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ABSTRACT

Studies on thg-galactosidase production were carried out with acterial strain isolated from the soil sample
near dairy processing plant. The production of as#llular f-galactosidase by Bacillus sp. was optimized in a
submerged fermentation. The effect of incubatiotodetemperature and pH of the medium were optuhizZlhe
production of the enzyme was found to be high etd#th hour after inoculation at 30°C and pH 7.t0é metal
ions used, MgGlwas found to favor the enzyme production. Undémap conditionsf-galactosidase was allowed
to produce by the isolated Bacillus Sp. strain. €heyme was purified using and the puriffiedalactosidase was
homogeneous with the molecular weight of 70 kDshasvn by SDS PAGE analysis.
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INTRODUCTION

Beta-galactosidase s are the group of enzymestahdieavep linked galactose residues from various compounds
and is commonly used to cleave lactose into gasecamd glucosk, 2]. The enzymatic hydrolysis of lactose is one
of the most important processes for food, dairyustdy. Beta-galactosidase s preparations were lngdablysis of
lactose milk, milk products and whgg].

There are several advantages embodied in lactodeliigis: rapid fermentation of glucose, a highegrte of
sweetness of the liquid in which lactose has bemindtyzed which leads to the development of novedpcts and
the production of new sweetengd$. On the other hand, the transglycosylation agtikiéis been used to synthesize
galacto-oligosaccharides (GOS), have been usedrirah nutrition in significant quantities as actommponents or
as side products of processed milk or milk prod{&its

The activity and stability of enzymes is influendeg the type of strain, cultivation conditions (feenature, pH,
aeration, agitation, incubation time) and the gromedium composition (particularly carbon and rjago sources).
Hence the culture conditions and media componenthé production op-galactosidase using native bacteria from
the soil sample collected near milk processing are@ optimized.
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MATERIALSAND METHODS

Strain isolation and screening

The organisms were isolated from soil sample ct#koear milk processing area (Aavin dairy plarte@hai, TN,
India) in a sterile polythene bag and precautioesewtaken to minimize the contamination. The sgrahowing
blue colonies on Tryptic Soy Agar plates (g/l) (ftgne-15, Soytone-5, NaCl-5, Agar-1®) with 0.5% lactose as
the sole carbon source and 0.1% of 5-bromo-4-cHeiraolyl-3-d-galactopyranoside (X-gal) were collected and
streaked separate onto NA medium. Once the isole¢es purified, the strain showing high enzyme\étgtiwas
selected and used for further investigation.

Characterization of organism
The morphological and taxonomic characteristicthefstrain like grams reaction, spore formation anudility test
were examinegl7, 8].

Identification of bacteria using 16S rDNA sequencing

The organism was identified by analysis of its IBRSIA gene[9]. The DNA from the bacteria was isolated and the
16S rDNA was amplified using universal primers (BF25' GTTTGATCCTGGCTCAG 3 and 1492 5'-
GGTTACCTTGTTACGACTT 3’). The sequence similaritythin the Genbank database was searched using the
Basic Local Alignment Search Tool (BLASTIN)O].

Enzyme production

In a 250ml Erlenmeyer flask containing 100 ml & tiguid production medium (g/L): lactose, 10; meztract, 15;
biopeptone, 5; yeast extract, 0.5; and sodium méorl.5[11]. 1ml of 18h broth culture of the organism was
inoculated and incubated for 3days at 37°C undakesh condition. Crude enzyme preparation was oftiafrom
the supernatant after centrifugation of the bratiuce at 50009 for 20mirf42].

Enzyme assay

Two hundred microlitre of crude enzyme was addeith @il M phosphate buffer and 500 pl of 6 mM ONRE (
Nitrophenyl$-D-Galactopyrinoside) and the reaction mixture \aibated for 30 minutes at 37°C. The reaction
was ended by adding 0.5 ml of 1 M J8€&s;. The amount of ONP (O-Nitrophenol) released froMRG was
determined by taking the OD at 430 nm. One unif-gfalactosidase activity (U) was defined as the amhat
enzyme that liberatespin ONP per minute under assay conditipiy.

Biomassyield
Bacteria biomass was determined by measuring tberlbénce at 600nfi3].

Effect of Incubation period, Temperature, and pH on enzyme production

The effect of incubation period, temperature andgoH-galactosidase production was investigated by\atitig
the organism at different incubation time (6—12Qnsp and different temperatures (20-40) and varioids(6.0-
8.0).The organism was incubated, fhgalactosidase activity was determined in supemata

Role of Carbon and Nitrogen sour ces:

Carbon sources such as glucose, xylose, maltaaehstsucrose were tested at 1% (w/v) concentrahi@nogen
sources like peptone, beef extract, sodium carlegamonium sulphate and ammonium chloride weretekted
at 1% (w/v) concentration.

Effect of metal ions

The effect of metal salts ofi-galactosidase production is determined by addiiffgrdnt metal salts in the
fermentation medium. The metal salts selected fesgnt study were FeMnSQ,, CuSQ, ZnS0O4 MgC} and
EDTA at 0.1% concentratiofi2].

Purification of enzyme

The pH of the crude enzyme was adjusted to 5.0 vaitid the help of 1M ZnG| the protein contents were
precipitated and separated using centrifugatione firecipitate was dissolved in 0.5 M EDTA andiat against
0.1 M Phosphate buffer (pH 7.5). The dialysed samyas run on anion exchange chromatography (Q-$epdia
and eluded with the linear gradient in 0.1 M phadptbuffer at pH 7.5. 5 ml fractions were collec&tdhe flow
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rate of 1 ml/min. The fractions with maximum enzyawdivity was concentrated and run on Sephadoxea0@mn
(1.5 X 45 cm). The elution rate was adjusted tonfisnin and 1 ml fractions were collected and sicae4°C[11].

Characterization of purified p-galactosidase

The protein profile and the presence of purifiedalactosidase were confirmed by SDS PAGE analip@satured
Sodium Dodecyl Sulphate—polyacrylamide gel eledimpsis was performed with marker as described in
Nakkharat and Haltricfil4]. Coomassie brilliant blue staining was used fer\itsualization of the protein bands.

RESULTSAND DISCUSSION

Beta-galactosidase has tremendous potential immdsend application in various fields like foodyremediation,
biosensor, diagnosis and treatment of disordere @&hzymef-galactosidase has two main biotechnological
applications in milk and dairy industries, e.g. teenoval of lactose from milk for lactose-intolergeople and the
production of galacto-oligosaccharides (GOS) foe uis probiotic food[15]. The present study aimed at the
isolation, production and characterizatiorpejalactosidase producing bacteria from soil nedi processing plant.

In the screening-galactosidase production with the help of X-Galt of 29 bacteria isolated 13 strains shows
positive B-galactosidase. Of that best producing strain visen and analyzed further. A large number of Iiacte
can produce-galactosidases and only few were reported as safeceqd12]. Hence the isolated strain has to be
characterized and identified. The isolated stra@s \gram positive, rod shaped and matile. Alignnadrihe 16S
rDNA gene sequence of the isolated strain with shquences available in the GenBank database shiheed
organism to have 100% identity with varioBscillus Spp. (e.g. JQ248587, JN990427). Hence, the swam
confirmed asBacillus Sp. and sequence has been submitted to the Gerd@#693396). The species level
identification of the strain was analysed furthgacillus spp. are the chief bacterial population of theroflora that
are utilized in food and milk industrigd6]. 16S rDNA sequencing was found to be most helpfutientifying
Bacillussp.[17].

According to the results taken at regular intervét® maximum enzyme activity was obtained at 48thr of
incubation. Beyond this, the enzyme productivityswamains constant and no further increase in ptaiuwas
observed (Fig. 1). It might be due to decreasénénrtutrient availabitity in the medium, or catatobépression of
the enzymg18].

Effect of incubation time
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Fig. 1. Effect of incubation time on B-galactosidase production

The temperature was one of most important factachvimfluences the activity of metabolic enzymegThcreased
enzyme activity of 62 U/ml was observed at the terafure range of 30°C and found as optimum temipes&br 3-
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galactosidase production (Fig. 2). Similarly, teenperature ranges of 28-30°C were found as optirfiaurthe -
galactosidase producti¢m9, 20].

Effect of Temperature
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Fig. 2: Effect of temperature on p-galactosidase production

The hydrogen ion concentration of on environmeistthe maximum influence of the microbial growth amtyme
production. The effect of different initial pH irhe B-galactosidase production was analyzpehjalactosidase
production increase concentration upto a range.®faind decrease in enzyme production in respeicictease in
pH was also observed (Fig. 3). pH 5.5 has beenreddes optimum for thp-galactosidase production by Rajoka
et al[21] and Hin[22].

Effect of pH
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Fig. 3: Effect of pH on B-galactosidase production

Cheaper carbon and nitrogen sources are the kectidh for commercialization of the production pesses and
thus, ability of the microorganisms to grow anddarce enzymes using these sources has been argupblgt of

interest[23]. Selection of suitable carbon and nitrogen sounes® the critical step during the enzyme optiniarat
[24].
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While testing theB-galactosidase production in fermentation mediurth wiifferent carbon sources and nitrogen
sources, xylose (Fig. 4) and peptone (Fig. 5) wetamd to be the better carbon and nitrogen soufaesring
maximum enzyme production. Next to them, maltoed aeef extract also found to be increasing enzyme
production in significant amount. Nurulldh2] has reported xylose and yeast extract as bettborcand nitrogen
sources fop-galactosidase production fBacillus licheniformis

Role of different carbon sources
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Fig. 4: Role of different carbon sour ces on pB-galactosidase production

Effect of nitrogen sources
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Fig. 5: Role of different nitrogen sourceson p-galactosidase production

The production ofi-galactosidase was increased when the productiatiumewas supplemented with MgQFig.
6). This indicated the necessary of ¥1épr the stabilization of the enzyme. The positftect of M¢* and Mrf* on
B-galactosidase has been reported by Rao and [25{ta

1716
Scholars Research Library



D. J. Mukesh Kumar et al Annals of Biological Research, 2012, 3 (4):1712-1718

Effect of metal ions
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Fig. 6: Role of different metal ions on p-galactosidase production

The downstream processing was considered as thactdb@ the total production cost and hence needeldeaper
extraction and purification methd@6]. The enzyme was purified using supherose 12 colahromatography
followed by Ammonium sulphate precipitation. Septac-25 and DEAE-cellulose columns can also be tised
the purification of3-galactosidasg27]. The purified enzyme was stored at 4°C for furtnss.

The presence of individual band near the moleawkight of 70 kDa indicates the presenceiafalactosidase. It
has been previously reported thagalactosidases are also having molecular weightbotDa[15] and 67.5 kDa
[28].

CONCLUSION

The present study shows that there is apprecialiduption of extracellulaB-galactosidase using the native
Bacillus Sp. This suggests thBacillus Sp. can be a potential producer of extracellptgalactosidase which may
have applications in both industry and biotechngl@ue to the importance of these findings, furtsteidies will be
done for the enhanced enzyme production.
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