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Complete Genome Sequence of Cronobacter sakazakii Temperate
Bacteriophage phiES15

Ju-Hoon Lee,b Younho Choi,a Hakdong Shin,a Junghyun Lee,a and Sangryeol Ryua

Department of Food and Animal Biotechnology, Department of Agricultural Biotechnology and Center for Agricultural Biomaterials, Seoul National University, Seoul,
South Korea,a and Department of Food Science and Biotechnology, Kyung Hee University, Yongin, South Koreab

While most phage genome studies have been focused on the virulent phages, the inducible temperate bacteriophage genome
study provides more detailed information about the interaction between the host strain and the phage. To study this interaction
in detail, UV-induced phiES15 bacteriophage was isolated from the host strain Cronobacter sakazakii ES15 and its genome was
completely sequenced. Here we announce the genome sequence of phiES15 and report major findings from the annotation.

Cronobacter sakazakii has been recognized as a critical patho-
genic bacterium, especially for powdered formula-fed infants,

due to high (up to 80%) mortality (6, 7, 12). While various anti-
biotics have been used to control this pathogen, recent studies
reported emergence of antibiotic-resistant strains (14). Therefore,
bacteriophage therapy using C. sakazakii-targeting phages has
been suggested as an alternative treatment to control this patho-
gen (8, 15). To optimize this phage therapy, a study of the molec-
ular interaction between the C. sakazakii host and its specific
phages needs to be done. Furthermore, the study of the interaction
between the C. sakazakii host and its temperate phage would pro-
vide information in greater detail than studies of virulent phages
targeting C. sakazakii. To study the details of interaction, pro-
phage-harboring C. sakazakii ES15 was isolated from the powder
of ground whole grains and its temperate phage, designated
phiES15, was also isolated from the host strain after UV induction.
Here the genome of phage phiES15 was completely sequenced and
analyzed.

Isolated and purified genomic DNA of phiES15 was sequenced
using a GS-FLX 454 pyrosequencer (Macrogen, Seoul, South Korea),
and the qualified reads were assembled using GS De Novo Assembler
2.3. The predictions of open reading frames (ORFs) were conducted
using three major gene prediction programs, GeneMarkS (2), Glim-
mer3 (5), and FgenesB (Softberry, Inc., Mount Kisco, NY) and con-
firmed by ribosomal binding site analyses performed using RBS
finder (J. Craig Venter Institute, Rockville, MD). The functions of
ORFs were predicted by BLASTP analyses using the Conserved
Domain Database (CDD) (1, 10) and conserved protein motif anal-
yses using InterProScan (13). tRNA was predicted by the use of
tRNAscan-SE software (9), and the annotated genome information
was handled using Artemis14 (3).

The phiES15 genome has 39,974 bp containing 52 ORFs and
no tRNA, with GC content of 53.54%. While 23 (43.3%) ORFs
among them were hypothetical proteins, other ORFs were pre-
dicted to be functional, and they were categorized into seven
groups: integration (integrase and excisionase), DNA modifica-
tion and recombination (adenine-specific DNA methyltrans-
ferase and crossover junction endodeoxyribonuclease RusA), host
interaction (host-nuclease inhibitor protein Gam and host divi-
sion inhibitor protein Kil), transcription regulation (transcrip-
tional repressor DicA, CII, and antitermination protein Q), repli-
cation (replication proteins O and P), host lysis (endolysin and
Rz/Rz1), and phage packaging (terminase small and large sub-

units). It is intriguing that the phiES15 genome encodes host in-
teraction proteins such as Gam (probably involved in protection
of phiES15 phage genome from the foreign DNA degradation by
host nucleases) (11) and Kil (probably involved in utilization of
the host resources for phage reconstruction by inhibition of the
host cell division) (4). In addition, a 26-bp attP sequence is shared
between the phage phiES15 and the host strain ES15, substantiat-
ing the hypothesis that this phiES15 is a temperate phage and that
it serves as a site of phage integration into the host genome. The
study of the complete genome of the phiES15 phage would pro-
vide further information about the interaction between C. saka-
zakii host and its temperate phage.

Nucleotide sequence accession number. The complete ge-
nome sequence of Cronobacter sakazakii phage phiES15 is avail-
able in GenBank under accession number JQ780327.
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