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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 lyvtic 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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buffered saline, PBS ) ¥ 4fi 14, [¥) Wit B8 14 75 Wi QAR FEE 24
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2 —ANHTHY 10 mL EP A, JE B T 37 CIEIRH
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54 GBI B ROF LB RS 3R 2 111006485
37 CIRLI 3 hik B 5T R KM, BB AT 10 5 R R
Je VB DR T/ B A= 0 65 1 0 06 T 0 b B 3R 8 24 D 1
10" CFU/mL. H296 FL#%, FEANFL A 23 530 I 100 L
PRV 100 L BT LB 55 95 55,37 CHEEH 24 h. 28
2 KRG H 9% FR 900, F TG B PBS 22 /P 0E IE 2 1K, R
VIR ETE R HL RPN T FLEE K FLIR . X BB ZH 4k 22 0
N LB 35 77 5 1 SE 56 2 0 W B 4k PAPX i, JERE 77
6 hja, BUH I 7 L8370, ARG 0.19%45 fh 5
WHEAT A WY 10 min, FIRBIK 25 2 R YL,
IR ERET, et SRRV 95% LB
fi#, BT BRI (Biotek synergyMX) #ll £ D (600 nm)
EIFie.
1.3 “itF 7k
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M. BYE DA E AR HE IR (X = SO BRI (E £ 45 i
7 (x = ) RN, P 4L ECHE 41 1) Le 58 % B AR BC S ¢ ke
%K. P<O.0SHERBGI¥EX.
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2.1 FmP o EEARGGER AN

DA 358 o 23 B HH ) — R 5 ) 2 i 4 R i
B NTE E, AR ERRFER G EH T 1
PRET XoF JHC 2R 7R 0 L Rt B A T i 8 9 PAPX.. U2
B EAR E R, WE B R PAPX K T B4 1~2 mm [

5] FE% 2 375 B BB, 300 5355 ol BR A, B HH o R I I
FIETECE D,

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 Iytic activity.
Ell MEERPAPX BEHEE
Figure 1 PAPX phage plaques were shown in a double-

layer agar plate
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TR EE W B R PAPX 138 7E s PR 2 ) A 5%, %
24 BRAS [R] 4 2 AR B2 O 1 11 K B8 AR 3 47 T A
SEES, DAVPAG LR BE /17, 45 R B PAPX XTI
PR BT i R a1, RE R 24 bR bR iy
17 ¥k, fE18 FVE Bl EAR W ReE I 1 2 A fRE ) —
SR, R EEA T Z RN (&1,
B2,

F1 MEE K PAPX X Ik PR E Bk R BT

Table 1

Lytic activity of PAPX on clinical strains

Lytic activity

Clinical strains

Lytic effect [n(%) ]

++ + -
Sensilive strains 1 1 9.00(90.00)
Multidrug-resistant P. aeruginosa (MDRPA) 1 0 3.000100.00)
Carbapenem resistant P. aeruginosaCCRPA) 3 6 5.00045.45)

Lytic effect representative images. A: “++"indicates a stronger Iyvtic effect. B: “+”indicates a moderate Ivtic effects C: “—="signifies no lytic activity

(scale bar=1 em ).

B2 BEEPAPXZEMENTER
Figure 2 Cleavage capacity of phage PAPX
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23 HEKPAPX 89 & F 47

Nt — A AR AT B 4R PAPX, XF PAPX HE4T T 3%
S R BT, TEM BAZ SR, Wi B 4
PAPX HA7 EH 22190 nm [FERTE LKL 50 nm. H
1226 nm IS4 M 30 (1 3) , IX Be 4 My RFAIF$2 /m H
J&F IR
24 “ERAKPAPX BRI T RIFA) pH AR & M R A2
Fcd

3% T4 44 199 pHL i 52 1 A e s P A B2 i L i R
I FH B LR 2R, DALt , o MR B AR PAPX #EAT 1 AR E
PR . 25 R, WRPA 7R PAPX BT & BE ) pH AR
& PE, 16 pH {8 4 4~11 §9 36 Bl 3 46 e PR B £ 3G
. BARTE pH (B v 12 0 3 B 3 B B B °F P&, {80
T % 11037 JE 73 AR 1R 75 (>1%10° PFU/mL) , H 45 7€ pH
B2 1B ARG W AS B AT o] AT 35 1 Wi B A A

10"+
10‘]_ . e . e
1004 1 =
107
10°4
1074
10°4
10°
10°
10’
10 A

PFU/ml.

pH

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.

B3 HEEAPAPXBIERE
Figure 3 TEM image of phage PAPX

4M) . XHTIRFeE sk, R HiE 75 Crt,
WG B R PAPX 3 B A4 B H SR R B (B 4B), A
HonT i 52 5 R A AF AT, 4R AR E R R

10"
IO‘?_ e 1 — ——
10"
107
10° 4
10°4
1071
1071
1071
10' 1
10"

PFU/mL.

4 37 45 55 65 75

Temperature (C)

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).
E4 BEEPAPXBERIIFApHIBEERAREN
Figure 4 PAPX possesses good thermal and pH stability

2.5 CHEAKPAPX 69K B A F AR A # AT
N AT T ARWE A PAPX, X HHE4T T A A
SH PR, IE 5B R — P OUBE DNA WG 8 44, JL LRI 4
29 66 kb, 5K G+C &8N 55.68% . *F HIF
1EAHE Copen reading frames, ORF) B HE— 2 7 M 8,
‘EH 924 ORF, KA 57 A2 MM & H, 35 M 5
M ThieE A (B SA) . RBEEE ) & 45 ORF64
A ORF73, HoHt ORF92 i K£5 bR &L . =2
() ThEJE R A0 45 ORFST A B BE, T2k 1E 2
DAL DNA SHIFAUEEN AT ORFIORK38-47) .
HERR, A RAE N EF R ZPUERER,
XK PAPX Al v a Ml TR . @it
Fasyfig 2 {3547 (1 3 P 41 E 4 2 1T (PR SBD I 4 b
SBR T W TE MR B A PAPX 3 R 4150 P A e

AR

B A Epal2 (B 5% 5 : MT118291.1) 3[R 2 8] ft 3L 2%
PESR 22, 518 5 A W 7 4 Epal 2 58 % 0% R BT
(A Y5 1 S 98% , J& T {5 B Ff 1 7 BF i Pbunavirus
J& 53 . FE AR LA v g K W B 1 OR <7 1, @
BLAST# R KIL T 2920 ™ RA B E LK RNV
P A4, Bl A 8 T B SB BT B Rk B . {3 A
PhageTerm # {45 PAPX W (4 14 3 [K] 41 51 (1) 43 #r
U, ZMEE R AT IR IR R A (B 50D .
2.6 CHEKPAPX EA5% K6y L H I akH

S BRI 1 A PAPX R B 1 R I, 91 e LUK
REFHIBRTHEBERP.BRERNEXRS
B, WP T PAPX [IMOI A 0.01(E 6A) . MR
A — 3B A K it 2 s W B A TR 1B 110" PFU/mL
KB EAE , b5 EE VR A SR B E (B 6B).
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PAPX F VYSINNTIV P P FITFrw PP PP e T T SN T Y NN NN WP re ey | F N STV
Epal2
B 78— APAPX C
WCDs
30 MT118291.1: Psendomonas plhage Epal2 B Other
; WO content
—— NCO: L1: Py s /B PaeM US
NCO50149.1: Pseudomonas plhage vB PaeM USP1 : BCC skewt
97 {UUWZSSG.} : Psendomonas plhage Kurama N\ BGC skew—
4i 97 00)992555.1: Psendomonas plhage Sealy
%6 —— LC102730.1: Pseudomonas plhage 512-1 DNA
LCAT2883.1: Pseudomonas plhage S12-3 DNA PAPX
_E - 50 kbp
70 84 NCO41870.1: Pseudomonas plhage vB PaeM CER DP1 Length: 66,201 bp
— 84 20 kbp-
KP340287.1: Pseudomonas plhage phiKT28 40 kbp
99 ke O F 30 H.J;]

NCO41865.1: Pseudomonas plhage phiKTNG

Pseudomonas plhage NH-4

[N110I945I_I:
T7L—0p314870.1:
OP310976.1:

92 [

Pseudomonas plhage Kara-mokiny kep-wari Wadjak

Pseudomonas plhage Kara-mokiny kep-wari Wadjak
OP314872.1:

Pseudomonas plhage Kara-mokiny kep-wari Wadjak

00992552.1: Psendomonas plhage GoodVibes

48
0ON529291.1: Psendomonas plhage Ka2
B 43 OP310975.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak
OP314871.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak
100 49L—0P310977.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak

OP310972.1: Pseudomonas plhage Kara-mokiny kep-wari Wadjak

e A

A: Genome alignment analysis of phage PAPX and phage Epal2. B: Evolutionary tree analysis of phage PAPX. C: Phage PAPX genome circle map.
5 MEEKPAPX EE AN FEEEH L S

Figure 5 Genome sequencing and analysis of PAPX phage

Wit B 1 PAPX 2 S 4H BE B, 1T 80 min AR I, Bl f5
120~165 min Xt £ &I, 17 Ji5 2 4 45 Fa e 1], A 5
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2.7 EEARPAPX fE A 2R R L0 B8 5
HArs m £ 40

N VP 1688 B A PAPX 2 1] T 4 45 A1 . L T A G
MIREIE, BEAT T ARSI 258, TR A4S R R, 514t
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P 16 ) RS W %2 31 SE 082 8 D (600 nm) AS T A,
2 U A 4 56 4= 2 AR AT 155 40 18 2 A RO VR
BE T —ARRERKFE(ETAB) . HSHE A
PR PR T 1l LR e s A A DA R 1) R A,
— AT T AE VIR SRS, WE A PAPX/EFH 6 h
Je BEAT AR A R e 5 35 30 B D (600 nm) , 75 41 18] 2 B

AR

BEZERETC.D). LR EPTIR, iZWEE K PAPX 7
HEA 7 15 717 1) AR PGt 5 4 o 771
it

I S 3t ¥ B Mk ESKAPE 975 J5 4 €0, 455 3% i 2R o
(Enterococcus faecium) « 4 1 4748 %] BK 14 (Staphylo-
coccus aureus)~ i 7 50 T {F B (Klebsiella pneumoniae)
fifl 5 AN Zh A B (Acinetobacter baumannii) - 4 £ i 3
i 5 ( Pseudomonas aeruginosa) F1 1 ¥F B J& (Entero-
bacter species) . W TH AR ZMALMEH, R
A 22 S 245 1 1 R PR 20 0 R AR R 1, R AR R
TR T R, AR T UTE AL DA fREE,
B9 5 S B, 0 2% M B P T L L o ) A A7 A
B AMUBE BT Z thom A5, EREEE FREZ %
T4 A7, 5&M™ BRI A REA K, G &

3 3
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A x10° B 5 ox10m-
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0 . . : 04
100 1 01 001 0001 0 50 100 150 200
MO Time(min )

A: The optimal MOI assay of phage PAPX. B: One-step growth curve of phage PAPX (n=3).
El6 MEEKPAPX B RS
Figure 6 Biological characterizations of phage PAPX

A 2.0 5-=-PAOI+control
-+ PAOI+PAPX

D600 nm)

PAPX

Control

B 2.0 1-®Soli strain Pa+control
—4Soli strain Pa+PAPX

ek

D600 nm )
=

0+ T
0 5 10
Time(h)
D
1.5 1 -
| — |
~ 1.0 4
=
=
=Y
o
=2 0.5 A
04

Control  PAPX

A: In vitro inhibition curve of phage PAPX with PAO1. B: /n 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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