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ABSTRACT: Alkaline  phosphatase  (E  C  3.1.3.1)  belongs  to  the  class  of  hydrolases  and 
catalyzes the alkaline hydrolysis of a number of phosphoric acid esters, nucleotides etc. Alkaline 
phosphatase was produced from Bacillus spp, isolated from soil samples. The Bacillus spp. was 
identified  by  staining  and  standard  biochemical  tests  after  which  screening  was  done  using 
modified  Pikovoskaya’s  agar  method.  Production  of  alkaline  phosphatase  using  different 
substrates  like  calcium phosphate  along  with  casein,  starch,  glucose  and  glutamic  acid  was 
carried out. High activity was found in calcium phosphate along with the casein. The specific 
activity of the crude extract  was found to be 0.825U and it was subjected to purification by 
DEAE-Cellulose ion exchange chromatography. Finally,36%  recovery was obtained. The molar 
mass was estimated by using 10% SDS-PAGE and was found to be approximately 84 KD. The 
optimum activity was at pH 8.8 and temperature of 650C. Alkaline phosphatase activity was 
enhanced by Mg2++   upto 66% and 80% activity was inhibited by EDTA. Alkaline Phosphatase 
activity was also confirmed by zymography using malachite green staining method.

KEY  WORDS: Alkaline  phosphatase,  Pikovoskaya’s  agar,  DEAE-Cellulose,  SDS-PAGE, 
Malachite green.

Abbreviations used:  ALPase – Alkaline Phosphatase, SDS-PAGE—Sodium Dodecyl Sulphate 
Polyacrylamide  Gel  Electrophoresis,  pNPP  -  para-Nitrophenol  phosphate,  DEAE-cellulose-
Diethylaminoethylcellulose.
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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 (Holander, 1971). Alkaline Phosphatase is a metallo-
dependent enzyme (Mori et al, 1999) which shows its catalytic activity optima at alkaline pH 
(Rina  et  al,  2000).  Alkaline  Phosphatase  can  be  isolated  from  variety  of  microorganisms 
including  E.Coli (Torriani,  1968),  Pseudomonas (Friedberg  and  Avigad  1967),  Aerobactor  
(Wolfenden and Spence, 1967) and Bacillus species (Takeda and Tsugita, 1967). In all bacteria, 
ALPase found in the periplasmic membrane which is external to the cell membrane of bacteria 
(Mickaelis  and  Beckwith,1982).  Usually  the  ALPase  is  produced  at  commercial  level  from 
E.coli (Seeburg et al 1977) or Calf intestine (Pozidis and Bouriotis,1995).

Studies have been carried out for production, purification and characterization of ALPase from 
genus Bacillus. Like  B.subtilis,(Glen and Coote,1975),  B.subtilis JH646MS strain (Hulett et al, 
1990), they purified the two ALPase producing proteins.  B.cereus  (Bursik and Nemec, 1999), 
B.subtilis KIBGE-HAS strain newly synthesized by Quader et al (2009). All these studies based 
on intracellular production of ALPase.

Very little  work has been done with respect  to extracellular  production of ALPase in genus 
Bacillus.  Hulett  et  al  (1986) investigated  the extracellular  production of ALPase in  Bacillus  
licheniformis which shows that it synthesizes 10 times more ALPase activity than is reported for 
other  Bacillus  species (Hydrean et al, 1977). However, the extracellular production of ALPase 
have  been  studied  in  Micrococcus  sodonensis  (Glew  and  Heath,  1971),  Pseudomonas  spp 
(Kobori and Taga, 1980), Alkalophilic bacterium (Nomoto et al, 1988), Haloarcula marismortui 
(Goldman et al, 1990) and Arthobacter (Prada et al, 1996).

Intracellular  production  of  ALPase  is  quite  tedius  and  expensive  process  in  comparison  to 
extracellular. This statement is supported by the study of Hulett et al (1986) which explained that 
extracellular ALPase gave higher specific activity    than intracellular ALPase 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 specie.
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MATERIALS AND METHODS

Microorganism Preparation: Microorganism used  was  isolated  from soil  sample  and  identified  by 
standard biochemical tests and staining techniques. Pure cultures were maintained on nutrient agar slants 
containing 2% agar and pH was adjusted to 7. Screening test for ALPase production was done by using 
modified Pikovskaya’s Agar method.

Growth Conditions: Cultures used for enzyme production were grown at 370C for 24 hrs shaking (180 
rpm) in modified minimal  essential  media  (MEM). Calcium phosphate along with casein,  starch and 
glucose  as  substrates  in  different  concentrations  to  study  the  regulation  of  phosphatase  synthesis. 
Bacterial growth was assayed by spectrophotometrically at 600nm.

Enzyme Assay: ALPase activity was measured by using Stopped Spectrophotometric Rate Determination 
method (Bernt, 1974). The absorbance of released para-nitrophenol phosphate (pNPP) was determined at 
410nm.

Protein  Determination:  Protein  concentrations  were  estimated  by Lowery et  al  (1951)  method  and 
absorbance determined at 660nm by using bovine serium albumin (BSA) as standard.

Purification of Extracellular ALPase: The cell free media collected was subjected to  different steps of 
purification  including   ammonium sulphate (NH4)2SO4 precipitation, dialysis and DEAE-cellulose ion–
exchange chromatography by using gradient elution buffer.

Enzyme Characterization:  SDS PAGE was performed according to the Laemmli (1970) with the 4% 
Acrylamide stacking gel and 10% Acrylamide separating gel to determine the molecular mass and purity 
of protein. Staining was carried out with silver nitrate solution (Blum et al, 1987) and Ezee blue. The 
optimum pH,  temperature  were  measured.  The  effect  of  substrate  concentration,  thermal  stability  of 
enzyme, activatiors, inhibitors and time course of intervals on enzyme activity were also studied.

Zymography:  PAGE was executed according to the method of Laemmli  (1970). Electrophoresis was 
done under non-denaturing conditions. Gels were incubated at 22oC in 50 mM NaCl (pH 9.6) and 2mM 
CaCl2 with pNPP as substrate. Phosphatase release was detected by Malachite green staining procedure 
(Queiroz-Claret and Meunier, 1993).
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RESULTS AND DISCUSSION

In  our  study,  we  have  isolated  Bacillus specie  from soil  and  we  reasoned  that  the  genetic 
diversity of soil bacteria is high (Clegg et al , 1998; Oyreas and Torsvik, 1998; Torsvik et al, 
1990) or soil contain great diversity of bacteria, with many of organisms belonging to groups for 
which  no  cultivated  representatives  are  known.  From soil  we can  isolate  some members  of 
groups that to date have not been grown in pure culture. Thus, soil is an excellent source for 
unknown microorganisms and it has been studied that Bacillus genus is most frequently isolated 
from soil    (Steubing,  1993).  As the  microorganisms  have  been  known to  produce  specific 
enzymes, secondary metabolites, single cell proteins of economic benefits. w.r.t. production of 
enzyme, although, the earliest reports concerning exploitation of enzymes were documented in 
the late 1800,true industrial applications of enzymes only began in earnest in the late 1960s.And 
the  majority  of  enzyme  used  in  industrial/  biotechnological  applications  are  derived  from 
particular bacteria (Bacillus) and fungi (Aspergillus) (odofine.com.2004). Hence, safe organisms 
must be used for consumer related applications.

Purification  of  ALPase:  Extracellular  ALPase  was  eluted  on  DEAE-cellulose,  (Reid  and 
Wilson, 1971) after elution the specific activity was increased up to 11 U/mg and purification % 
recovery was found to be 36 % (Table 1) with fold purification of 14. While, in contrast to our 
results,  a  135  fold  purification  and  50%  yield  of  extracellular  ALPase  was  obtained  in 
Lysobacter enzymogenes (Richard and Tigerstrom, 1984) and in case of  Bacillus licheniformis  
studied  by Hulett  et  al  (1986),  fold  purification  and  yield  were  found  to  be  2.4  and  10%, 
respectively. Yield of ALPase are dependent on the strain of bacteria used (Sayer, 1968). 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. 

Table 1. Purification of Alkaline Phosphatase

Sample
Enzyme 

Activity (U/ml)
Specific 

Activity (U/mg)
Total Activity 

(U)
% Recovery

Fold 
Purification

Crude 
Enzyme

0.33 0.825 33 - 3.02

Pure Enzyme 0.109 11 0.545 36 14
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Molecular  Mass  Determination:  Electrophoretic  analysis  of  extracellular  ALPase  from 
Bacillus specie has been carried out. As ALPase found in both diameric and monomeric forms, 
we found a single band with approximate molecular mass of 84KD. The homodiameric forms of 
ALPse,  with  a  molecular  mass  of  54KD  have  been  previously  reported  E.pyrococcus 
abyssi (Robert and Evan, 2003; Hulett et al, 1990; Hulett et al, 1991). The SDS-PAGE of B. 
stearothermophilus alkaline  phosphatase showed a  single  protein  band of  32KD (Mori  et  al, 
1999).

Effect of Temperature: Effect of temperature was studied on enzyme activity by incubating on 
different temperatures 10°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 65°C and became inactivated at 70°C (Figure 1), similar to the 
values reported for  A. caespitosus (Guimaraes et  al,  2003),  Humicola grisea  (Buainain et  al, 
1998)  and  Rhizopus  microspores (Junior  et  al,  2008).  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 (Bryan and Keith, 
1981). A thermostable ALPase isolated from Geobacillus thermodenitrificans T2 by Zhang et al, 
(2008) with optimal pH 9 and temperature 650C which showed that these properties make this 
enzyme suitable for applications in molecular cloning or amplifications.
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Figure1. Effect of temperature on alkaline phosphatase activity.

International Journal of Applied Biology and Pharmaceutical Technology    Page:  25 
Available online at www.ijabpt.com

http://www.ijabpt.com/


Somashekhar et.al                                                                                                               

Effect of pH:  Activity of enzyme was studied on different pH ranges 3-11. In our study,  the optimum 
enzyme activity was found at pH 8.8 (Figure 2).  This result  is supported by (Prada et al 1996) who 
studied Anthrobactor Strain for extracellular production of ALPase. 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 with in the active site such that the enzyme is not to be able to form enzyme-
substrate complex. Thus, there is decrease in enzyme activity (Hulett et al, 1971). 
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Figure 2. Effect of pH on alkaline phosphatase activity.

Effect of Time Course of Reaction: Effect of time was studied on enzyme activity by incubating enzyme-substrate 
complex at 37°C for different time intervals. The optimum activity was obtained when incubation was done for 
about 30 minutes. After this as the time period increased the activity became constant (Figure 3). This may be 
because of the thermal liable nature of the enzyme, with the increase in time period the temperature starts breaking 
the bonds between two amino acids. (Hulett and Campbell, 1971).

Effect of Substrate Concentration:  ALPase shows higher substrate specificity to pNPP (Robert and Evan, 2003; 
Sebastein  et  al,  2001).  It  was  noted  that  enzyme  activity  was  increased  with  the  increased  in  the  substrate 
concentration and optimum activity was obtained at 3.04mM substrate concentration (Figure 4). Further the activity 
was constant. The Michealis constant for pNPP at pH 8.8 was 0.26mM and Vmax was 0.28mM. Some scientists 
reported that Km value for ALPase was 1.11mM in B. stearothermophilus (Mori et al, 1999)
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Figure 3. Effect of time on alkaline phosphatase activity.
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Figure 4. Effect of substrate concentration on alkaline phosphatase activity.
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Effect of Inhibitors and Metal ions: The activity of ALPase enzyme was strongly inhibited by diavalent 
ions i.e. EDTA (upto 80%), a similar situation has been described in other bacterial phosphatases which 
are Zn2+ and Ca2+ dependent (Glew and Heath, 1971; McComb et al, 1979; Reichenbach and Dworkin, 
1981) and are strongly inhibited by EDTA, while the reverse is true in case of extracellular enzyme 
produced by  Lysobacter enzymogenes  (Richard and Tigerstrom, 1984). And NH4

2+,  Cu2+ showed very 
little inhibitory effect. On the other hand, the enzyme activity was enhanced by Mg2+ upto 66% and Mn2+, 
Zn2+, Ca2+ also stimulate the activity near to 34%,which indicate that the enzyme is metallo-dependent 
(Posen, 1967). ALPase classically considered to be Zn2+ and Mg2+ dependent, especially, in  E.coli and 
mammalian ALPase (Kim and Wyckoff, 1991). The studies of effect of metal ions on ALPase activities 
in Bacillus sp. suggested that there is strong interaction between metal ions and enzyme as ALPase may 
have several metal binding sites. These results are consistent to those of reported earlier (Goldman et al, 
1990; Spencer et al, 1981) and enzyme may be Mg2+ dependent.

Conclusion:  In our studies,  the ALPase shows its optimum activity at pH 8.8 and temperature 650C, 
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, so that some good strains of Bacillus can be harvested for the 
commercial  production  of  ALPase  apart  from its  other  intracellular  sources  such  as E.coli and  calf 
intestine which are comparatively costlier and have very complex downstream processes.
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