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Abstract: Bacillus sp. MNJ23 isolated from dairy effluent showing ability to secrete -amylase and -
galactosidase  was optimized by physico-chemical environment of the production medium. The optimum pH
for -amylase and -galactosidase production was found to be 6 and 7, respectively. A high temperature around
55°C  was  optimum for both enzymes. Optimum incubation period for -amylase and -galactosidase
production was 144 h and 72 h, respectively. Lactose and galactose were the best carbon source for -amylase
and -galactosidase  production  where  as  sodium  nitrate and yeast extract were the best nitrogen source.
l-tryptophan was the best amino acid source for -amylase and -galactosidase. Corn flour and corn starch
enhanced the -amylase activity. -galactosidase production was significantly enhanced by rice flour when
supplemented as a natural substrate to the production medium.
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INTRODUCTION amyloliquefaciens find potential application in a number

-Amylases (E.C. 3.2.1.1.) are starch-degrading textiles and paper industries [9, 10].
enzymes that catalyze the hydrolysis of internal -1, 4-O- -galactosidases(EC 3.2.1.23) hydrolyze lactose and
glycosidic bonds in polysaccharides with the retention of transfer galactose to the hydroxyl group of water,

-anomeric configuration in the products [1]. These acceptor molecule, resulting in the liberation of galactose
enzymes account for about 30 % of the world’s enzyme and  glucose  [11, 12]. The main industrial application of
production [2-4]. Amylases are among the most important -galactosidase is converting lactose to glucose and
enzymes having great significance for biotechnology. - galactose. There are several advantages embodied in
amylases have a potential application in a wide number of lactose hydrolysis: (1) rapid fermentation of glucose, (2)
industrial processes such as food, fermentation, textile, a higher degree of sweetness of the liquid in which
paper, detergent and pharmaceutical industries. However, lactose has been hydrolyzed, (3) higher solubility of
with the advances in biotechnology, the amylase glucose and galactose, (4) higher stability of frozen
application has expanded in many fields such as clinical, condensed milk, in which lactose has been hydrolyzed, (5)
medicinal and analytical chemistry, as well as their application of lactose hydrolyzed milk in cheese making
widespread application in starch saccharification and in results in rapid fall of pH and as a consequence rapid
the textile, food, brewing and distilling industries [5-8]. development of cheese flavor and texture takes place and

-Amylase, which catalyzes the hydrolysis of starch (6) use of -galactosidase in whey eliminates
to  low  molecular  weight  products, is produced by a technological problems (such as sandiness in whey
wide variety of microorganisms, but for commercial powder and ice cream) and improving the nutritional
applications -amylase  is  mainly  derived from the quality of whey and whey powder. It also leads to the
genus Bacillus [9]. -amylases produced from Bacillus development of novel products and the production of
licheniformis, Bacillus stearothermophilus and Bacillus new sweeteners [13].

of industrial processes such as in food, fermentation,
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In view of the advantages offered by the application DNA was sequenced and similarity search was done
of thermostable hydrolases, such as reduction of reaction using  NCBI-BLAST.  The  strain  was  identified using
time and contamination risk which provide considerable the maximum aligned known sequence according to
energy saving [9], there is always a requirement for Altschul et al. [17].
hydrolases capable of functioning at elevated
temperatures. Furthermore, in order to meet this demand Enzyme Production Medium: The strain MNJ 23 (10%)
the development of a low cost fermentation medium is was grown in shaken flasks containing 100 ml of basal
necessary. A production medium producing two enzymes medium comprising of following components: Corn steep
at one time is imperative for future biotechnological liquor 0.2%, KH PO  0.25%, Na HPO  0.25%, NaCl 0.1%,
processes. Against these backdrops the present (NH ) SO  0.2%, MgSO 7H O 0.005% and CaCl  0.0075%
investigation was aimed to screen -amylase and - (pH) 7.00 [14] and incubated at 40°C for 48 h. The
galactosidase producing bacteria and optimizing its production medium was centrifuged and the supernatant
cultural environment to increase its enzymatic yield. was used as the crude enzyme source for enzyme assay

MATERIALS AND METHODS determination.

Collection of Samples: Samples of dairy effluent were Assay of -Amylase: The -amylase produced was
collected from Hatsun Agro product Ltd., Chennai, Tamil assayed by using starch as substrate. To 2.0 ml of the
Nadu, India. crude enzyme, 2.0 ml of 0.1 M acetate buffer and 1%

Isolation of -Amylase and -Galactosidase Producing was incubated at 37°C for 30 min. The amount of reducing
Bacteria: In order to eliminate the non-spore producing sugar released was determined by the addition of 3,5-
strains, the effluent sample was incubated in water bath at dinitrosalicylic acid followed by boiling for 10 min
70°C for 24 h. The sample was then diluted with 1% according to Bernfield [18]. The color developed was read
sterilized peptone and plated on the culture medium at 540 nm. One unit of enzyme activity is defined as the
(soluble starch 1.0%, yeast extract 0.4%, K HPO  0.1% and amount of enzyme required to release 1 µmol of reducing2 4

MgSO 7H O 0.15%, pH 7.0) for screening -amylase sugar in 1 min under the assay condition.4 2

producing bacteria [14]. After 24 h incubation, the strains
showing clear zones upon the addition of iodine solution Assay of -Galactosidase: The -galactosidase produced
was found to be positive for -amylase. was assayed by using lactose as substrate. Thirty

The strain showing positive for amylase production millimolar of lactose was dissolved in 1.9 ml sodium
was  further  screened for -galactosidase production. phosphate buffer and 0.1 ml culture filtrate. The reaction
The   screening   was   done  by  inoculating the strains on mixture was incubated at 10°C for 3 h and the amount of
X-Gal amended medium: lactose 2%, yeast extract 0.5%, glucose liberated was analysed by measuring the
peptone 1%, X-gal 0.03% and Agar 2%, pH 7.0) [15]. The absorbance at 340 nm. 1 U of -galactosidase activity is
strains developed into blue colonies were found to be defined as the amount of enzyme required to liberate 1
positive for -galactosidase. The isolates showing ìmol of glucose/min [19].
positive for both the enzymes were sub cultured on
nutrient agar for maintaining pure culture. The strain with Biomass Determination: Bacteria biomass was
maximum enzyme activity was selected (assigned as MNJ determined by measuring the absorbance at 600nm [14].
23) and characterized based on Bergey’s Manual of
Systemic Bacteriology [16]. Effect of pH, Temperature and Incubation Time: The

Molecular Identification of Bacteria: The strain MNJ 23 pH by using 1 M HCl and 1 M NaOH solutions (4-8) and
was further identified by 16S rDNA sequence analysis the effect of initial pH on -amylase and -
according to Gomaa and Momtaz [3]. The DNA isolated galactosidaseproduction was studied. To study the effect
from strain MNJ 23 was subjected to PCR amplification of of incubation temperature on -amylase and -
16S rDNA using the following primers: Forward: galactosidase production, the flasks with the production
(AGAGTTTGATCCTGGCTCAG) and Reverse: medium were inoculated and incubated at various
(AAGGAGGTGATCCAGCCGCA). The amplified region of temperatures ranging from 40 to 65°C for 24 h. The effect

2 4 2 4

4 2 4 4 2 2

procedures whereas the pellet was used for biomass

soluble starch were added (pH 7.0). The reaction mixture

production  medium  was  adjusted  at various levels of
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of incubation time (48-168 h) was studied in different time powder which is a measure of the change in the blue color
intervals with the optimized pH and temperature of the of starch-iodine complex due to decrease in the amount of
production medium inoculated with the test isolate MNJ starch [20].
23. Among all the screened isolates, a bacterial isolate

Effect of Carbon and Nitrogen Sources: Glucose, sucrose, used for further identification.From microscopic
galactose, lactose and starch were used as carbon appearance and the biochemical tests, the isolate MNJ 23
sources at 1% concentration. The carbon sources were was identified as Bacillus sp. and further confirmation
inoculated with the MNJ 23 strain for -amylase and - was done by amplifying and sequencing the 16S rDNA
galactosidase production. Organic and inorganic nitrogen gene and comparing with the Genbank databases using
sources like yeast extract, peptone, NH Cl, (NH ) SO  and the BLASTN program. The 16S rDNA sequence of the4 4 2 4

NaNO were amended to the production medium at 1% isolate revealed a close relatedness to Bacillus sp. with3

concentration with the isolate MNJ 23 for the production 99-100% similarity. Hence the strain was confirmed as
of both the enzymes. Bacillus sp. and the sequence was submitted to Genbank

Effect of Amino Acids and Metal Ions: To study the effect Optimization of cultural conditions such as medium,
of amino acid sources on -amylase and -galactosidase temperature and pH is crucial for the production of
production, glycine, l-lysine, l-glutamic acid, l -alanine, l - enzymes [21]. The pH of the production medium strongly
phenylalanine, l -isoleucine, l -tryptophan and l - affects many enzymatic processes and transport of
methionine was selected as amino acid source. All these compounds across the cell membrane. In this study the
sources  were studied at 0.01% (by mass per volume) effect of pH on -amylase and -galactosidase production
initial concentrations. The effect of several ions (Fe , was investigated with varying pHs (4-8). It was noted that2+,

Na , Ni , Li , Co , Hg , Mn , Ca , Mg ) on the the  isolate  exhibited  maximum -amylase production+ + + 2+ 2+ 2+ 2+ 2+

production of enzymes by the isolate MNJ 23 was (1.2 U/ml) at pH 6 (Fig. 1). Since -amylase is an acidic
determined. The enzyme solutions were stored for 1 h at enzyme, in their catalytic mechanism oxidation-reduction
30°C in the presence of 1 mM of various ions (as chloride reaction is involved for this particular reaction, H  ion
salts) prior to the respective enzyme assays for remaining concentration should be optimum for the proper catalysis.
activity. The study falls in line with Utonget al. [22] who described

Effect of Natural Substrates: The strain MNJ 123 was if grown at pH 6-9 range. From Fig. 1 it was noted that a
grown on basal medium containing different natural neutral  pH  (7.0) was  found  to  be  the optimum pH for
substrates like wheat starch, potato starch, corn starch, -galactosidase production by the test isolate. Basically
wheat flour, rice flour, corn flour, at 1% and their role on the -galactosidase found in yeast, mold and plant seeds

-amylase  and -galactosidase production were studied. have  optimum  pH between 3 and 6 and stable in acidic

RESULTS AND DISCUSSION optimum  and  was stable over an alkaline pH range [23].

Dairy effluent is one of the potential sites which may the maximum activity observed at pH 7.0 according to
contain biotechnologically potent microbes. Dairy effluent Dhaked et al. [24].
provides a good source for microorganisms to flourish Temperature is one of the critical parameter that has
their enzymatic activities. In this study the dairy effluent to be controlled for any enzyme production [25]. Fig. 2
samples collected from Hatsun Agro products were shows the effect of temperature on the activity of -
screened for bacteria producing -amylase and - amylase  whereby, maximum enzyme activity (1.5 U/ml)
galactosidase by their respective screening media. After was observed at 55°C. Chakrabortyet al. [26] found that
24 h incubation, 20 strains showing clear zones upon the maximum activity of -amylase is observed at 55°C.
addition of iodine solution were found to be positive for Thermal  stability  of -amylase  was  also  reported by
amylase and of the 20 amylase positive strains, 18 strains Al-Qodahet al. [27].
showed blue colonies which indicate the presence of the Accordingly, -amylase  remained stable at 64°C.
organisms producing -galactosidase enzyme. Amylase The optimum temperature for -galactosidase production
activity was determined by measurement of dextrinized for   the   test  isolate  was found to be the same as like the

produced intense zone and color the strain MNJ 23 was

(JQ732169).

+

the ability of Bacillus sphericusto to produce -amylase

pH range. Hence, bacterial -galactosidase showed pH

-galactosidase was active in the pH range of 5.5-9.0 and
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Fig. 1: Effect of pHs on enzyme production

Fig. 2: Effect of temperature on enzyme production

-amylase who had its optimum at 55°C (1.7 U/ml). enzyme yield. After that there is no increase in enzyme
Rahmanet al. [28] found that temperature greatly production. The optimum incubation time for maximum
influences -galactosidase production by the way it alters production of -galactosidase by Bacillus licheniformis
the physical properties of cell membrane and he found the ATCC 12759 was at 72 h [30] and for Bacillus
optimum enzyme activity at 50°C. licheniformisE66 was at 48 h [31]. Comparing the results

Optimal enzyme production was carried out under to the literature there is a broad incubation time reported
optimized cultural conditions by measuring the time when for Bacillus strains [14, 32].
the yield of enzyme achieves maxima. -amylase The carbon sources regulate the biosynthesis of
production increased gradually with the increase in amylases  and galactosidases in many microorganisms
incubation time and a significant production (1.9 U/ml) [14, 33-36]. It was noted that lactose and galactose was
was observed after reaching 144 h of growth (Fig. 3). found to  be  the  best  carbon source for -amylase and
Further increase in incubation period resulted in the -galactosidase respectively (Fig. 4). Kim and Rajagopal
decreased production of the enzyme. It might be due to [37] described that galactose is the best carbon source for
the depletion of the nutrients, death phase of organism or the biosynthesis of -galactosidase by L. crispatus, while
due to the production of protease in the medium as addition of glucose or lactose to the growth medium
suggested by Lealem and Gashe [29]. The optimum repressed the synthesis of -galactosidase.
incubation   period    for -galactosidase   production The  nature  of  nitrogen source is important for the
(2.2 U/ml) was found to be 72 h (Fig. 3). A prolonged -amylase production. The influence of organic and
incubation time beyond this period did not increase the inorganic  nitrogen  sources on -amylase production was
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Fig. 3: Effect of incubation period on enzyme production

Fig. 4: Effect of carbon source on enzyme production

Fig. 5: Effect of nitrogen source on enzyme production

determined (Fig. 5). Among the different nitrogen sources in Bacillus longum CCRC 15708 [39] and tryptone was
tested, it was noted that sodium nitrate and yeast extract found to be best nutrient supplementation for
were found to be the best nitrogen source for -amylase thermostable -galactosidase production. Hence, our
and -galactosidase respectively (Fig. 5). Aiyer [38] findings fall in line with the findings of these studies.
reported ammonium dihydrogen phosphate to be a better The amino acids are important components of the
nitrogen source for enzyme production by B. medium as they help in the generation of ATPs which are
licheniformis SPT 278 than other tested inorganic utilized for the microbial growth [34]. The effect of
nitrogen sources. With reference to -galactosidase, supplementation of various amino acids which promotes
yeast extract supported the maximum enzyme production the  better enzyme production was analyzed for -amylase
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Fig. 6: Effect of amino acids on enzyme production

Table 1: Effects of various metal ions on -amylase activity

1 mM Remaining activity (%)

Control 100.0

FeCl 66.52

MgSO 89.54

NaCl 110.4

HgCl 112.6

NiCl 108.5

LiCl 89.1

CoCl 76.5

MnCl 98.42

CaCl 132.52

Table 2: Effects of various metal ions on -galactosidase activity

1 mM Remaining activity (%)

Control 100.0

FeCl 80.52

MgSO 100.54

NaCl 29.5

HgCl 34.6

NiCl 18.5

LiCl 66.4

CoCl 71.4

MnCl 130.22

CaCl 54.62

and -galactosidase production. From Fig. 6 it was noted
that l-tryptophan was found to be the best amino acid
source for -amylase and -galactosidase. Rasooli  et al.
[40] reported that tryptophane is found to enhance the
enzyme productivity to 202% as compared to the basal
medium whereas lysine at 0.5% level showed a strong
repression on -amylase production from Bacillus spp.
Supplementation   of   l-tryptophan   enhanced   60%  of

-galactosidase production according to Nurullah [29].

According to Gupta et al. [6] the role of amino
compounds is considered to be neither as nitrogen nor as
a carbon source, but as stimulators of the enzyme
synthesis and excretion.

Supplementation of salts of certain metal ions
provided  good  growth   of   microorganisms   and
thereby  better  enzyme  production  since  most   of  the

-amylases  and -galactosidase  are known to be
metallo-enzymes  [41].  From  (Tables  1 and 2) it was
noted that CaCl  and MnCl  were found to be the best2 2

metal ions for -amylase and -galactosidase,
respectively. -amylase  production  by  Bacillus sp.
MNJ 23 was increased in the presence of 0.1% CaCl2

(132.5 U/ml). Ca  has significant effects on the2+

metabolism and physiology of bacteria and there is also
found to be an effect on enzyme activity and stabilization
in the defence against proteases according to Khire and
Pant  [42]. The -galactosidase production increased
when production medium was supplemented with MnCl2

(130.2 U/ml). This indicated that Mn  is necessary for2+

enzyme induction and/or enzyme stabilization. Positive
effects of metal salts including Mg  and Mn  on -2+ 2+

galactosidase production have been demonstrated by
RamanaRao and Duita [43].

Cheaper sources of natural substrates are the key
attraction for commercialization of the production
processes and thus, ability of the microbial agent to grow
and produce enzymes using these sources has been
arguably a point of interest [44]. It was noted that corn
flour and corn starch enhanced the amylase activity while
wheat starch, wheat flour and rice flour repressed -
amylase production (Fig. 7). It has been reported that the
synthesis of carbohydrate degrading enzymes in most
species of the genus Bacillus is subjected to catabolic
repression  by  readily  metabolizable  substrates  such  as
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Fig. 7: Effect of natural substrate on enzyme production

glucose and fructose [45] and media containing starch conclude, Bacillus sp. MNJ23 is a potent -amylase and
rich flours such as corn were suitable for the production -galactosidase producer and due to the importance of
of -amylase. these findings, further studies will be carried on in order

In the presence of rice flour, -galactosidase to commercialize the production process for industrial
production was significantly enhanced (3.7 U/ml) (Fig. 7). applications.
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