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Biological characterization and biofilm removing ability of the broad-spectrum Pseudomonas
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[Abstract] Objective: To isolate and purify novel Pseudomonas aeruginosa (P. aeruginosa) bacteriophages. Methods:
Bacteriophages were isolated from Nanjing Medical University campus Tianyuan lake, followed by genome sequencing and biological
characterization of purified phages. In wvitro antibacterial assays, including growth inhibition curves and biofilm eradication
experiments, were conducted. Results: A novel P. aeruginosa phage named PAPX was successfully isolated. Genomic analysis
revealed 98% identity with Pseudomonas phage Epal2, classifying it within the Pbunavirus genus. Transmission electron microscopy
demonstrated its myoviral morphology featuring an icosahedral head (~90 nm diameter) and a contractile tail (~50 nm length, 26 nm
diameter). Biological characterization showed a strong lytic activity against 17 of 24 clinical strains. In vitro experiments confirmed its
ability to suppress bacterial growth during early proliferation phase and effectively eradicate P. aeruginosa biofilms. Conclusion: The
successful isolation and characterization of phage PAPX, validated through biological profiling and in vitro assays, demonstrates its

promising clinical potential for treating P. aeruginosa infections, particularly in combating antibiotic - resistant strains and biofilm -
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associated infections.
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The black arrows indicate the plaques formed by phage PAPX. The
translucent plaques measuring approximately 2 mm in diameter with well-

defined edges highlight its lytic activity.
E1 KEE{APAPXEHE
Figure 1 PAPX phage plaques were shown in a double -

layer agar plate
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Table 1 Lytic activity of PAPX on clinical strains

Lytic activity

Clinical strains

Lytic effect [n(%)]

++ + -
Sensitive strains 8 1 9.00090.00)
Multidrug-resistant P. aeruginosa(MDRPA) 1 3.00€100.00)
Carbapenem resistant P. aeruginosa(CRPA) 2 3 6 5.00(45.45)

Lytic effect representative images. A : “++”indicates a stronger lytic effect. B: “+”indicates a moderate lytic effect; C: “~"signifies no lytic activity

(scale bar=1 em).

2 MEFE{RPAPX RERENTEE
Figure 2 Cleavage capacity of phage PAPX
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PAPX phage was fixed, stained and viewed under a transmission
electron microscope to assess morphology (scale bar=200 nm). The
black arrows indicate representative individual phages.

3 ERERPAPX R E
Figure 3 TEM image of phage PAPX
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A: Phage PAPX was kept in PBS solutions of different pH for one hour. Then the phage concentrations were measured by gradient dilutions and

double-layer agar plates (n=3). B: Phage PAPX was incubated in several temperatures for one hour, the mixtures were serially diluted separately and

spread onto BHI agar plates to enumerate the phage quantity in each different temperature groups (n=3).
El4 MEE{APAPXBEH RIFH pHIZEMERAZEE
Figure 4 PAPX possesses good thermal and pH stability
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0P314872.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak
00992552.1: Pseudomonas plhage GoodVibes
ON529291.1: Pseudomonas plhage Ka2

0P310975.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak

0P314871.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak

0P310977.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak

0P310972.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak

A: Genome alignment analysis of phage PAPX and phage Epal2. B: Evolutionary tree analysis of phage PAPX. C: Phage PAPX genome circle map.
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Figure 5 Genome sequencing and analysis of PAPX phage
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A:The optimal MOI assay of phage PAPX. B: One-step growth curve of phage PAPX(n=3).
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Figure 6 Biological characterizations of phage PAPX
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Control PAPX

A: In vitro inhibition curve of phage PAPX with PAO1. B: In vitro inhibition curve of phage PAPX with soil strain P.aeruginosa. C: Staining picture

of phage PAPX lysis of P.aeruginosa biofilm. D: Biofilm assay statistical chart. P < 0.001(n=3).
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Figure 7 Inhibition of P. aeruginosa growth and removal of its biofilm by phage PAPX
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