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Introduction

Pseudomonas aeruginosa

* Gram-nagative bacilli
* Widely found in natural environment
* Major cause of nosocomial infections

Common infections:
* Pneumonia
* Bloodstream infections
* Urinary tract infections
» Surgical site infections

P. aeruginosa

\

biofilm formation

!

formed on medical devices used for treatment, such
as catheters, vascular lines, and tracheal tubes
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Introduction

Antibiotic-resistant

\)  Resistant bacteria are harder to treat

o =~ * Increases healthcare costs &
\;\/

IMPACT

//\ * A major global public health threat

mortality

* Longer and more complicated treatments
* Higher medical costs
* Increased morbidity and mortality

Antibiotic-resistant P. aeruginosa is
a significant global problem because it can
form biofilms, exhibit multiple resistance
mechanisms, and cause treatment failure in
chronically ill or hospitalized patients.
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P. aeruginosa remains a critical pathogen due to high disease
burden, rising long-term antibiotic resistance, and limited new
treatment options




Introduction
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. Phage structure:
Bacteriophage
Capsid Head
“A type of virus that infects and replicates inside bacteria” C Hucle Acd
h- Collar
\ Whiskers
l Sheath
ﬁ can be found in soil and seawater, oceanic and P i e
ret i terrestrial surfaces and extreme environments = Spikes 30 Bactaiophage
- ] ] Sapkota.A, 2022
« Specific to the target bacteria Life cycle of bacteriophage:
» Minor side effect N
* Abundance in nature / )
 Harmless to human agmm (e
FUNCTION ( 3 TR
\ G )
* Control of bacterial populations 5 LG
* Potential medical applications: Researchers are exploring = N
“phage therapy” to treat antibiotic-resistant bacterial infections. N @p /'"""’

Monish B., Kusum K., Sakshi M-, 2024
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Introduction

Efficacy of phage therapy in preclinical models of bacterial
infection: a systematic review and meta-analysis

Phage therapy:

The Lancet Microbe, 2022

Sergio Alejandro Gomez-Ochoa, Melissa Pitton, Luca G Valente, Cristian David Sosa Vesqa, Jorge Largo, Andrea Carolina Quiroga-Centeno,
TO assess hOW effectlve phage thera py can be N treatl ng bacterlal Juliana Alexandra Herndndez Vargas, Silvia Juliana Trujillo-Cdceres, Taulant Muka, David R Cameron®, Yok-Ai Que*
infections, In preclinical infection models
Country Animal  Infection Pathogen Number of phages; Phage Outcomes Overall results Includedin  Reason for e A PP licable to multi P le infection
setting phage name(s) administration assessed meta- exclusion

- route analysis? models and many MDR

Albac et al France Mice Skin or burn Staphylococcus 3:;1493,1815,and  Subcutaneous  Bacterial load Phages reduce Yes NA h

(2020)* aureus 1957 bacterial load pat Ogens

Alemayehu: Ireland Mice Respiratory Pseudgmonas 2; PHIMR299-2and Respiratory* Bacterial load Phage§ reduce No ?nsufﬁcie.nt ® Ve ry ﬂeX|b|e adthIStl’athn route
etal (2012) aeruginosa PHINH-4 bacterial load information

Chaetal South Korea Mice Respiratory Acinetobacter 5; PBABO8, PBAB25, Respiratory Mortality and Phages reduce Yes NA ° Al m OSt a I | stu d | es re p O rt p OS | t|Ve
(2018)* baumannii PBAB6S, PBAB8O, bacterial load mortality risk and

and PBAB93 bacterial load outcomes
Chadhaetal India Mice Skin or burn Klebsiella 5; Kpnl, Kpn2, Topical or Bacterialload  Phages reduce No Model or
(2016)* pneumoniae Kpn3, Kpn4, and superficial bacterial load pathogen <2 ) St rong co nSiSte nec Of efﬁca C
KpnS studies g y y

Chadhaetal India Mice Skin or burn Klebsiella 5; K91, K@, Ka3, Intraperitoneal Mortalityand  Phages reduce Yes NA

(2017)" pneumoniae K@4, and K@5 bacterial load mortality risk and

bacterial load

Chang et al Australia Mice Respiratory Pseudomonas 1; PEV20 Respiratory Bacterial load  Phages reduce Yes NA

(2018) aeruginosa bacterial load

Chenetal China Mice Respiratory Pseudomonas 2; MYY9 and HX1 Respiratory Bacterialload  Phages reduce Yes NA

(2021)" aeruginosa bacterial load

Preclinical studies demonstrated that phage therapy effectively reduced bacterial burden and mortality across
multiple infection models, pathogens, and administration routes 4



Introduction

Bacteriophage therapy in clinical practice: case
studies of Pseudomonas aeruginosa infections

Ahmed Elfadadny, Rokaia F. Ragab, Osama Aldesoky Abd Alaziz, Habiba Y.
Essa, Esraa M. Eltony, Mohamed M. Ammar & Wedad M. Nageeb
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Elfadadny et al., 2025



Seminar papers

Paper 1:

Characterization of the novel broad-spectrum lytic
phage Phage_Paeo1 and its antibiofilm efficacy
against Pseudomonas aeruginosa

Zhixin Shi 1 2, XinHong ', Zexuan Li 1, Meijuan Zhang ', Jun Zhou ', Zhe Zhao 2,

Shengfeng Qiu 7, Genyan Liu 1 2

Impact factor: 5.2
Quartile: Q1

Paper 2:

Therapeutic effect and anti-biofilm ability assessment of a novel phage,
phiPA1-3, against carbapenem-resistant Pseudomonas aeruginosa

Yu-Chuan Tsai ™', Yi-Pang Lee ', Nien-Tsung Lin ', Hsueh-Hui Yang “, Soon-Hian Teh© ,
Ling-Chun Lin >

Impact factor: 4.4
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Paper 1. Overview

Characterization of the novel broad-spectrum lytic
phage Phage_Paeo1 and its antibiofilm efficacy
against Pseudomonas aeruginosa

Zhixin Shi ' 2, XinHong ', Zexuan Li ', Meijuan Zhang ', Jun Zhou ', Zhe Zhao 3,

Shengfeng Qiu ', Genyan Liu 1 2

Rationale:

Isolating a broad-spectrum and genomically safe lytic phage may provide
an alternative strategy to control antibiotic-resistant P. aeruginosa infections

Objectives:

* To isolated and identified novel lytic phage, Phage_PaeO

* To characterized and genome sequence of Phage_PaeO

* To observe the ability of the phage alone or in combination with
gentamicin to eliminate biofilm P. aeruginosa

-

o

Overview:

isolation and characterization of a novel
virulent bacteriophage

Phage_PaeO1

Ly = W

"HOSPITAL -

isolated from
hospital sewage

Morphological & biological characterization

\ ¢

Genome sequencing
& functional annotation

$

Stability assessment
(temperature & pH)

Evaluation of antibiofilm activity

4

Phage—antibiotic combination analysis

J




Method & Result: Plague & phage morphology of Phage_PaeO1

Bacterial strains and phage isolation

A sample of the sewage treatment centre of , The host bacterium

Jiangsu Women and Children Health Hospital (P. aeruginosa Pa021)

The untreated sewage > Phage =
A complete and transparent plaque was randomly Y
selected for further purification and amplification Phage_Pan1

Transmission electron microscopy (TEM) observation:

Plaque assay
clear plaques with a
diameter of 3 to 4 mm
on the plate

Morphology of
Phage_PaeO1

* lcosahedral head (~80 nm)
« Contractile tail (~110 nm)

Lytic activity

o belongs to Myoviridae,
e family of the order Caudovirales

Plagques of

phage_PacOl JRSNSNEN g o
Fig. 1: The plaque and phage morphology of Phage_PaeOl.




Result: MOI, one-step growth curve and lysis kinetics of Phage_PaeO1

Objective: To identify the most efficient infection condition for phage propagation and
to evaluate the replication cycle of Phage_PaeO1 inside the bacterial host

-

Killing curves of P. aeruginosa strain PaO21 by
Phage_PaeOl at various MOls

1.0+
-~ MOI=10
aad ™ MOI=1
MOI=0.1
-~ MOI=0.01
o 0.6+
= -e~ Control
O
(=]
© 0.4-
0.2+
T ey

0 60 120 180

Time(mins)

240

Optimal MOI for Phage_PaeO1: 0.01

The antibacterial effect of phage can last up to 9 hours

~

-

One-step growth curve of Phage_PaeOl on
P. aeruginosa strain Pa0O21

15

X
4
®

Burst size

Log,o(PFU/mI)

90
Time(mins)

150

Latent period ~30 min

burst size 10° PFU/m




Result: Host range of Phage_PaeOl

Objective: To assess the lytic efficiency based on plaque morphology

The lytic ability of Phage_PaeO1

* Spot assay
* Plaque assay

P. aeruginosa subtype Host range
found that Phage_PaeO1 could Sensitive 54/65(83.1%)
effectlve.ly lyse 87 out . CRPA 28/31(90.3%)
of the 104 strains of P. aeruginosa
MDRPA 33/39 (84.6%)
( 8 8 s 6 /O ) Total 87/104 (83.6%)
broad host spectrum } TABLE 1 Host range of Phage_PaeOl against P. aeruginosa.

The results showed that phage
Phage_PaeO1showed strong cleavage ability to 82 of the 87 sensitive strains,
and the remaining 5 strains showed turbid plagque

10



Result: Phage_PaeO1 temperature and pH stability

Objective: To assess the ability to survive to the environment

-

~

)

Temperature Stability")-
. @FTemp: 4-60°C

oo
|

Log,,(PFU/mI)
H
l

0 R S N R

4 23 37 50 60 70
Temperature (°C)

Phage_PaeOl:

* Remained stable at 4—60 °C
» Highest viablility observed at 25-37 °C

J

.

pH Stability

12 | [ oH: 4-10

Log,,(PFU/mI)
0
1

I
-

r—TTTT T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12

pH

Phage_PaeO1:

« Showed high stability between pH 5-9
« Optimal lytic activity near neutral pH (pH 7)

stable under wide environmental conditions

1



Result: Genome analysis of Phage_PaeO1

Objective: To confirm the lytic nature of the phage by identifying genes related to DNA replication,

structural proteins, and lysis systems

Phage_PaeO1

double-stranded DNA (dsDNA)
* Total genome size of 93,182 bp
« GC content of 49.4%

typical modular architecture of lytic phages

4

No antibiotic resistance genes

— CARD database
Virulence genes were not detected
— VFDB database comparison

_ 3

\@ Phage_PaeOl is safe
=

£

The genome of Phage_PaeO1 contains 176 ORFs
by NCBI BLASTp

* 119 ORFs — hypothetical proteins
« 57 ORFs — functional coding sequences (CDSs)

tRNA
Il GC Content
M GC Skew+
B GC Skew-
hypothetical protein
M Phage lysis function
Phage structure
B Phage packaging function
M Phage DNA replication and metabolism

Fig. 4: Whole-genome map of Phage_PaeOl.

)12



Result: Genome analysis of Phage_PaeO1(Cont.)

Objective: To confirm the lytic nature of the phage by identifying genes related to DNA replication,

structural proteins, and lysis systems

tRNA
 GC Content
M GC Skews+
M GC Skew-
hypothetical protein
B Phage lysis function
W Phage structure
B Phage packaging function
B Phage DNA replication and metabolism

Fig. 4: Whole-genome map of Phage_PaeOl.

The ORFs found are proteins involved in phage
DNA replication and metabolism, such as:
1.DNA Replication

 ORF166 — DNA ligase

2.Adsorption Module

* ORF122 and 132 — Tall fiber proteins
o To infection and the adsorption of host

3.Lysis System of Phage_PaeOl
* ORF120 — Holin
* ORF121 — Endolysin
* ORF118 and ORF119 — Spanin

¥

RELEASE OF PROGENY PHAGES

)13



Result: Genome analysis of Phage_PaeO1(Cont.)

Objective: To compare the genome organization of Phage_PaeO1 with closely related Pseudomonas
bacteriophages.
Potential as a therapeutic agent against drug-resistant Pseudomonas aeruginosa

Phage_PaeO1 was relatively similar to
« vB_PaeM_C2-10_Ab0O2
—= (96% coverage, 97.47% identity)
et 10 TP T T DD DTS SIS | * VB_PaeM_C2-10_Abr
y 7 (95% coverage, 97.19% identity)
 vB_PA45_GUMS

CUT T AT T 4 Al NNV TP Yy il d ny ey SRR Z o) o/ ; :
Pacudomonss phage vB_PacM_C2-10_Ab02 AN - '«53 A KnE{Mm} }.&}XL:.[‘:&;{K:\K‘ u‘:{a nﬂm x} Jl :I)uu‘“um:uul (94/0 coverage, 97.2% |dent|ty)

H b T ‘ { : 1 u";t-lem:-‘u:-x 3 3m)im X, g u‘-mx-'-uun . "‘ . '- -<‘ K Tl
Pscudomonas phage vB_PA45_GUMS 'ﬁ \wﬂn ;u;-mm{\l‘si‘m;umn 'umuumuwh.’n )uwuiu/a__mgmummmmmmu | K AIN xnﬂ;‘.; (A

« High Synteny & Homology

) Phage, Pacd! ( 7y, 1 TR < n}l vn\rrvrwmr-mwmvnr i
o ' | « Modular G
FE S & S SEETEEEEEE 3P ETE ER L 5z TE O Eg E = E 2 SBEz & 25 E2E28%Z 100% O uar enome
§23 % TILRILRILY f SFE 1555 {isy ;p f i gip $5EIFRIIECEC - -

A - > T - T FFr sy o o < =r FFr=2 e < 4 > =] ‘_,' o B < = F < =
i F F FEEEEEEIEZ 3 S9Y I ET T BE§E g i ® R oe: i piEETESILiEs * Confirmation of Safety
2 a Z g s 8 888 88 8 ® E£E2 8 2 s B e 2 2 s = = 6 &= Z z = = 8
B B B e i i T e a %8 3 R= 2R % S s 8 2% 5 2 & 32 ¥ s =58 —%—Egsg
B8 5 3 3333333333 ; 0% 23 ddz 3T F CEEf e OGS E 3 fY o323z Mo
es 3 8 2 883 8ssssas g 572 <2 L% = 88 2 - £ i = s> & 33:3%¢% E
E = g S 8 5 8555 S z ;'?c_ 3 == £ 895 > 3 g Z % ";‘ g 5 £5 :‘ —
$2 B ¥ z 3 2 : 3

B hypothetical protein § % § % § 'g- g 2’ §

B (RNA S 3 = g $ =

Phage DNA replication and metabolism  © 5 ;_C' 2 é— 03: g

B Phage structure Z .5 - 3 § g

B Phage packaging function g s_—°—,‘ g _é; o

B Phage lysis function o § .-;‘1 .

2 Phage_PaeO1 genome against three other
Fig. 5: Comparative genome analysis of the P. aeruginosa phages Phage_PaeO]l closely related phage strains

Phage_PaeOl possesses a conserved lytic phage genome architecture with high similarity to

known Pseudomonas phages, supporting its potential application as a therapeutic phage
14



Result: Genome analysis of Phage_PaeO1(Cont.)

- e e s ey OQlojective: To evaluate the evolutionary relationship, an analysis is performed by comparing

.g-g{ L Paeusomonss phage VB Poe Ka(GCA 023523965 1)
18] L preutomanss_shege_vB_Pabt_EPANGCA 006524775 1) h . d f h h . I b .
M hisiion s o Pl REARCA AN the amino aci sequences o the phage terminase arge su unit
2] e Preugomonas_prage vl PaeM_LCHEHGCA_DIOBBSE55 1)
Paeudomonss_phege_vB_PaeM_C2-10_A0WNGCA_OO3 471451

Preudamonas prage VB PaeM _C2-10_A00NGCA 00298705 1

Pesudomonas phage YSISIGCA _002743715.1)

Proudomonss phage vB PaeM _C2-10_AoNGCA 000875 1)

7 | e Pseudomonas_phage_vB_VIPPAEUMCO01(GCA_029773825.1)

1015 Pesugomonas_phage 20Sepd 1GCA_ 029085805 1)

e e MR A TENES —— Pseudomonas_phage Pa-U(GCA_010702495.1)

o] e Pasutomonis_plage_PaseW-1{GCA_C04145525 1)

B[ P A i so| — Pseudomonas_phage vB_PaeM_B31(GCA_028198255.1)

_phage S08-3GCA 029685845 1)

o Peeudomonas phage 20Sepd 18(GCA (29635005 1)

Pseudomonas_phage PaoPS(GCA_DDI551785.1) % —— Phage_Pan1

=1 1 Pseudomonas phage HeruSGCA 004138875.1)
7

‘» Meudomonas phage shIMKIGCA 001743955 1)
%0} “_‘} . Pasudomonas phage SRTSGCA 00341085 1)

2l {7 Maudomonras phage v PaeS BNGCA Q8158205 1)

nl r Pseudomonas_phage PaYy(GCA 000575045 1)

W scmar o vy * Sequence alignment — ClustalW
i The phylogenetic tree
[
v — The neighbor-joining method with 1,000 bootstrap replications

5 : Praudomonss phage PAX PRGCA 00091298 1)

Pesudomonas ptage vl PacM MAGHGCA 001743865 1)

I Pasudomonas_phege PTOTIGCA Q0374624 1)

e Pesudomonds phage Vil _Paer P 12(GCA_ (20850624 1)
@i Pseutomonas_phage vB_Paer_Ps25(GCA_ 020890835 1)
Pycugomonas phage PaGe-1GCA 004146445 2)

5 prstomn o .l BS5GCA RRZHSTS ) “These genomic characteristics, together with the observed

Prevdomonas_prege _JGOORGCA_COMS02295 1)

L Pretormes e CHHEA AT morphology consisting of an icosahedral head and a contractile

" & n [~ Preutomonas_phage KBIGCA_001504115.1) . ope o ° .
o | M i OO long tail, support the classification of Phage_PaeO1 within the
‘ P Peeudomonas_ghage_PH_UNISO_PA-OSM_shO0M(GCA_021720545.2)

R~ Pt 4. PUHGEA SEHAS) family Myoviridae of the order Caudovirales.”

77— Pyaudomonas_phage vl _PalM_EPANGCA 000004205 1)

Pseutomonas phage vB PaeM C2.10 ANOSIGCA 003147005 1)
Pseudomonas phage vE8 Paer PuniGCA 029690855 1)
Paecdomonas phage vE8 PaeM _C2-10_AD1S(GCA 003147165 1)
e Proudomonss phage PAX PUGCA 000014095 1)
'-'.‘ Praudomonas_phage SPADYGCA 029618155 1)
Prevdomonas_phage phipatOiGCA_ 21216205 1)
~ L Passudoronas_phrage WB2STIGCA _N22192%.1)

Peeudomonas_phage ITTRLIGCA 007908195 1)

Pasudomonas_phage EMGCA 0233305 1) 15



Result: Effect of Phage_PaeO1and/or antibiotics on the biofilm formed

Objective: To evaluate the antibiofilm activity of Phage_PaeO], antibiotics, and their combined treatment against

biofilm formed by Pseudomonas aeruginosa

2.0

1.5

1.0

00595

0.5

0.0

: g::‘m' [ Tested on mature biofilms ]

| Phage_Pae01
PP Phage_Pae01+Gen

(1]
P ; }:{ @ Time 4 h; Gentamicin
_ Phage_PaeO1l

— Phage + Gen — Best reduction

P I]]
L 1 °
ah NS *aan Time 8 h:
— o

Phages break down biofilm structures more
effectively over time

8 24

Time(h) STRONG SYNERGISTIC ANTIBIOFILM ACTIVITY

Phage_PaeO1 can destroy existing biofilm

"
A JATime 24 h:
\ , Phage + Gen — almost completely reduced biofilm

16



Result: Effect of Phage_PaeO1and/or antibiotics on the biofilm formed

Objective: To evaluate the antibiofilm activity of Phage_PaeO], antibiotics, and their combined treatment against
biofilm formed by Pseudomonas aeruginosa

Bl Control
. Phage_Pae01

[ Tested on biofilms formation ]

« Control — Biofilm continuously increasing (4 — 24 h)
* Phage_PaeO1 — OD value very low at all times

4 8 24
Time(h)

Phage_PaeOl can prevent biofilm formation from the early stages

17



Result: Effect of Phage_PaeO1 and/or antibiotics on the biofilm formed

Fig. 8: Scanning electron microscopy images of P. aeruginosa Pa0O21 treated with Phage_PaeO1 and/or antibiotic

: P. aeruginosa Pa021 P. aeruginosa Pa021 P. aeruginosa Pa021
P. aeruginosa Pa021 : gg:ltamicin L pﬁglge_paeo-l + Gentamicin + Phage_Pae01

~ L ‘.J}\—"\f’-’ '\‘-ti;'. WS A i.';‘\‘_ -\\,?
T TR A A RIS K 2
L T R B e e T &
R0 Wyl RSN S A 38E
e SN P R S e 2 i AN ERA NS
et BN A AT P
PN Taat ¢ > DR AR

<

\‘”" A
- K 7 -

r‘ \Q.. 5\

P. aeruginosa Pa021 + Gentamicin + Phage_PaeO1: Biofilm completely destroyed, bacteria greatly reduced

18



Phage_Pae01 is more effective than Gentamicin alone in destroying biofilm
|
The combination (Phage_Pae01 + Gentamicin) has a synergistic effect,

resulting in complete biotilm destruction

19



Conclusions: Paper 1

Phage_PaeO1

Is a novel broad-spectrum lytic phage with strong antibacterial activity

* prevent biofilm formation
* eradicate mature biofilm

Genome & Morphology
confirm efficient infection and bacterial lysis mechanisms

Phage_PaeOlalone
& in combination with antibiotics’ /]%&\-I- @

effectively controls P. aeruginosa biofilms, highlighting its therapeutic potential and safety for clinical use

20



Paper 2: Overview

Therapeutic effect and anti-biofilm ability assessment of a novel phage,
phiPA1-3, against carbapenem-resistant Pseudomonas aeruginosa

Yu-Chuan Tsai ™', Yi-Pang Lee "', Nien-Tsung Lin “', Hsueh-Hui Yang “, Soon-Hian Teh "
Ling-Chun Lin®%

Rationale:

ldentifying a safe and effective anti-biofilm bacteriophage is crucial for developing
alternative therapies against drug-resistant P. aeruginosa

Objectives:
» Characterize biological and genomic properties of phage phiPA1-3

» Evaluate antibacterial activity against CRPA
» Assess biofilm prevention and eradication ability

* Determine therapeutic effectiveness using an in vivo infection model

\_

Overview:

N\

Phage Isolation

\ 4

Biological Characterization

\

Genomic Analysis
* Whole-genome sequencing
~73 kb dsDNA

Confirmed:

* Lytic lifestyle

* No virulence genes

* No antibiotic resistance genes
— Suitable for phage therapy

1P < =2

\

Effective antibiofilm activity

4

In vivo therapeutic efficacy

_ * Reduced bacterial burden
=—— = ¢ Improved survival after
phage treatment

/

21



Method & Result: Plaque and Phage Morphology of phiPA1-3

( Objective: To find phages that kill CRPA )

-

Bacterial strains
P. aeruginosa strain PAOO1

l' Isolated from

Pateint’'s sputum

Phage host — Clinical isolates
45 P. aeruginosa —>» 71% were CRPA

» High antibiotic resistance
* High genetic diversity (RAPD-PCR)
* No correlation between genotype and phage

2 Escherichia coli susceptibility

3 Klebsiella pneumoniae

3 Enterobacter cloacae

. u ° n
Phage Isolation via spot assay phIPA1_3

collected wastewater sample taken from a sewer
at Tzu Chi Hospital, Hualien, Taiwan

22



Result: Plaque and Phage Morphology of phiPA1-3

(‘Objective: To find phages that kill CRPA )

Plaque morphology

Halo expansion over time

Phage phiPAT-3 is infected with
P. aeruginosa PAQOOQ], it is found
that:

* Clear plagues form
— lytic phage

The halo surrounding the
plaque enlarges over time
— phage-encoded
depolymerase enzyme

Transmission Electron Microscopy; TEM

§& 0P
;.25“ L >
otaiuie

e57:260m




Result: Host spectrum determination and EOP analysis

Objective: To determine the Host Range and evaluate Lytic Efficiency via Efficiency of Plating

Host Range e i
phiPA1-3 : 1 Ly A
+ ———=2 | Moderate host range or e
P. aeruginosa clinical isolates 45 strains i ) ros cu
9 strains are susceptible to infection, PA2 I =
including the primary host PAOQO], oo caen
representing 20% of the host range (9/45) rass cn
Efficiency of Plating; EOP e = :
Some strains have higher EOP than PAOOI1 racs s tos6:535
' PAGzs con 00082325
Phages can kill certain clinical strains of bacteria sa0ss o
more effectively than the primary host £k

57,546 CRE . 2 4
48,742 CRE

55,269 CRE



Result: Analysis of the biological properties and stability of phiPA1-3

Objective: To assess reproductive capabilities
4 N

Adsorption assays of phiPA1-3 with host PAOO1
N 60% in 1 min
- ‘ 90% in 10 min

|
[

@
(=]

o
<o

F
e
S S
9 4
w4
1 -

ee phage particies (%)

0

0 1 | 6 7 8 9 10

'Tlme (l-uln)

phiPA1-3 has rapid adsorption efficiency

One-step growth curve
burst size
619 PFU/ml
| Latent period = 20 min
g — Strong lytic phage

(=]

log10 (PFU/Infected cell)

Bacterial killing assay (MOl test)

Control
MOI=100
MOI=10
MOI=1
MOI=0.1
MOI=0.01

R L L I

Time (hrs)

phiPAT-3 exhibits strong and rapid lytic
activity even at low doses of phage

Optimal MOI of phiPA1-3 is 0.01
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Result: Analysis of the biological properties and stability of phiPA1-3

Objective: To determine phage stability

-

120 -

100 4

Suvival (%)
o -~ ON o
o <o < <&

o

pH stability
11S
* .
K ¥ I
3 ' 5 ' 7 ' 9 ' 11
pH

High stability at pH 7-9

Significant viability loss in acidic
environment (< pH 5)

Temperature stability

11S s
100 - 11S
80 4
x
~ 60 4
&
= k3
-
5 40 A
)
20 -
0 L) L] L) 1 L)
4 25 30

37 50 65

Temperature (°C)

Optimal activity at physiological
temperature (37°C)

Stable for 1h at elevated temp.
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Result: Anti-biofilm activity of phiPA1-3

Objective: To evaluate whether phage phiPA1-3 can prevent biofilm formation and eliminate already mature biofilms

4 e g .
Quanitification of the results for

( Co-culturing of phage and bacteria for
biofilm-formation inhibition assay Co-culturing of phage and bacteria
Mature biofilm of P. aeruginosa PAOOT formed for biofilm-formation inhibition assay

| + \% after 6 h
| incubation 10
8
: 6

12

. Biofilm Prevention Assay (Co-culture) &
Phage + bacteria at different MQOls: S
* kK
Control MOI=100 MOI=10
0

> N Q N \ \
& N o\”\ o & \,,&\

N ~ & O

V\

All MOl values significantly inhibited biofilm

formation compared to the control group ,

MOI=I1 MOI=0.] MOI=0.01]
’ ‘ o o .l Ly £ 2% . '
‘ . 0 . . > " pori
Phages can prevent biofilm formation

phiPA1- 3dose dependent |nh|b|t|on




Result: Anti-biofilm activity of phiPA1-3

Objective: To evaluate whether phage phiPAI-3 can prevent biofilm formation and eliminate already mature biofilms

-

After added phage:

SEM — Biofilm eradication

***Phage-treated

» Cell lysis
» Surface structure damaged
 Biofilm network destroyed

phiPA1-3 destroys mature biofilm structure

~

J

-
Quanitification of biofilm-eradication

* Xk Xk
16+

14—
12
10—

ODS?O nm

T
2x10’

PFU

2x10°

Control 2 x 10’

phiPA1-3:
* Inhibit biofilm formation
 Eradicate mature biofilm

28



f phage phiPA1-3
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confirms the lytic mechanism used
to lyse bacterial cells and release
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progeny phages
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Objective: To analyze the genomic organization and predict functional genes of phage phiPA1-3 in order to determine its biological

functions and therapeutic safety

Transcription machinery
(N4 hallmark)




Result: Comparative genomics and phylogenetic analysis

Objective: To determine the evolutionary relationship, taxonomic classification, and genomic relatedness of phage phiPAI1-3

with previously reported Pseudomonas bacteriophages
(A)

e
é\“e (B)

5‘ } 30 sequences B B e
0 N N N #H 0 N B ¥ N "N

*4-Mdentity

0 005 01 015 02 025 03 035 04 045 05

Pseudomonas phage pfl6 .(.\'(.2_041881).[158,136 nt] ols 10 W niw 20 miw “h T " FEHT

Pseudomonas phage PspYZUO01 (NC_052976) [58,279 nt]
Pseudomonas phage PA1l (NC_007808) [49,639 nt] PHIPAL.3
Pseudomonas phage O4 (NC_031274) [50,509 nt) PHIPALY

Pseudomonas phage Epas (NC_052964) [64,096 nt] e
Pseudomonas phage PaMx11 (NC_028770) (59,878 nt)
Pseudomonas phage vB_PaeS_PAO1_Abl9 (NC_042115) [58,139 nt]
Pseudomonas phage ZC01 (NC_052965) [57,061 nt]

NC T

Pseudomonas phage vB_PaeS_PAO1_Ab20 (LN610585) [57,745 nt)
Pseudomonas phage \B PaeS P-\Ol Abl8 (NC_026594) [56,537 nt) PRIPRTY :
Pseudomonas phage Zuri (NC_049456) [75,873 nt] NC_027388

Pseudomonas phage inbricus (NC_054970) [70,211 nt) Pesademenns *'g;o‘i‘.

Pseudomonas phage ZC08 (NC_048639) [70,774 nt]
Pseudomonas phage ZC03 (NC_048638) [69,844 nt]
Pseudomonas phage phCDa (NC_048003) (72,821 nt]
Pseudomonas phage Littlefix (NC_048697) [74,895 nt)
Pseudomonas phage LUZ7 (NC_013691) [74,901 nt]
Pseudomonas phage KPP21 (NC_029017) [73,420 nt) NC_037288 ;
Pseudomonas phage YH30 (NC_029101) [72,192 nt) NC_013692

Pseudomonas phage PA26 (NC_041907) [72,321 nt] e T

N e

[

I —
Left line: Virus family
I Others (28)
Right line: Host group L

I Pseudomonadota (29)

Pseudomonas phage YH6 (NC_027388) (73,050 nt] E
Y PHIPAL-3 [73,402 nt)
Pseudomonas phage LIT1 (NC_013692) [72,544 nt) b4
Pseudomonas phage DL64 (NC_028885) (72,378 nt]
Pseudomonas phage vB_PaeP_MAG4 (NC_031104) [72,979 nt] e -
Pseudomonas phage phil 76 (KM411960) [73,048 nt] NCS10: %
Pseudomonas phage Pa2 (NC_027345) (73,008 nt] NC_028885

Pseudomonas phage vB_PaeP_C2-10_Ab09 (NC_024140) [72,028 nt) T

Pseudomonas phage RWG (KM411958) [72,646 nt)
Pseudomonas phage PEV2 (NC_031063) [72,697 nt)

phiPA1-3 showed highest similarity to Pseudomonas phage YHG6
* 96.3% genome identity
« 98% genome coverage

— close relationship but still genetically distinct
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Result: Comparative genomics and phylogenetic analysis

Objective: To determine the evolutionary relationship, taxonomic classification, and genomic relatedness of phage phiPA1-3
with previously reported Pseudomonas bacteriophages

(©)

(D) YP 003358481.1 Pseudomonas phage LIT1
Subfamily Genus AWY02711.1 Pseudomonas phage LP14
- UGV19884. 1 Pseudomonas phage VB PaeS VL1
—Pseudomonas phage LIT1 (FN422399) mmom mmmm Migulavirinae Litunavirus T SR T0. A T YNNG FOR YT
] 2 YP 009152587.1 Pseudomonas phage YHS S
—Pseudomonas phage DL64 (KR054032) mmum mmmm Migulavirinae Litunavirus 2 [— YP 0000318551 Pseudomonas phage v8 PaeP C2-10 Ab09 N4-like pha ges
y UGL60966.1 Pseudomonas phage vB PaeS TUMS P81
—phiPA1-3 . mmom wemm Migulavirinae Litunavirus UEP18640.1 Pseudomonas phage vB PaeP TUMS P121
i o ! ANT44362 1 Pseudomonas phage vB Pae575P-3
gl — Pseudomonas phage YHE (KM974184) mmom mmmm Migulavirinae Litunavirus ohiPAL.3
L— Pseudomonas phage VB PaeS VL1 (NC 070862) ol N .. Migu/uririmu’ Litunavirus ABI54420.1 Gacherichin phage 14
——— NP 042010.1 Eschenchia phage T7
Pseudomonas phage KPP21 (LC064302) mumn mmmm Migulavirinae Luzseptimavirus . YP004200227.1 Pesudornonas phage phit5
‘ s - YP 009793735.1 Pseudomonas phage UNO-SLW1 T7 l . k h
——— Pseudomonas phage Littiefix (NC 048697) Do — Llll[(f/l.\'\'ll'll.\' o YP 007869923.1 Pseudomonas phage Phi-S1 -11KC p ages
v X s xz ol s YP 0091456421 Pseudomonas phage P1-10
P geudomonas phage S8PAURBOPP (MH179480) TTER Littlefixvirus 95 L— YP 004306358.1 Pseudomonas phage phiBB-PF7A
. e @« == YP 009601848.1 Pseudomonas phage LKO4
Pseudomonas phage phCDa (NC 048003) BN — Shizishanvirus 5{£ YP 0016058741 Pseudomonas vrus Yus like ph
. Zurivirus = ANOS57370.1 Pseudomonas phage AN14 Yua- 1 e p ages
-+ Pseudomonas phage Zuri (NC 049456) BT — YP 009968481.1 Pseudomonas phage v8 PaeS PAO1 Ab19
' -+ Pseudomonas phage inbricus (NC 054970) 5 — Inbricusvirus - _’_7 . I
104 e YP 009210854.1 Pseudomonas phage PhiCHU .
Pseudomonas phage ZCO3 (NC 048638) NN - Zicotriavirus s VP 000200921.1 Peswiomonse phage OLVA LUZ24-like pha g€S
0.1 o 7 688 E{E YP 001671939.1 Bruynoghevirus LUZ24
g g §$ g‘ 3P ” QIQ64325.1 Pseudomonas phage Epa2
g’ :,',, r-3 YP 006200769.1 Pseudomonas phage JG024
= s f : YP 002418810.1 Pseudomonas phage SN
& 2 =3 - YP 009619520.1 Pseudomonas phage vB PaeM E215

YP 009215133.1 Pseudomonas phage DL68

YP 009835210.1 Pseudomonas phage SL1

QIQ66781.1 Pseudomonas phage jett

4:3E YP 009619356.1 Pseudomonas phage vB PaeM E217
YP 007238156.1 Pseudomonas phage KPP12

The phylogenetic tree was generated using |
VICTOR, and sequence comparison was W e

] phiPS.4 .
YP 009842905.1 Pseudomonas phage vB PaeM SCUT-S1 PB 1 'l lke phageS

L[]
s YP 009837383 1 Pseudomonas phage vB PaeM LS1

performed using MEGATI [

12 QIQ86502.1 Pseudomonas phage debbie

4 E QIQ67657.1 Pseudomonas phage chunk
AZV01542.1 Pseudomonas phage vB PaeM fHoPae01

QVJ13121.1 Pseudomonas phage PSA25
QYC95092 1 Pseudomonas phage PhL UNISO PA-DSM ph0031

phiPA1-3 grouped within N4-like phages ;
Family: Schitoviridae = (Eéooaeiif,p;m?:?;;“ﬁim .

YP 0021541471 Pseudomonas phage LBL3

Subfamily: Migulavirinae 7L oz
Genus: Litunavirus 3



Result: In vivo Therapeutic Assessment

Objective: To evaluate the therapeutic efficacy and safety of phage phiPA1-3 in treating P. aeruginosa infection using

an in vivo zebrafish model

4 N\ [ )
Determination of lethal infection dose Therapeutic rescue experiment
(A) 100 ¥ = - l l l @ Control: 0.85% NaCl
1 -~ PA00I 2x 10° CFU  #%x% (C) 1009 ° ° . Gentamicin
. I - PA00I 2x 10’ CFU * = | @ PhiPAI-3 (Phage)
£ - -+ PA0012x 10°CFU nsS € o @ PAOO1107 CFU (Bact.)
~ : e —
B e ! = * % 085%NaCl E: | , @ PAOOT1 + Gentamicin
3 J ] @ PAOOI + phiPAI-3
204 ~ 1 = ossunac
0 L 2 < - - GM (MIC)
0 * * * 0 ' ) 3 - phiPAL3
0 1 2 3 Time (Day) -~ PA00! 10’CFU
Time (Day) ; -+~ PA001+ GM (MIC) ]**]*u* ]**
\ / \ - MOI=10 /

J/

N

(B)

Demonstrates pathological symptoms observed in infected zebrafish

P. aeruginosa PAOO1 infection

P. aer PA0O] T T '@w .
e s = * sepsis-like symptoms
o _ Infection + phiPA1-3 (MOI=10)
*MOI=10 R .
* phage reduces pathological damage
Control -.\;.:\“
N
| MOI: multiplicity of infections Side view Top view Abdomen anatomy )
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phiPAI-3:

— lytic phage
Burst Size: 619 PFU/cell

~N

Conclusions: Paper 2

Specificity
target CRPA

biofilm eradication

=)

) . g :
prevent biofilm formation

moderate host range (20%)

~

Non-Toxic In Vivo

- Phage treatment was more
effective than gentamicin

(Zebrafish model)




STRONG POINTS

WEAK POINTS

Broad host range lytic phage
Genomically safe therapeutic candidate
Strong antibiofilm efficacy

Synergistic activity with antibiotics

The experiments were conducted at the in

vitro level, The evaluation of phage efficacy

and biofilm removal was carried out under
laboratory conditions only

» Targets carbapenem-resistant strains
(CRPA)

* Genomic safety confirmation

* In vivo therapeutic efficacy

* Moderate host range

» Single-phage therapy tested without
combination with antibiotics

» Resistance development not deeply
Investigated
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