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A B S T R A C T

Enterobacteria phage SSL-2009a is a virulent bacteriophage with strong and abroad lytic ability against lots of
engineering E. coli strains. In this study, we re-sequenced its whole genome and made a detail analysis on its
genomic and proteomic characteristics according to the updated genomic sequence. The genome of SSL-2009a is
a circular double-stranded DNA of 44,899 base pairs in length, with a 54.67% G+C content. A total of 67 open
reading frames were predicted as protein coding sequences, 24 of which encode products highly homologous to
known phage proteins. There are 10 promoters and 22 terminators identified in the genome of SSL-2009a, but no
tRNA is found. SSL-2009a belongs to the ‘HK578likevirus’ genus of Siphoviridae. Comparative analyses indicated
that other twelve phages share high homology with SSL-2009a at nucleotide and amino acid levels and also
should be clustered into the same genus. In-depth analysis was performed to reveal the genomic, proteomic, and
morphological features of these ‘HK578likevirus’ phages, which may promote our understanding of
Enterobacteria phage SSL-2009a and the ‘HK578likevirus’ genus, even the biodiversity and evolution of bac-
teriophages.

1. Introduction

Bacteriophages (phages) are the natural infectious agents of bac-
teria. They can infect and kill bacteria with high specificity and effec-
tiveness, and are considered an important biological tool for the typing,
treatment, and decontamination of bacteria. Phages are also associated
with the genetic variation of bacteria through the horizontal transfer of
genetic material as specific virulence or drug-resistance genes (Touchon
et al., 2017; Brown-Jaque et al., 2015; Penadés et al., 2015), and
contribute to the evolution of bacteria. Recently, increasing attention
has been focused on phages because of their potential contributions to
control infectious diseases caused by refractory bacterial pathogens,
such as multidrug-resistant bacteria (Cisek et al., 2017; Malik et al.,
2017; Lin et al., 2017).

Bacteriophages are distributed ubiquitously in nature, and are pre-
sumed to be the most abundant biological entity on earth. It is esti-
mated that there are about 1030 to 1032 phages in the biosphere, ap-
proximately ten-fold higher than the number of bacteria (Hendrix,
2003). The giant bacteriophage community has abundant biological

diversity, but our understanding of them is extremely deficient. Since
the discoveries of phages were reported by Frederick William Twort in
1915 and Felix d` Herelle in 1917 (Salmond and Fineran, 2015), about
6300 different phages have been examined using electron microscopy
(Ackermann and Prangishvili, 2012). Based on data from the National
Center for Biotechnology Information (Bethesda, MA, USA), only about
2000 phage genomes have been completely sequenced up to February
2016, even fewer than those of their host (more than 5000 genomes of
bacteria have been examined). Therefore, it is necessary to isolate and
identify novel bacteriophages, to sequence and perform in-deep ana-
lyses of their genomes, which will improve our understanding of the
biodiversity and evolution of bacteriophages and bacteria.

Enterobacteria phage SSL-2009a is a virulent bacteriophage with
strong and abroad lytic ability against many engineering E. coli strains.
It is able to infect and lyse 10 different engineered E. coli strains, in-
cluding BL21 (DE3), DH10B, DH5α, JM109, M15, Rosetta (DE3),
Rosetta-gami (DE3), S17-1, S17-1 λ pir+, and TOP10. SSL-2009a also
displays powerful tolerance to terrible environments, and can survive in
75% or 100% ethanol, high temperatures as 90 °C and even in strong
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acid at pH 4 (Li et al., 2010). Therefore, SSL-2009a shows powerful
potential threat to scientific research and industrialized fermentation
processes. The genome of SSL-2009a had been sequenced in 2009.
However, some errors were found in this previous sequence during the
subsequent researches, confusing our understanding of the phage. So,
the genome of SSL-2009a was re-sequenced. In the new sequence, 5107
missing base pairs are added, the inversion and staggered arrangement
of genomic fragments are also corrected (Fig. S1). In the present study,
the comparative analysis on the updated sequence was performed,
which indicated that SSL-2009a should be clustered into the
‘HK578likevirus’ of Siphoviridae. Other 12 bacteriophages that share
high similarity with SSL-2009a at nucleotide and amino acid levels also
should be classed into this genus. Based on the in-depth analysis of
these 13 phages, some genomic, proteomic, and biological character-
istics of ‘HK578likevirus’ phages were also revealed in this paper.

2. Materials and methods

2.1. Bacteriophage propagation and purification

Enterobacteria phage SSL-2009a was primarily isolated from a
culture of the E. coli BL21 (DE3) strain, and BL21 (DE3) was used as the
host cell for the subsequent propagation of SSL-2009a (Li et al., 2010).
In detail, the log phase liquid cultures of the BL21 (DE3) strain were
infected with the phage at a MOI of 0.01 and incubated for 12–16 h at
37℃ with shaking. The overnight culture was centrifuged (10,000 g for
15min at 4℃), and then the supernatant was collected and filtered with
a 0.22 μm filter membrane. The crude phage suspension was con-
centrated with 10% polyethylene glycol 8000 and 1M NaCl according
to the method described by Govind et al. (Govind et al., 2006). Further
purification of SSL-2009a particles was performed using CsCl gradient
ultracentrifugation (Casas and Rohwer, 2007).

2.2. Genomic DNA extraction and sequencing

The genomic DNA of SSL-2009a was extracted from the purified
phage particles using the SDS-proteinase K protocol according to the
methods described previously (Lu et al., 2013), and was further purified
by phenol extraction and ethanol precipitation. The genomic DNA of
SSL-2009a was subjected to high-throughput sequencing at the State
Key Laboratory of Pathogens and Biosecurity at the Beijing Institute of
Microbiology and Epidemiology using a Life Technologies Ion Personal
Genome Machine Ion Torrent sequencer (San Francisco, CA). The
complete genome sequence was assembled using the Velvet (Zerbino
and Birney, 2008) and CLC Bio (Aarhus, Denmark) software programs.

2.3. Sequence analysis and annotation

The basic features of SSL-2009a genome sequence were analyzed
using the software packages DNAStar and DNAMAN (http://www.
lynnon.com/). The GC skew and GC content analysis of the SSL-2009a
genome was identified with CGView program (http://stothard.afns.
ualberta.ca/cgview_server) (Stothard and Wishart, 2005). Open reading
frames (ORFs) were scanned using ORF Finder at the National Center
for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/
gorf/gorf.html) (Wheeler et al., 2003). Putative genes were predicted
using the GeneMark.HMM software (http://opal.biology.gatech.edu/
GeneMark/genemark24.cgi) with a length threshold of 100 bp
(Besemer and Borodovsky, 1999). The homology searches of the nu-
cleotide sequences and protein sequences were conducted using the
BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) (Altschul et al., 1997).
Both the whole genomic sequence of SSL-2009a and its proteomic an-
notation have been deposited in GenBank with the accession number of
FJ750948. The transfer RNA (tRNA) genes in genomic DNA were
screened using the online tool, tRNAscan-SE 1.21 (http://lowelab.ucsc.
edu/tRNAscan-SE), with a cover score cutoff of 20 (Schattner et al.,

2005). Bacteriophage-specific promoters were identified by neural
network promoter prediction with the minimum score set at 0.99
(http://www.fruitfly.org/seq_tools/promoter.html) (Reese, 2001), and
with PHIRE (Lavigne et al., 2004). The Rho-independent Transcrip-
tional terminators were determined using the web tool, FindTerm
(http://linux1.softberry.com/berry.phtml?topic=findterm&group=
programs&subgroup=gfindb).

2.4. Comparative genome analysis

Using the BLASTn online tool on the NCBI website (http://blast.
ncbi.nlm.nih.gov/Blast.cgi), thirteen bacteriophages were found with
high nucleotide homology with SSL-2009a: Enterobacteria phage JL1
(NC_019419), EK99P-1 (NC_024783), HK578 (NC_019724), slur05
(LN881730), slur06 (LN881731), Envy (KX534335), Gluttony
(KX534336), Lust (KX534338), Sloth (KX534339, partial genome),
Pride (KX534341), and Shigella phage EP23 (NC_016566), Sodalis
phage SO-1 (NC_013600), Siphoviridae phage YD-2008.s (KM896878).
Except Enterobacteria phage Sloth whose genome sequence is in-
complete, the genomes of other 12 bacteriophages were compared with
that of SSL-2009a using BLAST Ring Image Generator (BRIG) with the
percentage identity cut off value of 80% (http://brig.sourceforge.net/)
(Alikhan et al., 2011). Paired comparisons between each two of these
phages were conducted using BLASTn. A dot plot analysis was also
performed for the whole genome comparison of the thirteen bacter-
iophages and the results were displayed using the Gepard program
(Krumsiek et al., 2007).

The homologies among the 13 bacteriophages at amino acid level
were analyzed and graphed with Easyfig (http://easyfig.sourceforge.
net/) according to tBLASTx (Sullivan et al., 2011). CoreGenes3.5 was
also used to evaluate the protein homologies of these phages with a
BLASTp threshold score of 75 (http://binf.gmu.edu:8080/CoreGenes3.
5) (Turner et al., 2013). Multiple sequence alignment of the terminase
large subunits was conducted by a ClustalW algorithm using default
parameters (Chenna et al., 2003; Li, 2003), and related phylogenetic
tree was also constructed and displayed using the MEGA6 program
(Tamura et al., 2013) via the neighbor-joining method (Som and
Fuellen, 2009).

3. Results and discussion

3.1. General characteristics of the re-sequenced SSL-2009a genome

SSL-2009a possesses a circular dsDNA genome (Fig. S2) of 44,899
bp with an average G+C content of 54.67% which is slightly higher
than that of its host E. coli (50.6%) (Blattner et al., 1997). A total of 257
ORFs (> 100 bp) were predicted using the ORF Finder software pro-
gram (Wheeler et al., 2003) with ATG, GTG, or TTG as start codons.
Among these, 67 ORFs were identified as protein coding sequences
(CDs) by the GeneMark.HMM tool. Sixty-three CDs are initiated with
the start codon ATG, one is start with TTG, and the other three with
GTG. The average length of a gene is about 644 bp. Approximately
96.08% of the SSL-2009a genome (about 43,140 bp) is predicted to be
involved in proteins encoding, which is in concordance with the highly
efficient and economical utilization of genomic sequences by bacter-
iophages. Among the 67 putative genes, 42 were in the forward strand
and 25 were in complementary strand (Fig. 1). Ten putative promoters
(Table S1) and 22 rho-dependent terminators (Table S2) were identified
from the SSL-2009a genome, while no tRNA gene was found with
tRNAScan software program. The general genome features of En-
terobacteria phage SSL-2009a were collected in Table S3.

The presumptive functions of the 67 putative genes were predicted
by comparing with the non-redundant protein sequences in NCBI da-
tabase. Twenty-four of the 67 predicted genes (about 35.82%) show
high sequence homology to known phage-related genes with identified
functions, 40 genes (about 56.9%) code for conserved hypothetical
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phage proteins with unknown functions, while no significant homo-
logues of gp31, gp65 and gp66 were found in the databases. The basic
characteristics of the 67 predicted genes are listed in Table S4 and the
physical map of these genes is illustrated in Fig. 1.

3.2. The evolutionary relationship of phage SSL-2009a

3.2.1. Comparative analysis at nucleotide level
When compared its whole genome sequence against the nucleotide

sequence database in NCBI using BLASTn, SSL-2009a showed high
homology with thirteen bacteriophages: Enterobacteria phage JL1
(NC_019419, 43,757 bp), EK99P-1 (NC_024783, 44,332 bp), HK578
(NC_019724, 43,741 bp), slur05 (LN881730, 43,900 bp), slur06
(LN881731, 44,515 bp), Envy (KX534335, 45,206 bp), Gluttony
(KX534336, 44,513 bp), Lust (KX534338, 41,942 bp), Sloth
(KX534339, 45,206 bp, partial genome), Pride (KX534341, 44,899 bp),
and Shigella phage EP23 (NC_016566, 44,077 bp), Sodalis phage SO-1
(NC_013600, 45,169 bp), Siphoviridae phage YD-2008.s (KM896878,
44,613 bp). Except the Enterobacteria phage Sloth with imcomplete
genome, other 13 phages were included in comparative analysis. The
detailed genomic features of the 13 phages were listed in Table S3. As
showed in Table S3, the genomic sequence of SSL-2009a is 96% iden-
tical to that of JL1, 94% to YD-2008.s, 93% to EK99P-1, 92% to both
HK578 and EP23, 91% to slur05, slur06, Envy, Gluttony, Lust and
Pride, 90% to SO-1. Meanwhile, high query coverages at 85%–95% and
E values of 0.0 were also found in this comparison (Table S3).
Moreover, the nucleotide identities between each two phage of the
thirteen phages were as high as 90%–100% (Table S5). It is notable that
almost the whole genome sequence of phage Lust can be found in Pride
genome and covered about 94% of Pride genomic sequence (marked by
bold in Table S5). The high identities among the 13 genomes were also
revealed by the genomic comparison drawn with BLAST Ring image
Generator (BRIG) (Fig. 2). Gepard dotplots analysis was employed to

compare the full genome sequences of the 13 bacteriophages against
each other. Diagonal lines indicated that the nucleotide sequences of
these phages are organized similarly and matched well with each other
(Fig. S3). Among these phages, phage JL1, YD-2008.s, slur05, Envy and
Lust showed reverse matching with the other phages, revealing that the
genomes of these 5 phages were organized in the opposite direction
against others.

3.2.2. Comparative analysis at amino acid level
Among the 67 predicted genes of SSL-2009a, the amino acid se-

quences of 64 genes (about 95.5%) share great similarity with those of
the other 12 phages, with high identities ranging from 75% to 100%
(Table S4). Of note, more than 95% sequence identities in the amino
acid composition were reported between 50 putative SSL-2009a pro-
teins and those of JL1, EK99P-1, HK578, EP23, SO-1, and YD-2008.s.
For example, the amino acid sequences of gp17, gp40, gp61 and gp62 of
SSL-2009a were 100% homologous with those of EP23, HK578 and JL1.
The major head protein of thirteen phages shared 96%–99% sequence
identity at amino acid level, while the large subunit of terminase has
97%–99% protein sequence similarity among the phages. As the con-
served proteins of bacteriophage, the high identity of major head pro-
tein and terminase large subunit at the amino acid level reveal that
these phages may be descended from a common ancestor and should be
grouped into the same genus.

CoreGenes 3.5 was used to further analyze the relationship of the 13
phages at protein level with the default BLASTp threshold of 75. It was
found that 40 proteins were encoded in common among these bacter-
iophages, which covered most predicted proteins of these phages, and
the coverage is about 59.70% of the putative proteins of SSL-2009a,
66.66% of JL1, 64.52% of EK99P-1, 66.66% of HK578, 70.18% of EP23,
67.80% of SO-1, 64.52% of YD-2008.s, 68.97% of slur05, 68.97% of
slur06, 64.52% of Envy, 65.57% of Gluttony, 70.18% of Lust, and
63.49% of Pride respectively. The core proteins comparisons between

Fig. 1. BRIG and CGView image combined to represent the updated SSL-2009a genome. Genome is represented by a circular visualization and coding regions are
represented by arrows. The putative function of each CDS is labeled at the outermost ring and the organization of the function modules of 67 CDS are represented at
the innermost rings. The third ring shows GC skew with pink for GC skew- and green for GC skew+. The GC content appears in the black ring.
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each two genomes of the 13 phages were showed in Table S6, which
indicted that these 13 bacteriophages share high homology with each
other at protein level. Even the lowest percent of core proteins pre-
sented between YD-2008.s and HK578 is more than 80% (80.65%).
Moreover, all the predicted proteins of phage Lust can be found from
those of phages Envy and Gluttony, and the proteins of Gluttony are
also 100% identity to those of phage Envy. The high identity at pro-
teomic level can also be visualized from the Easyfig CDs comparison of
the 13 phages (Fig. 3). It had been previously demonstrated that phages
of the Podoviridae and Myoviridae families can be grouped together
when they share 40% of core proteins with each other (Lavigne et al.,
2008; 2009). According to this cutoff value, these 13 bacteriophages
may be grouped in the same genus. From Fig. 3, we also found that the
genome organizations and transcription directions of YD-2008.s,
slur05, JL1, Lust and Envy are inverted against the other 9 bacter-
iophages, which is consistent with the discovery in dot plot analysis
(Fig. S3).

Based on the comparative analyses at nucleotide and protein levels,
we presumed that the thirteen bacteriophages are closely related phy-
logenetically with each other and may be descended from a single
common ancestor.

It was previously reported that most phages (about 96%) in-
vestigated so far are tailed, double-stranded DNA viruses that belong to

the order Caudovirales (Ackermann, 1998, 2009). Due to their tail
morphology and nucleic acid properties, the tailed bacteriophages are
divided into three families: Myoviridae, Siphoviridae and Podoviridae.
The phages in the Myoviridae family always have a long contractile tail,
while Siphoviridae have a long non-contractile tail and Podoviridae have
a short non-contractile tail. Among the three families, the Siphoviridae is
the most abundant, and about 61% of observed phages and most of the
sequenced phages belong to this family (Ackermann, 2009). According
to the report of ICTV on virus taxonomy (http://www.ictvonline.org),
the Siphoviridae family is classified into 11 subfamilies, 100 genera.
Because of their typical morphology (Li et al., 2010; Pan et al., 2013;
Chang and Kim, 2011) and high homology to HK578 both at the nu-
cleotide and amino acid level, the other twelve phages should be
classified into the same genus, HK578likevirus genus of Siphoviridae.
Besides the seven bacteriophages (JL1, SSL-2009a, HK578, EP23,
EK99P-1, YD-2008.s and SO-1) which had been clustered into this
genus, the additional joining of slur05, slur06, Envy, Gluttory, Lust and
Pride extend this genus and will promote our understanding of
‘HK578likevirus’ bacteriophages.

Fig. 2. BRIG output image of the genomic similarities of the 13 ‘HK578likevirus’ phages. Genomes of the 13 ‘HK578likevirus’ phages are shown as concentric rings,
and each ring represents the similarity with a single phage. Central ring is multifasta of all 13 genomes. The colored regions indicate high pairwise genomic sequence
similarity according to BLASTn, and the missing color means absence of relative genomic region. Legend indicates which colors correspond with which phages and
the shade of that color indicates the level of similarity is observed.
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3.3. The characterization of ‘HK578likevirus’ genus

3.3.1. The general genomic features of ‘HK578likevirus’ phages
According to the analysis to the genomes of these 13 phages, it were

found that the genome sizes for ‘HK578likevirus’ phages range from
41.9 kb to 45.2 kb (with an average GC content of 54.42% to 54.77%).
Fifty-seven to 67 predicted genes, 9 to 16 promoters as well as 17 to 24
terminators were identified in the genomes of ‘HK578likevirus’ phages,
but no tRNA was found in all the 13 genomes (Table S3).

3.3.2. The features of ‘HK578likevirus’ functional modulars
In general, the genome of bacteriophage is organized in a mosaic

modular structure where each module contains gene clusters with
specific function (Brussow and Hendrix, 2002), which suggest that the
evolution of phage genomes is always pushed by combining modules
from different species (Hendrix et al., 1999). For the 13 ‘HK578likevirus’
phages, the putative genes with predicted function were also organized
in a modular format, and can be classified into six functional modules

based on their functions: DNA packaging, head assembly, tail assembly,
DNA modification, DNA replication and host lysis (Table S7).

3.3.3. The morphological characterization of ‘HK578likevirus’ phages
As most of bacteriophages, morphogenesis module, consisted of

head assembly module and tail assembly module, is the largest one for
all the 13 phages. More than 10 genes with predicted function are in-
cluded in this module (Table S7). The high amino acid homologies
among these structural associated genes indicated the 13 phages are
nearly morphologically identical to each other (Table S7). According to
the revealed morphological features of phages SSL-2009a (Li et al.,
2010) and JL1 (Pan et al., 2013), we presumed that the ‘HK578likevirus’
phages have an icosahedric head and a long flexible noncontractile tail.

3.3.4. The packaging strategy of ‘HK578likevirus’ phages
It was well known that the tailed dsDNA bacteriophages always has

similar packaging machine. After the replication of genomic DNA, the
replicating concatemeric or circular chromosome DNA molecules will

Fig. 3. Easyfig image of the genomic comparison among the 13 ‘HK578likevirus’ phages. Genomes of each phage is represented by linear visualization and coding
regions represented by arrows. The direction of arrow indicated the transcription direction of each CDS. CDS are colored according to their functions. The blue
vertical blocks between sequences indicate regions of shared similarity shaded according to BLASTn, and the degree of sequence similarity is indicated by the
intensity of blue.
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be packaged into a procapsid and cut into genome-sized lengths rely on
the ATPase and endonuclease activities of terminase proteins (Black,
1989). In general, the terminase proteins of dsDNA viruses are com-
posed of a small subunit and a large subunit. The DNA packaging
modules of ‘HK578likevirus’ phages are also composed of two terminase
subunits with high identity in amino acid sequence (Table S7). Two

conserved terminase domains (PF03237, Terminase_6 and CL12054
Terminase_3) were found in the sequences of all 13 terminase large
subunits. The DNA packaging strategies of tailed dsDNA bacteriophages
can be further classified into 15 subtypes according to the chromosomal
termini of bacteriophages: 5′cos (Lambda, P2); 3′ cos (HK97), headful
(P2, P22, Sf6, T4, 933W, phiPLPE, phiKZ), host ends (Mu, D3112),

Fig. 4. The phylogenetic analysis of the large terminase subunits of the 13 ‘HK578likevirus’ phages. The diagram was constructed using the MEGA6 program, and the
evolutionary relationship was inferred using the neighbor-joining method. The tree was drawn to scale, and the length of each branch is associated with the relative
evolutionary distance.
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short DTRs (T7, N4, C-st) and long DTRs (SPO1) (Merrill et al., 2016).
Generally, the packaging strategy of a tailed bacteriophage can be
predicted according to the amino acid sequences of its large terminase
subunit (Merrill et al., 2016). The phages who possess terminases with
similar amino acid sequences usually package DNA using similar me-
chanism (Merrill et al., 2016; Casjens and Gilcrease, 2009). In order to
determine the probable packaging strategy employed by the ‘HK578li-
kevirus’ bacteriophages, the 13 large terminase subunits were com-
pared, in amino acid sequence, to those of bacteriophages with pre-
dicted packaging strategies using phylogenetic analysis. As showed in
Fig. 4, the large terminase subunits of 13 bacteriophages showed high
identities with each other in the amino acid sequences, which suggest
that they package their replicated chromosomal DNA with similar
strategy. However, the 13 phages are separated from the other known
phage groups and uniquely positioned in the phylogenetic tree (Fig. 4),
indicating that the ‘HK578likevirus’ phages may use a novel genome
packaging strategy that differs from those known strategies.

3.3.5. The lytic strategy of ‘HK578likevirus’ phages
At the end of a phage lytic cycle, it is necessary for the progenies to

lyze the cell wall, especially the rigid peptidoglycan (PG) layer, to re-
lease from infected host cell. To destroy host cell wall, phages usually
use a holin-endolysin strategy: holins form holes in bacterial cyto-
plasmic membrane and disrupt it, and then lysis begins. Endolysins
target the integrity of the PG layer (Pimentel, 2014). Holins are small
membrane proteins with at least one transmembrane domain (TMD)
and a hydrophilic C-terminus. According to the number of TMDs and
sequence similarity, holins can be classified into three classes (Class
Ⅰ-Ⅲ) (Wang et al., 2000). Some phages also encode an anti-holin, a
negative regulator of holin function contributing to the precise reg-
ulation of lysis (Wang et al., 2000). In some cases the anti-holin is
encoded by holin gene, while sometimes it is encoded by a separated
gene (Pimentel, 2014). Endolysins, small enzymes that degrade cell
wall peptidoglycan, can be classed into four groups according to their
activity against the three covalent linkages that maintain the integrity
of cell wall: (i) glycosylase, (ii) transglycosylase targeting the glycosidic
linkages, (iii) amidase, and (iv) endopeptidase targeting the oligopep-
tide cross-linkages (Young et al., 2000). For Gram-negative bacteria,
Spanins, a third functional class of lysis proteins, are responsible for
elimination of the final outer membrane barrier (Pimentel, 2014).

The protein annotation indicated that all 13 bacteriophages use the
holin-endolysin strategy to lyse host cells. Three adjacent genes are
included in their lysis cassettes: two separately encoded for holin-like
class Ⅰand class Ⅱ proteins, and the other encoded for lysozyme. Holins
disrupt cytoplasmic membrane by forming holes in it, while lysozyme
degrade cell wall PG layer. However, although all the host cells of these
phages belong to Gram-negative bacteria, no gene with predicted
function was found to encode spanins which destroy the final outer
membrane of Gram-negative bacteria. Furthermore, no typical dual
start motifs were found in the amino acid sequence of the 13 holin
proteins, which indicated that the holin inhibitors of these phages may
be encoded by separate genes as those of phages P1 and P2 (Ziermann
et al., 1994; Schmidt et al., 1996). The regulation of ‘HK578likevirus’
phages cellular lysis awaits further analysis and research.

4. Conclusion

In this study, the re-squenced genome of Enterobacteria phage SSL-
2009a was detail analysised at nucleotide and amino acid levels. SSL-
2009a is a virulent bacteriophage with a circular double-stranded DNA
of 44,899 base pairs in length. Twenty-four of 67 predicted protein
coding sequences encode products highly homologous to known phage
proteins. Ten promoters and 22 terminators are identified in its
genome, but no tRNA is found. SSL-2009a belongs to the
‘HK578likevirus’ genus of Siphoviridae. Other twelve phages showed
high homology with it at genomic and proteomic levels, and also should

be grouped into the same genus. According to the analysis of these 13
bacteriophages, it was declared that ‘HK578likevirus’ phage has an
icosahedric head and a long flexible noncontractile tail. Their genome
sizes range from 41.9 kb to 45.2 kb (with an average GC content of
54.42% ∼ 54.77%), encoding 57 ∼ 67 putative CDSs. There are 9∼16
promoters, and 17∼24 terminators identified in these genomes, but no
tRNA is found. ‘HK578likevirus’ phages use the holin-endolysin strategy
to lyse host cells, and the lysis cassette is composed of a holin-like class
Ⅰ, a holin-like class Ⅱ protein, and a lysozyme. The packaging strategies
of ‘HK578likevirus’ phages are found to be different from the known
strategies. Although there are only 13 reported ‘HK578likevirus’ phages
up to now, more and more phages will be identified and grouped into
this genus in the future. In-deep analysis on these phages would pro-
mote our understanding of this Siphoviridae genus, even the high di-
versity of the phage community and the genetic traits involved in phage
evolution.
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