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Abstract
Background: Antibiotic resistance in Escherichia coli, a member of the Enterobacteriaceae, is of particular concern because it is the most 
common (Gram-negative) pathogen causing nosocomial and community infections. Researchers are now considering the use of phages 
for the control of various antibiotic-resistant bacterial infections.
Objectives: The purpose of this study was to isolate and characterize a novel pathogenic/lytic phage that targets multi-drug resistant 
(MDR) E. coli 3, and to investigate its effectiveness at lysing this bacterium.
Materials and Methods: A clinical strain of E. coli 3 was identified based on its 16S rRNA sequencing and its antibiotic resistance profile 
was determined by the disc diffusion method. A bacteriophage was isolated from wastewater and its various characteristics, such as host 
range, heat tolerance, pH stability, one step growth, total protein content, and genome size, were determined. The antibacterial property 
of the phage was determined against log-phase bacterial planktonic cells at 37°C.
Results: The bacteriophage, designated MJ1, was isolated by testing against a clinical MDR E. coli 3 strain. The MJ1 phage showed a wide 
range of heat and pH stability. The phage morphology, determined by transmission electron microscopy, revealed a structure comprised 
of a head (108 ± 0.2 nm long by 128 ± 0.5 nm wide) and a contractile tail (123 ± 0.5 nm long by 15 - 26 nm wide). These features placed the 
MJ1 phage in the family Myoviridae and the order Caudovirales. Eleven structural proteins (17 to 200 kDa) for this phage were detected by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). A double stranded DNA, approximately 32 kb, in size was detected 
for this phage on agarose gels. The phage efficacy against E. coli 3 planktonic cells was also investigated. The MJ1 phage demonstrated a very 
good capability to reduce the numbers of E. coli 3 planktonic cells, as determined by a change in the bacterial growth (an optical density 
decrease at 600 nm from 0.40 to 0.12).
Conclusions: MJ1 phage has much potential for use in phage therapy and other applications.
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1. Background
Escherichia coli is a Gram-negative, rod shaped bacterium 

that is involved in various nosocomial infections. One major 
problem concerning bacterial infections, in both develop-
ing and developed countries, is the emergence of resistance 
in bacteria against potent broad spectrum antimicrobial 
agents (1). Amongst the Enterobacteriaceae, E. coli, one of the 
most common human pathogens, has developed a high level 
of resistance against several previously effective antibiotics. 
Multi-drug resistant (MDR) E. coli can disseminate resistance 
not only within the same family, but also to distantly related 
bacteria through mobile genetic elements (2). Among dif-
ferent strains of E. coli, Shiga toxin-producing Escherichia 
coli (STEC) and enteropathogenic Escherichia coli (EPEC) have 
emerged as the most clinically important strains; the former 
is an important zoonotic food-borne pathogen while the lat-
ter is a major cause of diarrhea in children in developing 
countries, confirming the risk to public health (3). Moreover, 
E. coli strains can also produce biofilms on multiple biotic 
and abiotic surfaces (4), as well as on indwelling medical 

devices (5). They cause various nosocomial and chronic in-
fections in humans (6), and are mostly known for their high 
association with hospital acquired infections (7).

The high antibiotic resistance in bacterial strains has 
prompted a search for alternative approaches to control the 
frequency of the emergence of antibiotic resistance in bac-
terial strains. Researchers have, therefore, advised the appli-
cation of phages to replace the use of antimicrobial drugs. 
Phage therapy is considered more beneficial than antibiotics 
because it is safer and more specific in activity (8, 9). Applica-
tion of bacteriophages to treat/control bacterial infections is 
known as phage therapy (8). These viruses are (obligate) bac-
terial parasites that bind to bacterial surface receptors and 
inject their nucleic acid (usually DNA). The subsequent rep-
lication of phages inside the host bacterium results in lysis 
of the bacterial cell (10). The advantage of the use of phages 
over antibiotics arises from the fact that the mechanism by 
which phages cause lysis or death of the host cells is entirely 
different from the mechanisms of antimicrobials drugs (8).
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The earth biosphere contains a very large number (≈1031) 
of bacteriophages (11), but few of these have been character-
ized (12). Hence, novel phages need to be isolated and evalu-
ated for use in the eradication/control of MDR and biofilm 
forming human pathogenic bacteria (13). However, newly 
isolated and identified E. coli strains may have different 
susceptible to currently existing phages and may already 
be totally resistant to them. Therefore, the search must 
continue for coli phages with broad host ranges to combat 
newly emerged and extremely drug resistant E. coli strains.

2. Objectives
This study focused on the isolation and partial characteriza-

tion of a novel lytic Myoviridae bacteriophage effective against 
a clinical MDR strain of E. coli 3 and on the determination of its 
lytic activity against its host bacterium planktonic cells.

3. Materials and Methods

3.1. Bacterial Identification
A clinical isolate of E. coli (a gifted from the Railway Gen-

eral Hospital, Rawalpindi, Pakistan) was identified by 
ribotyping. Genomic DNA was extracted using a DNA iso-
lation kit (Invitrogen, USA), following the manufactur-
er’s protocol. The polymerase chain reaction (PCR) with 
primers (RS-1:5ˊ-AAACTCAAATGAATTGACGG-3ˊ and RS-3: 
5ˊ-ACGGGCGGTGTGTAC-3ˊ) was performed for amplification 
of the 16S rRNA gene, as previously described by Jamal et al. 
(14), and the products were resolved by (1%). agarose gel elec-
trophoresis. The eluted PCR products (gel elution kit; Invitro-
gen, USA), were sequenced, followed by sequencing analysis.

3.2. Antibiotic Sensitivity of Clinical Strain 
Escherichia coli 3

The susceptibility of E. coli 3 to different groups of antibiotics 
was tested using a clinical and laboratory standards institute 
(CLSI) established protocol (15). Escherichia coli 3 was tested 
with ten known antibiotics, as shown in Table 1. The clinical iso-
late was evenly spread on agar plates containing Luria Broth 
(LB) and antibiotic discs were placed at fixed distances from 
one another. The plates were then incubated overnight at 37°C.

3.3. Bacteriophage Isolation and Purification
Several wastewater samples were collected from differ-

ent locations of Rawalpindi, Pakistan, and the MJ1 bacterio-
phage was isolated using previously reported methods, with 
slight modifications (16). The plaque assay, the most com-
monly used technique for estimating phage counts, was per-
formed by adding equal amounts (100 µL) of diluted phage 
suspension and E. coli 3 (OD600 = 1) culture to 3 mL of soft 
LB agar (50°C) in a tube, mixing, and pouring the mixture 
into LB agar plates. The plates were dried for 20 minutes and 
the agar was allowed to solidify fully. The plates were incu-
bated overnight at 37°C and then observed for the presence 
of plaques by comparison with a negative control plate.

3.4. Phage Host Range
A number of pathogenic bacteria, including both Gram 

positive and negative types, were tested for determination 
of the host range of the MJ1 phage; these included common 
pathogenic bacteria, such as E. coli strains, Pseudomonas 
spp., Staphylococcus spp., Klebsiella spp., and Achromobacter 
xylosoxidans (Table 2). The susceptibility of the bacterial 
strains was evaluated by spot tests (17) and further validated 
by agar overlay assays. The plates were incubated overnight 
at 37°C and each plate was observed for the presence of 
plaques and compared with an uninfected negative control.

3.5. Thermal and pH Stability of the MJ1 Phage
Phage characterizations, such as thermal and pH stability 

tests, were conducted according to previously described pro-
tocols, with minor adjustments (18). The MJ1 phage suspen-
sions were treated for 1 hour at temperatures ranging from 
37 to 80°C. After 1 hour, the survival of the treated phage was 
checked by the soft agar overlay method. The pH stability was 
checked using a wide pH gradient from pH 1 to 11 (pH 1, 3, 5, 7, 9 
and 11). Each experiment consisted of adding 1 mL of phage sus-
pension to 9 mL tryptic soy broth (TSB) at the desired pH and 
incubating at 37°C overnight. Phage survival was determined 
by the soft agar overlay method for every treated sample.

3.6. One Step Growth
The latent time and burst size of the MJ1 phage was esti-

mated using the protocol described by Sambrook et al. (19). 
A 50 mL volume of E. coli 3 was incubated until the culture 
reached the mid-exponential phase OD (0.6); at that point, 
the bacterial cells were pelleted by centrifugation (12000 × 
g). The pellet was then mixed with 0.5 mL LB broth medium 
and 0.5 mL phage (4.5 × 108 plaque forming unit /mL). This 
mixture was left to stand for 1 minute to allow phage adsorp-
tion, followed by centrifugation at 20,000 × g for 40 seconds 
to remove non-adsorbing phages. The resulting pellet was 
resuspended in 100 mL media and kept continuously at 37°C. 
Samples were collected at three-minute intervals and phage 
titers were estimated via the soft agar overlay method.

3.7. Transmission Electron Microscopy of MJ1 Phage 
Morphology

The purified MJ1 phage particles were transferred to the 
surface of a formvar carbon film (on a 200 mesh copper 
grid), negatively stained by addition of 2% uranyl acetate, 
and blotted immediately with filter paper; the grid was 
then air dried for viewing by transmission electron mi-
croscopy. A transmission electron microscope (Hitachi, 
H-7000 Tokyo, Japan), located at the Interdisciplinary 
Center for Biotechnology Research (ICBR), University of 
Florida (UF), USA, operated at 100 kV, was used for detailed 
analysis of the MJ1 phage sample. The international com-
mittee on taxonomy of viruses (ICTV) guidelines were 
used for classification of the MJ1 phage based on the elec-
tron microscopy results (20).



Jamal M et al.

3Jundishapur J Microbiol. 2015;8(11):e25917

3.8. Isolation of Phage Genomic DNA and Protein 
Analysis

The MJ1 phage genomic DNA was isolated with a DNA iso-
lation kit (Qiagen, Germany). A sample (40 μL) was then di-
gested with EcoR1 restriction enzyme (New England Biolab, 
Canada) (19) at 37°C for 16 hours, run on agarose gel (0.7% 
w/v), and visualized with a UV transilluminator. The purified 
phage were suspended in phosphate buffered saline (PBS) 
(1X) solution. Eppendorf tubes containing 10 - 15 µL of phage 
suspension were mixed with loading dye and then kept on a 
heat block at 100°C for 10 minutes. The phage proteins were 
then separated by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) on 12% acrylamide (21) and 
visualized by Coomassie Blue G-250 staining.

3.9. Bacterial Reduction Assay
The reduction in the bacterial strain numbers was as-

sayed as described by Jamal et al. (14). E. coli 3 was inocu-
lated into two separate flasks, each containing LB broth 
medium (100 mL), and both flasks were kept in a shaking 
incubator at 37°C. One of the flasks, at OD = 0.6 at 600 nm, 
was treated with phage filtrate with a multiplicity of in-
fection (MOI) of 1 (2.1 × 1010 PFU/mL), while the other flask 
was left as a negative control (no phage). Both culture 
flasks were kept at 37°C with constant shaking, and OD 
(600 nm) readings were taken with a SP300 spectropho-
tometer (Optima, Japan) every 2 hours for up to 24 hours.

3.10. Statistical Analysis
All data were presented as means plus standard devia-

tion. MS Excel (2007) was used for statistical analysis.

4. Results

4.1. Identification of Bacteria by Ribotyping
Escherichia coli 3 was identified based on the partial se-

quence of the 16S rRNA gene. A DNA fragment of about 470 bp 
was amplified and sequenced in both the forward and reverse 
directions. The resulting sequence was submitted to NCBI for 
BLAST analysis. Its sequence was found 99 % identical to E. coli. 
The sequence was given the GenBank Accession no. KF385446.

4.2. Antibiotic Sensitivity of Clinical Strain of 
Escherichia coli 3

Antibiotic sensitivity indicated that the bacterial strain 
was resistant to gentamycin, amoxicillin, ampicillin, 
streptomycin, sulfametoxazole/trimethoprim, erythro-
mycin, and tetracycline, but was susceptible to ceftazi-
dime, doxycycline, and ciprofloxacin. The antibiogram 
appeared as a zone of inhibition, as shown in Table 1.

4.3. Phage Isolation
A phage was isolated from sewage water using E. coli 3 as 

a host organism. The phage, designated as MJ1, produced 

clear plaques on a host bacterial lawn, which clearly indicat-
ed it to be a lytic phage. The average diameter of the plaques 
was about 0.8 mm, with distinct delineation (Figure 1).

4.4. Phage Host Range
A total of 34 different bacterial strains were used to deter-

mine the MJ1 phage host range. The bacterial strain suscepti-
bilities were first detected by spotting methods and further 
confirmed by agar overlay assays. Only three strains of E. coli, 
E. coli 3, E. coli LF 1968, and E. coli F, along with P. aeruginosa 
2995 and A. xylosoxidans, were susceptible; the other bacte-
rial strains were resistant to the MJ1 phage (Table 2). The MJ1 
phage was therefore concluded to have a narrow host range.

4.5. Thermal and pH Stability
The MJ1 phage was quite stable (100 %) after incubation at 

37°C for 1 hour at pH 7.0 and showed good stability between 
37°C and 65°C. However, incubation at 70°C was lethal and 
completely killed the phage (Figure 2 A). The optimal pH 
was determined by treatment at 37°C for 16 hours at differ-
ent pH values. The MJ1 phage stability was maximal at pH 7 
and was also relatively stable at other pH values of 5, 9, and 
11. The low pH values of 1 and 3 were lethal and totally in-
activated the phage. Thus, both very high temperature and 
very low pH were lethal for the MJ1 phage, which may be a 
hindrance to phage therapy (Figure 2 B).

4.6. One Step Growth
A one-step growth experiment was conducted to determine 

the latent time period and burst size of the MJ1 phage. A curve 
with three phases (latent phase, log phase, and stationary 
phase) was obtained (Figure 3). The latent time period and 
burst size were calculated as 21 minutes and 300 phages/cell, 
respectively. The burst size was determined from the ratio of 
the mean yield of phage used for bacterial infection to the 
mean of phage particles liberated after infection.

4.7. Phage Morphology
The MJ1 phage morphology was observed by transmission 

electron microscopy. The phage head was 108 ± 0.2 nm long 
and 128 ± 0.5 nm wide, with icosahedral sides. A contractile 
tail of 123 ± 0.5 nm long and 15 - 26 nm wide was also found 
with the head. The phage was assigned to family Myoviridae 
on the basis of its morphology. All values were determined 
as means ± SD from 3 measurements. The phage tail had a 
few prominent tail fibers, with proximal and distal parts of 
about 76 nm and 66 nm, respectively (Figure 4).

4.8. Phage Genome Isolation and Protein Analysis
The genome of the MJ1 phage, as detected on 0.6% agarose 

gels, was a double stranded DNA of approximately 32 kb (Fig-
ure 5 A). The phage DNA produced two bands of different size 
upon EcoR1 restriction (Figure 5 B). A total of eleven proteins, 
ranging in molecular weight from approximately 17 to 200 
kDa, were detected by SDS-PAGE in the MJ1 phage (Figure 5 C).
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Table 1. Sensitivity of Escherichia coli 3 to Different Antibiotics
S:No Antibiotic Name Activity (Zone of Inhibition), mm
1 Amoxicillin (AML-25) 0
2 Erythromycin (E-15) 0
3 Tetracycline (TE-30) 0
4 Ciprofloxacin (CIP-5) 14
5 Sulfametoxole/Trimethoprim (SXT -25) 0
6 Ampicillin (AMP-25) 0
7 Streptomycin (S-10) 0
8 Doxycycline (D-30) 17
9 Ceftazidime (CAZ-30) 11
10 Gentamycin (GM-30) 0

Table 2. Spot Test of the MJ1 Phage on Different Bacterial Isolates Collected From Railway General Hospital, Pakistan
S:No Bacterial Strain Activity (+/-)a

1 Escherichia coli 3 +
2 Escherichia coli F +
3 Escherichia coli LF 1968 +
4 Escherichia coli LF 1990 -
5 Escherichia coli 3051 ₋

6 Escherichia coli LF 1969 -
7 Escherichia coli LF 3321 ₋

8 Escherichia coli 3183 ₋

9 Escherichia coli 3021 ₋

10 Escherichia coli LF 2908 ₋

11 Escherichia coli CR 103 ₋

12 Escherichia coli LF 3320 -
13 Escherichia coli LF 3325 ₋

14 Escherichia coli CR 061 ₋

15 Escherichia coli LF 1978 ₋

16 Escherichia coli LF 1908 ₋

17 Escherichia coli LF 3048 ₋

18 Escherichia coli LF 2908 ₋

19 Escherichia coli 2201 -
20 Pseudomonas aeruginosa 098 ₋

21 Pseudomonas aeruginosa 178 ₋

22 Pseudomonas aeruginosa 949 ₋

23 Pseudomonas aeruginosa 3048 ₋

24 Pseudomonas aeruginosa 3068 ₋

25 Pseudomonas aeruginosa 2830 ₋

26 Klebsiella pneumonia 3206 ₋

27 Klebsiella pneumonia 3246 ₋

28 Klebsiella pneumonia 3 ₋

29 Pseudomonas aeruginosa 2995 +
30 Achromobacter xylosoxidans +
31 Staphylococcus aureus 2895 ₋

32 Staphylococcus aureus 2975 ₋

33 Staphylococcus aureus 2938 ₋

34 Staphylococcus aureus 2895 ₋
a+, Susceptible; and -, Resistant.
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Figure 1. Plaque Assay for MJ1 Phage

A, Spot test for the detection of MJ1 phage; and B, a higher dilution (10-6) of phage titer showing clear plaques with an average diameter of 0.8 mm.

Figure 2. Stability Assays for MJ1 Phage
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A, Stability of the MJ1 phage treated at different temperatures for 60 min; 
and B, Stability of the MJ1 phage after treatment at different pH values 
overnight at 37°C. All data are the means of 3 determinations ± standard 
deviations (SD).

Figure 3. One Step Growth Experiment
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The latent time and burst size of the MJ1 phage were deduced from the 
curve with a triphasic pattern. All values are the means of 3 determina-
tions ± SD.

4.9. Bacterial Reduction Assay
A culture of E. coli 3 was inoculated with the MJ1 phage 

with a multiplicity of infection (MOI) of 1 and the change 
in optical density (bacterial growth) was observed for 24 
hours. An abrupt OD decrease was observed in the phage-
treated bacterial culture compared to the control culture 
(with no phage). A rapid decrease in OD, from 0.40 to 0.12, 
was observed in the first 4 hours and was sustained for 
about 16 hours. After 16 hours of incubation, the turbidity 
(OD) increased, probably due to the presence of resistant 
bacterial cells in the culture (Figure 6).
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Figure 4. Transmission Electron Micrographs of the Purified MJ1 Phage; Scale Bars, 200 nm

Figure 5. Results of Agarose Gel Electrophoresis and Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

A, The MJ1 phage genome, as detected by agarose (0.6%) gel electrophoresis. Lane 1 shows a high range DNA ladder (Gene Ruler) and lane 2 shows a band 
of phage DNA having a size of approximately 32 kb; B, Lane 1 shows a 1 kb DNA ladder (New England Biolabs) and lane 2 shows the MJ1 phage DNA restric-
tion analysis with EcoR1; C, Image shows the SDS-PAGE analysis of the MJ1 phage structural proteins; lane 1 shows broad range protein molecular weight 
markers (Precision Plus ProteinTM , Bio-Red) and lane 2 shows the MJ1 phage proteins.

Figure 6. Bacterial Reduction Assay
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Effect of the MJ1 phage on bacterial growth of an E. coli 3 log-phase cul-
ture, compared with a control culture (having no phage). All values are 
the means of 3 determinations.

5. Discussion
Generally, antimicrobial drugs are used for the treat-

ment of bacterial infections. However, due to the fre-
quent emergence of antibiotic resistant bacteria, re-
searchers are recommending phage therapy as an 
alternative therapeutic option for treatment of various 
bacterial infections and contaminations (8). The Eliava 
Institute of Bacteriophages, which is a phage therapy 
center in Georgia, has been testing phages as a prophylac-
tic measure for treatment of various bacterial infections 
(22). Resistance to modern antimicrobial drugs is a major 
problem in treating current bacterial infections. Antibi-
otic resistance genes disseminate between bacterial com-
munities either through different mechanisms of hori-
zontal gene transfer (plasmids, transposons, integrins, 
etc.) or through vertical transfer of resistance genes from 
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parents to offspring. This creates a challenging threat to 
humans due to the increased cost of hospitalization and 
the severity of infections. The emergence of MDR strains 
significantly increases morbidity and mortality (23).

Beheshti Maal et al. (24) found that phages are the most 
abundant microorganisms in aquatic environments and 
play a critical role in controlling their host populations 
(such as algae, fungi and bacteria). Therefore, phages 
could be used for the elimination of environmental mi-
croorganisms that pose threats to public health. Many 
researchers have successfully used some phages for 
therapy of various infections caused by bacteria; for ex-
ample, phages have been used for both treatment and 
prophylaxis of E. coli infections in research animals (i.e., 
mice) and farmed animals such as lambs, calves, and 
piglets. Bacteriophage therapy is viewed as a promising 
approach for curbing various bacterial infections (25, 
26). None of the known phages reported in the literature 
are lytic to all E. coli strains. Therefore, the underlying 
aim in finding and characterizing novel and potentially 
therapeutic phages is to identify phages that show a high 
specificity and a narrow range against newly emerged 
MDR E. coli strains. Our test of 10 different commercially 
available antibiotics against E. coli 3 revealed resistance to 
7 out of 10 antibiotics (Table 1).

Bacteriophages are usually found in close proximity to 
their host bacterial species (8). Sewage water serves as a rich 
and diverse source of microbes, mainly due to the presence 
of animal excreta and hospital drainage (27). The MJ1 phage 
was also isolated from sewage water. This newly isolated 
virus was highly lytic, giving clear plaques of an average di-
ameter of 0.8 mm. The MJ1 phage showed a very narrow host 
range, infecting only E. coli 3, E coli LF 1969, E. coli F, Achromo-
bacter xylosoxidans, and P. aeruginosa 2995, among the bacte-
ria tested here (Table 2). Several phages have been reported 
that are very specific to their host cell receptors (27).

A number of studies have reported that bacteriophag-
es may vary in both their thermal and pH stability. Our 
investigation of these parameters in the newly isolated 
MJ1 phage revealed a high tolerance to a wide range of 
temperature, from 37°C to 65°C, but the phage was killed 
at 70°C. The MJ1 phage also showed good stability over a 
wide pH range from pH 5 to 11, with maximum stability 
at pH 7. This finding was in agreement with earlier obser-
vations of Carey-Smith et al. (28) and Jamalludeen et al. 
(16), who reported that most phages thrive well at a pH 
range of 5 to 9 under physiological conditions. The native 
virion structure and stability were maintained through-
out this pH range. The isolated MJ1 phage was inactivated 
at lower pH values of 1 and 3. Bacteriophages are usually 
less stable in acidic environments due to denaturation of 
their proteins (29). Phage characteristics such as heat and 
pH stability are important properties that could be sig-
nificant in various aspects of phage therapy.

Curves obtained from one-step growth explain various 
replication steps in the phage life cycle. The MJ1 phage 
showed a latent period of 21 min and a burst size of 300 

virions per cell. Jamal et al. (30) reported a latent time of 24 
minutes and a burst size of 320 virions per cell for the WZ1 
phage, in agreement with our results. On the other hand, 
Sillankorva et al. (31) previously reported a small burst size 
and small latent time period, indicating that both latent 
time and burst size vary among different bacteriophages. 
Various parameters, such as inoculation timing, phage ab-
sorption rate to the host, and burst size, are also critical to 
the success of bacteriophage therapy (32, 33). Ackermann 
(34) described phages as comprising fourteen (14) families 
(officially accepted) and at least five other families still 
awaiting classification. Nearly 5,500 bacterial viruses have 
been studied with the electron microscope. According to 
ICTV, the long tail of the MJ1 phage would place it within 
the family Myoviridae of order Caudovirales (23).

Treatment of an E. coli 3 planktonic culture with the MJ1 
phage resulted in a significant decrease in the turbid-
ity of the culture, when compared to the control. This 
inhibitory effect on growth was observed for up to 16 
hours, indicating the impressive potential of this phage 
for employment in phage therapy. The maximal bacterial 
lysis was observed during this 16 hour time period, but 
increased turbidity was again observed in some cultures 
after 16 hours. This increase in turbidity may be attrib-
uted to the emergence of resistant cells which, although 
initially fewer in number, caused an increase in turbid-
ity, hinting at a rapid rate of bacterial regrowth after 16 
hours (Figure 6). These phage-resistant bacteria may 
threaten the future acceptance of phage therapy and 
bacterial control. Several studies have shown that the 
phage-resistant bacteria tend to lose their virulence fac-
tors, as these factors may be the potential sites for phage 
infections (27). This property has been demonstrated, for 
example, in fish pathogens (35). Conversely, the gradual 
increase in OD might be due to other factors, including 
increases in bacterial debris and other metabolic prod-
ucts, which would hinder the reporting of actual results 
of this type of study (27).

In conclusion, the virulent MJ1 phage infecting E. coli 3 
was characterized as a DNA phage belonging to the Myo-
viridae family. This phage was very proficient in the eradi-
cation of an E. coli 3 planktonic culture and showed some 
remarkable properties, including rapid replication, heat 
tolerance, and stability at wide range of pH. It also pos-
sessed a latent time period and burst size suitable for 
bacteriophage therapy. Taken together, these characteris-
tics make the MJ1 phage a promising candidate for phage 
therapy against E. coli 3 infection and contamination.

Acknowledgments
Dr. Kalina, emerging pathogens institute (EPI), univer-

sity of Florida, is acknowledged for her help in experi-
mental work. K. Kelley from Interdisciplinary center for 
biotechnology Research, university of Florida, USA is ac-
knowledged for performing the transmission electron 
microscopy. Dr. Nighat, from Rawalpindi Railway Hospi-



Jamal M et al.

Jundishapur J Microbiol. 2015;8(11):e259178

tal, Pakistan is acknowledged for providing the strains 
to carry out the host bacteria range determination. The 
higher education commission (HEC) of Pakistan is ac-
knowledged for funding this study.

Footnotes
Authors’ Contribution:Muhsin Jamal has performed 

all the experimental work and also wrote the manuscript 
of the research paper. Tahir Hussain has performed the 
statistical work. This research work was supervised by 
Saadia Andleeb and Chythanya Rajanna Das. The final 
manuscript was accepted by all co-authors.

Funding/Support:This study was funded/supported by 
higher education commission of Pakistan.

References
1.       Pfaller MA, Jones RN. MYSTIC (Meropenem Yearly Susceptibility 

Test Information Collection) results from the Americas: resis-
tance implications in the treatment of serious infections. MYS-
TIC Study Group (Americas). J Antimicrob Chemother. 2000;46 
Suppl T2:25–37. [PubMed: 11065146]

2.       Hussain T, Jamal M, Nighat F, Andleeb S. Broad Spectrum Anti-
biotics and Resistance in Non-target Bacteria: An Example from 
Tetracycline. J Pure Appl Microbiol. 2014;8(4):2667–71.

3.       Alizade H, Ghanbarpour R, Nekoubin M. Phylogenetic of Shiga 
Toxin-Producing Escherichia coli and Atypical Enteropathogenic 
Escherichia coli Strains Isolated From Human and Cattle in Ker-
man, Iran. Int J Enteric Pathogens. 2014;2(1). doi: 10.17795/ijep15195.

4.       Surette MG, Miller MB, Bassler BL. Quorum sensing in Escherich-
ia coli, Salmonella typhimurium, and Vibrio harveyi: a new fam-
ily of genes responsible for autoinducer production. Proc Natl 
Acad Sci U S A. 1999;96(4):1639–44. [PubMed: 9990077]

5.       Naves P, del Prado G, Huelves L, Rodriguez-Cerrato V, Ruiz V, Ponte 
MC, et al. Effects of human serum albumin, ibuprofen and N-
acetyl-L-cysteine against biofilm formation by pathogenic Esch-
erichia coli strains. J Hosp Infect. 2010;76(2):165–70. doi: 10.1016/j.
jhin.2010.05.011. [PubMed: 20615578]

6.       Choisy C. Biofilms and public health, [in French]. Bull. Acad. Natl. 
Med. 2010;195(4-5):1118–20. [PubMed: 22375373]

7.       Rao V, Ghei R, Chambers Y. Biofilms research-implications to bio-
safety and public health. Appl Biosafety. 2005;10(2):83.

8.       Jamala M, Hussaina T, Dasb C, Andleeba S. Inhibition of clinical 
multi-drug resistant Klebsiella pneumoniae biofilm by Sipho-
viridae bacteriophage Z. Sci Lett. 2015;3(2):122–6.

9.       Hughes KA, Sutherland IW, Clark J, Jones MV. Bacteriophage 
and associated polysaccharide depolymerases--novel tools for 
study of bacterial biofilms. J Appl Microbiol. 1998;85(3):583–90. 
[PubMed: 9750288]

10.       Sulakvelidze A, Alavidze Z, Morris JJ. Bacteriophage therapy. 
Antimicrob Agents Chemother. 2001;45(3):649–59. doi: 10.1128/
AAC.45.3.649-659.2001. [PubMed: 11181338]

11.       Ashelford KE, Norris SJ, Fry JC, Bailey MJ, Day MJ. Seasonal popu-
lation dynamics and interactions of competing bacteriophag-
es and their host in the rhizosphere. Appl Environ Microbiol. 
2000;66(10):4193–9. [PubMed: 11010859]

12.       Casjens SR. Diversity among the tailed-bacteriophages that in-
fect the Enterobacteriaceae. Res Microbiol. 2008;159(5):340–8. 
doi: 10.1016/j.resmic.2008.04.005. [PubMed: 18550341]

13.       Watnick P, Kolter R. Biofilm, city of microbes. J Bacteriol. 
2000;182(10):2675–9. [PubMed: 10781532]

14.       Jamal M, Chaudhry WN, Hussain T, Das CR, Andleeb S. Characteriza-
tion of new Myoviridae bacteriophage WZ1 against multi-drug re-
sistant (MDR) Shigella dysenteriae. J Basic Microbiol. 2015;55(4):420–
31. doi: 10.1002/jobm.201400688. [PubMed: 25557472]

15.       Wayne PA. Implementation Guide of POCT for health care providers. 

Clinical and laboratory standards institute (CLSI); 2007.
16.       Jamalludeen N, Johnson RP, Friendship R, Kropinski AM, Lingohr EJ, 

Gyles CL. Isolation and characterization of nine bacteriophages that 
lyse O149 enterotoxigenic Escherichia coli. Vet Microbiol. 2007;124(1-
2):47–57. doi: 10.1016/j.vetmic.2007.03.028. [PubMed: 17560053]

17.       Zimmer M, Scherer S, Loessner MJ. Genomic analysis of Clos-
tridium perfringens bacteriophage phi3626, which inte-
grates into guaA and possibly affects sporulation. J Bacteriol. 
2002;184(16):4359–68. [PubMed: 12142405]

18.       Capra ML, Quiberoni A, Reinheimer J. Phages of Lactobacillus 
casei/paracasei: response to environmental factors and inter-
action with collection and commercial strains. J Appl Micro-
biol. 2006;100(2):334–42. doi: 10.1111/j.1365-2672.2005.02767.x. 
[PubMed: 16430510]

19.       Sambrook J, Fritsch EF, Maniatis T. Molecular cloning.New York: 
Cold Spring Harbor Laboratory Press; 1989.

20.       van Regenmortel MH, Fauquet C, Bishop D, Carstens E, Estes M. 
Virus Taxonomy: Classification and Nomenclature of Viruses. Seventh 
Report of the International Committee on Taxonomy of Viruses.San 
Diego, USA: Academic Press; 2000.

21.       Laemmli UK. Cleavage of structural proteins during the assem-
bly of the head of bacteriophage T4. Nature. 1970;227(5259):680–
5. [PubMed: 5432063]

22.       Kutter E, Sulakvelidze A. Bacteriophages: biology and applications. 
USA: CRC Press; 2004.

23.       Matsuzaki S, Rashel M, Uchiyama J, Sakurai S, Ujihara T, Kuroda 
M, et al. Bacteriophage therapy: a revitalized therapy against bac-
terial infectious diseases. J Infect Chemother. 2005;11(5):211–9. doi: 
10.1007/s10156-005-0408-9. [PubMed: 16258815]

24.       Beheshti Maal K, Soleimani Delfan A, Salmanizadeh S. Isolation 
and Identification of Two Novel Escherichia coli Bacteriophages 
and Their Application in Wastewater Treatment and Coliform's 
Phage Therapy. Jundishapur J Microbiol. 2015;8(3):e14945. doi: 
10.5812/jjm.14945. [PubMed: 25834715]

25.       Smith HW, Huggins MB. Successful treatment of experimental 
Escherichia coli infections in mice using phage: its general su-
periority over antibiotics. J Gen Microbiol. 1982;128(2):307–18. doi: 
10.1099/00221287-128-2-307. [PubMed: 7042903]

26.       Smith HW, Huggins MB, Shaw KM. Factors influencing the 
survival and multiplication of bacteriophages in calves and 
in their environment. J Gen Microbiol. 1987;133(5):1127–35. doi: 
10.1099/00221287-133-5-1127. [PubMed: 3309178]

27.       Piracha Z, Saeed U, Khurshid A, Chaudhary WN. Isolation and 
partial characterization of virulent phage specific against Pseu-
domonas aeruginosa. Glob J Med Res. 2014;14(1).

28.       Carey-Smith GV, Billington C, Cornelius AJ, Hudson JA, Heine-
mann JA. Isolation and characterization of bacteriophages in-
fecting Salmonella spp. FEMS Microbiol Lett. 2006;258(2):182–6. 
doi: 10.1111/j.1574-6968.2006.00217.x. [PubMed: 16640570]

29.       Hazem A. Effects of temperatures, pH-values, ultra-violet light, etha-
nol and chloroform on the growth of isolated thermophilic Bacil-
lus phages. New Microbiol. 2002;25(4):469–76. [PubMed: 12437227]

30.       Jamal M, Hussain T, Das CR, Andleeb S. Characterization of Si-
phoviridae phage Z and studying its efficacy against multidrug-
resistant Klebsiella pneumoniae planktonic cells and biofilm. J 
Med Microbiol. 2015;64(Pt 4):454–62. doi: 10.1099/jmm.0.000040. 
[PubMed: 25681321]

31.       Sillankorva S, Neubauer P, Azeredo J. Pseudomonas fluores-
cens biofilms subjected to phage phiIBB-PF7A. BMC Biotechnol. 
2008;8:79. doi: 10.1186/1472-6750-8-79. [PubMed: 18954451]

32.       Payne RJ, Jansen VA. Understanding bacteriophage therapy as a 
density-dependent kinetic process. J Theor Biol. 2001;208(1):37–48. 
doi: 10.1006/jtbi.2000.2198. [PubMed: 11162051]

33.       Weld RJ, Butts C, Heinemann JA. Models of phage growth and 
their applicability to phage therapy. J Theor Biol. 2004;227(1):1–11. 
doi: 10.1016/S0022-5193(03)00262-5. [PubMed: 14969703]

34.       Ackermann HW. Phage Classification and Characterization. Bac-
teriophages.: Humana Press; 2009. pp. 127–40.

35.       Park SC, Shimamura I, Fukunaga M, Mori KI, Nakai T. Isolation of 
bacteriophages specific to a fish pathogen, Pseudomonas pleco-
glossicida, as a candidate for disease control. Appl Environ Micro-
biol. 2000;66(4):1416–22. [PubMed: 10742221]


