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ABSTRACT 
 

Genetic improvement program was carried out to improve β-galactosidase enzyme production using 
selective strain, induction mutation with UV & Tn5 transposon through transconjugation.. Nearly 500 mutants 
were isolated after UV treatment for 1, 3, 5 and 7 min. Mutants differ in their β -galactosidase activity between 
active and inactive producers. The highest percentage of Beta-galactosidase producing mutants number were 
obtained after 5 min. (94%), followed by 3 min isolates with 83%,. M33 was the best producer mutant. It was 
isolated after UV treatment for 5 min. It produced nearly threefold (283%) more than UV treated strain. After 
the UV treatment as a first step of improvement, Transconjugation was carried out as a terrier for second step of 
Beta-galactosidase production improvement. Donor strains carrying suicidal plasmid were mobilized to m3, 
m30 and m40 as recipient mutants by transconjugation to introduce Tn5 transposon as a mutagen. Fifteen 
transconjugants were selected, None of them success to produce Beta-galactosidase more than any of their 
parental. Genomic environmental interaction or the optimum condition for β-galactosidase production by the 
selective new genomic (higher producer mutants) were studied. The effect of different lactose concentrations (5, 
10 and 15 g/l) on Beta-galactosidase production was tested. It was clear that, the best producer mutants proved 
their maximum production when 10 g/l lactose was used. All tested mutants showed its maximum β-
galactosidase production at 35°C and also at pH 7. The effects of five different salts (MnCl2, MgCl2, CaCl2, KCl 
and NaCl) in β-galactosidase production were studied and NaCl proved to be the most effective tested salt on 
enzyme production. The relation between free glucose after lactose hydrolyses and β-galactosidase production 
was also studied and there is a positive relation between β-galactosidase and free glucose. The best β-
galactosidase producer mutant was M3, it produces nearly threefold more than wild type. But it showed only 
two fold of free glucose more than wild type.  
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Introduction 

 
β-galactosidase is encoded by the lacZ gene of the lac operon in E. coli and composed of 1024 amino acids. 

In E. coli, the biologically active enzyme exists as a tetramer of four identical subunits β -galactosidase 
catalyzes the hydrolysis of Beta-galactosides at an optimal pH of 7.2. The natural reaction catalyzed by Beta-
galactosidase is to hydrolyze the disaccharide lactose to galactose and glucose. Although it has fairly strict 
specificity at the galactosyl position, it is adept at hydrolyzing Beta-D-galactopyranosides with a wide variety of 
glycols with divergent chemical composition (Mariotti et al., 2008 and Gong, et al., 2009). 

The lactose hydrolyzing enzyme, β -galactosidase facilitates the reaction between the disaccharide 
molecules (Lactose) and water, thereby cleaving the oxygen bridge resulting in the production of two simple 
sugars (Glucose and Galactose). The enzyme has many application in food science including: Low lactose dairy 
product,  Low lactose yogurt, Sweetened yogurt, Low lactose concentrate for ice cream,  Lactose processing of 
acid and sweet whey, Food syrups and sweetner manufacture, Lactase treatment during cheese (Shukla, 1975). 

β-galactosidase has been widely used for industrial as well as medical application.  In dairy industries, β -
galactosidase has been used to prevent crystallization of lactose, to improve sweetness and to increase the 
solubility of the milk product for lactose-intolerant people and the production of galacto-oligosaccharides for 
use in probiotic food stuffs (Kara, 2004; Gaur et al., 2006;  Maksimainen et al., 2011 and Guerrero, et al., 
2013).  It is also important for the utilization of cheese whey, which would otherwise be an environmental 
pollutant. The transglycosylation activity has been used for the synthesis of galacto-oligosaccharides (GOS) and 
galactose containing chemicals (GCC) in recent years (Akcan, 2011). 

Some people cannot tolerate and digest lactose due to the lack of β -galactosidase  in  their  intestine. 
Consuming milk and dairy products by these people leads to cramp, flatulence, vomiting, etc.. So one valuable 
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source of food would be unavailable for more than half of the people in the world due to lactose intolerance. 
Since  lactose  intolerance  is  affecting  a  large portion of  the people  (up  to 50 million  in USA),  a  cheap  
source of beta-galactosidase  for  effective  production of lactose-hydrolyzed dairy products has a substantial 
potential (Jelen and Kalab, 2001). 

Several investigators used UV as physical tool for induction of mutation in prokaryotes cyclobutane 
pyrimidine dimers and pyrimidine-pyramidone or photoproducts are most important premutational DNA lesions 
induced by UV radiation. 

Other lesions, such as DNA strand breaks and thymine glycols are also induced by UV treatment 
(Brockrath et al., 1987). 

Other investigators such as (Ashour et al., 1995) used ultraviolet radiation to manipulate the efficiency of S.  
rimosus  as a biofungicide for the biocontrol of some plant pathogenic fungi where they obtained a mutant strain 
has an antifungal productivity reached to 187.5% compared with the wild type strain. Under the same objective, 
(Khalil 2003) succeed to improve Photorhabdus sp. as an insect pathogenic bacterium associated 
Heterorhabditids nematode and isolated a mutant strain exceeding the potency of wild type by 125%. 

On the other hand, bacterial conjugation is the most widespread mechanism and the one that contributes 
most to the horizontal DNA propagation in the prokaryotic world (Cruz and Davies, 2000). When the genes of a 
donor bacterium recombine with the genes of recipient bacteria, the recombinant produced has a new genetic 
makeup, not completely like either parent, making it possible for the new cell to live in environments different 
than those in which either parent can survive (Liosa and Cruz, 2005). 

Willets (1972) reported that conjugative plasmids possess (tra) genes that specify and/or control the 
synthesis of appendages termed donor pili besides the locus bom (basis of mobility). This locus contains the 
transfer origin site (ori T), where conjugative transfer of the plasmid or chromosomal DNA begins as reported. 

 
Materials and Methods 

 
1. L.B. Broth (Laura Bertani Broth) is used for the growth, maintenance and fermentation of Escherichia 

coli strains used in molecular microbiology procedures. 
 L.B. Broth, is nutritional rich medium designed by Miller for growth of pure cultures of recombinant 

strains (Bertani,G. 1951). 
2. Macconkey Agar medium is a ready medium from (SRL) India-Fulka-biochemika Macconkey agar 1 

70143 -500 g. This medium used for differentiate between E. coli strains that lactose-fermenting and others 
were non-lactose fermenting. This type of media is very efficient in detecting strains with (lac z) and (lac A) 
which encoding β-galactosidase and lactose permease enzymes, respectively (Mazura-Reetz, et al., 1979). 
 
M9 minimal medium: 

 
This medium used for detection the strains which can be grown on the minimal medium with lactose as 

only carbon source and this ability due to its β galactosidase activity and composed of  12.8  g Na2Hpo4, 3 g 
KH2po4, 0.5 g Nacl, 10 g NH4cl, 20.0 g Agar 0.49 g Mgso4.7H2o, 0.015 g Cacl2.2H2o, 0.01 g Feso4.7H2o, 0.01  g 
Thiamine and 2 g Lactose per liter (Sam brook, et al.,1989). 
 
Bacterial strain: 

 
Escherichia coli (Kepes ML308- lac I-Z+Y+A+) NCIMB 9553 and UV mutants were grown overnight in 

L.B. medium supplemented with lactose solution with different concentrations (5%, 10%, 15% and 20%) at  
incubator shaker at 37oC., until the turbidity reach 1.26 O.D.600 then centrifuge to remove medium components 
and cell pellet re-suspended in 1 ml 0.85 Nacl buffer in a new eppendorf for assay of enzyme activity 
colorimetrically by ONPG method. 
 
Enzyme assay: 

 
β-galactosidase activity was determined using o-nitrophenyl β-D-galactopyranoside (ONPG) as a substrate. 

Unless otherwise specified, β-galactosidase activity was assayed at 40°C by incubating 20 μL of suitably diluted 
enzyme with 480 μL of 22 mM o-nitrophenyl β-D-galactopyranoside (oNPG) in 50 mM phosphate buffer pH 
6.5 as the substrate for 15 (Volkin and Klibanov 1989).The reaction was stopped by adding 750 μL of 0.4 M 
Na2CO3 and the o-nitrophenyl (ONP) released was determined by reading the increase in absorbance at 420 nm. 
One unit of β-galactosidase activity (U) was defined as the amount of enzyme releasing 1 μmol of ONP from 
ONPG per minute under the given conditions (Kara, 2004 and Princely, et al., 2013). 
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Ultraviolet (UV) Treatment:  

 
Cells suspension of over night culture was exposed to Ultraviolet Irradiation (UV) at a distance of 20 cm 

for 1, 3, 5 and 7 minutes. Philips T-UV-30W lamp type number 57413 p/40 was used. After irradiation the 
treated suspension was protected from light for 1h. One-ml from treated cells with suitable dilution were plated 
on LB.  
 
Bacterial Transconjugation: 

 
Overnight cultures of donor and recipient strains were diluted 50-fold in LB liquid medium. Both strains 

were incubated at 37 ºC with shaking to O.D. 0.40-0.60 at 600 nm. Donor and recipient cultures were combined 
in a ratio of 1:10 (v/v).. Transconjugants were selected on medium supplemented with Kanamycin (Kmr) and 
Neomycin (Nmr).  

 
Results: 

 
Induction of mutation using ultraviolet irradiation (UV): 

 
Strain NCIMB 9553 treated with UV for 1, 3, 5 and 7min. The UV treated plates should be incubated at 

least for one hour in dark place to avoid light re-activation of DNA which performed by the bacterial cells. 
Mutants were selected on Macconkey agar, Laura agar and M9 minimal medium supplemented with lactose 
(Table 1). 

 
Table 1: Growth of survival colonies isolated after UV treatment on different Agar media (L.B., Macconkey and M9 minimal-lactose) 

U.v. exposure time in 
minutes 

Colonies  numbers on different  Media 
Total numbers of colonies L.B. Macconkey M9+ lactose 

+ ++ +++ + ++ +++ + ++ +++ 
1 8 14 - - 11 12 15 4  64 
3 5 41  7 22 5 35  16 131 
5 15 17  16 10 27 54 2  141 
7 40 51  26 24 36 41 41  259 

+++ : high growth  diameter 
+ :  small growth diameter ++ : medium growth  diameter 

 
Results presented in Figure (1) showed that, the surviving rate for the cells is decreased with the time of 

UV exposure increased. So, the maximum surviving rate was after 0 min treatment (control). Survival 
percentage of the treated strain dropped from 100 % at zero time to 7.05 % after 1-min treatment. Survival 
percentage after 3-min UV irradiation was decreased to 6.17 % while it was 2.38 % after 5 min. of UV exposure 
times. In addition, a clear drop in survival percentage was detected, when cells were treated with UV for seven 
min., it reached to 1.69 %. 

 

 
 

Fig. 1: Survival percentage of the selected E. coli strain after UV-irradiation treatment for 1, 3, 5 and 7 min. 
 
After strain NCIMB 9553 was treated with UV; 500 mutants were isolated after treatment   for 1, 3, 5 and 7 

min. Genetic variations in the colonial characteristics and enzyme activity were detected. The Mutants which 
isolated after UV treatment differ in their Beta-galactosidase activity between active and inactive producers. The 
highest percentage of β-galactosidase producing mutants number were obtained after 5 min. treatment with it 



4812 
J. Appl. Sci. Res., 9(8): 4809-4822, 2013 
 
reached 94% of the all isolates of 5 min., followed by 3 min isolates with 83%,. Percentage of active β s-
galactosidase producing mutants number were isolated after 7 min. with 76 % while the lowest percentage of 
active β-galactosidase producer isolates were 56% after 1 min, treatment, Figure (2).  
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Fig. 2: Active and inactive Beta-Galactosidase producer mutants which isolated after UV treatment for 1, 3, 5, 
and 7 min, (UV-1, UV-3, UV-5 and UV-7). 
 

Selection of Remarkable Beta-galactosidase producer Mutant(s): 
 
After UV treatment, 500 mutants were isolated and tested for their ability grow on presence and absence of 

lactose as sole carbon source using three different media, L.B., Macconkey and M9 + lactose agar plats., Table 
2.About 44 mutants were selected and tested for their ability to produce β-galactosidase production using L. B. 
+ 10% lactose liquid medium. β-galactosidase activities were measured using o nitrophenyl- Beta -D-
galactoside (ONPG) colorimetric assay.   

Out of 44 mutants were selected, eight mutants showed their β-galactosidase maximum production after 24 
hours of incubation, which represent 18.2 % of  all tested mutants. While 17 mutants proved their maximum 
productivity after 48 hours and represent 38.6 %. Ninteen mutants out of 44 reached their β-galactosidase 
maximum productivity after 72 hours of fermentation with precentage 43.2 %. 

Moreover, 11 of tested mutants (about 25 %) showed a lower β-galactosidase production than the treated 
wild type strain, While 33 (about 75 %) different mutants prove to produced β-galactosidase more than wild 
type of all seslcted mutants, Figure (3). More than 18 (40.9%) of  all seslcted mutants showed β-galactosidase 
over production more than  150%  compered with WT. Only five mutants (11.3%) prove to be the best β-
galactosidase producer mutants, they produed more than 200%  compered with WT. Mut33 Mutant proved to be 
the best β-galactosidase producer. It produse more than 283% compered with UV treated strain (WT). 
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Fig. 3: Beta-galactosidase maxmium production ranges of 44 mutants as percentage compared with (WT)  
            production.  
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Bacterial Transconjugation: 

 
After the UV treatment as a first step of improvement, Transconjugation was carried out as a terrier for 

second step of β-galactosidase production.   
The transposon must be introduced into its new host and cells for Tn insertion mutations in the genome of 

bacteria. These objectives are achieved by the use of the so-called suicide vectors with stable replication or 
integration. After introduction of the suicide vector withTn5 DNA molecule into the cell, selection for one or 
more of the antibiotic resistance markers on the Tn element leads to the identification of cells in which the 
element has transposed from the vector into the genome. 

One strain (13), which carrying suicidal plasmid was used as donors. Suicidal plasmids were mobilized to 
m3, m30 and m40 as recipient strains by transconjugation to introduce the transposon  Tn5 .  Tn5  as a mutagen 
can lead to the appearance of different kinds of mutation.  

Transconjugants were carried out on medium supplemented with Kanamycin (Km) and Neomycin (Nm). 
Negative controls were prepared by plating donor and recipient strains separately on selective medium. 
Kanamycin-resistant transconjugants colonies were picked and characterized.  

Selected transconjugants were tested for their ability to grow in the present of lactose as a sole carbon 
source to prove its β-galactosidase production. Also transconjugants were grown in fermentation liquid medium. 
ONPG were used to assay β-galactosidase production.  

Two transconjugants (k133 and k136) out of fifteen showed their maximum Beta-galactosidase productivity 
after 24 hours which reflect the same behavior of their parental mutants (Recipient m3 and m40). While nine 
transconjugants in addition to their parental strain (Recipient m30) prove their maximum β-galactosidase 
productivity after 48 hours. Only three transconjugants (k143, k181 and k182) show the same behavior of wild 
type. They prove maximum β-galactosidase productivity after 72 hours   Table (2). 

Twelve transconjugants (80% of transconjugants) lost their β-galactosidase productivity after 72  hours. The 
highest transconjugant in its β-galactosidase productivity was (k183) and reaches its maximum productivity 
after 72 hours with percent 78.8% when compared with wild type and represent 44.6% when compared with its 
parental strain (m3). Unfortunately, none of transconjugants success to produce β-galactosidase more than any 
of their parental (Recipient m3, m30 and m40) or the original strain (wild type). 

 
Table 2: The enzyme activity per 72 hours for isolated transconjugants and their parents compared with WT. 

isolates Enzyme activity Relative as percentage to W.t. 
24 h. 48 h. 72 h. 

k133 8.4 ± 0.01 6.3 ± 0.02 - 
k135 7.1 ± 0.07 9.1 ± 0.4 - 
k136 7.9 ± 0.09 6.7 ± 0.06 - 
k139 3.5 ± 0.4 7.5 ± 0.01 - 
k141 8.3 ± 0.04 10.7 ± 0.07 - 
k142 8.3 ± 0.02 10.3 ± 0.03 - 
k143 6.3 ± 0.4 9.9 ± 0.07 70.5 ± 0.02 
k146 9.5 ± 0.01 13.1 ± 0.01 - 
k152 9.9 ± 0.03 15.1 ± 0.02 - 
k156 9.9 ± 0.02 13.5 ± 0.01 - 
k168 9.9 ± 0.06 9.9 ± 0.03 - 
k170 10.3 ± 0.2 10.7 ± 0.03 - 
k181 7.9 ± 0.03 8.3 ± 0.08 - 
k182 10.7 ± 0.1 13.9 ± 0.07 41.8 ± 0.07 
k183 6.3 ± 0.03 13.9 ± 0.03 78.8 ± 0.04 
Donor 13 0.43 ±0.07 - - 
Recipient m3 168.1  ±0.1 84.4 ± 0.08 79.6 ± 0.06 
Recipient m30 105.9 ± 0.1 150.5 ± 0.2 124.3 ± 0.2 
Recipient m40 129.4 ± 0.2 82.4 ± 0.07 48.2 ± 0.4 
W.t. 68.1 ± 0.1 81.2 ± 0.4 100 ± 0.07 

 
Suicidal plasmid strains were mobilized to recipient E. coli strains by transconjugation to introduce the 

transposon  Tn5 .  Tn5  as a mutagen which lead to the appearance of different kinds of mutation. Kanamycin-
resistant conjugants were selected. Transconjugant  colonies were picked and characterized.  

 
The effect of different lactose concentrations on the Beta-galactosidase production: 

 
The effect of different concentrations of lactose in Beta-galactosidase production was studied. Nine selected 

mutants were grown in L.B. medium supplemented with 5 g lactose. Only one mutant (M3) showed its 
maximum production after24 hours of incubation. At 48 hours, 4 mutants approved their higher productivity. 
About 55.5% of the mutants (5 mutants) reached their maximum production after 27 hours. However, 6 mutants 
were lower producer than wild type when 5 g lactose were supplemented to L.B.  Three mutants which represent 
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33.3% were higher producer than wild type. M3 produced remarkable Beta-galactosidase; it produces 110% 
compared with wild type production (Fig. 4). 
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Fig. 4: The enzyme activity of the selected mutants and W.T. on L.B. supplemented with 5 g/L lactose. 

 
Moreover, 10 g of lactose were supplemented to L.B. to determine  the ability of nine selected mutants. 

Three different mutants reach their maximum production after 24 hours of incubation and the same number of 
mutants showed their maximum production after 48 hours and three mutants for 72 hours also. 

The nine selected mutants proved that they were the higher producer mutants. All of them were higher 
producer than wild type. None of them were lower than wild type in their Beta-galactosidase production when 
10 g of lactose were used. 

However, 6 mutants showed 150% over production than wild type. Moreover, 2 mutants produced two fold 
more than wild type. The best producer mutant was M 44. It produced (295.2 %) compared with wild type when 
10 g of lactose was supplemented to L.B. (Fig. 5). 
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Fig. 5: The enzyme activity of the selected mutants and W.T. on L.B. supplemented with 10 g/L lactose. 

 
One mutant showed maximum production after 24 hours when 15 or 20 g of lactose were supplemented to 

L.B. Two mutants get their maximum production after 48 hours in 15 or 20 g lactose. After 72 hours, six 
mutants proved maximum production when 15 or 20 g lactose were used. When 15 or 20 g of lactose were used, 
3 mutants were lower producers and 6 were higher producers than wild type. The highest producer mutant was 
m6 with 15 g of lactose and m3 when 20 g of lactose was used, they produced 171 and 110 % compared with 
wild type respectively (Fig. 6 and 7). 
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Fig. 6: The enzyme activity of the selected mutants and W.T. on L.B. supplemented with 15 g/L lactose. 
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Fig. 7: The enzyme activity of the selected mutants and W.T. on L.B. supplemented with 20 g/L lactose. 
 
M3 proved to be the best producer mutant when 5 and 20 g of lactose were used. The best mutant on all 

lactose concentrations was (m44) which produce 3 fold more than wild type. It was in (LB + 10 g/l) lactose 
medium, after 24 hours of incubation. This concentration was the optimal or the/best concentration of lactose for 
all tested mutants. For example m3 which produce remarkable β-galactosidase in 5 and 20 g of lactose, 110% as 
wild type for both concentrations; It produced two fold more than wild type when 10 g of lactose was used. 
Another example, m6 which produce remarkable β-galactosidase when 15 g/l of lactose (171% as wild type), it 
produce two fold more than wild type with 10 g/l lactose (Fig. 8). 
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Fig. 8: β-galactosidase production by 9 remarkable mutants and W.T. using L.B. supplemented with diffirent  
            concentration of lactose 5. 10. 15 and 20 g/L. 

 
Effect of Whey and Skim milk byproducts in Beta-galactosidase production: 

 
The effect of whey and skim milk as byproducts in β-galactosidase production was studied. Ten different 

remarkable mutants were used. Mutants were growing in agar plates contain whey or skim milk. Two mutants 
(K2 and K3) showed nearly the same growth diameter like wild type and three other mutants (K1, 13 and 8) 
were lower growth diameter than wild type, when whey was used. Five mutants were higher in growth than wild 
type when whey was used. M3 showed nearly two times more than wild type in growth diameter. 

Seven mutants were less in growth diameter than wild type when skim milk was used. However, only three 
mutants showed slightly increase in their growth diameter than wild type. Only three mutants were higher in 
growth diameter than wild type, they were less than 125% of wild type. Whey was more effective in mutants’ 
growth than skim milk (Fig.9). 

Lactose is one of whey components, (61 -63%), β-galactosidase production has a role in growth by 
degrading lactose to glucose and galactose which effect in growth, Other whey components enhancement the 
growth. 

 

 
 

Fig. 9: Growth diameters of some higher producer mutants on skim milk and whey agar plates for 24 hours. 
 

Determination of Glucose resulted from lactose hydrolysis: 
 
Lactose hydrolyzed by β-galactosidase enzyme to glucose and galactose. Enzyme breaks down glycosidic 

linkages between glucose and galactose sugar. Glucose was measured as inductor to the beta-galactosidase 
activity and production.  

Nine mutants with wild type were tested for their β-galactosidase productivity with the release to free 
glucose, which resulting from lactose hydrolysis. Mutants were grown on L.B and free glucose was calculated in 
relation to standard curve of glucose (Fig. 10). 
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There is a positive relation between β-galactosidase and free glucose. Mutants k4, k6, k37 and 39 were 
lower β-galactosidase producer than wild type, in the same time they were showed lower free glucose amount 
less than wild type. M13 showed nearly the same level of wild type production either β-galactosidase or free 
glucose. Four mutants out of ten produced 150% Beta-galactosidase more than wild type, while they produced 
free glucose less than 120% of wild type. However mutants differ in their glucose require which effect on the 
residual glucose.   

The best β-galactosidase producer mutant was m3, it produce nearly three fold more than wild type. But it 
showed only two fold of free glucose more than wild type (Fig. 11). 

 

 
 

Fig. 10: glucose standard curve 
 

 
 
Fig. 11: Beta-galactosidase production and free glucose released after Lactose hydrolysis by selected mutants as  
              percent compared with Wild type.   

 
Effect of five different solutes in β-galactosidase production: 

 
The effects of five different salts (MnCl2, MgCl2, CaCl2, KCl and NaCl) in Beta-galactosidase production 

were studied. 
When Mgcl2 was used, all mutants produced more β-galactosidase productivity than wild type except one 

mutant (m44). M4 showed two fold more than wild type. 
Two mutants (M30 and M44) were fewer producers than wild type when Mncl2 salt was used, while three 

mutants were higher producers than wild type. Three mutants (M3, M4 and M30) showed β-galactosidase 
activity more than two times than wild type. Two of them (M3 and M4) produced more than 250% of wild type. 

Only one mutant (M30) showed the same wild type productivity when Cacl2 was used. Two mutants were 
lower producers than wild type and also two were higher producers.  

Kcl salt was used and (M44) was lower producer than wild type. All other mutants were higher producers 
than wild type. M3 showed two times more than wild type. 

Four mutants were higher producers than wild type when Nacl was used. Only one mutant (M44) was the 
lower producer than wild type. 

However, Mncl2 showed less effect on β-galactosidase production, Mgcl2 and CaCl2 showed medium effect 
on enzyme production. KCl solute showed remarkable effect on enhances enzyme production (Fig. 12). 

Nacl proved to be the most effective tested salt on β-galactosidase production, it increase all mutants’ 
production including wild type compared with other tested salts. 
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Fig. 12: effect of five different solutes in β-galactosidase production using five selective mutants and W.T. 

 
Optimal conditions for the enzyme activity: 

 
Different  PH: 

 
Beta-galactosidase production at different pH, 3, 5, 7, 8 and 9 were measured using 3 mutants in addition to 

wild type. 
None of tested cultures showed any β-galactosidase production when pH 3 was used. In pH 5 and 9, all 

tested cultures showed lower activity of β-galactosidase compared with wild type in optimum condition (pH7). 
M30 was lower producer with pH 8 than wild type, while m3 and m34 were higher producers than wild type in 
optimum condition (pH7). Only m3 showed their maximum production (191%) at pH8. It was clear that pH 7 
was the optimal pH for β-galactosidase production. 

M30 and M34 showed their maximum production at pH 7, (154 and 244%) respectively (Fig. 13). 
 

 
 

Fig. 13: The enzyme activity of the selective mutants and W.T. at different pH. 
 

Temperature: 
 
Five different temperature degrees 5, 25, 35, 45 and 55°C were used. At 5°C and 55°C, none of mutants 

showed β-galactosidase production more than wild type except m30 at 5°C; it produced 104% more than wild 
type at their optimum temperature. 

When 25°C temperature was used, all the mutants were higher producers than wild type, but none of them 
showed its real level of production. The same result was obtained when 45°C temperature was used. Only 
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mutant 30 showed nearly the same level at 35°C (266%) and (248%) at 45°C of its production. All tested 
cultures showed its maximum production at 35°C temperature (Fig. 14). 

 

 
Fig. 14: The enzyme activity of the selective mutants and W.T. at different temperature. 

 
Discussion: 
  

β-galactosidase is an enzyme that splits lactose into glucose and galactose, it is encoded by the lacZ gene in 
the lac operon of the bacterium E. coli.  An operon is a group of linked genes that are transcribed together, often 
producing a single message which is then translated into several proteins. The operon structure and the 
“polycistronic” message allows prokaryotes to coordinately regulate genes that share a common function. In E. 
coli, three genes that code for enzymes involved in lactose metabolism, β-galactosidase (lacZ), permease (lacY) 
and transacetylase (lacA), are produced by the lac operon. These enzymes are normally present at very low 
concentrations in cells but when lactose is the sole carbon source, they are induced.  After the available lactose 
is metabolized, the level of RNA transcript and protein returns to a low level. The lac operon is under the 
control of the lactose repressor protein, encoded by a “cis-acting” regulatory gene, (lacI). The lac repressor 
asserts negative regulation by keeping the lac promoter inactive in the absence of an inducer. 

About 34 different strains from different sources were tested and promising strains were selected. These 
strains were tested for their growth and ability to produce β-galactosidase enzyme. They tested for their ability 
to grow on LB and Macconkey media beside M9 as minimal medium. These media were supplemented with 
different sources of carbon. All tested strains were succeeded to grow in LB but some in Macconkey medium. 
The color appears with Macconkey medium indicates that the growing strain has ability to ferment lactose 
indicating the ability to produce β-galactosidase enzyme.  

Different methods are available for determining and assaying β-galactosidase activity. β-galactosidase 
assay. ß-galactosidase can be assayed by measuring hydrolysis of the chromogenic substrate, o nitrophenyl- β -
D-galactoside (ONPG). The amount of o-nitrophenol formed can be measured by determining the absorbance at 
420 nm.  This assay is used to monitor transcription the β-galactosidase enzyme, (Miller, 1972 and Gong et al., 
2009). All strains were grown in LB medium supplemented with different carbon sources. Moreover, Rollini et 
al., (2008) used the (ONPG) assay method also to determined β-Galactosidase activity produced by 
Kluyveromyces strains.  
 
Transconjugation: 

 
Suicidal plasmid strains were mobilized to recipient E. coli strains by transconjugation to introduce the 

transposon  Tn5 .  Tn5  as a mutagen which lead to the appearance of different kinds of mutation. Kanamycin-
resistant conjugants were selected. Transconjugant  colonies were picked and characterized.  

Attempts have been made by Walsh et al., (1984) to generate a strain of Xanthomonas. campestris that can 
utilize lactose more efficiently, using transposon Tn951 which was in turn inserted within the mobilizable broad 
host range plasmid RP1. Gerhardt et al., (1994) reported that, transposon Tn5 induced very stable insertion 
mutations. Rukayadi et al., (2000) used transposon Tn5 to generate nonpathogenic mutants derived from the 
pathogenic wild-type strain, X. campestris pv. glycines. Khalil and Ashour, (2000) succeeded to isolate a 
transconjugants through transcunjugation between X. campestris and E. coli harboring pSUP2021. 
transconjugant XT23 has ability to produce β-galactosidase and utilize whey.  In G. oxydans El-mezawy et al., 
(2005) used transposon Tn5 mutagenesis. Protocols have been developed using several shuttle vector. Khalil 
(2003) indicated that, Photorhabdus S1 mutations due to transposon Tn5 mutagenesis were more powerful than 
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those induced by UV in proteinase production. Transposon Tn5 mutagenesis is one of the most important tool 
for antibiotic improvement in Photorhabdus. 

However, transcunjugation and transposable elements as a random mutagenesis didn’t succeed to induced 
remarkable transconjugants in their β-galactosidase production in these study. An explanation was represented 
by Martiel and Blot, (2002) that, (i) transposition or insertion of a transposon into a gene generally leads to its 
inactivation, (ii) Transposon can generate a variety of genomic rearrangement, such as deletions, inversions, 
translocations or duplications and (iii) If a transposon integrates into an operon, it usually exerts a strong polar 
effect on genes located downstream of its insertion site.  

In addition to all above explanation, Lodge et al., (1988) indicated that, transposon Tn5 inserts into many 
different sites within a single gene, but some sites (hotspots) are targeted repeatedly. Hotspots have G/C pairs at 
the ends of the nine base pairs duplicated by Tn5 insertion. They found that changing the G/C pairs to A/T pairs 
reduced the frequency of insertion into the hotspots by at least five fold. Which could be explained poorer of  
transconjugants isolated after transcunjugation. 

Moreover, when transposable integrated into cells, the transcunjugation has a new genetic makeup or 
unique DNA sequences, not completely like either parent, making it possible for the new cell to live in 
environments different than those in which either parent can survive, (Liosa and Cruz, 2005). 

The last explanation to explain our result is the low number of transconjugants isolated after 
transcunjugation. 
 
Induction of mutation using UV Irradiation: 

 
Wide range of β-galactosidase production was detected when WT was treated with UV with different times, 

1, 3, 5 and 7 min. A hight producer mutants were isolated. Some of them were produce 200% more than WT.  
Mut33 Mutant proved to be the best β-galactosidase producer. It produse more than 283% compered with UV 
treated strain (WT). An explanation for the results obtained in the present study is that, UV doses were enough 
to induce SOS functions and most incorrect bases may not be removed by photorepair. another explanation, 
after UV treatment the treated cells were kept in dark for some time to avoid photorepair and increases rate of 
mutation. Kornberg and Baker (1992) reported that, some of the most significant advances in microbial genetics 
are based on the study and use of mutations, which can be induced either by chemical or physical mutagens. 
Ultraviolet UV, as a physical mutagen, is non-ionizing form of radiation. Therefore, E. coli strain was treated 
with UV using different times 1, 3, 5 and 7 min. Survival percentage of the original strain dropped from 100 % 
at zero time to 7.05, 6.17, 2.38, and 1.69 % after UV treatments for 1, 3, 5 and 7 min, respectively. Also, found 
that, Ultraviolet UV rate of mutations had increased by increasing UV dosage (time) till a plateau is reached 
followed by a slow drop in lethality of cells. Volff et al., (1997) suggested that nitrosoguanidine (NTG) and UV 
rays were used to induce mutation which are thought to be located in the structural genes of the enzymes 
responsible for the biosynthesis.  

However, Kornberg  and Baker (1992) reported that, most prokaryotes, and in all eukaryotes examined, 
highly conserved protein systems that recognize DNA mismatches and certain DNA lesions play critical roles in 
maintenance of genetic stability. These longpatch mismatch-repair systems decrease DNA replication error rates 
100- to 1000-fold, by recognizing and correcting base/base and insertion/deletion-loopout mismatches that 
escape proofreading by DNA polymerase. 

Martinez and Baquero (2000), explained that the mutation process in bacterial populations is not a static 
event. A complex network of factors influences the rate and type of mutants that can be selected under pressure. 
Furthermore, the existence of mutations that produce mutator phenotypes in bacteria and the capability of some 
antibiotics to increase mutability greatly complicate studies of the effects of population dynamics on the 
emergence of antibiotic-resistant mutants in bacteria. 

Moreover, Liu et al., (2000) used UV doses too low to induce SOS functions, most incorrect bases opposite 
occasional photoproducts may be removed by mismatch repair. Whereas in heavily irradiated (SOS-induced) 
cells, mismatch repair may only correct some photoproduct/base mismatches, so UV mutagenesis remains 
substantial. 

All available active producer mutants, which grown in Maconkey or lactose media, were selected and tested 
for their ability to produce β-galactosidase in fermentation liquid media. Results showed variation in yellow 
color appears after ONPG assay of fermentation broth of UV mutants, it reflect the variation of mutants ability 
to produce β -Galactosidase. Some mutants were promising that showed high density of yellow color than its 
parental strain, which show the variation of mutants' ability in Beta-Galactosidase production. Moreover, Lin 
and Wang (2001) used UV mutagenesis with E. coli K-12 Cells. Survival and mutation frequencies of the 
chromosomal genes lacZ, rpoB, ompF, and ampA were studies. They add UV (254nm) induced damage on 
deoxyribonucleic acid (DNA).  

E.coli β-galactosidase enzyme has optimal PH 7.0 and optimal temperature 35-37 oC since at these points of 
PH and temperature; it reaches its maximum activity when measured colorimetrically through ONPG assay 
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method. Hsu et al., 2007 reported that the optimum activity of the intracellular β-galactosidase from B. animalis 
ssp. lactis Bb12 as extracted by four different methods and various assay pH levels ranging from (4.5, 5.5 and 
6.8). Higher enzyme activity was at pH 6.8.   

Many workers have reported 37 to 45ºC as the optimum temperature range for maximum enzyme activity 
with different organisms. The maximum β-gal enzyme activity from S. thermophilus, B. infantis HL96 and 
Penicillium chrysogenum was obtained at 35-50 ºC. Our results also revealed that β-gal showed higher activity 
35 temperature. Further increase in temperature beyond 50°C resulted in reduction in enzyme activity. Most 
enzymes denatured rapidly at temperatures above 55̊  C (Bryan and Keith, 1981). Itoh et al., (1992) and Cho et 
al., (2003) have shown that the activity of the enzyme reduced rapidly at or above 50 ºC with no activity 
detected beyond 60 ºC for 10 min. Tzortzis et al., 2005; Splechtna et al., 2006; Searle et al., 2009. Prasad et al., 
(2013). 
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