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Abstract

The escalation of bacterial resistance to existing antibiotics represents a growing global
health challenge, exacerbated by the widespread misuse of antimicrobial agents. As a result,
alternative antibacterial strategies are increasingly being explored, including phage-derived
lytic proteins. In this study, we report a preliminary characterisation of a novel phage-
derived lytic protein identified through computational screening of bacteriophage genome
sequences. A putative open reading frame, designated SM07 (1383 bp), was selected from
bacteriophage sequences contributed by the University of KwaZulu-Natal to a global
phage repository. The gene was synthesised, sub-cloned into the pET-30b(+) vector with an
N-terminal histidine tag, and recombinantly expressed in Escherichia coli BL-21(AI) cells.
The protein was purified using affinity and ion-exchange chromatography. Purified SM07
exhibited in vitro antimicrobial activity against Pseudomonas aeruginosa, with a minimum
inhibitory concentration of 4 µg/mL, while no significant cytotoxic effects were observed
in Vero kidney cells at concentrations substantially above the effective dose. Together,
these findings provide initial evidence supporting the antimicrobial potential of SM07 and
highlight phage-derived lytic proteins as candidates for further investigation as alternative
agents against P. aeruginosa-associated infections.

Keywords: endolysin; antimicrobial; Pseudomonas aeruginosa; phage-derived protein;
catalytic domain; bacteriophage therapy

1. Introduction
The global rise in antimicrobial resistance (AMR) demands innovative therapeutic ap-

proaches. The World Health Organization (WHO) projects that deaths associated with
multidrug-resistant infections may reach ten million annually by 2050 and will also have
severe consequences for global health and related economic activities [1–4]. Although this
is a global health burden, it is more severe in developing countries [5,6]. The WHO has
identified a range of disease-causing bacteria that require immediate attention; this list in-
cludes ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
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Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.) [7,8]. These pathogens
account for various nosocomial infections, especially in infants, the elderly, and immunocom-
promised individuals [7]. The rate of nosocomial infection in developing countries is almost
double that in developed countries [9,10]. Antibiotics have become ineffective due to bacteria
gaining resistance via horizontal gene transfer, pathways that allow them to bypass the effects
of the antibiotics, or by spontaneous mutations that change the antibiotic target or upregulate
efflux pumps [11]. Identifying alternative antimicrobial agents with distinct mechanisms of
action is therefore increasingly important.

Among the emerging alternatives, phage-derived lytic proteins (endolysins) have
attracted increasing attention as targeted antibacterial agents [12,13]. The targeted action of
phage-derived lytic enzymes, which specifically attack components of bacterial cell walls,
has positioned them as promising antimicrobial candidates [14–16]. Holger et al. (2021)
highlighted the clinical pharmacology and potential of phage therapy against multidrug-
resistant superbugs [17]. Phage-derived lytic enzymes can be used alone or in combination
with existing antibiotics, thereby increasing treatment efficacy. Ongoing clinical pharma-
cology studies aim to optimise dosing, delivery methods, and safety profiles to translate
these enzymes from experimental agents to mainstream therapies in combating resistant
bacterial infections [18].

Phage-derived lytic proteins typically comprise one or more catalytic/enzymatic
active domains (EADs) and, in many cases, a cell wall-binding domain (CBD) [19,20].
These domains are found on the protein’s N- or C-terminal based on the type of bacteria
they target. With computational structural modelling, valuable information can be obtained
on the function and behaviour of proteins [21]. Because many endolysins exhibit limited
stability under conditions required for crystallographic analysis, computational structural
modelling has become an important complementary approach for predicting their structure
and function [19,20].

This study aimed to apply sequence-based screening approaches to identify, recombi-
nantly produce, and preliminarily characterise a novel phage-derived lytic protein from
a bacteriophage sequence repository, and to evaluate its in vitro antimicrobial activity
against selected bacterial pathogens. Endolysins have considerable potential as biother-
apeutic agents due to their ability to target and degrade bacterial cell walls. The speci-
ficity of endolysins and low likelihood of resistance make them a promising alternative
for combating antibiotic-resistant bacteria, offering hope for future medical treatment of
antimicrobial resistance.

2. Materials and Methods
2.1. Phage Database Screening and Sequence Analysis

Phage-derived lytic proteins were screened from the PhagesDB repository (https:
//phagesdb.org/institutions/KRIT/ accessed on 3 March 2020), focusing on bacterio-
phage sequences originating from the University of KwaZulu-Natal [22]. Nucleotide se-
quences were translated using BioEdit 7.2.5 (six-frame translation, minimum ORF length of
100 amino acids, start codon ATG) [23], and additional sequence analyses were performed
using CLC Bio Workbench 6 [24]. Homology searches were conducted using National
Center for Biotechnology Information basic local alignment search tool (NCBI BLAST)
(http://www.ncbi.nlm.nih.gov/BLAST/ accessed on 3 March 2020) [25]. Conserved do-
mains were identified using the NCBI Conserved Domain Database (CDD) (https://www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?SEQUENCE accessed on 3 March 2020, up-
dated 23 October 2025).

Signal peptides were predicted using the SignalP 4.1 server, while theoretical molecular
weight, isoelectric point (pI), and hydropathy profiles were calculated using the ExPASy
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Compute pI/Mw (https://web.expasy.org/compute_pi/ accessed on 18 June 2020) and
ProScale tools [26]. Structural similarity analysis was performed by aligning the predicted
protein sequence with homologous crystallised proteins available in the Protein Data
Bank (PDB).

2.2. Development of Expression Plasmids by PCR

The DNA fragment encoding the lysin gene was amplified using the Q5 PCR kit (New
England Biolabs, Ipswich, MA, USA) from a synthesised pUC57 construct (GenScript,
Piscataway, NJ, USA). Primers were designed to introduce an N-terminal His6 tag, an NdeI
restriction site at the 5′ end (5′ catatgCACCACCACCACCACCACaccgcgatcattaccc), and
a stop codon upstream of the XhoI site at the 3′ end (3′ CTCGAGAATGTTGCCTTTCAG)
to prevent incorporation of the vector-encoded C-terminal His6 tag. PCR amplification
was performed using the following cycling conditions: initial denaturation at 98 ◦C for
1 min, followed by 24 cycles of denaturation at 98 ◦C for 30 s, gradient annealing from
55 ◦C to 69 ◦C (0.6 ◦C increments) for 30 s, and extension at 72 ◦C for 30 s, with a final
extension at 72 ◦C for 5 min. The amplicons were prepared for ligation by subjecting
them to a restriction reaction with NdeI and XhoI and ligated into the pET-30b(+) vector to
generate the expression construct pET30_Lysin.

2.3. Recombinant Protein Production and Purification of Recombinant Proteins

Recombinant SM07 was expressed in Escherichia coli BL21(AI) cells (Thermo Fisher
Scientific, Waltham, MA, USA) transformed with the pET30_Lysin construct. A single
colony was used to inoculate LB medium supplemented with kanamycin (50 µg/mL;
Sigma-Aldrich, St. Louis, MO, USA) and grown overnight at 37 ◦C with shaking. The
culture was diluted 1:100 into fresh LB medium and incubated until an OD600 of 0.4–0.6
was reached. Protein expression was induced with 0.1 mM IPTG (Sigma-Aldrich, St. Louis,
MO, USA) and 0.2% (w/v) L-arabinose (Sigma-Aldrich, St. Louis, MO, USA), followed by
incubation for 4 h at 37 ◦C.

Cells were harvested by centrifugation at 10,000 rpm for 10 min at 4 ◦C and resus-
pended in bacterial protein extraction reagent (B-PER; Thermo Fisher Scientific, Waltham,
MA, USA) supplemented with protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO,
USA). Lysates were clarified by centrifugation, and the soluble fraction was subjected to im-
mobilised metal affinity chromatography (IMAC) using Protino® Ni-TED resin (Macherey-
Nagel, Düren, Germany) under native conditions. Bound His6-tagged SM07 was eluted
with buffer containing 250 mM imidazole (Sigma-Aldrich, St. Louis, MO, USA). Purity
and expression were assessed by SDS-PAGE and confirmed by Western blot analysis using
an anti-His antibody (Thermo Fisher Scientific, Waltham, MA, USA).

2.4. Second Purification Step of the Purified Protein Using Ion Exchange

Following IMAC purification, SM07-containing fractions were dialysed against 20 mM
Tris buffer (Sigma-Aldrich, St. Louis, MO, USA), pH 6.5, to remove imidazole and ensure
compatibility with ion exchange chromatography. Further purification was performed
using an ÄKTA Avanta 150 system (Cytiva, Uppsala, Sweden). Anion exchange chro-
matography was conducted using CaptoQ resin (Cytiva, Uppsala, Sweden). The column
was equilibrated with 5 column volumes (CV) of start buffer (20 mM Tris, pH 6.5), and
after sample loading, washed with 5 CV of start buffer. Bound proteins were eluted using
a 0–100% linear gradient of elution buffer (20 mM Tris, 1 M NaCl; Sigma-Aldrich, St. Louis,
MO, USA, pH 6.5) over 20 CV. Eluted fractions were analysed by SDS-PAGE and confirmed
by Western blotting prior to downstream characterisation.
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2.5. Mass Spectrometry Identification of Purified Lysin via In-Gel Trypsin Digest

The protein band corresponding to purified SM07 was excised from a 12% SDS-PAGE
gel and subjected to in-gel digestion. Gel pieces were destained using ammonium bicar-
bonate (Sigma-Aldrich, St. Louis, MO, USA) and methanol (Sigma-Aldrich, St. Louis, MO,
USA), followed by reduction and alkylation. Proteins were digested overnight at 37 ◦C us-
ing sequencing-grade trypsin (Promega, Madison, WI, USA). Peptides were extracted, dried
under vacuum, and resuspended prior to analysis by liquid chromatography–electrospray
ionisation tandem mass spectrometry (LC–ESI–MS/MS). Data were analysed using Protein-
Pilot™ software 5.0 (SCIEX, Framingham, MA, USA) against relevant protein databases.
Peptide matches were accepted based on confidence scores ≥ 95% and mapped to the
predicted SM07 sequence.

2.6. Antimicrobial Susceptibility Test

The antibacterial activity of SM07 was initially evaluated using an agar well diffusion
assay adapted from the method of Reeves et al. [27]. Mueller–Hinton agar (MHA) plates
(100 mm) were prepared according to manufacturer instructions. Overnight bacterial cul-
tures were adjusted to a turbidity equivalent to a 0.5 McFarland standard [28]. in sterile
saline, in alignment with Clinical and Laboratory Standards Institute (CLSI) recommen-
dations for antimicrobial susceptibility testing. Standardised bacterial suspensions were
evenly spread onto MHA plates using sterile swabs. Wells were created using a sterile borer,
and purified SM07 was added to each well. Plates were incubated at 37 ◦C for 18–24 h, and
zones of inhibition were measured. All experiments were conducted in triplicate. Positive
control antibiotics were selected based on strain-specific CLSI guidance: Cefixime (30 µg) for
Acinetobacter baumannii BAA747; Augmentin (30 µg) for Enterococcus faecalis ATCC51299 and
Escherichia coli ATCC35218; and Cefotaxime (30 µg) for Staphylococcus aureus ATCC977BA
and Pseudomonas aeruginosa ATCC27853. Negative controls included phosphate-buffered
saline (PBS), empty pET-30b(+) vector lysate, and BL21(AI) expression host lysate.

Minimum inhibitory concentration (MIC) values were determined for susceptible
strains using the broth microdilution method described by Eloff [29]. MIC was de-
fined as the lowest concentration at which no visible bacterial growth was observed
following incubation.

2.7. Lysin (SM07) Cytotoxicity Studies in Normal Vero Kidney Cells

Cytotoxicity of purified SM07 was evaluated using Vero kidney epithelial cells. Cells
were seeded at a density of 1 × 104 cells per well in 96-well plates and incubated for
24 h at 37 ◦C under 5% CO2 and 95% humidity to allow adherence. Two-fold serial
dilutions of SM07 were prepared in culture medium, starting at 62.5 µg/mL. Following
medium removal, 100 µL of each SM07 dilution was added to the corresponding wells.
Phosphate-buffered saline (PBS)-treated cells served as negative controls. All treatments
were performed in triplicate and incubated for 48 h.

Cell viability was assessed using the MTT assay. Briefly, 25 µL of MTT solution
(5 mg/mL; Sigma-Aldrich, St. Louis, MO, USA) was added to each well and incubated
for 3 h at 37 ◦C to allow formation of formazan crystals. The MTT solution was removed,
and 100 µL dimethyl sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA) was added to
dissolve the formazan product. Absorbance was measured at 620 nm using a Tecan Infinite
F500 microplate reader (Tecan, Männedorf, Switzerland). Cell viability was expressed
relative to untreated control cells. Statistical analysis was performed to assess differences
between treated and control groups.
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3. Results
3.1. Sequence Analysis and Cloning Lysin (SM07)

A candidate lysin, designated SM07, was identified through sequence-based screening
of a bacteriophage database, leveraging the established antimicrobial potential of phage-
derived lytic proteins. From the translated open reading frames (ORFs), SM07 (1383 bp)
was selected for further analysis based on the presence of conserved domains consistent
with phage-derived lytic enzymes (Figure 1). Other candidate ORFs were reserved for
future investigation. Comparative structural modelling against proteins deposited in
the Protein Data Bank (PDB) revealed structural similarity to the SPN1S endolysin of
Salmonella typhimurium (PDB: 4OK7), with 25.24% sequence identity across 34% query
coverage. Additional similarity was observed with GH19 chitinases (PDB entries 2CJL,
5H7T, and 4MCK). Sequence alignment suggested the presence of a putative catalytic
domain and a potential cell wall–binding domain, as illustrated in Figure 2. Based on these
analyses, the SM07 coding sequence was subcloned into the pET-30b(+) expression vector
under the T7 promoter, incorporating an N-terminal His6 tag to facilitate purification.

Figure 1. Graphic summary of putative conserved domains detected in lysin (endolysins). The
domain within lysin shows a relationship to the lysozyme-like superfamily, which plays a role in
cleaving PG. The following is the Signal Peptide Prediction Report for lysin. # Neither a signal
sequence nor a membrane-spanning part is expected at the N-terminus of the protein.

Figure 2. Modular composition of the full-length sequence of the phage-derived protein (SM07)
aligned with the amino acid sequence of the SPN1S endolysins (4OK7) with catalytic residues
highlighted with red asterisks and putative N-terminal CBD (Blue) and C-terminal catalytic
domain (Orange).
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3.2. Recombinant Expression of the Phage-Derived Lytic Protein (SM07)

SM07 expression was successfully achieved using BL-21(AI) cells in LB medium at
37 ◦C with agitation at 200 rpm, with a final induction concentration of 0.1 mM IPTG
and 0.2% arabinose; purification was achieved using Ni-TED immobilized metal affinity
chromatography resin (Figure 3). This purity was subsequently refined by ion-exchange
chromatography to eliminate co-purifying proteins. Our findings notably favoured anion
exchange chromatography, specifically CaptoQ resin, over CaptoDEAE (Figure 4). The
corresponding band on Figure 4C was cut for MS analysis.

 

Figure 3. First-step purification was performed using IMAC-NiTED resin to be used in the second-step
purification using ion exchange. (A) SDS-PAGE and (B) Western Blot analysis of purification.

Figure 4. Second step purification using ion exchange. (A) SDS-PAGE and (B) Western Blot analysis
of CaptoDEAE purification after immobilised metal ion affinity chromatography (IMAC) purification,
and (C,D) SDS-PAGE and Western Blot analyses of CaptoQ purification.
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3.3. Identity Confirmation of the SM07 Protein Using Mass Peptide Fingerprinting

The protein band corresponding to purified SM07 (Figure 4C) was excised from SDS-
PAGE and subjected to in-gel tryptic digestion followed by LC–ESI–MS/MS analysis.
Peptide mass fingerprinting identified six peptide fragments, three of which matched the
predicted SM07 sequence with confidence scores ≥ 95%. The identified peptide sequences
(DLETVTLR, ALEILPAVR, and YAPYIGR) are shown in Figure 5. The detected peptides
mapped to regions within the predicted lysin sequence, thereby confirming the identity of
the expressed protein. While sequence coverage was limited, the high-confidence peptide
matches, together with the expected molecular weight and Western blot detection of the
His6 tag, support successful recombinant expression and purification of SM07.

 

Figure 5. Peptide Mass fingerprinting of phage-derived lytic protein using Protein Pilot 5.0 revealed
endolysin with the three peptides (A) (DLETVTLR), (B) (ALEILPAVR) and (C) (YAPYIGR). The
schematic is from the ionization spectra of the identified endolysin.

3.4. Anti-Microbial Screening of SM07 Produced Recombinantly

The antimicrobial activity of purified SM07 was evaluated against representative ES-
KAPE pathogens (Table 1). Among the strains tested, detectable antibacterial activity was
observed only against Pseudomonas aeruginosa ATCC27853. No measurable zones of inhi-
bition were observed for Acinetobacter baumannii, Escherichia coli, Staphylococcus aureus, or
Enterococcus faecalis under the conditions tested. For P. aeruginosa, purified SM07 produced
a clear zone of inhibition in the agar well diffusion assay. The minimum MIC, determined
using the broth microdilution method, was 4 µg/mL. Negative controls, including PBS,
empty pET-30b(+) vector lysate, and BL21(AI) expression host lysate, showed no inhibitory
activity against any strain tested.
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Table 1. Antimicrobial activity screening against ESKAPE Pathogens.

Strain Control Antibiotic Test Samples Activity MIC

Acinetobacter
baumannii
BAA747

Cefixime 30 µg

Phosphate Buffer (PBS, negative control 1) R’ ND

Empty vector pET-30b (+) vector
(negative control 2) R’ ND

Expression strain BL-21 (AI) (negative control 3) R’ ND

Clarified Crude Lysate of SM07 R ND

Purified SM07 R ND

ESCCO ATCC
25922

Augmentin 30 µg

Phosphate Buffer (PBS, negative control 1) R’ ND

Empty pET-30b(+) vector (negative control 2) R’ ND

Expression strain BL-21 (AI) (negative control 3) R’ ND

Clarified Crude Lysate of SM07 R ND

Purified SM07 R ND

Staphylococcus
aureus

ATCC977BA
Cefotaxime 30 µg

Phosphate Buffer (PBS, negative control 1) R’ ND

Empty pET-30b(+) vector (negative control 2) R’ ND

Expression strain BL-21 (AI) (negative control 3) R’ ND

Clarified Crude Lysate of SM07 R ND

Purified SM07 R ND

Enterococcus
faecalis

ATCC51299
Augmentin 30 µg

Phosphate Buffer (PBS, negative control 1) R’ ND

Empty pET-30b(+) vector (negative control 2) R’ ND

Expression strain BL-21 (AI) (negative control 3) R’ ND

Clarified Crude Lysate of SM07 R ND

Purified SM07 R ND

Pseudomonas
aeruginosa

ATCC27853
Cefotaxime 30 µg

Phosphate Buffer (PBS, negative control 1) R’ ND

Empty pET-30b(+) vector (negative control 2) R’ ND

Expression strain BL-21 (AI), (negative control 3) R’ ND

Clarified Crude Lysate of SM07 R ND

Purified SM07 Y 4 µg/mL

Escherichia coli
ATCC35218

Augmentin 30 µg

Phosphate Buffer (PBS, negative control 1) R’ ND

Empty pET-30b(+) vector (negative control 2) R’ ND

Expression strain BL-21 (AI), (negative control 3) R’ ND

Clarified Crude Lysate of SM07 R ND

Purified SM07 R ND
R—Resistant, R’—Negative Control. ND—Not Determined. Y—Yes.

Crude lysate preparations of SM07 did not demonstrate detectable antibacterial activ-
ity. This may reflect lower effective concentrations of active protein in the crude extract
or interference from host-derived proteins. Activity was observed without the use of
an outer membrane-permeabilising agent. While many reported endolysins targeting
Gram-negative bacteria require membrane destabilisation for activity, SM07 exhibited mea-
surable inhibition of P. aeruginosa under the assay conditions employed. Further studies
will be required to clarify the mechanism underlying this activity.
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3.5. Cytotoxicity Studies

Our data demonstrated that SM07 exhibited no significant toxicity against Vero cells.
Even at the highest concentration tested (62.5 µg/mL, ~15× the MIC of P. aeruginosa), SM07
did not cause significant toxicity in Vero cells (Figure 6), suggesting that the protein is
relatively safe at concentrations well above the effective dose.

Figure 6. Lysin toxicity evaluation. The data displayed are the mean and standard deviations of
three experiments. The y-axis indicates the percent toxicity level, while the x-axis indicates the
concentration levels of the lysin treatment (black) and the PBS control (red) in ascending order from
left to right.

4. Discussion
Phage-derived lytic proteins are increasingly investigated as alternatives or comple-

ments to conventional antibiotics in response to escalating antimicrobial resistance [4,11,30].
Using sequence-based screening of publicly available bacteriophage datasets, we identified
several candidate open reading frames encoding putative lytic proteins. Among these,
SM07 was selected for recombinant production and preliminary functional evaluation.

Bioinformatic analysis indicated that SM07 contains conserved motifs associated with
the lysozyme-like superfamily and lacks a predicted signal peptide. Structural comparison
with deposited PDB entries suggested similarity to the SPN1S endolysin and related
GH19 chitinases. While sequence identity was moderate, these findings supported further
experimental characterisation.

Alignment with the SPN1S endolysin structure (PDB: 4OK7) [31] suggested the pres-
ence of a putative catalytic domain and a region consistent with a potential cell wall-binding
domain. Conserved glutamate residues (Glu228 and Glu237) were identified within the
predicted catalytic region. These structural and catalytic interpretations are based on in
silico modelling and sequence homology and therefore should be considered hypothesis-
generating rather than experimentally validated. These residues are consistent with cat-
alytic motifs reported in lysozyme-like endolysins that cleave β-(1-4)-glycosidic bonds
in peptidoglycan [32]. Endolysins with similar modular architectures have been widely
reported to exhibit antibacterial activity through targeted peptidoglycan degradation [33].
While sequence similarity was moderate, these observations support the hypothesis that
SM07 may possess muralytic activity; however, direct biochemical validation of catalytic
function will be required.

Recombinant expression of SM07 in BL21(AI) cells yielded soluble protein, although
overall expression levels were modest. Following IMAC, further purification was per-
formed using anion exchange chromatography to improve protein purity. Ion exchange
chromatography is widely used for the separation of recombinant proteins based on charge
properties and is well established in biopharmaceutical purification workflows [34,35]. In
the present study, strong anion exchange chromatography (CaptoQ) provided improved
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separation compared to weaker anion exchange conditions (CaptoDEAE), consistent with
differences in resin functional groups and binding strength [36,37]. The choice of pu-
rification strategy was guided by the predicted isoelectric point of SM07 and aimed at
obtaining material suitable for downstream characterisation. Peptide mass fingerprint
analysis confirmed the identity of purified SM07. This approach is widely used for protein
identification and validation following electrophoretic separation [38]. High-confidence
peptide matches (≥95%) mapped to the predicted SM07 sequence and were consistent with
the expected molecular weight and Western blot detection of the His6 tag. While overall
sequence coverage was limited, the combined analytical evidence supports successful
recombinant expression and purification of SM07. The biological activity assessment of the
SM07 protein was tested against ESKAPE pathogens for antimicrobial potential. Purified
SM07 exhibited measurable in vitro activity against Pseudomonas aeruginosa ATCC27853,
while no detectable inhibition was observed for the other tested strains under the assay
conditions employed. This apparent selectivity may reflect species-specific differences in
cell wall architecture, outer membrane permeability, or assay sensitivity.

SM07 is predicted to possess a modular architecture comprising a putative catalytic
domain and a region consistent with a potential cell wall–binding domain (CBD). CBDs are
typically associated with enhanced specificity through targeted recognition of peptidogly-
can motifs and have been extensively characterised in modular endolysins [39,40]. Activity
was observed in the absence of an outer membrane-permeabilising agent.

Activity was observed in the absence of an outer membrane-permeabilising agent.
Although many reported endolysins targeting Gram-negative bacteria require membrane
destabilisation to access peptidoglycan, SM07 demonstrated inhibition under the condi-
tions tested. This contrasts with engineered lysin approaches, including Artilysins and
peptide-fusion constructs designed to enhance outer membrane penetration, and therefore
positions SM07 as a naturally occurring candidate exhibiting measurable activity without
synthetic modification. The mechanism underlying this activity remains to be elucidated
and warrants further structural and functional investigation.

Inhibition of P. aeruginosa, an organism known to cause infections in the blood, lungs,
urinary tract, and gastrointestinal tract [41], supports further investigation of SM07 as
a potential candidate for targeted antimicrobial development. A study by Fischetti [12]
demonstrated that endolysins are less active against Gram-negative bacteria, but SM07
showed good inhibition, even showing moderate but statistically significant inhibition
against another Gram-negative bacterium. Crude lysate preparations did not demonstrate
detectable antibacterial activity, likely due to lower effective concentrations of active protein
or interference from host-derived components.

These observations highlight their potential; phage-derived lysins face several chal-
lenges for therapeutic application. As protein biologics, they can exhibit limited stability,
susceptibility to proteolytic degradation, and formulation constraints. In Gram-negative
bacteria, delivery to the peptidoglycan layer remains a recognised barrier due to the outer
membrane. In addition, expression yield, scalability, and purification efficiency may impact
large-scale production. These limitations can be addressed through protein engineering to
improve stability and activity, formulation optimisation, and combination approaches with
membrane-permeabilising agents or conventional antibiotics, which have been shown to
enhance lysin efficacy.

Assessing preliminary cytotoxicity is vital for evaluating safety, biocompatibility, and
therapeutic benefits of substances, especially in biomedical and pharmaceutical appli-
cations. Studies on the cytotoxicity of phage-derived proteins show that some of these
proteins can be toxic [42]. Preliminary cytotoxicity assessment in Vero cells indicated no
significant reduction in cell viability at concentrations substantially exceeding the MIC
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against P. aeruginosa. These findings are consistent with prior reports demonstrating that
phage-derived lysins generally exhibit specificity for bacterial peptidoglycan and limited
effects on mammalian cells [43]. In contrast, certain conventional antibiotics, including
aminoglycosides, are associated with dose-dependent cytotoxicity in mammalian cell
systems [44]. Broader cytotoxicity profiling across additional cell types and in vivo models
will be required to further define the safety profile of SM07.

Several limitations should be acknowledged. The antimicrobial activity was assessed
under controlled laboratory conditions using reference strains, and broader strain panels,
clinical isolates, and time–kill kinetics were not evaluated in the present study. In addition,
structural modelling was predictive in nature and did not include experimental structural
validation. These findings therefore represent a preliminary characterisation of SM07 and
provide a foundation for further investigation. Future work will include kinetic lysis assays,
broader strain panels including clinical isolates, and biochemical validation of muralytic
activity to further define the mechanistic and therapeutic potential of SM07.

In summary, the identification and preliminary characterisation of SM07 demonstrate
measurable in vitro antimicrobial activity against Pseudomonas aeruginosa under defined
laboratory conditions. Bioinformatic analyses suggest the presence of conserved structural
features consistent with phage-derived lytic enzymes, and cytotoxicity assessment in Vero
cells indicated no significant reduction in viability at concentrations exceeding the observed
MIC. While additional structural, mechanistic, and in vivo investigations are required,
the present study expands the catalogue of phage-derived lytic proteins and provides
a foundation for further exploration of SM07 as a potential antimicrobial scaffold.
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