (15-34) 

required to inhibit growth of bacteria [17]. Additionally, an 

MBC will be conducted on methicillin-resistant Streptococcus 

aureus (MRSA), a gram-positive bacteria strain without an 

OM, to determine if there are changes in the activity of 

EndoT5-Ctn (15-34) on gram-positive bacteria compared to 

unmodified Endolysin T5. The assay will also include a 

positive control containing only bacteria and a negative 

control containing only saline solution.  

 

 
 

Figure 3. MBC assay testing for efficacy of EndoT5-Ctn (15-34) as well as its potential changes in activity on gram positive 

bacteria in comparison to regular EndoT5 [17]. Image made using BioRender. 

 

Addressing the Covid-19 Pandemic 

Due to COVID-19 concerns, actual experimentation is 

assumed to begin in 4-6 months due to the limited access to 

laboratories. Initial in vitro results will be completed, 

finalized, and reported within a year of beginning 

experimentation. Based on these results, necessary ex vivo 

experiments will be constructed and a strategic timeline for 
completion will be outlined. In accordance with the 

hypothesized results, an additional objective is to identify, 

modify, and if necessary, eliminate endolysin residues to 

further increase efficacy. 

 

Results 

If the hypothesis is sustained, a given minimal 

bactericidal concentration of EndoT5-Ctn (15-34) in vitro 

will be able to kill MDR P. aeruginosa but not the gram-

positive MRSA. It is expected that the efficacy would be 

extended in vivo barring any complications involving 
allergic reactions to endotoxins from lysed bacteria, 

disruption to commensal gut bacteria, inherent cytotoxicity 

of the permeabilizing tag, immunogenicity, and stability. 

To reiterate, the OM of gram-negative bacteria prevents 

pure EndoT5 from accessing and disrupting the peptidoglycan 

layer. A higher concentration is predicted to be needed to kill 

MRSA because Ctn (15-34) exhibits higher binding affinity to 

lipopolysaccharides (LPS) on the OM compared to lipoteichoic 

acids on gram-positive membranes as reinforced by its 

preference of gram-negative bacteria [12]. 

 

Discussion 

This research protocol proposes a method to construct 

and evaluate a novel recombinant endolysin by exploring a 

potential increase in potency and efficacy on highly resistant 
gram-negative bacteria. Identifying the adequate 

concentration to achieve bactericidal killing (MBC) will help 

assess the feasibility of this alternative treatment. Results 

will be analyzed and evaluated as introduced in the 

methodology section. Effectiveness of EndoT5-Ctn (15-34) 

will be compared to that of unmodified Endolysin T5 based 

on MBC. A lower MBC for the recombinant endolysin in 

comparison to that of unmodified Endolysin T5 indicates a 

greater ability to penetrate the OM of gram-negative 

bacteria, subsequently disrupting the PG layer and causing 

cell lysis. Conversely, a greater MBC for the recombinant 
endolysin may indicate the opposite, and further 

investigation must be undertaken to determine the cause. 

The proposed proof-of-concept study of EndoT5-Ctn 

(15-34) requires further analysis of potency, efficacy, and 

clinical feasibility. Subsequent in vivo experiments may be 

conducted to test adverse effects of EndoT5-Ctn (15-34) on 

gut flora and healthy eukaryotic cells to provide insight into 

therapeutic feasibility. 
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Treatment by means of phage Endolysins presents 

significant advantages in limiting antimicrobial resistance 

development, mainly due its high specificity and rapid 

action, as well as the immutable nature of the PG layer [18]. 

The co-evolution of phages with their specific host 
bacterium also ensures minimal chance of mutation in 

binding sites and maintains binding affinity and activity [3]. 

No significant resistance has been observed regarding the 

effect of Endolysins or antimicrobial peptides on gram-

positive bacteria in experimental settings [3]. Additionally, 

major resistance mechanisms to antibiotics are found inside 

the cell, whereas extracellular endolysin treatments on the 

outer side of the cell limit the development of resistance [3]. 

Rapid action by endolysins directly targeting the PG layer 

also limits the ability of bacteria to develop resistance [19]. 

The development of resistance against the penetration 

mechanism of the OM is also improbable although 
theoretically possible. Research by Briers et al. demonstrated 

that despite continuous exposure to subinhibitory doses of a 

similar destabilizing recombinant endolysin, no new 

resistant strains were produced under selective pressures to 

accumulate genetic mutations [13,19]. This finding suggests 

that resistance development through horizontal or vertical 

transfer is very unlikely [19]. The PG and OM of gram-

negative bacteria are critical for survival and their 

consequent conserved and immutable nature has been cited 

as a prominent hypothesis for reduced resistance 

development as well [19]. 
In the environment, many contemporary antibiotics are 

found to persist for prolonged periods with unmetabolized 

antimicrobial substances being detected within hospital 

effluents, sewage systems, soil, and water [13]. Lingering 

environmental antibiotics at subtherapeutic levels will exert 

a selection pressure for resistant bacterial mutations which 

can further spread through horizontal gene transfer [13]. In 

contrast, recombinant endolysins are protein-based and 

biodegradable, leading to lower accumulation in the 

environment and decreased risk of inducing resistance in 

resident microbial populations [13]. Thus, recombinant 

AMPs are advantageous in preventing accidental resistance 
development as a result of environmental contamination.  

A potential limitation to endolysin-based treatments is 

the proteolytic degradation upon being administered in vivo. 

C-termini protection and endolysin backbone modification 

can be explored to potentially increase the in vivo stability 

of EndoT5-Ctn (15-34). Modifications made to the 

recombinant endolysin may allow for reduced proteolytic 

degradation and as such, a greater bioavailability when 

clinically administered [20]. The presence of certain amino 

acid residues at each terminus have shown to result in 

varying degrees of proteolysis and degradation [20]. If such 
modifications can be made while maintaining the required 

targeting specificity and affinity, there is greater potential for 

therapeutic effectiveness.  

In addition, although endolysins inherently have low 

immunogenic properties, it is necessary to explore the 

immune response produced by their novel recombination 

with AMP. The selective targeting and elimination of 

specific B-cell and T-cell epitopes on the recombinant 

endolysin may provide an avenue to minimize the elicited 

immune response [21]. Further research on such immune 
responses should be explored to test therapeutic feasibility of 

the recombinant endolysin. 

Although AMP production is more commonly achieved 

in competent E. coli host bacteria, the AMP's natural lethality 

to the host bacteria generally poses challenges to achieve 

appreciation protein expression levels [22].  The proposed 

EndoT5-Ctn (15-34) is predicted to exhibit an attenuated 

internal cytotoxicity given that the positively-charged Ctn 

(15-34) demonstrated preferential action on gram-negative 

bacteria due to its electrostatic attraction to LPS exclusively 

found on the outer membrane [12]. However, if protein 

expression efficiency is not adequate in E. coli, production 
using yeast Pichia pastoris may provide a feasible 

alternative methodology. Yeast-based agents provide a 

similar procedure to bacterial hosts but are resistant to AMP-

killing as well as offer the ability to secrete proteins to the 

medium which reduces burden in the purification process 

[22]. 

Nonetheless, the current proposed methodology offers 

various strengths to the experiment. Previous studies on 

modified endolysin have successfully proved bacterial 

vectors are capable of expressing bactericidal AMPs in 

sufficient yields [4,13]. Use of IPTG allows the experimenter 
to finely control protein expression through the lac operon 

without interfering with any metabolic pathways [16]. In 

addition, the current strategy of constructing recombinant 

endolysins opens further avenues for development and 

testing. For example, a synthetic peptide derived from 

crotalcidin, CrotAMP14, demonstrated similar broad 

spectrum antibacterial activity but lower cytotoxicity than its 

parent peptide [23]. Other members of the cathelicidin 

family share similar permeabilizing properties to Ctn (15-34) 

such as sheep myeloid antimicrobial peptide of 29 residues 

(SMAP-29) and batroxicidin [4,23]. Such variants can be 

recombined with endolysins to produce novel AMPs for 
further testing and potential clinical applications. Similarly, 

analogues to the Endolysin T5 are available for 

recombination through this method. Other endolysins offer 

different binding domains which may serve to increase 

affinity against certain bacterial targets (e.g., KZ144 from 

Pseudomonas pages binds to P. aeruginosa with high 

affinity [3]. Genetic engineering techniques can further 

modify and improve endolysins with its high ease of 

expression and purification suitable for industrial scale 

production [19]. 

Despite these limitations, the significant advantages of 
recombinant endolysin therapy, such as ease of 

administration, flexible construction, and decreased 

susceptibility to antibiotic resistance, are expected to 

outweigh these complications. 
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Conclusions 

The main objective of this research proposal is to 

investigate recombinant endolysins as a potential alternative to 

traditional antibiotics and endolysin therapies, with the limited 

susceptibility of EndoT5-Ctn (15-34) to AMR and the increased 
synergy and efficacy of recombinant endolysins being 

significant advantages. With 1031 known phages around the 

world, the limitless repository of synergistic combinations 

suggests that antimicrobial endolysins are prospective solutions 

to address AMR [3]. Future studies could additionally 

investigate the effectiveness of various recombinant endolysin 

combinations against a wide range of bacterial strains. 
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