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Abstract: Lactose intolerance (LI) is a disturbing problem for patient who can’t digest lactose owing to deficiency in their intestinal β-galactosidase enzyme. β-galactosidase enzyme is a one of hydrolysis enzymes that splits lactose into glucose and galactose and each of them are easily digested in intestine. Two possible processes can be used for solving LI problem, the augment of lactase or the addition of probiotics that have the ability to metabolize lactose. To accomplish the two goals, sixteen Escherichia coli strains were investigated for their ability to produce β-galactosidase enzyme and the highest β-galactosidase producer strain, MS-29, was selected for UV manipulation. The enzyme productivity of the best 5 mutants, MS-29-M3, MS-29-M4, MS-29-M30, MS-29-M40 and MS-29-M44, were increased more than one fold. To check lactose removing ability, potent mutants were cultivated on various milks including cow’s milk, goat’s milk and drinkable yogurt with lactose content as 4, 3 and 6% respectively. Lactose removing ability was enhanced by all mutants and complete lactose removing from goat’s milk samples was done successfully within 72h cultivation. MS-29-M3, best mutant either in β-galactosidase productivity or lactose removing ability, could be recommended as lactase producer strain and  LI probiotic. 
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1. Introduction

Lactose intolerance (LI) is the inability to metabolize lactose due to lack of required lactase enzymes in the digestive system. It can be found in many animals, including human beings, and it can causes osteoporosis, calcium deficiency and several other types of nutritional and health problems. People suffering from LI have to avoid lactose-containing foods such as milk and milk products, which are generally considered as a one of the important sources of nutrients for human beings, especially in developing countries, as they contain high-quality proteins and various minerals ( Chuan, et al., 2012). LI also defined as gut pain and distension, borborygmi, flatus, and diarrhea induced by lactose. (Campbell, and Matthews, 2001; Kretchmer, and Memorial, 1971; Fauchi, et al., 1998; Jarvis and Miller, 2002).  LI also causes nausea and vomiting with many patients presenting with constipation because of reduced intestinal motility rather than diarrhea also it may be a cause of a range of systemic symptoms including headaches and light headedness, loss of concentration, difficulty with short term memory, severe tiredness, muscle and joint pain, various allergies, heart arrhythmia, mouth ulcers, sore throat, and increased frequency of micturition. (Grimbacher, et al., 1997; Matthews, and Campbell, 2004 and Carolyn, 2010).

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). β-galactosidase is encoded by the LacZ gene of the lac operon in E. coli and catalyzes the hydrolysis of Β-galactosides at an optimal pH of 7.2. Although it has fairly strict specificity at the galactosyl position, it is adept at hydrolyzing β-D-galactopyranosides with a wide variety of glycols with divergent chemical composition (Mariotti et al., 2008 and Gong, et al., 2009). 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 sweetener manufacture, Lactase treatment during cheese (Shukla, 1975).   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 and galactose containing chemicals 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 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 β-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 pre-mutational 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). in our study, we hypothesis to gain E. coli mutants by UV mutagenesis that have much greater lactose removing ability from some dairy products to be suitable for lactose malabsorption treatment through investigation of β-galactosidase enzyme activity.

2. Materials and Methods
2.1. Culture media

2.1.1. LB Broth (Laura Bertani Broth) is used for the growth, maintenance and fermentation of Escherichia coli strains (Bertani,  1951).

2.1.2. Macconkey Agar medium is a ready medium from (SRL). This medium used for differentiate between lactose and non-lactose fermenting E. coli strains (Mazura-Reetz et al., 1979).

2.1.3. M9 minimal medium 

This medium is used to detect the utilization of lactose as only carbon source 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 / liter (Sambrook et al., 1989).

2.2. Bacterial strain
E. coli UV mutants were grown overnight in LB medium supplemented with lactose solution with different concentrations (0.5%, 1%, 1.5% and 2%) in shaker incubator at 37oC until the turbidity reach 1.26 OD 600 then centrifuged and cell pellet re-suspended in 1 ml 0.85 NaCl buffer for assay of colorimetrically enzyme activity by ONPG method.
2.3. Enzyme assay for β-galactosidase activity

β-galactosidase activity was determined using O-nitrophenyl β-D-galactopyranoside (ONPG) as a substrate. β-galactosidase activity was assayed at 40°C by incubating 20 μl of suitably diluted enzyme with 480 μl of 22 mM ONPG in 50 mM phosphate buffer pH 6.5 as the substrate for 15 min (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 μ mol/min of ONP from ONPG under the given conditions (Kara, 2004 and Princely et al., 2013).

2.4. Ultraviolet (UV) Treatment   

Cells suspension of overnight culture was prepared by shaking for 5 min. Cells were exposed to Ultraviolet Irradiation (UV) at a distance of 20 cm for 1, 3, 5 and 7 min. 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 (Witkin, 1969).

2.5. Gravimetric quantitative method for lactose determination

This method is based on the interaction between reducing sugar (lactose) with Fehling I, II and produce Cu2O which equivalent to the amount of sugar present in the sample when compared with Hammond’s table (Kolusheva and Marinova, 2011).

3. Results
3.1. Selection of β-galactosidase producing bacterial strain(s) using different growth media
Sixteen E. coli strains were used in our objective.  These strains were tested for their β-galactosidase productivity on five different solid media; LB, macconkey and M9 minimal media supplemented with 1 % lactose, glucose, galactose. From Table (1) we noted that, all investigated strains showed β-galactosidase productivity varied from 0.02 until 0.9 U/ml except MS -29 strain which produced 2.28 U/ml also it can grow in presence and absence of lactose in growth media, therefore strains, MS -29 was selected as the best β-galactosidase producer strain and subjected to UV mutagenesis experiment.
3.2. Selection of Remarkable β-galactosidase producer Mutant(s) after UV irradiation

Strain MS-29 treated with UV for 1, 3, 5 and 7min. Mutants were selected on LB agar. After UV treatment, about 300 mutants were isolated and tested for their ability grow on presence and absence of lactose as sole carbon source and to ferment lactose on Macconkey agar medium. Twenty five mutants 

were selected and tested for their ability to produce β-galactosidase using LB + 1% lactose medium with ONPG assay. Out of 25 mutants were selected, five mutants, MS-29-M3, MS-29-M4, MS-29-M30, MS-29-M40 and MS-29-M44 prove to be the best β-galactosidase producer mutants, they produced more than 200% compared with MS-29. MS-29-M3 proved to be the best β-galactosidase producer mutant and enzyme productivity was increased 2.7 fold compared with UV treated strain, MS-29.
Table 1. β-galactosidase productivity and bacterial strains growth ability on different media.
	Strain code
	Media
	Enzyme activity

(U/ml)*

	
	LB
	M9

+Glu
	M9

+Lac
	M9

+Gal
	Mac
	

	MS- 1
	NG
	NG
	NG
	
	
	0.21

	MS -2
	NG
	NG
	NG
	
	NG
	0.02

	MS -3
	NG
	NG
	NG
	
	
	0.28

	MS -4
	NG
	NG
	NG
	
	NG
	0.14

	MS -5
	NG
	
	NG
	
	NG
	0.16

	MS -6
	NG
	NG
	NG
	
	
	0.23

	MS -7
	NG
	NG
	
	NG
	
	0.15

	MS -8
	NG
	
	
	
	
	0.11

	MS -9
	NG
	
	
	
	
	0.22

	MS -10
	NG
	
	
	
	
	0.32

	MS -11
	NG
	
	NG
	
	
	0.02

	MS -12
	NG
	
	NG
	
	
	0.15

	MS -18
	NG
	
	
	
	
	0.19

	MS -27
	NG
	
	
	
	
	0.90

	MS -28
	NG
	
	NG
	NG
	
	0.33

	MS -29
	NG
	NG
	NG
	NG
	NG
	2.28


LB; Laura Bertani Broth, NG; normal growth on agar plate. *Enzyme activity was determined with ONPG assay by using LB + lactose 1% three times and data was represented by mean with P value < 0.05.
3.3. Investigation of lactose removing from dairy products with different lactose concentration

Five mutants that showed more than 2 fold β-galactosidase productivity higher than WT MS-29, 2.28 U/ml, were cultivated with some dairy products until 96h including cow’s milk, goat’s milk and drinkable yogurt with different lactose concentration as 4, 3 and 6 % respectively. This assay was done according to Kolusheva and Marinova (2011). Lactose hydrolysis ability of wild and mutants on cow’s milk was showed in figure (1), MS-29-M3 was able to remove lactose with 1.11 fold of WT MS-29 after 24h, 1.56 fold after 48h. It was 1.33 fold of WT MS-29 after 72h and 1.7 fold after 96h of fermentation. In the case of Goat's milk, except MS-29-M4, other mutants have the ability to remove lactose absolutely within 72 h, while MS-29-M4 has ability to removing lactose within 96h. MS-29-M3 was successfully able to remove lactose as 2.16 folds of WT MS-29 after 24h while it was four folds after 48h. After 72 h MS-29-M3 was three folds of WT MS-29 as showed in figure (2). In yogurt samples, MS-29-M3, M4 and M40 were the best mutants in lactose removing ability, while M30 and M44 were showed less ability in lactose removing than wild type MS-29. MS-29-M3 was the best of all in lactose removing with 129.4% of wild type MS-29 after 24h, while it was 1.55 fold after 48h in comparison with wild type MS-29. After 72, it was 1.7 fold of wild type MS-29 and finally after 96h it was 1.73 fold of wild type MS-29 as showed in figure (3).

4. Discussion
Probiotics is a living microorganisms that could be assist in treatment or preventing a disease. Until now, there are no will established treatments for LI patients, except avoidance of lactose rich dairy products which may lead to other sophisticated problems like intestines disturbance or Ca intake (Carolyn, 2010). The main reason of LI attributed to lactase malfunction which contributed us to hypothesis the employment of β-galactosidase high producer mutants to act as probiotics for LI or could be used in large scale production of lactase. to obtain 

our objective, Sixteen E. coli strains were tested on different media; M9 minimal medium supplemented with 1% glucose and galactose as a sole carbon source to select strains that could be utilize lactose and produce β-galactosidase enzyme in spite of excess of glucose or galactose  that act as a repressors of lac operon, also during our primary selection we used lactose in different concentration as well as without lactose which enabled us to select strain that can produce β-galactosidase enzyme constitutively.

Wide range of β-galactosidase production was detected when WT MS-29 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 MS-29. MS-29-M3 Mutant proved to be the best β-galactosidase producer. It produce more than 270% compared with UV treated strain (WT MS-29). An suggested 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 (Kornberg and Baker, 1992). 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 long patch 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. However all previous we need further study and more investigation to confirm about mutants kind and stability. β-galactosidase enzyme producing mutants were showed acceptable stability with wide range of pH and temperature (data not shown) which could be used in lactase production in industrial fermentation. Finally, we achieved E. coli mutants have the ability to remove lactose absolutely from some dairy product within 72h that may be used as a probiotic strains or lactase producers in large scale.
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Figure 1. Lactose residual removing from cow’s milk by the β-galactosidase producing mutants.
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Figure 2. Lactose residual removing from goat’s milk by the β-galactosidase producing mutants.
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Figure 3. Lactose residual removing from Yogurt by the β-galactosidase producing mutants.
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