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Alkaline Phosphatase enzyme was produced from a novel bacterium Bacillus sp. isolated from rocky soil. 

Enzyme production was carried out in 250 ml of flasks. The crude enzyme was purified by purification, dialyses 

and chromatography. The enzyme showed 0.28 U/mg
1 

enzyme activity, 0.31 mg of protein concentration and 

molecular weight of 54.5 Kda. Also optimum pH and Temperature of the enzyme was pH 10 and 60°C 

respectively.  
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1. INTRODUCTION 
 

Alkaline Phosphatase (EC 3.1.3.1) enzyme hydrolyzes the 
phosphomonoesters from number of organic molecules like 

ribonucleotides, deoxy-ribonucleotides, proteins, alkaloids, 
phosphate esters and anhydrides of phosphoric acid [1]. Alkaline 

Phosphatase is a metallodependent enzyme [2] which shows its 
catalytic activity optima at alkaline pH [3]. The wide distribution 

of alkaline phosphatase in nature, ranging from bacteria to man, 

indicates that alkaline phosphatase are ubiquitous and involved in 
fundamental biochemical processes. It can be isolated from variety 

of microorganisms including Escherichia coli [4], Pseudomonas 
[5], Aerobactor [6] and Bacillus species [7]. In all bacteria, 

alkaline phosphatase is found in the periplasmic membrane which 
is external to the cell membrane of bacteria [8].  Very little work 

has been done with respect to extracellular production of alkaline 
phosphatase in genus Bacillus. Hulett et al. [9] investigated the 

extracellular production of alkaline phosphatase in Bacillus 
licheniformis which shows that it synthesizes 10 times more 

alkaline phosphatase activity than is reported for other Bacillus 
species [10]. However, the extracellular production of alkaline 

phosphatase has been studied in Micrococcus sodonensis                       
[11], Pseudomonas species [12], Alkalophilic bacterium [13] and      
.  
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Arthobacter [14]. Bacillus species produce alkaline phosphatase 

when phosphate becomes growth limiting as well as during 
sporulation, when phosphate supplies are abundant. Alkaline 

phosphatase of Bacillus licheniformis and Bacillus subtilis is 
located intracellular and extracellular. It has been shown that 

culturing conditions significantly affect both the distribution and 
the amount of synthesis of alkaline phosphatase [15]. Intracellular 

production of alkaline phosphatase is quite complex and expensive 
process in comparison to extracellular. This statement is supported 

by the study of Hulett et al. [9] which explained that extracellular 
alkaline phosphatase gave higher specific activity than intracellular 

alkaline phosphatase is because of short and simple steps of 
purification.  Thus, the present studies are proposed to be conducted 

for the isolation and characterization of extracellular alkaline 
phosphatase from Bacillus species isolated from rocky soil. 

 

2. MATERIALS AND METHODS 
 

2.1Soil sample 

Soil sample (4-5g) was collected from white rocky place 
near Vandhavasi at a depth of 2-5 cm and transferred to a clean 

polyethylene bags. The samples were further air dried at room 
temperature and taken for bacterial isolation.  

 

2.2 Isolation of bacterial strains  

1g of each collected soil was suspended in 100 ml of saline. 
Then incubated in an orbital shaker incubator at 28

0
C with shaking 

at 200 rpm for 30 min. Mixtures were allowed to settle, and serial 
dilution was made up to 10

-5
 using sterile saline water and   agitated  
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with the vortex at maximum speed. An aliquot of 0.1 ml of each 

dilution from 10
-2

 to 10
-5

 was taken and spread evenly over the 

surface of Nutrient agar medium. The inoculated plates were 

incubated at room temperature for 24-48 and observed for bacterial 

growth.   

 

2.3 Screening of Alkaline phosphatase activity 

Screening test for alkaline phosphatase production was 

done by using modified Pikovskaya’s Agar method. The isolated 

different colonies were inoculated on Pikovskaya’s agar plate, 

incubated at 37°C for 3-5 days to confirm positive activity by the 

formation of clear halos around the colonies [16]. 

 

2.4 Characterization and identification of strains 

Pure culture of positive isolates was maintained on 

nutrient agar slant containing 2% agar and pH was adjusted to 7.0. 

It was identified by physiological (colony morphology, colour, 

growth pH, temperature and motility), staining techniques (grams 

stain & Spore stain) and standard biochemical tests (catalase, 

oxidase, Methyl red, Voges proscauer, Citrate, TSI, Urease, starch 

hydrolysis and sugar fermentation).  

 

2.5 Enzyme production 

Cultures used for enzyme production were grown at 37
0
C 

for 24 hours shaking (180 rpm) in modified minimal essential 

media (MEM) containing Calcium phosphate as a substrate along 

with casein, starch and glucose in different concentrations was 

added to study the regulation of phosphatase synthesis. The 

enzyme production was carried out in 250 ml of Erlenmeyer flask 

containing 50 ml of fermentation medium. The flask was 

incubated at 37
0
C for 2-5 days under shaking conditions and 

observed for subsequent intervals [16]. 

 

2.6 Protein Determination and Enzyme Assay 

Protein concentration of the enzyme was estimated by 

Lowery et al. [17] method and absorbance determined at 660nm 

by using bovine serium albumin (BSA) as standard. For APase 

assay, a mixture of 0.2 ml of enzyme preparation and 2.0 ml of a 

solution of sodium p-nitrophenyl phosphate (0.2 mg/ml in 0.1 M 

Tris-hydrochloride buffer, pH 9.5) was incubated at 40°C for an 

appropriate time (usually 10 min), the reaction was stopped by 

addition of 0.2 ml of 13% K2HPO4, and the optical density of the 

incubated mixture was determined at 420 nm. 

 

2.7 Purification of enzyme 

The bacterial cell free fermented media was collected and 

subjected to different steps of purification. It was saturated to 75% 

with 2-propanol at a flow rate of 3 ml/min (kept at 0 to -4°C) 

under continuous stirring. The mixture was allowed to stand at –

20°C for 2 hours and centrifuged for 15 min at 13 000 rpm and 

0°C. The precipitate was then dissolved in 0.1 M Borax-HCl, pH 

7.2 and dialysed twice against 0.03 M Tris-HCl buffer, pH 7.8.The 

Crude enzyme solutions obtained after dialysis were loaded on 

Sephadex G-200 columns for further partial purification, Fraction 

of 6 ml was collected throughout with a flow rate of 15 ml/hours 

[18].   

 

2.8 Molecular Mass Determination 

SDS PAGE was performed according to the Laemmli 

[19] with the 4% Acrylamide stacking gel and 10% Acrylamide 

separating gel to determine the molecular mass and purity of 

protein.  The sample was treated with sample buffer and boiled at 

100 °C for 3 minutes and loaded onto the gel.  A voltage of 150 V 

was applied and the gels were left running for 45 minutes to 

achieve sufficient migration. Proteins were visualized by staining 

the gel with Coomassie blue G-250 and the molecular weight of 

alkaline phosphatase was determined by comparing with 

molecular weight markers. 

 

2.9 Enzyme Characterization 

The optimum pH, temperature of the enzyme was 

measured. The effects of substrate concentration, inhibitors and 

metal concentration of enzyme were also studied [18].  

 

3. RESULTS AND DISCUSSION 
 

In this study, Bacillus species was isolated from soil 

collected near Vandhavasi, Tiruvannamalai district. Soil is 

contains great diversity of bacterial populations, with many of 

organisms belonging to groups for which no cultivated 

representatives are known. Thus, the soil is an excellent source for 

unknown microorganisms and it has been studied that Bacillus 

genus is most frequently isolated from soil [20]. As the 

microorganisms have been known to produce specific enzymes, 

secondary metabolites, single cell proteins of economic benefits. 

The gram-positive species Bacillus are well known for its high 

capacity to secrete proteins, both in its natural habitat and in 

biotechnological applications. 

 

3.1 Characterization and identification of strains 

The potential strain was identified by physiological 

(colony morphology, colour, growth pH, temperature and 

motility), staining techniques (grams stain & Spore stain) and 

standard biochemical tests (catalase, oxidase, Methyl red, Voges 

proscauer, Citrate, TSI, Urease, starch hydrolysis and sugar 

fermentation). After the all tests were done, the strain was rather 

identified using the Bergey’s Manual of Determinative 

Bacteriology. Based on the above results (Table 1), the isolated 

strain is probably identified as Bacillus sp. 

 
Table 1: Characterization of isolated strains. 

SL. No. Characterization Result/Inference 

1 Source of strain Soil 

2 Growth condition Aerobic 

3 Temperature 28-30
0
C 

4 pH 7±0.2 

5 Colony morphology on NA Raised, Dirty white 

6 Gram reaction +ve 

7 Cell morphology Rods 

8 Arrangements Single/paired 

9 Spore - 
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10 Motility - 

11 Catalase + 

12 Oxidase + 

13 Starch hydrolysis + 

14 Casein hydrolysis + 

15 Indole  - 

16 Methyl red + 

17 Voges proscauer - 

18 Citrate test - 

19 Urease test - 

 Sugar fermentation test  

20 Glucose   + 

21 Sucrose  + 

22 lactose - 

23 arabinose + 

Probable identity = Bacillus sp. 

NA= Nutrient agar; ‘+’ Positive; ‘-‘Negative 

 
 

3.2 Enzyme production 

In this study, the production of alkaline phosphatase was 

carried out in Erlenmeyer flask containing growth medium. It was 

incubated at 37 °C for 2-5 days in a shaking condition. The 

enzyme production was analyzed at different intervals; The 

Bacillus species produced alkaline phosphatases at the middle of 

the stationary phase of growth (2.20 U/mg
-1 

enzyme activity and 

600 mg of protein concentration). Similar alkaline phosphatase 

production pattern was reported for Bacillus subtilis enzyme. 

 

3.3 Purification of enzyme 

The medium containing enzyme mixture was used to 

various purification steps, at first it was optimized by adding 

precipitation with 2-propanol. The pellet collected from 

precipitation was subjected to dialyses and chromatography. It 

showed 0.28 U/mg
-1 

enzyme activity and 0.31 mg of protein 

concentration.  

In previous studies, the extracellular alkaline phosphatase 

was eluted on DEAE-cellulose, after elution the specific activity 

was increased up to 11 U/mg and purification % recovery was 

found to be 36 % and in case of Bacillus licheniformis studied by 

Hulett et al. [9], fold purification and yield were found to be 2.4 

and 10%, respectively. Yield of Alkaline phosphatase are 

dependent on the strain of bacteria used [21]. This may be the 

reason for the difference between our results and those reported 

earlier. One unit of phosphatase is the amount which hydrolyzes 

1μmol of substrate per minute at pH 8.8 and temperature 37 °C. 

 

3.4 Molecular Mass Determination 

The molecular mass of extracellular alkaline phosphatase 

from Bacillus species was analysed by 10% acrlamide gel 

electrophoresis. As alkaline phosphatase found in both diameric 

and monomeric forms, in this study, only single band was found 

approximate molecular weight of 54.5 Kda (Fig.1). The diameric 

forms of alkaline phosphatase produced by E. pyrococcus abyssi 

with a molecular mass of 54KD have been previously reported 

[22]. The SDS-PAGE of B. stearothermophilus alkaline   

phosphatase   showed a single protein band of 32KD [2]. 

 
Fig. 1:  Molecular mass determination of Aps by SDS-PAGE. 

 
3.5 Enzyme Characterization 

3.5.1 Effect of pH 

Effect of pH on enzyme activity was studied on different 

pH ranges 4-11. In this study, the optimum enzyme activity was 

found to be higher at pH 10.0. This result is supported by [14] who 

studied Anthrobactor Strain for extracellular production of 

alkaline phosphatase. As the pH increases the decrease in enzyme 

activity was observed and only 30% activity was noted at pH 11. 

Increase in pH effect the charges on the amino acids within the 

active site such that the enzyme is not to be able to form enzyme 

substrate complex. Thus, there is decrease in enzyme activity [23]. 

 

3.5.2 Effect of Temperature 

Effect of temperature was studied on enzyme activity by 

incubating on different temperatures 20 °C- 70 °C per 10 minute. 

The observation showed that the enzyme is thermostable, as the 

temperature increased the activity of enzyme also increased and 

enzyme showed its optimum activity at 60 °C and became reduced 

at 60 °C and 70°C, similar to the values reported for A. caespitosus 

[24] and Rhizopus microspores [25]. It shows that the higher 

temperature increase the kinetic energy of molecules which break 

the bond that holding the active amino group and enzyme gets 

denatures. Hence, results in the loss of enzyme activity [26].   

 

3.6 Effect of Inhibitors and Metal ions 

At 1 mM concentration, the activity of alkaline 

phosphatase enzyme was inhibited by K &Mg ions and enhanced 

by Fe & Ca ions, in these Ca was found to be higher. The result 

indicates that the enzyme is metallo-dependent. Alkaline 

phosphatase classically considered to be Zn
2+

 and Mg
2+

 dependent, 

especially, in Escherichia coli and mammalian alkaline 

phosphatase [27]. The studies of effect of metal ions on alkaline 

phosphatase activities in Bacillus sp. suggested that there is strong 

interaction between metal ions and enzyme as alkaline 

phosphatase may have several metal binding sites. These results 

are consistent to those of reported earlier [28]. 
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4. CONCLUSION 
 

In our studies, the alkaline phosphatase shows its 

optimum activity at pH 10 and temperature 60 °C, which indicate 

that the enzyme is thermostable. Apart from higher temperature, 

the thermostable enzymes are also known to withstand denaturants 

of extremely acidic and alkaline conditions. These enzymes are 

highly specific with inherent stability and thus, have considerable 

potential for many industrial and commercial applications. This 

present investigation emphasized on the need of more research to 

be carried on Bacillus species to produce extracellular alkaline 

phosphatase. 
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