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Isolation and identification of a phage against Enterotoxigenic
Escherichia coli K99 and its function verification in mice
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Abstract: [Background] Enterotoxigenic Escherichia coli K99 is one of the main pathogens causing
diarrhea in piglets. So far the treatment of this disease mainly depends on antibiotics, but the long-term
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use of antibiotics has caused the increase of drug resistance, therefore, new product is urgently needed to
solve this problem. [Objective] A Iytic phage against Enterotoxigenic Escherichia coli K99 was isolated
from the manure of livestock and identified, and its biological properties were assayed as well. The
preventive and therapeutic effects of the bacteriophage on Enterotoxigenic Escherichia coli K99 infection
were examined in mice. [Methods] The Iytic phage was isolated by the double-layer agar culture method
and the phage plaque was checked. Morphology of the phage was observed by transmission electron
microscopy and the type of nucleic acids was also identified after the phage purification. The biological
parameters including the thermal stability, pH stability and optimal multiplicity of infection (MOI) were
assayed separately. The inhibitory effects of the bacteriophage on Escherichia coli infection in mice was
tested by in vivo experiments with mice. [Results] A Iytic phage (designated as ®K99-1) against
Enterotoxigenic Escherichia coli K99 was successfully isolated from livestock manure. ®K99-1 belongs
to family Myoviridae according to the electron microscopy and type identification of nucleic acid. The
phage could withstand the temperature up to 50 °C and maintain stable titer under pH 3.0-10.0. The
optimal MOI of ®K99-1 was 0.000 01, and the burst size was 108 333 PFU/cell. Application of ®K99-1
in mice which were infected with Enterotoxigenic Escherichia coli K99 could alleviate the related
symptoms and viscera lesions. [Conclusion] The isolated phage, ®K99-1, belongs to lytic phage of
Myoviridae, which shows strong adapting capacity to various temperature and acid-base environments. At
the same time the isolated phage shows inhibitory effect on E. coli infection in mice.

Keywords: Enterotoxigenic Escherichia coli K99, Lytic phages, Biological properties, Control effect
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Figure 3 Electrophoresis of phage genome digested with
EcoR | and Hind 111
M1 15kb DNAmarker M2 10kb DNAmarker 1 EcoRI
2 Hind Il

Note: M1: 15 kb DNA marker; M2: 10 kb DNA marker; 1: EcoR |
treatment; 2: Hind 111 treatment.
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24 IEEARIBEMLEER
4 ®K99-1 40°C 50°C 2.6 MEEK OK9-1 RIEREAE Bl
1h 60 °C 1h DK99-1 0.000 01
51.5% 70 °C 1h 1.6% 80 °C 1.28x10™ PFU/mL
1h ®K99-1 0.00001( 1)
25 MEEApHIEEMSSRER 2.7 WEEA OK99-1 —H 4 Kz 4
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Table 1 Invitro lytic efficacy and multiplicity of infection of phage ®K99-1
No. Number of bacteria Number of bacteriophages MOI Phage titers (PFU/mL)
1 1.2x10° 1.2x10’ 0.1 1.88x10%
2 1.2x108 1.2x10° 0.01 3.93x10"
3 1.2x10° 1.2x10° 0.001 4.17x10%°
4 1.2x10° 1.2x10* 0.000 1 8.60x10%°
5 1.2x10° 1.2x10° 0.000 01 1.28x10"
6 1.2x10° 1.2x10? 0.000 001 1.13x10"

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



K99

1087

[ - <R == R (e
T T T 1

[RER
T

Phage titers (IgPFU/mL)

+

0 1 1 | 1 | 1 ]
0 20 40 60 80 100120140160 180200220240

f (min)

El6 MEE OKI9-1 —H4 Ktk
Figure 6 One-step growth curve of phage ®K99-1
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Table 2 Phage titers of cecal contents of mice in different
time groups (PFU/Q)

Group 1d 2d 3d 4d 5d 6d

Control group 0 0 0 0 0 O
Phage group 3.2x10° 1.4x10® 5.0x10' 0 0 O

#3 EHERABITE K99 XEFEMHE

Table 3 Determination of attack dose of Escherichia coli K99
7d

The mortality after 7 days (%)

Attack dose (CFU/per mouse)

6.0x10° 100
1.2x10° 100
6.0x10° 50
1.2x108 20

2.10 MEEAXT/NERA~EEZKEATE K9 BIFH

B FORTT SR
4 1d
1d
10° CFU/mL
(P<0.05) 3d
10" CFU/mL
10% CFU/mL
7A
1-4
7B
1-4
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Table 4 Prevention and treatment effect of bacteriophage against Escherichia coli K99 in mice

Treatment Control group Positive control group ~ Phage prevention group Phage treatment groups
1d 5.0 1.9 3.8 3.2
Health score per mouse
1d
Visceral morphology of mice
1d 0 6.00£0.17% 4.1620.08° 4.77+0.20°
Bacterial content in blood 2 d 0 7.48+0.16° 2.79+0.17° 3.10+0.12°
el (L EALL 3d 0 7.20£0.06° 2.21+0.22° 2.84+0.14°
(P<0.05).
Note: Different lowercase letters in the same shoulder table showed significant difference (P<0.05).
DK99-1
OK99-1
99 nm 122 nm
DNA ( 31 kb)
7 BHNRATEE. SRAALEYIH(100%) (Myoviridae)
Figure 7  Liver, cecal paraffin sections (100x) 40°C 50 °C 1h pH  3.0-10.0
A B 1 2 ' '
[13]
3 4 .
Note: A: Liver section; B: Cecal section. 1: Control group; 2: pH 6.0-8.0 [14]
Phage prevention group; 3: Phage treatment group; 4: Positive ' '
control group. pH 5.0-11.0
®K99-1 0.000 01
20 min 108 333 PFU/cell
3 WiHE%® [1s] K88
(40 PFU/cell) [16]
(78 PFU/cell) OK99-1

[10]

[11-12]

K99

K99
K99

K99
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