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Abstract 

In recent years, bacteriophages have piqued interest as a potential 

alternative antimicrobial therapy for bacterial infections. Because phage 

therapy is the most promising biological remedy of this period, its 

therapeutic success is a source of concern. Hence, the present study was 

aimed to isolate the potential bacteriophages against Escherichia coli 

O111 fromt sewage samples and to analyze their lytic and 

morphological traits. Bacteriophages were isolated from swage samples 

using the double agar overlay method. Isolated phages were purified by 

diluting in the SM-buffer and filtering through 0.22 μm filter. After 

purification through glycerol gradient The two phages (named P1 and 

P2) were visualized by transmission electron microscope ,  both phages 
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appeared to belong to Myoviridae characterized by icosahedral heads, 

necks and contractile tails with tail fibers. The two phages were resistant 

to pH from 5 to 9 to an acidic and alkaline environment. Therefore, 

these phages may be utilize as biocontrol agents alternative for antibiotic 

but certainly further studies (especially whole sequencing and 

bioinformatic analysis of the phage genomes) are required as well as 

assessment of their activity in animals particularly cattle which are 

major reservoirs of this pathogens. 

Keywords: Phage, Escherichia coli O111, Plague, TEM 

       Introduction 

Enterohemorrhagic Escherichia coli (EHEC), a diverse group of 

foodborne bacteria that cause severe diarrhea and epidemics of 

hemorrhagic colitis (HC) or hemolytic-uremic syndrome (HUS) in 

human, has lately emerged as a serious zoonotic infection in humans, 

with domestic ruminants carrying the most bacterial serotypes. (Johnson 

et al., 2006; Fan et al., 2019) . More than 400 non-O157 STEC 

serotypes have been associated with sporadic human illness and 

outbreaks, with approximately 50 of these serotypes associated with 

human bloody diarrhea or HUS. (Johnson et al., 2006). For the majority 

of human STEC diseases, including food borne outbreaks, seven non-

O157 STEC serogroups, O26, O45, O103, O111, O121, O145, and 

O157, called 'top-7,' are responsible for (Brooks et al., 2005; Scallan et 

al., 2011;Valilis et al., 2018). 
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Between 1987 and 1994, E coli O111 accounted for 50% of non-O157 

STEC recovered from HUS patients in an Australian laboratory. 

(CDC,1995) In Japan, the O111 serotype was found to be the etiological 

agent in about 4% of EHEC infections (NIID,2011). Between 2006 and 

2010, there were 83 EHEC outbreaks in Japan, each with ten or more 

EHEC-positive cases. Six of these outbreaks were caused by EHEC 

O111 strains (NIID, 2013): three by EHEC O111 stx1 strains and the 

other three by EHEC O111 stx1 stx2 strains. In August 2008, the largest 

known Escherichia coli O111 serotype outbreak in the United States 

occurred in Oklahoma, resulting in 341 illnesses, including hemolytic 

uremic syndrome (HUS). HUS is not well understood in non-O157 E 

coli outbreaks, However, it has happened in 2% to 15% of O157 

infections, mostly in children.( Piercefield, et al., 2010) 

Bacteriophages are viruses present in nature and have the ability to 

intrude bacteria. Beneficial effects of using bacteriophages to treat 

bacterial infections have been confirmed by many studies conducted on 

the humans and animals (Sulakvelidze et al., 2001;Summers, 2001), as 

well as in treating food-borne bacteria prevalent in agriculture (Au  et 

al.,2021).The safety and effectiveness of phage treatment comparing to 

antibiotics attributed to the bacteriophages specificity for certain 

bacteria, manifested as their ability to infect only one serotype, species 

or strain. This mode of action does not destroy the normal intestinal 

flora (Loc-Carrillo and Abedon,2011; Singh et al.,2022). 
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The goal of this research was therefore to isolate phages that were active 

against E. coli O111 and to characterize them with respect to 

morphology, lytic and pH stability properties, suggest that they could be 

used (after DNA genomic analysis) in food protection / medicine as an 

alternative to antibiotics. 

Materials and methods 

Phage isolation and titration. E coli O111 isolates ( Ten E coli O111 

isolates were kindly provided by Dr. Mukallad A. Ramadan , these were 

isolated from human, animals and meat sources and confirmed by PCR 

and Sequencing techniques) were used  as bacterial host to isolate 

specific lytic phage from raw sewage ( Sewage treamment unit, Basrah 

University campus). Phage was isolated by a standard enrichment 

procedure (Seeley et al., 2001). Briefly, 15ml of raw sewage were 

centrifuged at speed 3,500 g, temperature at 10°C and time for 30 

minutes. Millipore filter (0.45 µm-pore-size) was used to filterate the 

supernatants, then adding of this filtrate to Luria Bertani (LB) broth (10 

ml), and 100 µl contain 10
8 

CFU of E. coli 011 isolate was also added. 

This mixture was incubated for overnight at 37°C. This mixture was 

centrifuged at 10,000 g for 10 minutes to remove the bacteria and debris 

then 0.45 µm-pore-size filter was used to filterate the supernatants. Spot 

assay was used to test the coliphage activity of the supernatant was 

tested by put 5µl of coliphage on LB agar inoculated with a lawn of 

Escherichia coli (O111). After 5 hours at 37°C incubation, the plates 

were tested for plaques formation. Serial dilution was done to 
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supernatants which give lytic result, then by using a technique of top 

agar overlay with Escherichia coli O111 the plaques were isolated and 

purified (Sambrook and Russel,2001). The coliphage that gave plaques 

on all  E. coli (O111) isolates  lawn was selected for further studies. 

Purification of Phage Lysates through Glycerol Gradient. 

Glycerol gradient protocol was used to yield phage lysate with good 

purity to be suitable for the subsequent electron microscopy (Sambrook 

and Russel,2001). 

Electron microscopy of coliophages  

The morphology of coliphages was examined by transmission electron 

microscopy. A 10 µl drop of each phage suspension was negatively 

stained with 2% phosphotungstic acid and added on a copper grid 

surface then tested by transmission electron microscope (Zeiss EM10C 

electron microscopy located in Khajeh Nasir Toosi University of 

Technology, IRAN). Phages have been classified depending on their 

respective families as set out in the International Committee on Virus 

Taxonomy guidelines (Walker et al., 2019). 

Resistance for the acid & alkali environments 

A procedure described by Jamalludeen et al (2007) was used to test the 

ability of phages to survive at different pHs. Phage suspensions were 

exposed to adjusted pH values 1 to 11 (using NaOH or HCl solution) 

over 16 h of incubation at 37 °C, and then examined for viability. 
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Results 

Bacteriophage isolation  

Phages were successfully isolated through classical amplification from 

samples of sewage (Figure 1). These phages were showing a strong lytic 

activity against E. coli 111). P1 and P2 were purified by repeated plating 

and picking of single isolated plaques from the lawns of target host (E. 

coli O11). The titre of the two phages P1 and P2 was 1.7x10
10

 and 2.6 

x10
10

 respectively. A stock from two phages was prepared and purified. 

Both phages produced tiny clear plaques with no halo on a lawn of E. 

coli O111. The isolated phages were tested  by spot test against  all ten  

E. coli O111, Both phages showed lytic activity and clear zone of lysis 

(Figure 1). 

  

 

A 
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Figure 1 A. Bacteriophage isolation B. Spot test of the two phages 

(P1,and P2) against E. coli O111 strain showing a clear inhibition zone. 

C = control without phage (Only SM buffer). B: isolated phages 

showing tiny clear plaques on double agar overlay 

Characterization of coliophage 

Morphology of coliophage. The morphological characteristics of the 

three phages by transmission electron microscopy was revealed as in 

Figure 2. The phage P1 had icosahedral head and long thin flexible non-

contractile tail with fibres. Depend on their morphological 

charcteristics, these phages under the family Siphoviridae (order 

Caudovirales), while Phage P2 had icosahedral head and less rigid, long 

and relatively thick tail with tail fibres suggesting that this phage under 

the family Myoviridae (order Caudovirales).  

B 
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Figure 2. Morphological charateristics of two isolated phages by TEM  , 

the phage P1 has long non contractile flexible of tail. Bar= 40nm, while 

P2 has less long, rigid, and relatively thick tail Bar=60. 

The dimensions of head and tail of these two phages were revealed in 

Table 1. Five images of each phage were measured, and the mean 

values were recorded.  

 

 

 

Table 1   Estimated dimensions of P1, and P2. Each value was the mean 

of five independent measurements. 
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Phage 

name  

Dimensions of head 

(nm) 

Dimensions of tail (nm) 

Length Width Length Width 

P1 73 66 174 11 

P2 138 127 211 28 

     

     pH Resistance 

The two phages were resistant to pH 5-9. Phage P1 and P2 were more 

resistant to acidic and alkaline environments with high survival rate 

(Table 2). 

Table 3. Survival of phages P1 and P2 following exposure to pH 1-11 

pH Titre of surviving, viable phages 

(pfu/mL) 

P1 P2 
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1 and 2 

 

3 

 

4 

 

5-9 

 

10 

 

11 

 

control 

ND 

 

1.9 x 10
8 

 

4.7 x 10
8 

 

≥ 10
8 

 

2.9 x 10
8 

 

3 x 10
7 

 

≥ 10
8
 

ND 

 

2.4 x 10
8 

 

5.8 x 10
8 

 

≥ 10
8 

 

3.7 x 10
8 

 

3.6 x 10
7 

 

≥ 10
8
 

           *ND=not detected 

Discussion  

Resistant pathogens are ever increasing and it is anticipated that those 

pathogens would emerge as a substantial global problem. These 

emerging MDR pathogens and unavailability of newer antibiotics has 

reintroduced the use of phages cited to its specificity and novel mode of 
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action. Hence, treatment of these menacing pathogens with the lytic 

bacteriophage and researches on it is gaining spotlight in this era (Yang 

et al.,2010) 

The bacteriophages are widely spread and can present in many various 

environments but mainly in waste water treatment plants and sewage 

(Ribeiro et al., 2018; Yildirim et al., 2018). 

Phages have been used by many researchers to biocontrol E. coli and 

others types of bacteria. In all cases, none of the phages reported have 

been able to lyse all strains (Hyman., 2019). The present study 

describes a new bacteriophage against E. coli O111, including a 

description of its morphology, lytic activity and ph resistance that could 

be used as an alternative to antibiotics.  

In this study, newely isolated P1 and P2  revealed strong activity  

against local Escherichia coli O111. These phages were isolated from 

sewage treamment unit, Basrah University campus as wastewater has 

always been the main sources of phage isolation. Raw sewage was 

considered as the unique source for the isolation of phages in this study 

with high phage titre ≥10
10

 because the phage belongs Siphoviridae, to 

lesser extent Myoviridae, are known for their ability to resist  adverse 

conditions due to their morphology (Muniesa et al., 1999). 

Huff et al (2002) also identified phages, designated SPRO2 and DAF6, 

which were only active against the O2 serotype of E. coli in chickens. 

Mohammed-Ali et al., (2015) and Jamalludeen., (2021) also isolated 
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phages against the pathogenic Staphylococcus aureus which were 

considered good candidates for eradication of MRSA infection.  

From this study, phages were isolated against strains of EHEC O111 

and targeted isolates from Basrah that have broad activity against E. 

coli isolates. 
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عزل وتىصيف الخصائص التحللية والمظهرية ومقاومة الحمىضة لنىعين 

 لبكتريا الايشرشيا القىلىنية O111     من العاثيات المحللة  للنىع المصلي 

 

 الخلاصة

اصداد في اىسْ٘اث الاخيشة اسخخذاً اىعبثيبث معلاج بذيو عِ اىَضبداث اىحيبحيت  ىلاحيبء اىَدٖشيت اىَسببت       

ىلإخَبً ار أّٔ اىعلاج اىبي٘ى٘خي اى٘اعذ في ٕزا  ىلأٍشاض اىَعذيت ٗىنُ٘ اُ اىفعبىيت اىعلاخيت ببىعبثيبث أٍشًا ٍثيشًا

 يشششيبٕذفج ٕزٓ اىذساست إىٚ عضه اىعبثيبث اىَحخَيت اىَضبدة ىبنخشيب الااىعصش ىزىل صََج اىذساست اىحبىيت ، ار 

ٍِ عيْبث ٍيبٓ اىصشف اىصحي ٗححييو سَبحٖب اىخحييييت ٗاىشنييت ببسخخذاً اىَدٖش الاىنخشّٗي . ار  O111 اىق٘ىّ٘يت

َضدٗج ٗ حَج حْقيخٖب عضىج عبثيبث اىبنخيشيب ٍِ عيْبث اّببيب اىصشف اىصحي  ببسخخذاً طشيقت ححَيو الأخبس اى

ٍينشٍٗخش. اظٖشث اىْخبئح ببُ ْٕبك  2.00ٗسشحج ببسخخذاً ٍششح , SMب٘اسطت ببىخخفيف في اىَحي٘ه اىَخعبده   

ٗاعْبق  ار  حَخبص بشؤٗط ٍخعذد اى٘خ٘ٓ ،  Myoviridae ٗاىخي حْخَي إىٚ(  P1 ٗ  P2 )سَيج ىعبثيبثّ٘عيِ ٍِ ا

. مَب اظٖشث اىذساست اىحبىيت ببُ اىعبثيخيِ ٍقبٍٗت ىذسخت اىحَ٘ضت ٍِ بْٖبيخٖب يوبأىيبف اىزقببيت ىيخقيص ٍضٗدة ٗري٘ه 

ىزىل يَنِ اسخعَبه ٕزٓ اىعبحيبث مع٘اٍو سيطشة بي٘ى٘خيت مبذائو ىيَضبداث اىحي٘يت في بيئت حَضيت ٗقي٘يت.  9إىٚ  5

ببلاضبفت اىٚ حقييٌ فعبىيبحٖب   ي٘ى٘خيىنِ سغٌ رىل ّحخبج دساسبث اخشٙ ٍثو ححييو حسيسو اىديًْ٘ اىنيي ٗاىخحييو اىب

 في اىحي٘اّبث اىحقييت ٍثو الابقبسٗاىخي حعخبش خبصُ سئيسي ىٖزٓ اىبنخشيب. 

 , اىبقعت اىخحيييت, اىَدٖش الاىنخشّٗي اىْبفزO111 اىق٘ىّ٘يت يشششيبىبنخشيب الااىعبثي, ا الكلمات المفتاحية:


