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Abstract: [Objective] To isolate and characterize the bacteriophage from the intestinal contents of
Marmota himalayan. [Methods] A lytic phage was isolated from the host Escherichia coli in intestinal
contents of M. himalayan with the double-layer agar method. The morphological characteristics were
observed by transmission electron microscopy (TEM). Meanwhile, the optimal multiplicity of infection
(MOI), one-step growth curve, pH stability, and the host range of the phage were investigated, and the
genome was analyzed as well. [Results] The lytic bacteriophage was named vB_EcoM_THI18 and the
phage plaque was transparent and round with a clear boundary. According to TEM, the phage had the
head of (90+5) nm in diameter and tail of (115£5) nm in length. The optimal MOI was 1. According to
the one-step growth curve, vB_ EcoM_TH18 had a latent period of 20 min and the lysis period of about
110 min with the average burst size of about 15 PFU/mL. vB_EcoM_TH18 can keep stable titer at pH
4.5-9.5. Additionally, it can lyse various pathotypes and serotypes of E. coli and Shigella sonnei, while
Salmonella, Enterococcus faecium, Saphylococcus aureus, Klebsiella pneumonia, and Acinetobacter
baumannii can’t be lysed. The genome of the vB_EcoM_ TH18 was 133 882 bp with the G+C content of
39.95%. It comprised 210 coding sequences (CDS) and 13 tRNAs genes, without any virulence genes or
antibiotic-resistant genes. BLASTn alignment showed that genome of vB_ EcoM TH18 shared 95.17%
identity to E. coli phage Av-05. According to the polygenetic trees for the whole genomes, major capsid
proteins, and terminase large subunits of vB_EcoM_ TH18 and other Myoviridae phages, respectively,
vB _EcoM_THI18 was a novel phage in Avunavirus of Myoviridae. [Conclusion] In this study, we
isolated and identified a novel broad host-range E. coli phage vB_EcoM THI18. It can lyse various
pathotypes and serotypes E. coli and S. sonnei.
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Morphology of phage vB_EcoM_TH18. A: plaques morphology; B: morphology by TEM.
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El 2 MEEE{A vB_EcoM THI18 &5 454

Figure 2 Biological characteristics of phage vB_EcoM THI18. A: determination of optimal multiplicity of
infection (MOI) of phage; B: one-step growth curve of phage; C: the influence of various pH on activity of
phage. Each point represents the means SD from three replicate experiments. *: P<0.05.
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Table 1 The lytic spectrum of phage vB_ EcoM THI18
EOP
. Pathotypes/  Spot test positive .
Bacterial Isolation source EOP=0.5 0.1<EOP<0.5 EOP<0.1
Serotypes number/Tested number
(n=42) (n=23) (n=10)
Escherichiacoli ~ EHEC* 12 Marmot 1
Escherichia coli EPEC® 7/12 Marmot/Clinical/ 5 1 1
Environment/Food
Escherichia coli EAEC® 9/12 Marmot/Clinical/ 3 4 2
Environment/Food
Escherichiacoli ~ ETEC® 7/13 Marmot 3 3
Escherichia coli STEC® 12/33 Marmot/Clinical/ 9 1 2
Environment/Food
Escherichiacoli ~ EIEC' 7/8 Marmot 4 2 1
Escherichia coli UPEC® 4/8 Marmot 1 2 1
Escherichiacoli ~ NMEC" 5/9 Marmot 3 2
Escherichiacoli ~ ONT! 13/20 Marmot 7 6
Escherichia coli O157:H7 1/3 Human 1
Escherichia coli O113:H6 172 Marmot 1
Escherichia coli Ol16:H14 2/2 Marmot 1 1
Escherichia coli 0175:H28 11 Marmot 1
Escherichia coli O51:H1 2/2 Marmot 1 1
Escherichia coli 08:H7 1/1 Marmot 1
Shigella sonnei - 2/2 Human 2
% enterohemorrhagic E. coli; °: enteropathogenic E. coli; ©: enteroaggregative E. coli; % enterotoxigenic E. coli; °: shiga

toxin-producing E. coli; : enteroinvasive E. coli; & uropathogenic E. coli; " neonatal meningitis-associated E. coli; : O-untypable.

o} 1] P AS [ e 5 Y 37 £k E. coli B R EAT %
BERI , T8 i oAk 35 A 7 ifit 25 A s ),
WKl 3 firzn, vB_EcoM. TH18 1J 2 40.5% (n=15)
KA 8 MAREGIIEIR, &b, SRR
f) E. coli F#k. W5 &8, vB_EcoM THI18 Xf
Hrf 73.3% E. coli Btk EA MG, H
AL 5 BRXT A PAR . A PAR-EF L B
AR FEIEERR . UK | kA AR
I E -l e R T AR R AR T 25 PR E. coli
k. IR RIT, W A LR SR S A T T 24
FRTC I
2.5 BRI S EFEEYFE

MFELE R B 75, vB_EcoM THI8 3L 4
Jy L W EE DNA (dsDNA), K J&F 2k 133 882 bp

(GenBank %55 ON075799), GC &N
39.95%, T KRBT GC & HH 50.55%
(BT NCBI BHE 1 600 A EHABIRES
71). it RAST AR, Z5RILE 4, Iy
R 210 N ZRAS) 75 (CDS), HAd 129 4
(61.4%)7E [z SUHE b 3% s, HORTE IE SUBE 5%
o JERAILTME] 13 4~ tRNA FEH, (T
69 818 Fl 75 486 v s 2 ], A< FHIIN 21 75 7 F i
23R, Wik PHACTs #1 PHASTER 4 3E17
SYAFNTUI A TR B A A WA G A SE N, 2
T35 vB_EcoM_THI18 & 1 Rk W T 1 .
vB_EcoM_THI8 [FEH 4 H1 34 1754~ CDS
(83.3%) Fi il K {2 € %5 1 (hypothetical protein),
T A E N S RE A0 CDS A 3545(16.7%),
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Shanghai 2013 Patients with diarrhea || ]
Shanghai 2013 Patients with diarrhea = ||
Shandong 2018 Environment ||
Shandong 2018 Environment ||
Shandong 2017 Environment ||
Henan 2009 Boer goat | ||
Henan 2011 Patients || ||
Heilongjiang] 2009 Cow faces || ||
Qinghai 2012 Yaks faces || ||
Chongqing [ 2012 Pig
Liaoning 2012 Cow = ||
Qinghai | 2013 Faces = ||
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Beijing 2013 Food [ |
Shanghai | 2012 | Patients with diarrhea = ||
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Henan 2011 Patients faces ||
Shanxi 2006 Patients faces ||

Key to Abx Sens.

- Sensitive

Key to phage killing (EOP)
W cop=0s

3 ERAFERIREKREATEERAIUE REURM R R B %
Figure 3 Data for antibiotic sensitivity and phage killing (EOP) of E. coli isolated from different sources.
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Figure 4 The genome map of phage vB_EcoM_ THIS.
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Figure 5 Schematic diagram of the 35 functional CDSs of phage. The predicted CDSs are indicated as
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Figure 6 Phylogenetic relationship of phage. A: phylogenetic tree of whole genomic sequence; B:
phylogenetic tree of major capsid protein; C: phylogenetic tree of terminase large subunit. The numbers of
nodes are the results of 1 000 bootstrap replicates and the scale bar represents the genetic distance.
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