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Characterization and genome analysis of a novel bacteriophage
vB_EfaP IME19S infecting Enterococcus faecalis

XING Shao-Zhen'? ZHANG Xiang-Li-Lan' PEI Guang-Qian' FANG Yun' CHENG Shi'
MI Zhi-Qiang' AN Xiao-Ping' TONG Yi-Gang'"
(1. State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology,

Beijing 100071, China)
(2. Hebei Normal University, Shijiazhuang, Hebei 050024, China)

Abstract: [Objective] Multidrug-resistant strains of Enterococcus faecalis are becoming
increasingly common worldwide. Therefore, we aimed to find novel agents to control
antibiotic-resistant E. faecalis. We isolated a lytic bacteriophage from hospital sewage. [Methods]
Phage morphology was observed using transmission electron microscopy (TEM), and its genome
was sequenced using the Ion Torrent sequencing platform. Genome annotation and comparative and
evolutionary analyses were performed following assembly of the complete genome sequence.
[Results| Lytic bacteriophage vB_EfaP IME195 was successfully isolated from infected E. faecalis
host cells. TEM analysis indicated that the isolated bacteriophage resembled members of the
Podoviridae family. The complete genome of vB_EfaP_ IME195 was 18 607 bp long, and was
comprised of circular dsDNA (GenBank accession No. KT932700). The genome had a G+C content
of 33%, and contained only 27 coding sequences. BLASTn analysis showed that vB_EfaP IME195
shared the highest homology (82%) with E. faecalis phage vB_Efae230P-4. [Conclusion] The
isolation and characterization of this novel lytic E. faecalis phage provides the basis for potential
treatment alternatives for multidrug-resistant E. faecalis infection.

Keywords: Enterococcus faecalis, Bacteriophage, Biological Characteristics, Whole genome

sequencing, Genomic analysis
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1.1 #
(2003)
16S rRNA
BHI (Brain Heart
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10 min 0.22 ym
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37 °C 220 r/min
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=ER

K/SDS
3] 600 pL
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Figure 1 The morphology of phage IME195

A IME195 B

IME195

(10 000x).

Note: A: The plaque formed by IME195; B: The morphology of phage IME195 in transmission electron microscopy (TEMx10 000).
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Table 1 Determination of optimal multiplicity of
infection (MOI)
9h

Bacteria Phage 9 h Titer

No- (cru/mL) (PFU/%nL) Mol (PFU/mL)
1 108 10° 0.01 5.8x10°
2 108 10 0.10 1.2x10°
3 10 10’ 1.00 2.3x10°
4 10° 10° 10.00 2.1x10’
5 10 10° 100.00 3.1x107

2.3 MEEIK vB_EfaP_IME195 B9— 54 i 2%
2 30 min

/ =1.1x10"/1x10%=11 30 min
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Figure 2 One-step growth curve of phage IME195
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Figure 3 Sensitivity of phage IME195 to ultraviolet
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2.7 WEE{K vB_EfaP_IME195 BUAGEE %
4 IME195
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80 °C

30 min 60 min

2.8 WMEE{K vB_EfaP_IME195 B pH 12 E 1%

5 IME195 pH 6.0-8.0
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Figure 4 Thermal stability of phage IME195
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Figure 5 pH stability of phage IME195
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18 kb CONTIG (
) [17]

2.10 MEE{KvB _EfaP_IME195 £ X R 4H 5 HihA
vB_EfaP_IME195

18 607 bp

NCBI KT932700 ACGT

34% 16% 17% 33% G+C

33% BLASTn vB_EfaP_IME195

vB_Efae230P-4 (GenBank JQ309827 18 kb)
80% 82% RAST
27 (ORFs) 27
ORF ATG CDS
159-2 349 bp
52-750 aa ORF 17 604 bp
94.6% 6 MAUVEV23.1

2.11 MEE{K vB_EfaP_IME195 6T ORF 24f
BLASTp ORF9 (
)
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ORF23-ORF26

) 1566 bp

DNA
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DNA

ORF3 (  DNA
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Figure 6 The homology comparison between vB_EfaP_IME19S and vB_Efae230P-4

%2 [EE{K IME195 & ORF IhEEFN
Table 2 ORF analysis of the IME195 genome
ORF Top BLAST hit* Identity” (%) (aa)  E value Accession No.
No hits
2 Hypothetical protein [Enterococcus phage vB_Efae230P-4] 56 (54/97) 1.00E-25 YP 009103980.1

3 Putative single-stranded DNA binding protein [Enterococcus phage 95 (104/110) 3.00E-69 YP _009103979.1
vB_Efae230P-4]

4 Hypothetical protein [Lachnospiraceae bacterium C6A11] 100 (59/59) 5.00E-33 YP 009191322.1
5  Schlafen family member 13 [Chelonia mydas] 35 (19/54) 2.0 EMP28893.1

6  No hits

7  Nitrite reductase large subunit [Salmonella enterica] 31 (14/45) 8.5 WP_049292941.1
8  Hypothetical protein[Enterococcus phage vB_Efae230P-4] 98 (137/140) 3.00E-98 YP 009103977.1
9  Putative encapsidation protein [Enterococcus phage vB_Efae230P-4] 94 (390/413) 0 YP_009103976.1
10  Putative DNA polymerase [Enterococcus phage vB Efae230P-4] 96 (748/782) 0 YP_009103975.1
11  Hypothetical protein[Enterococcus phage vB Efae230P-4] 89 (50/56) 2.00E-27 YP 009103973.1
12 Hypothetical protein[Enterococcus phage vB_Efae230P-4] 68 (46/68) 1.00E-28 YP_009103972.1
13 Hypothetical protein[Enterococcus phage vB_Efae230P-4] 56 (32/57) 1.00E-11 YP _009103971.1
14 Hypothetical protein[Enterococcus phage vB_Efae230P-4] 67 (51/76) 9.00E-29 YP_009103970.1
15 Putative HNH DNAse [Enterococcus phage vB_Efae230P-4] 93 (156/167) 1.00E-111 YP _009103969.1
16  Phage lysin [Enterococcus phage vB Efae230P-4] 91 (429/472) 0 YP 009103968.1
17  Hypothetical protein[Enterococcus phage vB Efae230P-4] 66 (68/103) 0 YP _009103967.1

18 Putative  N-acetylmuramoyl-L-alanine = amidase  [Enterococcus phage 90 (233/258) 1.00E-168 YP 009103966.1
vB Efae230P-4]

19  Putative holin [Enterococcus phage vB_ Efae230P-4] 96 (125/130) 2.00E-87 YP_009103965.1
20 Putative tail structural protein [Enterococcus phage vB Efae230P-4] 72 (424/586) 0 YP 009103964.1
21  No hits

22 Putative calcineurin-like phosphoesterase [Enterococcus Phage vB_Efae230P-4] 49 (259/526) 1.00E-161 YP_009103962.1
23  Putative lower collar protein [Enterococcus phage vB_Efae230P-4] 74 (131/178) 8.00E-94 YP 009103961.1
24  Putative head-tail connector protein [Enterococcus phage vB_Efae230P-4] 92 (316/344) 0 YP_009103960.1
25 Putative major head protein [Enterococcus phage vB_Efae230P-4] 94 (372/394) 0 YP_009103959.1
26 No hits

27 No hits

¢ . No hits > BLASTp )

Note: *: The most closely related genes and names of the organisms. No hits: Indicates no significant homology detected for a particular
amino acid sequence. " Percent identity for top hits in BLASTp searches.
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2.12 EEE{K vB_EfaP_IME195 #{L 51 “ v
vB_EfaP_IME195
vB_EfaP IME195

(ORF25) MEGA
6.0 ClustalW multiple vB_EfaP_IME195
alignments IME195 18 607 bp (GenBank
Neighbor-Joining Bootstrap ~ >68 KT932700)
(7 BLASTn

vB_EfaP_IME195

vB_EfaP_IME195 vB_Efae230P-4 (GenBank

vB_Efae230P-4 JQ309827 18 kb) 80%
82% RAST
27
3 Wk ORF
21 ORF16 ( )
ORF19

100,Staphylococcus phage phiP68 (AF513033)
Staphylococcus phage phi44AHID (AF513032)
Staphylococcus phage PSa3 (HF937074)
Staphylococcus phage GRCS (KJ210330)
Staphylococcus aureus phage SAP-2 (EU136189)
Staphylococcus aureus phage SLPW (KU992911)
100 75 Staphylococcus aureus phage S13 (AB626963)
97| Staphylococcus aureus phage S24-1 (AB626962)
99— Staphylococcus phage BP39 (KM366100)
@ Enterococcus faecalis phage vB_EfaP IME195 (KT932700)

Enterococcus faecalis phage vB_Efae230P-4 (JQ309827)
4’_‘: Enterococcus faecium phage vB_Efa IME199 (KT945995)
94 Staphylococcus phage 66 (AY954949)

0.2

7 EREEEEERETEAFERE LR
Figure 7 Phylogenetic tree was formed by major capsid protein of phage
100

VvB_EfaP_IME195.

Note: The number in the brackets: The genome sequence number in GenBank; The number at the branch point: The confidence level; Scale:
The genetic distance; Black ball: vB_EfaP IME195.
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