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This study reports the isolation and characterization of a novel bacteriophage, KG853,
specifically targeting Pseudomonas aeruginosa ATCC 27853. Morphological analysis using
transmission electron microscopy revealed that bacteriophage KG853 belongs to the
Bruynoghevirus genus. The phage demonstrated favorable characteristics for potential
therapeutic applications, including a short latent period of 30 minutes and a large burst
size of 136 plaque-forming units (PFU) per cell. KG853 exhibited stability across various
temperatures and pH values, indicating its robustness under various environmental
conditions. Genomic analysis showed that KG853 possesses a circular DNA genome of
45,390 base pairs with a GC content of 52.2%. No lysogenic or virulence genes were
detected among the 84 open reading frames annotated in the genome, suggesting its
safety for potential therapeutic use. Phylogenetic analysis revealed that phage KG853 is
closely related to phage PaP3. Notably, KG853 demonstrated the ability to inhibit the
formation of 4-hour biofilms by P. aeruginosa, a critical virulence factor in many
infections. Host range analysis showed that KG853 is specific to P. aeruginosa, an
important characteristic for targeted therapy. These findings suggest that bacteriophage
KG853 represents a promising candidate for combating drug-resistant P. aeruginosa
infections. Its specific host range, robust physical characteristics, lack of harmful genes,
and anti-biofilm activity make it a potential alternative to conventional antibiotics.
Further research is warranted to explore its efficacy in in vivo models and potential

clinical applications.

INTRODUCTION

Pseudomonas aeruginosa is a dangerous Gram-negative op-
portunistic pathogen that can lead to severe acute and
chronic infections, often resulting in high morbidity and
mortality rates of up to 40%.12 P aeruginosa is a versatile
bacterium that combines various organic compounds to ac-
quire nutrients. It is commonly found in diverse environ-
ments like soil, water, vegetation, human skin, and oral
mucosa.>* P aeruginosa is a significant concern for im-
munocompromised individuals, as it is a common cause
of sepsis in neutropenic cancer patients, pneumonia, and
respiratory failure.>-7 2017, the World Health Organization
identified P. aeruginosa as a critical priority pathogen for
new antibiotic research and development.8° This designa-
tion stems from its genetic background and antibiotic resis-
tance profile. P. aeruginosa has intrinsic resistance to many
antibacterial drugs and can rapidly develop antibiotic resis-
tance through chromosomal mutations or horizontal gene

acquisition.19-13 Recent studies estimate that antibiotic-re-
sistant P. aeruginosa caused 1.27 million deaths in 2019,
highlighting its global health impact.14

P, aeruginosa develops resistance and can acquire antibi-
otic tolerance through forming biofilms, which are complex
bacterial clusters that adhere to surfaces and are embedded
in a self-produced matrix.!3 Biofilms are complex bacter-
ial communities surrounded by extracellular polymeric sub-
stances (EPS), protecting against environmental stresses
and enhancing antibiotic resistance.!5-19 Bacteria trapped
in biofilms can withstand up to 1000 times more antibiotics
than free-living bacteria, making it challenging to treat an-
tibiotic-resistant infections.20-22 The rise of multidrug-re-
sistant P. aeruginosa strains poses a global public health
threat. These strains limit treatment options, leading to in-
creased morbidity and mortality.12 As a result, alternative
antimicrobial strategies are needed to combat P. aeruginosa
infections effectively. Recently, several therapeutic ap-
proaches have been developed to control P. aeruginosa in-
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fections. These include antibiotic treatment,?3 enhancing
drug penetration into bacterial cell membranes,24 and in-
hibiting biofilm formation using plant extracts.25-30 In ad-
dition, other methods to control P. aeruginosa infections in-
volve using host-specific phages and infection modes that
depend on the interaction between viral proteins and the
host bacterial surface. Many studies have reported the sig-
nificant control of bacteriophages against antibiotic-resis-
tant bacterial strains such as E. coli, P. atrosepticum, A. bau-
mannii, S. aureus, S. typhimurium, and K. pneumoniae.31-38

Given the limitations of conventional antibiotics in
treating biofilm-mediated and drug-resistant infections, al-
ternative approaches are urgently needed. Bacteriophage
therapy has emerged as a promising option.39-43 Phages of-
fer several advantages over antibiotics, including specificity
for target bacteria, the ability to evolve alongside bacterial
resistance, and self-replication within the host.44-48 More-
over, some phages have demonstrated the ability to inhibit
biofilm formation. For example, Nordstrom et al.4? sug-
gested that phage therapy could be a promising alternative
for eliminating biofilms formed by various clinical strains of
P. aeruginosa isolated from cystic fibrosis patients. Phages
LUZ19 and LUZ24 were effective in controlling P. aeruginosa
infections.49-51

In this study, we isolated and characterized a novel P,
aeruginosa bacteriophage, KG853. We investigated its mor-
phology, growth kinetics, stability, host range, and genome
characteristics. Additionally, we assessed its effectiveness
in biofilm inhibition. This comprehensive characterization
aims to evaluate KG853’s potential as a therapeutic agent
against P. aeruginosa infections and contribute to the grow-
ing knowledge of phage-based control strategies for food-
borne pathogens.

MATERIALS AND METHODS

BACTERIAL CULTURES AND PREPARATIONS

Pseudomonas aeruginosa ATCC 27853 and other reference
strains from ATCC (American Type Culture Collection) and
NCTC (National Collection of Type Cultures) were used in
this study. These included V. parahaemolyticus NCTC 10884,
V. parahaemolyticus NCTC 10885, V. parahaemolyticus ATCC
17802, V. vulnificus NCTC 11218, V. vulnificus ATCC 29307,
Salmonella enterica subsp. enterica serovar Typhimurium
ATCC 14028, S. enterica subsp. enterica serovar Enteritidis
ATCC 13076, S. enterica subsp. enterica serovar Enteritidis
ATCC 49223, and Escherichia coli ATCC 25922. All strains
were cultured in Tryptic Soy Broth (TSB) and on Tryptic Soy
Agar (TSA) at 37°C with shaking at 120 rpm for 24 hours.

ISOLATION AND PURIFICATION OF PHAGE

Bacteriophages were isolated from prawn pond water sam-
ples collected in Kien Giang province, Vietnam, using P.
aeruginosa ATCC 27853 as the host bacterium. Water sam-
ples were enriched in TSB medium for one hour, followed by
centrifugation at 12,000 rpm for 10 minutes at 4°C. The su-
pernatant (1 mL) was added to 5 mL of P. aeruginosa ATCC

27853 bacterial suspension and incubated overnight. Chlo-
roform (1%) was added, and the mixture was centrifuged at
12,000 rpm for 10 minutes at 4°C. The supernatant was col-
lected as crude phage preparation.

DETERMINATION OF HOST RANGE

The host range of isolated phages was determined using
the spot test method on double-layer agar plates.52 Bac-
terial strains were cultured in a TSB liquid medium. An
aliquot (100 pL) of each bacterial culture was added to 5 mL
of semi-solid medium (56°C) and poured onto TSA plates.
Phage suspension (2 pL) was spotted on the bacterial lawn.
The experiment was performed in triplicate. Plates were
observed for the formation of clear zones (plaques), and re-
sults were recorded as positive (+) or negative (-) for plaque
formation.

BIOFILM INHIBITION ASSAY

Biofilm reduction assays were conducted in 96-well
plates.>3 Bacterial strains were cultured overnight in a TSB
medium with shaking at 120 rpm. Bacterial suspension (100
uL) was added to each well of a 96-well plate and incubated
for 24 hours at 32°C. After incubation, the wells were
washed three times with 0.9% NaCl. Phage suspension (100
pL) was added to each well and incubated at 32°C for 4
hours. The wells were then washed twice with 200 uL of
0.9% NaCl. Crystal violet (0.1%, 200 pL) was added to each
well and incubated for 20 minutes at room temperature.
After removing the crystal violet solution, the wells were
washed thrice with 200 pL of 0.9% NaCl. Acetic acid (30%,
200 pL) was added to each well to dissolve the crystal violet.
Biofilm formation was quantified by measuring the ab-
sorbance at 590 nm (ODcqy).>* The experiment was re-
peated three times to ensure reliable results.

TRANSMISSION ELECTRON MICROSCOPY (TEM)

Phage morphology was examined using transmission elec-
tron microscopy (TEM) following the method described by
Taha et al.>> Briefly, 10 uL of phage suspension (109 PFU/
mL) was placed on a carbon-coated copper grid and stained
with 2.5% uranyl acetate for 10 minutes. The sample was
examined using a JEOL 1230 transmission electron micro-
scope (Tokyo, Japan) at various magnifications.

PHAGE ADSORPTION ASSAY

To determine the time required for phage attachment to
bacteria, a mixture of bacteria and phage was prepared and
incubated at 32°C. At various time points (0, 1, 2, 5, 10, 15,
20, and 30 minutes), 100 pL aliquots were removed and cen-
trifuged at 12,000 rpm for 5 minutes. The supernatant was
analyzed using the double-layer agar method to determine
the number of free bacteriophages.>® The experiment was
repeated three times to ensure reliable results.
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Figure 1. Plaque morphology of bacteriophage KG853 on 10 bacterial strains.

ONE-STEP GROWTH CURVE

A one-step growth curve was generated using a previously
described method with minor modifications.5” P. aeruginosa
(5 mL) was cultured at 37°C with shaking (120 rpm). An
aliquot (1 mL) of the culture was transferred to a falcon
tube containing 4 mL of TSB medium and incubated with
shaking (120 rpm) until the bacterial count reached
OD¢(p=0.4 (approximately 3 hours). Bacteriophage (2 pL)
was added to the bacterial culture, and samples were taken
every 10 minutes. The phage titer was determined using the
double-layer agar technique. The burst size was calculated
as the ratio of the final count of liberated phage particles to
the initial count of infected bacterial cells during the latent
period. The experiment was conducted in triplicate to en-
sure the reliability of the results.

PH AND TEMPERATURE STABILITY

For thermal stability testing, 10 uL of phage suspension
was incubated at different temperatures (-20°C, 4°C, 37°C,
50°C, 60°C, and 70°C) for one hour. After incubation, the
titer of each phage sample was determined using the dou-
ble-agar layer method.5! To investigate the effect of pH on
phage stability, the phage was mixed with buffers of differ-
ent pH values (pH 2, 3,4, 5, 6, 7, 8, 9, and 10) and incubated
for one hour. After incubation, the titer of each phage sam-
ple was determined using the double-agar layer method.5!
The experiment was repeated three times to ensure reliable
results.

PHAGE GENOME SEQUENCING AND BIOINFORMATICS
ANALYSIS

Phage DNA was extracted and sequenced using the Illumina
HiSeq platform at the KTEST laboratory in Ho Chi Minh
City, Vietnam. Open reading frames (ORFs) were predicted
using BLAST v2.13.0 against the NCBI nt virus GenBank
database. Genome organization was visualized using
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Geneious software, and comparative genomic analysis was
performed using Mauve.

STATISTICAL ANALYSIS

Data were processed and analyzed using Microsoft Excel
2019 and Minitab 18 software. Experimental results were
analyzed by one-way ANOVA. Differences were considered
significant at p<0.05.

RESULTS

HOST SPECIFICITY

The host range assessment of phage KG853 against several
pathogenic bacterial strains (Figure 1) revealed that
KG853, in addition to lysing its primary host P. aeruginosa
ATCC 27853, also infected V. parahaemolyticus NCTC 10885
and S. typhimurium ATCC 14028, as evidenced by plaque
formation. These results demonstrate that phage KG853
has a broad host range, indicating its potential for phage
therapy applications.

BIOFILM INHIBITION ASSAY

Biofilm staining results showed that phage KG853 signifi-
cantly reduced biofilm formation compared to the control
(p<0.05) after a 4-hour incubation period (Figure 2). When
24-hour biofilms of P. aeruginosa ATCC 27853 were treated
with bacteriophages, the OD;q, decreased from 3.86 to
0.82, representing a 78.7% reduction (Figure 3). This
demonstrates that the biofilm was effectively eliminated by
phage treatment.

TRANSMISSION ELECTRON MICROSCOPY (TEM)

The plaque morphology of KG853 on P. aeruginosa ATCC
27853 was characterized by small, transparent plaques (0.5
mm in diameter) surrounded by opaque outer borders (Fig-
ure 4A). TEM images of KG853 revealed a phage with a
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Figure 2. Results of biofilm staining on a 96-well plate

A: ATCC 27853 + phage KG853; B: Control ATCC 27853 Transmission.
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Figure 3. Graph showing the ability of KG853 phage to
reduce the biofilm of P. aeruginosa ATCC 27853.

head and tail structure, with the head diameter measuring
60.99 nm (Figure 4B). Based on its icosahedral shape and
the presence of a head and tail structure, the phage is clas-
sified within the Bruynoghevirus genus. The virions also fea-
ture short, non-contractile tails measuring about 20x8 nm
in size, aligning KG853 with the Steigviridae family ac-
cording to the International Committee on Taxonomy of
Viruses (ICTV) guidelines.>8

PHAGE ADSORPTION ASSAY

The adsorption assay results indicated that most bacterio-
phages rapidly attached to host cells, with over 50% attach-
ing within one minute and over 90% attaching within 15

minutes (Figure 5).

ONE-STEP GROWTH CURVE

The one-step growth curve analysis revealed that the repli-
cation cycle of KG853 in host cells lasts approximately 50
minutes (Figure 6). The initial 30 minutes represent the la-
tent phase of KG853 replication, during which phages com-
plete adsorption and genome injection. The active replica-
tion phase occurs between 30 and 50 minutes, during which
new phages are assembled and released from host cells. The
highest number of phages was observed 50 minutes post-
infection, with a burst size of 136 virions per infected cell.

THERMAL AND PH STABILITY

pH stability tests demonstrated that KG853 remained stable
at pH values ranging from 4 to 10, while it was utterly inac-
tivated at pH 2 and 3 (Figure 7A). Thermal stability assays
showed that the phage maintained a titer of approximately
10° PFU/mL after one hour of incubation at temperatures
ranging from —20°C to 50°C. The phage titer was slightly
reduced to 108 PFU/mL at 60°C, and the phage was inacti-
vated at 70°C (Figure 7B).

GENOME FEATURES AND ANNOTATION OF PHAGE
KG853

Genome sequencing and analysis identified 84 genes as
coding sequences (CDS) in the KG853 genome (Figure 8).
Of these, 60 CDSs (71.4%) were of unknown function (hypo-
thetical proteins). No genes associated with KG853 toxicity
were found. The remaining 24 genes were identified based
on homology to known genes and encode proteins involved
in phage structure, packaging, lysis, and DNA replication,
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Figure 4. Plaque morphology (A) and transmission electron microscopy image (B) of phage KG853.
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Figure 5. Adsorption of KG853 to P. aeruginosa ATCC
27853.
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Figure 6. One-step Growth curve of phage KG853.

such as primase/helicase, DNA polymerase, endolysin, and
terminase small subunit.

KG853 possesses two distinct DNA polymerase genes:
DNA polymerase and DNA polymerase exonuclease. The
DNA polymerase exonuclease gene follows the primase/he-
licase gene and has overlapping segments. The primase/
helicase and DNA polymerase genes are located nearby,
consistent with their functional relationship in the DNA
replication f.59:60

Two endolysin-encoding genes were identified in the
KG853 genome. One is near the gene encoding the small
terminase subunit, while the other is near the DNA poly-
merase gene. These endolysins likely play a role in bacterial
cell lysis during phage infection and virion release.6!

The small terminase subunit of KG853 is located in the
9,500-10,000 bp region, preceding the endolysin gene and
partially overlapping. The terminase complex, comprising
small and large subunits, is crucial for dSDNA packaging in
the tailed phages.2:63

Three tRNA genes were identified, all clustered in the
genome’s 9,000-9,500 bp region. The specific function of
these tRNA genes in KG853 remains to be determined.

COMPARATIVE GENOMIC AND PHYLOGENETIC ANALYSIS

Comparative genome analysis using the NCBI blast
(megablast) program revealed that phage KG853 shares
high sequence similarity with several other Pseudomonas
phages (Figure 9). The overall sequence identity was 99%
with Pseudomonas phage PaP3 (NC_004466.2), 99% with
phage Epal  (MT108723.1), 96%  with  phage
vB_PaeP p2-10 Orl (NC_019813.1), 99% with phage
HZ2201 (0Q427617.1), and 99% with phage ZCPS1
(ON156559.1).

DISCUSSION

Bacteriophages have emerged as a promising alternative to
traditional antibiotics in treating bacterial infections, par-
ticularly considering the growing threat of antibiotic-resis-
tant bacteria in aquaculture, agriculture, and healthcare.
The ease of isolation, low development costs, and effective-
ness against drug-resistant bacteria make bacteriophages
an attractive option for combating infections.®* However,
before phages can be considered for clinical application,
thorough characterization, and genomic analysis are essen-
tial to ensure their safety and efficacy.

In this study, we isolated and characterized phage
KG853, demonstrating potent lytic activity against P. aerug-
inosa, a notorious pathogen known for its multidrug resis-
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tance. The rapid adsorption kinetics of KG853, with over
90% of phages attaching to host cells within 15 minutes,
coupled with its high burst size of 136 PFU/cell after a
50-minute replication cycle, suggest that this phage could
be highly effective in controlling P. aeruginosa populations.
These characteristics are crucial for developing phage-
based therapies, as they inform optimal dosing strategies
and help predict treatment outcomes.

The stability of KG853 under various environmental con-
ditions is another crucial factor in its potential therapeutic
application. Our results show that KG853 maintains its sta-
bility over a wide range of pH (4-10) and temperatures
(-20°C to 50°C). This broad stability profile indicates that
KG853 could potentially survive in diverse physiological en-
vironments, enhancing its therapeutic potential. However,
its inactivation at extreme pH levels (2-3) and high temper-
atures (>70°C) should be considered when developing for-
mulation and storage protocols.

Israeli Journal of Aquaculture - Bamidgeh

Morphological TEM analysis revealed that KG853 be-
longs to the Bruynoghevirus genus within the Steigviridae
family. This classification provides valuable insights into
the phage’s biology and potential behavior, as members of
this family are known for their ability to infect and lyse
various Gram-negative bacteria, including Pseudomonas
species.>8

One of the most significant findings of this study is
KG853’s ability to reduce P. aeruginosa biofilms. Biofilms
are notoriously difficult to treat with conventional antibi-
otics due to their complex structure and increased resis-
tance.15-18 The observed 78.7% reduction in 24-hour
biofilms after treatment with KG853 is particularly promis-
ing, as it suggests that this phage could be effective against
established infections. This anti-biofilm activity, combined
with KG853’s lytic capabilities, makes it a strong candidate
for treating chronic P. aeruginosa infections, particularly in
settings where biofilm formation is a major concern, such
as in cystic fibrosis patients or on medical devices.
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the genomes.

Genomic analysis of KG853 revealed 84 coding se-
quences, with 24 genes identified as having known func-
tions related to phage structure, DNA replication, pack-
aging, and host cell lysis. The absence of lysogenic or
virulence genes in the KG853 genome is a positive indicator
for its potential use in phage therapy, as it suggests a lower
risk of unintended consequences such as horizontal gene
transfer of virulence factors.65

The presence of multiple DNA polymerase genes and
endolysin-encoding genes in the KG853 genome may con-
tribute to its efficient replication and lytic activity. While
their specific function remains unclear, identifying tRNA
genes could enhance the phage’s ability to adapt to differ-
ent host environments. %6

Comparative genomic analysis revealed high sequence
similarity between KG853 and several other Pseudomonas
phages, including PaP3, Epal, vB PaeP_p2-10 Orl,
HZ2201, and ZCPS1. This similarity suggests that KG853
is part of a well-established group of Pseudomonas-infect-
ing phages, which could provide additional insights into its
behavior and potential applications through comparative
studies.

While our results are promising, it is essential to ac-
knowledge the limitations of this study. In vitro experi-
ments, while informative, may only partially predict the
behavior of KG853 in complex biological systems. Further
research, including in vivo studies in animal models, will be
crucial to evaluate the safety and efficacy of KG853 as a po-
tential therapeutic agent.

In conclusion, bacteriophage KG853 demonstrates sev-
eral characteristics that make it a promising candidate for
phage therapy against P. aeruginosa infections. Its broad
host range, rapid adsorption, high burst size, stability un-
der various conditions, and ability to reduce biofilms all

contribute to its potential as an antimicrobial agent. The
genomic analysis further supports its therapeutic potential
while offering insights into its biology and evolution. Fu-
ture studies should focus on in vivo efficacy, safety assess-
ments, and the development of delivery strategies to fully
realize the potential of KG853 in combating multidrug-re-
sistant P. aeruginosa infections.
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