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INTRODUCTION 

 

Escherichia coli is a member of human microflora and mostly harmless, but some 

strains can cause different problems to human health. Enteric diseases, urinary tract 
infections, and sepsis arise from pathogenic E. coli strains (Kim et al., 2017). E. 

coli O157:H7, one of the predominant enterohaemorrhagic E. coli (EHEC) strains 

in human infections, can lead to hemorrhagic colitis and hemolytic uremic 
syndrome (Mir and Kudva, 2019; Um et al., 2018). However, it is harmless to its 

natural reservoirs (ruminants) and is spread via food (Omisakin et al., 2003). 

Generally, antibiotic therapy is not recommended in treatment of EHEC infections 
mainly due to the increased release or production of shiga toxins; however, some 

antibiotics such as fosfomycin and azithromycin may be useful in treatment of the 

infection and solve the problem related to bacterial shedding by carriers (Agger et 

al., 2015; Jost et al., 2016; Kakoullis et al., 2019). Shigella genus is also a 

foodborne pathogen causing shigellosis (bacillary dysentery) of which Shigella 

flexneri is the most prevalent strain in developing countries (Shahin and Bouzari, 

2018; Ye et al., 2010).  

Furthermore, antibiotic resistance is an important problem in healthcare system 

that needs urgent attention (Mir and Kudva, 2019). This phenomenon is also 
present among E. coli O157 and S. flexneri isolates (Cui et al., 2015; Sabouri et 

al., 2017; Soltan Dallal et al., 2011). In a study conducted in Egypt, 57.4% of E. 
coli O157:H7 isolates were multidrug resistant (Ahmed and Shimamoto, 2015). 

To be able to combat antibiotic resistant bacteria, scientists are searching for 

alternatives such as applying bacteriophages (Chanishvili and Aminov, 2019; 

Mir and Kudva, 2019).  

Bacteriophages (phages) are viruses that infect bacterial cells. These entities are 

categorized into lysogenic or lytic phages based on their replication cycle (Cisek 

et al., 2017). Lytic phages, which kill their host cells, can be used to treat bacterial 

infections (phage therapy) or to reduce the bacterial contamination of foods 

(biocontrol) (Abedon et al., 2017). Phage therapy is not a new concept. Actually, 
d'Herelle made the first attempts to treat infections using phages in 1919 

(Sulakvelidze et al., 2001). This method was applied until the discovery of 

antibiotics (Cisek et al., 2017). Thereafter, it was faded in west and limited to 
Georgia, Russia, and Poland (Chanishvili and Aminov, 2019). However, the 

vanished idea is back to the scene as a result of the emergence of antibiotic 

resistance among pathogens (Lin et al., 2017). 
As it is valuable to find lytic phages against pathogens and characterize them for 

therapeutic and biocontrol application, the objective of our study was to isolate 
coliphages from sewage and water samples able to infect E. coli O157:H7 and 

study their Characteristics. 

 
MATERIAL AND METHODS 

 

Bacterial strains and phage isolation 

 

E. coli O157:H7 UTMC01901 was used as the host strain. E. coli O157:H7 B-1 

and Shigella dysentriae SD-T1 were characterized previously (Shahrbabak et al., 

2013) and the clinical isolates of E. coli were characterized based on biochemical 

reactions (Bergey's manual of systematic bacteriology, 2005). All strains were 

cultured in LB (Luria–Bertani) medium to reach an OD600 of 0.3. 

  Twenty pond, lake, and raw urban and hospital wastewater samples were 

collected from different areas of Iran during summer. The samples were mixed by 
vortexing and left for 20 min. The particulate materials were isolated by 

centrifugation at 10000 g for 5 min and supernatants were kept at 4°C. Ten ml of 

each stored supernatant was added to 100 ml culture of E. coli O157:H7 
UTMC01901 and incubated at 37°C overnight (shaking at 30 rpm). Then, 

chloroform (1/10) was added to lyse bacteria and the lysate settled for 1 h at 4̊ C.  

The upper part was collected in a new tube, centrifuged at 10000 g for 5 min, and 
left aside open-capped for 30 min in a laminar-flow cabinet (Salem et al., 2015). 

Spot assay method was used to detect the presence of phage particles and a single 

plaque for each positive sample was purified three times (Shahrbabak et al., 

2013).  

 

Determination of phage host range  

 

Plates were seeded with bacterial strains and 5 µl drops of isolated phages were 

placed on top of the bacterial layer. In addition to the phage stock suspensions,  
serial dilutions were applied to rule out the lysis from without (Delbruck, 1940). 

The plates were incubated overnight and the clear zones were observed the other 

day. Based on the results of this test, two more effective phages (kmuOR and 
kmuGH) were selected for further study.  

 

 
 

E. coli O157:H7 is a foodborne pathogen mostly related to consumption of meat and vegetables. Although using antibiotics is not 

recommended in treatment of infections caused by this pathogen, antibiotic resistant isolates are reported. This has encouraged researchers 

to find alternative methods to treat and effective approaches to prevent the E. coli O157:H7 infections. Phage therapy is one of the 
techniques with therapeutic and biocontrol applications. The aim of this study was to find effective phages capable of lysing this pathogen. 
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study can prove the suitability of these phages as biocontrol or phage therapy agents. 
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Transmission Electron Microscopy (TEM) 

 

High-titre (109 PFU.ml-1) phage lysates of kmuOR and kmuGH were sedimented 

for 90 min at 20000 g at 4°C, washed twice in neutral ammonium acetate, deposited 

on carbon-coated Formvar films on copper grids, stained with 2% uranyl acetate, 

and examined in a zeiss EM900 transmission electron microscope.  
 

Structural proteins 

 

Purified phage particles (109 PFU.ml-1) suspended in SDS-PAGE loading buffer 

(2% SDS, 10% glycerol, 2.5% b-mercaptoethanol, 0.0025% bromophenol blue, 
and 6.25 mM Tris/HCl, pH 6.8) were boiled for 10 min, then loaded onto 12% 

polyacrylamide gel and electrophoresed. The gel was stained with Coomassie 

brilliant blue R250 (Merck) and then destained with destaining solution (30% 
methanol and 10% acetic acid in distilled water) and investigated for protein bands.  

 

Adsorption time  

 

The host bacterium was grown to mid-log phase and each Phage (kmuOR and 

kmuGH) was added separately to the suspension at a multiplicity of infection 
(MOI) of 10-1. Sampling was done at desired intervals. The samples were 

centrifuged to sediment bacterial cells and the adsorbed phage particles. To 

enumerate unadsorbed phage particles, soft agar overlay method was used. Briefly, 
the serially diluted supernatants were mixed with the host cells (grown to OD600 

~0.3), poured into 0.7% soft agar, plated on Nutrient Agar. The plates were 

incubated overnight and the formed plaques were counted the next day (Adams, 

1959).  

 

Effect of temperature and pH on phages 

 

Phage particles (107 PFU.ml-1) were incubated at different temperatures (4, 25, 37, 

42, 50, 60 and 70°C) at pH 7 or three pH values (2, 3, 7, 9.5 and 10.6) at 37°C for 
30 minutes. One hundred µl of each sample was serially diluted and phage count 

was determined by the soft agar overlay method. Glycine-HCl (pH 2 and 3) and 

glycine NaOH (pH 9.5 and 10.6) were added to the culture medium to adjust the 

desired pH values (Ruzin, 1999). 

 

Determining the optimal MOI  

 

Cultured host cells were diluted to obtain 1×105 CFU.ml-1. The dilution was mixed 
with phage particles at different MOIs (10-1, 100, 101, and 102) and incubated at 

37°C without shaking. Sampling was done at desired intervals (0, 2, and 4 h) and 

the absorbance at 600 nm was measured.  
 

Statistical analysis 

 

Experiments of adsorption time, effect of pH and temperature, and the optimal 

MOI were done 3 times. Data are expressed as means± standard deviation (SD). 
The results were analyzed by one way ANOVA (analysis of variance) in SPSS 

software version 18 (IBM Corp., Armonk, NY, USA). p < 0.05 was considered as 

the statistically significant level. 
 

RESULTS AND DISCUSSION 

 
Phage isolation and host range 

 

Nine phages were isolated from 20 samples. All phages were tested to determine 
host range (Table 1). Two phages (named kmuOR and kmuGH), which could lyse 

two E. coli O157:H7 strains effectively, were chosen for further study. These two 

phages were also effective on Shigella flexneri. Since using broad host range 
phages in phage therapy is valuable (Hyman, 2019), these phages can be 

considered as suitable choices for this purpose. There are reports of isolating anti- 

E. coli O157:H7 phages effective on other Enterobacteriaceae members. For 
example, HY01 is active on Shigella flexneri, SPF10 on Salmonella enterica, and 

AR1 on Salmonella enterica and Shigella dysenteriae (Lee et al., 2016; Liao et 

al., 2011; Park et al., 2012). 
 

 

Table 1 Host range and sources of isolated phages 

Sampling place 
Sewage (Rasht, 

Ghaem hospital) 

Urban sewage 

(Kerman) 

Aradkouh Processing and 

disposal complex (Tehran) 

Untreated sewage 

(Kerman) 

Lake (Tehran, 

Eram park) 

Zoo (Rasht, 

Mellat park) 

               Phage 

Bacteria 
GH OR P1 P2 P3 VK1 VK2 DS BV 

E. coli O157:H7 

(UTMC01901) 
+++ +++ ++ ++ +++ +++ +++ +++ ++ 

E. coli O157:H7 (B-
1) 

+++ +++ +++ + + ++ - - +++ 

E. coli O126:K71 

(PTCC 1276) 
++ +++ - - - - - - - 

E. coli O55:K59 
(PTCC 1269) 

- - - - - - - - - 

E. coli (PTCC 1330) +++ +++ +++ +++ +++ +++ +++ +++ +++ 

E. coli (ATCC 

25922) 
+++ +++ +++ +++ +++ ++ +++ +++ ++ 

E. coli MA-1 

(clinical isolate) 
- ++ - - - - - - + 

E. coli B1009 

(clinical isolate) 
- + - - - - - - - 

E. coli B1010 

(clinical isolate) 
+ +++ - - - - - - + 

E. coli B1047 

(clinical isolate) 
- + - - - - - - - 

E. coli B1056 

(clinical isolate) 
- ++ - - - - - - - 

E. coli B1076 
(clinical isolate) 

+ ++ - - - - - - + 

Shigella flexneri 

(PTCC 1234) 
+++ +++ - - - - - - - 

Shigella dysentriae 
SD-T1 (clinical 

isolate) 

- - - - - - - - - 

 Salmonella typhi 

(PTCC 1609) 
- - - - - - - - - 

-: no lysis, Lysis at concentrations +: 106 and above, ++: 104 to 105, +++: 103 PFU.ml-1 and below  

 

Table 2 Characteristics of phages kmuOR and kmuGH. All parameters are presented as nm.  

Phage Neck length Head length Head diameter 
Non-contracted tail 

length and thickness 

Contracted tail length 

and thickness  

vB-EcoM-kmuOR 10 95 80 90× 15 35× 20 

vB-EcoM-kmuGH 9.5 77 72 82.5× 11.5 38.5× 19 
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Transmission Electron Microscopy (TEM) 

 

Both phages showed the characteristics of Myoviridae family of phages: an 

icosahedra head and a contractile tail (Figure 1). The result is not surprising as it 

is estimated that 96% of isolated phages are members of Caudovirales, which are 

tailed phages (Brüssow and Hendrix, 2002). The head and tail sizes of phages 
kmuOR and kmuGH are presented in Table 2. It seems that both phages are large 

Myoviruses. 

 

 
Figure 1 The electron micrographs of phages kmuOR with contracted (A) and non-

contracted (B) tail and kmuGH with contracted (C) and non-contracted (D) tail 

stained with uranyl acetate 
 

Structural proteins 

 

Three sharp bands (~25, 35, 55 kDa) and some weaker bands were observed in 

Coomassie- stained SDS polyacrylamide gel of phages kmuOR and kmuGH 

(Figure 2). These sharp bands probably present the major proteins of capsid and 
tail. The pattern of the structural proteins of kmuOR and kmuGH are very similar 

that shows they are closely related (in addition to other findings). 

 

 
Figure 2 Structural proteins of Phages kmuOR and kmuGH separated by 12% SDS 

polyacrylamide gel and stained with Coomassie blue. A pre-stained protein size 

marker from Sinaclon was used. The sizes of protein bands are indicated on the 
right. The arrows show the protein bands of the phages.  

 

Adsorption time of phages 

 

For both phages, most particles are adsorbed within 4 minutes, a stage that depends 

on the specific phage receptors of the host cell (Briggiler Marco et al., 2015). The 

adsorption curve of kmuOR and kmuGH are the same with insignificant 
differences (Figure 3).  

 

 
Figure 3 Adsorption times of phages kmuOR and kmuGH on E. coli O157:H7 

UTMC01901. N=3 
 

Effect of temperature and pH on phages 

 

As seen in Figure 4A, phages kmuOR and kmuGH are stable at temperatures 4 to 

60°C with no statistically significant differences (p-value>0.05). However, the 

active particles were significantly decreased at 70°C. Both phages were also stable 

at tested pH values at room temperature (Figure 4B) and there was no statistically 

significant difference between the four pH values (p-value>0.05) except for pH 2 
in which there were no active phage particles at this pH value.It showes that phages 

kmuOR and kmuGH are atable at pH 3 to 10.6. Although the phage particles are 

slightly less at pH 10.6, the difference is not statistically significant. Stability at 

different pH values and temperatures is different for each phage (Jonczyk et al., 

2011b). However, Ackermann et al. showed that lipid-containing phages are 

unstable while tailed phages are the more stable in long term preservation 
(Ackermann et al., 2004). pH and temperature affect the rate of adsorption of 

phages to their hosts (Rakhuba et al., 2010). In addition, temperature affects the 

phage’s latent period and penetration. Resistance to low pH values is especially 
important for phage therapy of gastrointestinal diseases (Nobrega et al., 2016). 

Many phages are sensitive to low pH values. ISF001, a siphovirus against S. 

flexneri, was stable at pH 7 to 9 for 1 h (Shahin and Bouzari, 2018). Phaegs e11/2 
and e4/1c (against E. coli O157:H7) were stable at pH values from 3 to10 and 4 to 

10, respectively (Coffey et al., 2011). T4 coliphage was also stable in pH range 

from 4 to 10 (Taj et al., 2014). Similarly, T7 coliphage was unstable at pH < 4 
(Jonczyk et al., 2011a). It is notable that the aforementioned experiments have 

been performed in different buffers with different incubation periods. 

 
 

 
 

Figure 4 Effect of 30 min treatment of phages kmuOR and kmuGH at different temperatures (A) or pH values (B). N>3. There were no phage 

particles viable at pH 2. 
 

Determining the optimal MOI 

 

Both phages could effectively prevent the bacterial growth compared to the 

bacterial control at MOIs 0.1 to 100. While bacterial growth was observed at lower 
MOIs (0.01 and 0.001), even at these MOIs, the growth rate was lower than the 

control. The growth curves of the host infected with different MOIs of phages 

kmuOR and kmuGH are shown in Figure 5. One of the most problematic 

drawbacks of phage therapy is the emergence of phage-resistant cells especially 

when one phage strain is used. Therefore, using a phage cocktail can control or 

delay occurrence of the resistance. The resistance mostly occurs by deletion or 

alteration of phage receptor on the surface of the host cell, so using phages that 
utilize different receptors in the phage cocktail is important (Sabouri et al., 2017; 

Tanji et al., 2004).  
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Figure 5 Effect of phages kmuOR (A) and kmuGH (B) on E. coli O157:H7 UTMC01901 in LB broth at different MOIs. No phage particles 

were added to the control. N>3. 

 

CONCLUSION 

 

Phages kmuOR and kmuGH behave similarly; they remain active at temperatures 

from 4 to 50°C and pH changes from 3 to 9.5, adsorb into the same host in the same 

conditions in a same period of time, share a common pattern of structural proteins, 
and belong to the same family. However, a notable difference is that kmuOR has 

a broader host range. As these two phages are effective in preventing the growth 

of E. coli O157:H7 in in-vitro conditions, they may be suitable candidates for 
phage therapy or bicontrol purposes.  
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