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ABSTRACT

This study was aimed at isolating a bacterium e produce thermostahte amylase. Bacterial strains were
isolated from cow-dung (62 Nos.), rice broth (34Nand laboratory environment (126 Nos.). Amorgtthcterial
strains high amounts af-amylase producing three strains were selected @mal of the strains isolated from the
rice broth (strain RB was the best and was identified to belong to IRecispp. Thea- amylase produced by
Bacillus RB at 50C was active at pH 7.0 and at 70, 85 &°@5 Bacillus RB, showed highest growth (Q&nm
1.27) at 42C and produced highest-amylase activity at € (20.0 Units mL, 48h). Growth temperature of
Bacillus RB did not influence the temperature optimum of theyeme. The enzyme lost its activity due to its
entrapment in the precipitated calcium phosphatmBval of calcium and phosphate ions by dialysis ahdition

of calcium (150 ppm) have improved the enzyme lgjahi 85°C. The isolated Bacillus RByrowing at 56C
produceda-amylase showing activity at 95 and stable at §&.

Key words: a-Amylase,Bacillus spp. growth, isolation, thermostable.

INTRODUCTION

o-Amylases have potential applications in a wide banof industrial processes such as food, fermentatextile,
paper, detergent and pharmaceutical industries §iAmylases should be active at high temperatures of
gelatinization (100-11%T) and liquefaction (80-8Q) of starch to economize the process. Gelatiiimaaf starch
requires a high-energy input resulting in increapeaduction cost of starch-based products. Hydislgd raw
starch below gelatinization temperatures has gainggbrtance in view of energy cost, effective atlion of
natural resources and viscosity problems [2-6].sTthermostable-amylase production becomes essential Br].
subtilis [8], B. stearothermophil®], B. licheniformis[10]and B. amyloliquefaciengll] are known to be the
producers of thermostalleamylase and widely used for commeraiahmylase production. This study is aimed to
search for thermophilic bacteria that can prodheemostable-amylase.

MATERIALS AND METHODS

Materials and Media

The chemicals and media used were from standamtemilutrient broth (25gt) with 2.0gLstarch at pH 7.0 was
used as the activation medium. The fermentatioliune contained (gt) starch, 2.0; CaGRH,O, 0.01;
MgCl,.6H,0, 0.01; FeGl 0.01; KHPQ,, 2.5; KHPQ,, 10.0; peptone, 4.0; NaCl, 2.0 and (3O, 4.0.
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Estimation of a-amylase activity
Estimation ofo-amylase activity and the unit afamylase activity are as described before [12].

Strain isolation and identification

Collection of strains from different sources and purification and Selection of a-amylase producers

Under sterile conditions cow dung (CD, 50¢g) ane ficoth (RB, 50mL) were collected 50mL activatiordium
and incubated at 3Z. By aerating the sterile flack containing adiima medium at 5T for 3h, the third sample of
the bacterial strains was collected from labora&myironment (LE). All three samples were platedrutrient
agar-starch (20gt) plate and incubated at ®Dfor 24h. From the bacterial colonies develogrde culture were
obtained.

Collected bacterial strains were grown on nutreagdr -starch plates to develop the colonies aniteeplates were
taken. To the plates 5 mL iodine reagent2(0 gL* and Kl 20gL") was added and excess solution was removed
after 30 seconds. The diameters of the colorlestogh areas of the iodine-nutrient agar — starctepl were
measured.

Preparation of inocula

The bacterial strains, which, produced clear za@mesand the colonies, were selected and sub cultdi@@5mL of
activation medium, 2 loops full of strains fromeseted bacterial colonies were inoculated and ineubat 458C for
18h in a shaker water bath (100rpm).

Selection of potential a-amylase producers
Among thea-amylase producing strains, which produced highameéters of colorless halos were selected and
incubated in fermentation medium a60n an orbital shaker (100rpm). Theamylase produced was monitored.

Activities of a-amylases produced by selected strains at different temperatures
The effect of temperature on the activitiessehmylases from selected strains was determinedOibtM phosphate
buffer pH 7.0.

Identification of the species and genusof the seted organism
The species and genus of the selected strain ve¢eendined [13, 14].

Cultivation of the selected strains in fermentationmedium and the activities ofa-amylases produced by the
selected strains at different temperatures

The fermentation medium was inoculated with theciia of the different selected strains and incubate50C
(100rpm). The activities (pH 7.0) ak-amylases produced by different strains were detethat different
temperatures.

Cultivation of the selected best strain in fermentdon medium
The fermentation medium was inoculated with theseld strain and incubated a®6Q(100rpm). Then-amylase
production and growth (OD at 600nm) were monitored.

Effect of different temperatures on the growth anda-amylase production by the selected strain
The selected strain was inoculated to fermentati@dium and incubated at 30, 42 and&0The growth andi-
amylase production were monitored.

Effect of temperature on thea-amylase produced at 42 and 5C
Thea-amylase produced in the fermentation medium a250C were taken and the enzyme activity at different
temperatures (60, 70, 85, 90 and®pwas determined.

Stability of dialyzed a-amylase in presence and absence of €a

a-Amylase (20mL) containing spent medium was takeh dialyzed against deionized water at@or 7 and 18h.
Then to one portion (10mL) calcium (150ppm) waseatidnd the other portion was used as the contritthgut
calcium). The enzyme stability at @was monitored.
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RESULTS AND DISCUSSION

Selection and identification of thermostable-amylase producer

Collection and purification of bacterial strains

The bacterial samples from cow dung, rice broth labdratory environment were collected. Here tbigvation
medium contained starch as the carbon source, fedha aim was to isolate theamylase producers. From the
three different sources, it was possible to iso2 pure bacterial colonies. The total numberaitérial colonies
obtained from cow dung (CD), rice broth (RB) anldeatory environment (LE) were 62, 34, and 126 eetipely.
Each colony was considered to be obtained froneuifft strains. In previous studies different sosisigch as soil
containing decaying materials [10], gruel of rid®]], soil receiving kitchen waste [10], bakery veakit0], flourmill
waste [10], tea waste [10], Egyptian soil [15], |sdi6], etc. have been reported as the sourcessdtate
thermostable&-amylase producing bacterial strains. In this gtiab, the bacterial samples were isolated from hot
environment expecting them to be thermophilic aad produce thermostableamylase. Based on the above
assumption among the isolated strains potentiaimbstablei-amylase producer was selected in the following
experiment.

Selection of a-amylase producers

When the isolated bacterial strains are grown drient agar —starch plates at’6) thea-amylase producers would
consume the starch present in the medium arouncdaibaies for their growth. In nutrient agar-stapthtes, thex-
amylases produced by the organisms diffuse intontedium and hydrolyse the starch. Hence when ddmeé
reagent is added, clear zones are observed arbencbtonies due to the absence of starch. Theaf@mof the
clear zones around the colonies are directly ptopwl to the amount ofi-amylase produced. Thus larger the
diameter of the clear zones, higher is the amytaeducing ability. The diameters of the colorlésgos obtained
with different bacterial strains are given Table Brom the results it can be observed that amoedgthbacterial
samples obtained from cow dung, four stains (6.46%ea-amylase producers and among the 34 bacteriahstrai
from rice broth five strains (14.7%) weceamylase producers. None of the bacterial sampisireed from the
laboratory environment producedamylase. Therefore totally 09 bacterial straingemeonsidered to select the
potential a-amylase producers. The microorganisms isolateth frow dung and rice broth were from high
environmental temperatures and hence they gre@ @t &nd produced-amylase. The diameters of the clear zones
obtained with the strains isolated from cow dunggead from 2.2 to 2.4 cm (Table 1). Among the fstiains, the
strain CQ was selected as it gave the clear zone with highiameter. The strains isolated from rice brakegthe
clear zones with the diameter ranging from 2.0@.%tcm (Table 1). Among the strains Réhd RB gave clear
zones with higher diameters. AlkalophBiacillus subtilisCB-18 isolated from soil produced alkalimeamylase
and produced 0.7cm zone in starch agar plate {§igh is very small when compared to our resultse $trains
(CD,, BR; and BR), which gave larger clear zones, were selectetuftiner studies.

Selection of potential a-amylase producers

To select the besi-amylase producer, strains GCRB, and RB were grown in fermentation medium and
amylase production by these three strains wasmdated. All three strains produced highesamylase activity at
48h while the strain RBproduced highest amount a@famylase activity (20.0 Umt) (Table 1). Hence the strain
RB, was selected for further studies. The ratios betwtbe diameters of the clear zones produced binstcQ,

RB, and RB were 1.0: 1.1: 1.13 while the ratios between dh@mylase activities produced were 1.0: 1.1: 1.5
respectively. Thus the organisms producing thbdsgdiameter of the clear zones have produceactsigier ofa-
amylase activity, but the observed ratios of tlearckones and enzyme activities were not the sarhi could be
because tha-amylase produced by different bacterial strainghthbe of varying molecular mass or size and hence
would have shown difference in diffusing propentythe agar (solid) medium. In a study carried outhie same
laboratory, among the 72 bacterial strains isoldteth soil receiving bakery waste, the organisnecteld and
identified asBacillus licheniformis had produced 7.0 (¥0.21) Uilof a-amylase activity at 24h [10], which is
three times less than that produced by the strdp RAs the aim was to select the thermostatdenylase
producing strain, the effect of temperature onatiivities of thea-amylases produced by the three selected strains
were determined.
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Activities of g-amylases produced by the selected strains at different temperature

The effect of temperature on the activitiesoeamylases from the strains ¢GDRB, and RB were determined
(0.01M phosphate buffer pH 7.0) (Table 1). Tdramylases from the strains ¢@nd RB showed temperature
optimum at 78C while that from strain RBshowed at 8&. Thea-amylase activity at 90, 95 and“@were 97.4,
89.6 and 79.0% respectively of that obtained 8C8%tarch gelatinization needs the temperature@t6@C and
hence the strain RBoroducing the enzyme that showed the activity &iC8&as selected for further studies.
Organism selected from soil receiving bakery waamte identified asBacillus licheniformis has produced-
amylase having optimum activity at®and at pH 7.0 [10]. Maximu-amylase activity in the temperature range
of 50-70C was reported [17]. The optimum temperature fer dltivities of crude and purifies-amylase from
Bacillus licheniformisATCC 6346 was S& [18].

Identification of the selected bacterial strain RB

Microscopic studies

Microscopic study was carried out to identify thengs of the strain. The strain RBas stained as blue-violet in
color, rod with spores indicating that it is a graositive rod. Strain RBmoved rapidly across the microscopic
field with twisting and this indicated the true rititt. The hanging drop method used here is a ypaet mount
slide preparation that permits the observationvifid, unstained cells in a fluid medium. Gram-piesi motile non-
branching spore forming rods belong to Family Bac#ae [19, 20]. Thus the strain RBight be belonging to the
Family Bacillaceae.

Biochemical tests

Biochemical tests were carried out to confirm tleaws of the strain and to identify the species. §thein RB has
shown good growth under aerobic condition but did grow under anaerobic condition (in anaerobig. j&his
indicated that the strain Ris a strict aerobe. The strain Roduced @from H,O,.This showed that the strain
RB, is a catalase producer. If the bacterium oxidie&mmethyl-p-phenylenediaminedihydrochloridewili turn
purple, indicating that the organism can produdeayome oxidase. Absence of color change indidatgsthere is
no cytochrome oxidase production. The strain, RIBl not bring out the colour change. Thereforeldes not
produce cytochrome oxidase. StrainRifas tested for its fermenting ability of lactosacrose and glucose. The
strain inoculated slants showed pink red butt aeldow slope. These results indicated that the rstRiB, is a
glucose fermenter. When the strain/Rgas inoculated to Mac Conkey agar medium, it ditlahange the colour to
red. This indicated that the strain B#oes not ferment lactose.

I dentification of the genus of selected strain RB,

The colony of the strain RpBhas circular form with entire margin, white in @gl moist and shiny surface with
convex elevation. After 40h of growth, the diametéthe colony was 1.5 to 2.0 mm. The strain preduopaque
single colonies. Based on the identification stadie far carried out, it can be confirmed thatdtnain RB belongs

to GenusBacillus Bacillusis distinguished from the other endospore-fornbagteria on the basis of being a strict
or facultative aerobe, rod-shaped, and (usualltalase-positive. According to the identificatiomdies based on
the morphological, cultural and biochemical testsried out so far, the strain RBelongs to GenuBacillus and
named a8acillus RB,.

Cultivation of Bacillus RB, in the fermentation medium

The results showed that as the fermentation pregteghen-amylase production also increased steadily leatting
increasedr-amylase activity to 20 U nit.at 48h. The growth dBacillus RB, (ODsgonm 1.10) was highest at 24h
and the maximuna-amylase production was at 48h. The bacterialrsteached the stationary phase at 24h. In a
previous study it has been observed thamylase was produced during the growth phase andtithe onset of the
stationary phase [21].

Effect of different temperatures on the growth anda-amylase production byBacillus RB,

The fermentation was carried out at 30, 42, 506G and the growth and-amylase production were monitored.
Maximum growth was obtained at 42 (1.27, ORQyom and 24h while the growth at 30, 50 and®@vere 1.08,
1.10 & 0.59 respectively and the highasamylase activity was obtained at’60(20.0 U mL?, 48h). At 30, 42 and
52°C the enzyme activities produced were 18.86, 18r&29.98 Uml® (48h) respectively. Thus the straacillus
RB, is capable of growing and producingamylase activity up to 8C but were 50% of those obtained afG0
Thermoactinomyces vulgarisolated from Egyptian soil was able to grow atG8L5]. A thermotolerafusarium
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sp. isolated from Eastern Nigerian soil was ablprtmlucen-amylase at 5T [22]. Thus the straiBacillus RB, is
having the character as expected and able to ipgoow but also produce-amylase at 5.

Effect of temperature on thea-amylase activity produced byBacillus RB, at 42 and 50C

The activities of ther-amylase produced at 42 and’GMy Bacillus RB, were measured at different temperatures
(60 — 98C) and at pH 7.0. Both the enzyme samples shovigitest activity at 8%C. Therefore the growth
temperature of the strain does not have the infleesn the temperature optimum of the enzyme agtivithe
temperature optimum and the kinetic propertieshefénzymes produced by the same organism do nehdemn

the growth temperature of the organism. Howeverrdéyyeated heat shock or continuous exposure to high
temperatures it may be possible to change the giepef the organism [23].

Stability of a-amylase

The stability ofa-amylasein the supernatant of the spent mediunf& 8&s carried out in presence and absence of
calcium (150ppm) (Figure 1). The enzyme lost 98 &4B8% of the original activity in presence and alogeof
calcium at 30min of incubatiora-Amylase produced byusariumsp. isolated from Eastern Nigerian soil has
retained 78% of the activity at 30min and af@(22]. a-Amylase ofBacillus licheniformisretained 37.6% of its
activity at 90C at 30min and 10.4% of its activity at 1h, wherab8CC it retained 68.8% of its initial activity at 30
min and 59.1% of its initial activity at 1h [10]. Mgn the crude-amylase oBacillus licheniformisATCC 6346 was
preincubated at 88 and at pH 7.0, it lost no activity at 10 min [18Vith time, in the pre-incubated enzyme
samples precipitation occurred. The decrease igneaactivity with incubation time could be due firecipitation

of calcium ions as calcium phosphate. This is beean the spent medium phosphate ions are pregdoing with
the calcium phosphate precipitate, the enzyme wbalg been entrapped and precipitated. Calciunbbées the
widely used additive to attain thermostability @famylase [24, 25]. In this studies removal of waft by
precipitation could have been the reason for deegtatability of the enzyme in the spent mediunmvhiach calcium
was added. Hence it was decided to reduce ttifé @racipitation by reducing the concentration of ,PO
concentration by dialysis.

The enzyme dialyzed for 18h against distilled wateremove the ions (especially phosphate ion2p%t and used
for stability studies and no enzyme activity wasetved even with the added calcium ions. Loss tifigcof a-
amylase dialyzed for 18h could be due to the taaloval of ions which is present along with theyene protein,
which is important for the activity afi-amylase. Cactivates amylolytic activity [16Ja-Amylases produced by
Bacillus are metallo enzymes having calcium as a co-faetbich require calcium ions for their activity, @ttural
integrity and stability [7] and the complete remloefcalcium from enzyme produced Bgcillus species leaves an
inactive protein which can be reactivated in fulltbe restoration of divalent cation [26]. Calciismecessary for
enzyme folding and enzyme stability. Secondargiaat binding sites have also been reported, whittarce the
thermostability [7]. Dialysis against 0.01M EDTo&used 58% loss of activity and that was restare€dfo of the
original activity by 0.04M C#& [27]. When the purifiedh-amylase ofBacillus licheniformisATCC 6346 was
preincubated at 8& and at pH 7.0, it lost 75% of its initial actiyiat 10min [18].

When the time for dialysis was decreased to 7hetteyme did not lose its activity. In the abseacd presence of
calcium (150ppm) the enzyme retained 32 and 73#sadriginal activity respectively at 3h of inculmat at 85C
(Figure 1). Themostability of amylases were evadatith varying concentrations from 0.2 to 0.5M cemntrations
of calcium chloride and the highest activity obtainwas with 0.3M calcium chloride at%5 [28]. Stability ofa-
amylase was improved at ®@with 0.1% (w/v) CaGl2H,O [29]. In presence of 1mM calcium, no loss of abfi
was observed at 60min, ®and pH 7.0 [30]. Thus like oth@acillusa-amylases thiBacillus RB,a-amylase has
also showed increased stability in presence ofwaldons and also established that the enzyme nieedsfor its
activity. Further prolonged dialysis removes thkican, which is attached to the protein and makesenzyme to
irreversibly lose its activity.
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Table 1: The diameter of the colourless (halos) zes obtained around the bacterial colonies at 48h afcubation after the addition of
iodine solution; highesta-amylase activity produced and optimum temperature®f the a-amylases obtained from different strains

Source Strain colorless zoneDiameter a-Amylase Production  Optimum temperature

(cm) (UmL™) )
CDs 2.4C 20.C 7C
Cow dun CD, 2.30 ND ND
9 cDs 2.35 ND ND
CD, 2.20 ND ND
RB; 2.50 ND ND
RB, 2.65 18.1 70
Rice Broth RB3 2.30 ND ND
RB4 2.70 15.6 85
RBs 2.00 ND ND
"Highest activity produced at 48h.
ND- Not determined.
120 -
100
Rel
. 80
ativ
e
acti 60
vity
(V)
(%) 40

20

0 T |
0 50 100 150 200

Time (h)

Figure 1: Stability of (@) dialysed and fg) non-dialyseda-amylase produced byBacillus RB, in presence (closed symbol) and absence
(open symbol) of calcium ions (150ppm)
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