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       HE EFFECT of temperature, pH, UV, petroleum ether (60-80), 

.......acetone (99 %), ethyl alcohol (95 %) and chloroform (99 %) on 

the infectivity of local coliphage isolates was studied. Three E.coli 

phages (ECP) were isolated from Ismailia Canal at Mostorod segment. 

Ability of local E.coli isolates to serve as a host was evaluated after 

storage at 4-6ºC, 25-28º C and 35-38º C for six months. E.coli isolate 

number 1 of seven tested served as host for phage reproduction and 

plaque formation (PF). Phage isolates were identified by plaque size 

and electron microscopy. ECP1 and ECP2 are Podoviridae and ECP3 

is a Siphoviridae. The infectivity of coliphages decreased with 

increasing storage periods and incubation temperature. Exposure of 

somatic coliphages to acidic or alkaline pH, organic solvents or UV 

radiation (240 nm) or heating (≥ 60º C) diminished infectivity. Ability 

of E.coli1 to serve as a host for somatic coliphages inversely related to 

its age. No detectable effect was found for lower temperature ≤ 5º C 

on the infectivity of coliphage isolates during storage periods. 
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Somatic coliphages are viruses that infect E. coli via cell walls (Maniloff & 

Ackermann, 1998). With few exceptions, phages in the families Styloviridae, 

Myoviridae, Podoviridae, and Microviridae comprise the somatic phages 

(Bradley, 1967 and Snyder, 2012), while phage in the families Leviviridae and 

Inoviridae are pilus-dependent (Mayo & Ball, 2006). 

 

Coliphages investigated as possible indicator organisms for human derived 

strains of viruses since as early as the 1980 (Jamalludeen et al., 2009). They are 

frequently found in human and animal feces. Some are small, icosahedral and 

non-enveloped viruses, with protein coat structurally similar to many human 

enteric viruses (Bertani & Bertani, 1974). Many similarities between enteric 

viruses and coliphages regarding environmental transport and survival, however, 

coliphage survival characteristics vary by season and by group (Ashbolt et al., 

2001). Coliphages could replicate inside bacterial hosts also after spilling the 
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organic wastes showed higher survival than human associated enteric viruses 

(Oliveira et al., 2009).  

 

Coliphages are typically detected by the double agar layer with 1ml test 

samples (Havelaar & Hogeboom, 1983). Higher counts have been detected by 

means of a single-agar-layer method, in this case, four 5ml fractions of a 20ml 

sample were examined (Al-Mola & Al-Yassari, 2010). The result was used to 

calculate coliphages count per 100 ml. With this method, the minimum detection 

limit was theoretically calculated as 5 PFU/100 ml (El-Abagy et al., 1988 and 

Samhan, 2005).  

 

Coliphages similarities to many of human enteric viruses support their 

fulfillments as indicator of water quality (Beaudoin et al., 2007 and Samhan, 

2005). It was concluded that coliphages are a good indication for fecal pollution 

in a fresh water stream located in an urbanized watershed area (Dini & De 

Urraza, 2010 and Samhan, 2005). 

 

Various external physical and chemical factors such as UV (Lee & Sobsey, 

2011 and Nuanualsuwan et al., 2008) temperature, storage temperature and time 

(Soliman et al., 2013), solvents (Zaritsky et al., 1979 and Rabbani et al., 2004) 

and pH (Maillard et al., 1994), the occurrence, viability and infectivity of 

coliphages (Hachich et al., 2012 and Zaritsky et al., 1979). Protein coat and/or 

appendages besides lipid loss, and/or DNA structural changes are targets of 

external factors (Kamolsiripichaiporn et al., 2007 and Soliman et al., 2013). 

 

Materials and Methods 

 

Bacterial strains 

E. coli ATCC 13079, E. coli ATCC 37022, Staphylococcus aureus ATCC 

6538, Klebsiella pneumonia, Enterobacter aerogenes ATCC13048, Salmonella 

Typhimurium ATCC14028, Staphylococcus aureus ATCC 1298, Pseudomonas 

aeruginosa ATCC 9027 and Aeromonas hydrophila were used for assaying 

coliphage isolates to determine its host range. 

 

Isolation and identificationof E. coli 

Seven isolates were identified from water samples collected from Ismailia 

Canal at Mostorad segment, Belbeas, Sharkia, Egypt. The bacterial isolates were 

purified using M-Endo agar medium and tested with Gram’s stain (Cerny, 1976) 

and preliminary bio-typed using indole test, methyl red test, Voges-Proskauer 

test, sodium citrate test (IMViC) and oxidase test (Stanek & Lacy, 1997). The 

identification was complemented according to APHA (2011) and confirmed 

serologically with O group antisera. 

 

Coliphages isolation and purification 

Anti E.coli- active phages were isolated from three sewage samples collected 

from 10
th

 of Ramadan wastewater treatment plant, Hay El-Zohour and Bahr El-

baker canals at El-Sharkia Governorate. The crudely clarified water sample was 
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centrifuged at 4500 rpm for10 min at 25
o
C to remove bacterial cells and debris. 

The supernatant was filtered through 0.45μm (minispart plus) membrane to 

remove solid particles. Coliphages were identified using EC 1 as host for virulent 

coliphages (Samhan, 2005). The filtrate was mixed with an equal volume of 

double strength nutrient broth containing fresh E. coli 1 cells (final concentration 

at least 10
7
 CFU/ml). After incubation at 37°C for at least 12 hr, the culture was 

centrifuged at 4500 rpm for 10 min and the supernatant was filtered through 

membrane filter 0.45μm. The same E.coli host strain was re-inoculated with the 

crude phage solution for further multiplication. After incubation at 37°C 

overnight, the cultures were centrifuged at 4500 rpm for 10 min, then a few 

drops of chloroform were added to avoid microbial contamination and stored at 

4ºC. Lytic phage was detected in the filtrate using the double layer method with 

some modifications(Ghori et al., 2010).  

 

Eight serial dilutions of the phage were performed using saline solution as 

diluent. The phage were enriched with 0.3 ml of the host culture, 0.1 ml of 

undiluted enriched phage solution added to a tube containing 3.5 ml semi-solid 

agar warmed to 55ºC. The mixture was poured onto a plate of nutrient agar and 

incubated for 24 h at 37ºC. The plates were left for 30 min to solidify at room 

temperature. This procedure was repeated with the 10
-2

, 10
-4

, 10
-6

 and 10
-8

 

dilutions to observe plaque formation. The presence of lytic phage in the form of 

clear plaques was detected after incubation of the plate at 37°C overnight 

(López-Cuevas et al., 2011). 

 

For phage purification as described by Jamalludeen et al. (2009) a single plaque 

was picked with a sterile glass Pasteur pipette, and transferred to a fresh E. coli 

culture broth. After incubation at 37°C overnight, the phage-host mixture was 

centrifuged at 4500 rpm for 10 min then filtered through membrane filter 0.45 μm. 

The filtrate was assayed with the double layer method as mentioned before. Three 

rounds repeated of single plaque isolation and re-inoculation was performed. 

Coliphages were eluted from the final resulting plate by adding 5 ml of phosphate 

buffer (pH 7) solution on the top of the plate and incubated at ambient temperature 

for 4 h with shaking. The phage-containing buffer retrieved from the plate was 

centrifuged at 4500 rpm for 10 min and filtered through a 0.45 μm filter (Minispart 

plus). The resulting filtrate was called phage suspension. 

 

This suspension was used as original stock for single phage isolates. After 

five successive transfers of single plaques, phage isolates were propagated in 

plates to give confluent lysis. The collected washes of these plates were treated 

with chloroform (0.5 %) to give the phage stocks of high titers (Jensen et al., 

1998). 

 

Coliphages titer determination 

The phage containing solution was serially diluted in phosphate buffer (pH 7). 

Double agar layer method was used to assay each dilution. Plaques were counted 

in the plate containing 0-3x10
2
 plaques and counted as plaque forming units per 

milliliter (PFU/ml) (Rattanachaikunsopon & Phumkhachorn, 2007). 
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Spot test for host specificity 

Bacterial isolates and strains were used to test their ability host and propagate 

coliphage isolates either in low or high titer amount using a spot-test technique 

(drop method). Stocks of ECP1, ECP2 and ECP3 were obtained by propagation 

on specific E.coli hosts. Spot tests (Allué-Guardia et al., 2008) were conducted 

by adding volume of 1ml of freshly prepared E.coli culture to a tube contained 

3.5 ml semi-solid agar medium warmed to 55ºC. Tube contents were poured into 

a plate of nutrient agar medium. The plates were left to stand at room 

temperature for 30 min. One drop of phage lysate diluted in phosphate buffer 

(pH 7) was spotted by micropipette onto the surface of E. coli host lawns. Plates 

were incubated overnight at 37
o
C and observed for plaque formation. Sensitivity 

of isolated strains was scored as follows: CL = confluent lysis and SCl = semi 

confluent lysis. Positive plates were recorded and assayed by double layer agar 

technique (Jensen et al., 1998). 

 

Biological and morphological characterization of isolated phages 

Electron microscopy investigations 

Morphological assessment of phage isolates was performed by transmission 

electron microscopy (JEOL 100 cx) at 80 kv and magnification of 10,000 and 

140,000 (Electron Microscope Unit, Faculty of Medicine, Zagazig University). 

Specimens of each phage were prepared for electron microscopic examination 

from partially purified phage or 50 ml filtered phage suspension (from confluent 

lysis plates), which was precipitated at 20,000 rpm of centrifuge at 4ºC for 24 h. 

Drops of high-titre filtered phage suspension were laid on formavar coated 

copper grid (400 meshes) with carbon coated colloidal membrane, which was 

negatively stained by uranyl acetate (4 % aqueous). Excess fluids were 

withdrawn by a filter paper strip(Oliveira et al., 2009). Specimens were washed 

three times with distilled water, dried on filter paper or air dried and examined 

by electron microscopy. Size of phage particles was measured directly from 

negatives using SLP1 ultrastructure size calculator (Samhan, 2005). 

 

Adsorption experiment 

Each filtered lysate of the tested phages (ECP1, ECP2 and ECP3) was added 

to a log phase culture of EC 1 as an indicator strain at multiplicity of infectivity 

= 10 PFU/CFU/ml(Rattanachaikunsopon & Phumkhachorn, 2007). Samples of 

1ml were withdrawn and filtered through membrane filters (0.45μm Millipore) 

after 4 min intervals and assayed by the double layer technique to determine the 

titer of non-adsorbed phages (Maillard et al., 1994). Adsorption rate constant 

was determined by the equation: K= (2.3/ BT) ×Log (Po/P), where K: adsorption 

rate constant; B: bacterial host concentration (10
7
 CFU/ml);T: time (min); Po: 

unadsorbed phage concentration at the beginning; P: unadsorbed phage 

concentration at the end. 

 

One-step growth curve experiment 

Host bacterial strains were infected with phages at multiplicity of 

infection (MOI) of 0.1 PFU/CFU/ml on nutrient broth and incubated at 37ºC. 

After 60 min, each mixture was centrifuged at 4500rpm for 10 min. The 
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settled cells were suspended in 2 ml nutrient broth followed by dilution one 

time and counting the bacteria. After 10 min intervals at 37ºC, samples of  

0.1 ml were withdrawn and plated onto soft agar with an indicator bacterial 

strain, serial dilutions were made and plates containing nutrient agar were 

inoculated. The observed numbers of phages in suspensions were plotted 

against time and the latent period, rise period and burst sizes were 

determined (Samhan, 2005 and Yang et al., 2010). 

 

Effect of some physical and chemical factors on the infectivity of phages 

Incubation temperature 

Two ml of each phage suspension were incubated at 30ºC, 35ºC, 40ºC, 45ºC, 

50ºC, 55ºC and 60ºC for 10 min (Srinivasan et al., 2007). Phage infectivity was 

determined by plaque assay technique (Maillard et al., 1994). 

 

UV irradiation 

Sensitivity to UV irradiation was determined by exposing 10 ml of phage 

suspension, separately, in a Petri dish directly to UV light at a distance of 15 and 

30 cm from the UV source (240 nm). A 30-Watt general electric lamp was used 

as UV source. All manipulations were made in the dark to avoid photoreaction 

(Lee & Sobsey, 2011). Samples of phage suspensions were exposed separately to 

UV irradiation for different time periods (30, 60, 90, . .and 180 min). Phage 

infectivity was determined by plaque assay technique (Nuanualsuwan et al., 

2008). 

 

Different organic solvents 

Two ml of different organic solvents (petroleum ether (60-80), acetone (99 %), 

ethyl alcohol (95 %) and chloroform (99 %)) was added to 2 ml of phage 

suspension. After 30 min in shaking incubator, the phage suspension was 

centrifuged at 4500 rpm for 10 min and 30ºC. Twenty µl were diluted to 5 ml to 

stop the effect of chloroform and assayed for the infectivity of phages by plaque 

assay (Maillard et al., 1994). 

 

pH values 

A one ml portion of each phage suspension was transferred into test tubes 

containing 9 ml of nutrient broth. The pH of the total suspension was adjusted at 

various values from 4 to 10. The pH values of nutrient broth was adjusted using 

1N KOH and/or HCl (Srinivasan et al., 2007). After an hour of incubation at 

30ºC the infectivity of phages was determined by carrying out double layer 

technique (Maillard et al., 1994). 

 

Different storage temperature 

Phage suspensions of high-titer lysates were incubated at 4–6º C, 25-28º C 

and 35–37ºC separately for six months (Nuanualsuwan et al., 2008). The 

infectivity of phages was assayed weekly by carrying out double layer technique 

(Maillard et al., 1994). 
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Results 

 

Isolation and identification of local E. coli isolates 

Seven local isolates of E. coli 1 to 7 were isolated from raw water.  The isolates 

were presumptively tested and confirmed by acid and gas production on EC broth 

tubes as a result of lactose fermentation. From each positive EC tube an inoculum 

was streaked on M-Endo agar plates, the colonies were green with metallic sheen 

considered as fecal coliforms. The isolates were Gram negative, non-spore former, 

rod shaped bacteria, grow on and ferment lactose with gas production at 44.5 ±0.5
°
C, 

positive indole test, positive methyl red test, negative Voges-Proskauer test, negative 

sodium citrate test and negative oxidase test. All isolates were Gram
’
s negative. 

 

Sensitivity of E. coli isolates 

After dropping ECP1, ECP2 and ECP3 lysates diluents onto the surface of 

freshly prepared E. coli host lawns spread on nutrient agar plates lytic zones or 

plaques were only when E. coli isolate 1 was the host. On the other hand, plaques 

were not observed when E. coli 2, E. coli 3, E. coli 4, E. coli 5, E. coli 6 and E. coli 7 

were used to host phage isolates. In parallel, the three phages isolates showed clear 

plaques using the double layer method and E. coli 1 as a host, indicating a lytic or 

virulent phage. Taking into account the shape and the size of the plaques three types 

of phages termed ECP1, ECP2 and ECP3 were identified.  

 

Morphological characterization of phages isolates 

Plaques morphology 

The plaques appearance of the three phage isolates ECP1, ECP2 and ECP3 were 

clear but variable in size. After 24 h incubation at 37ºC, the diameter of ECP1 plaque 

had size varying from 1 to 2 mm, the diameter of  ECP2 plaques varied from 1.5 to 

2.5 mm and ECP3 diameter varied from 3 to 5 mm. 

 

Electron microscopy studies 

Examination of purified ECP1, ECP2 and ECP3 particles showed morphologies 

typical of double stranded DNA bacteriophages. ECP1and ECP2 had cubic 

(icosahedral), short non-contractile tail with capsids up to 65 nm typical of members 

of linear dsDNA T7 phage and Enterobacter phage P22 (Fig.1). ECP3 had cubic 

(icosahedral) capsid, capsids up to 60 nm with a long non-contractile tail suggesting, 

it may linear dsDNAphages like T5 and Tl or λ (E. coli) B 40-8 (Bacteroides 

fragilis). Therefore, ECP1 and ECP2 phages were classified as group Podoviridae 

family and ECP3 phage was classified as group Siphoviridae family (Fig.1). 

 

Biological characterization of phages isolates 

Effect of the host age on the infectivity of phages 

The infectivity of the phages isolates ECP1, ECP2 and ECP3 decreased with the 

increase of the host age. The infectivity of ECP2 and ECP3 was more sensitive to the 

age longevity of the E. coli 1; infectivity was recorded as 38.7% and 25.6%, 

respectively, after 96h. On the contrast, ECP1 was the most resistant to host age, 

where the infectivity reached 55.3% after 96 h. 
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Acquired Aug 10 2012 at 12:15 AM

TEM Mag=100000x

ECP1 ECP2 ECP3

print Mag=21687×@15.999999940359mm

Acquired Jan 5 2012 at 12:38 AM

TEM Mag=200000x

print Mag=24398×@18.000000500679mm

Acquired Mar 12 2012 at 11:45 AM

TEM Mag=200000x

 
Fig. 1. Transmission electron microscopy images of phages: ECP1 and ECP2 had 

cubic (icosahedral) capsid, short non-contractile tail; ECP3 had cubic 

(icosahedral) capsid, long non-contractile tail. 

 

Host range 

After exposing sixteen bacterial isolates and strains to determine the host 

range of each of the phage isolates lytic areas were observed only when ECP1, 

ECP2 and ECP3 were spotted on E. coli 1 and reference strain E. coli ATCC 

13079 lawns. But none of the other 6 isolates or strains showed lytic areas. 

 

Adsorption experiment 

ECP1, ECP2 and ECP3 exhibited different adsorption rates (Fig. 2 and Table 

1). Where ECP3 had the lowest adsorption constant 1.90×10
-6

 PFU/CFU/ ml, 

ECP2 and ECP1had rate of adsorption constants3.23×10
-6

 PFU/CFU/ml and 

3.24×10
-6

 PFU/CFU/ml, respectively. All phage isolates had 32 min time for 

maximum adsorption. Adsorption was calculated as 76%, 63.5% and 62.5% for 

ECP3, ECP2 and ECP1, respectively within 20 min after contact. 

 

 
Fig. 2. Adsorption rates of phage isolates. 
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TABLE 1. Growth characteristics of phage isolates. 

Phage character ECP1 ECP2 ECP3 

Time for maximum adsorption (minutes) 32 32 32 

Adsorption rate constant (PFU/CFU/mL)×10-6 3.24 3.23 1.90 

Latent   period (minutes) 20 20 20 

Rise period (minutes) 40 40 40 

Burst size (PFU/cell) 70.1 40.3 79.4 

 

One-step growth curve 

ECP1, ECP2 and ECP3 had almost identical latent periods of 20 min; during this 

period phage titer was nearly stable (Fig. 3). After latent period, the titer of the 

phages increased to the maximum value during the rise period. Also, the three 

isolated phages had almost identical rise period 40 min. The burst size indicates the 

mean number of viral progeny released per infected bacterial cell. The burst sizes of 

ECP1, ECP2 and ECP3 were 70.1, 40.3 and 79.4 PFU/cell, respectively. 

 

 
Fig. 3. One-step growth curves of coliphage isolates. 

 

Characterization of isolated phages in response to physical treatments 

Effect of temperature on the infectivity of isolated phages 

ECP1, ECP2 and ECP3 were highly sensitive to heat inactivation. Active 

phages were not detected after exposure to 60º C for 10 min. The highest number 

of plaques formed was observed after heated at 30º C, survival percentage 

reached 92.7, 88.2 and 94.3 for ECP1, ECP2 and ECP3, respectively. The 

viability decreased with the increase of the temperature degrees (Fig. 4). 
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Fig. 4. Effect of 10 min heating on the infectivity of coliphage isolates. 

 

Effect of UV-irradiation on the infectivity of phage isolates 

The exposure of ECP1, ECP2 and ECP3 to UV-radiation showed inhibitory 

effects on infectivity. At 15 cm from the UV source, 180 min exposure was 

sufficient for complete inactivation of ECP1. ECP2 was completely inactivated 

after 150 min exposure time. ECP3 was the most sensitive for UV- irradiation 

than ECP1 and ECP2; it was completely inactivated after 110 min with standard 

error 12.8, 6.5 and 14.6 for ECP1, ECP2 and ECP3, respectively. At 30 cm 

distance UV-irradiation for 180 min of exposure achieved 74.4, 76.1 and 87.4 % 

of inactivation for ECP1, ECP2 and ECP3 with standard error 9.9, 5.9 and 6.9, 

respectively. No change in plaque morphology was observed after UV irradiation 

under the studied conditions. 

 

Effect of organic solvents on the infectivity of phage isolates 

Incubating phage suspensions with petroleum ether, acetone, ethyl alcohol 

and chloroformin ratio 1:1 (v/v) for 30 min at 37º C reduced its infectivity. 

Chloroform was the most effective solvent that reduced the infectivity of ECP1, 

ECP2 and ECP3 to 35.4%, 32.6% and 45.8%, respectively. On the other hand, 

petroleum ether showed the lowest inhibiting effect on the infectivity of ECP1, 

ECP2 and ECP3, it was reduced to 92.9%, 83.5% and 93.9%, respectively. ECP2 

was the most sensitive one for solvents. In contrast, the infectivity of ECP3 was 

slightly affected by solvents. Moreover, data showed that the infectivity of all 

phages was still above 30 % after incubation for 30 min with each of the tested 

organic solvents (Fig. 5). 
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Fig. 5. Effect of organic solvents on the infectivity of coliphage isolates. 

 

 

Effect of pH values on the infectivity of phage isolates 

The optimum pH values for the three phages were determined by incubation 

of phage suspensions at pH values ranging from 4 to 10 for 30 min at 30°C. The 

phages particles were determined by double layer technique. The pH 6 was 

optimum for stability. The infectivity of the three phages rapidly decreased 

towards alkalinity compared to pH 6. Moreover, plaque formation of ECP2 was 

more sensitive to pH exchange than ECP1 and ECP3 (Fig. 6). ECP1, ECP2 and 

ECP3 have showed standard error 2.25, 2.23 and 2.23, respectively. 

 

 
Fig. 6. Effect of pH values on the infectivity of coliphage isolates. 

 

Effect of different storage temperatures on phages infectivity 

The storage of ECP1, ECP2 and ECP3 at 35-37º C and 3-5° C showed the 

least effect on its infectivity after extended incubation for one to five weeks. The 

ability of phages to form plaques after different storage temperatures was slightly 
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affected. Phage counts decreased by nearly 50% after 5 weeks. The results 

showed standard error at the two incubation temperature 0.09 and 0.15, 

respectively. 

Discussion 

 

Somatic coliphages are considered as a suitable indicators for the presence of 

enteric calve bovine viruses in fresh water, raw and partially treated wastewater 

and liquid organic wastes (Samhan, 2005), in addition, it reflects the presence of 

E.coli. Some authors proposed the use of E. coli beside somatic coliphages. Both 

together satisfy most criteria for an ideal indicator for the presence of more 

difficult to screen species (López-Cuevas et al., 2011) and could be more 

informative than using two bacterial indicators (Lucena et al., 2003). 

 

Plaque morphology is essential criteria for detection, identification and 

classification of phages. Normally, phages exhibit well-defined plaque 

characteristics, including size, outline, structure and transparency or turbidity 

(El-Abagy et al., 1988 and Samhan, 2005). After 24 h of incubation at 37ºC, 

coliphage isolates were differentiated into three types according to their 

morphology. All of them were clear but plaque diameters varied in size, the 

diameter of ECP1 plaque had size from 1 to 2 mm, while the diameter of ECP2 

plaques was from 1.5 to 2.5 mm and ECP3 diameter was from 3 to 5 mm. The 

obtained results tentatively assign the isolated phages to the Caudovirales order 

of the Myoviridae family, consistent with the morphotypes of A1 (Bo-21) and 

A2 (Av-05, Av-06 and Av-08) (Srinivasan et al., 2007).  Almost all of the 

phages isolated from mammalian feces have been to Myoviridae family and are 

associated with the lytic effect in E.coli (Yang et al., 2010). In another study, six 

lytic bacteriophages which infected enterotoxigenic E.coli strains produced 

similar plaques that were clear and medium-sized, ranging from 1.5 to 3.5 mm in 

diameter (Snyder, 2012). On the other hand, electron microscopic examination 

showed that both phages ECP1and ECP2 were classified as members belonging 

to the Podoviridae family and phage ECP3 classified as member belonging to 

the Siphoviridae family. According to Bradley (1967) and Snyder (2012) 

classification of ECP1and ECP2 had cubic (icosahedral) capsid, linear dsDNA, 

capsids up to 65 nm and both two phages had short non-contractile tails. ECP3 

had cubic (icosahedral) capsid, linear dsDNA, long non-contractile tail, capsids 

up to 60 nm (Snyder, 2012). Myoviridaeare characterized by those having 

icosahedral or elongated heads and contractile tails that are more or less rigid, 

long, and relatively thick. This proposed identification agreed with the 

international committee on the taxonomy of viruses (ICTV) (Mayo & Ball, 

2006). 

 

The infectivity of the coliphage isolates ECP1, ECP2 and ECP3 decreased with 

the increase of the host age (Chan et al., 2004). The infectivity of ECP2 and ECP3 

phages were more sensitive to the age of the host, their infectivity reduced to 38.7% 

and 25.6%, respectively, after 96 h. ECP1 was the most resistant to the host age 

where its infectivity reached 55.3% after 96h of incubation. This might be attributed 

to the time required for the changes in polysaccharides constituting the receptive 
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points scattered on the host cell wall (Ashbolt et al., 2001 and Samhan, 2005). 

During the stationary phase, E. coli specifically up-regulates the expression of 

specific proteins and down-regulates others. These physiological and genetic changes 

have a dramatic effect on the susceptibility of E.coli to coliphage infection. These 

results agree with previous studies (Stanek & Lacy, 1997). The age of the overnight 

culture was tested to determine if the age of the culture used to inoculate the 

subcultures would affect the assay results. As little as 8 h were required to yield 

sufficient cell count to provide an adequate inoculum for the assay. In addition, an 

overnight up to 41 h old still functioned well in the assay. 

 

The host range results revealed that ECP1, ECP2 and ECP3 exhibited 

specificity to E.coli1. Since adsorption to the host cell is controlled by molecular 

interactions between the phage tail fibers and the cell surface only this strain has 

appropriate binding site. Where host range is determined by the orientation of the 

G segment in the phage, in our case the results show that the G segment is in the 

G positive orientation, allowing it to infect E.coli specific host only. 

Consequently, lytic areas were observed only when ECP1, ECP2 and ECP3 were 

spotted on local E.coli1 isolates and E. coli ATCC 13079 (El-Abagy et al., 

1988). In contrast, if the G segment is in the negative orientation, the phage will 

infect E.coli and several other species of enteric bacteria. This was demonstrated 

in previous studies(López-Cuevas et al., 2011), who showed that four isolate 

phages had a broad host range. Further characterization showed isolate Bo-21 

was lytic against 192 of 234 tested strains including Salmonella serotypes and E. 

coli O157:H7. On the other hand, no plaques were formed in case of 

enteropathogenic and enterotoxigenic E.coli assayed as host (Wang & Lin, 

2001). The differences in bacteriophages host range may be associated with 

diminishing adsorption to an acceptable bacterial receptor. Both evasion systems 

can be seen in Salmonella or E. coli serotypes (Snyder, 2012).  

 

Coliphage isolates exhibited different adsorption constants (Table 1 and Fig. 

2), where ECP3 had the lowest constant, 1.90×10
-6

 PFU/CFU/ml, followed by 

ECP2 with adsorption constant value of 3.23×10
-6

 PFU/CFU/ml then ECP1 with 

adsorption constant 3.24×10
-6

 PFU/CFU/ml. All coliphage isolates had the same 

time requirement for maximum adsorption (32 min). About 76%, 63.5% and 

62.5%of the infective ECP3, ECP2 and ECP1 particles, respectively were 

adsorbed to the cells of E.coli host within 20 min after contact. Similarly López-

Cuevas et al.( 2011) and Wang & Lin (2001) showed that adsorption is the first 

event of the infection process which has been divided into two stages. The rate of 

T4 adsorption per unit surface area was calculated according to an experimental 

equation(Al-Mola & Al-Yassari, 2010), derived from the known dimensions of 

the same sub strain H266 of E. coli and found to be constant. 

 

 

ECP1, ECP2 and ECP3 had almost identical latent period 20 min, after 

which the titer of the phages increased until reached the maximum value 

during the rise period. Also, the three coliphage isolates had almost identical 

rise periods of 40 min. The burst size indicates the mean number of viral 
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progeny released per infected bacterial cell. The burst sizes of ECP1, ECP2 

and ECP3were 70.1, 40.3 and 79.4 PFU/cell, respectively. 

 

Thermal inactivation pattern of phage isolates ECP1, ECP2 and ECP3 were 

highly sensitive to elevated temperature and the numbers of plaques were 

greatly reduced. After just 10 min, increasing temperature reduced the numbers 

of congruent plaques on indicator strain E.coli1 (Kamolsiripichaiporn et al., 

2007). The coliphage isolates were inactivated after exposure to 60ºC for 10 

min. The optimal temperature was 30ºC, plaque formation reaching 92.7, 88.2 

and 94.3 for the three coliphages isolates, respectively. The infectivity of the 

three isolates was decreased with increasing the temperature. Heat treatments 

at 57ºC and 77ºC for period of 15 min or longer time inactivated the virus. 

Heating the virus suspension at 56º C for 60 min reduced its infectivity 

(Kamolsiripichaiporn et al., 2007). High temperature degrees might be 

responsible for destruction of virus receptors that consequently declined its 

infectivity. Al-Mola & Al-Yassari (2010) found that number of plaques and 

phage titers during 10, 20, 30, 40, 50, and 60 min were 4.7×10
-5

, 5.3×10
-5

, 

6.0×10
-5

, 8.5×10
-5

, 8.9×10
-5

 and 9.3×10
-5

, respectively; at 37
o
C. Phage titers 

were 6.2×10
-5

, 5.6×10
-5

, 4.1×10
-5

, 3.6×10
-5

, 2.0×10
-5

 and 1.6×10
-5

, 

respectively; at 50
o
C. The phage titers were 0.9×10

-5
, 0.1×10

-5
, 0, 0, 0 and 0), 

respectively; at 65
o
C (Allué-Guardia et al., 2012 and Snyder, 2012). 

 

The infectivity of the phage isolates gradually decreased with increasing 

time and decreasing distance of exposure to UV-irradiation until complete 

inhibition took place. At 15 cm distance from the UV source, 180 min of 

exposure was sufficient for complete inactivation of phages. ECP2 was 

inactivated completely after 150 min. So, ECP3 was more sensitive to UV- 

irradiation than ECP1 and ECP2. At 30 cm distance from the UV source, 

exposure for 180 min was not sufficient for complete inactivation of phages 

ECP1, ECP2 or ECP3 (Nuanualsuwan et al., 2008). It was found that 74.4%, 

76.1% and 87.4 % inactivation were observed after 180 min of exposure of 

UV-irradiation for ECP1, ECP2 and ECP3, respectively. The inactivation of 

the tested phages might be attributed to modifications or actual breaks in DNA 

or disruption of DNA and death of the exposed phages (Allué-Guardia et al., 

2012; Jończyk et al., 2011 and Nuanualsuwan et al., 2008). No change in 

plaque morphology was observed after UV irradiation under the studied 

conditions. Ghori et al.(2010) showed that the virus exposed to UV light was 

not inactivated after interaction time of 15, 30 and 45 min. In addition,  the 

presence of bovine serum albumen helped the corona virus to survive the UV 

treatment.  

 

Regarding the effect of organic solvents on the infectivity of coliphage 

isolates, chloroform was the most effective solvent, likely because it causes 

contraction of the tail during attachment to be reversible (Zaritsky et al., 1979 

and Rabbani et al., 2004). ECP1, ECP2 and ECP3 infectivity decreased to 

35.4%, 32.6% and 45.8%, respectively. On the other hand, petroleum ether had 

the lowest inhibition effect on the infectivity of coliphage isolates calculated as 
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92.9%, 83.5% and 93.9%, respectively. ECP2 was the most sensitive to 

inactivation by solvents. By contrast, infectivity of phage ECP3 was slightly 

affected by solvents. Others have reported that coliphage were completely 

inactivated by chloroform treatment (Al-Mola & Al-Yassari, 2010). Bertani & 

Bertani (1974) reported that some phages contain lipids in virions and these 

lipids are essential for maintaining virus ability to infect new host cells. Non-

polar solvents are capable of denaturing proteins by disrupting the hydrophobic 

interaction between proteins, which is part of phage viability (Bertani & 

Bertani, 1974). The present work showed that all tested organic solvents 

inactivated phages to different percentages at certain conditions support the 

previous findings for Wang & Lin (2001). 

 

Regarding the stability at different pH values, the three coliphage isolates 

were very sensitive to changes in the hydrogen ions concentration. The 

viability of the tested phages more rapidly decreased towards alkalinity 

compared to acidity (Ghori et al., 2010). At pH 10, plaques formation was not 

observed for ECP1 and ECP3 while at pH 9, plaques formation was not 

observed for ECP2. While, the percentages of survivors at pH 5 were 56% 

44% and 51% for ECP1, ECP2 and ECP3, respectively compared to counts at 

pH6, at pH 7, pH 8 or pH 9, the respective percentage of survivors reached 53, 

34 and 19% for ECP1; 49, 29 and 0% for ECP2; 55, 22 and 1% for ECP3, 

respectively. Our results had agreement with Jamalludeen et al. (2009) who 

reported that bacteriophages are often quite sensitive to protein denaturation in 

an acidic environment which leads to loss of bacteriophages viability. This was 

defined as phage sensitivity to protein denaturation in an acidic environment 

(Jamalludeen et al., 2009; Oliveira et al., 2009 and Clermont et al., 2011). 

Presumably, the viral capsid is hydrolyzed or dissociated at low pH (Maillard 

et al., 1994). On the other hand, phages were stable and survive at close to 

neutral pH values between 5 and 9. Many authors reported that most phages 

are able to survive well over a wide range of pH at physiological conditions 

that maintain the native virion structure and stability (Bertani & Bertani, 

1974). 

  

The abilities of phage isolates to form plaques after different storage 

periods were inversely proportioned to incubation temperature. The infectivity 

processes or propagation cycles were not properly completed, reflecting a 

decrease in the total viability of phages. Number of plaques formed by ECP1, 

ECP2 and ECP3 after the first week incubation at 3-5º C were decreased to 

54.6%, 55.5% and 53.4%, respectively, while at 25-28ºC plaque counts 

decreased to 35.8%, 43.8% and 45.9%, respectively after second week. On the 

other side, after the third week, the Plaque counts at 35-37º C were reduced to 

14.6%, 16.3% and 12.4%, respectively. Similar results (Jamalludeen et al., 

2009) had agreement that E. coli phage viability decreased in its count by 

about half a log/ml every ten days.  

 

It is well established that viruses are more resistant than E. coli to a variety 

of environmental stresses and water treatment processes, consequently it 
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persists longer in aquatic environments than do bacteria (Samhan, 2005). In 

this study, coliforms (total and fecal) were  not detected in the presence of 

coliphages in the 40 potable water samples. 

 

Conclusion 

 

Exposure of somatic coliphage isolates for chemical conditions; acidic or 

alkaline pH, organic solvents or physical conditions; UV radiation (240 nm) or 

heating (≥ 60º C) could diminish its E.coli specific host infectivity 

consequently indication for E.coli presence in water. E.coli viability as a host 

for somatic coliphages inversely related to its age. Lower temperature ≤ 5º C 

has the least inhibition effect on the infectivity of coliphage isolates during 

storage periods. 
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 ىالعدو ىالتأثيرات التفاضلية للعوامل الفيزيقية والكيميائية عل

 لثالث القمات بكتيرية تستخدم كمؤشر جودة مياه الشرب
 

 

فرج أحمد سمحان ، أحمد عسكورة
*

، سعيد محمد عزت 
*

وعصام أبو النيل 
**

 
ه ،القاهر – المركز القومى للبحوث - قسم بحوث تلوث المياه

 *
كلية  –قسم النبات

والزقازيق  -جامعة الزقازيق –العلوم 
**

قسم  -الشركة القابضة لمياه الشرب

 .مصر -بمحطة العاشر من رمضان الميكروبيولوجى

 

في هذا البحث تم دراسة تأثير كالً من درجات الحرارة، األس الهيدروجينى، االشعة فوق 

( %95(، الكحول االيثيلى )%90ون )(، االسيت80-60(، االيثير)240nmالبنفسجية )

قدرة عزالت القمات البكتريا  )الكوليفاج( في احداث عدوى.  ى( عل%99والكلوروفورم )

قطاع مسطرد.  -من ترعة االسماعيلية االيشيريشيا كوالى  تم عزل ثالث القمات لبكتريا

 °6-4كعائل للكوليفاج بعد تخزينها عند درجات حرارة االيشيريشيا كوالي تم تقييم عزالت 

سلزيوس لمدة ستة اشهر. أظهرت واحدة من  °38-35سلزيوس و° 28-25سلزيوس، 

 نمو بكتيرى. ىمع تكوين منطقة اذابة خالية من االعزالت الثالث استجابة عالية للكوليفاج 

 

الميكروسكوب  تم تعريف عزالت الكوليفاج من خالل حجم منطقة االذابة وصور

تنتمى الى  3ى عائلة البودوفيريدى والعزلة رقم إلتنتمى  2و 1ونى. العزالت ارقام األلكتر

بزيادة فترات التخزين  ىقدرة القمات البكتريا ألحداث عدوعائلة سيفوفيريدى. تناقصت 

الكوليفاج الحداث عدوى وذلك بمعاملته مع  ىدرجة حرارة التحضين. تم تحديد مدو

اطباق اآلجار ثنائى  ىباستخدام طريقة الزرع عل االيشيريشياختلفة من بكتريا عزالت م

الطبقة. يمكن ان نستنتج من هذه الدراسة ان تعريض الكوليفاج ألوساط حمضية او قلوية او 

سلزيوس( يمكن ان °60مذيبات عضوية او االشعة الفوق بنفسجية او الحرارة )اكثر من 

لى االستدالل على وبالتاااليشيريشيا كوالى   داث عدوى لبكترياتقلل من قدرة الكوليفاج الح

وليفاج عند درجات حرارة اقل من فى المياه. كما ان تخزين الك ىالتلوث البكتير

 .ىحيوية الكوليفاج فى احداث العدو سلزيوس لها التأثير االقل على5°

 


