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Abstract: Bacillus species are good secretors of proteins and 
metabolites. Many bacilli produce antibiotics and biologically active 
compounds, they are therefore used as probiotics in aquaculture. 
Most species of Bacillus strains have a high capacity to secrete a 
variety of extracellular enzymes such as amylase, arabinase, and 
cellulose as carbohydrates, lipase, several kinds of protease, 
xylanase, and also include many different penicillinases, nucleases, 
phosphatases,   phospholipase C, thiaminase, and bacteriolytic 
enzymes. Alkaline Phosphatase is the most active of the enzymes, 
but also the most difficult to destroy at the end of the 
dephosphorylation reaction. In bacteria, alkaline phosphatase is 
located in the periplasmic space, external to the cell membrane. 
Since this space is much more subject to environmental variation 
than the actual interior of the cell, bacterial alkaline phosphatase is 
comparatively resistant to inactivation,denaturation, and 
degradation, and also has a higher rate of activity.The present 
study demonstrate the applications of statistical design for media 
oprimization for production of ALP. The analysis revealed that 
peptone, glucose, and K₂HPO₄ significantly influenced alkaline 
phosphatase (ALP) production, with a 99.8% confidence level, 
identifying them as the most significant carbon, nitrogen, and 
phosphate sources, respectively. 
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1. Introduction  

Bacillus is a genus of ubiquitous Gram-positive, rod-shaped (Bacillus), bacteria found in soil and live in harsh environment 

(Hazem Aqel, 2012). They can utilize plant and animal debris; a broad spectrum of substrates used, including cellulose, starch, 

agar, proteins, and carbohydrate (Mahesh et. al., 2010). Bacillus species can be obligate aerobes (oxygen reliant), or facultative 

anaerobes (having the ability to be aerobic or anaerobic). They will test positive for the enzyme catalase when there has been 

oxygen used or present (Ammini et. al., 2009). Alkaline phosphatase (ALP, ALKP) enzyme hydrolyses the phosphomonoesters 

from organic molecule like ribonucleotides, deoxyribonucleotides, proteins, alkaloids etc to give Pi and the corresponding 

alcohol, phenol, or sugar, etc., but also catalyzes transphosphorylation reactions (when in presence of large concentration of a 

phosphate acceptor). It’s a homodimeric enzyme with a molecular weight of approximately 160 kDa and each active site region 

contains three metal ions, two zinc and one magnesium ion, all necessary for enzymatic activity (Millán, J, 2006). It’s a metal 

dependant enzyme which shows catalytic activity optima at alkaline pH (7.5 – 10.5). In practical, the ALP has wide range of 

applications in the diagnostics, immunology & molecular biology which serve as biochemical markers in quantitative 

measurements of disease. It can be isolated from various microorganisms including E. coli, Pseudomonas, Bacillus species and 

Aerobactor. Bacillus species is ubiquitous, Gram positive rods, Endospore forming aerobic bacterium mostly found in soil, live 

in harsh environment & cause human & animals infection. This enzyme located in periplasmic space, external to the cell 

membrane of bacteria & resist to inactivation, denaturation & degradation. Alkaline phosphatase is usually produced by the 

bacteria only during phosphate starvation and not when phosphate plentiful. 
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2. Material And Methods  
I. Isolation, Enrichment & Identification 

a. Collection of samples:- 

The soil samples were collected from nearby areas of Badnapur. The areas including A) garden soil B) farm/field soil, C) 

College PTC lab soil D) Somthana hill E) College gate F)Agri college garden. The samples were collected in prestarilized 

bottles and then transported quickly to laboratory to be analyzed. The preparation of media, sterilization and serial dilution were 

done. 

 

b. Isolation and enrichment of Bacillus sp.  

Thornton’s agar, fermentation broth, nutrient agar, nutrient broth used for bacterial growth was prepared according to the 

methods recommended by (F.R.Patel and M. C. Sharma, March 2012). The pH of media was adjusted by using 0.1N NaOH 

and0.1N HCl. The ingredients were dissolved in 1000 ml distilled water and the PH was adjusted at 7.2 and then medium was 

sterilized at 121°C for 15 minutes, under 15 lb pressure. 

The Fermentation broth was prepared as according to S.K. Pande and R.M. Banik, 2012.The ingredients were dissolved 

in 1000 ml distilled water and the PH was adjusted at 7.5 by adding 0.1 M Tris-HCL buffer and then medium was sterilized at 

121°C for 15 minutes, under 15 lb pressure. 

 

c. Purification and Characterization of Bacillus sp. 

The isolates were purified by repeated steak plate method on nutrient agar medium. The pure isolates of bacteria were 

streaked and maintained on nutrient agar slants. Several bacterial cultures were taken up for further work.Characterization of 

the bacterial isolates was carried out on the basis of their morphological and biochemical characteristics (F.R. Patel and M.C. 

Sharma 2012). The morphological tests used were colony characteristics and Gram staining test and the biochemical tests used 

were Indol test, Methyl red test, Voges Proskauer test, Citrate utilization test, and Catalase test, Gelatin hydrolysis, Casein 

hydrolysis, Lipid hydrolysis, Starch hydrolysis, Sugar fermentation test (Glucose, sucrose & lactose), and TSI test. 

 

d. ALP production in liquid medium:- 

The pure culture of the best ALP producing bacteria were maintained on nutrient agar slants at around 4±1°C. Inoculums 

preparation is carried out in nutrient broth by transferring single colony from the grown culture. Inoculums was developed in 

25ml nutrient broth with initial PH 9.0 in 100ml Erlenmeyer flasks, incubated on an orbital shaker at 35°C and 120 rpm for 12 

hours to achieve optical density in the range of 0.8-1.2 at 600nm. 5%v/v inoculums was transferred to 50 ml of fermentation 

medium in 250ml Erlenmeyer flasks and incubated at 35°C, 175 rpm for 72hrs (F.R. Patel and M.C. Sharma 2012; S.K. Pande 

and R.M. Banik 2012). 

 

e. Enzyme extraction and ALP activity 

After incubation of 3 days the enzyme was harvested by centrifugation at 10,000 rpm for 15 min at 10°C. The supernatant 

was collected and measured spectrophotometrically by taking OD at 400nm. Alkaline phosphatase activity was measured 

spectrophotometrically by monitoring the release of p-nitrophenol (pNP) from p-nitrophenyl phosphate disodium salt (pNPP) 

at 400nm. The enzyme sample 0.1ml was added to1.9ml of p-nitrophenyl phosphate disodium salt solution (pNPP) (2mg/ml 

in1M Tris-HCL buffer at pH 10.0) and the mixture was incubated at 50°C for 20 minute. The reaction was terminated by adding 

0.5ml of NaOH solution (5M) and the absorbance of the product p-nitrophenol were measured using UV-Visble 

Spectrophotometer at a wavelength of 400nm. One unit of enzyme activity is defined as the amount of the enzyme catalyzing 

the liberation of 1 μ mole of p-nitrophenol per minute (S.K. Pande and R.M. Banik 2012).  

 

f. Statistical Design 

The Plackett-Burman design based on the first order model (Plackett and Burman, 1962) was used to screen and evaluate 

the important media components that influence the production of ALP compounds. All the experiments were carried in triplicate 

according to designed matrix (Table 1) using the equation 1: 

 

Y= β0 + Σ βiXi (i = 1, …. k)       (Equation 1) 

 

Where, Y is the estimated target function, β0 is a constant, β1 is the regression coefficient, X is independent variable and 

k is number of variables. Total six macronutrient from medium were screened include Glucose, Peptone, Yeast Extract, 

MgSO4.7H2O, K2HPO4, NaCl. The level of micronutrients in all experiments was kept constant as described earlier. From the 

experimental trials (T1 – T8) enzyme was extracted by centrifugation and used enzyme assay. The release of pNP from pNPP 

was recorded as response value. The student’s t-test was performed to determine the significance of each variable employed. 

The regression coefficients were determined by least square method.  All statistical analyses were done using statistical software 

MINITAB 13.31, USA. 

 

3. Result  
1. Isolation of Bacillus species : 

Bacillus Species were successfully isolated on 10 -1 to 10 -5 dilutions collected from soil sample, Badnapur. 
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Sr No Soil Sample Code Bacillus Isolated 

1 Garden Soil A1 Bacillus 

  A2 Bacillus 

  A4 Bacillus 

2 Field Soil B Bacillus 

3 Somthana Hill D Bacillus 

4 College Gate E Bacillus 

5 Agri College Garden F1 Bacillus 

6 Agri College Garden F2 Bacillus 

Table No: 1 Bacillus genus isolated from soil sample. 

 

 

 

 

 

 

 

 

 

 

 
Figure No.- 1: Isolation of Bacillus species 

2. Morphology & Biochemical test: 

 The morphology of the colonies were found to be irregular in shape, white to off white in color, measured 2 – 6 mm in 

size, mostly flat in elevation, entire in margin, opaque in opacity, smooth in surface and bataryous in consistency. 

 

Colony Shape Color Size Elevation Margin Opacity Surface Consistency 

A1 Irregular White 6 mm Flat Endulate Opaque Smooth bataryous 

A2 Irregular White 9 mm Flat Entire Opaque Smooth bataryous 

A4 Circular White 4 mm Flat Entire Opaque Smooth bataryous 

B Irregular Off White 6 mm Flat Endulate Opaque Smooth bataryous 

D Irregular Off White 4 mm Concave Entire Opaque Smooth bataryous 

E Irregular Off White 3 mm Flat Entire Opaque Smooth bataryous 

F1 Circular Off White 2 mm Concave Entire Opaque Smooth Bataryous 

F2 Circular Off White 2 mm Concave Entire Opaque Smooth Bataryous 
Table No: 2. Bacterial colony characteristics on Thornton’s agar medium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table No: 3 Results of Biochemical tests 

Note- +ve- Positive, -ve- Negative 

Gram Staining +ve Rod +ve Rod +ve Rod +ve Rod +ve Rod +ve Rod +ve Rod +ve Rod

Catalase test +ve +ve +ve +ve +ve +ve +ve +ve

Vogues 

Proskauer
-ve -ve -ve -ve -ve -ve -ve -ve

Methyl Red -ve -ve -ve -ve -ve -ve -ve -ve

Citrate 

utilization
-ve -ve -ve -ve -ve -ve -ve -ve

Indole test -ve -ve -ve -ve -ve -ve -ve -ve

Gelatin 

hydrolysis
+ve +ve +ve +ve +ve +ve +ve +ve

Starch 

hydrolysis
+ve +ve +ve +ve +ve +ve +ve +ve

Glucose +ve +ve +ve +ve +ve +ve +ve +ve

Sucrose -ve -ve +ve +ve +ve -ve +ve +ve

Lactose -ve -ve -ve -ve -ve -ve -ve -ve

Sugar 

Fermentation
+ve +ve ++ve ++ve ++ve +ve ++ve ++ve

Gas Production -ve -ve -ve -ve -ve -ve -ve -ve

Hydrogen 

Sulphide 

production

-ve -ve -ve -ve -ve -ve -ve -ve

E F1 F2

Fermentation Test:

Triple Sugar Iron Test:

Test A1 A2 A4 B D
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3. Enzyme assay: 

 Alkaline phosphatase activity was found to be maximum in the strain of A2 (0.2206 µ/ml/min) and minimal in the strain 

of D (0.00007 µ/ml/min) .The A2 protein concentration was determined by Lowry’s method. The concentration of A2 protein 

had 0.125 mg/ml protein content. 

 

Sr. No Strain Enzyme assay Enzyme activity  µ/ml/min 

1 A1 0.277 0.01892 

2 A2 0.323 0.02206 

3 A4 0.011 0.00075 

4 B 0.038 0.00260 

5 D 0.001 0.00007 

6 E 0.023 0.00157 

7 F1 0.015 0.00102 

8 F2 0.007 0.00048 

Table No 4 Result of Enzyme assay 

 

Placket Burman Design:- 

 Based on the higher ALP production Bacillus sp. was chosen for further experiment. A Placket Burman Design matrix 

with 6 variables of fermentation medium was applied to find out variable influencing ALP activity of Bacillus sp. 

  

Trial  Level and concentration of variable (gm/L) 

 X1 Glucose X2 Peptone X3 Yeast extract X4 MgSO4.7 H2O X5 K2HPO4 X6 NaCl 

1 +1 (3.000) -1  (0.800) +1 (0.300) +1 (0.060) +1 (0.006) -1 (0.600) 

2 +1 (3.000) -1  (0.800) -1 (0.100) +1 (0.060) -1 (0.002) +1 (1.400) 

3 -1  (1.000) -1  (0.800) +1 (0.300) -1  (0.020) +1 (0.006) +1 (1.400) 

4 -1  (1.000) -1  (0.800) -1  (0.100) -1  (0.020) -1  (0.002) -1  (0.600) 

5 +1 (3.000) +1 (1.200) -1  (0.100) -1  (0.020) +1 (0.006) -1  (0.600) 

6 +1 (3.000) +1 (1.200) +1 (0.300) -1  (0.020) -1  (0.002) +1 (1.400) 

7 -1  (1.000) +1 (1.200) -1  (0.100) +1 (0.060) +1 (0.006) +1 (1.400) 

8 -1  (1.000) +1 (1.200) +1 (0.300) +1 (0.060) -1  (0.002) -1  (0.600) 

Table no 5 Plackett-Burman experimental design matrix for screening composition of growth medium, fermentation broth for Bacillus sp. 

 

 The Highest ALP production was obtained for trial X1 followed by X6. The results of the design were further processed by 

using the statistical software MINITAB 13.13. Significance of each variable was determined using student t-test. The 

components were screened at the confidence level of 99.8% on the basis of their effects. 

 

Variable Coefficient Effect 

      

Standard error t- value p- value 

Constant 0.05675     0.001750      32.429    0.020 

X1 (Glucose) 0.00575     0.001750       3.286    0.049 

X2 (Peptone) -0.00150     0.001750      0.857    0.054 

X3 (Yeast Extract) 0.02275     0.001750      13.000    0.234 

X4 (MgSO4.7H2O) -0.02250     0.001750      -12.857    0.495 

X5 (K2HPO4)  -0.00250 0.001750      -1.429    0.036 

X6 (NaCl) 0.02400     0.001750      13.714    0.462 
Table No 6 The effects and coefficients of variables estimated using Plackett-Burman design 

 

S = 0.004950    R-Sq = 99.8%     R-Sq (adj) = 98.7% 

 Table 6 represents the result of Plackett-Burman trials with respect to t-value and p-value of each component. The 

significant values indicate that the component was effective in alkaline phosphatase production. Out of six media components 

tested, peptone, glucose and K2HPO4 had a significant effect on alkaline phosphatase production by Bacillus sp 

 

No of flask Enzyme 

Assay O.D. at 

400 nm 

Enzyme 

Activity 

(µ/ml/min) 

Specific 

Activity  

( mg/ml/min) 

Protein Concentration 

(mg/ml) by Lowry’s 

Method 

1 0.527 0.036 1.96 × 10 -2 1.83 
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2 0.697 0.047 2.36 × 10 -2 1.98 

3 0.559 0.031 1.90 × 10 -2 1.62 

4 0.427 0.029 1.16 × 10 -1 0.250 

5 0.528 0.036 2.38 × 10 -2 1.51 

6 0.566 0.038 2.95 × 10 -2 1.28 

7 0.357 0.024 1.37 × 10 -1 0.175 

8 0.452 0.030 2.2 × 10 -2 1.35 
Table No 7 Result of Enzyme Assay, Enzyme activity, Specific Activity and protein concentration of Plackett Burmen Design 

 

 The maximum enzyme activity, specific activity and protein concentration was found in second no flask which was 0.047, 

2.36 × 10 -2 and 1.98 respectively. 

 

4. Discussion  
 Eight bacterial strains were isolated in soil from different areas in Badanpur. These strains were identified by 

morphological and biochemical tests (Ammini Parvathi et. al., 2009; F. R. Patel and M. C. Sharma, 2012). 

 Media optimization through statistical designs can increase the ALP production in Bacillus sp (S.K. Pande and R.M. 

Banik, 2012). Based on the six media components a Plackett-Burman design of the 8 experimental trials was used as in Table 

7. Each row represents the 8 different experiments to evaluate their effect on ALP production and each column represents a 

different variable. Each independent variable was investigated at a high (+1) and a low (-1) level which represents two different 

nutrient concentrations.  The significant levels of each media variable were determined by using t test and regression analysis, 

shown in Table 8.  

 The analysis showed that peptone, glucose and K2HPO4 had a significant influence (99.8% significant level) carbon and 

nitrogen source on ALP production, while other factors had insignificant influence on ALP production from Bacillus sp. As a 

carbon source, glucose has been used for various other microorganisms. Nitrogen sources are usually most preferable because 

these are metabolized to produce amino acids, nucleic acid, proteins and cell wall components which may provide all essential 

to a microbial systems for a production of enzymes. Peptone and yeast extract have been reported as suitable nitrogen source 

for alkaline phosphatase production (S.K Pande and R.M Banik, 2012). On the basis of statistical testing and the F-test applied 

for the analysis of variance (ANOVA) the F-value and p-value were 0.857   and 0.549, respectively. 

 Alkaline Phosphatase activity has already been found in bacteria, several seeds and other sources but the enzyme has not 

been well characterized for its dephosphorylation activity (Praveen Kumar Vemuri et. al., 2012). Alkaline Phosphatase is 

commonly used in molecular biology for the construction of recombinant plasmids. They remove 5'- terminal phosphate from 

DNA fragments and, as such, enzyme treated linearized plasmids are unable to exhibit self-ligation and are more likely to 

integrate an exogenous gene insert. Although most Alkaline Phosphatase have been isolated and characterized, only bacterial 

Alkaline Phosphatase and Calf Intestine Alkaline Phosphatase (animals) are routinely used in molecular biology (Panaj Kumar 

et. al., 2012). 
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