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Abstract: -galactosidase producing BPTK4 was isolated from the diary industry effluent in Chennai.
Biochemical tests and 16S rRNA sequencing was used for the confirmation of the strain BPTK4 as Bacillus
subtilis. The strain BPTK4 was assessed for its probiotic nature using antibiotic markers. The characterization
of the enzyme and optimization of the production medium were carried out for the maximum production and
activity of -galactosidase. Maximum production of enzyme was obtained when the medium was incubated for
48 hours at the temperature of 35°C and maintained at pH 7. Various carbon (1% m/v) and nitrogen (0.015% m/v)
sources, metal ions (1mM) and natural substrates (1% m/v) were introduced into the medium and their effects
were studied. Xylose, Yeast extract, Mg ion, Mn ion and wheat bran increased the production of enzyme.2+ 2+

The enzyme was purified by ion exchange chromatography using DEAE sephacel column and it was
characterized for stability based on temperature and pH. The enzyme showed highest activity at the temperature
of 55°C (0.350 U/ml) and at pH 7 (0.294 U/ml). The enzyme retained 100% of its activity at 45°C and retained 90%
of its activity at pH 7. 
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INTRODUCTION the synthesis     of     galacto-oligosaccharide    (GOS)

Lactose is a disaccharide found in milk and other years [3]. 
dairy products. Lactose indigestion in the intestinal -galactosidase can be obtained from various
microflora  leads  to   dizziness,   headache   and  nausea. sources such as plants, animals and micro organisms. But
So  milk and  other  dairy  products  are  manufactured micro organisms are considered as a suitable source for
with less  lactose  content   for   lactose  intolerance industrial applications. Among bacteria; yeast and fungi
people  which  further  adds  the  cost  to  about  80%  of and a large number of bacteria are most suitable because
the normal unhydrolysed milk [1]. The lactose hydrolyzing they are Generally Regarded As Safe (GRAS). So our work
enzyme, -galactosidase (E.C 3.2.1.23) facilitates the was focused on bacterial production of enzyme. It is
reaction between the disaccharide molecules (Lactose) important to select a microorganism with high potentiality
and water, thereby cleaving the oxygen bridge resulting to produce  galactosidase [4]. Bacillus species is our
in the production of  two  simple  sugars  (Glucose  and area of interest because it is aerobic, thermostable, spore
Galactose). -galactosidase has been widely used for forming and it can resist high alkalinity. They are
industrial as well as medical application. In dairy generally called as aerobic spore formers [5]. The species
industries -galactosidase has been used to prevent can be used as a probiotic source organism since it is an
crystallization  of  lactose,  to   improve   sweetness   and antagonist to fungal and bacterial pathogens [6]. In
to   increase   the   solubility   of   the   milk   product  [2]. contrast, lactic acid bacteria (LAB) are not preferred as a
It is also important for the utilization of cheese whey, digestion enhancer due to the inability to form spores and
which would otherwise be an environmental pollutant. can’t tolerate the acidic environment of the stomach and
The   transglycosylation   activity   has   been   used  for inviability [7].

and  galactose  containing  chemicals  (GCC)  in  recent
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-galactosidases produced from bacteria are used for 55°C for 1 min and 72°C for 2 min which amplifies the 16S
the treatment of milk, whey and other dairy products of
neutral pH because the enzyme is active in the pH range
of 6.5-7. The organism was isolated and screened with X-
gal and assayed to estimate the ONPG fermenting ability
of -galactosidase. Our main focus was on the
optimization of the media based on the following factors:
incubation time, temperature, pH, carbon and nitrogen
sources, metal ions and natural substrates. Furthermore,
the enzyme was purified by chromatographic technique
and the highly purified enzyme was characterized based
on the temperature and pH. 

MATERIALS AND METHODS

Sample Collection: The dairy effluents were collected
from the Heritage Foods India Ltd., Ambattur, Chennai.
The samples were brought to the laboratory under aseptic
conditions in a sterile container.

Isolation of -Galactosidase Producing Bacteria: The
diary effluent samples were serially diluted and plated on
nutrient agar plates infused with 50 µl X-Gal (5-bromo-4-
chloro-3-indole- -D-galactopyranoside; 20mg/ml of
DMSO) to select the colonies showing lactose fermenting
ability. The plates were then incubated at room
temperature for 48 hours. Blue colonies were observed on
the plates indicating the presence of -galactosidase
producing bacteria [7].

Sporulation: Each blue colony was plated on nutrient
agar medium and sub cultured periodically for maintaining
pure culture. In order to isolate spore forming bacteria,
one loopful of isolates were inoculated in 50 ml of Difco
Sporulation Medium (DSM) [8]. The plates were
incubated at 37°C for 48 hours and the spores obtained
were purified as prescribed by Venkateswaran et al. [9]
and the spore formations were checked microscopically
using Schaeffer-Fulton staining technique [10]. Those
spores which were stained green indicated the presence
of endospores [11].

The bacterium which shown maximum enzyme
activity was characterized based on Bergey’s Manuel of
Systematic Bacteriology [12].

16S rRNA Sequencing: The genomic DNA was isolated
from the bacteria by the method described by Hosek et al.
[13]. The highly purified DNA was then amplified in a
thermocycler at conditions: 35 cycles  of  94°C  for  1  min,

rRNA sequences specifically by using the primers [14].

Forward (16F27): 5 -AGAGTTTGATCCTGGCTCAG-3
Reverse(16R1522):5 -AAGGAGGTGATCCAGCCGCA-3

DNA sequencing was performed in a highly
automated gene sequencer. These sequences were read in
Genbank databases (BLAST) and compared with the other
sequences to analyze the bacterial class and its
phylogeny.

Antibiotic Susceptibility Marker to Detect the Probiotic
Nature of BPTK4: The antibiotic susceptibility of BPTK4
was analyzed by using standard single disc-diffusion
method [15, 6]. The overnight culture of the test organism
was seeded on nutrient agar plate using a swab. The
various antibiotic-impregnated discs containing
amoxicillin (25 µg), penicillin (10 µg), ciprofloxacin (5 µg),
gentamycin (10 µg), cotrimoxazole (25 µg),
chloramphenicol (30 µg), bacitracin (8 µg), tetracycline (30
µg), kanamycin (30 µg), erythromycin (15 µg), vancomycin
(30 µg), ampicillin (10 µg), streptomycin (10 µg),
Clindamycin (2 µg) and Methicillin (5 µg) were placed on
the seeded plate and the plates were incubated at 37°C.
The zone of growth inhibition was determined after 24 hr.

Enzyme Production
Inoculum Preparation for the Production of -
Galactosidase: One loopful of overnight grown bacterial
culture was transferred to the LB broth as prescribed by
Robert et al., 2006 [16].

The Production Medium: Lactose-10g/L, Peptone-1.5g/L,
Yeast extract-1g/L, KH PO -1g/L, NH H PO -7g/L,2 4 4 2 4

MgSO .7H O-1g/L and CaCl -0.3g/L [17]. For effective4 2 2

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 [18, 3]. 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 -galactosidase activity was
measured by the method of Gumgumjee and Danial [17].
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.
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The absorbance was read at 420 nm and the amount of Sephadex-G-75 column (2 × 100cm) and was eluted with
ONP was calculated using standard curve. One unit of
enzyme activity was defined as the amount of enzyme that
liberates 1 µM 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 [19].

Optimization of Culture Conditions for Enzyme
Production: The effects of time, temperature and pH on
the production of the enzyme were studied. These were
carried out by cultivating the isolate at different times (6-
96 hrs) [3], different temperatures (20-60°C) [3] and
different pH values (5-9) [20]. The -galactosidase activity
and the protein content were assayed [17, 19].

Effect of Various Carbon Sources: The isolate was grown
in the production medium containing various carbon
sources (1% m/v) including glucose, lactose, galactose,
sucrose, starch, xylose, fructose to study their effect on
enzyme production [3].

Effect of Various Nitrogen Sources: The production
medium was supplemented with different nitrogen sources
(0.015% m/v) including organic nitrogen sources such as
yeast extract, tryptone, beef extract, peptone, casein and
the inorganic nitrogen sources such as urea, (NH ) SO ,4 2 4

NaNO to investigate their effect on enzyme production3

[3].

Effect of Various Metal Ions: The effect of various metal
ions such as MgCl .6H O, MnSO .7H O, FeSO ZnSO2 2 4 2 4, 4

and EDTA (at 1mM concentration) added to the culture
medium on enzyme production was determined [20].

Effect of Natural Substrates: Natural substrates such as
wheat bran, rice bran, wheat flour and potato starch were
studied at 1% m/v and the medium was optimized for the
maximum production of the enzyme [3].

Purification of the Enzyme: After 2 days of incubation
period, cell free supernatant was subjected to
precipitation by adding chilled acetone 1:1.5%v/v (culture
broth to acetone) at 20°C, stirred well and the mixture was
kept at 4°C for 12hrs. The precipitate was recovered by
centrifugation at 8,850×g for 30min and dissolved in a
minimal volume of 50mM acetate buffer, pH 5.0 and was
dialyzed overnight against 5mM acetate buffer of pH 5.0.
This enzyme solution was loaded onto  a  pre-equilibrated

the same buffer at a flow rate of 0.5ml/min. Five-milliliter
fractions were collected [21] and those showing -
galactosidase activity were pooled and collected fractions
were analyzed for protein content and -galactosidase
activity [19, 17].

Electrophoretic Analysis: Protein homogeneity of
purified -galactosidase from the isolate was assessed by
10% SDS-PAGE [22]. The proteins were stained with
0.25% (w/v) Commassie Brilliant Blue R-250. Medium
molecular weight (Sigma Chemicals Ltd, USA) protein
markers were used.

Characterization of Purified Enzyme
pH and Temperature Dependence on the Activity of the
Enzyme: The pH dependence was determined by using
ONPG as a substrate in a series of buffers of different pH
values ranging from 5-9. The different buffers used were
0.1 M sodium acetate buffer (pH 5-5.5), 0.1 M sodium
phosphate buffer (pH 6-7.5) and 0.1M Tris HCL buffer (pH
8-9). The activity of the enzyme was measured at different
pH after 30 min. The temperature dependence was
determined by incubating the samples at different
temperatures ranging from 35-95°C for 30 min and the
activity of the enzyme was measured by standard ONPG
conditions [17].

pH and Temperature Dependence on the Stability of the
Enzyme: The activity of the enzyme was measured by
incubating the enzyme solution in different pH values as
mentioned above at 37°C for 30 min and then assayed
under standard ONPG conditions. The influence of
temperature on the stability of the enzyme was determined
by incubating the enzyme solution in 0.1M sodium acetate
buffer pH 5 over a broad range of temperature 35-95°C for
15-150 min. The tubes/aliquotes were then withdrawn and
immediately kept in ice for few min and then assayed as
described above [17].

RESULTS AND DISCUSSION

Microbial enzymes are of high industrial importance;
can be used as a food supplement/dietary product and are
available commercially [23]. -galactosidase from fungal
[24] and yeast [25] sources has been used widely and has
dominated application in the industrial sector. Traces of
beta galactosidases were also observed in Penicillium
species [26]. The bacterial strains present in dairy
industry effluents have been proved to be probiotic and
has a greater ability to produce -galactosidase [7].
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Fig. 1: Photographic representation of PCR amplified
product in Agarose Gel (Lane 1, PCR amplified
sample; Lane 2, 15 Kbp ladder)

The  serially  diluted  dairy  effluent samples Fig. 3: The effect of temperature on -galactosidase
cultivated  into  the   screening   medium  incorporated production.
with X-gal, which resulted in the formation of 18 blue
colored colonies indicating the production of - David et al., 1990 [28] reported the different  strains of
galactosidase by the respective bacterial strains. When Bacillus sp. which are commercially available now like
the individual colonies were cultured in the sporulation biosubtyl and Enterogemina as probiotic preparations by
media, it resulted with 6 strains with spore forming ability. using antibiotic markers. On the other hand, Parvathi et
Of the 6 spore forming strains, one best -galactosidase al., 2009 [6] reported that Bacillus pumilus causes skin
producing strain (BPTK4) having maximum enzyme infections in immunocompromised individuals. So, further
activity was selected and preceded for further studies must be performed to understand the effect of
investigations. micro organisms on human health, their genetic basis and

From microscopic appearance and the biochemical resistance to antimicrobials.
tests, the isolate was identified as Bacillus sp. BPTK4 and Incubation time depicts the characteristics of the
further confirmation was done by sequencing the 16S culture and is also based on the growth rate and enzyme
rDNA gene and compared with the GenBank databases production [3]. There was a profound influence on the
using the BLASTN program (Fig. 1). The 16S rDNA activity of enzyme (0.20 U/ml) at 48 hrs (Fig. 2). Similar
sequence of the isolate revealed a close relatedness to results were obtained by Ismail et al., 2010 [21] while
Bacillus subtilis with 99-100% similarity. Hence the strain working on the production of -galactosidase from L.
was confirmed as Bacillus subtilis and the sequence was acidophilus. Maximum -galactosidase production was
submitted to Genbank (JF749812). also reported at 48 hrs by Gumgumjee and Danial [17].

The isolate BPTK4 was inhibited by most of the The decrease in the enzyme activity after 48 hrs (Fig. 1)
antibiotics but showed resistance to penicillin. This makes might be due to the decrease in the amount of nutrients in
the isolate to be used as a probiotic for lactose intolerance the medium or due to denaturation of the enzyme. Like
people and also in dairy industry. For a organism to act as other mesophilic bacteria, Bacillus sp. producing -
probiotic, it should possess therapeutic and antimicrobial galactosidase was best grown when incubated at 35°C
properties beside of their organoleptic characteristics [27]. (0.24 U/ml)  (Fig.  3). Chakraborti et al., 2003 [29] showed

Fig. 2: The effect of incubation time on -galactosidase
production.
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Fig 4: The effect of pH on -galactosidase production. Fig. 6: The  effect   of  various    nitrogen    sources   on

Fig 5: The  effect    of    various    carbon    sources   on Fig. 7: The effect of addition of different  metal  ions  on
-galactosidase production. -galactosidase production.

that -galactosidase was produced at maximum level when wall  components  [3].  Various  nitrogen sources were
maintained at temperatures of 37°C. The hydrogen ion used,  of   which,   rganic   sources   such   as  yeast
concentration affects two aspects of the microbial cells: extract (0.25 U/ml) and tryptone (0.21 U/ml) had an
function of the cells and the transport of nutrients to the influence  over  the  enzyme  production  when  compared
cells [24]. So maintaining the pH value is very important. to  beef  extract  where  the   activity   was   reduced  to
The maximum production was observed at pH 7 (0.20 0.03  U/ml    (Fig.   6).   These   findings   are   related  to
U/ml). At pH 5 and 9, the activity of galactosidase was El-Shebawy  et  al.  [20]  who  worked  on  the  production
0.10 U/ml (Fig. 4). El-Shebawy et al., 2007 [20], Chakraborti of -galactosidase  from  B.  circulans.  Ismail et al. [21]
et al., 2003 [29] and Yapi et al., 2009 [30] reported that also  showed  that  yeast  extract  had   an   influence  on
Bacillus sp. can be grown maximally when the medium is -galactosidase activity. But the inorganic nitrogen
maintained at a pH of 7. sources such as ammonium sulfate (0.09 U/ml) and sodium

The carbon source is very essential for the effective nitrite (0.07 U/ml) did not contribute much to the good
production of the enzyme. Xylose (0.29 U/ml) (Fig. 5) was growth and the production when compared to organic
found to be the most effective carbon source for the sources. Similar results are shown by El-Shebawy et al.
maximum production of enzyme. This is correlated with [20] and Ismail et al. [21].
the findings of Akcan [3]. In our study, lactose (0.24 U/ml) When the  culture  was  supplemented  with  Mn

(0.28 U/ml) and Mg (0.32 U/ml) at 1 mM concentration,
enzyme production. Galactose was shown to be the an increase in the enzyme activity was observed (Fig. 7),
effective carbon source in the biosynthesis of - Different authors reported that Mn  and Mg  of different
galactosidase by B. circulans [20]. concentrations   had   an   influence   on   the  enzyme

In most of the organisms, both the organic and yield.  Ismail  et  al.,  2010  [21]  reported  that  Mn   and
inorganic forms of nitrogen are metabolized within the cell Mg  of 0.02 M increased the enzyme yield. Kumari et al.,
to produce amino acids,  nucleic  acids,  proteins  and  cell 2011  [31]  worked  on  the production of -galactosidase

-galactosidase production.

2+

and galactose (0.20 U/ml) also seemed to enhance the 2+

2+ 2+

2+

2+
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Fig. 8: The effect of natural substrates on -galactosidase Fig. 10: The effect of temperature on the activity and
production. stability of the enzyme.

Fig. 9: Photographic representation of SDS-PAGE Gel observed by El-Sadawy, 2008 [34].
(Lane   1, Marker    Proteins;    Lane    2   showing The purified enzyme was characterized based on the

-galactosidase single band after DEAE-Sephacel) temperature and pH and its activity was found to be

using yeast isolate from whey and reported that at 7 (0.294 U/ml) (Fig. 8, 9). Quyen et al. [35] and Fatma Isuk
concentration of 0.05%, Mg  increased the enzyme ÜSTOK, 2007 [36] also reported that the optimum2+

production. temperature and pH for the better growth and activity of
Among the natural substrates used, wheat bran -galactosidase was 55°C and pH 7. Osiriphun and

showed a relatively high production of enzyme (0.17 Jaturapiree [31] reported that -galactosidase activity
U/ml). The production rate was slightly decreased by increases at the temperature of 60°C with an optimum pH
other substrates (Fig. 8).  On  the  other  hand,  Akcan  [3] of 6.5.

reported that when the production medium was
supplemented with rice flour, maximum production of -
galactosidase was observed. 

The extracellular -galactosidase activity was
subjected to acetone precipitation at 1:1.5% v/v (culture
filtrate/acetone) saturation. After solvent precipitation,
approximately 24.98% yield was obtained. Sephedex-G 75
chromatography resulted to 10.14 % yield with increase in
9.5-fold of purification. After ion exchange
chromatography using DEAE-Sephacel column, 15-fold of
purification and overall yield of approximately 3.82% were
observed (Table 1).

The molecular weight of the purified -galactosidase
was determined using SDS-PAGE analysis and was found
to be 65 Kda (Fig. 9). Osiriphun and Jaturapiree [32] and
Gote et al. [33] reported  galactosidase with the
molecular weight of 75 and 79.9 Kda. The galactosidase
activity of Bacillus thuringiensis (116 KDa) was also

maximum at the temperature of 55°C (0.350 U/ml) and pH

Table 1: Purification of -Galactosidase

Purification steps Total volume (ml) Enzyme activity (mg) Protein activity (U/ml/mg) Specific activity (U/ml/mg) Purification fold Yield %

Crude extract 100 0.490 70 0.007 1 100

Acetone precipitation 30 0.408 17.74 0.023 3.3 24.98

Sephadex-G75 12 0.414 1.89 0.219 9.5 10.14

DEAE-Sephacel 5 0.374 0.11 3.307 15.1 3.82
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Fig. 11: The effect of pH on the activity and stability of
the enzyme.

The stability of the purified enzyme was determined
between the temperature ranges of 35-45°C where it
retained 100% of its activity at the temperature of 45°C
and at pH 7 (90%) (Fig. 10, 11). Quyen et al. [35] and
Fatma Isuk ÜSTOK, 2007 [34] showed that the thermo
stability of the enzyme was between the temperature
range of 20-37°C when maintained at pH 7. A slight
variation in the thermo stability range was observed at 27-
37°C by Nagy et al. [25].

A thermostable Bacillus subtilis strain BPTK4
isolated from dairy effluent and characterized for -
galactosidase. This strain showed that it is an ideal
candidate for hydrolysis of lactose in milk which can be
used for lactose intolerant people. 

ACKNOWLEDGEMENT

Authors wish to thank the members of the CAS in
botany, especially the Director Dr. R. Rengasamy for
giving us the opportunity to carry out our work and
providing the necessary facilities and sincere thanks to
Mrs. D. Shubhashini, M.Tech, Lecturer, Department of
Biotechnology, Sathyabama University, Chennai for
supporting and encouraging us for the research work.

REFERENCES

1. Patil, M.M., K.V. Ramana and A.S. Bawa, 2011.
Characterization of partially purified -galactosidase
from Bacillus Sp MTCC-864. Recent Research in
Science and Technology, 3: 84-87. 

2. Kara, F., 2004. Release and Characterization of Beta
galactosidase      from     Lactobacillus    plantarum.
M.Sc. Thesis, Middle East Technical University,
Turkey.

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

4. Zuzana     mlichov -michal    rosenberg,    2006.
Current trends of -galactosidase application in food
technology. Journal of Food and Nutrition Research,
45: 47-54.

5. Kenneth      thodar,      2011.      The      Genus
Bacillus http://textbookofbacteriology.net/Bacillus.
html.

6. Ammini   Parvathi,   Kiran   Krishna,   Jiya   Jose,
Neetha   Joseph   and   Santha   Nair,   2009.
Biochemical and molecular characterization of
Bacillus pumilus isolated from coastal environment in
Cochin, India. Braz. J. Microbiol., 40: 269-275.

7. Sreekumar, G. and Soundarajan Krishnan, 2010.
Isolation and characterization of probiotic Bacillus
subtilis SK09 from dairy effluent. Indian Journal of
Science and Technology, 3: 863-866.

8. Nicholson,  W.    and    P.    Setlow,   1990.
Sporulation,        germination        and        outgrowth.
In Molecular biological methods for Bacillus, Eds.,
C.R. Harwood and S.M. Cutting. John Wiley and
Sons Ltd, Chichester, UK.

9. Kasthuri       Venkateswaran,   Michael        Kempf,
Fei Chen, Masataka Satomi, Wayne Nicholson and
Roger  Kern,   2003.   Bacillus  nealsonii  sp.  nov.,
isolated    from    a    spacecraft-assembly   facility,
whose    spores    are    c-radiation    resistant.
International Journal of Systematic and Evolutionary
Microbiology, 53: 165-172. 

10. Harley, S. and M. Prescott, 2002. Laboratory exercises
in microbiology. Mc Graw Hill, pp: 58.

11. Momoh,     M.A.,     E.C.    Ibezim,    M.U.   Adikwu 
and O.C. Okechi, 2009. Isolation and characterisation
of   thermostable   enzyme   producing   Bacillus
species   of   Pharmaceutical   importance  using
animal   dung.  Journal    of    Pharmacy   Research,
2: 808-810.

12. Krieg,    N.R.,    W.     Ludwig,     W.B.    Whitman,
B.P.   Hedlund,   B.J.   Paster,   J.T.  Staley,  N.  Ward,
D. Brown and A. Parte, 2010. Bergey's Manual of
Systematic Bacteriology, Springer.

13. Hosek, J., P. Svastova, M. Moravkova, I. Pavlik and
M. Bartos, 2006. Methods of mycobacterial DNA
isolation from different biological material: a review.
Veterinarni Medicina, 51: 180-192. 



World Appl. Sci. J., 17 (11): 1466-1474, 2012

1473

14. Pissamai   Powedchagun,   Hideyuki   Suzuki   and 24. Colin, R. Harwood and Simon M. Cutting, 1990.
Sirirat Rengpipat, 2011. Characterization of a
probiotic Bacillus S11 bacterium of black tiger shrimp
Penaeus monodon. Songklanakarin J. Sci. Technol.,
33: 1-8.

15. Wilkins, T.D., Lillian V. Holdeman, I.J. Abramson and
W.E.C. Moore, 1972. Standardized Single-Disc
Method for Antibiotic Susceptibility Testing of
Anaerobic Bacteria. Antimicrobial Agents and
Chemotherapy, 1: 451-459.

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

17. Nehad,  M.   Gumgumjee   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.

18. 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.

19. 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.

20. El-Shebawy, K., S. Saleh, A. Afify and O.H. El-Sayed,
2007. Production of A-Galactosidase from Local
Isolated Strain of Bacillus circulans. Part 1:
Optimization of the different physiological condition.
N. Egypt. J. Microbiol., 17: 224-232.

21. Siham Abdel-Azeem Ismail, Yasser El-Mohamady,
Wafaa A. Helmy, Rasha Abou-Romia and Amal
Mohamed Hashem, 2010. Cultural condition affecting
the   growth   and  production  of  beta-galactosidase
by     lactobacillus     acidophilus     NRRL     4495.
Australian   Journal of  Basic and Applied Sciences,
4: 5051-5058.

22. Laemmli, U.K., 1970. Cleavage of structural proteins
during the assembly of the head of bacteriophage T4,
Nature, 227: 680-685.

23. Panesar, R., P.S. Panesar, R.S. Singh, J.F. Kennedy
and    M.B.   Bera,   2006.   Process   optimization    of
beta-D-Galactosidase Production using Yeast
Culture. Journal of Biological Sciences, 6: 193-197.

Molecular     biological    methods    for    Bacillus.
John Wiley and Sons, Chichester, UK.

25. Zolta´n Nagy, Tunde Kiss, Attila Szentirmai and
Sandor Biro, 2000. -Galactosidase of Penicillium
chrysogenum: Production, Purification and
Characterization of the Enzyme. Protein Expression
and Purification, 21: 24-29.

26. Azar   Sabokbar,   Samira   Sadat   Miri   Ashtiani,
Mansour      Bayat,      Alireza      Khosravi      and
Ramin Hajikhani, 2011. Determining Allergenic Bands
for Penicillium Species Isolated from Outdoor Air in
Iran Using Patients' Sera with Asthma. Advances in
Biological Research, 5: 215-220.

27. Reyhan Irkin and Ufuk Vapur Eren, A Research about
Viable Lactobacillus bulgaricus and Streptococcus
thermophilus Numbers in the Market Yoghurts.
World Journal of Dairy and Food Sciences, 3: 25-28.

28. David, H. Green, Phil R. Wakeley, Anthony page,
Andrew Barnes, Loredana baccigalupi, Ezio Ricca
and Simon M. Cutting, 1990. Characterization of Two
Bacillus Probiotics. Applied and Environmental
Microbiology, 65: 4288-4291.

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

30. Désiré     Yapi    Assoi    Yapi,    Dago    Gnakri,
Sebastien Lamine Niamke and Lucien Patrice
Kouame, 2009. Purification and biochemical
characterization of a specific -glucosidase from the
digestive fluid of larvae of the palm weevil,
Rhynchophorus palmarum. Journal of Insect Science,
9: 1-13.

31. Shweta     Kumari,     Parmjit     S.    Panesar    and
Reeba Panesar, 2011. Production of -galactosidase
using    Novel    Yeast    Isolate   from   Whey.
International Journal of Dairy Science, 6: 150-157.

32. Somyos Osiriphun and Phimchanok Jaturapiree, 2009.
Isolation and characterization of -galactosidase from
the thermophile B1.2. As. J. Food Ag-Ind., 2: 135-143.

33. Gote,     M.M.,      M.I.    Khan,      D.V.      Gokhale,
K.B.    Bastawde    and    J.M.    Khire,    2006.
Purification,     characterization     and    substrate
specificity      of      thermostable      a-galactosidase
from Bacillus stearothermophilus (NCIM-5146).
Process        Biochemistry,        41:        1311-1317.



World Appl. Sci. J., 17 (11): 1466-1474, 2012

1474

Hanan, A. El-Sadawy, Hussien A. Abou El-Hag, 35. Fatma     Isuk     ÜSTOK,      2007.      Production     of
Janette  M.  Georgy,  Shaaban  S.  El  Hossary  and -galactosidase using lactic acid bacteria and
Hala  A.  Kassem,  2008.   In   vitro   Activity of optimization of fermentation parameters. M.Sc.
Bacillus thuringiensis (H14) 43 kDa Crystal Protein Thesis, Izmir Institute of Technology, Turkey.
Against Leishmania major. American-Eurasian J.
Agric. and Environ. Sci., 3: 583-589.

34. Dinh Thi Quyen, Van Giang Tran, Sy Le Thanh
Nguyen, Thi Thao Nguyen and Van Hanh Vu, 2011.
Cloning, High-level Expression and Characterization
of a -Galactosidase from Bacillus subtilis G1.
Australian Journal of  Basic  and  Applied  Sciences,
5: 193-199.


