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Abstract
Amylase er,ztrrne produced from .8. subtilis was purified by two main steps included

precipitation with ammonium sulfate 40-80% saturation and gel filtration chromatography on
Sephadex colunm (G-100). The obtained purification foid and recovery werc (67.92) and {43.9) %
respectively.

The enz).rne was immobilized by enh'apment in calcium alginate beacls. The enz)ryne retained
53% af it's origiaal activity after a month of storage at 4oC. On the other hand, free enz),rne lcst its
activity completely in less than 20 days. These results were revealed the possibiliry of using pwified
amylase in indusky fie1ds. Results also indicate the efficiency of immobilization technique by caicium
alginate beads and preserving of the erzlme activity fbr a relatively long period of time.
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lntroduction To a hornogenous state ,Rahman et al.

Amylases are among the most [4], purified amylase frorn juice of
important enzymes used for industrial healthy and diseased sugar cane, Ishirrdi

purposes, and now in the light of flsd)-20 by successive chromatographies

bioteohaology they are considered useful on DEAE - Sephadex A-50 and

for biopharmaceutical applications. They Sephadex G-l50.
are useful tools in medicinal and clinical Traditionally the purification of
chemistry. They are most widely used amylases from fermentation media has

en4rmes in the industry for starch been done in several steps which include

h-rdrolysis ( u-amylase I EC centrifugation of the culture (a step of
3.2.1.1, u-1,4-ghrcan-4- extraction may be required for solid

glucanohydrolase ] which catalyses the media), 
- 
selective precipitation of the

undo cleavage of o-1,4-glycosidic "Y9,tr'? 
by ammoniurn sulfate or organic

linkages *a releases short solvents such. as ethanol in the cold.

oligosaccharides and u-limit dexkins , fhen 
the crude enzyme is subjected to

U,rl. ' chromatograpliy (usually affinity or ion

Alfa-amylase was purified from llhance "rhromatography) 
and gel

cotyledons of mungbean seedlings after {iltration l5]- As bacterial a-amylases

five days of germilation using hav3 Sele.rally been produced from the

ammonium sulfate plecipitation, DEAil strain. belonging to genus Bacillus,

cellulose and Sephaclex G-150 column several altempts have been made at their

chromatography ft] puri{ication and characterizations, i}om
both mesophilio and thermophilic strains
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A study described a thermostable
extracellular o-amylase from B, subtilis,
which was purified 24-fald to a specific
activity of 220A unitsimg portein per liter,
while another study purified an cr-amylase
to homogeneity using a combination of
ammonium sulfate precipitation, ion-
exchange chromatography and gel
filtration [61.

Immobilized anzl,rnes are used in
food technology, biotechnology and
analytical chemistry because of their
various advantages, Immobilization of
enzymes facilitates the purification of the
reaction systems (separation of the
reactants and products easily from the
reaction media) and recovery of enzyme
and make it possible to use the enzyme
repeatedly or continuously [7]. There are
many different procedures for the
immobiiization of an enzyme. Covalent
binding to an activated support,
copolymerization of the eru,We
molecules with the polymers, cross
linking between the enzyme onto a solid
support and entrapment of the enzyme
molecules in polymeric structures, are
some of the ways of immobilization [7, 8].
Immobilization of enzyme on insoluble
supports has been a topic of active
research in enzyme technology and is
essential for their application to industriai
processes. Several methods have been
developed for the preparation of
immobilized o,-amylase with each having
its own advantages and disadvantages
specific to the methods [9], cr-amylase has
been commonly immobilized by
entrapment within organic gels, such as

acryl amide copolymers I7l. Calcium
alginate a non toxic polyanion, is widely
used as an entrapping agent [10]. Micro
capsules of calcium alginate coated with a
polycation have been widely investigated

for applications like immunoprotectrve
containers in cell transplantation [11],
enzyme immobilization Llzl and drug
release systems [L3].

The present study describes the
purification and immobilization of
amylase enuyrno produced from local
isolate af B. subtihs as a first step towards
understanding its properties.

Material and Methods
Organism and Culture Conditions

Bacillus subtilis strain was isolated
and identified in a published paper by
Harnza and Mhmood [1a]. It was cultured
in a fermentation medium contains wheat
bran moisted with a nutrient broth (solid
state fermentation) . A250 ml Erlenmoyer
flasks contain 10 gti wheat bran (1 : 4
w/v) were used. The medium was adjusted
to a pH (7.0) with (lN NaOH) before
sterilization. After inoculation with
34 , 10e cell/ml broth culture af Bacillus
subtilis , the flasks were insubated at
37oC for 72hrs.ll4l"

En4rme assay
Amylase activity was determined

by fwo methods:
g) Semi-quantitative method using
starch agar plates [i5]. The starch agar
used consists of a mixture of soluble
starch {05%) and agar (2.5%) to set it into
jelly. The starch agar was mixed, heated

to sterilize it, then rvhilst still molten it
was poured in a thick layer into sterile
Petri dishes. After it set, it had holes
(wells) cut in the center of plate using a
heat - sterilized cork bores, and the discs
were removed aseptically. Various
suspected enzpe - containing substances

were added to the wells (about two drops)
very careful not to overflow the well.
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Allow the starch-agar plate with eneyme
to incubate at 37oC for 18 hr, after
incubation the diameter of each clear zone
(indicate of amylase activities) in
millimeters was measured after flood the
top of starch agar plates with few drops of
Gram's iodine solution.
b)Quantitative method according to
Somogyi's method [16]. The assay
mixtwe contained (1m1) of buffered starch
substrate {0"A4aA, pH 7.0), after 3 min. in
water bath at 37oC, (0.1 ml) of sarnple was
added" The tubes containing reaction
mixture were incubated for exactly (15
min) in water bath at 3loc. After that
added (0.a ml) of working iodine solution
(0.01 N) and (8.5 ml) of water, then the
mixture was measured at 660 nm in
spectrophotometer (type UV-9100). One
unit of u-amylase activity (unitiml) was
defined as the amount cf enz),ryne

digesting (5 mg) of starch in these
conditions.

Total protein assay
Protein concentration was

determined by the absolute method [17].
The protein in the sarnples was
precipitated by (7% V/V) perchloric acid,
after centrifugation at 5000 rpmll5min,
the precipitated protein rvas dissolved in
minimum amount of (0.05 N) NaOH. The
absorbency was measured at 235 and 28A
nm 1'espectively using (0.05 N) NaOH
solution as blank" The protein
concentration was estimated according to
the follou'ing equation:

/ _/
Pr oteinConc.{mg I ml) - "23s- -:-^28q

2.sl

Enryme Purification
The amylase enzyme was

extracted from the fermentation medium

by adding (50 mi) distilled water to the
f'ermentation flasks with mixing for about
20 min in ice bath. The mixture was
centrifuged irr a centrifuge (type NUVE
NF 615) at 5000 rpm/15 min to remove
the cells and the residues medium. The
supernatant (crude enzyme) was clarified
by filtration through glass wool, and was
used as a source of enzl,rne for further
works. Partial purification of amylase
from the crude culture filtrate was d,one by
adding appropriate quantities of
ammonium sulfute at 4oC [18] to obtain
different fractions (i. e. 20% ,40oh,6Aoh,
BIYD, 100%). The precipitated enzyme
were dissolved in the minimum amount of
phosphate buffer (0.005 M, pH 7.0). The
protein fraction so precipitated, possessing
amylase activity, was loaded on Sephadex
G-100 column (1 * 25 crn), previously
equilibrated with (0.01 M) phosphate
buffer (pH 7.0) and eluted with the same

buffer at flow rate of 30 m1/hr. Fractions
of (5 ml) were collected and rnonitored for
protein (A.2m nm) and amylase activity.

Enzlme Immobilizatian
Amylase enz1/me was immobilized

by gel entrapment using alginate gel. The
purified amylase (about 100 units/ml) was
added to 10 ml of (3%) sodium alginate
solution. After rnixing very well for about
10 min, the mixture was dripped from a
height of approximatelyZ0 cm into excess
(100 ml) of stirred (0.2 M CaCl2) solution
with a sterile syringe at room temperature
with diameter about 2 mm" Immerse about
(1em) of the gel beads prepared in (10 ml)
of bnffered starch solution {0.A4Ya, pH
7.0) in a sterile flask. The flask was
incubated at 37oC for 18 hr, then the
amylase activity was determined in the
reacted starch solution.
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Result and Discussion
In the present work, initially, an

attempt was made to partially purift the
amylase present in the culture filtrate
obtained from fermentative action by
B. subtilis. Figure I shows the specific
activity of amylase recovered at different
ammonium sulfate saturatisn fractions.
Ammonium sulfate was usecl to
concentrate the enzyme and to obtain a
degree of purification. It was recovered in
40-8A% ammonium sulfate fraction. At
40-60% saturation fractions, the specific
activity was (3.968) u/mg, whereas at 60-
80% saturation fraction, it was (4.78
u/rne).

sutmru,ors*rurL
Figure 1: Specific aciivity of concentrated
amylase enzyme with various
saturation(%) of ammonium sulfate.
The purification protocol developed for
amylase af B. subtills is summarized in
Table 1. The Ammonium sulfate removed
about 35% of the contaminating proteins
and it gave a 52.2% yield with 1.47 fold.
The commonly used compound for
precipitation of proteins in solution is
ammonium sulfate because of its high
solubility in water and it does not denature
proteins [1].
Three protein peaks were found after gel
filtration of amylase enzpe in Sephadex
G-100 column, but oniy one peak (2) had
amylase activity (figure 2).

Figure2: Elution profile of amylase
enzpe using 1x25 crn Sephadex G-100
column.

This peak (2) was found in the
fractions of (16-21), and it is confirmed by
another test of amylaso activity through
starch agar plates because amylase
enzyme can actively digest starch and it
will create a starchless area around the
well [5] (figure 3).

Figure 3: Amylase enzyme activity using
starch agar plate:
a) Culturefiltrate

b) Redissolved ppt. (40-80%0)(NHl2
Soq)
c) Gel-filtratian eluent (peak no.2)
Amylase activity purifl cation
techniques, the data obtained reflects
peak purity which is confirmed by the
close related protein content obtained
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Tahle 1: Sum local isolate Bacillus subtilis

"[-
during the partial purification. Very

high purification of enzyme is usually
recommended only when the enzyme has

special uses like therapeutic and medicinal
applieations. ln most other applications,
partialpurification is suffi cient [ 1 9].

Enzymes in solution are not stable and

during storage their activities decrease

gradually over time. The immobilization
process was applied by gel entrapment
using calcium alginate (figure 4).

Figure 4: Amylase enzyme immobilized in
c*lcium alginate. beads.

The storage stabilities of amylase at 4oC

in calcium alginate, were investigated by
measuring the enrytne activities at certain
time intervals and the results are given in
figure 5.

o ro 
,,* r*r,

Figure 5: Effect of storage on the activity
of free and immobilized amylase

For {lee enzyme, it lost its activity
completely in about 15 days of
storage at 4oC. The retained activities
were found tobe 53a/o for calcium alginate

immobilized enzyrne, upon 30 days of
storage at 4oC.

trnvestigating the stability of the enzyrne,

the data obtained frorn immobilization
process, reflects a high stability of the

entrapped enzyme in comparison with the

free enzyme. This retention of the original
activity may be due to presence of Ca2*

ions found in the beads since most of
thermostable amylases require additional
Caz* for their thermostabiiity [20], and for
increase amylase activity 14]. Enzyme

activity was found to be 38.9% for ECH -
activated P(HEMA) bound enzyme after

storage for 1 month, on the other ^rand 
it

*ur -g0.7o/o 
in the presence of Ca2* ions

[7].

s
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Conclusion
?he results of this study suggest

the possibilities of purification of bacterial
amylases by using gel-filtration
chromatography and the immobilization
results indicate promoted euzpe stability
and activity. This study may provide a
valuable source of experimental materials
for further investigations, such as study of
the enzyme kinetics, screening of natural

substrates and, elrzyme applications.
Further studies on the purified and
immobilized enzpe are currently in
progress because the system may provide
a good substitution for practical.use in the
continuous reactors in biotechnological
applications.
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