
Introduction 
Klebsiella pneumoniae is a Gram-negative 
pathogen responsible for causing a wide range 
of community-acquired and nosocomial 
infections, most notably in 
immunocompromised patients. There is an 
increasing incidence of extended-spectrum-β-
lactamase and carbapenemase-producing 
strains of K. pneumoniae; therefore, the need 
for alternatives to antibiotic treatment for this 
pathogen is becoming more apparent. 
Bacteriophage therapy may provide a vital 
clinical alternative to antibiotics to treat multi-
resistant strains of K. pneumoniae. 

Methods 
L4-FAA5 is a hypervirulent isolate recovered 
from the human caecum (Table 1). Its genome 
was sequenced by microbesNG (http://
microbesng.uk); data were assembled using 
BugBuilder (Abbott, under review). Capsule-
associated gene clusters of L4-FAA5 were 
identified by reference to the literature (Pan et 
al., 2013; Brisse et al., 2013). The multi-locus 
sequence type (MLST) of L4-FAA5 was 
determined using the Institut Pasteur MLST 
database (http://bigsdb.web.pasteur.fr/; 
Diancourt et al., 2005; Brisse et al., 2009). O 
antigen type was determined in silico using a 
script written in Python and the primers of Fang 
et al. (2016). 

Three phages (KLPN2, KLPN3, KLPN4) with 
lytic activity against L4-FAA5 were isolated 
from sewage. The isolation of phage KLPN1 
was been described previously (Hoyles et al., 
2015). Characterization of all four phages is 
being done as described by Kęsik-Szeloch et 
al. (2013) and Hoyles et al. (2015), with 
preliminary results reported here. 

Results 
Sequence data from L4-FAA5 were assembled 
into a genome (5.3 Mb) comprising 4 scaffolds 
(Fig. 1). The seven-gene MLST sequence type 
(ST) of L4-FAA5 was ST380. It was of capsular 
type K2: sequence analyses confirmed PCR 
results (Hoyles et al., 2015). 

Restriction digests (Fig. 2) suggested phages 
KLPN2, KLPN3 and KLPN4 were different 

Characterization of lytic bacteriophages of Klebsiella 
pneumoniae with capsular depolymerases  

 
 
 
 
 
 
 

 
from KLPN1. Genome sequences for the three 
phages were 51264, 47277 and 50522 bp, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
Preliminary genome analyses suggest KLPN2, 
KLPN3 and KLPN4 represent novel members 
of the family Siphoviridae, similar to KLPN1 
(Fig. 3). 

All four phages encode depolymerases (Fig. 
3), which produce characteristic haloes around 
plaques on L4-FAA5. When tested against a 
panel of antibiotic-resistant strains of K. 
pneumoniae, the phages exhibited 
depolymerase activity on 10/13 strains but 
were only lytic with L4-FAA5 (Table 1). 

All four phages are relatively heat stable (Fig. 
4a), and have similar adsorption characteristics 
(Fig. 4b).  
 
 
 
 
 
 
 
 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

Discussion 
Preliminary sequence data demonstrate the 
three phages isolated from sewage are novel. 
Annotations will be checked and confirmed, 
and the sequence data deposited in GenBank. 
The depolymerases of the four phages will be 
cloned, expressed and purified, and the 
purified proteins tested against K. pneumoinae 
biofilms, to determine if they have potential as 
adjuncts to antibiotics in biofilm-associated 
infections. 
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Fig. 1. Initial 
assembly of the 
chromosome of L4-
FAA5. The genome 
is also thought to 
contain at least two 
plasmids.  
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Fig. 2. Restriction 
digests of phage 
DNA. Gels were 
stained with 
ethidium bromide 
and visualized 
under UV light. L1, 
100 bp ladder; L2, 
1 kb ladder; U, 
undigested; B, 
BamHI; D, DpnI; EI, 
EcoRI; EV, EcoRV; 
H, HindIII. 

Strain Enzyme,  Source Phage depolymerase activity on clinical strain 
   capsular type   KLPN1 KLPN2 KLPN3 KLPN4 
L4-FAA5 K2 Hoyles et al. (2015) + + + + 
PS1 KPC Urine – – – – 
PS2 NDM Rectal swab + + + + 
PS3 OXA48 Urine + + + + 
PS4 NDM K2 Rectal swab + + + + 
PS5 NDM Rectal swab + + + + 
PS6 NDM Urine + + + + 
PS7 NDM K2 Rectal swab + + + + 
PS8 NDM Rectal swab + + + + 
PS9 NDM Rectal swab + + + + 
PS10 NDM Urine + + + + 
PS11 NDM K2 Rectal swab + + + + 
PS12 NDM Rectal swab – – – – 
PS13 NDM Rectal swab – – – – 

Fig. 3. The genomes of the three newly sequenced KLPN phages were manually aligned in Geneious R9 using 
KLPN1 as a reference sequence. BlastP results were used to provide preliminary functional annotation of the 
phage genes: white, unclassified; yellow, packaging; red, head structure; green, tail structure; pink, depolymerase; 
blue, replication; brown, cell lysis.  

Table 1. K. pneumoniae strains used in this study  

Fig. 4. (a) Heat 
stability of the 
phages was 
assessed by 30-
min heat 
treatments 
followed by 
double-layer 
overlay assays to 
assess titres. (b) 
Adsorbance rates 
were determined 
by monitoring the 
reduction of free 
phage present in 
host bacterial 
culture at an 
M.O.I. of 0.01, 
over a 12-min 
period. 


