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Abstract: Study on the p-galactosidase production was carried out with different bacterial strains isolated from the soil sample
near dairy processing plant. The production of extracellular p-galactosidase by isolates was optimized in a submerged
fermentation. The effect of temperature, pH, carbon and nitrogen sources of the medium were optimized. The production of the
enzyme was found to be high at the 48th hour after inoculation at 37°C and pH 11.Under optimal conditions; B-galactosidase was
allowed to produce by the isolated strain in presence of different carbon and nitrogen sources. Among all Lactose and Peptone was
found to be best for the maximum production of enzyme. The enzyme was purified using and the purified B-galactosidase was

homogeneous with the molecular weight of 70 kDa as shown by SDS PAGE analysis.
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INTRODUCTION

Inside living organisms various enzymes serve variety of functions. They are responsible for signal-transduction and cell
regulation, often via kinase and phosphatises. p-Galactosidase, also called beta-gal or p-gal, able to cleave 3 linked galactose
residues from various compounds and cleave lactose into galactose and glucose [2, 3]. Substrates of enzyme B-Galactosidases

include Ganglioside GM1, Lactosylceramides, lactose, and various glycoproteins.[1]

In Food and Dairy industry, lactose hydrolysis by use of enzymes of is one of the most important processes. For that,

Beta-Galactosidases preparations are used [4].

For the hydrolysis reaction, the lactose-reduced ingredients in the food and dairy products are commercially produced for
lactose intolerant persons [5]. The catalyzed transglycosylation reaction is useful for the production of probiotic galacto-

oligosaccharide improving structural and functional modification of food materials or pharmaceutical compounds [6].

Also to avoid lactose crystallization in sweetened, condensed and frozen dairy products and solve problems associated

with whey utilization and disposal the B-Galactosidase enzyme can be used [ 7].

Beta-Galactosidase can be obtained from various sources such as plants, animals and micro organisms. But micro
organisms are considered as a suitable source for industrial applications. Among bacteria; yeast and fungi and a large number of

bacteria are most suitable because they are Generally Regarded as Safe (GRAS).

So our work was focused on bacterial production of enzyme with high potentiality to produce galactosidase. The activity
and stability of enzymes is influenced by the type of strain, cultivation conditions (temperature, pH, aeration, agitation, incubation

time) and the growth medium composition (particularly carbon and nitrogen sources). Hence the culture conditions and media
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components for the production of B-Galactosidase using native bacteria from the soil sample collected near milk processing area

were optimized.
MATERIALS AND METHODS

Sample Collection: The soil sample near milk processing area of Dairy was collected. The samples were brought to the

laboratory under aseptic conditions in a sterile container.

Strain isolation and screening: The strains showing blue colonies on Tryptic Soy Agar plates (g/l) (Tryptone-15, Soytone-
5, NaCl-5, Agar-15) [8] with 0.5% lactose as the sole carbon source and 0.1% of 5-bromo-4-chloro-3-indolyl-B-d-
galactopyranoside (X-gal) were collected and streaked onto NA medium. Once the isolates were purified, the strain showing high

enzyme activity was selected and used for further investigation.

Characterization of organism: The morphological and taxonomic characteristics of the strain like grams reaction, spore
formation and motility test were examined [9, 10].
Enzyme Production

Inoculum Preparation for the Production of Beta- Galactosidase: One loopful of overnight grown bacterial culture was
transferred to the LB broth as prescribed by Robert et al., 2006 [11].

The Production Medium:Lactose-10g/L, Peptone-1.5¢/L, Yeast extract-1g/L, KH2PO, -1g/L, NH2 H3PQO4 -7g/L, MgSO4
.7TH»0-1g/L and CaCl; -0.3g/L. For effective production, it was carried out in a shaker with an aeration rate of 200 rpm under the
volume 50/200 v/v at 37°C for 24 hours to 48 hrs. The samples were centrifuged at 10,000 rpm for 10 min at 4°C and the culture

filtrate was used for further assay procedures.

Enzyme Assay: The Beta-galactosidase activity was measured by the method of Gumgumjee and Danial [12]. The enzyme
was assayed by using ONPG as a substrate prepared by dissolving 2.5 mg/ml of ONPG in 0.1M sodium acetate buffer (pH-5). 0.2
ml of the culture filtrate was added to 1 ml of the substrate solution and incubated at the temperature of 55°C for 20 min. The
reaction was then stopped by adding 1 ml of 10% sodium carbonate. The absorbance was read at-420 nm and the amount of ONP
was calculated using standard curve. One unit of enzyme activity was defined as the amount of enzyme that liberates 1 uM of
ONP per min at the temperature of 55°C. The amount of protein was estimated by Bradford method using Bovine Serum Albumin

(BSA) as a standard according to the instruction manual of Quick Start Bradford Protein Assay [13].
Optimization of Culture Conditions for Enzyme

Effects of temperature and pH: These were carried out by cultivating the isolate at different temperatures (20-60°C) [14]
and different pH values (5-9) [15].

Role of Carbon and Nitrogen sources: Carbon sources such as glucose, xylose, maltose, starch, sucrose were tested at 1%
(w/v) concentration. Nitrogen sources like peptone, beef extract, sodium carbonate, ammonium sulphate and ammonium chloride

were also tested at 1% (w/v) concentration.
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Purification of enzyme

The pH of the crude enzyme was adjusted to 5.0 and with the help of 1M ZnCl,, the protein contents were precipitated
and separated using centrifugation by Ammonium sulphate method. The precipitate was dissolved in 0.5 M EDTA and dialysed
against 0.1 M Phosphate buffer (pH 7.5).

Characterization of purified p-galactosidase

The protein profile and the presence of purified p-galactosidase were confirmed by SDS PAGE analysis. Denatured
Sodium Dodecyl Sulphate—polyacrylamide gel electrophoresis was performed with marker as described in Nakkharat and Haltrich
[16]. Coomassie brilliant blue staining was used for the visualization of the protein bands.

RESULTS AND DISCUSSION

Because of various applications in various fields Beta-galactosidase has been produced. The enzyme [-galactosidase
has two main biotechnological applications in milk and dairy industries, e.g. the removal of lactose from milk for lactose-
intolerant people and the production of galacto-oligosaccharides (GOS) for use in probiotic food.

Isolation of Microbes from Soil

Total of 25 cultures were obtained by serial dilution method which were further screened for Beta galactosidase
production on X Gal medium.
Screening of microbes for Beta galactosidase production

Out of 25 isolates 5 cultures were able to produce Beta Galactosidase which showed clear zone around the colonies

Identification of Microbes

Isolate Isolate Identified
No

E.coli

Bacillus subtilis
Pseudomonas aeroginosa
Klebsiella pneumoniae
Lactobacillus sp

NERPIOW(F

8
3

Enzyme production and Assay _

The 5 isolated cultures were subjected to the production of Enzyme-and assayed by the standard protocol. Later they were
subjected to the different parameters for the maximum production of the enzyme
Effect of pH:

2 - === |_actobacillus sp
e=e== K. pneumoniae
e B subtilis
=== P aeruginosa
=== £ COi
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Fig.1: Effect of pH on Beta galactosidase enzyme production by Microbes
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As the pH increased the production of Beta galactosidase increases by all the bacterial isolates. Because of the alkaline in
nature, maximum concentration was obtained at pH 11. Controlling the pH of the culture during fermentation has been reported to
enhance microorganism growth and enzyme production [17]. Results as shown in Figure 1 showed that the highest 3-galactosidase
activity was obtained when the pH of the medium was adjusted to 9 to 11 with all the bacterial isolates. The hydrogen ion
concentration of on environment has the maximum influence of the microbial growth and enzyme production. pH 5.5 has been

observed as optimum for the 3-galactosidase production by Rajoka et al [18] and Hin [19].

Effect of Temperature:
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Fig 2: Effect of Temperature on Beta galactosidase enzyme production by Microbes
As the temperature is increased from 28 to 45 °C the production decreases in case of all the microbes isolated. The best
production was found to be at 37 °C. Chakraborti et al., 2003 [20] showed that Beta-galactosidase was produced at maximum level
when maintained at temperatures of 37°C. Similarly, the temperature ranges of 28-37°C were found as optimum for the f-
galactosidase production [21, 22].
Effect of Carbon Sources:
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Fig 3: Effect of Different Carbon Sources on the Beta galactosidase production by Microbes
Lactobacillus in presence of Lactose, Klebsiella and Bacillus in presence of Glucose, Pseudomonas in presence of Starch and
E.coli in presence of Lactose showed the enhanced production of Beta glalctosidase enzyme. Cheaper carbon and nitrogen sources
are the key attraction for commercialization of the production processes and thus, ability of the microorganisms to grow and
produce enzymes using these sources has been arguably a point of interest [23]. Selection of suitable carbon and nitrogen sources

were the critical step during the enzyme optimization [24].
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Effect of Nitrogen Sources:
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Fig 4: Effect of Different Nitrogen Sources on the Beta galactosidase production by Microbes

In most microorganisms, both inorganic and organic forms of nitrogen are metabolized to produce amino acids, nucleic
acids, proteins, and cell wall components. Nitrogen sources may affect microbial biosynthesis of -galactosidase [25]. Five
different nitrogen sources (Three organic and two inorganic) were used to explore the best ones giving maximal enzymatic
production by Bacillus isolate and Lactobacillus isolate.

While testing the -galactosidase production in fermentation medium with different nitrogen sources, peptone (Fig. 4)
were found to be the better nitrogen sources favoring maximum enzyme production. Next to them, beef extract also found to be
increasing enzyme production in significant amount. Nurullah [26] has reported xylose and yeast extract as better carbon and
nitrogen sources for 3-galactosidase production for Bacillus licheniformis.

The presence of individual band near the molecular weight of 70 kDa indicates the presence of [3-galactosidase. It has
been previously reported that, f-galactosidases are also having molecular weight of 75 kDa [27] and 67.5 kDa [28].
CONCLUSION

The present study shows that there is appreciable production of extracellular B-galactosidase using the native
Lactobacillus and Bacillus Sp. This suggests that these sp. can be a potential producer of extracellular B-galactosidase which may
have applications in both industry and biotechnology. Due to the importance of these findings, further studies will be done for the
enhanced enzyme production. These strain showed that it is an ideal candidate for hydrolysis of lactose in milk which can be used
for lactose intolerant people.

REFERENCES

[1] Blakely, J.A. and MacKenzie, S.L. 1969. Purification and properties of a B-hexosidase from Sporobolomyces singularis. Can.
J. Biochem. 47: 1021-1025.

[2] Alliet, P., Scholtens, P., Raes, M., Hensen, K., Jongen, H., Rummens, J.L., Boehm, G., Vandenplas, Y. 2007. Nutr, 23:719-
723.

[3] O. Juajun. 2009. PhD thesis, Suranaree University of Technology, Thail.

[4] Richmond, M.L., Gray J.l. and Stine, C.M. 1981. J. Dairy. Sci., 64:1759-1771.

[5] Rajakal P. and Selvi P.K.2006.The effect of pH, temperature and alkali metal ions on the hydrolysis of whey lactose catalysed
by B-galactosidase from K Luyveromyces marxiansus. Int. J. Dairy Sci., 1:167-172.

[6] Novalin S., Neuhaus W. and Kulbe K.D.2005. A new innovative process to produce lactose-reduces skim milk. J. Biotech.,
119:212-218.

IJCRT1812044 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 360


http://www.ijcrt.org/

www.ijcrt.org © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882

[7] Soliman, N.A. 2008. Coproduction of thermostable amylase and beta-galactosidase enzymes by Geobacillus
stearothermophilus SAB-40: Aplication of Plackett-Burman design to evaluate culture requirements affecting enzyme production.
J Microbiol Biotechnol., 18: 695-703.

[8] Liu, W.Y., Shi, Y.W., WanG, X.Q., Lou, K. 2008. Czech J. Food Sci., 26:284-290.

[9] Mac Faddin J.F.1985. Media for isolation-Cultivation-identification-Manitenance of medical bacteria, Williams and Wilkins,
Baltimore, MD, 1.

[10] Sneath, P.H.A.1986. Bergey’s manual of systematic Bacteriology, Williams and Wilkins, Baltimore, 2.

[11] Robert Kranz, Kathleen Weston-Hafer and Eric Richards. 2006. Identifying Unknown Bacteria Using Biochemical and
Molecular Methods. Washington University press, Saint Louis.

[12] Nehad, Gumgumijee M. and Enas N. Danial, 2001. Optimization of Medium and Process Parameters for the Production of -
Galactosidase from a Newly Isolated Bacillus Licheniformis E66. Journal of Applied Sciences Research, 7: 1395-1401.

[13] Bradford, M.M., 1976. Rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding, Anal. Biochem., 72: 248-254

[14] VijayAnand, S., J. Hemapriya, Joseph Selvin and Shegal Kiran, 2010. Production and Optimization of Haloalkaliphilic
Protease by an Extremophile-Halobacterium Sp. Js1, Isolated from Thalassohaline Environment. Global Journal of Biotechnology
and Biochemistry, 5: 44-49

[15] Akcan, N., 2011. High level production of extracellular Beta -galactosidase from Bacillus licheniformis ATCC 12759 in
submerged fermentation. African Journal of Microbiology Research, 5: 4615-4621.

[16] Nakkharat P. and Haltrich D.2006. Journal of Biotechnology, 123: 304-313.

[17] Chou, C.C., Lee M.T. & Chen W.C. 1999. Production of cholesterol oxidase by Rhodococcus equi No. 23 in a jar fermenter.
Biotechnology and Applied Biochemistry, 29: 217-221.

[18] Rojoka, M.J., Khan, S. And Shahid, R.2003. Food Technol Biotechnol, 41:315-320.

[19] Hin, C., Chien, A., His, L., Yeh, W., Hsueh, C. and Chin, F.1986. Applied and Environmental Microbiology, 52(5):1147-
1152,

[20] Chakraborti, S., Sani, R.K., Sahoo, D.K., Banerjee U.C. and Sobti, R.C. 2003. Production and Partial Characterization of a
Novel beta Galactosidase from a newly isolated Bacillus polymyxa.Scientia Iranica, 10: 279-286.

[21] Ku, M.A. and Hang, Y.D.1992. Biotechnol letts, 14:925-928.

[22] Artolozaga, M.J., Jones, R., Schneider, A.L., Furlan, S.A., Carvallo-Jones, M.F. 1998. Bioseparation, 7:137-143.

[23] Patel, R., Dodia, M., Singh, S.P.2005. Process Biochem, 40:3569-3575.

[24] Konsoula, Z., Liakopoulou-Kyriakides, M.2007. Bioresource Technol, 98:150-157.

[25] Hsu, C.A., R.C. Yu & C.C. Chou, 2005. Production of beta-galactosidase by Bifidobacteria as influenced by various culture
conditions. Int J Food Microbiol, 104: 197-206.

[26] Nurullah AKCAN. 2011. African journal of Microbiology Research, 5(26): 4615-4621.

[27] Somyos Osiriphun and Phimchanok Jaturapiree. 2009. Asian Journal of Food and Agro-Industry, 2(04):135-143.

[28] Kumar Shivam and Sarad Kumar Mishra. 2010. Process Biochemistry, 45:1088-1093.

IJCRT1812044 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 361


http://www.ijcrt.org/

