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Table 2. Effect of 2-NP on prophage F116 induction from different lysogens 

~ 
~ 
N 
~. 

PAol F1l6 MAM2F1l6 PU21 F1l6 ~ 

Con. 
ltg/OIl Plulml 

x 10" 

plaques 

T C 
F.I I.P M.I Pfu/ml 

x 1013 

plaques 

T C 
F.I I.P M.I Pfulml 

x IOu 

plaques 

T C 
F.I I..P M.I 

~ 
~. 

Zero 0.40 40 0 I 0 0.40 40 0 I 0 051 51 0 1 0 
~ 
,~-: 

5 1.22 29 93 3.\ 0.82 + 1.32 22 110 3.3 0.92 + 1.6\ 31 130 3.2 1.10 + ~ 
10 

20 

25 

2.40 

2.98 

3,46 

36 

35 

40 

204 

263 

306 

6.0 

7.5 

8.7 

200 

2.58 

3.06 

+ 

+ 

+ 

2.45 

3.05 

3.51 

35 

51 

52 

210 

254 

299 

6.1 

7.6 

8.9 

2.05 

2.65 

2.55 

+ 

+ 

+ 

2.09 

2.53 

3.25 

42 

50 

58 

167 

203 

267 

4.) 

5.0 

6.4 

1.58 

2.02 

2.74 

+ 

+ 

+ 

~ 

~. 

~ . 
30 2.15 39 176 5,4 1.75 + 2.10 40 170 5.0 3.11 + 3.19 56 263 6.3 2.68 + 

~ 
~ 

35 

100 

1.20 

0.20 

32 

8 

88 

12 

3.0 0.80 T 1.23 

0.36 

33 

12 

90 

24 

3.1 1.70 + 1.75 

0.28 

31 

6 

144 

22 

3.4 1.24 + ~ 
~ 

140 0.08 4 4 - 0.08 3 5 - 0.05 2 3 

T: Turbid plaques 
LP. Induced phage 
+ =Fold increase> 3 

C: Clear plaques 
M.l. Mutagenic Index 
- =Fold increase < 3 

F.L Fold increase 

QO
\C 
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According to Heinemann lysogenic bacterial cells (Lee et 
(1971), any compound cause 3 fold al., 1992). 
increases in prophage induction 
than control should be mutagenic 
agent. However, concentration 
251lg/ml gave the highest fold 
increase in most lysogen strains. 
At high concentrations 100-140 
Ilg/ml, no fold increase in the 
induction mechanism was noticed. 
This might due to the toxic effect 
of high concentration of 2-NP in 
bacterial cells as shown in Table 1. 

The assay could test very small 
samples as in complex mixture 
fractionation. So this assay should 
prove useful in situations where 
sample size is limiting (Rossman 
et ai., 1991). 

When comparing this assay 
with other microbial system such 
as Salmonella Ames test, the 
concordance for the two systems 
was 71 %. However, the sensitivity 
of prophage assay in detecting 
carcinogens was 76% compared 
with 58% for Salmonella assay 
(Rossman et ai., 1991). 

Data obtained in this work 
showed that the prophage 
induction assay, to assess the 
mutagenic activity of 2-NP; is a 
rapid and convenient microbial 
sensing system based upon the 
induction of the prophage from the 

Moreover, the mutagenicity of 
many compounds might escape 
from Salmonella test, but gave 
positive mutagenic activity by 
using prophage assay. Thus, the 
prophage induction assay was 
proven to be more appropriate 
methodology than the Salmonella 
to test the mutagenicity (Vargas et 
aI., 2001). 

Moreover, the bacteriophage 
was template phage, so it produced 
only turbid plaques with 
Peseudomonas bacteria. However, 
upon treated the lysogen with 2
NP, clear plaques were formed. 
Again concentration 251lg/ml gave 
the highest number of dear 
plaques in most strains ranged 
from 267 to 306 x 1013 pfu/m] in 
prophage Fl16. 

The formation or increasing the 
rate of forming clear plaques 
appeared to be another proof to the 
mutagenic activity of compounds. 
Data in Table 3 showed the 
percentages of clear plaques that 
are formed among the whole 
number of plaques. The percent of 
clear plaques increased by 
increasing the concentration of 2
NP up to 251lg/ml followed by a 
decrease in the percentage. 
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Table 3. Percentages of clear plaques produced when lysogenic 
strains of phage Fl16 treated with 2-NP 

., 
Con. p.g/ml ......__ ~iD;.;14ys;.;;o,J;l,ge;.:n;;;;s_="":"""""o/t~o..;;o.;;.f.;;.c1~ea;;.,;ro..lpo;;la;;,;9;L;u;.;;e;;.s -:-_ 

PAoJ 1"116 MAM2 F1l6 PU21 F116 
5 
10 
20 
25 
30 
35 
100 
140 

76.2 
85.0 
88.3 
88.4 
81.9 
73.3 
60.0 
50.0 

83.3 80.8 
85.7 80.0 
83.3 80.2 
85.2 80.2 
80.9 82.2 
73.2 82.4 
66.7 82.3 
62.5 78.6 

Wild type bacteriophage F116 
seemed to be temperate phage 
since they displayed turbid plaques 
only on Pseudomonas aureginosa 
bacterial strains. The exposure of 
the prophage in the lysogen by 2
NP, might change of the life cycle 
of the bacteriophage 
lysogenic. 

from the 

Influence of 2
bacteriophage Fl16 

NP on 

Ability to form clear plaques 

Bacteriophage particles, Fl16 
were treated with 2-NP. The ability 
to produce clear plaques was 
assessed (Table 4). The number of 
clear plaques was increased 
followed by decrease in turbid 
plaques. At 251!g/ml of 2-NP, 270 

1013x clear plaques were formed 
in phages F116. However, number 
of turbid plaques was dramatically 

decreased reached to 3 x 1011 
upon using 140 f.lg/ml of 2-NP. 
These data showed that 2-NP had a 
powerful influence in the stability 
of bacteriophage F1l6 .This might 
due to the action of 2-NP on the 
viva DNA upon treated with 2-NP. 

Ability to transduce 

Data in Table 5 presented the 
transduction frequency of 
streptomycin resistance gene upon 
treated F116 bacteriophage. A 
drop in transduction frequency was 
abserved when the phages was 
treated with 2-NP. Transduction 
frequency dropped from 9.04 xl0-5 

to 1.2 X 10-6 for phage F116 upon 
using lOO,..g/ml of 2-NP. No 
transductants were detected at 
140,..glml. This decrease in 
transduction frequency might due 
to a decrease in number of 

•
 



902 Fayed) etal. 

Table 4. Ability of bacteriophage F1l6 treated with 2-NP in forming 
clear plaques 

Phage F116 
Con.lJg/ml 

T. plaques x 1013 C. plaques x 1013 

Zero 
5 

10 
20 
25 
30 
35 
100 
140 

260 x lOu 

55 X 10 13 

28 x JOn 

21 x 10 11 

18 X 1013 . 

18 X 10 13 

11 x 1013 

8 X 1012 

3 X 1011 

155 x iOn 

220 x 10" 

277 x IOu 

270 x lOu 

190 x HP 
100 x IOU 

89 X lO12 

21 X 1011 

T: Turbid plaques C: Clear plaques 

Table 5. Ability of bacteriophage Fl16 treated with 2-NP in 
transducing streptomycin resistance gene 

Phage F116 
Con. IlJg/rnl No. of transductionNo. of transductant frequency 

Zero 
5 
10 
20 
25 
30 
35 
100 
140 

3.71 X 106 

3.63 X 106 

3.51 X 106 

3.40 X 106 

2.10 X 106 

1.70 X 106 

0.90 X 106 

0.50 X 106 

9.04 X 10-5 

8.85 X 10'5 
8.56 X 10'5 

8.29 X lO'5 
5.12 X 10'5 
4.14 X 10'5 
2.19 X 10'5 
1.20 X 10'6 

Recipient cells cfu/ml == 4.10 x 1010 . 
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transducing particles that 
responsible for transduction 
mechanism when phage was 
treated with 2-NP. 

Influence of 2-NP on recipient 
strain 

Str

The recIpIent strain In 
transduction experiment (PAo I 

t
) was treated with 2-NP. Data 

in Table 6 showed that a low 
frequency in transduction was 
detected. Transduction frequency 
at zero concentration was 9.67 x 
10-5 for F116 reached up to 5.2 X 

10,6 when using 140j.lg/ml of 2
NP. This might due to the inducing 
mutants in the recipient which 
prevent any step in transduction 
mechanism because of treating the 
recipient with 2-NP. 

This agreed with Li et al., 
(2007) whereas transduction 
frequency with phage PI had been 
observed to be very low in 
Escherichia coli K12 mutants 

Using Acridine Orange as 
Positive Control 

Effect on survival percentages 

Lysogens, PAo IF116 was 
treated with acridine orange, the 
strong mutagenic agent, as positive 
control using the same 
concentrations of 2-NP. Results 
are shown in Table 7. S% was 
dropped up to 2% upon using 
100J.lg/ml of acridine orange. No 
colonies have been survived at 
140J.lg/ml. 

Table 6. Transduction frequency using treated recipient strain with 
2-NP 

Phage F116 
Con. IlJg/ml 6 Transduction 

Transductant x10 frequency 

Zero 3.87 9.67 x 10-5 

5 3.12 7.80 x 10"5 
10 3.10 7.75 x 10-5 

20 3.01 7.52 X 10,5 
25 2.34 5.85 x 10-5 

30 2.11 5.27 x 10-5 

35 1.99 4.97 x 10-5 

100 0.41 1.02 x 10-5 

140 0.21 5.20 x 10-6 

Transduction frequency was calculated per recipient counts at zero 
concentration (4.0 x 1010 cfu/rnlJ . 
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Table 7. Survival percentages of lysogen PAoU'116 treated with acridine 
orange 

PAolF116 
Con .ofAO 

cfn / mL x 1013 S% K%
/lg/ml
 
Zero 4.90 100 0
 

5 4.35	 88 12 

10 4.00	 81 19 

20 3.59	 73 27 

25 3.20	 73 27 
30 2.90	 70 30 

35 2.00 48 52
 

100 0.10 2 98
 
140	 

IS% : Survival percentage. K% : Killing percentage. 

Effect on prophage induction	 Using Vitamin E as Negative
 
Control
Data in Table 8 showed the 

effect of acridine orange in the Effect on survival 
induction of prophage, F116. All Vitamin E had no toxic effect 
the concentration used in this study on the survival of lysogenic
ihad a mutagenic activity in bacterial cells PAo1F116 (Table
prophage induction. When 10).
comparing these results with those 
showing the effect of 2-NP, it is Effect on prophage induction 
clear that 2-NP had a mutagenic Table 11 showed the influence
 
and toxic response.
 of vitamin E on prophage
 

Effect on transduction induction process. No mutagenic
 
activity was observed with the
 

Data in Table 9 exhibited the used concentrations. SC1ence M.I.
effect of treated phage particles was less than 3. Moreover, no clear 
and recipient cells on transduction plaques were detected. So, vitamin 
process. Number of transductants E played a role, protecting
and subsequent!y transduction bacterial DNA to be damaged.
frequency were affected when There for, vitamin E might be used
treated with acridine orange. This as antioxidant agent. 
due to the mutagenic activity of
 
acridine orange.
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Table 8. Effect of acridine orange in induction of prophage F1l6 

Con .of F116 

AO 
l1g1ml 

Pfulml x 
1013 

Plaques 

T C 
F.I I.P M.I 

Zero 
5 

10 

20 
2S 
30 
35 
100 
140 

0.43 

1.88 

2.73 

3.20 
4.00 
2.80 
1.72 
1.31 

43 

23 
43 

20 
31 

14 

15 

5 

0 

165 
230 

300 

369 

266 

157 

126 

1 
4.4 

6.3 
7.4 

9.3 
6.5 

4.0 

3.1 

o 
1.45 

2.30 
2.77 

3.57 

2.37 
1.29 

0.88 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

T: Turbid plaques C: Clear plaques P.l. Fold increase 
LP. Induced phage M.L Mutagenic Index 
+ =Fold increase> 3 -=Fold increase < 3 

Table 9. Transduction by phage F116 and recipient cells treated 
with acridine orange 

Con Pfu 
Cfo Iml No. of

.of 100 Transduction
T C recipient TransductantAO x frequency

x 1012 
X 106 

ptglml 1013 

Zero 3.60 360 0 4.13 3.91 0.95 
5 2.23 63 160 3.61 4.20 1.16 

10 1.74 40 143 3.12 4.73 1.51 
20 1.23 28 95 2.64 4.63 1.75 
2S 1.00 19 81 2.22 4.10 1.85 
30 0.90 20 70 1.97 3.22 1.63 
35 0.54 11 43 1.54 2.00 1.29 
100 0.16 4 12 0.70 0.54 0.77 
140 

T: Turbid plaques C: Clear plaques 
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Table 10. Effect of vitamin E on survival of bacterial lysogenic cells 

PAoJF1l6 
Con .of Vitamin 

E cfn / mL x 1013 S% K% 

Zero 
5 
10 
20 
25 
30 
35 
100 
140 

4.90 
4.94 
4.94 
4.96 
4.95 
4.99 
5.04 
5.09 
5.13 

100 
100 
100 
101 
101 
102 
103 
104 
105 

o 
o 
o 

S% : Survival percentage. K% : Killing percentage. 

Table 11. Effect of vitamin E on prophage induction process 
F116 

Con. of PlaquesPfu/ml x vitamin E I.P M.IF.I1013 
T C 

Zero 0.40 + I 0 

5 0.43 + 1.1 0.03 
10 0.46 + 1.2 0.06 
20 0.48 + 1.2 0.08 
25 0.51 + 1.3 0.11 
30 0.53 + 1.3 0.13 
35 0.56 + 1.4 0.16 
100 0.60 + 1.5 D.20 

140 0.63 + 1.6 0.26 

T: Turbid plaques= + C: Clear plaques= - F.I. Fold increase 
I.P. Induced phage M.l. Mutagenic Index 
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Effect on transduction 

Table 12 ill ustrated the 
influence of vitamin E in

" transducing streptomycin 
resistance gene using treated 
phage. No decrease in transduction 
frequency was observed, however, 
an enhancement in number of 
transductants was detected. 

Effect of Manufactured Fruit 
Juice 

Orange and guava JUIces 
products of Juhayna manufactory 
were chosen in this study. To 
evaluate the mutagenic activity of 
the manufactured fruit juices, 
25Jlg/ml of 2-NP was added into 
each concentration of the juice. 
Data in Tables 13 and 14 showed 
the survival of lysogen up on 
adding the 2-NP. 

The S% ranged between 91-92 
% upon using the two juices. 
However, Tables 15 and 16 
showed the anti-mutagenic 
properties of fruit juices in 
prophage induction. 

No mutagenic activity was 
observed. Fold increase than 
control was less than 3 F.I. at 102 
Jlg/ml of the juice ranged from 1.3 
to 1.4 only. 

Transduction frequencies using 
bacteriophage are shown in Tables 
17 and 18. NO remarkable 
enhancing in numher of 
transductants was detected. These 
results showed that manufactured 
fruit juices had no mutagenic 
activity and could be used as 
antioxidant agents. 

Table 12. Effect of vitamin E on transduction using F116 phage 

Con .of 
Pfu ImlVito E T Cx 1013 

ltg/mt 
Zero 3.60 + 

5 3.63 + 
10 3.65 -+ 
20 3.65 + 
25 3.66 + 
30 3.66 + 
35 3.68 + 
100 3.69 -+ 
140 3.69 -+ 

T: Turbid plaques =+ 

No. of
Cfu/ml Transduction

Transductant 
X 1012 frequency

x 106 

4.13 3.87 
4.14 3.89 
4.15 3.91 
4.17 4.00 
4.17 4.09 
4.19 . 4.12 
4.21 4.21 
4.23 4.47 
4.32 4.80 

C: Clear plaques =

0.93 
0.93 
0.94 
0.95 
0.98 
0.98 
1.00 
1.05 
1.11 

i 
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Table 13. Survival percentages upon adding 2Splg/ml of 2-NP to 
different concentration of juhayna orange juice 

Con. Of vita. C in PAoIF1l6 
orange juice 

/!g/ml. du / mL x 1013 S% K% 

Zem 4.90 100 0 

17 4.85 98 2 

34 4.80 98 2 
51 4.71 95 5 

68 4.68 95 5 

85 4.61 94 6 

102 4.50 92 8 

S% : Survival percentage.
 

K% : Killing percentage.
 

Table 14. Survival percentages upon adding 2Sp.1g/ml of 2-NP to 
different concentration ofjuhayna guava juice 

Con. of vita. C in PAoIF1l6 
GuavaJ·uice ---------------- 

(lg/ml. cfu / mL x 1013 S % K % 

Zero 4.90 100 o 
17 4.82 98 2 

34 4.71 96 4 

51 4.66 95 5 

68 4.65 95 5 

85 4.60 94 6 

102 4.52 92 8 

S% : Survival percentage. 

K % : Killing percentage. 
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Table 15. Anti-mutagenic activity of juhayna orange juice in 
prophage induction assay 

Fll6 

Con. Of vita. 
C in orange Pfu/m) x 1013 F.I I.P M.I.. 
juice ~g/ml. 

Zero 

17 

34 

51 

68 

85 

102 

0.40 

1.04 

1.03 

0.90 

0.89 

0.68 

0.56 

1 

2.6 

2.5 

2.2 

2.2 

1.7 

1.4 

o 
0.64 

0.63 

0.50 

0.49 

0.28 

0.16 

F.l. Fold increase I.P. Induced phage M.l. Mutagenic Index
 
- = Fold increase> 3
 

Table	 16. Anti-mutagenic activity of juhayna guava juice in 
prophage induction assay 

1'116 

COli. of vita. C 
in Guava juice Pfu/ml x 1013 F.I I.P M.I 

ttglml. 

Zero 0.40 o 
17 1.05 2.6 0.65 

34 1~1 2.5 0.61 

51 0.97 2.4 0.57 

68 0.85 2.1 0.45 

85 0.63 1.6 0.23 

102 0.51 1.3 D.ll 

F.l. Fold increase J.P. Induced phage M.l. Mutagenic Index 
- = Fold increase> 3 

• 
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Table 18. Transduction frequency upon adding 25p.1g/ml of 2-NP to 
different concentration ofjuhayna guava juice 

Con. of 
Cfu / ml No. of

vita. C in Pfu / ml Transduction
recipient transductant

Guava F116 x 1013 frequency
x 1012 X 106 

juice
 
llglml.
 

Zero 3.60 4.13 3.86 0.93
 

17 3.60 4.13 3.89 0.94 

34 3.62 4.16 3.86 0.93 

51 3.63 4.17 4.00 0.96 

68 3.63 4.18 4.00 0.96 " 
85 3.65 4.21 4.10 0.97
 

102 3.65 4.22 4.10 0.97
 

•
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