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Abstract 
Introduction: Immobilization of the whole cell is a modern approach to fermentative production of different enzymes. The 

technique has several advantages including easy separation of the fermented product, least chance of contamination and no 

chance of wash out of cells during product recovery. 

Materials and Methods: α-amylase produced from Calcium alginate entrapped cells of Bacillus thuringiensis A5-BRSC was 

purified by ammonium sulphate precipitation, followed by DE-52 ion exchange column chromatography. The molecular weight 

of the purified enzyme was determined by SDS-PAGE. Study of enzyme kinetics was performed to determine its enzymatic 

potency.  

Results: Immobilization of Bacillus thuringiensis A5-BRSC cells in calcium alginate resulted in more than 3.5 times higher α-

amylase activity than free cells within 48 hours of batch fermentation. The molecular weight of the purified enzyme was 

estimated to be 52 kDa by SDS-PAGE. The enzyme exhibited pH optima at 6.9 and temperature optima at 500C. KM and Vmax of 

the purified enzyme was determined to be 0.85 mg/ml and 0.98 mg of liberated maltose/ml of enzyme/minute.  

Conclusion: α-amylase produced form the immobilized cells found to be more potent than the enzyme produced by the free 

cells. 
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Introduction 
Amylases are most widely distributed enzyme in 

bacteria, fungi, plants and animals including human. 

Three major classes of amylases are reported to occur 

in microorganisms.1 α-amylase or endo-1, 4- α-D-

glucan glucohydrolase (E.C. 3.2.1.1) randomly cleaves 

α-1,4-glucosidic linkages of starch (amylose or linear 

chain of amylopectin) to yield glucose, maltose or 

maltotriose.2, 3 β-amylase or exoamylase (E.C. 3.2.1.2) 

were reported to cleave α-1, 4-glucosidic linkages from 

non-reducing  end of starch (amylose or linear chain of 

amylopectin) to yield maltose units.4 Another class of 

amylase is glucoamylase or exo-1, 4- α-D-glucan 

glucohydrolase (E.C. 3.2.1.3) that hydrolyzes single 

glucose units from nonreducing ends of amylose or 

amylopectin in a stepwise manner.5,6 Among the three 

classes α-amylase is most common microbial amylase 

and also widely used in baking, brewing, detergent, 

textile and paper industries.7 

Immobilized cells can be defined as cells those are 

physically confined or localized in a certain defined 

region of space with the retention of their catalytic 

activities, which can be used repeatedly and 

continuously. The central feature of Immobilized cell 

system is the use of binding structure to confine the 

cells in some section of the reactor, which is usually 

achieved by entrapment or attachment to small particles 

or by involving barriers to cell transport. The 

remarkable feature of this procedure is that, in spite of 

this imposed restriction, the cells retain their catalytic 

activity and facilitate their continuous use and reuse. 

From an economic standpoint, these Immobilized cell 

systems provide a reduction in capital investment, 

helping to achieve a higher yield with a relatively low 

investment. The use of Immobilized cells offer several 

advantages over free cells, such as a relative ease of 

product separation, reuse of biocatalyst, prevention of 

washout, reduced risk of contamination and operational 

stability.8,9,10 Furthermore, using entrapment technique, 

a dense cell culture can be established leading to 

improved production. Among different Immobilization 

techniques, entrapment in calcium alginate gel offers 

many advantages due to simplicity and non-toxic 

character.9,11 The mild and inexpensive method 

involves the dropwise addition of cells suspended in 

sodium alginate solution into a solution of CaCl2 

whereon the cells are immobilized in precipitated 

calcium alginate gel in the form of beads.12 

Phosphate solubilizing property of Bacillus 

thuringiensis A5-BRSC was reported previously. Here 

whole cell immobilization of same bacterial strain was 

explored to make a comparative study of the efficacy of 

α-amylase in free cells and Ca-alginate entrapped cells.  

 

Materials and Methods 
Microorganism:  Bacillus thuringiensis (NCBI gene 

bank entry: DQ286337) isolated from the agricultural 

field of West Bengal, India was used as microorganism 

in the present study. 

Whole cell immobilization: Culture of Bacillus 

thuringiensis A5-BRSC was grown in starch broth 

medium for overnight at 35 ± 20C with gentle shaking 

in a rotary shaker at 160 rpm. The cells were used as 

inoculum for both immobilization and free cell 
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experiments. Cells grown in starch broth medium were 

centrifuged at 8000 x g for 10 minutes at 40C. 20 mg 

wet weight of cell pellet was suspended in 12.5 ml of 

2% sodium alginate solution. The mixture was slowly 

added drop-wise through 1 ml syringe into 25 ml of 3% 

CaCl2 solution. The drops became solidified on contact 

with the CaCl2 solution. The capsules thus formed, 

entrapping bacterial cells, were allowed to harden for 

30 minutes at room temperature. The capsules were 

then washed with a sterile saline solution (0.9% NaCl, 

w/v) to remove excess calcium and free cells. 

Immobilized cells were added in 50 ml of fermentation 

medium in triplicate sets. Similarly, 20 mg wet weight 

of Bacillus thuringiensis A5-BRSC free cells were 

added separately in 50 ml of fermentation medium in 

triplicate sets. All the fermentation flasks were 

incubated at 35 ± 2ºC for 48 hours on a rotary shaker 

(160 rpm). For semi-continuous fermentation, after 

completion of each cycle, the beads of immobilized 

cells were washed with sterilized phosphate buffer 

saline (PBS, with 0.9% NaCl, pH- 7.0) and incubated 

with fresh fermentation medium. Free cells were 

centrifuged at 10,000 x g for 10 minutes and re-

suspended in the fermentation medium. 

Recovery of amylase: Amylase from immobilized cells 

was recovered by dissolving alginate capsules of 

fermentation medium in 1% sodium citrate solution 

(w/v). Released cells were centrifuged at 10,000 x g for 

10 minutes. The enzyme from the fermentation medium 

with the free cells was recovered by direct 

centrifugation of the culture broth at 10,000 x g for 10 

minutes. The clear supernatant obtained was used as 

enzyme source. 

For qualitative assay of amylase 50 μl of the enzyme 

was loaded in the well (5 mm diameter) of starch-agar 

medium and incubated for 24 hours at 35 ± 2ºC. 

Addition of Lugol’s iodine solution to the starch-agar 

plate was used to detect amylase activity on the plate. 

The dextrinizing activity of amylase was estimated by 

DNS method. 13 Enzyme activity of 1 ml crude amylase 

in each culture supernatant was expressed as μmols of 

product formed per minute under specified assay 

condition. The efficiency of immobilization was 

calculated by using the formula: 12 

Efficiency of immobilization = C imm / C free 

[C imm = amylase yield produced by immobilized cells 

and C free = amylase yield produced by free cells] 

Optimization of fermentation parameters in whole cell 

immobilization: Different concentrations (w/v) of 

sodium alginate (1%, 2%, 3%, 4% and 5%) were added 

to the entrapment mixture to study the influence of 

sodium alginate on the gel bead permeability. In all 

concentrations of alginate CaCl2 concentration of 3% 

(w/v) was fixed. Effect of different CaCl2 concentration 

in immobilization of amylase producing bacterial cells 

was investigated by maintaining sodium alginate 

concentration of 2% intact. CaCl2 concentration of 2%, 

2.5%, 3%, 3.5%, 4% and 5% was used for the present 

study. 

Fermentation media with free cells as well as 

immobilized cells were incubated for 24, 48, 72, 96 and 

120 hours at 35±2ºC. Each day a small aliquot from 

each medium was withdrawn and amylase was 

estimated by DNS method. 

Fermentation media with free cells as well as 

immobilized cells were incubated at different 

temperatures (35, 48, 60 and 72ºC) to study the effect 

of temperatures on the rate of amylase production. 

To investigate the influence of pH of fermentation 

media on amylase production from free cells and 

immobilized cells, a range of pH from 6.0 – 7.5 was set 

in fermentation media. Effect of pH was studied by 

incubating the fermentation media for 48 hours at 

35±2ºC. 

 

Purification and kinetic study of the enzyme from 

immobilized cell 

Purification of amylase extracted from 

immobilized cells of Bacillus thuringiensis A5-BRSC 

was performed by growing the organism in starch broth 

medium (Hi-media) at 300C for 48 hrs. The culture was 

centrifuged at 8000xg for 30 minutes. The supernatant 

was collected. Solid ammonium sulphate was slowly 

added to the filtrate with a continuous stirring by a 

magnetic stirrer. The solution was kept at 40C for 

overnight. Most of the amylase was precipitated 

between 65% - 70% saturation. Precipitated protein was 

centrifuged at 15000 x g for 30 minutes at room 

temperature. The concentrated protein was re-

suspended in 50mM phosphate buffer of pH 6.9 and 

dialyzed against the same buffer for overnight.  

Dialyzed enzyme solution was applied to DEAE-

cellulose (DE-52) ion exchange column 

chromatography (30 cm x 1 cm). The column was pre-

equilibrated with 50mM phosphate buffer of pH 6.9 and 

then dialyzed protein solution was loaded in the 

column. Unbound protein fraction was collected till the 

OD 280 nm reached in the negligible reading. Unbound 

fraction was washed with the same buffer. Proteins 

were eluted with a concentration gradient of NaCl from 

0.1 M to 1 M with a constant flow rate of 0.4 ml/min at 

300C. Fractions were collected and each fraction was 

analyzed for protein concentration and amylase activity. 

Estimation of enzyme protein was carried out according 

to the method of Lowry.14 

The Michaelis-Menten constant (KM) of the 

purified enzyme was determined for various linear 

chain and branched chain polysaccharides including 

amylase, soluble starch and amylopectin. 

 

Determination of molecular weight of amylase by 

SDS-PAGE: Purified enzyme protein was analyzed in 

10% SDS-PAGE, according to the method of 

Laemmli.15 100 μg of protein was mixed with sample 

buffer and incubated in boiling water bath for 4 
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minutes. Finally, 50 μg of protein was loaded in 10% 

SDS-PAGE. After the electrophoresis, protein bands 

were visualized by silver staining method.16 

 

Results and Discussion 
Immobilized cells of B. thuringienis A5-BRSC 

exhibited more than 3.5 times amylase yield 

(immobilization efficiency = 3.63) in 48 hours 

incubation than free cells at 35 ±20C (Fig. 1). The cells 

immobilized with 2% (w/v) Sodium alginate and 3% 

(w/v) CaCl2 showed maximum amylase production 

(Fig. 2a & b). The result is quite consistent with 

previous reports on the similar study.17 Significant 

enzyme activity was also noted at the incubation 

temperature of 350C, but highest enzyme activity was 

achieved at 500C; further, rise of temperature up to 

800C fall the enzyme activity.  Fermentation pH of 6.9 

was revealed to be the optimum pH for enzyme 

production from both free and immobilized cells. In 

case of free cells, soluble starch supplementation 

showed the best enzyme activity, but in case of 

immobilized cells, this supplementation drastically 

reduced enzyme production. This finding is 

contradictory with previous reports.18,19 However, it 

was also reported that soluble starch concentration 

above 0.5% decreases the rate of amylase production in 

B. thuringiensis.17 One possible explanation behind this 

phenomenon might be the large molecular weight of 

starch. Due to its high molecular weight, it could not 

penetrate gel beads to reach the entrapped cells and 

masked the gel beads to reach other nutrients to the 

immobilized cells.   

The stability of immobilized B. thuringiensis A5-

BRSC cells in repeated batch fermentation was studied 

in order to access their suitability for long-term use. 

Figure 3 illustrated the rate of amylase production from 

immobilized cells for repeated 8 cycles. In 2nd cycle, 

the activity was highest and up to 6th cycle, amylase 

activity remained steady, which subsequently fall on 7th 

cycle onwards. In comparison, free cells showed poor 

amylase activity from 3rd cycle onwards. Earlier reports 

on repeated batch fermentation from immobilized cells 

of Bacillus sp. exhibited similar findings.12,17 

The recovery of extracellular amylase from 

immobilized cells of was summarized in Table 1. The 

first step of purification, i.e., ammonium sulphate 

fractionation, maximum enzyme activity was exhibited 

between 60 – 70% saturation. This active fraction was 

further purified by dialysis, followed by DEAE-

cellulose (DE-52) column chromatography. The elution 

profile of the enzyme showed only one sharp peak for 

amylase (Figure 4a & b). Most of the enzyme protein 

was eluted at 0.4M NaCl. Maximum purification level 

achieved was approximately 33 fold and the recovery 

yield was 12.56%. The fractions that showed amylase 

activity were pooled together and lyophilized. SDS-

PAGE and subsequent silver staining of purified 

amylase showed a single band of molecular weight 52 

kDa (Figure 5). No isozyme of the enzyme was 

detected, although Bacillus thuringiensis CKB 19 was 

reported to have two isozymes of 59.6 and 44.7 KDa.17 

However, a large number of Bacillus sp. was also 

detected to have no isozyme form of α-amylase.20,21  

The purified enzyme from immobilized cells 

showed linear progress in product formation with 

incubation time up to 8 minutes in 0.1 M phosphate 

buffer (pH- 6.9) at 370C and 0.5% soluble starch as 

substrate. More incubation of the enzyme with the 

substrate showed zero order kinetics. The enzyme 

showed maximum activity at 0.25 % concentration 

(w/v) of soluble starch.  Lineweaver-Burk plot revealed 

Km and Vmax for soluble starch. The values of Km and 

Vmax for soluble starch were determined as 0.85 mg/ ml 

and 0.988 mg of liberated maltose/ ml of enzyme/ 

minute.  
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Fig. 1: Comparison of amylase production from free 

and immobilized cells of Bacillus thuringiensis A5-

BRSC in fermentation media 

 

 
Fig. 2a & 2b: Effect of different concentrations of (a) 

sodium alginate and (b) calcium chloride on amylase 

production from immobilized cells of Bacillus 

thuringiensis A5-BRSC 
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Fig. 3: Re-use efficiency of immobilized cells by 

repeated batch fermentation in comparison to free 

cells. Each cycle was carried out for 48 hours at 

350C. After each cycle, the beads were washed with 

sterilized phosphate buffer saline and incubated 

with the fresh fermentation medium 
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Fig. 4a & 4b: Elution profile of amylase extracted 

from immobilized cells of B. thuringiensis A5-BRSC 

on DEAE-cellulose (DE-52) column 

chromatography. (a)The sample was eluted with 

NaCl gradient of 0.1- 0.9 M (b) Amylase activity in 

the collected fractions of the eluted protein 
 

 
Fig. 5: SDS-PAGE profile of amylase extracted from 

immobilized cells of B. thuringiensis A5-BRSC. 

[Lane1- Molecular weight marker, lane 2- purified 

product obtained after DEAE-cellulose column 

chromatography, lane 3- product obtained after 

dialysis, lane 4 – commercially available diastase 

(SRL, India Ltd.) and lane 5- culture filtrate of 

immobilized cells (crude enzyme source)]

 

Table 1: Purification and recovery of extracellular amylase from immobilized cells Bacillus thuringiensis A5-

BRSC 

Purification step Volume 

(ml) 

Protein 

(mg/ml) 

Total 

activity 

(U) 

Specific 

activity 

(U/mg) 

Yield 

(%) 

Purification 

(fold) 

Culture filtrate 300 1.94 624 1.07 100 1 

60–70% 

ammonium 

sulphate cut 

fraction 

 

20 

 

0.52 

 

97.2 

 

9.35 

 

15.6 

 

8.74 

Dialyzed product 22 0.32 84.92 12.06 13.6 11.27 

DEAE-cellulose 

chromatography 

28 0.08 78.4 35 12.56 32.71 

 

Conclusion 
The approach used in this study was to produce a 

large quantity α-amylase from microencapsulating 

bacteria as well as from free cells of Bacillus 

thuringiensis A5-BRSC. From the industrial point of 

view, the amylase is significant due to its high activity 

at higher temperature and stability at room temperature 

for more than 48 hours. Such thermostable enzymes 

have potential to be used in starch liquefying industries, 

bakeries, medicines and other industrial fields. 
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