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Complete Genome Sequence of Bacillus cereus Bacteriophage PBC1

Minsuk Kong, Minsik Kim, and Sangryeol Ryu

Department of Food and Animal Biotechnology, Department of Agricultural Biotechnology and Center for Agricultural Biomaterials, Seoul National University, Seoul,
South Korea

Bacillus cereus is a ubiquitous, spore-forming bacterium associated with food poisoning cases. To develop an efficient biocontrol
agent against B. cereus, we isolated lytic phage PBC1 and sequenced its genome. PBC1 showed a very low degree of homology to
previously reported phages, implying that it is novel. Here we report the complete genome sequence of PBC1 and describe major
findings from our analysis.

Bacillus cereus is an opportunistic human pathogen responsible
for 2 to 5% of the food-borne illnesses reported worldwide (2,

8). Although outbreaks caused by B. cereus are relatively infre-
quent, concerns about B. cereus have not diminished because it is
commonly isolated from foods and food additives due to its abil-
ities to form endospores and to grow at a broad range of temper-
atures (5 to 55°C) (5, 9, 10, 15). With the rapid emergence of
antibiotic-resistant bacteria, the use of bacteriophages has re-
gained attention as an efficient alternative method for their con-
trol (7, 14). Although many phages infecting various strains of B.
cereus have been isolated in our lab (11, 16), only one phage,
PBC1, can infect B. cereus strain ATCC 21768. PBC1 belongs to
the Siphoviridae family and forms clear plaques (data not shown).

Phenol-chloroform extraction was used to isolate the phage’s
genomic DNA, and it was sequenced using the Genome Sequencer
FLX Titanium by Macrogen, Seoul, South Korea. The assembly of
quality filtered reads was performed using GS De Novo Assembler
(v. 2.6), and the open reading frames (ORFs) were predicted using
the Glimmer 3.02 (4), GeneMark.hmm (3), and FgenesB (Soft-
berry, Inc., Mount Kisco, NY) software. The ORFs were limited to
those encoding proteins of more than 50 amino acids. Conserved-
domain analysis of the predicted ORFs was carried out using
BLASTP (1), InterProScan (17), and the NCBI Conserved Do-
main Database (13). Searches for tRNAs were conducted using the
tRNAscan-SE program (12).

Genomic analysis revealed that PBC1 contains 41,164 bp of
linear double-stranded DNA with a G�C content of 41.7 mol%.
PBC1 has terminally redundant and partially permuted genomes,
suggesting that PBC1 uses a headful packaging mechanism. We
identified 50 predicted ORFs, all of which were transcribed in the
same direction, and found no tRNAs. Of the 50 predicted ORFs,
28 were identified as encoding hypothetical proteins. Homology
searches identified packaging and structural proteins (a termi-
nase, a portal protein, major/minor capsid proteins, and a tail
length measure protein), host lysis proteins (a holin and an endo-
lysin), and DNA replication and modification proteins (a thymi-
dylate synthase, a nucleoside triphosphatase, a DNA polymerase, a
resolvase, a glutaredoxin-like protein, a nuclease, and a helicase).
We could not find any lysogeny-related proteins, such as an inte-
grase or repressors, supporting the notion that PBC1 is a virulent
phage. Interestingly, PBC1 has a putative YD repeat protein at its
tail that is known to be involved in extracellular carbohydrate
binding (6). We speculate that the host, B. cereus ATCC 21768,
may have a unique carbohydrate structure on the cell surface and
that PBC1 specifically recognizes and binds the host receptor by

using the YD repeat protein. The analysis of the complete PBC1
genome not only facilitates its development as a biocontrol agent
against B. cereus but also improves our understanding of the bac-
teriophage host range.

Nucleotide sequence accession number. The complete ge-
nome sequence of B. cereus phage PBC1 is available in GenBank
under accession number JQ619704.
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