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Isolation and characterization of a lytic phage infecting
Escherichia coli from bovine mastitis

ZHANG Qian' ZHANGXIANG Li-Lan® SUN Yao-Qiang' YU Hui-Ju' ZHANG Pei-Sheng'
LIU Ge' QU Yong-Gang'~ TONG Yi-Gang”* LI Yan®

(1. College of Animal Science and Technology, Shihezi University, Shihezi, Xinjiang 832003, China)
(2. Beijing Institute of Microbiology and Epidemiology, Beijing 100071, China)
(3. The General Station of Animal Husbandry and Veterinary Medicine of Xinjiang Production and Construction Corps,
Urumgqi, Xinjiang 830063, China)

Abstract: [Objective] To isolate and characterize the lytic phage from fecal samples of dairy cattle in
Shihezi, Xinjiang. [Methods] The phage was isolated and purified from dairy cattle fecal samples by
double-layer agar plate method. The purified phage was concentrated negatively stained with uranyl
acetate and observed by transmission electron microscopy. Meanwhile, the genome of the isolated
phage was sequenced. Its genetic and evolutional history were analyzed. In addition, the host range,
optimal multiplicity of infection (MOI), one-step growth curve, temperature and pH stability of the
phage were investigated. [Results] One strain of phage that lysed Escherichia coli was isolated and
named vB_EcoM_XIJ2. The phage produced circular, not clear plaques with 0.7 mm—1.2 mm diameter.
The electron microscope observation showed that the phage had a symmetrical Polyhedra the head and
a contractile tails. The genome of the phage was comprised of double strand DNA, and the size was
75.617 kb with G+C% content of 42.09%. The homology of amino acid sequence of vB_EcoM_XJ2
was 94% with Escherichia coli phage NJO1 and vB_EcoP_SU10. The isolated phage was lytic to many
strains of Escherichia coli, isolated from bovine mastitis milk samples. The phage could withstand the
temperature up to 60 °C and keep stable titer under pH 5.0-11.0. The optimal MOI was 0.1, the
incubation period was 15 min, the burst phase time was 95 min, and the burst size was 10.6 PFU/cell.
[Conclusion] The newly isolated phage, named vB_EcoM_XJ2, belongs to lytic phage of Myoviridae,
which shows strong capacity to adapt different environments conditions such as temperatures and
acid-base values.

Keywords: Bovine mastitis, Escherichia coli, Lytic phage, Biological characteristics, Phylogenetic

analysis
(Staphyloccocus
aureus) (Streptococcus) L6] LSB-1
(Escherichia coli) gpl7
t 8401 Jin U
771
[2-4]
(5] [8] K88

K88
BpD

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1389

BpB K88
Bl vB_EcoM-ep3
Lysep3
1 MEETE%
1.1 ##
1.1.1  EHRFHERREE: 40
2 2 2
5
1.1.2 EERKFIKZEFE: PEG000
SM NaCl 5.8 g
MgSO47H,0 2.0 g 1 mol/L Tris-HCI (pH 7.5)
50mL 2% 5mL 1L
1x10° Pa 20 min 4 °C PBS NaCl
80g KCI0.2g NaHPO4142¢g KH,P0,0.27¢g
1L pH 7.4 1x10° Pa
20 min 4°C
LB (g/L) NaCl 10.0 5.0
10.0 1L pH
7.2-7.4 1x10° Pa 20 min 4 °C
LB LB
0.7% ( ) LB
LB 1.5% ( )
1.1.3  EFE{LSE: DNP-9082
MIKRO 120
HETTICH Multifuge X1R
«C )
HVE-50 HIRAYAMA
ZHWY-2102

YHC-260
JEM-1400
(JEOL) Ion Torrent PGM Life
Technologies
1.2 A&
121 TEEEMESE: 40
2 mL LB 37°C
180 r/min 4°C
122 BEEANEESSTE: [10]
5 1L
15 min
4 °C
200 mL 40 100 uL
200 mL LB 37°C
180 r/min 24 h 10 000 r/min 10 min
50 L
15 min 8-10 mL 0.7%
8 h
123 EEEMGEESFRE:
LB 37 °C 180 r/min 8h
10 000 r/min 10 min 10
3
50%
-20°C -80°C
1.2.4 BEERBGRARAN BT
3 A
[ 20 uL
15 min
1%
5 min

[12]

1.25 EERASEEENF:

290 bp Life Technologies

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1390 WA 384K Microbiol. China

2017, Vol.44, No.6

Ion Torrent PGM Newbler

2.9

1.2.6 WREABEYFFEE:
(MOID)
pH
(D
100 pL 40
(50 uL)
8h
) (Multiplicity of
infection MOI)

15 min

)
5 mL
LB 37 °C 180 r/min
LB
600 nm
ODgo 0.2 10
100 pL
LB 37°C
(CFU/mL)= X
100 pL.

x10 2)

5 mL 37 °C 180 r/min
10 000 r/min 10 min

10 100 uL

(PFU/mL)= X x10
3) 0.001 0.01 0.1 1 10
100
15 min 10 000 r/min
3mL LB
37 °C 180 r/min 5h
10 min 10

10 min

10 000 r/min

MOI
3)
50 uL MOI
37°C 15 min 10 000 r/min

10 min 3 mL
LB 37°C 180 r/min 5
10 min 6 20 min 3

4

40 50 60 70 °C
0 20 40 60 80 100 120 140 160
180 min

(5) pH (1 mol/L)
(I1mol/L) pH(@{pH2.0 3.0 40 5.0 6.0
7.0 8.0 9.0 10.0 12.0) PBS
100 pL 900 pL pH
PBS 37°C 2h 10
pH
2 GRS5ah
21 MEEARMSE. G
40
34
1
1
vB_EcoM_ XJ2

2.2 MEEARHEBEIER N E

19

(D

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1391

15-110 min
vB_EcoM XJ2 15 min
95 min 10.6 PFU/cell

2.3.3 EEE{K vB_EcoM_XJ2 B9 E MM E

vB_EcoM_XJ2 ( 4

El1 NEFHREECREE
Figure 1 Purified phage by double-layer agar plate 50 °C
method

60 °C
2.3 BEEK vB_EcoM_XJ2 B9 #5454 60°C 2h
231 KEE{K vB_EcoM XJ2 HISERREH 70°C 40 min
MODME: 2 vB_EcoM_XJ2 2.3.4 BEE/KvB_EcoM_XJ2 By pHIEEMN E:
MOI 0.1 5 vB_EcoM_XIJ2 pH

MOI 2h pH 5.0 pH
232 MEEKvB_EcoM_XJ2 B—SHKhgimzE:  5-0-11.0 pH
( 3 vB_EcoM_XJ2 9.0

15 min

Fz 1 BEE{K vB_EcoM_XJ2 %t 46 #klEK 2 B E MR R BUE
Table 1 The sensitivity of phage vB_EcoM_XJ2 to 46 strains of clinical isolates

Bacterial strains  Sensitivity | Bacterial strains  Sensitivity : Bacterial strains  Sensitivity | Bacterial strains  Sensitivity

E. coli 01 + ; E. coli 13 + ; E. coli 25 - i E. coli37 -
E. coli 02 + | Ecolil4 + | E.coli2 ~ | E.coli38 -
E. coli 03 - E E. coli 15 + : E. coli 27 - i E. coli 39 -
E. coli 04 + E. coli 16 + E. coli 28 - i E. coli 40 -
E. coli 05 + E. coli 17 + E. coli 29 - i S. aureus 01 -
E. coli 06 - E. coli 18 + E. coli 30 - i S. aureus 02 -
E. coli 07 + E. coli 19 + E. coli 31 = i Enterococcus 01 =
E. coli 08 + E. coli 20 + E. coli 32 - i Enterococcus 02 -
E. coli 09 ais E.coli 21 ais E. coli 33 - i Salmonella 01 -
E. coli 10 - E. coli 22 - E. coli 34 - i Salmonella 02 -
E. coli 11 + E. coli 23 - E. coli 35 - I

E. coli 12 + E. coli 24 - E. coli 36 -

+ _

Note: +: Lytic; —: Not lytic.
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Figure 2 Determination of optimal multiplicity of
infection for phage vB_EcoM_XJ2
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Figure 3 One-step growth curve of phage vB_EcoM_XJ2
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Figure 4 Determination of thermal stability of phage
vB_EcoM_XJ2
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Figure 5  Determination of pH stability of phage
vB_EcoM_XJ2
(Caudovirales)
(Myoviridae) [13]
2.5 MEE{K vB_EcoM_XJ2 £ ERE BN F
vB_EcoM XIJ2

75617bp G+C% 42.09% NCBI
vB_EcoM_ XIJ2 NJO1
vB_EcoP_SUI10 94%

C 7

NJO1  vB_EcoP SU10 C3-like

vB_EcoM_XJ2

Bl 6 MEEK vB_EcoM XJ2 RIEIERKE
Figure 6 Electron micrograph of phage vB_EcoM_XJ2
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Enterobacteria phage NJO1 (JX867715.1)
Escherichia phage 172-1 ( KP308307.1)
Enterobacteria phage phiEco32 (EU330206.1)
Phage vB_EcoP_SU10 (KM044272.1)
Escherichia phage vB_EcoM_XJ2
L|: Escherichia phage ECBP2 (JX415536.1)
100 100 Escherichia phage KBNP1711 (KF981730.1)
Phage vB_CsaP_GAP52 (JN882286.1)
100] Salmonella phage 7-11 (HM997019.1)
 Phage vB_EcoP_PhAPECS (KF192075.1)
1001 Phage vB_EcoP PhAPEC7 (KF562340.1)
Escherichia phage P694 (KP090454.1)
100 Salmonella phage BP12A (KM366096.1)

62 Enterobacteria phage 285P (GQ468526.1)
99 Erwinia phage FE44 (KF700371.1)

0.2

E7 MEEK vB EcoM XJ2 RZEAB S
Figure 7 Phylogenetic analysis of phage vB_EcoM_XJ2
MEGA 5.2 Neighbour-Joining 1 000

0.005

Note: The tree was constructed with the MEGA 5.2 program using neighbour-joining cluster algorithm. Numbers at the branches are
bootstrap confidence values obtained after 1 000 replicates. The scale bar corresponds to 0.005 substitution per nucleotide position.
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NJO1  vB EcoP U10 [1] Miistak HK, Giinaydin E, Kaya iB, et al. Phylo-typing of clinical

Escherichia coli isolates originating from bovine mastitis and
canine pyometra and urinary tract infection by means of
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