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Bcep22-like phages are a recently described group of podoviruses that infect strains of Burkholderia cenocepacia. We have iso-
lated and characterized a novel member of this group named DC1. This podovirus shows many genomic similarities to BcepIL02
and Bcep22, but it infects strains belonging to multiple Burkholderia cepacia complex (BCC) species.

Isolation and characterization of bacteriophages that infect
members of the Burkholderia cepacia complex (BCC)—a group

of at least 17 species of multidrug-resistant opportunistic patho-
gens (reviewed in references 18 and 24)—are critical to the devel-
opment of a phage therapy protocol for these organisms. Five
different BCC-specific phages have been shown to be active
against Burkholderia cenocepacia in invertebrate or mammalian
infection models (3, 17, 22). Three myoviruses (KS4-M, KS12,
and KS14) and one siphovirus (KS9) were found to be effective in
Galleria mellonella, increasing larva survival at various multiplic-
ities of infection following administration of a lethal dose of B.
cenocepacia (22, 17). Similarly, in C57BL/6 mice infected with B.
cenocepacia AU0728, the podovirus BcepIL02 was shown to de-
crease both bacterial density and inflammatory cytokine release
(3). BcepIL02 was recently identified as a member of a new phage
type, the Bcep22-like phages. To date, this phage type contains
only two viruses: the 62,714-bp BcepIL02 (FJ937737) and the
63,882-bp Bcep22 (AY349011) (5). However, we have recently
characterized a third member of this podovirus group, a broad-
host-range Bcep22-like phage named DC1 (vB_BceP_DC1) (10).

DC1 was isolated from an extract of soil used to cultivate a
Dracaena sp. in Edmonton, Canada using Burkholderia cepacia
LMG 18821 as a host (22). When plated with LMG 18821 in soft
agar overlays on half-strength Luria-Bertani (½ LB) solid me-
dium, DC1 forms mainly clear plaques with a diameter of 1 to 2
mm. Transmission electron microscopy of DC1 virions (per-
formed as described previously [16]) indicates that it is a member
of the Podoviridae family (Fig. 1). While the originally described
Bcep22-like phages were reported to specifically infect B. cenoce-
pacia (3, 5), the relatively broader host range of DC1 is a signifi-
cant advantage with respect to clinical use. In contrast to Bcep22
and BcepIL02, which infect B. cenocepacia PC184 (BcepIL02),
AU0728 (BcepIL02), and AU1054 (both phages) (3, 5), the DC1
host range includes B. cepacia LMG 18821, B. cenocepacia C6433,
PC184, and CEP511, and Burkholderia stabilis LMG 18870 (22).
The B. cepacia and B. stabilis strains are CF isolates, while the B.
cenocepacia strains are CF epidemic isolates (19). The efficiency of
plating for DC1 on each of these strains is similar (within one
order of magnitude compared to LMG 18821).

DC1 DNA was isolated using the GENECLEAN Turbo Kit
(Qbiogene, Irvine, CA) following guanidine thiocyanate lysis of
polyethylene glycol (PEG)-precipitated high-titer phage lysates.
The complete genome sequence was determined using pyrose-
quencing (454 Life Sciences, Branford, CT) with PCR cloning
(CloneJET PCR cloning kit; Fermentas, Burlington, ON) to fill the
contig gaps. Annotation and sequence analysis were performed

using GeneMark.hmm-P (15), BLAST (1), EMBOSS matcher
(20), TMHMM (9), LipoP (8), tRNAscan-SE (21), HHpred (23),
and CoreGenes (25, 12, 13). Comparison plots were prepared us-
ing PROmer and Circos (4, 11).

The DC1 genome is 61,847 bp in length, has a 66.2% GC con-
tent, and is predicted to encode 73 proteins and one tRNA (see
Table S1 in the supplemental material). BLASTN and EMBOSS
matcher analysis of the complete genome sequence indicates that
it is most closely related to BcepIL02 (79.5% identity) and Bcep22
(73.1% identity). Using CoreGenes analysis to assess phage pro-
tein relatedness (12, 13), 52 matches were found between the pro-
teins of DC1 (n � 73) and Bcep22 (n � 81) (see Table S2 in the
supplemental material). Although both DC1 gp56 and gp59 (tail
fiber proteins) are closely related to Bcep22gp65, the program
tallies only gp56 as a match, so the true total is 53 (Table S2),
resulting in a 65.43% similarity value between these two phages.
Based on the recommended CoreGenes genus-level threshold of
40% (12, 13), it is evident that Bcep22-like phages (including
DC1) not only comprise a new phage type as previously suggested
(5) but in fact constitute an entirely novel and distinct podovirus
genus.

Predicted DC1 genes show similarity to the majority of both
BcepIL02 and Bcep22 genes (see Table S2 in the supplemental
material), including those encoding the tyrosine integrase
(BcepIL02), RecT/nuclease pair, transcriptional repressor, serine
tRNA, replication proteins, PagP (BcepIL02), methyltransferase/
endonuclease pair (BcepIL02), capsid morphogenesis and DNA
packaging proteins, CsrA, multiple tail fiber proteins, acyltrans-
ferase, PAPS reductase, large multidomain protein, and lysis pro-
teins (although, based on TMHMM analysis, we predict that gp68
is the putative antiholin and that the putative holin gp70 contains
only one transmembrane domain) (5). Two of these proteins are
predicted to be involved in lysogeny: the integrase gp4 and the
repressor gp8. Interestingly, with regard to phenotypic similarities
between all three phages, we have also observed evidence of un-
stable lysogeny in DC1 hosts (5) (although the nature of this phe-
nomenon requires further investigation). Three proteins similar

Received 3 October 2011 Accepted 22 November 2011

Published ahead of print 2 December 2011

Address correspondence to Jonathan J. Dennis, jon.dennis@ualberta.ca.

Supplemental material for this article may be found at http://aem.asm.org/.

Copyright © 2012, American Society for Microbiology. All Rights Reserved.

doi:10.1128/AEM.07097-11

0099-2240/12/$12.00 Applied and Environmental Microbiology p. 889–891 aem.asm.org 889

http://dx.doi.org/10.1128/AEM.07097-11
http://aem.asm.org


to BcepIL02 and Bcep22 conserved proteins have been assigned
putative functions based on HHpred analysis (with a 95% proba-
bility value cutoff): transcriptional regulators gp9 and gp18 and
recombination protein gp16 (see Table S1 in the supplemental
material).

Like many phages, DC1 has a mosaic structure in which re-
gions of strong similarity to BcepIL02 and Bcep22 are interspersed
with regions of minimal to no similarity throughout its genome.
This mosaicism is evident in the PROmer/Circos plots comparing
these three phages (Fig. 2). Based on BLASTP analysis, DC1 lacks
homologs of 15 BcepIL02 proteins and 26 Bcep22 proteins (see
Table S2 in the supplemental material). The majority of these
proteins have no assigned functions. However, DC1 lacks a ho-
molog of a putative transcriptional regulator, DNA ligase, and
Rz1-like lysis protein of BcepIL02 and a putative serine recombi-

nase, HNH endonuclease (two proteins), methyltransferase, trans-
posase, transcriptional regulator, and pectin lyase-like protein of
Bcep22 (5). The only DC1 proteins with low E-value BLASTP
matches to proteins not found in either BcepIL02 or Bcep22 are
gp5, gp17, and gp30. Of these, only gp17 has been assigned a
putative function (see Table S1 in the supplemental material).

Although DC1 has certain drawbacks with respect to its poten-
tial for use in phage therapy (i.e., genes for lysogeny and a putative
lipid A palmitoyltransferase [5]), it also has three key advantages.
First, the DC1 host range is relatively broad, infecting clinical
strains of multiple BCC species. It remains to be determined if
amino acid differences between the tail fiber proteins of DC1 and
those of BcepIL02 and Bcep22 are responsible for the expanded
host range of DC1 (as DC1 gp56, gp57, gp59, and gp60 exhibit 46
to 96% identity with the tail fiber proteins of BcepIL02 and Bcep22

FIG 1 Transmission electron micrographs of phage DC1 stained with 2% phosphotungstic acid.

FIG 2 PROmer/Circos comparisons of DC1 and BcepIL02 (left) or Bcep22 (right). The scale (in kbp) is shown on the periphery. Green ribbons connect regions
of protein-level similarity involving the same strand on both genomes. No matches involving opposite strands were detected. PROmer parameters (default):
breaklen � 60, maxgap � 30, mincluster � 20, minmatch � 6.
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[see Table S2 in the supplemental material]). Second, DC1 is
closely related to the only phage shown to date to be active against
the BCC in a mammalian infection model, BcepIL02 (3). Finally,
all three Bcep22-like phages encode putative CsrA-like proteins.
F116, a podovirus active against Pseudomonas aeruginosa biofilms,
encodes a similar regulator (2, 6). In Escherichia coli, CsrA expres-
sion is inhibitory to biofilm development by means of both de-
creased formation and increased dispersion (7). When Lu and
Collins (14) engineered an M13 phage derivative to express CsrA
in E. coli, host susceptibility to ofloxacin increased. If the action of
CsrA in Burkholderia is analogous to that in E. coli, Bcep22-like
phages in vivo could potentially induce not only direct killing but
also reduced biofilm development and increased antibiotic sus-
ceptibility.

Together with the findings of Gill et al. (5), we can conclude
that Bcep22-like phages have a wide geographic distribution and a
potentially broad range of hosts within the BCC. Since a member
of this group has already been shown to be active against the BCC
in vivo (3), isolation of related phages with expanded host ranges is
important for BCC phage therapy development.

Nucleotide sequence accession number. The DC1 sequence
has been deposited in GenBank under accession number JN662425.
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