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Characterization and complete genome sequence analysis of
Enterococcus faecalis bacteriophage vB_E. faecalis IME196

XING Shao-Zhen'? ZHANG Xiang-Li-Lan®> SHU Peng® SUN Qiang® PEI Guang-Qian’
MI Zhi-Qiang® AN Xiao-Ping® WANG Jing-Lin> ZHAO Bao-Hua!~ TONG Yi-Gang”"

(1. Hebei Normal University, Shijiazhuang, Hebei 050024, China)
(2. Beijing Institute of Microbiology and Epidemiology, Beijing 100071, China)

Abstract: [Objective] We isolated a novel virulent bacteriophage specifically infecting
antibiotics-resistant Enterococcus faecalis from hospital sewage, to study its morphology and to
analyze its genome so as to provide basis for treatment and infection control of antibiotics-resistant E.
faecalis. [Methods] We used E. faecalis as the host to isolate phage from raw sewage from the sewage
treatment center of a hospital. Transmission electromicroscopy, optimal multiplicity of infection
(optimal MOI) and one-step growth curve were conducted. The genome DNA was extracted and
sequenced by high-throughput sequencing technology. The feature of whole genome, and evolutionary
relationship were analyzed. [Results] A lytic bacteriophage designated as vB_E. faecalis IME196
(IME196) was isolated. The optimal multiplicity of infection (optimal MOI) of IME196 is 0.01.
One-step growth curve shows that IME196 has a burst size of 50 PFU and a latent period of 30 min.
The genome of IME196 is a 38 895 bp in length, linear, terminally non-redundant double-stranded
DNA and has a G+C content of 33.9%. [Conclusion] Isolation and characterization of a lytic
Enterococcus faecalis phage will help supply a new way to prevent and control the infection of E.
faecalis, and laid a foundation to the treatment of multiple drug resistant bacteria in the future.

Keywords: Phage, Enterococcus faecalis, Biological characteristics, Whole genomic sequencing,
Genomics
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Annotation System)
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Table 1 Enterococcus faecalis 2007 antibiotic resistance

MIC MIC
Antimicrobial drugs (mg/L) Sensitivity Antimicrobial drugs (mg/L) Sensitivity
Cotrimoxazole <20 S Quinupristin <4 R
Levofloxacin 0.5 S Ceftriaxone <1 S
Piperacillin <4 S Cefazolin >64 R
High streptomycin 4 R Nitrofurantoin <16 S
Ceftazidime <1 S Cefepime <1 S
Ampicillin <4 S Gentamicin <1 S
Meropenem <0.25 S Tetracycline >64 R

S I R
Note: S: Sensitivity; I: Betweeness; R: Drug resistance.
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Figure 1 The plaque formed by IME196 (A) and the

morphology of phage IME196 (B) (TEM 10 000x%)

Fx2 ERERARERESEHMODHINE

Table 2 Determination of optimal multiplicity of [9]
infection (MOI) Reads (Mapping)
6h
. . Reads
Bacteria Phage 6 h Titer
Number  pU/mL)  (PFU/mL) MOL pEU/mL)
8 9 9
1 10 10 0.01 4.8x10 Reads 200
2 10® 10° 0.1 1.0x10°
X ; ) Reads 3
3 10 10 1 2.2x10
n e 106 10 3.1x10° 1 (5-ATTGTGTTGAGTAAG
5 10° 10° 100 3.1x107 AATTGGAGGGGGGGCAAAAATTTTT-3')
2 (5'-CTTTCGCTTAAACGAATTTCTAAAAAC
180 - GAAAGTTGAAAAC-3) IME196
5 1601
E 1401
E 120 ( 4
& 100 A -
S ot 2.6 MEFEK IME196 R4 £ FEHHA
5 o0l IME196 38 895 bp
= o0t DNA G+C
0 1 1 1 1 ] A
0 20 40 60 80 100 120 33.9% vB_E. faecalis IME196
¢ (min) GenBank KT932701
B2 BEE IMEI6 M— 54 K s BLASTn IMEL96
Figure 2 One-step growth curve of phage IME196 EfaCPT1 (40 kb)
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Figure 3 Frequencies of sequence reads representing the ORF21 ( ) ORF20 ( )
genomic termini of IME196
X Reads Y Reads ORF20
Note: X axis is the span of Reads frequency; Y axis is the statistic
of the number of Reads.
CGview
IME-EF4 (40 kb) 5 4
92% GenBank JX193904 IME196 CDS
KF733017 RAST CDS G+C
NCBI BLASTp G+C
57 (ORFs) 11 ORFs G+C
(Hypothetical protein) 46  ORFs G+C G-C/G+C
3 ORFI ( ) 0 0
ORF2 ( ) Ry
3 g
ORF20 ( )
[10]
3 ORF
IME196
Consgnsus ———
Coverage T
0 v 20 90

Bl 4 REFEK IME196 BYKim 54T
Figure 4 The genomic termini of phage IME196
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%3 WEE{K IME196 &) ORF If&EFHUN
Table 3 ORF analysis of the IME196 genome
ORF Top BLAST hit* IDENTITY" (%) (aa) E value Accession No.
1 Terminase small subunit [Enterococcus phage EFAP-1] 98 (154/157) 2.00E-108 YP_002727893.1
2 Terminase large subunit [Enterococcus phage IME-EF4] 98 (562/572) 0 YP_009004370.1
3 Hypothetical protein [Enterococcus phage IME EF3] 93 (50/54) 2.00E-23  YP_009008897.1
4 Putative portal protein [Enterococcus phage EfaCPT1] 98 (377/383) 0 YP 009103820.1
5 Head maturation protease [Enterococcus phage IME EF3] 99 (186/187) 3.00E-131 YP_009008895.1
6 HK97 family major capsid protein [Enterococcus phage AUEF3] 89 (370/418) 0 AHNS83328.1
7 Major tail protein [Enterococcus phage IME-EF4] 100 (66/66) 2.00E-37  YP _009004365.1
8 Head-tail joining protein [Enterococcus phage EFRM31] 99 (97/98) 2.00E-63  YP 004306647.1
9 Head-tail adaptor protein [Enterococcus phage EFRM31] 48 (282/585) 1.00E-73  YP 004306648.1
10 Head-tail joining protein [Enterococcus phage EFRM31] 98 (132/135) 4.00E-93  YP 004306649.1
11 Head-tail joining protein [Enterococcus phage EFRM31] 98 (118/121) 9.00E-83  YP_004306650.1
12 Major tail protein [Enterococcus phage EFRM31]] 99 (187/188) 2.00E-129 YP_004306651.1
13 Hypothetical protein EFAP1 gp09 [Enterococcus phage EFAP-1] 99 (102/103) 3.00E-66  YP_002727881.1
14 Putative tail tape measure chaperone frameshift protein 90 (35/39) 4.00E-16  YP 009103829.1
[Enterococcus phage efacptl]
15 Putative tail tape measure protein [Enterococcus phage efacptl] 86 (1 253/1 456) YP 009103831.1
16  Tail family protein [Enterococcus phage AUEF3] 94 (653/693) AHNS83270.1
17  Minor structural N-terminal region domain protein [Enterococcus 92 (619/676) AHNS83271.1
phage AUEF3]
18 Hypothetical protein efacptl gpl7 [Enterococcus phage efacptl] 93 (88/95) 6.00E-59  YP_009103834.1
19 Hypothetical protein IME-EF4 44 [Enterococcus phage IME-EF4] 94 (76/81) 5.00E-37  YP_009004355.1
20 Holin class II [Enterococcus phage IME EF3] 99 (77/78) 9.00E-47  YP_009008947.1
21 Lysin, N-acetylmuramoyl-L-alanine amidase [Enterococcus phage 98 (320/328) 0 YP_009008946.1
IME_EF3]
22 Putative glutaredoxin [Enterococcus phage efacptl] 87 (65/75) 4.00E-39  YP _009103838.1
23 HNH endonuclease family protein [Enterococcus phage EFRM31] 50 (75/150) 1.00E-31  YP_004306639.1
24 DNA polymerase [Enterococcus phage IME-EF4] 96 (735/763) 0 YP _009004351.1
25  Hypothetical protein CO47_0108 [Enterococcus phage AUEF3] 99 (219/220) 9.00E-156 AHNS83279.1
26  Hypothetical protein IME-EF4 36 [Enterococcus phage IME-EF4] 54 (45/83) 2.00E-20  YP 009004347.1
27  Hypothetical protein [Enterococcus phage IME EF3] 83 (38/46) 2.00E-17  YP 009008938.1
28  Hypothetical protein CO47 0111 [Enterococcus phage AUEF3] 98 (259/265) 0 AHNS83282.1
29  Hypothetical protein IME-EF4 34 [Enterococcus phage IME-EF4] 100 (62/62) 9.00E-36  YP _009004345.1
30  Beta-lactamase superfamily domain protein [Enterococcus phage 97 (250/258) 0 AHNS83284.1
AUEF3]
31 Putative HNH homing endonuclease-like protein [Enterococcus 98 (156/159) 1.00E-110  YP_009008933.1
phage IME_EF3]
32 Hypothetical protein [Enterococcus phage IME EF3] 99 (71/72) 6.00E-180 YP 009008932.1
33 Hypothetical protein IME-EF4 30 [Enterococcus phage IME-EF4] 98 (165/168) 3.00E-118 YP _009004341.1
34  Hypothetical protein IME-EF4 29 [Enterococcus phage IME-EF4] 94 (64/68) 1.00E-140 YP_009004340.1
35  Putative prim-pol domain protein [Enterococcus phage efacptl] 81 (235/290) 9.00E-164 YP 009103851.1
36  Hypothetical protein IME-EF4 26 [Enterococcus phage IME-EF4] 98 (61/62) 8.00E-35  YP 009004337.1
37  Hypothetical protein IME-EF4 25 [Enterococcus phage IME-EF4] 100 (65/65) 4.00E-39  YP 009004336.1
38  DNA helicase [Enterococcus phage IME EF3] 88 (383/434) 0 YP 009008926.1

C )
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C )
39  HNH homing endonuclease [Enterococcus phage IME EF3] 67 (108/162) 5.00E-67  YP_009008925.1
40  Hypothetical protein [Enterococcus phage IME EF3] 91 (112/123) 2.00E-60  YP_009008924.1
41 Hypothetical protein [Enterococcus phage IME EF3] 83 (54/65) 1.00E-28  YP_009008923.1
42  Hypothetical protein IME-EF4 21 [Enterococcus phage IME-EF4] 98 (50/51) 3.00E-24  YP_009004332.1
43 Hypothetical protein CO47 0128 [Enterococcus phage AUEF3] 88 (79/90) 1.00E-47  AHNS83299.1
44  Hypothetical protein [Enterococcus phage IME EF3] 90 (56/62) 6.00E-31  YP_009008919.1
45  Putative primase [Enterococcus phage efacptl] 99 (522/526) 0 YP 009103865.1
46  Hypothetical protein [Enterococcus phage IME EF3] 85 (55/65) 2.00E-30  YP 009008915.1
47  Hypothetical protein [Enterococcus phage IME EF3] 92 (68/74) 6.00E-40  YP_009008910.1
48  Hypothetical protein EFLK1 ORF093 [Enterococcus phage EFLK1] 54 (25/46) 2.00E-10 AKCO05052.1
49  No hits
50  No hits
51 No hits
52 Hypothetical protein efacptl gp55 [Enterococcus phage efacptl] 56 (77/131) 3.00E-33  YP_009103872.1
53 APC amino acid-polyamine-organocation transporter [Enterococcus 96 (55/57) 3.00E-31 YP_004306633.1

phage EFRM31]
54 No hits
55  Daunorubicin resistance transmembrane protein [Enterococcus phage 94 (101/108) 2.00E-68  YP _004306631.1
EFRM31]
56  No hits
57  No hits
a . 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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Figure 5 Genome map of IME196
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