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ABSTRACT 
 
Pseudomonas aeruginosa bacterial isolates which isolated from human, were 

used to study some microbial genetical properties. Nutritional requirements were 
tested, the results showed that all the 17 isolates were prototrophs. Lysogenicity test 
demonstrated that all 17 isolates were lysogenic with one prophage,since every 
phage released from a  lysogenic isolate was not able to lysis the same host cells. 
Host range of phage released from a lysogenic isolates was varied, and reached up to 

65% ( 43). The phage released spontaneously from lysogens has been titered, 

phage (50) resulted in high titration (3.56 x 107 Pfu/ ml). The ability of phage 
released from lysogen to lysis of the standard strains (PA01, PU21, MAM2) was 

tested. Phage (50) had the ability to make lysis on the three strains.  
Sensitivity of the bacterial isolates to some antibiotics (streptomycin, 

tetracycline, ampicillin, penicillin and chloramphenichol) was tested. Sensitivity was 
varied, depended on type, concentration of antibiotic and type of isolate. The effect of 
temperature on efficiency of plating for five phage lysates had been investigated. No 

plaques have been detected at low temperatures (5 and15C) or at high 

temperature(45C).Transducing ability of five phage lysates spontaneously released 

from lysogens was assessed. The 37 and 78 were able to transduce successfully 
the streptomycin, tetracycline, ampicillin and chloramphenicol resistance genes 
(5.0x10-6,1.73x10-7,1.43x10-4,8.8x10-3and7.2x10-5,4.6x10-5                ,1.25x10-5,6.2x10-3 
respectively).  

The phage induced by ultraviolet irradiation was used in transduction assay. 
The Pfu/ml was increased. Transduction by lysogenic bacterial isolates was 
assessed. The results showed that transduction frequency was lower than in 
transduction by lysate. 

 Keywords: Bacteria, bacteriophage, transduction, titration, antibiotics.   
 

INTRODUCTION 
 

Pseudomonas species are plant, animal, and human pathogens, 
exhibit plant pathogen-suppressing properties useful is biological control, or 
express metabolic versatilities valued in biotechnology and bioremediation 
(Widmer et al., 1998). Specific detection of pseudomonas species in the 
environment could help us gain a more complete understanding of the 
ecological significance of these microorganisms. 

The genus pseudomonas, was described as a genus of gram-
negative, rod shaped microorganisms (Palleroni, 1984) and had been subject 
to repeated taxonomic revisions (Palleroni, 1993). 

The genus pseudomonas includes species with functions of ecological, 
economic, and health-related importance. Some species are pathogenic for 
plants (Stead, 1992), while others are pathogenic for animals or human 
(Gilligan, 1991; Palleroni, 1992; Hobden, 2002). Some species exhibit plant 
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growth promoting and pathogen suppressing functions and may be exploited 
for use in biological control (Keel et al., 1996), bioremediation (Palleroni, 
1993) and biodegradation a variety of compounds (Guerin and Boyd, 1995; 
Grimberg et al., 1996). Investigation of new Pseudomonas aeruginosa 
isolates would represent a valuable tool in ecological, genetical and 
diagnostic studies of this genus. 

The objective of this study was to study some microbial genetical 
properties of some Pseudomonas aeruginosa bacteria isolated as human 
pathogens. The isolation was carried out in the Hospital of Zagazig University 
and fully microbiologically characterized in the Dept. of Microbiology Fac of 
Pharmacy, Zagazig University. This study was carried out in Microbial Lab., 
Genetics Dept., Agric.Fac.,Zagazig Univ. 

 

MATERIALS AND METHODS 
 

1- Bacteria and bacteriophages: 
Pseudomonas aeruginosa strains (PA01, PU21 and MAM2) were 

obtained from M. Day, University of Wales, College of Cardiff, UK and the 
bacterial isolates of Pseudomonas aeruginosa that have been used in this 
study were obtained from M.EL-Hussieny, Faculty of Pharmacy, Zagazig 
University, (Table 1). The generalized F116 and AMSE 2000 bacteriophages 
have been used in this study.  

 

Table 1: The bacterial strains and isolates of Pseudomonas aeruginosa 
that were used in this study. 

Strains and 
isolates 

Genotype Reference 

PA 01 Prototrophic, Strs, Tets. Holloway and Morgan (1986) 

PU 21 Strs, Tets, Val- Amin and Day (1988) 

MAM2 Strs, Tets, Met- Amin et al., (1987) 

ATC 1 - Fac.pharmacy,Zagazig Univ.  

ATC 11 - Fac.pharmacy,Zagazig Univ. 

ATC 17 - Fac.pharmacy,Zagazig Univ. 

ATC 37 - Fac.pharmacy,Zagazig Univ. 

ATC 43 - Fac.pharmacy,Zagazig Univ. 

ATC 45 - Fac.pharmacy,Zagazig Univ. 

ATC 50 - Fac.pharmacy,Zagazig Univ. 

ATC 58 - Fac.pharmacy,Zagazig Univ. 

ATC 68 - Fac.pharmacy,Zagazig Univ. 

ATC 70 - Fac.pharmacy,Zagazig Univ. 

ATC 76 - Fac.pharmacy,Zagazig Univ. 

ATC 77 - Fac.pharmacy,Zagazig Univ. 

ATC  78 - Fac.pharmacy,Zagazig Univ. 

ATC 87 - Fac.pharmacy,Zagazig Univ. 

ATC 111 - Fac.pharmacy,Zagazig Univ. 

ATC 113 - Fac.pharmacy,Zagazig Univ. 

ATC 114 - Fac.pharmacy,Zagazig Univ. 

Strs = Streptomycin sensitive.                                       Val- = Valine auxotroph. 
    Tets = Tetracycline sensitive.                                         Met- = Methionine auxotroph 

- = The genotype is unknown. 
 

2- Growth media: 
The nutrient agar (NA), nutrient broth (NB) and minimal media (MM) 

were used. Soft agar (0.8% w/ v agar) was prepared in distilled water and 
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kept at 45C on waterbath. Phosphate buffer was prepared from 1/ 15 M 
potassium phosphate (KH2 PO4) and 1/15 M disodium phosphate 
(Na2HPO4.2H2O).The antibiotics (streptomycin, tetracycline, ampicillin, 
pencillin and chloramphenichol) were added as sterilized solutions by 

filtration through 0.2 m filter membrane to the media after autoclaving. 
3- Nutritional requirements: 

This experiment was performed by streaking the bacterial isolates on 
complete and minimal media. 
4- Lysogenesity test: 

Each isolate cells were inoculated into 10 ml of NB medium, then 

placed on a shaker incubator overnight at 30C. A few drops of chloroform 
were added and centrifugation was carried out at 10000 rpm for 15 min. the 

supernatant was removed and passed through a sterile membrane (0.2 m). 
the supernatant was assayed by using the spot test method (Barrangou et al., 
2002).The plate inoculum consisted of 3 ml of soft agar mixed with 100µl of 
an overnight host culture. This mixture was briefly vortexed and spread onto 
the surface of an agar plate. Single drops of each supernatant were spotted 
onto inculated agar plates, and the plates were incupated overnight at 30 °C. 
Bacterial sensitivity of a bacteriophage was establish by bacterial lysis at the 
spot where the supernatant drop was deposited.   
5- Phage titration: 

The double-agar-layer method(Park et al., 2000 and Sharma et 
al.,2002)was used. Serial hundred-fold dilutions of phage lysate were 
prepared in phosphate butter (PH 7.0). Equal volumes (0.1 ml) of phage 

lysate and host cells (grown overnight in NB at 30C) were mixed in 3 ml of 
soft molten agar. The mixture was vortexed and poured immediately onto NA 

plate. Plates were incubated at 30C for overnight. Plaques were counted 
and the number of plaque forming units (pfu/ ml) was calculated. 
6- Isolation and purification bacteriophage from lysogen: 

After titration, five phages (37, 43,  50, 78 and 111) were isolated 
and purified by single-plaque isolation. Well-isolated plaques were cut from 
agar plates, placed in sterile diluent and used to produce new phage lysates. 
This procedure was repeated through three cycles or until produced only a 
single-plaque morphology(Jensen et al., 1998 and Chakrabarti et al., 2000). 
7- Phage host range: 

Many strains and isolates of Pseudomonas aeruginosa have been 
used to study host range of phages released spontaneously from lysogenic 
isolates. The phage lysates were spotted onto layer of bacterial host . 
8- The efficiency of plating(EOP): 

This experiment was performed by titration of five phage isolates (37, 

43,  50, 78 and 111) on NA plates and incubated at different 
temperatures (5, 15, 19, 25, 30, 35, 40 and 45). The number of plaques were 
recorded and the pfu/ml was calculated.  
9- Sensitivity to antibiotics: 

The five antibiotics that have been used in this experiment were 
streptomycin, Ampicillin, tetracycline, penicillin and chloramphenichol. 
Different concentrations of each antibiotic (100, 250, 400, 500, 1000, 1200 
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and 1500 g/ ml)  have been added to NA plates. All 17 isolates were 
streaked onto the plates which contain antibiotic and plates without antibiotic 

and incubated at 30C for 2- 3 days.   
10- Transduction by lysate of released phages spontaneously from 

lysogenic isolates: 
The lysogenic isolates (ATC37, ATC 43, ATC 50, ATC 78 and ATC 111) 

were inoculated into 10 ml of NB and incubated at 30C for overnight. The 

cultures were centrifuged at 10000 rpm for 15 min and filtered through 0.2 m 
filter membrane. The phage lysates were titered and equal volumes (1.0 ml) 
of phage lysate and recipient cells were mixed. The mixture was kept for 20 
to 30 min at room temperature to allow phage adsorption ( Toth et al., 2003). 
Serial dilutions have been prepared and placed onto selective media,  The 

plates were incubated at 30C. Number of transductants were recorded and 
transduction frequency was calculated. In other experiment, the plates were 

incubated at different temperature (5, 15, 19, 25, 30, 35, 40 and 45C). 
11- Transduction by induced phage by ultraviolet irradiation: 

10 ml of overnight cultures were placed on petri dish. The plates were 
exposed to ultraviolet lamb for 25 min, centrifuged, filtered and titered. The 
induced phages were used to transduce different markers.  
12- Transduction by lysogenic isolates: 

The donor and recipient cells were grown independently in NB 

overnight at 30C. One ml of donor and recipient was layered onto separate 

nitrocellulose filter membrane (0.2 m). The two membranes were placed 

face-to-face on NA plate and incubated at 30C for 24h. After incubation time, 
the membrane filters were vortexed for 60 sec in 10 ml phosphate buffer (pH 
7.0). Serial dilutions have been prepared and placed onto selective media to 
count the donor, recipient and transductants. The phage particles was also 
calculated.     

 

RESULTS AND DISCUSSION 
 

1- Nutritional requirements:  
Data in Table 2 show that all the pathogenic bacterial isolates of P. 

aeruginosa that have been isolated from human are prototrophs. Since all the 
17 isolates were able to grow on complete or minimal media.  
2- Lysogenicity ability: 

Data is Table 3 represent the lysogenicity ability of the 17 isolates of P. 
aeruginosa, it seems that all the isolates were lysosenic with one prophage. 
That is because every phage released spontaneously from the same 
lysogenic was not able to lysis the same host cells because of lysogenic 
immunity.  
3- Host range of phage released form lysogens: 

The host range of phage released from the lysogens was varied (Table 

4). Phage lysate (43) was able to induce lysis in 11 isolates of 17 with high 
percentage of host range reached up to 65% of tested isolates. In addition, 
the same host isolate (ATC 43) had been infected by 13 phage lysates of 17 

lysates (77% of the tested phage lysate). However, phages,  76 and  83 
have a narrow host range, since they were able to induce lysis in three host 
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only (With a percentage of 18% of isolates tested). The phage released form 
lysogens were selectively lytic against some bacterial isolates but were not 
observed to lyse others, this observation is common in phage isolated from 
environments. A temperate phage isolated from sewage does form plaque on 
strain H of E. coli, but was not able to form plaque on neither strain C and 
K12 of E. coil, nor on strain L12 of Salmonella spp (Dhillon et al., 1998).  
 
 

Table 2: Nutritional requirements of P. aeruginosa bacteria isolated 
from human. 

                 Media  
Strain  

CM MM 

ATC 1 + + 

ATC 11 + + 

ATC 17 + + 

ATC 37 + + 

ATC 43 + + 

ATC 45 + + 

ATC 50 + + 

ATC 58 + + 

ATC 68 + + 

ATC 70 + + 

ATC 76 + + 

ATC 77 + + 

ATC 78 + + 

ATC 87 + + 

ATC 111 + + 

ATC 113 + + 

ATC 114 + + 

  + =Growth. 
 

4- Titration of released phage: 
The ability of phage released spontaneously from lysogens has been 

assessed using one proper host bacterial cells (Table 5). Phage (50) results 
in high titration (3.56x107 pfu/ml) upon using with isolate ATC 68. These 
results clearly show that the occurrence of naturally lysogenic bacteria among 
Pseudomonas aeruginosa isolates from human among the tested ones 
reached up to 100%.  
5-Lysis of standard strains of Pseudomonas aeruginosa by phage 

released from isolated lysogens. 
 All the phage lysates that released from the pathogenic isolates have 

been allowed to induce lysis with three standard strains of P. aeruginosa 

(Table 6) phage (50) had the ability to make lysis in the three  standard 
strains, PA01, PU21, and MAM2.         
6- Lysis of isolated P. aeruginosa bacterial cells by standard phage 

particles:  
Data in Table 7 illustrate the ability of two standard bacteriophages of 

P. aeruginosa, F116 and AMSE2000 to form lysis in the human P. 
aeruginosa isolates. Bacteriophages F116 and AMSE2000 were not able to 
lysis the lysogenic isolates ATC: 1, 45, 70, 78, 87, and 114. This means that 
the phages that are lysogenized these isolates may be belong to the same 
group of the standard phages, F116 and AMSE2000 because of the 
lysogenic immunity property.  
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Table 5: Titration of phage released with proper host cells. 
phage Host  Pfu/ ml 

 1 ATC 68 2.32 x 105 

11 ATC 43 4.0 x 103 

 17 ATC 43 8.0 x 103 

 37 ATC 87 9.2 x 104 

 43 ATC 58 7.0 x 103 

 45 ATC 58 3.4 x 105 

 50 ATC 68 3.56 x 107 

 58 ATC 45 2.7 x 104 

 68 ATC 70 5.5 x 104 

 70 ATC 78 8.0 x 103 

 76 ATC 11 1.42 x 103 

 77 ATC 37 6.0 x 103 

 78 ATC 77 1.76 x 105 

 87 ATC 76 8.5 x 104 

 111 ATC 43 1.3 x 104 

 113 ATC 1 9.6 x 104 

 114 ATC 113 1.73 x 105 
 

 

However, phages F116 and AMSE2000 were able to lysis isolates, 
ATC: 11, 17, 37, 43, 50, 58, 68, 76, 77, 111 and 113 (with about 65% of 
isolates). So, these released phage particles may be do not belong to the 
same group of phages F116, and AMSE2000. These results need further 
molecular analysis to find the genetic relationship between the isolated 
phages and the two standard.  
 

Table  6: Lysis of standard strains. 
                Host   
Phage  

PA 01 PU 21 MAM2 

 1 - + - 

11 - - - 

 17 - - - 

 37 - - - 

 43 - + + 

 45 - - - 

 50 + + + 

 58 - - - 

 68 - - - 

 70 - - - 

 76 - - - 

 77 - - - 

 78 + - - 

 87 - - - 

 111 - + + 

 113 + - - 

 114 - - - 

    + = Lysis .                                                                          - = Not lysis. 

 
7- Sensitivity to antibiotics:  

Data in Table 8 show the sensitivity of the bacterial isolates to five 
different antibiotics. The same concentrations have been used with each 
antibiotic.  
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Table 7: Lysis of standard phages. 
                 Phage  
Host   

F 116 AMSE 2000 

ATC 1 - - 

ATC 11 + + 

ATC 17 + + 

ATC 37 + + 

ATC 43 + + 

ATC 45 - - 

ATC 50 + + 

ATC 58 + + 

ATC 68 + + 

ATC 70 - - 

ATC 76 + + 

ATC 77 + + 

ATC 78 - - 

ATC 87 - - 

ATC 111 + + 

ATC 113 + + 

ATC 114 - - 

    + = Lysis .                                                                          - = Not lysis. 

 
Table  8: Sensitivity to antibiotics. 
      

Antibiotic 

 

 

 

Strain 

Str Tet Amp Pen Chl 
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0
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ATC 1 - - - - - - - - - - - - - - + + + + + + + + + + + + + + + + - - - - - 

ATC 11 - - - - - - - - - - - - - - - - - - - - - + + + + + - - + + - - - - - 

ATC 17 + + + + - - - + + + + + + - + + + - - - - + + + + + - - + + - - - -  

ATC 37 - - - - - - - + - - - - - - + + + + - - - + + + + + - - + + - - - - - 

ATC 43 + + + + - - - + + + + - - - + + + + + + + + + + + + + + + + + + + + + 

ATC 45 - - - - - - - - - - - - - - + + + + + + + + + + + + + + + - - - - - - 

ATC 50 + + + + + + + + + + + + + - + + + + + - - + + + + + + + + + - - - - - 

ATC 58 + + + + + + + + + + + + + - + + + + + + - + + + + + + + + + - - - - - 

ATC 68 + + + + + + + + + + + + + - + + + + + - - + + + + + + + + + + + - - - 

ATC 70 - - - - - - - + + + - - - - + - - - - - - + + + + + + + + + - - - - - 

ATC 76 - - - - - - - - - - - - - - + + + + - - - + + + + + + + + + - - - - - 

ATC 77 - - - - - - - + - - - - - - + + + + + - - + + + + + + + + + - - - - - 

ATC 78 + + + + - - - + + + + + + - + + + - - - - + + + + + + + + + - - - - - 

ATC 87 + + + + - - - + + + + + + - + - - - - - - + + + + - - - + + - - - - - 

ATC 111 + + + + - - - + + + + - - - + + + + + + + + + + + + + + + + + + + - - 

ATC 113 - - - - - - - - - - - - - - + + + + + - - + + + + + + + + + - - - - - 

ATC 114 - - - - - - - - - - - - - - - - - - - - - + + + + + - - - - - - - - - 

+ = Resistance .                                              - = Sensitive . 

 
8- Effect of temperature on the efficiency of plating:  

The influence of temperature on the efficiency of five phage lysates 
plating with bacterial host has been investigated (Table 9). No plaques have 
been detected at low temperatures, 5 and 15oC or at high temperature, 45oC. 

The optimum temperature of plating phages  43, 50, 78, and 111 was 35 oC 
(pfu/ml ranged from 0.01 up to 3.11 x 1010).  
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Table  9: Effect of temperature on efficiency of plating.  

Phage 
Pfu/ ml + Temperature (C) 

5 15 19 25 30 35 40 45 

37 - - 3.0 x 107 7.0 x 107 2.9 x 108 1.6 x 108 1.4 x 108 - 

43 - - 3.72 x 109 6.0 x 107 1.78 x 1010 3.11 x 1010 2.53 x 1010 - 

50 - - 2.0 x 107 3.0 x 105 7.0 x 107 0.01 x 1010 1.2 x 108 - 

78 - - 7.1 x 107 8.2 x 108 1.56 x 1010 2.36 x 1010 1.82 x 1010 - 

111 - - 3.1 x 108 4.0x 107 4.2 x 109 0.73 x 1010 5.68 x 109 - 

 
9- Effect of temperature on transduction:  

No transductants have been formed on temperatures, 5, 15 and 45 oC. 
The optimum temperature for transduction ranged from 30-35oC. This may 
depend on the phage lysate and transduced marker (Table 10). 
 
Table  10:  Effect of temperature on transduction mechanism. 
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 37 ATC 77 = 1.46 Str - - 1x 10 2.0 8.0 x 101 2.7 x 102 1.2 x 102 1.1 x 102 - 

  Tet - - - - - - - - 

  Amp - - 2.4 x 101 2.4 x 104 2.23 x 105 8.5 x 104 6.7 x 104 - 

 ATC 114 = 2.2 Chl - - 5x 10 1.3 1.3 x 105 9.1 x 106 6.8 x 107 3.8 x 106 - 

 43 ATC 114 Str - - - - 3.0 x 101 - - - 

 = 2.2 Tet - - - - - - - - 

  Amp - - 1.37 x 103 1.42 x 103 1.43 x 103 6.2 x 102 4.3 x 102 - 

  Chl - - 2.47 x 102 4.5 x 104 1.78 x 107 8.3 x 106 6.1 x 106 - 

 50 ATC 77 Str - - 1.1 x 102 1.2 x 102 1.5 x 102 7.0 x 101 5.0 x 101 - 

 = 1.46 Tet - - – - - - - - 

  Amp - - 1.7 x 103 4.8 x 103 7.3 x 104 6.1 x 104 5.3 x 104 - 

 78 ATC 114 Str - - 1.0 x 101 1 x 101 5 x 101 2 x 101 1.0 x 101 - 

 = 2.2 Tet - - - - - - - - 

  Amp - - 2.72 x 103 1.19 x 104 2.5 x 104 1.7 x 103 1.49 x 103 - 

  Chl - - 3.5 x 103 2.1 x 105 6.8 x 107 8.9 x 106 7.2 x 106 - 

 111 ATC 114 Str - - 5.7 x 102 2.97 x 103 1.9 x 104 7.2 x 103 5.0 x 103 - 

 = 1.46 Tet - - - - - - - - 

  Amp - - 2.12 x 103 3.1 x 103 1.8 x 104 1.37 x 103 5.1 x 102 - 

  Chl - - 2.16 x 102 3.1 x 104 7.9 x 106 8.0 x 106 6.9 x 106 - 

 
10- Transduction by lysate of phages released from lysogenic isolates:  

The phages released spontaneously from lysogenic isolates ATC37, 

ATC43, ATC50, ATC78 and ATC111 were used. The 37 was able to 
transduce successfully the streptomycin, tetracycline, ampcillin and 
chloramphenicol resistance genes to strains ATC76, ATC77, ATC87 and 
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ATC114 respectively. The transduction frequency was 5.0 x 10-6, 1.73 x 10-7, 

1.43 x 10-4 and 8.8 x 10-3. The 78 also was able to transduce the same 
markers (7.2 x 10-5, 4.6 x 10-5, 1.25 x 10-5 and 6.2 x 10-3). The two phage 

isolate 50 and 111 were not able to transduce tetracycline resistance gene. 
Data in Table 11 shows that the five phage isolates were able to transduce 
more than one marker at range from 1.73 x 10-7 to 2.3 x 10-3, so it may be 
generalized transducing phages.  
 
Table 11: Transduction by spontaneously released phages from 

lysogenic isolates. 
Phage 

 Pfu/ml (107) 
Recipient  

Cfu/ ml (109) 
Marker No. transductants Transduction 

frequency 

 37 ATC 76 = 2.72 Str 1.38 x 104 5.0 x 10-6 

 ATC 77 = 9.48 Tet 1.64 x 103 1.73 x 10-7 

7.28 ATC 87 = 1.34 Amp 1.92 x 105 1.43 x 10-4 

 ATC 114 = 6.9 Chl 6.1 x 107 8.8 x 10-3 

 43 ATC 78 = 1.6 Amp 5.3 x 103 3.31 x 10-6 

2.79 ATC 58 = 1.78 Chl 3.9 x 102 2.2 x 10-7 

 50 ATC 43 = 1.48 Str 7.88 x 105 5.32 x 10-4 

3.56 ATC 77 =9.26 Tet -  

  Chl 5.2 x 103 5.6 x 10-7 

 78 ATC 43 = 1.48 Tet 1.08 x 105 7.2 x 10-5 

 ATC 77 = 9.48 Str 4.38 x 105 4.6 x 10-5 

2.96 ATC 70 = 3.16 Amp 3.96 x 104 1.25 x 10-5 

 ATC 114 = 6.9 Chl 4.3 x 107 6.2 x 10-3 

 111 ATC 114 = 6.9 Str 3 x 103 4.35 x 10-7 

  Tet - - 

3.62  Amp 1.56 x 107 2.3 x 10-3 

 ATC 58 = 1.78 Chl 1.71 x 104 9.6 x 10-6 

 ATC 78 = 1.6 Amp 4.6 x 103 2.88 x 10-6 

 
11-Transduction by ultraviolet irradiation induced phages: 

The results of this study showed that the number of induced phage 
upon exposure to ultraviolet irradiation was increased (8.12 x 107, 3.11 x 107, 

3.78 x 107, 3.7 x 109 and 3.96 x 107 for phages 37, 43, 50, 78 and 111 
respectively) (Table 12) comparing with phages spontaneously released 
(7.28 x 107, 2.79 x 107, 3.56 x 107, 2.96 x 107 and 3.62 x 107).Taeok et al., 
(2006) found that phages that released spontaneously from Staphylococcus 
aureus , were artificially increased by adding mitomycin C. Prophage 
induction can be provoked by factors stimulating the SOS response. One 
could imagine that conditions in bioreactors stimulate the SOS response. The 
SOS induced Rec A protein triggers self – cleavage of the repressor, causing 
prophage induction (Czyz et al. 2001).  
12- Transduction by lysogenic bacterial isolates: 

The same previous lysogenic isolates were used as donor to compare 
transduction frequency  by lysogen and by lysate. Table 13 shows that no 
any isolate was able to transduce tetracycline resistance gene. Also, 
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transduction frequencies were lower upon using phage lysate. These results 
come agree with the results of Ashelford et al., (1999).  
 
 
Table  12: Transduction by induced phages by ultraviolet irradiation.  

Phage 
Pfu/ml (107) 

Recipient Cfu/ ml (109) Marker No. 
transductants 

Transduction 
frequency 

 37 ATC 76 = 2.72 Str 2.7 x 103 9.9 x 10-7 

 ATC 77 = 9.48 Tet - - 

8.12 ATC 87 = 1.34 Amp 5.1 x 103 3.8 x 10-6 

 ATC 114 = 6.9 Chl 4.3 x 104 6.2 x 10-6 

 43 ATC 78 = 1.6 Amp 1.5 x 103 9.4 x 10-7 

3.11 ATC 58 = 1.78 Chl 6.7 x 102 3.76 x 10-7 

 50 ATC 43 = 1.48 Str 3.0 x 101 2.02 x 10-8 

3.78 ATC 77 = 9.26 Str  - - 

  Tel  - - 

  Chl  3.6 x 102 8-x 10 3.88 

 78 ATC 43 = 1.48 Tet - - 

 ATC 77 = 9.48 Str 2.0 x 102 2.1 x 10-8 

37.0 ATC 70 = 3.16 Amp 1.6 x 102 5.06 x 10-8 

 ATC 114 = 6.9 Chl 5.1 x 104 7.4 x 10-6 

 111 ATC 114 = 6.9 Str - - 

  Tet - - 

  Amp 5.6 x 102 8.1 x 10-8 

3.96 ATC 58 = 1.78 Chl 1.8 x 104 1.01 x 10-5 

 ATC 78 = 1.6 Amp 1.1 x 102 6.9 x 10-8 

 
Table  13: Transduction by lysogenic isolates. 

Donor at 24h. 
(105) 

Recipient at 
24h. (105) 

Phage at  
24h. 

Recipient 
at zero 

time. (109) 
Marker 

No.  
transductants 

Transduction 
frequency. 

ATC 37= 2.37 ATC 76 = 3.11 8.7 x 104 2.72 Str 1.0 x 101 3.7 x 10-9 

ATC 37= 0.96 ATC 77 = 2.56 1.13 x 105 9.48 Tet - - 

ATC 37= 1.19 ATC 87 = 1.99 1.7 x 106 1.34 Amp 1.2 x 102 8.96 x 10-8 

ATC 37= 2.21 ATC114 = 2.6 1.46 x 105 6.9 chl 1.7 x 103 2.5 x 10-7 

ATC 43= 2.43 ATC 78 = 3.17 5.2 x 106 1.6 Amp - - 

ATC 43 = 0.24 ATC 58 = 6.99 6.5 x 106 1.78 Chl - - 

ATC50 = 9.86 ATC 43 = 1.1 2.2 x 106 1.48 Str 3.0 x 101 2.03 x 10-8 

ATC 50 = 3.56 ATC 77 = 2.13 4.6 x 106 9.26 Str - - 

    Tet - - 

    Chl 5.0 x 101 5.4 x 10-9 

ATC 78 = 3.46 ATC 43 = 9.7 8.4 x 106 1.48 Tet - - 

ATC 78 = 9.65 ATC 77 = 1.06 2.5 x 104 9.48 Str - - 

ATC 78 = 4.25 ATC 70 = 1.24 6.6 x 104 3.16 Amp 1.5 x 102 4.7 x 10-8 

ATC 78 = 3.71 ATC 114= 3.28 8.9 x 104 6.9 Chl 2.6 x 102 3.8 x 10-8 

ATC111= 3.98 ATC 114= 2.46 1.22 x 105 6.9 Str 1.0 x 101 1.44 x 10-9 

    Tet - - 

    Amp 2.2 x 103 3.2 x 10-8 

ATC 111= 4.59 ATC 58 = 6.68 1.48 x 107 1.78 Chl 2.6 x 103 1.46 x 10-6 

ATC 111= 3.98 ATC 78 = 7.39 1.33 x 107 1.6 Amp 3.2 x 103 2.0 x 10-6 
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معزولة  Pseudomonas aeruginosaدراسات وراثية ميكروبية لبكتريا 
 من الإنسان

 2ينيمحمد الحس و1محمد أبو بكر حسن يوسف، 1ممدوح كامل أمين ،1أمينة أحمد حسن
 جامعة الزقازيق -كلية الزراعة -قسم الوراثة  1
 امعة الزقازيقج -لية الصيدلةك -قسم الميكروبيولوجي 2

 
تتتاستتتمت بكتريم  تتت ت ت تت تتت ت تت تت تتالمتتتزتت لتتتكتبتتتلتااسستتت لتل  استتت تر تتت تتتPseudomonas aeruginosaت ت تتت ت تت تتتت تت تت تتت ت تت ت ت ت تت ت تت

تالتص ئصتالو اث   تتتت ت تتتت تتت ت تتالب ي ور  .تتتت تتت ت ت تت تتت
تتمتتتتات  استتتت تالبمغذرتتتت كتالالائ تتتت تلوتتتتللتال تتتت ككتو تتتت ت و تتتت كتالسمتتتت ئ ت لتيتتتت ت ت تت تتت تتت تتتتت ت ت ت تتتت ت تت ت ت ت تتتتتت تتت ت تتتت تتتت تت تت تت تتتت ت تت ت71تتتت تتت لتتتت تي ستتتتكتتتت ت تت تت ت ت ت

Prototrophsتت.تاتمر  ت تتتت تت ظوت ت لتيت تتتlysogenicity testتتت ت تت تتت ت ت ت71ت تتت لت تي ستكتتتت تتت تت تت تت,تيت تت لت تي ستكتlysogensت تتت تت تت ت تت ت تت
lysogenترفتت وتوا تت ت  تتلت لتالفتت وتالبسغذتتلتبتتلتيتت تت لتت تلتتات ستتمغ  تم ذ تت تسفتت تال  لتت تت ت ت ت تتتت ت تتت ت تت تتت تت تت تتتت تت ت ت ت تت ت تت ت تت ت ت تت تتتت تت تتتت تتت ت ت تتت تت تت تت تترستترتتت تتبتبس تتت تت ت تتت تت
تالذ سوج ل تت ت ت تت.ت ظو كتالسم ئ ت    تً لتالب ىتال وائذزتلذف ج كتالبسغذق تبلتال  ككتالذ ستوج س  تتتتت تتتت ت ت تتتتتت ت ت ت تتتت ت تت تتت تت تتتت تت تتتتتت تتتت ت تتتت تت تتتت تتتًت تتتت تتتتتتتت ت ت ت ت لتبمرت  لتيتتتت تتتتت تت تتتو ت تتتت ت

تتوصتتتذكتالسستتتر تالبئو تتت تلذبتتت ىتال تتتوائذزت لتتت ت ت تتت تتتت ت تتتت تت تتتت ت ت تت تتتت تت تتتتت تت ت56ت تتيبتتت ت تتتزتتتت%ت ت تتت ت,تالف جتتت كتالبسغذقتتت تمذق ئ تتت تًبتتتلتال تتت ك43ت ت ت تتتت ت تتتً تتتتتتت ت تت تت تتتت تت تتكتتتتتتت
تتالذ سوج س  تماتب    مو ,توي لت تذ ت تت تتت تت ت تتتت تت تتت ت تتتتت تتتت ت ت تتلف وتتتPfu/mlتتتت تت لتوصذكت لت تت تت50تتت تتتت تت ت تت تتتتتتتت.ت ت   تذتللتالف 710x  3.56ت تتت تت تتجت كتتت تت

تتتتتذت تم ذ ت تست ككت   ست  تبتلتريم  ت ت تت تتت ت تت تت تتتتت ت ت ت تت تتت تتت تتمتاتاتمر  ذت ,ت ت وتتتP. aeruginosa (PA01, PU21, MAM2)تت تت تتتت ت تتتت تتتت
50تتاسمغ عت لت  ذ تالث لتس كك.تت ت ت ت تت ت تتتتت تت تتت تتت تت تت تت

تتمتتتاتاتمرتتت  ت س ستتت  تال تتت ككتالريم   تتت تلتتتر  تالب تتت  اكتال  و تتت تياسم رموب  ستتت ل,تمم استتت يذ ل, تتت تت تت تتتتت تت تتت ت تتت تت تتتت ت ت تت تتتت تتتت ت تتتت ت تت تت ت ت تتت تتتتت ت ت ت تتتت تت تت ت تت تت تت تتتتتت
تتتتت برسذذ ل,ترس تتتت تت تتتتتتسذ ل,تيذو ابف س يو (,توي سكتال س س  تبمر  س تاتمب  اتتذ تستوعتوم ي ت تالب ت  تالت ت تتتت تت ت تت تت ت تتت تت تتتتت تت تتت تتتتتت تت تت تت ت تتتت تتت ت تتتت ت ت تتتتت تت ت تت تتت تتت  تو تويتللتتت ت تت ت تتكتتت

تتتذ تسوعتال  ل . تت ت تتتت ت تتت تتت
تتماتاتم   ت تتتت تريم  و  ج كتبلتالف جت كتالبسغذقت تبتلتال ت ككتالذ ستوج س  تل  است تمتحث  تال ت تتت6تتتت ت تتتت تتتتتت ت تت تتتت تتتت ت ت تتتتتت ت ت ت تتتت ت تت ت تت تت تتتت تت تتتتتت ت تت تت تتت تت تت تتا  تتذت تت تت تتت ت

efficiency of platingتت,تلتتات   تتظتميتتو لت تت ت تتت ت ت تتذتت ت  جتت كتال تت تتPlaquesتتتتتت ت تتتت تت ت تتت تتتا  تالبستف تت تيتت ت تت تت تتتتت ت76تت,تت6ت تتا(ت وتت تتتت
تتتتذ تال  ج تالب مف  تي ت تتت ت تتتت ت ت تتتتت ت56تت تتتتا(.ت

تتمات  اس ت    تذللتالتب ت  ج كتتذ تسق تر  تج س كتالبق وب تلذب   اكتال  و  . تت تت تتتت تتتت ت تتتت ت ت تتت تتتت تتتت تت ت تتت تتتت تت تت تت تتتت ت ت تتتتتت تتت تتتت ت تت تتتتت
تتالف جتت كت تت تتي ستتكتلوتت تالقتت   تتذتت تسقتت تج ستت كتالبق بتت تلتتنتياكسم رموب  ستت ل,تالمم استت تت78تت,ت37تتتت تت تتتتتتت تت تتت ت تتت تت ت تتتتت تت ت تتت تتتت تت تت تت ت تتت ت ت تتت تت تتتتت تتت ت تتتيذ ل,تتت تتت

تتالأبرس ذ ل,تاليذ و ابف س يو (ترسج ح. تت تتتتت ت ت تتتتت تت ت ت تت تتتتت تتتت تت ت تت
تتتتماتاسم ث لتالتب ت  ج كتتلتغ  تلتالب  بذت تر لأةت  تالفتوفترسفستج  ,تلتو ظت لتتت  ت تت تتت ت ت تتتت تت ت تتتتت ت ت تتتت ت ت ت تتتت تت تت ت تتتت تت ت تت ت تت تت تتتت ت ت تتتت تتت تت تتتت ت تتPfu/ mlتتتت

تتتتا  ا  تتتتتتتتتر لبق  س ترمذكتالبسغذق تمذق ئ  تتت تتت تت تتتت تتتتت تت تتت تت.تتتتت
تتاستتتمت بكت   تتت تًتبتتت تتتتت ككتل ستتت وج س  تل  استتت ت ت تت تتتت تتتت ت تت تتتت ت ت ت تت ت ت تتتً تتتت ت تت تت تتتو تتت تتتTransduction by lysogensت ت

تت و  كتالسم ئ ت لت تتت تتتتتتتت ت ت ت تت زتذللتال  ل ت   تبسو ت زت  لت تتتTransduction frequencyت تتت تت تتتت تت تت تتتت تتت تتتتتت تت  Transduction byت
lysates.  
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      Table  3 : Lysogenesity test of P. aeruginosa bacterial cells isolated from human.  
    Phage 

Host 
1 11 17 37 43 45 50 58 68 70 76 77 78 87 111 113 114 

ATC 1 - - - - - - - - - - - - - - - - - 
ATC 11 - - - - + - - - - - - - - - - - + 
ATC 17 - - - - - - - + - - - + - - + - - 
ATC 37 + - - - + - - - - - - - - + - - - 
ATC 43 + + + - - + + + + + + - + + + + + 
ATC 45 - - - - + - + + + - - - - - + - + 
ATC 50 - - + - - - - + - + - - - - - - - 
ATC 58 - + + + + + + - - + - + + - + - + 
ATC 68 + - - - - - + - - + - + - - - + - 
ATC 70 - - + - + + - - - - - + + - + - + 
ATC 76 - + - + + + - + - + - + + - - - + 
ATC 77 - - - + + + + + - + - - + - - - + 
ATC 78 - - - + + + + - - + + + - - + + + 
ATC 87 - - + + + + - - + + + - + - + + + 
ATC 111 - - - - + - - - - - - - - - - - - 
ATC 113 + + + + - + + + + + - + + + + - + 
ATC 114 - - - + + + - - - - - + - - + + - 

      + = Lysis.                                                       - = Not  lysis. 

 
    Table  4: Host range of released phage spontaneously from lysogen.  

    Phage 
Host 

1 11 17 37 43 45 50 58 68 70 76 77 78 87 111 113 114 

ATC  37 43 43 58 11 43 43 17 43 43 43 17 43 37 17 43 11 
ATC  43 58 50 76 37 58 45 43 45 50 78 58 58 43 43 68 43 
ATC  68 76 58 77 45 70 58 45 87 58 87 68 70 113 45 78 45 
ATC  113 113 70 78 58 76 68 50 113 68  70 76  58 87 58 
ATC    87 87 70 77 77 76  76  76 77  70 114 70 
ATC    113 113 76 78 78 77  77  78 87  78  76 
ATC     114 77 87 113 113  78  113 113  87  77 
ATC      78 113    87  114   113  78 
ATC      87 114    113     114  87 
ATC      111            113 
ATC      114             
No. lysed host  4 4 6 7 11 9 7 7 4 9 3 8 7 3 9 5 10 
% of host range 24 24 35 41 65 53 41 41 24 53 18 47 41 18 53 29 59 
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