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89 PFU/%m e, #42 M X5 R~ F20 £ pH 5.0-9.0 A& 50 °C 313534 B RIFAS 2 . 12 F L H /K F20 2
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Characterization and application of a novel phage F20 in the
rescue septicemia mice caused by extended spectrum
beta-lactamases-producing Klebsiella pneumoniae
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Abstract: [Background] Klebsiella pneumoniae is a ubiquitous opportunistic bacterium. The high
prevalence of extended-spectrum beta-lactamases (ESBLS) in Klebsiella pneumoniae has propelled the
need to explore alternative antibacterial therapies. [Objective] The present study focused on the isolation
and characterization of a novel virulent Klebsiella pneumoniae  extended-spectrum
beta-lactamases-producing phage isolated from sewage therapy. Moreover, we used the mouse model of
septicemia to examine the efficacy of phage therapy in treating infections caused by K. pneumoniae
produced ESBLs. [Methods] The morphology of the Klebsiella phage F20 was observed with electron
microscopy. One-step growth Kinetics, host range, and pharmacokinetics of the phage were determined. In
additional, F20 was used to rescue mice from bacteremia caused by extended-spectrum
beta-lactamases-producing Klebsiella pneumoniae KP-20 in vivo experiments. [Results] F20 exhibited
Iytic activity evident in clear areas on the bacterial lawns. Morphologically, F20 was classified as a
member of the Sphoviridae family and the Caudovirales order. The phage is highly infectious with a short
latent period (18 min) and a large burst size (89 PFU/cell). The phage is stable over a wide pH range (5.0
to 9.0) and at high temperatures (50 °C). Administration of F20 after KP-20 challenge significantly
decreased the bacterial burden in the blood and organs (lung, liver, spleen and kidney) of mice, and
bacterial titers significantly decreased by 1-3 orders of magnitude in mice treated with phage therapy
(P<0.001). Administration of F20 can rescue 87.5% of the mice and have no adverse effect, but the control
group resulted in a 0 survival rate within 1 day. Phage treatment can significantly improve the survival of
mice (P<0.001). [Conclusion] Our study provides the experimental evidence that F20 shows significant
treatment efficacy against Klebsiella pneumoniae infection in mice without any adverse effects. The
characteristic of the phage F20 greatly increase its utility as biological bactericide.

Keywords: Klebsiella pneumoniae, Septicemia, Phage F20, Infection
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(10° CRU/mL ) 7. it 48 7 B 111 O I i Jak e 1
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R, LWL 10d,
19 ZHFESH
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SBUGFRAR N FIEAREZE . NRA P 4N 5L
)25 S B A Kruskal-Wallis JE 2 3046 56,
Kaplan-Meier J5 35 5%F /N UG AL A7 h 4R 04 T 401190
Br, P<0.05 HA R EZERS.
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2.1 F20 BYME R DI R AN B TG A 3T

AR 48 52 F5 1A T K P-20 Iifi R bk S 15 2R
A V5 K R 43 B0 W P A F20, an &l 1R
F20 MR BE AR 2 4 mm=5 mm, H5%E423E,
HNEIRGETERE LN 8 mm P B AR, Bl
PR PR IR A W BEARAE . 31 AR M R 58 TR A I R
SIS PR (KP-1-KP-31) 1 F F20 BER % A4, F20
A RIRSRE IR B 6 BR(1H 19%), o, KP-20 23
H AU 5 F 1A

B 1 MEEA F20 fIIEEBE
Figurel Plague morphology of the isolated bacteriophage
F20
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R IE A R B KRR AFR
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Wik P A8 F20 JE Gt 20 I, DS SR B[] g ik
ABAR RN A ZR HR R TR AR T P 1 X B8R G A
b, 2l F20 i) —2 (&1 3 ). 45 R, F20
JEYL KP-20 PR VAR 18 18 min, a2 K
89 PFU/#IfL, %&f# A% 8 min,

B

& 2 WMEFEE F20 WERERA
Figure2 Electron micrograph of theisolated phage F20
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t (min)

3 IRE F20 — Kl
Figure3 Onestep growth curve of the phage F20

24 F20;RFEF pH FREM

F20 7 60 °C Fl 70 °C i PE L T~ %, (HAE
50 °C /K 1 h iEHERD A R (8 4 ), F20
£ pH 5.0-9.0 Z il H A 1 h )5, I RIFE S
(3% 3 76 pH <4.0 Al pH >10.0 2% i Hh 4L BE 1 h
J&, F20 WEPERER R, TRY 4 MEER
(B 5),
25 F20 EREAEY)H

F20 LR R 27N dsDNA, iV e SR b
BERC UK R AN R 6 BT =4, SLH4 & F Ecor|
1 BamH | JiFHI0 5 , B BamH | B F 2R 7 4
i, B EcoR | fEYI FEEIE AL 6 4541, (HASA Hind

10

LgPhage titer (PFU/mL)

t (min)

4 FBEE F20 ARG E M
Figure4 Effect of temperature on viability of F20
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5 BEER F20 MBRRRAR E 14
Figure5 Effect of pH on viability of F20

T Kpn | DI o5, AREEREISE R PRI Al 1w
PR F20 BER A K/ NE 50 kb A2 47 o
2.6 WEEEA F20 jA 77 MUILAE /R B9 T 3E
26.1 EEEKR F20 3R Z S
R KRS R F20 (10 PFU/mML) 10 B

bp 1 2 3 4 5 6 7

23130 —
9416
6 557

4 361

2322
2027
2 000
1 000
750
564
500

250

6 MEEK F20 BIEsLIE

Figure6 DNA restriction endonuclease digestion of PF20
7#: 1. ADNA/Hind I1l Marker; 2: DL2000 Marker; 3: EcoRI|
BEOG =905 4: Hind 11 BEDYE =45 5: BamH | BBV %) ;
6: Kpnl BUIfE=4); 7. F20 B[R4

Note: 1: ADNA/Hind Il Marker; 2: DL2000 Marker; 3: DNA
digested with EcoR |; 4: DNA digested with Hind IIl; 5: DNA

digested with BamH |; 6: DNA digested with Kpn |; 7: Genomic
F20.
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HA RAFmE e,
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I 2598/ (P<0.001) ., [F] B4 7 4 /0N BRAS TR (i U

JFIE L LR AR JIEE ) A 4 T Rt 8 /N T o IR
B K(P<0.001), SXILA T ERL 1-3 4
B,

2.6.3 MEEA F20 XJ UM AE /)N BR 7 5E R A S2 00

WEEA F20 3AY7)5 Y 10 d, YA 741 8 HIfL
fE/NERL 7 AT, fEIE RIS 87.5%, xS BE4
8 HUNRAEIBITIR AN 1 d NATBsET:, %% 0,
WETEAAR F20 3597 AT 30 25 46 1 WO A /)N BRI A 1 %
(P<0.001) (/4 8).

el

[~ [JControl group Phage-treated group

&k

LgAviable bacteria CFU/(mL or g)

Spleen Live Kidney Lung Blood

7 BEARTEINREOMEEF[AMEZTEER
& BHBHINE

Figure 7 Bacterial counts blood and organs tissue after
phage F20 treatment of K. pneumoniae infection in
septicemia mice model

TE: **: 50 BEAH L P<0.00L.

Note: **: Compared to control group P<0.001.
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8 WEE{S F20 j87T /N UMM AESE 7%k
Figure 8 Survival rate after F20 treatment for
intraperitoneal infection with K. pneumoniae
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5 EWHE LB gEw . BHNERRE, &
BHR/N dmm-5mm 47, HMEIRGEIE M) 238,
FEIYLH LT R TR M I A A P W BRE AR M PR AT S
TR EEARKEZ —, 1991 4F [E Br4gH w884
KT SRR RIS | ok B S 38 B i A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1508 TEY I8

Microbiol. China

TC, KW 12 AR, FABIE T R 58 1A
WVER IR F20 EEXFRIE, o kB mER, %k
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