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Abstract - This study was aimed at the purification and characterization of thermostable α-amylase enzyme produced by 

thermophilic Bacillus licheniformis RD24 capable of hydrolyzing raw starches. The enzyme was partially purified by 90% 

ammonium sulphate precipitation and ion exchange chromatography on CM Sepharose CL-6B. The activity was determined, 

while the protein concentration of the purified α-amylase was estimated by the use of UV Spectrophotometer CECIL CE2502 at 

280 nm respectively. The molecular weight of the enzyme was determined using gel filtration on Sephadex G-100. Effects of 

temperature, pH, metal ions, ethylenediaminetetra acetic acid (EDTA) and kinetic parameters (Km and Vmax) of the purified 

enzyme were studied. The specific activity of the partially purified Bacillus licheniformis RD24 was determined to be 1.634 

Units/mg protein with a purification fold of 4.76. The partially purified Bacillus licheniformis RD24 α-amylase has a molecular 

weight of 50 kDa. The apparent Vmax and Km obtained with soluble starch for the partially purified Bacillus licheniformis RD24 

α-amylase were 4654 ± 108 Units/mg protein and 79.11 ± 1.84 mg/ml. The optimum pH and temperature of partially purified 

Bacillus licheniformis RD24 α-amylase are 8.0 and 70
o
C respectively. Sodium ion has stimulatory effect on the enzyme while 

Mg
2+

, Ca
2+

 and Al
3+

 inhibited the enzyme beyond 80 mM, 120 mM and 40 mM respectively. EDTA inhibited the enzyme beyond 

20 mM. The study concluded that α-amylase synthesized by Bacillus licheniformis RD24 had a unique characteristic of 

thermostability and ability to withstand alkaline pH, a much sort after property for various industrial processes. 
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1. Introduction 

Alpha amylase (1, 4-α-D-glucanohydrolase; EC 3.2.1.1), 

which hydrolysis α-1, 4-glucosidic linkage in starch-related 

molecules, is one of several enzymes involved in starch 

degradation (Verma et al., 2011). Although 𝛼-amylases can 

be derived from several sources such as plants, animals and 

microorganisms, microbial enzymes generally meet industrial 

demands. The major advantage of using microorganisms for 

the production of 𝛼-amylases is the economical bulk 

production capacity and ease of manipulation to obtain 

enzymes of desired characteristics (Lonsane & Ramesh, 

1990). The application of 𝛼-amylase requires unique 

properties with respect to specificity, stability, temperature 

and pH values dependence (Antoinette et al., 1995). Bacteria 

belonging to the genus Bacillus have been widely used for the 

commercial production of thermostable α-amylase (Kubrak et 

al., 2010). Studies on bacteria amylase especially in the 

developing countries have concentrated mainly on Bacillus 

species probably because of the simple nature and nutritional 

requirements of this organism (Ajayi & Fagade, 2006; 

Oyeleke & Oduwole, 2009). Bacillus species are 

heterogeneous forms of organisms which are very versatile in 

the adaptability to the environment (Aqeel & Umar, 2010). 

For industrial applications, enzymes must be stable under 

process conditions. Generally, enzymes are preferred over 

chemical catalysts. Therefore, thermophilic microorganisms 

are believed to be potentially good alternative sources of 

thermostable enzymes (Egas et al., 1998). The main use of 

amylase includes hydrolysis of starch to yield glucose syrup, 

amylose-rich flour and in the formation of dextrin during 

baking in food industries. Furthermore, in the textile industry, 

amylases are used for removal of starch sizing and as 

additives in detergents (Shaw et al., 1999). However, the cost 

of producing this enzyme is high and the cost of procurement 

by developing countries can be even higher as a result of 

importation. Cheap and readily available agricultural waste 

such as potato peels, which presently constitutes a menace to 

solid waste management, may be a rich source of amylolytic 
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bacteria (Ali et al., 1998). 

The abundance of starch-rich household wastes in the 

environment has led to the search for thermophilic α-amylase 

producing microorganisms with improved amylolytic activity 

in their natural environment such as the refuse dumps of 

household wastes which can then be used for various 

industrial processes in Nigeria and the World at large. In this 

study, the purification and characterization of α-amylase 

produced by a thermophilic Bacillus licheniformis isolated 

from a refuse dumpsite was carried out in a bid to unravel 

areas of possible applications. 

2. Methodology 

2.1. Bacterium 

The bacterium (Bacillus licheniformis RD24) used for this 

work was isolated from decayed refuse samples obtained at 

Obafemi Awolowo University Campus and selected among 

thermophilic bacteria with the ability to produce α-amylase. 

2.2. Enzyme production 

The enzyme production was carried out in 250 ml Erlenmeyer 

flask containing 100 ml medium using 1 ml 0.5 McFarland 

standard inoculum. The production medium was composed of 

1 g soluble starch, 0.1 g KH2PO4, 0.25 g Na2HPO4, 0.1 g NaCl, 

0.005 g MgSO4.7H2O, 0.005 g, CaCl2, 0.2 g (NH4)2SO4 and 

0.2 g peptone; at pH 7.0 (Femi-Ola and Olowe, 2011). The 

medium was inoculated with the standard inoculum and 

incubated at 45
o
C for 48 h with a steady agitation at 150 

revolutions per minute (rpm). This was centrifuged at 6000 

rpm for 30 min to obtain the cell-free supernatant (CFS). The 

α-amylase activity was determined by Nelson (1944) and 

Somogyi (1945) while protein concentration was determined 

by Bradford (1976) method respectively using 10 mM 

phosphate buffer at pH 7. 

2.3. Enzyme Purification  

The Bacillus licheniformis RD24 α- amylase was purified 

from the cell-free supernatant. Two hundred milliliter (200 ml) 

of the supernatant obtained from a batch culture was subjected 

90 % ammonium sulphate precipitation at 0
o
C for 2 h. The 

precipitate was allowed to stand for 12 h before centrifugation 

at 13,500 g for 15 minutes at -4 
o
C using Centurion Scientific 

Limited Cold Centrifuge (Model 8880). The precipitate was 

re-dissolved in 10 ml of 10 mM phosphate buffer pH 7.0 and 

evaluated for α- amylase activity and protein concentration. 

The enzyme was then layered on a 1.0 cm x 10.0 cm column 

of CM Sepharose CL-6B which had previously been 

equilibrated with 10 mM phosphate buffer, pH 7.0. Fractions 

(1 ml) were collected at a flow rate of 12 ml/h and bound 

proteins were eluted with a linear gradient of 0 to 1.0 M NaCl. 

Alpha amylase activity in the fractions was determined by 

Somogyi (1945) and Nelson (1944) methods, and the protein 

profile was determined at a wavelength of 280 nm by using 

UV Spectrophotometer CECIL CE2502. 

2.4. Determination of Native Molecular Weight 

The apparent molecular weight of the purified α-amylase 

were estimated by gel filtration on a 1.0 cm × 50.0 cm column 

of Sephadex G-100. The column was calibrated with 

lysozyme (14.5 kDa), α-chymotrypsinogenA (25.6 kDa), 

peroxidase (40 kDa), ovalbumin (45 kDa) and bovine serum 

albumin (67 kDa). 

2.5. Effects of pH on Activity and Stability of Purified 

Bacillus licheniformisRD24 Alpha Amylase 

The effect of pH on α- amylase activity was performed in the 

pH range of 4.5-9.0 at room temperature. pH stability was 

determined by incubating an aliquot of the enzyme at room 

temperature for 1 h in buffers with different pH values, and 

the residual activity was determined. The following buffer 

systems at the indicated pH values were used: 10 mM citrate 

buffer, pH 4.5-5.5; 10 mM phosphate buffer, pH 6.0-7.5 and 

10 mM tris buffer, pH 8.0-9.0 

2.6. Effects of Temperature on Activity of Purified Bacillus 

licheniformisRD24 Alpha Amylase 

The effects of temperature on the activity of Bacillus 

licheniformis RD24 α- amylase was studied by incubating an 

aliquot of the enzyme with the substrate at temperatures 

ranging from 0 to 100 
o
C for 20 min. Unincubated purified α- 

amylase was used as the control. The residual activity of the 

enzyme was determined as stated above. The residual α- 

amylase activity was plotted against the different 

temperatures. 

2.7. Effects of Metal Ions and EDTA on Purified Bacillus 

licheniformisRD24 Alpha Amylase 

The effect of metal ions and EDTA on Bacillus 

licheniformisRD24 α- amylase activity was determined by 

incubating the enzyme in 10 mM tris buffer, pH 8.0 at 70
o
C 

with monovalent, divalent and trivalent metal ions (NaCl, 

MgCl2, CaCl2 and Al2(SO4)3) and EDTA dissolved in the 

assay buffer at a concentration of 0-340 mM. The control did 

not contain the metal ions and EDTA respectively. The 

enzyme activity was expressed as a percentage of the control 

which was taken to be 100 %. 

2.8. Effect of Purified Bacillus licheniformis RD24 Alpha 

Amylase on Raw Starches 

The effect of the pure Bacillus licheniformisRD24 α- amylase 

on both gelatinized and ungelatinized raw starches were 

determined by incubating an aliquot of the pure Bacillus 

licheniformis RD24 α- amylase with 0.1 ml of 1 % each of the 

gelatinized and ungelatinized raw starch source namely yam 

starch, sorghum starch, cassava flour, corn starch and cassava 

starch.  

2.9. Determination of Kinetic Parameters 

Using Tris buffer at pH 8 and temperature of 70
o
C, the 

apparent kinetic parameters (Km and Vmax) were determined 

for the purified Bacillus licheniformis RD24 α-amylase by 
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incubating an aliquot of the enzyme with varied 

concentrations of soluble starch (0 - 200 mg/ml) while 

keeping all other components constant. The amount of 

reducing ends formed was estimated and units of activity were 

calculated and used for the kinetic parameters according to the 

method of Lineweaver and Burk (1934). 

3. Results  

3.1. Enzyme Purification  

A single peak of activity was obtained with a specific activity 

of 7.8 Units/mg protein with a 4.76-fold purification and a 

yield of 47.08 %. The specific activity of 7.78 Units/mg 

protein was obtained while the crude sample had a specific 

activity of 1.634 Units/mg protein (Figure 1). The summary of 

the purification protocols of crude α-amylase obtained from 

Bacillus licheniformis RD24 (Table 1).  

3.2. Bacillus licheniformis RD24 Native Molecular Weight  

The purified Bacillus licheniformis RD24 α-amylase has a 

native molecular weight of 50 kDa from estimation on the 

calibration curve obtained from gel filtration on Sephadex 

G-100 (Figure 2). 

3.3. Effect of pH and Temperature on the Enzyme Activity 

and; its stability at tested pH 

The partially Bacillus licheniformis RD24 α-amylase 

displayed a wide range of pH (4.0 – 9.0) with optimum at pH 

8.0 (Figure 3). The relative activities at pH 4.0 and 9.0 were 

about 34.23 and 94.41 % respectively, of the activity recorded 

for pH 8.0. The optimum temperature obtained for Bacillus 

licheniformis RD24 is between 60 - 80
o
C with the peak at 

70
o
C (Figure 5).  

3.4. Effect of Metal Ions on Bacillus licheniformisRD24 

Alpha Amylase Activity 

The effect of metal ions on the activity of purified Bacillus 

licheniformis RD24 revealed that Na
+
 did not show any 

significant effect on the residual activity of the enzyme 

(Figure 6). Magnesium ion (Mg
2+

) exhibited initial 

stimulation of the enzyme activity from 20 – 80 mM but 

inhibited the enzyme thereafter from 100 mM until a total loss 

of activity at 300 mM (Figure 7). The partially purified B. 

licheniformis α-amylase was stimulated by Ca
2+

 which is 

evident by increase in the percentage residual activity of the 

enzyme from 20 mM to 120 mM i.e. 79.28 % to 98.8 % before 

a gradual decrease up to 340 mM shown (Figure 8). 

Aluminium ion (Al
3+

) enhanced the enzyme activity at an 

initial concentration of 20 – 40 mM resulting in percentage (%) 

residual activity of 117.14 % at 40 mM before a decline to 

44.76 % at 100 mM and subsequent total loss of activity at 

120 mM (Figure 9).  

3.5. Effect of EDTA on Partially Purified Bacillus 

licheniformisRD24 Alpha Amylase Activity 

The result obtained from this study revealed inhibition 

(67.13 % loss in residual activity) of the enzyme activity from 

20 mM to 120 mM by EDTA (Figure 10), and at 

concentration above this, there was no further decrease in 

enzyme activity.  

3.6. Effect of Purified Bacillus licheniformisRD24 Alpha 

Amylase on Raw Starches 

Enzymes capable of digesting various raw starch granules are 

economically attractive as they can increase the range of 

starch sources for direct hydrolysis (Liu and Xu, 2008). This 

study revealed that the activity of the purified enzyme on 

gelatinized raw starches proved a better effectiveness on the 

raw starches than on commercial starch (469.79 ± 1.66 

Units/ml) as against yam starch (585.99 ± 31.45 Units/ml), 

cassava starch (484.73 ± 23.24 Units/ml), cassava flour 

(521.25 ± 46.48 Units/ml), sorghum starch (522.89 ±21.56 

Units/ml) and corn starch (541.15 ± 3.3 Units/ml) as in Figure 

11. This was also buttressed by the hydrolysis of the 

ungelatinized raw starches with sorghum starch (587.65 ± 

33.20 Units/ml), corn starch (629.15 ± 4.98 Units/ml) and 

yam starch (627.49 ± 16.60 Units/ml) having higher enzyme 

activity than the commercial starch. 

3.7. Bacillus licheniformis RD24 Kinetic Parameters 

The Michaelis-Menten constant (Km and Vmax) of the purified 

Bacillus licheniformis RD24 α-amylase is 79.11±1.84 mg/ml 

and 4654 ±108 Units/mg protein as deduced from Figure 13. 

Table 1. Summary of purification protocols of crude α-amylase obtained from Bacillus licheniformis RD24 

Procedure Volume 

(ml) 

Activity 

(Units/ml) 

Total 

units 

(Units/ml) 

Protein  

(mg/ml) 

Total protein  

(mg/ml) 

Specific activity 

(Units/mg 

protein) 

Yield (%) Purification  

fold  

Crude 200 13.28 2656 8.13 1626 1.6335 100 1 

(NH4)2SO4 

precipitation 

20 110.56 2211.2 23.13 462.6 4.79 83.25 2.93 

CM Sepharose 

CL-6B ion exchange 

5 250.112 1250.56 32.21 161.05 7.78 47.08 4.76 
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Figure 1. Elution profile of Bacillus licheniformis RD24 α-amylase on CM Sepharose CL-6B. The flow rate was 12 ml/h and the 

flow through fraction of 16 ml was collected. Bound proteins were eluted with a 0-1 M NaCl dissolved in the elution buffer. 

Fractions were assayed for amylase activity and protein profile was determined using UV Visible Spectrophotometer at 280 nm. 

 

 

 

0-1 M NaCl 

0-1 M NaCl 
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Figure 2. Calibration for native molecular weight determination on gel filtration chromatography. The logarithm of the 

molecular weight of standard proteins: Bovine serum albumin, BSA (66 kDa); ovalbumin (45 kDa); peroxidase (40 kDa); 

α-chymotrypsinogen A (25 kDa) and lysozyme (15 kDa) were plotted against the partition co-efficient (Kav), of the individual 

protein. Sephadex G-100 column (1 x 50 cm) was used to determine the Kav of the individual protein. The native molecular 

weight of the purified α-amylase was interpolated from the curve. 

Sample Bacillus licheniformis RD24 represented by the arrow 

Lysozyme 

Chymotrypsinogen A 

Peroxidase 

Ovalbumin 

Bovine Serum albumin 
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Figure 3. Effect of pH on partially purified Bacillus licheniformis RD24 enzyme activity 

 

Figure 4. Stability of purified Bacillus licheniformis RD24 α-amylase in buffers of different p H 

 

Figure 5. Effect of temperature on pure Bacillus licheniformis RD24 enzyme activity 
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Figure 6. Effect of Na
+
 on the activity of purified Bacillus licheniformis RD24 α-amylase at 70

o
C and pH 8. 

 

Figure 7. Effect of Mg
2+

 on the activity of purified Bacillus licheniformis RD24 α-amylase at 70
o
C and pH 8. 

 

Figure 8. Effect of Ca
2+

 on the activity of purified Bacillus licheniformis RD24 α-amylase at 70
o
C and pH 8. 
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Figure 9. Effect of Al
3+

 on the activity of purified Bacillus licheniformis RD24 α-amylase at 70
o
C and pH 8. 

 

Figure 10. Effect of EDTA on the activity of purified Bacillus licheniformis RD24 α-amylase 70
o
C and pH 8. 

 

Figure 11. Effect of purified Bacillus licheniformis RD24 α-amylase on gelatinized raw starch at 70
o
C and pH 8. 
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Figure 12. Effect of purified Bacillus licheniformis RD24 α-amylase on ungelatinized raw starch at 70
o
C and pH 8. 

 

Figure 13. Lineweaver-Burk plot for the purified α-amylase enzyme produced by Bacillus licheniformis RD24 

4. Discussion 

In this study, the crude α-amylase obtained from cell-free 

supernatant of Bacillus licheniformis RD24 gave a specific 

activity of 1.63 Units/mg protein and a final purification step 

yielded 47 % of overall recovery with a specific activity of 7.8 

Units/mg protein with a 4.76-fold purification. Femi-Ola & 

Olowe (2011) reported that a 3.5-fold purification increased 

the specific activity of Bacillus subtilis from 0.28 to 0.99 

Units/mg protein; Adeniran & Abiose (2011) posited on the 

increase in specific activity from 6.98 ± 0.01 Units/mg protein 

to 32.75 ± 0.01 Units/mg protein for Bacillus licheniformis 

α-amylase with a 4.69-fold purification. These reports are in 

close concordance with the result obtained in this research. 

The partially purified Bacillus licheniformis RD24 

α-amylase has a native molecular weight of 50 kDa which is 

within the range of a general survey which showed that the 

molecular weight of α-amylase from Bacillus spp. varies 

between 50 and 60 kDa with some exceptions (Park and Cho, 

2010). 

The result obtained from the pH stability study of the 

enzyme showed that the enzyme is stable between 4.0 – 9.0 

but high amylase activity was observed at the alkaline pH of 

8.0 – 9.0 during the pH stability assay (Figure 4). Similar  

observations  were made  by  Olajuyigbe  &  Ajele  (2005)  

who  recorded optimum  pH  of  8.0  for  Bacillus  species. 

Mohammed et al. (2011) also reported the stability of Bacillus 

cereus α-amylase at pH 9.0 for 3 hours.  Yasser et al. (2013) 

posited that the pH profile of purified α-amylase by Bacillus 

licheniformis had a preference to work over a wide range of 

pH 5.5–9.5. It can be inferred that the enzyme will be more 

effective at the alkaline pH which is of high importance in a 

number of processes. The optimum temperature obtained for 

Bacillus licheniformisRD24 is between 60 - 80 
o
C with the 

peak at 70 
o
C though still having good enzyme activity at up 

to 100 
o
C. This is similar to the findings of Yasser et al. (2013) 

who reported that the optimum temperature for Bacillus 

licheniformis RD24 α-amylase activity was found to range 

between 60–80∘C. Adeniran & Abiose (2011) discovered the 

optimal temperature for enzyme activity to be between 60 and 

70°C. 

It can be said that sodium ion (Na
+
) had stimulatory effect 



Frontiers of Biological and Life Sciences (2014) 74-84                                                                  83 

 

on the partially purified B. licheniformis α-amylase. It can be 

deduced from the result of this study that presence of Mg
2+ 

ions at concentration of 80 mM and below will activate the 

enzyme. The stimulatory Ca
2+

 of has been reported at 40 mM 

(Femi-Ola & Olowe, 2011) which is similar to the findings of 

this study. Adeyanju et al. (2007); Mohammed et al. (2011); 

Deb et al. (2013); Yasser et al. (2013) have all reported 

similar results at between 1 mM to 40 mM, but this study 

observed better activity even at higher metal ions 

concentration than all the researchers stated. 

It is noteworthy that the α-amylase in this study did not 

lose its activity completely even at a concentration of 340 mM. 

This is contrary to the report of Femi-Ola & Olowe (2011) 

that EDTA act by chelating Ca
2+

 and once Ca
2+ 

removal in the 

enzyme is achieved, there will be a total loss of activity. 

Heavy metals are known to react with protein sulphydryl 

groups thus converting them to mercarptides (Femi-Ola and 

Olowe, 2011). EDTA has also been reported as inhibitor of 

α-amylase (Adeyanju et al., 2007; Mohammed et al., 2011; 

Deb et al., 2013; Yasser et al., 2013).  

The effect of partially purified Bacillus licheniformis 

RD24 α-amylase on the raw starches is an evidence of the fact 

that the α-amylase is effective on the raw starches and can be 

applied in hydrolytic processes using raw starch as substrate 

which will be cost effective with respect to commercial starch. 

Goyal et al. (2005) reported a thermostable α-amylase from 

Bacillus sp. I-3 that exhibited digestibility towards raw potato 

starch. Other researchers who have made notable contribution 

to raw starch digesting Bacillus species α-amylase are Anders 

et al. (2006); Sun et al. (2009). 

Bolton et al. (1997) reported differences in bacterial 

α-amylases kinetic parameters which can be accounted for by 

varying sources and types of starch, method of preparation 

and handling and the assay conditions. The high Km value in 

relation to reported values for Bacillus spp. α-amylases 

indicated that the enzyme will be of great benefit for the 

hydrolysis of starch, with the implication that it will not be 

easily saturated in the presence of high starch conversion. 

Goyal et al. (2005) reported that α-amylase with this 

characteristics will qualify as a potential candidate in starch 

processing which employs mashes containing about 15% 

starch for the conversions. Benjamin et al. (2013) stated that 

smaller values of Km for Bacillus spp. indicated that the 

enzyme and substrate are tightly bound and form the 

enzyme-substrate complex more quickly, thus more activity. 

The low Km value of purified Bacillus licheniformis RD24 

α-amylase is an indication that the enzyme has a potential to 

be very effective in the transformation of starch and 

starch-based substrates. 

5. Conclusion  

The study concluded that Bacillus licheniformis RD24 had a 

unique characteristic of thermostability which can be tapped 

for the transformation of cheap raw starches for their desired 

products. The optimum pH and temperature of 8.0 and 70
o
C 

respectively coupled with high Vmax and low Km values are 

unique characteristics that will be of advantage in starch 

hydrolysis applications. On the overall, starch-rich household 

waste can therefore be converted for amylase production 

instead of constituting public nuisance. 
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