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coli (ETEC) are a cause of porcine diarrhea, that may 
occur sporadically or as outbreaks leading to substantial 
economic losses (Amezcua et al., 2002). Antibiotics have 
been commonly used in the treatment of infectious 
diseases, but their wide spread and improper use has led 
to antibiotic resistance in porcine colibacillosis (Lu and 
Koeris, 2011). Nevertheless, the potential use of phages 
as therapeutic agents in controlling human and animal 
disease has been recognized (Carey et al., 2006). 
Recently, there have been report on the isolation and 
application of phage in the treatment of animals with 
resistant E. coli infections (Jamalludeen et al., 2007). 
Bacteriophages were used to prevent and treat O149 
colibacillosis in pig as also been explored by Jamalludeen 
et al. (2009a). 

The goal of the present study was to isolate phages with 
lytic activity against enterotoxigenic E. coli (ETEC) and to 
characterize them according to their morphology, 
sequence, genome size, etc. 
 
 
MATERIALS AND METHODS  
 
Bacteria strain 
 
E. coli strains (n=31) were isolated from pig farms located in various 
regions of central Vietnam. All strains were kept at -80°C Luria broth 
(LB) with 20% glycerol for preservation.  
 
 
Samples  
 
The bacteriophages were isolated from 30 individual fecal samples, 
collected from two pig farms located in Jiangsu Province of China 
farms (during the period of October 2011 to Jun 2012). 
 
 
Media and chemicals 
 
Luria Bertani (LB) broth, LB agar, and LB top agar (soft agar) were 
prepared as described by Sambrook et al. (1989). Each litre of 
bacteriophage broth contained tryptone 10 g, yeast extracts 5 g, and 
NaCl 10 g, pH 7.5. TS buffer (8.5 g of NaCl and 1 g tryptone per 
litre). The following reagents were also used: RNase I, DNase I 
(Roche, Basel, Switzerland, cat no: 10104159001), proteinase K, 
and ethidium bromide (Invitrogen, Carlsbad, CA, USA). 
 
 
Bacteriophage isolation and purification 
 
LB broth was inoculated with mixture equal proportions of the 
VN11-O141:F18 ETEC and VN14-O141: F18 ETEC strains and 
incubated for 5 h at 37°C. The samples (5 g of fecal sample from pig 
farm in TS buffer) were centrifuged before filtering through a 
membrane filtered (0.45-µm membrane) to remove impurities and 
bacteria before being added to the host suspension. Twenty 
milliliters of LB broth, and 20 ml of a suspension of E. coli strains in 
broth culture (OD600 = 1.4) and 10 ml of sample were then added to 
the flask incubated at 37°C for 24 h in a shaker to enrich E. coli  
bacteriophages. After incubation, the culture was added NaCl 5% 
for 30 min at 4°C, centrifuged twice at 4,000 ×g for 15 min at 4°C, 
the supernatant was collected into a sterile flask and filtered through 
a  sterile 0.45-µm membrane filter (Fisher Scientific). To detect the 
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presence of phage in the filtrate, spot testing was performed as 
described previously by Kropinski et al. (2009). Phage preparations 
were obtained and stored at 4°C as described by Jamalludeen et al. 
(2009b). 
 
 
Electron microscopy 
 
Phage preparations were applied to a carbon film and fixed to a 
copper grid being negatively stained with phosphotungstic acid 
(PTA, 2% w/v). Electron micrographs were taken with an H_7650 
(HITACHI, Japan) transmission electron microscope (TEM) 
operating at 80 kV. Both phage morphology and dimension (capsid 
diameter and tail length) are as described by Bai et al., (2013).  
 
 
Host range analysis and stability assays 
 
To investigate the sensitivity of E. coli strains to phage JH11 and 
JH14, 31 piglet isolates (VN1-31), 10 bovine isolates (JV1-10) and 
10 chicken strains (LYT 15-25) were tested as described elsewhere 
(Jamalludeen et al., 2009b).  
 
 
One-step growth curve and adsorption of bacteriophage 
 
The phage adsorption assay was carried out according to Shlyapnikov 
et al. (1984, 1985)). 1 ml of phage in warmed water (37°C) suspension 
(1–3 ×105 pfu/ml) was added in 9 ml of mid-log-phase bacterial 
culture and incubated at 37°C. At 2.5-min intervals, aliquots of 0.05 
ml were removed and placed in chilled tubes containing 0.95 ml 
medium. Phage-cell complexes were removed by centrifugation 
(10,000 ×g, 10 min), and the titer of free un-adsorbed phage in the 
supernatant was then determined by the double-layer agar plate 
method (Kropinski et al., 2009). The one-step growth assay was 
carried out as described by Pajunen et al. (2002). In brief, 10 mL of 
the culture (containing 2 × 108 cfu/ml) was infected at a multiplicity of 
infection (MOI) of 0.1. Following incubation at 37°C for 2.5 min, the 
bacteria-phage mixture was diluted by 104-fold to abruptly end 
adsorption. Samples were taken after various inoculation times and 
centrifuged at 10,000 ×g for 2 min, and the phage titer of the 
supernatant was determined by the double-layer agar plate method 
(Kropinski et al., 2009). 
 
 
Assessment of bacteriophage resistance to acidity and 
alkalinity    
 
Resistance to acidity and alkalinity in suspensions of each of the two 
bacteriophages were evaluated by exposure to various pH con-ditions 
ranging from 1 to 11 and checked for survival over a 16-h period as 
described by Jamalludeen et al. (2007). 100-µl bacteriophage 
suspension 107 (pfu/ml) and 900 µl of normal saline, pH 7.2, was 
also incubated at 37°C for 16 h. After incubation, a 100-µl volume of 
the bacteriophage suspension was serially diluted 10-fold, mixed 
with 100 µl of host bacterium (108 cfu/ml) and incubated for 15 min 
at 37°C before being added to 4 ml of soft agar and spread over an 
LB plate. Titers of the surviving bacteriophage were determined by 
plaque assays with 10-fold dilutions using the soft agar overlay 
method. 
 
 
Extraction of bacteriophage DNA 
 
Bacteriophage DNA was extracted as described by Pickard (2009) 
and  Sambrook et al. (1989).  All bacteriophages were allowed to  
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completely lyse their host E. coli strains in a soft agar overlay. The 
overlay was added to SM buffer, and bacteriophages were allowed 
to diffuse into the buffer at 4°C for 3-4 h with gentle shaking as 
previously described. After the suspension was centrifuged at 4000 
×g for 15 min, the supernatant was collected. Solid NaCl was added 
to a final concentration of 1 M and dissolved by swirling. Following 
incubation on ice for 1 h, the suspension was centrifuged at 11,000 
×g for 10 min at 4°C (Beckman Coulter, J2-MC Centrifuge). The 
supernatant was collected, solid polyethylene glycol (PEG 8000) 
was added to a final concentration of 10% (w/v), and the mixture 
was stirred slowly at room temperature. After cooling in ice water 
and standing for 1 h on ice, the mixture was centrifuged at 14,000 
×g for 10 min at 4°C. The bacteriophage pellet was then 
resuspended in 1 mL of SM buffer. An equal volume of chloroform 
was added to the phage suspension and mixed by vortexing for 30 
s. The phases were separated by centrifugation at 3000 ×g for 15 
min at 4°C and the aqueous phase was recovered. Pancreatic 
DNase I and RNase I were added to a final concentration of 5 and 1 
µg/mL, respectively, and allowed to digest substrates for 30 min at 
37°C. EDTA, pH 8.0 was added to a final concentration of 20 mM. 
Proteinase K was added to a final concentration of 50 µg/mL, then 
sodium dodecyl sulfate (SDS, 10%) was added to a final 
concentration of 0.5% and the mixture was inverted several times 
prior to incubation at 56°C for 2 h. An equal volume of phenol : 
chloroform : isoamyl alcohol (25:24:1, v/v/v) was mixed in the 
sample. The aqueous phase was collected after centrifugation at 
10,000 ×g for 10 min and extracted with an equal volume of 
chloroform : isoamyl alcohol (24:1, v/v). Centrifugation was repeated 
and the aqueous phase was collected. Two volumes of ice-cold 95% 
ethanol were added and the mixture was kept at room temperature 
for 20 min. The precipitate was collected by centrifugation at 10,000 
×g for 10 min at 4°C and the pellet was washed with cold 70% 
ethanol. Following centrifugation at 10,000 ×g and 4°C for 30 min, 
the pellet was air dried and dissolved in 20-35 µL TE buffer (10 mM 
Tris, 1 mM EDTA, pH 8).   
 
 
Agarose gel electrophoresis analysis  
 
Genome sizes of undigested or digested bacteriophage were 
determined by electrophoresis (Sambrook and Russell, 2001). The 
bands were stained with ethidium bromide (EB) and compared 
against a λ phage DNA digested with Hind III marker and restriction 
enzyme Dra I before comparison by gel electrophoresis(Chakrabarti 
et al., 2000). 
 
 
Protein of purified particles of phage 
 
Bacteriophages particles were purified by centrifugation through a 
glycerol step gradient as determined by Sambrook and Russell 
(2001) after purified particles were subjected to SDS-PAGE on 
precast 4-15% gradient TRIS acrylamidegels (BioRad) along with 
protein molecular weight markers (Kropinski et al., 2012). The 
phage suspensions (approximately 1010 pfu/ml) were boiled for 5 
min and separated by SDS-PAGE. 
 
 
Denaturation, annealing and extension  
 
The PCR and oligonucleotide primers were as described by 
Olsetetart et al. (2001). The consensus primers that were used to 
amplify the central portion of gene gp23 of the various T4-type 
phages were: Mzia1 
(5´-TGTTATATIGGTATGGTICGICGTGCTAT-3´) and (5´-TGAAGT 
TACCTTCACCACGACCGG-3´). The primers that were initially used  

 
 
 
 
to amplify the gens gp18 analogue of the T4-type phage were: 
FT18-N2 (5´-GGTAAATTCCAATGGGGTCCAGCT T-3´) and 
(5´-TATCAGCAGCCAACGGAACC CAA-3´). 
 
 
PCR sequencing 
 
The PCR products were purified (Casjens et al., 2004) and 
sequenced with an Amersham Life Science Thermo Sequenase kit. 
The gene 18 and 23 nucleotide sequences of the various T4-type 
phages were determined by Mzia1 and FT18-N2 primer. 
 
 
RESULTS  
 
Bacteriophage isolation and morphology 
 
Two bacteriophages were isolated from fecal sample and, 
named JH11 and JH14. All the bacteriophage produced 
similar plaques that were clear and medium sized 3.0-3.5 
mm in diameter (Figure 1).  

Electron microscopy confirmed that phages JH11 and 
JH14 belong to the Myoviridae family. Phages possessed 
icosahedral heads, necks and contractile tails, with tail 
fibers. JH11 and JH14 belong to the order Caudovirales. 
The head dimensions for JH11 and JH14 were 120 × 70 
and 100 × 80 nm, and tail dimensions were 100 × 25 and 
130 × 30 nm, respectively (Figure 2). 
 
 
Host range analysis and stability assays 
 
Phage JH11 and JH14 specifically lysed piglet clinical 
isolates of E. coli, whereas lysed neither bovine clinical 
isolates, nor other chicken. A high proportion (58.06%, 
n=31) of E. coli piglet isolates was sensitive to phage 
JH11 and JH14, thus confirming its broad host range 
(data not show). Both phages were found to be heat 
sensivitive (Figure 3) as more than 50% of phage particles 
were killed after 30 min of incubation at 60°C, and only 
10% of the phage particles were still alive after 120 min of 
incubation. Less than 10% phage particles survived after 
30 min of incubation at 70°C. 
 
 
Bacteriophage resistance to acidity and alkalinity 
 
The two bacteriophages were highly susceptible to acidity 
at pH 1 - 2 and susceptible in varying degrees to overnight 
exposure to pH 3-4. All the bacteriophages were resistant 
to the range of pH 5-9. Phage JH11 appeared to be a 
lightly more acid resistant than the JH14 (data not show). 
 
 
Nucleic acid of bacteriophages 
 
Nucleic acid of all the two bacteriophages was a DNA. All 
the bacteriophages’ DNA samples were digested with 
restriction enzyme Dra I (Figures 4 and 5). 



 

 

 
 
 

 
 
 

 
 
 

 
Figur

 
Figur

 
Figu

1

P
h

ag
es

 s
u

rv
iv

al
 r

at
e 

(%
)

re 1. Plaques fo

re 2. Appearanc

ure 3. Thermost

0

20

40

60

80

00

0

rmed by phage

ce of phages JH

tability of bacter

30

s JH11 and JH1

H11 and JH14 un

riophages JH11

60

Time (min)

14 on O141 E. c

nder electron m

 and JH14. 

90

)

coli. 

microscopes. 

12

JH11 (70 °C)

JH14(70 °C)

JH11(60°C)

JH14(60°C)

Hoa et al.   

 

 

 

20

       36077 



 

 

360
 
 
 

 
 
 

 
 
 
PC
gp1
 
Ge
gp1
JH1
gp2

08          

R sequencin
18, gp23 gen

ne gp23 on 
18 were struc
11 was gp23 
23 positive, th

Afr. J. Microb

 
Figure 4. Elect
DNA of phag
JH14 on 0.7% 
M = λ DNA mar

 
Figure 5. 
phages genet
DraI on 0.7%
M = λ DNA ma

ng of bacteri
ne 

the capsid 
cture protein o

positive, also
his is shown in

biol. Res. 

 

trophoresis of 
es JH1 and 
agarose gels 

rker.  

 

Analysis of 
tic by enzyme 

% agarose gels 
arker. 

iophage JH1

surface struc
of the T4 pha
o the phage J
n Figure 6. 

11 and JH14 

cture and ge
age. The pha
JH14 gp18 w

of 

ene 
age 
was 

 
 
 
 

 
 
 
Blast
 
PCR 
prote
seque
seque
Table
phage
23 of 
and T
close
(93%
Gene
 
 
Prote
 
Phag
struct
analy
phage
abund
molec
consi
estim
 
 
DISC
 
Bacte
divers

 
Figure 6.
products, M
gene 23 PC
gp23 PCR p
PCR produc

t analysis of 

products of 
in of JH11 
encing. Blast
ence on the
es 1 and 2. Ac
e JH11 rando
phage T4 MV

T4 (96%) iden
e relation wit

%). The two s
e of JH11 and

ein of purifie

ge particles w
tural protein 
ysis. Distinct 
es tested (Fig
dant proteins
cular sizes o
isted of three

mated molecul

CUSSION 

eriophages ar
se.  Although

Agarose ele
M: 5000 DNA m
CR production, 
production, C: p
ction. 

the JH11, JH

gene 23 tha
and JH14

t analysis re
e NCBI web
ccording to th
om clones we
VSS (98%), E
ntity. Phage J
th HX01 (96
strains belong
d JH14 were 9

ed particles o

were purified a
content of ea
profiles were
gure 8). Phag
s (A, B and C
of 80, 75 an
e abundant p
lar size of 50,

re ubiquitous 
h  recent res

ectrophoresis o
marker, A: phag

B: phage JHu
phage JH14 ge

H14 random 

at resembled 
 were dide

esults with th
site are dem

he blast result
ere homologo

ECML-134 (98
JH14 random
%), CEV1 (9
g to T4-like p
93% identity (

of phage 

and used to 
ach phage b

e observed am
ge JH11 cons
C) bands with
nd 50 kDa. 
proteins (D, E
, 38 and 36 kD

in our world a
search on bac

 

of PCR 
ge JH11 
14 gene 
ne gp18 

clones 

major capsid
eoxynucleotide
he determined
monstrated in
ts, the gp23 o
ous with gene
8%), T6 (97%

m clones are in
95%) and T4
phage genus
(Figure 7).  

determine the
by SDS-PAGE
mong the two
sisted of three
h approximate

Phage JH14
E and F) with
Da.  

and extremely
cteriophage is

d 
e 
d 
n 

of 
e 

%) 
n 
4 
s. 

e 
E 
o 
e 
e 
4 
h 

y 
s



 

 

 
 
 

 
 
 

 
 
 

 
 
 
mu
isol
fac
this
JH1
bac
seq
stud

Table 1. Bla
 

Accession 

JX128259.1
Z78095.1 
JN202312.1
DQ485345.
HM137666.
AF158101.6
X01774.1 
K01765.1 
DQ904452.

Table 2.
 

Access

JX53649
AY3319
JX12825
HM1376
AF1581
AY3033

shrooming, i
lation and ch
ilitate the uti

s study, two 
14 were isola
cteriophages 
quencing blas
dy with this m

ast analysis of b

Random cl

 Escherichia
Bacteriopha

1 Enterobacte
1 Enterobacte
1 Enterobacte

6 Enterobacte
Bacteriopha
Bacteriopha

1 Bacteriopha

 Blast analysis 

ion Rando

93.1 Entero
85.1 Bacter
59.1 Esche
666.1 Entero
01.6 Entero
49.1 Entero

 
Figure 7.
determined

t is still limi
aracterization
lization of ba
novel bacter

ated from fae
taxa, PCR m

st analysis of
method revea

bacteriophage JH

one 

 phage ECML-
age T6 DNA (15
eria phage ime
eria phage MV 
eria phage T4T
eria phage T4, 
age T4 gene 23
age T4 genes 2
age RB32, com

of bacteriophag

om clone 

obacteria phage
riophage CEV1
richia phage E

obacteria phage
obacteria phage
obacteria phage

 Dendrogram 
d sequence on 

ted in some
n of more ba
acteriophage’
riophages na
ecal pig farm.
method was a
f bacteriopha
led that bacte

H11 random clo

-134, complete
506 bp) 
09, complete g
SS major caps

T, complete gen
complete geno

3 for major cap
22 (partial) and

mplete genome

ge JH14 random

e HX01, compl
 nonfunctional
CML-134, com
e T4T, complet
e T4, complete
e RB69, compl

showing relatio
the NCBI webs

e respects. T
cteriophage w
s resources. 
med JH11 a
 To identify t

applied with t
age. Prelimina
eriophage JH

ones. 

e genome 

genome 
sid protein gen
nome 
ome 
sid protein 
 23 (complete 

m clones. 

ete genome 
 major capsid p

mplete genome
e genome 

e genome 
ete genome 

onship among 
ite. 

The 
will 

In 
and 
the 
the 
ary 

H11 

and J
to iso
coli w
were 
from 
Pig se
pig fa
which

e, partial cds 

cds) 

protein gp23  

phage JH11, 

JH14 belonge
olate and cha
with special e
reported as t
sewage samp
ewage is a co
arms and was
h  to  isolate

Query covera

96 
96 
96 
90 
96 
96 
96 
96 
96 

Query covera
(%) 

94 
91 
94 
94 
94 
94 

JH14, and w

ed to T4-like. 
aracterize ph
emphasis on
the most com
ples of domes
ollection of wa
s considered 
e  phages  a

Hoa et al.   

age (%) Max i

age Max ide
(%)

96 
95 
93 
93 
93 
93 

 

with the 

The goal of t
ages against
 O141: F18 
mon sources
stic animal dr
aste drainage
to be a good

against O141

       3609

dent(%)

98 
97 
96 
98 
96 
96 
96 
96 
96 

ent  

this study wa
t the O141 E
ETEC, which

s of coliphages
rainage (pigs)
e for the entire
d source from
: F18 ETEC,

9 

s 
E. 
h 
s 
). 
e 
m 



 

 

361
 
 
 

 
 
 
esp
pos
the 
ser
ide
F6 
an 
and
(20
O14
also
et a
hea
cha
In t
Myo
(Ku
and
O14
fam
cha
and
rela
spe
ent

10          

 
Figure 8. Stru
bacteriophage
E. coli bacterio
molecular size
170, 130, 95, 7
2, JH12; poly
with Coomass

pecially when 
st-weaning E
 first report on

rogroup asso
ntified phage
ETEC strain t
O9: F5: ETEC

d lambs (Smit
007) isolated 
49: H10: F4: 
o isolated to l
al., 2009b). In
at-stabile ent
aracteristics w
the last 45 y
oviridae, and

umari et al., 2
d contractile t
41 E. coli in o

mily. This fa
aracterized by
d contractile t
atively thick 
ecifically infec
terobacteria. 

Afr. J. Microb

uctural proteins 
es by SDS-PAG
ophages. Lanes
es (in descendin
72, 55, 43, 34, 2
acrylamide gel 
ie brilliant blue 

these farms 
. coli diarrhe
n isolation of 

ociated with 
s that were a
that causes d
C that causes
th and Huggin
9 phages fr
ETEC in pig
yse O1, O2 a
nterestingly, a
terotoxin of 
were seen un
years, 96% p
d Podovirida
2009). Based
tails, the pha
our study were
amily consis
y having icos
tails that are 
(ICTV, 1995

cted certain st
 In  this  st

biol. Res. 

profiles of JH1
E of contructura

s: M: protein ma
ng order from to
26, 17 and 10 kD

(12.5%wt/vol) 
R-250. 

had a record 
a. To our kn
phages again
PWD in pig

active against
diarrhea in ne
s diarrhea in 
ns, 1983). Jam
rom raw sew
, while in chi

and O87 E. co
all the phage
the E. coli.

nder an electr
phages of th
e family we
d on morpho
ges JH11 an
e members of

sts of six g
sahedral or e
more or less

5). Most of 
trains of E. co
udy, phages 

11 and JH14 
al proteins of 

arkers of high 
op to bottom, 
Da); 1, JH11; 
was stained 

of infection w
nowledge this
nst ETEC of a
gs. Other stu
t an O20: K10
onatal pigs, a
neonatal calv
malludeen et 

wage that lys
cken, 7 phag

oli (Jamallude
s carried gen
 Morphologi
ron microscop
he Siphovirida
ere investigat
ological featur
nd JH14 again
f the Myovirid
genes, and 
elongated he
s rigid, long a
T4-like phag

oli or some oth
JH11 and JH

with 
s is 
any 
udy 
01: 

and 
ves 
al. 

sed 
ges 
een 
nes 
cal 
pe. 
ae, 
ted 
res 
nst 

dae 
is 

ead 
and 
ges 
her 
14 

 
 
 
 
geno
was 
speci
electr
1330
al. (2
phage
gp23 
prote
their 
the p
O141
JH14
ETEC
phage
2012)

The
pH 1
expos
prote
result
surviv
comm
of we
may 
diet a
phage
follow
taken
and u
 
 
Conc
 
In thi
O141
succe
again
phage
positi
The 
bacte
5-9, a
result
preve
post-w
 
 
Conf
 
The a
 
 
ACKN
 
This 

me were in o
performed b

ific primers i
rophoresis sh
and 850 bp,

2012) conclu
es and more
structure of 

in structure o
ability to lyse
redominant p

1 E. coli strai
4. However, 
C. These var
e and physio
).  
ese two phag
-2, and susc
sure to pH 3
in denaturatio
t in a loss o
ve well over 
mon feature fo
eaned pigs m
rise quickly t

and the feedin
es were likely

wing oral adm
n to reduce th
upper small in

clusions 

is study, two
1: F1 ETEC 
essfully isolat
nst O141: F1
es are larger 
ive, while pha

two bact
eriophage gen
and three maj
ts indicated t
ention and a
weaning diarr

flict of interes

author(s) have

NOWLEDGE

 study  was

order to extra
by using gen
n amplificatio

howed that, P
 and the exp

uded that T4
e 20 protein s

the capsid s
of tail sheath

e host ranges
porcine PWD 
ns were lyse
were resiste

riations might
ological state 

ges were high
ceptible in va
3-4. Phage w
on in an acid
of viability of 
the pH range
or most phag

may be as low
o 4-5 after th

ng regime (Sn
y to undergo 
ministration to
heir exposure
ntestine.  

o phages (JH
and belong 
ted. Boths ph
8 ETEC. Th
than 20 kb. T

age JH14 wa
teriophages 
nus. Both ph
jor protein ba
that the two 
as well as 
rhea caused 

st 

e not declare

EMENT  

s  supported 

act as a temp
ne gp18 and
on. Result of
CR product s
ected size wa
4 phage are
structure gene
surface and 
h. Phages we
s on the O141

E. coli strain
ed by the pha
ed by O8 ET
t be caused 
of the host (F

hly susceptibl
arying degree

was often quit
ic environme
the phage. 

e between 5 
ges. The pH in
w as 1-2 befor
he meal, depe
noeck et al., 2
a marked red
o pigs unles

e to low pH in

H11 and JH1
to Myoviridae

hages were al
he genome s
The phage JH
as gp18 and g

belonged 
ages were re

ands were obs
phages have
therapy for 

by O141: F18

d any conflict

by grants fro

plate. 1* PCR
d gene gp23
f agarose ge

size was abou
as 2* Chao e

e 160 T4-like
es have gene
gene gp18 is
ere tested fo
1, O8 and O2
s. Most of the

age JH11 and
TEC and O2
by function o
Flayhan et al.

le to acidity a
e to overnigh
te sensitive to
nt, which may
The ability to
and 9 was a

n the stomach
re a meal and
ending on the

2004). The two
duction in tite

ss steps were
n the stomach

14) that lysed
e family were
ll highly active
sizes of these
H11 was gp23
gp23 positive

to T4-like
esistant to pH
served. These
e potential fo

the porcine
8 ETEC. 

t of interests.

m the Priority

R 
3 
el 
ut 
et 
e 
e 
s 

or 
2, 
e 
d 
2 
of 
., 

at 
ht 
o 
y 
o 
a 
h 
d 
e 
o 

er 
e 
h 

d 
e 
e 
e 
3 

e. 
e 
H 
e 

or 
e 

y 



 

 

 
 
 
 
Academic Program Development of Jiangsu Higher 
Education Institutions, Chaina. 
 
 
REFERENCES  
 
Amezcua R, Friendship Robert M, Dewey Catherine E, Gyles C, 

Fairbrother JM (2002). Presentation of postweaning Escherichia coli 
diarrhea in southern Ontario, prevalence of haemolytic E. coli 
serogroups involved, and their antimicrobial resistance patterns. Can. 
J. Vet. 66:73-78. 

Bai Q, Zhang W, Yang Y, Tang F, XuanHoa N, Liu G, Lu C (2013). 
Characterization and genome sequencing of a novel bacteriophage 
infecting Streptococcus agalactiae with high similarity to a phage from 
Streptococcus pyogenes. Arch Virol. 158(8):1733-1741. 

Barrow P, Lovell M, Berchieri A (1998). Use of lytic bacteriophage for 
control of experimental Escherichia coli septicemia and meningitis in 
chickens and calves. Clin. Diagn. Lab. Immunol. 70 (6):294–298 

Carey S, Gwyneth V, Billington C, Cornelius AJ, Hudson A, Heinemann 
JA (2006). Isolation and characterization of bacteriophages infecting 
Salmonella spp. Microbiol Lett. 258:182-186. 

Casjens S, Winn-Stapley DA, Gilcrease EB, Morona R, Kühlewein C, 
Chua JEH, Manning PA, Inwood W, Clark AJ (2004). The 
chromosome of Shigella flexneri bacteriophage Sf6: complete 
nucleotide sequence, genetic mosaicism and DNA packaging. J. Mol. 
Biol. 339(2):379-394.  

Chakrabarti AK, Ghosh AN, Nair GB, Niyogi SK, Bhattacharya SK, 
Sarkar BL (2000). Development and evaluation of a phage typing 
scheme for Vibrio cholerae O139. J. Clin. Microbiol. 38:44-49 

Chao L, Wailap VN, Lin I, Syu W, Liu T, Chang C (2012). T4-like 
genome organization of the Escherichia coli O157:H7 lytic phage 
AR1. J. Virol. 85 (13):6567–6578. 

Flayhan A, Wien F, Paternostre M, Boulanger P, Breyton C (2012). New 
insights into pb5, the receptor binding protein of bacteriophage T5, 
and its interaction with its Escherichia coli receptor FhuA. 
Biochemistry 94:1989-1994. 

Hendrix RW, Smith MC, Burns RN (1999). Evolutionary relationships 
among diverse bacteriophages and prophages: all the worldÿs a 
phage. Proc. Natl. Acad. Sci. USA. 96(5):2192-2197. 

ICTV (1995). International Committee on Taxonomy of Viruses. Virus 
taxonomy, classification and nomenclature of virus. Sixth report of the 
international committee on taxonomy of viruses. 49-54. 

Jamalludeen N, Johnson RP, Friendship R, Kropinski AM, Lingohr EJ, 
Gyles CL (2007). Isolation and characterization of nine 
bacteriophages that lyse O149 enterotoxigenic Escherichia coli. Vet. 
Microbiol. 124:47-57. 

Jamalludeen N, Johnson RP, Shewen PE, Gyles CL (2009a). Evaluation 
of bacteriophages for prevention and treatment of diarrhea due to 
experimental enterotoxigenic Escherichia coli O149 infection of pigs. 
Vet. Microbiol. 136:135-141. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hoa et al.          3611 
 
 
 
Jamalludeen N, She Y-M, Lingohr EJ, Griffiths M (2009b). Isolation and 

characterization of virulent bacteriophages against Escherichia coli 
serogroups O1, O2, and O78. Poult. Sci. 88:1694-1702. 

Kropinski AM, Lingohr EJ, Moyles DM, Ojha S, Mazzocco A, She Y-M, 
Bach SJ, Rozema EA, Stanford K, McAllister TA, Johnson RP (2012). 
Endemic bacteriophages: a cautionary tale for evaluation of 
bacteriophage therapy and other interventions for infection control in 
animals. Virol J. 9 (209):1-9. 

Kropinski AM, Mazzocco A, Waddell T, E., Lingohr E, Johnson Roger P 
(2009). Enumeration of bacteriophages by double agar overlay. 
Methods Mol. Biol. 1 (501):69-80. 

Kumari S, Harjai K, Chhibber S (2009). Characterization of 
Pseudomonas aeruginosa PAO specific bacteriophages isolated from 
sewage samples Am. J. Biomed. 1 (2):91-102 

Lu TK, Koeris MS (2011). The next generation of bacteriophage therapy. 
Microbiology 14:524-531. 

Olsetetart F, Desplats C, Kutateladze M, Monod C, Ackermann H-W, 
Krisch HM (2001). Phylogeny of the major head and tail genes of the 
wide-ranging T4-type bacteriophages. J. Bacteriol. 183 (1):358-366 

Pajunen MI, Elizondo MR, Skurnik M, Kieleczawa J, Molineux IJ (2002). 
Complete Nucleotide Sequence and Likely Recombinatorial Origin of 
Bacteriophage T3. J. Mol. Biol. 319(5):1115-1132.  

Pickard DJJ (2009). Preparation of bacteriophage lysates and pure 
DNA. Methods Mol. Biol. 2(502):3-9 

Sambrook J, Fritsch EF, Maniatis T (1989). Molecular Cloning: A 
Laboratory Manual, second ed. Cold Spring Harbour Press, Cold 
Spring Harbour, NY.  

Sambrook J, Russell DW (2001). Molecular Cloning: A Laboratory 
Manual, 2nd ed., In Molecular cloning: a laboratory manual, 3rd ed. 
CSHL Press, New York. 1:132-134. 

Shlyapnikov MG, Kazantsev SI, Kryukov VM, Bayev AA (1985). The 
nucleotide sequence of bacteriophage T 5 leucine tRNA. FEBS Lett. 
192 (2):299-302.  

Shlyapnikov MG, Kaliman AV, Kazantsev SI, Kryukov VM, Bayev AA 
(1984). The nucleotide sequence of bacteriophage T5 glutamine 
transfer RNA. Biochim. Biophys. Acta  782(3):313-319.  

Smith HW, Huggins MB (1983). Effectiveness of phages in treating 
experimental Escherichia coli diarrhoea in calves, piglets and lambs. 
J. Gen. Microbiol. 129:2659-2675. 

Snoeck V, Cox E, Verdonck F, Joensuu JJ, Goddeeris BM (2004). 
Influence of porcine intestinal pH and gastric digestion on antigenicity 
of F4 fimbriae for oral immunisation. Vet. Microbiol. 98(1):45-53 

Soothill JS (1992). Treatment of experimental infections of mice by 
bacteriophage. J. Med. Microb. 37:258-261. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


