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ABSTRACT

Living cells of Bacillus subtilis were entrapped in calcium alginate beads
for the ai-amylase production. There was maximum production after 120
Hrsat pH 7 when 8x108 cell/ml immobilized in 2% sodium alginate was
inoculated in the production medium containing 5% starch and calcium
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chloride as inducer. Amylase extracted by acetone precipitation has spe-
cificactivity 29.341 1U/mg of protein, optimum pH 7 and temperature 60°C,

K, 333ugm/mland V __ 1.51U/ml/minute.
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INTRODUCTION

Starch-degrading amylolytic enzymesare of great
sgnificancein biotechnologicd applicationsrangingfrom
food, fermentation, textileto paper industries**Y, The
amyl ases can be derived from several sourcessuch as
plants, animalsand microbes. Themicrobia amylases
meet industrial demands alarge number of them are
avallablecommerddly; and, they havea mos completdy
replaced chemical hydrolysisof starchin starch pro-
cessingindustry™. The mgjor advantage of using mi-
croorganismsfor production of amylasesisin economi-
ca bulk production capacity and microbesared so easy
to manipulateto obtain enzymesof desired character-
isticg®. Amylasehas been derived from severa fungi,
yeasts, bacteriaand actinomycetes, however, enzymes
from fungal and bacteria sources havedominated ap-
plicationsinindustria sectord*. Immohbilized growing

cdlsshow many advantagesover thefreecdlls, suchas
increasein enzyme productivity and longterm stability.
Because of this, during the past few decades enzyme
production by immobilized bacteriaisanactiveresearch
areadespitethefact that industria applicationsarestill
limited. Under the substrate stress conditionsthecells
produce only alimited number of proteins. The pur-
pose of the present work wasto decrease the purifica
tion cost and enhancethe cell free a-amylase produc-
tion by providing substrate stress conditionsto immo-
bilized living cdllsof B. subtilis.

MATERIALSAND METHODS

Microor ganism

Thebacterial strain B. subtilis (ATCC 6633) was
used for the production of a-amylaseinthisstudy. Cul-
turewas maintained on nutrient agar at 4-6°C and sub
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Figurel: Optimization of timeintervalsfor thea-amylase
production fromimmobilized Bacillussubtilis

cultured after every 20 days.
Chemicals

All the chemica sand reagents of anaytical grade
were procured from Glaxo IndiaLimited, Himedia,
SD Fine Chemicals, SRL and Ranbaxy.

Production of biomass

50ml of the medium containing (g/l): starch 20,
(NH,),N0,5.6, MgSO, 0.5; CaCl, 0.1; Trisodium
citrate 5, Peptone 10 and pH 7.0 wasinoculated in
250ml flask with B. subtilisand incubated in orbital
shaker (250rpm) at 37°C. After 24 h biomass was
centrifuged (4°C and 7000 rpm) and washing was
givenwithsalinesolution. Cell pelletswas suspended
in the saline and at 600nm absorbance was adj usted
for thedesired cell concentration.

I mmobilization of cdls

Sterilized sodiumadginatewasmixed with cdll sus-
pension (2% w/v) and dissolved properly by gently
shaking themixture. 5ml of theabovesolution wasthen
added to chilled CaCl, solution (0.2 M), drop-wise,
withthehe p of adisposablesyringeto producespherica
beads of about 3 mm diameter™..

Optimization of cultureconditionsfor theenzyme
production from theimmobilized cellsof B. subtilis

For the optimization of amylase production from
theimmobilized cells, the experimentswere conducted
in250ml Erlenmeyer flask containing (g/L); starch 40,
MgSO, 0.5; CaCl, 0.1; trisodium citrate 5, and pH
7.0 wasinoculated withimmobilized cellsand incu-
bated in orbital shaker (250 rpm) at 37°C. Thefac-
torssuch astime, sodiumaginate, pH, CaCl., starch

BioTechnology — ammm—

Enzyme activity(ILVmi)
[ =

354

3

1.5 4

0.5+
i 2 3 4

cycles (120 Hrs)

Figure2: Optimization of Number of Cyclesfor a-amylase
production from immobilized B. subtiliscells

concentration, cells concentration and stability of
sodium alginate beads, inducer and inhibitorswere
studied.

Partial extr action and kinetic char acterizations of
amylase

a-amylase produced by immobilized cellswas
extracted by acetone precipitation. After extraction
Kinetic characterization and optimum pH and tem-
perature for the maximum activity was determined.

Enzymeassay and protein estimation

Amyl ase assay was made by using areaction mix-
ture (4ml) consisted of 1ml of enzymesolutionand 2ml
of soluble starch in phosphate buffer, pH 6.51*3. The
mixturewasincubated for 10 min at 60°C. Level of
reducing sugars was determined by dinitrosalicylate
method” andisexpressed inunits(oneunit istheamount
of enzymewhich releases 1 moleglucose). The pro-
tein concentration was determined by Folin-Lowry
method®.

RESULTSAND DISCUSSION

Optimization of timeintervalsfor the maximum
production of amylaseformimmobilized B. subtilis

Microorganism produces different enzymes et dif-
ferent timesof their life cycle. To check the optimum
timefor the maximum production of amylasefromim-
mobilized cellsof Bacillussubtillus, sampleswerecol-
lected after different interval sand enzymeactivity was
observed. Fromtheresults(Figure 1) it was observed
that enzyme production increaseswith timeand there
was maximum production after 120 hours. After that
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TABLE 1: Effect of sodium alginate, starch and Calcium
Chloride concentration on a-amylase production fromim-
mobilized B. subtilis

Sodium Starch Enzyme
alginate _E_nzyme conc. activity
conc. (%)* activity (U/ml) (%)° (U/mi)

1.0 241 0 0.09
15 2.57 1 0.91
2.0 2.69 2 1.23
25 1.86 3 1.96
30 1.59 4 2.65
35 1.04 5 2.64
4.0 0.67 6 2.60

apH 7, Sarch 4 %, Temperature 37°C, pH 7, calcium chloride

0.02%, *Sodium alginate 2 %, pH 7, Temperature 37°C, calcium
chloride 0.02

TABLE 2: Effect of pH and cellsconcentration on a-amylase
production from immaobilized B. subtilis*

Enzyme activity  Cell Conc

pH Enzyme activity

(U/ml) (ml) (U/ml)
4 0.07 8x107 111
5 0.11 8x10* 1.21
6 2.26 8x10° 2.41
7 2.61 8x10° 2.66
8 1.16 8x10% 2.65
9 0.13 8x10% 2.68

*Sodium alginate 2 %, starch 4%, Temperature 37°C, calcium
chloride 0.02%

TABLE 3: Effect of calcium chlorideconcentartionson the
a-amylaseproduction fromimmobilized B. subtilis

Calcium chloride

S.No Enzyme activity

conc.(%) (U/ml)
1 0.01 1.05
2 0.02 2.65
3 0.03 3.05
4 0.04 3.57
5 0.05 3.89
6 0.06 3.85

therewasalmost constant rate of enzyme production
up to 168 Hrs. Thistimeisin comparison to the en-
zyme synthesisfrom Bacillus polymyxa (CBTB-25)
and Bacilluslichaniformisthat was 120 and 144 hrs

respectiveyi2é.,
Optimization of sodium alginateand Star ch con-
centration for theproduction of amylase

Sodiumdginatewasused toimmobilizethecellsof

B. subtilis. Pore size depends upon the concentration
of sodium aginate so different concentrations of so-
diumalginate (1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0%)
were used toimmobilizethecells. Therewasincrease
inamylase production as concentration of sodium algi-
natewasincreased from 1-2% but after that therewas
decreasein the enzyme production (TABLE 1) This
concentration valueiscomparabl eto concentration of
sodiumaginateused for theimmobilization By Zoeand
Maria, 2006 but lower than the 4% sodium alginate
concentration used for theimmobilization of of Bacil-
lus polymyxa (CBTB-25) and Bacilluslichaniformis
Mohandas and Chandersekaran, 1994; Dobrevaet dl.,
1996). Amylaseisaninducibleenzymeandisgenerdly
inducedin thepresenceof carbon sourcessuchasstarch
and glucose#212, Starch was used to give the sub-
strate stress condition to the bacteriafor the produc-
tion of amylase. Therewasincreaseinthe enzyme pro-
duction asthe concentration wasincreased from 1-4%
(TABLE 1) with respect to thecontrol. After thisthere
wasno sgnificant increasein production of enzymewith
increase of substrate concentration.

Effect of Biomassconcentration and medium pH
for the synthesis of amylase

Biomass concentration was determined by check-
ing the absorbance at 600 nm. Asthe cell concentra-
tion wasincreased there wasincreasein the enzyme
activity (1.11-2.66U/ml). Therewas maximum enzyme
production with biomass having cells concentration
8x108 cells/ml. Enzyme production was observed at
pH 4.0-9.0. The maximum enzyme production was
obtained at pH 7.0 and abovethat enzyme production
decreased (TABLE 2).

Effect of metalson theenzyme production

Calcium chlorideworks asinducer for the amy-
lase productiont. There was 47% increase in the
amylase production (1.05-3.89U/ml) asthe concen-
tration of calcium chloridewasincreased from 0.01-
0.05% (TABLE 3).

Fromtheresults(resultsnot shown) it wasobserved
theAntimony chlorideand Bismuth nitrateinthemedium
increased the43% enzyme production. Whereas cobalt
nitrate, mercuric chloride and trisodium arsenate de-
creased the production by 30, 37 and 37% respectively.
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Figure3: Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis(SDS-PAGE) of protein extracted by acetonepre-
cipitation Line1. Marker 2,3.Protein extracted by acetone
precipitation , produced by immobilized cellsof B. subtilis
The beads containing theimmobilized cellswere
used for number of timesfor the amylase production
and (Figure2) enzyme productionremainsalmost same
for thefirst four cycles (each cycle 120 h) after that
therewasdisintegration of beads.

Partial extr action and kinetic char acterizationsof
amylase

Enzyme produced by immobilized cellswas par-
tialy extracted by acetone precipitation methods. Pro-
tein extracted by acetone preci pitation has specific ac-
tivity 29.341 1U/mgof protein, optimum pH 7 and tem-
perature 60°C, K 333ugm/ml and V__ 1.51U/ml/
minute.SDS-PAGE was performed to check the purity
of amylase produced by immobilized B. subtilis (Fig-
ure 3) thisshowsthat only limited numbersof proteins
are produced by microorganism under substrate stress
conditions.

CONCLUSION

Therewas maximum production of amylase after
120 hat pH 7 when 8x108cell/ml immobilizedin 2%
sodium alginate wasinocul ated in the production me-
dium containing 5% starch and 0.05% cal cium chlo-
ridewhich works asinducer. Amylase extracted by
acetone precipitation has specific activity 29.341 1U/
mg of protein, optimum pH 7 and temperature 60°C,
K., 333ugm/mlandV __ 1.51U/ml/minute. So under the
subgtrate stress conditionsthe cellsproduceonly alim-
ited number of proteinswhich decreasethepurification
cost and enhancethe cell free a-amylase production.
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