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Abstract: Purification of two industrially important enzymes namely -amylase and -galactosidase in a
concomitant production medium was carried out. Characterization of the purified enzymes was checked for its
pH and temperature stability, effect of various metal ions and reagents on enzyme activity. The specific activity
of the purified -amylase after complete chromatographic steps was about 2358 U/mg and had a molecular mass
of 25 kDa in SDS-PAGE. The purified -galactosidase was a 70 kDa protein. Both the purified enzymes were
stable around pHs8-10 and 50°C. -amylase activity was enhanced by calcium and cobalt, while magnesium and
sodium ions inhibited enzyme activity. -galactosidase was completely inhibited by Ag , Hg  and Cu  ions+ 2+ 2+

at 1 mM concentration. Mercaptoethanol and SDS inhibited the activity of -amylase whereas mercaptoethanol
restored 80-90% of -galactosidase activity. The purified enzymes had the capability to hydrolyse starch and
lactose when they are immobilized.
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INTRODUCTION glucose    [5].     The     main     industrial    application  of

Hydrolases are among the enzymes of increasing galactose. -galactosidase is present in a variety of
industrial   application.   Within   these, -amylase  and sources, including plants, animals and microorganisms [6].

-galactosidase receive special attention. -Amylase, Microorganisms are considered potentially to be the most
which catalyzes the hydrolysis of starch to low molecular suitable source of -D-galactosidase for industrial
weight products, is produced by a wide variety of applications. However, they differ in their optimum
microorganisms,    but     for     commercial    applications conditions for the production of enzyme. Recovery costs

-amylase is mainly derived from the genus Bacillus [1]. of the enzyme are primarily at the level of production and
-Amylases produced from Bacillus licheniformis, purification. -galactosidase has been identified in a wide

Bacillus stearothermophilus and Bacillus variety of fungal, yeast and bacterial cultures. A large
amyloliquefaciens find potential application in a number number of bacteria produce -galactosidase but relatively
of industrial processes such as in food, fermentation, few bacterial species are regarded as safe sources.
textiles and paper industries [2]. However, with the However, Streptococcus thermophilus and Bacillus
advances in biotechnology, the amylase application has stearothermophilus can be considered as potential
expanded in many fields such as clinical, medicinal and bacterial sources [7].
analytical chemistry, as well as their widespread In view of the advantages offered by the application
application in starch saccharification and in the textile, of thermostable hydrolases, such as reduction of reaction
food, brewing and distilling industries [3, 4]. time and contamination risk which provide considerable

-Galactosidase hydrolyzes lactose and transfer energy saving [1], there is always a requirement for
galactose to the hydroxyl group of water, acceptor hydrolases capable of functioning at elevated
molecule, resulting in the liberation of galactose and temperatures.  Furthermore, in order to meet  this demand

-galactosidase is converting lactose to glucose and
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the development of a low cost fermentation medium is Fractions showing amylase activity were pooled and
necessary. A production medium  producing  two again applied to (1 cm× 20 cm) DEAE-Cellulose matrix
enzymes at one time is imperative for future column (Bangalore Genei). The column was previously
biotechnological processes. Hence, this study was aimed equilibrated   with   50  mM  phosphate  buffer  pH 7.0.
to purify -amylase and -galactosidase enzymes from The enzyme bound to the column was eluted with a linear
Bacillus sp. MNJ23 produced in a concomitant gradient of 25 mM phosphate buffer containing 0-0.3 M
production medium. Characterization of the purified NaCl at a flow rate 10 ml/h, 2 ml fractions were collected
enzymes was checked for its pH and temperature stability, and checked for enzyme activity.
effect of metal ions and various reagents on enzyme
activity. Purification of -Galactosidase: The culture broth of the

MATERIALS AND METHODS 15 min. The supernatant was precipitated with 75%

Organism: The tests isolate Bacillus sp. MNJ23 was centrifugation (19,000 × g, 5 min) was dissolved in a
isolated from dairy effluent from Hatsun Agro Products minimum volume of 0.5 M EDTA and dialyzed against
Ltd., Chennai, Tamil Nadu, India. phosphate buffer (0.1 M, pH 7.5). The concentrated

Concomitant Production Medium: Bacillus sp. MNJ 23 (Q-Sepharose, 2.5 cm × 10 cm). The column was
strain (10%) was grown in shaken flasks containing 100 ml previously equilibrated with 0.1 M phosphate buffer, pH
of basal medium comprised of following components: 7.5. Elution of the column was performed with a linear
0.2% corn steep liquor, 0.25% KH PO , 0.25% Na HPO , gradient of NaCl (0-1 M) in phosphate buffer (0.1 M, pH2 4 2 4

0.1% NaCl, 0.2% (NH ) SO , 0.005% MgSO 7H O and 7.5) with a flow rate of 1 ml min  and 6-ml fractions were4 2 4 4 2

0.0075% CaCl (pH 7.0) [8] and incubated at 40°C for 48 h. collected  [10].  The  active  enzyme fractions containing2

The production medium was centrifuged and the -Galactosidase were pooled and concentrated by
supernatant was used as the crude enzyme source for lyophilization. The concentrated enzyme obtained from
enzyme assay procedures. ion exchange chromatography was dialyzed against 0.1 M

Purification of -Amylase:  The  production  medium was applied to Econo-pac methyl HIC cartridge (Bio-Rad,
was  centrifuged  at  10,000  rpm  for 15    min   at  4°C. Hercules, CA, USA), which was previously equilibrated
The supernatant was separated from the pellet containing with 2 M ammonium sulfate in 0.1 M phosphate buffer, pH
cell debris. The ammonium per sulphate was added to the 7.5. Elution of the column was performed with a linear
culture supernatant to get 75% saturation level from initial gradient (2-0 M ammonium sulfate) in 0.1 M phosphate
zero  concentration.  Then the precipitated solution was buffer, pH 7.5 [10]. The flow rate was adjusted to 1 ml
re-centrifuged at 6000 rpm for 10-15 min at 4°C. The pellet min  and 5-ml fractions were collected. The active
obtained after centrifugation was dissolved in a minimum enzyme fractions containing -galactosidase activity were
volume of 50 mM phosphate buffer, pH 7.0. Overnight pooled and concentrated by lyophilization. The
dialysis was performed using 10,000 MW cut-off dialysis concentrated enzyme solution (0.4 ml) obtained from
bag for the precipitate against 0.001 phosphate buffer with hydrophobic interaction chromatography and
respective three changes of same buffer and the dialysate lyophilization was applied to a Sephadex G-200 column
was centrifuged (10,000 rpm at 4°C) [9]. Pellet was (1.5 cm × 45 cm) which was previously equilibrated with
separated and freeze-dried. The dialyzed sample was the 0.1 M phosphate buffer (pH 7) containing 0.15 M
filtered through a 0.4 ìM Millipore filter and loaded on to sodium chloride. Elution was performed at a flow rate of
the sepharose column (1.5 cm× 25 cm) previously 0.5 ml min  (0.1 M phosphate buffer containing 0.15 M
equilibrated with 20 mM phosphate buffer. The fractions NaCl) and fractions (1 ml each) were collected.
were collected by eluting the enzyme by using 50 mM
phosphate buffer. The active fractions were collected by Assay of -Amylase: The amylase produced was assayed
measuring the optical density at 280nm [9]. The fractions by using starch as substrate. To 2.0 ml of the crude
were collected and small aliquots were tested for enzyme enzyme, 2.0 ml of 0.1 M acetate buffer and 1% soluble
activity by iodine method using micro plate method [9]. starch  were  added   (pH   7.0).   The  reaction  mixture

production medium was centrifuged (19,000 × g) at 4°C for

ammonium sulphate. The precipitated protein obtained by

sample  was   applied   to   an   anion-exchange  column

1

phosphate buffer, pH 7.5. The dialyzed enzyme solution

1

1
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was incubated at 37°C for 30 min. The  amount of Immobilization     of        Purified -Amylase    and
reducing sugar released was determined by the addition -Galactosidase:   Enzyme   immobilization   was   carried
of 3,5-dinitrosalicylic acid followed by boiling for 10 min out  by  mixing  10  ml of   purified -amylase  [15] and
according to Bernfield [11]. The color developed was read -galactosidase with 10 ml of 6% (w/v) sodium alginate to
at 540 nm. One unit of enzyme activity is defined as the obtain a sodium alginate-enzyme suspension solution.
amount of enzyme required to release 1 µmol of reducing The  mixture obtained   was   taken  using  a  syringe
sugar in one minute under the assay condition. and  the   beads   were   formed   by  dropping   the

Assay of -Galactosidase:  The -galactosidase solution. The adsorption strength was improved by
produced was assayed by using lactose as substrate. incubating the beads contained CaCl solution for an
Thirty millimolar of lactose was dissolved in 1.9 ml sodium overnight at 4°C. Then the beads were washed twice in
phosphate buffer and 0.1 ml culture filtrate. The reaction 100 mM HEPES buffer (pH 6.5) at 4°C for 1 h (bead size
mixture was incubated at 10°C for 3 h and the amount of ~0.7 mm) [16].
glucose liberated was analysed by measuring the
absorbance at 340 nm. 1 unit of -galactosidase activity is Starch Hydrolysis by -Amylase: The experiments were
defined as the amount of enzyme required to liberate 1 conducted in 100 ml Erlenmeyer flasks with a working
ìmol of glucose/min [12]. volume  of  20  ml.   Hundred   Units   of  the immobilized

Protein Estimation: Total amount of protein throughout starch and raw potato starch. The hydrolysis was carried
the experiment was measured according the method of out  at 50°C  for  6 h  [15].  The  amount  of  reducing
Lowry et al. [13] using bovine serum albumin (BSA) as sugar released  was   determined   by    the   addition  of
standard. 3,5-dinitrosalicylic acid according to Yang et al. [17].

Molecular Mass Determination: Molecular mass was Lactose Hydrolysis by -Galactosidase: Ten micro liters
determined by SDS-PAGE (12% acrylamide gel)  using of milk [5% (w/v) lactose solution] was dissolved in 20
Bio-Rad miniprotean II electrophoresis unit [14]. mM sodium phosphate buffer at pH 7.6 and 1 U of the

Effect of pH and Temperature on Purified -Amylase and incubated in shaker at 22°C or 12°C. Aliquots (0.05 ml)
-Galactosidase: The activity of the purified -amylase were withdrawn from 0-8 h of incubation. Deproteination

and -galactosidase was characterized by monitoring the of the soluble enzyme was done by adding 10%
activity at different pH ranges from 6 to 11 and stability of trichloroacetic acid and then it was subjected to
the pH range for maximum activity was also determined. centrifugation. The supernatant was collected and the pH
Effect  of  the  temperature  on  the    activity  of  purified was adjusted in the range of 6-7 using NaOH preceding

-amylase and -galactosidase was monitored in the the analysis of glucose formed. The solution was
range from 35 to 90 and its stability to that temperature centrifuged at 5000 × g for 5 min and the supernatant was
was determined. assayed for lactose hydrolysis according  to  Fernandes

Effect of Metal Ions: Enzyme activity was assayed in the
presence of 1 mM concentrations of various metal ions RESULTS AND DISCUSSION
like Na , Mg , Ca , Co , Ag , Hg  and Cu . The relative+ 2+ 2+ 2+ + 2+ 2+

activity of the purified enzymes was compared with the A concomitant production medium producing two
activity obtained in 0.1 M phosphate buffer for 1 h at industrially important enzymes at one time is imperative
55°C. for any biotechnological processes. Hence in this study,

Effect of Various Reagents: The purified enzyme samples isolate Bacillus sp. MNJ23 which secretes -amylase and
were assayed in 0.1 M sodium phosphate buffer in the -galactosidase was used for the purification process
presence of 1 mM mercaptoethanol, EDTA, DTT and urea, (data  not  shown).  The -amylase purification was
individually, at 55°C for 15 min. The enzyme activity carried out by 75% ammonium sulphate precipitation
measured without added reagents was used as a control. followed  by  Q-sepharose  and  DEAE-Cellulose  column

enzyme mixture slowly into 200 ml of 200 mM CaCl2

2

-amylase was used for the hydrolysis of 2% soluble

immobilized -galactosidase was added, the mixture was

et al. [18].

a concomitant production medium containing the test



Am-Euras. J. Agric. & Environ. Sci., 12 (5): 566-573, 2012

569

Table 1: Purification summary of -amylase from Bacillus sp. MNJ23

Steps Total units Total protein (mg) Specific activity (U/mg) Purification fold Yield (%)

Crude enzyme 21,500 28.45 755.71 0 1.0

Ammonium sulphate precipitation (75%) 9650 6.92 1394.50 1.84 44.88

Q-Sepharose 7240 3.21 2258.56 2.98 33.67

DEAE-Cellulose 5895 2.5 2358 3.12 27.41

Table 2: Purification summary of -galactosidase from Bacillus sp. MNJ23

Steps Total units Total protein (mg) Specific activity (U/mg) Purification fold Yield (%)

Crude enzyme 32,300 32.50 993.84 0 1.0

Ammonium sulphate precipitation (75%) 9850 7.85 1254.77 1.26 30.49

Q-Sepharose 6430 3.5 1837.14 1.84 19.9

Sephadex G-200 4725 2.3 2054.34 2.06 14.62

Fig. 1: Photographic representation of SDS-PAGE Gel Fig. 2: Photographic representation of SDS-PAGE Gel
(Lane 1, Marker Proteins; Lane 2 showing - (Lane 1, Marker Proteins; Lane 2 showing -
amylase single band after DEAE-Cellulose) galactosidase single band after Sephadex G-200)

chromatography. The purification steps are summarized in For -galactosidase purification, the procedure
Table 1. The purity of the enzyme after DEAE cellulose involved 75% ammonium sulphate precipitation followed
chromatography was more than 3-fold, when compared to by Q-sepharose and Sephadex G-200 chromatography.
the crude extract of enzyme supernatant. The specific The  purification   steps   are   summarized   in  Table 2.
activity of the enzyme after complete chromatographic The purity of the enzyme after Sephadex G-200
steps was about 2358 U/mg. The final yield of -amylase chromatography was 2-fold, when compared to the crude
was found to be 27.41% (Table 1). The purified -amylase extract of enzyme supernatant. The specific activity of the
was characterized for its  apparent  molecular  weight enzyme after complete chromatographic steps was about
using SDS-PAGE. The resulted single protein band on the 2054 U/mg. The final yield percentage was found to be
12% gel showed the molecular weight of 25 kDa (Fig. 1). 14.62% (Table 2). The final purified -galactosidase
The molecular weight of purified enzyme was calculated showed a single band of about 70 kDa (Fig. 2). Its
according to the RF valves of the standards used from 94 molecular weight is in accordance with that reported by
kDa  to  14  kDa.  The  results  are  in   accordance  with Hirata et al. [19].
the findings of Al-ZaZaee et al. [9] who purified a 27 kDa The  pH   stability  on  the  purified -amylase  and

-amylase from Bacillus cereus Ms6 strain. -galactosidase was determined by measuring the enzyme
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Fig. 3: pH    stability      of    purified -amylase    and
-galactosidase

Fig. 4: Temperature  stability  of  purified -amylase  and
-galactosidase

activity at varying pH values ranging from 6, 7, 8, 9, 10, 11
and 12 using different suitable buffers. It was noted that
the enzyme activity was stable and maximum between
pHs8 and 10 for both the  enzymes,  further  increase  in
pH   resulted   in   decreased   enzyme   activity  (Figs. 3).

-Amylases are generally stable over a wide range of pH
from 4 to 11 [20], though some are only stable within a
narrow  pH  range   [21].   Most   Bacillus   isolates,  e.g.
B. subtilis, B. licheniformis and B. amyloliquefaciens
seem to require an optimum pH of 7 and above for their
enzyme activity [22-24].

The temperature stability was measured by
incubating  the  purified  enzyme   at   varying  degrees
(35-90°C). Both the purified enzymes had the optimal
temperature of 50°C where the enzymes exhibited
maximum activity from temperature ranged from 40°C to
60°C showing the thermotolerant nature of the purified
enzymes (Fig. 4). Similarly, Krishnan and Chandra [25]
reported that the purified -amylase from Bacillus
licheniformis CUMC305 has optimum temperature of
55°C. The results are in accordance with Lin et al. [26]
where -galactosidase from Streptococcus thermophilus
had the optimal enzymatic activity at 55°C.

Table 3: Effects of various metal ions on relative activity of purified enzymes

Metal ion (1 mM) -amylase -galactosidase

Control 100 100
Na 17.5 125.4+

Mg 0 75.62+

Ca 132.6 98.52+

Co 124.5 66.22+

Ag 89.1 0+

Hg 76.5 02+

Cu 96.9 02+

Table 4: Effects of various detergents on relative activity of purified enzymes

Reagents (1 mM) -Amylase -Galactosidase

Control 100 100
DTT 98.5 97.2
Urea 97 99.5
EDTA 92.5 94.4
Mercaptoethanol 75.6 85.6
SDS 70.1 73.3

The   sensitivity     of     purified -amylase  and
-galactosidase to various metal ions reagents was tested.
-Amylase activity was enhanced by calcium and cobalt,

while magnesium and sodium ions inhibited enzyme
activity (Table 3). Ca  ions have been reported to stabilize2+

-amylase at high temperatures according to Chung et al.
[27]. -galactosidase was completely inhibited by the Ag ,+

Hg  and Cu  ions at 1 mM concentration similar to the2+ 2+

findings of Fridjonsson et al. [28] in Thermus brockianus
galactosidases.

The addition of various reagents (DTT, EDTA, SDS,
Urea and 2-Mercaptoethanol) was studied at
concentrations of 1 mM. Mercaptoethanol and SDS
inhibited the activity of -amylase (Table 4). It was found
that purified -galactosidase was not significantly
affected by DTT or Urea, while 2-mercaptoethanol
restored 85.6% of the activity. SDS was found to strongly
inactivate both enzymes even at the high concentration
tested (1 mM). The findings of the study fall in line with
the findings of Somyos and Jaturapiree [30].

The advantage of immobilized enzyme is that it lends
itself to continuous or repeated operations and is
economically favourable [31, 32]. A number of processes
for industrial-scale lactose hydrolysis have thus been
based on immobilized -amylase and -galactosidase [31].

The hydrolysis efficiency of free and immobilized
enzyme on soluble starch is shown in Fig. 5. The amount
of reducing sugars produced by the immobilized enzyme
was high compared to the free enzyme. The immobilization
process  was carried in calcium alginate gel capsules or in
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Fig. 5: Starch hydrolysis of immobilized -amylase Fig. 7: Hydrolysis     of        lactose        by     immobilized

Fig. 6: Hydrolysis of raw starch by immobilized -amylase products can be used for production of novel and low

calcium alginate gel capsules impregnated with silica gel In this study, purification of two industrially
have been used for the hydrolysis of starch which important enzymes namely -amylase and -galactosidase
resulted in 75% degradation. Lower rates of hydrolysis enzymes in a concomitant production medium was carried
were attributed to the interference of the gel matrix of out. The characterization of these purified enzymes
capsules in the diffusion of starch molecules to the revealed the pH and temperature stability of the enzymes.
enzymatically active core [8]. The purified enzymes had the capability to hydrolyse

Immobilized enzyme was equally efficient in the starch and lactose when they were immobilized. A low-
hydrolysis of raw starch (Fig. 6). High energy input is cost  concomitant  medium  is  necessary  in  near  future
required for the gelatinization of starch resulting in for all the industrially important enzymes for their
increased  production  cost of starch based products. purification.
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