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Abstract: [Background] With the increasingly serious drug resistance of Enterococcus faecium, it is
urgent to screen and obtain new lytic bacteriophages with high lysis efficiency and clear genetic
background, to enrich phage resources and provide appropriate strains for phage therapy. [Objective] To
evaluate the biological characteristics and genome analysis of an Enterococcus faecium bacteriophage
isolated from the fecal sample of Nanjing Xigang Dairy Farm. [Methods] The bacteriophage was purified
by double-layer agar plate. The purified bacteriophage was negatively stained with phosphotungstic acid
and observed by the transmission electron microscope (TEM). Then, one-step growth curve, pH tolerance,
temperature tolerance, and optimal multiplicity of infection were detected. Also, its genomics
characteristics and evolutionary history were analyzed. [Results] The results are as follows: A lytic
Enterococcus faecium bacteriophage, named as vB_EfaS 29, was isolated and purified. Its plaques were
round, bright, and clear. TEM analysis revealed that bacteriophage vB_EfaS 29 had a twenty-side head
and a long tail. The head diameter was about 52.4 nm, and the tail length was about 157.1 nm. It belongs to
the Siphoviridae family. The optimal multiplicity of infection of bacteriophage vB_EfaS 29 was 0.1; the
maximum tolerable temperature was about 70 °C; during pH 6.0-9.0, it was stable. The complete genome
sequences of bacteriophage vB_EfaS 29 comprised of 41 014 bp with a GC content of 34.99% and
contained 63 putative open reading frame (ORF). Only 36 of the ORF were well predicted for functions.
Undesirable genes such as lysogenic, antibiotic resistance, or virulence were not detected in the genome.
The phylogenetic analysis of vB_EfaS 29 based on amino acid of the endolysin, demonstrated that
vB_EfaS 29 had more than 99% of sequence homology to FelixO1-like phages. However, using the amino
acid of capsid as the targeted protein, vB_EfaS 29 had a long genetic distance with other Enterococcuss
bacteriophages. [Conclusion] The above results provided theoretical data and resources for bacteriophage
research and bacteriophage therapy.
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Figure 1 The plaques and morphology of bacteriophage
vB_EfaS 29

W A: WERBE; B: @SBRSS

Note: A: The plaques of bacteriophage vB_EfaS 29; B: The
morphology of bacteriophage vB_EfaS 29
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%1 MEK vB_EfaS_ 29 RiERLEHMNE
Table 1 Determination of optional multiplicity of
infection of bacteriophage vB_EfaS_ 29

WES i R YRR I PR AT
No. Bacteria ~ Number of MOI Bacteriophage
(CFU/mL) bacteriophage titer

(PFU/mL) (PFU/mL)
1 1x10° 1x10* 0.01 1.0x10’
2 1x10° 1x10° 0.1 8.2x10°
3 1x10° 1x10° 1 4.2x10°
4 1x10° 1x107 10 3.5%x10°
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Figure 2 In vitro lysis Kinetics of Enterococcus faecium
bacteriophage vB_EfaS 29

T1: CON ZHXfHRZH, FHAR T Ay ma i iAc4b 3 20

Note: The CON group is the control group, and the rest are the
bacteriophage treatment group
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Figure 3  One-step growth curve of bacteriophage

vB_EfaS_29
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Figure 4 Determination of stability of bacteriophage
vB_EfaS 29

TE: A: WEE(K vB_EfaS 29 ANRNEEREMEMER; B: Xt
ANTF] pH AR E PR 45 2R

Note: A: Thermal stability of bacteriophage vB_EfaS_29; B: pH
stability of bacteriophage vB_EfaS 29
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Ve HB M R R4 2 Logyo, 80 °C 1E 30 min,
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EB R, AN SR N 253 R DL R A
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&, AT LAAS H 206 R A A — A 118 i 3R TR s TR A

P ZE AN 6A 1 6B iz, LA B4
T2 I1(ORF62)#1T BLAST I, & BHiZms ik
5nEKE W #1A vB_EfaS DELF1 (GenBank % 5%
52 BBQO4299)AHALTE R T 99% o LA B (A A< ¢
£ 1 (ORF 14) 4 it 2 L R R ¥R AR 2E4 T F X 2 BE
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Vi, Ao ihd WY W TR AR Sy — R BT 1% g B T
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Table 2 Summary of CDSes and function of bacteriophage vB_EfaS 29

1Ef4% Strand  ZHHE Function

FEi eHE ORF JF4f Start 21k Stop  JEREHKJE Length (bp)
1 861 580 282
2 1150 872 279
3 2274 1327 948
4 3690 2287 1404
5 5 820 3754 2 067
6 10 222 5897 4326
7 10 487 10 290 198

8 10 849 10 520 330
9 11519 10 956 564
10 11957 11 592 366
11 12 364 11954 411
12 12 702 12 367 336
13 12 977 12 702 276
14 14 228 13 047 1182
15 14 792 14 298 495

= Bacteriophage holin
- Tail fiber protein
— Tail assembly protein
- Minor tail protein
— Phage protein
- Phage tail length tape-measure protein
- Tail tape measure chaperone protein
= Putative tail tape measure chaperone protein
- Phage major tail protein
— Head-tail joining protein
- Putative head-tail joining protein
- Head-tail adaptor protein
- Head-tail joining protein
- Phage capsid protein
- Phage head maturation protease
GE))
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16 15999 14 800 1200 - Phage portal protein

17 16 179 16 006 174 — Sensor histidine kinase

18 18 028 16 250 1779 - Phage terminase, large subunit
19 18 557 18 018 540 — HNH homing endonuclease

20 19670 19206 465 - Phage terminase, small subunit
21 19 963 19 676 288 - Hypothetical protein

22 20 148 19 966 183 - Hypothetical protein

23 20 882 20493 390 - HNH endonuclease

24 21125 20916 210 — Hypothetical protein

25 21310 21 125 186 - Hypothetical protein

26 21490 21323 168 - Hypothetical protein

27 21675 21 487 189 - Hypothetical protein

28 22253 22 555 303 ot XRE family transcriptional regulator
29 22 558 22 848 291 + Gamma-glutamyl kinase

30 22 850 23 068 219 4 Hypothetical protein

31 23 065 23 388 324 4 Hypothetical protein

32 23 462 23 641 180 i Hypothetical protein

33 23 634 23 822 189 ot Hypothetical protein

34 23 887 25473 1587 + DNA replication protein

35 25 485 25703 219 4 Hypothetical protein

36 25792 26 058 267 + Hypothetical protein

37 26 165 26 377 213 4 Hypothetical protein

38 26 374 26 562 189 ot Hypothetical protein

39 26 559 26 909 351 i Hypothetical protein

40 26 960 27 649 690 ot Phage-associated homing endonuclease
41 27 633 28 937 1305 i Helicase

42 28 934 29 101 168 4 Hypothetical protein

43 29 159 29902 744 4 DNA primase/helicase, phage-associated
44 29 856 30416 561 AR HNH homing endonuclease

45 30419 30 631 213 ot Hypothetical protein

46 30 787 31260 474 i Hypothetical protein

47 31275 31799 525 4 HNH homing endonuclease

48 31780 32 535 756 i Beta-lactamase

49 32572 32 811 240 4 Hypothetical protein

50 32 801 33235 435 ot Hypothetical protein

51 33250 33417 168 i Hypothetical protein

52 33407 34216 810 ot Hypothetical protein

53 34213 34 425 213 4 Hypothetical protein

54 34 492 35184 693 4 Hypothetical protein

55 35273 35509 237 + Hypothetical protein

56 35521 35739 219 i Hypothetical protein

57 35776 36 102 327 ot TM2 domain-containing protein
58 36 119 36 325 207 i Hypothetical protein

59 36 427 38 715 2289 4 DNA polymerase B region

60 38 791 39 561 771 + Putative methyltransferase

61 39 561 39 785 225 A Glutaredoxin

62 40 829 39 801 1029 - Endolysin

63 40976 40 845 132 - Phage holin
W+ IEBE, - Bk

Note: +: Positive, —: Negative
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A g2 — Siphoviridae sp. (DAR45593)

68 Enterococcus phage IME-EFm1 (NC_024356.1)

Siphoviridae sp. (DAZ56038)
64 Enterococcus phage IME-EFmS (NC_028826.1)
Enterococcus phage 9184 (MT939242.1)
Siphoviridae sp. (DAJ02257)

99

Enterococcus thailandicus (WP071868297)

|Enterococcus phage vB_EfaS DELFI1 (LC513943.1)

0.05

1001 vB_EfaS_29 (MZ666130)

B 100— Enterococcus phage vb_GEC_Ef_S_9 (MW672041.1)

96 \— Enterococcus phage IME-EFm1 (NC_024356.1)

99 Enterococcus phage IME-EFm5 (NC_028826.1)

86

Ee6 WUREBKTFEIME vB_EfaS_29 By it

Enterococcus phage dArtagnan (LR991625.1)

57 Enterococcus phage Aramis (LR990833.1)
Enterococcus phage vB_EfaS DELF1 (LC513943.1)

70] Enterococcus phage vB_EhiS_ 268 (CAJDKB010000002.1)
Enterococcus phage vB_EfaS_Ef5.3 (MK721200.1)

L Enterococcus phage vB_EFaS TV54 (MT661598.1)

63 Enterococcus phage vB_EfaS IME196 (NC_028990.1)
vB_EfaS_29 (MZ666130)

Figure 6 The phylogenetic trees of vB_EfaS 29 were constructed at the amino acid level
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sequence number in GenBank; The number at the branch point: The confidence level; Scale: The genetic distance
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