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ABSTRACT 

The 35 bacterial strains were isolated from water and soil sample from Karnataka and boarding states of India and screened for their 
ability to secrete extracellular Alkaline Phosphatase (ALP). Among them, a potent strain Proteus vulgaris up to 99% Proteus vulgaris 
strain LSRC-158 was confirmed by 16S rRNA gene sequencing was selected for the enzyme production. The pNPP was the best 
substrate for the ALP production and production was stimulated by using starch and casein as sources of carbon and nitrogen 
respectively. After purification by Ammonium sulphate precipitation, gel filtration and ion exchange chromatography, the fold 
purification was increase up to 11.3. The optimum temperature and pH of the enzyme were 37 °C and 8-9, respectively with Vmax of 
16.3 µmol/mg/min and Km of 3.03 mM. The molar mass was estimated by 12% SDS PAGE and was found to be approximately 64kDa 
and also confirmed by gel filtration studies. The study holds significance as there are only few reports available on the optimisation 
protocols and enumeration of microorganism for production of extracellular ALP. 
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INTRODUCTION 

lkaline phosphatase (ALP) (orthophosphate 
monoester phosphohydrolases E. C. 3.1.3.1.) are 
metalloenzymes, nonspecifc, phosphor 

monoesterases that present in various from bacteria to 
mammals.1-3 ALP is a metallo dependent enzyme which 
shows its catalytic activity optima at alkaline pH.4 ALP 
hydrolyzes a wide variety of phosphate esters and is 
classified as ALP according to its optimum pH ranging 
from 7.5 to 11.0.5 In wide variety of the organism ALP 
playing very important role in the metabolism and ALP is 
crucial enzyme for the survival of organisms under the 
starvation of the phosphate.  

The enzyme widely used as biochemical marker in 
molecular biology, immunological assay, diagnosis of 
disease and used in non radioactive detection techniques, 
probing, blotting and sequencing systems.6,7 It is very 
important to identify and/or determine each isozyme in 
clinical practice because any change in the catalytic 
activity of alkaline phosphatase isozymes (for instance, in 
blood, tissues) is accomplished by various pathological 
states (hepatitis, different diseases of bones, heavy 
hereditary diseases, prostate cancer etc.). ALP has the 
biggest market volume share of $20 million.8 The global 
market for biosensors and other bioelectronics is 
projected to grow from $6.1 billion in 2004 to $8.2 billion 
in 2009, at an AAGR (average annual growth rate) of 
6.3%.9 Because of the more clinical application and high 
commercial value, more research work has to be done in 
this area. So for, the commonly used and commercial 
available ALP obtained from Escherichia coli ALP and calf 
intestine ALP.10 

 

Studies have been carried out for production, purification 
and characterization of ALP from variety of 
microorganisms including E.Coli, Pseudomonas, 
Aerobactor and Bacillus species.11-14 In all bacteria, ALP 
found in the periplasmic membrane which is external to 
the cell membrane of bacteria.15 Very little work has been 
done with respect to extracellular production of ALP. 
Intracellular production of ALP is quite tedious and 
expensive process in contrast to extracellular. This 
statement is supported by the study of which explained 
that extracellular ALP gave higher specific activity than 
intracellular ALP is because of short and simple steps of 
purification.16,17 In the present study optimisation of 
significant concentration of Carbon and nitrogen 
(Nutrition) are taken into consideration as essential 
components required for increase microbial growth and 
enzyme production. 

MATERIALS AND METHODS 

Collection of samples  

Forty soil sample and twenty water samples were 
collected from different places of Karnataka and 
bordering states of Karnataka. 

Isolation of Organism  

The organism was isolated using serial dilution by pore 
plate method using modified Minimal Media (MM) 
Sodium chloride 5g, Ammonium chloride 2g, Magnesium 
chloride 0.1g, Glucose 10g, and Agar 20g per litre along 
with Para-nitrophenol phosphate (pNPP) 1g.  

Screening the ALP  

The isolates were screened by Streak plate on the MM 
media along with pNPP and the selected isolates were 
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separately confirmed for their abilities to produce ALP 
with the following procedure: A loopfull of the selected 
ALP-producing strain was inoculated into 50 ml MM 
media along with pNPP of broth in duplicate and 
incubated on a rotary shaker at 37oC (150 rpm) for 24hrs. 
Crude supernatant obtained after centrifugation of the 
cultures at 10,000 rpm, 4oC for 10 min was used as crude 
enzyme for ALP activity & detection by 
Spectrophotometry analysis.18  

Identification of strains 

The isolates showed more yellow colour surrounding the 
organism and more activity based on the bioassay 
method. The isolate was identified on the basis of 
morphology, chemo-taxonomical characteristics and 16S 
rRNA sequencing. Results were interpreted according to 
Bergey’s Manual of Determinative Bacteriology, 8th 
edition and NCBI database.19 The organism is considered 
as Proteus vulgaris 

Production Of enzyme  

Proteus vulgaris used for enzyme production was grown 
at 370C for 24 hrs shaking (180 rpm) in modified minimal 
media (MM) along with pNPP as substrates for 
phosphatase synthesis. ALP activity was measured by 
using Stopped Spectrophotometric Rate Determination 
method.18 The absorbance of released para-nitrophenol 
phosphate (pNPP) was determined at 410nm. Protein 
concentrations were estimated by Lowery’s method and 
absorbance determined at 660nm by using bovine serum 
albumin (BSA) as standard.20  

Effect of Phsophates on enzyme production  

In the present study, we aim to detect the appropriate 
source for ALP production by the organic phosphates like 
adenosine triphosphates, para nitrophenyl phosphates 
and inorganic phosphates like sodium phosphate, 
potassium phosphate and calcium phosphates of 
different concentration like 0.01% to 0.1% were used for 
regulation of phosphatase synthesis along with 50ml 
minimal essential media. 1 ml of seed culture was 
inoculated and incubated in a rotary shaker at the end of 
the incubation cell free extract was used for enzyme 
assay. 

Effect of carbon sources on production of enzyme 

The effect of different carbohydrates on various 
concentrations was studied. Glucose, sucrose, lactose, 
maltose, cellulose and starch of different concentrations 
starting from 0.5% to 3.0% were used along with 50ml 
minimal essential media with 0.15% pNPP. 1ml of seed 
culture was inoculated and incubated at 370C for 24hr. 

Effect of nitrogen sources on production of enzyme 

The effect of different proteins sources such as Tryptone, 
Casein, Gelatin, Egg albumin and bovine Serum albumin 
(BSA) of different concentrations i.e. 0.5% to 3.0% were 
used to influence the production ALP was tested. 

Comparatives studies on cell membrane bound and 
extracellular alkaline phosphatise  

Cell cultivated for the ALP production were harvested by 
centrifugation at 10000 rpm for 10 minutes at 40C, 
washed once with normal saline and resuspended to 
A600=1.0 in the same saline and broken with ultra 
sonicator for 1 min. The extract was centrifuged for 
15000 rpm for 10 min and cell free supernatant was 
subjected to enzyme assay.  

Purification of Extracellular ALP  

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

Enzyme Characterization  

The optimum temperature needed for maximum activity 
of the purified ALP from Proteus vulgaris was determined 
by varying the reaction temperature from 250C – 700C. 
The thermal stability was determined by measuring the 
residual activity after incubating the enzyme at 
temperature ranging from 250C to 700C for 4hrs. The 
effect of pH on the activity of ALP was observed by 
incubating the purified enzyme in the various buffers 
used for 50mM sodium acetate (4-6), 50mM Tris-HCL (7-
9), and 50mM Glycine-NaOH (10-11). The stability was 
determined after incubating the enzymes at a pH of 4-11 
at room temperature for 4hrs and residual activity was 
determined under standard assay conditions. The effect 
substrate on the activity of alkaline phasphatase was 
abserved by incubated with different concentration of 
pNPP. Kinetic parameters Km and Vmax were calculated. 
Molecular weight SDS PAGE was performed according to 
the Laemmli 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 
Comassive Brilliant blue.21  

RESULTS AND DISCUSSION 

Identification of the organism  

The organism showing more activity was identified by 
using 16SrRNA sequencing. The universal primers (27F´ 
and 1492R´) for the amplification of 16S rRNA were able 
to amplify the region giving ~1.4 kb size fragment in 
isolated strain. Amplicons visualized on 1% agarose gel 
with 1 X Tris acetate EDTA buffer at constant voltage of 
80V. The absorbance ratios (A 260/280) of the 
preparations were in range of 1.80-1.85 by 
spectrophotometer. Based on 16S rRNA sequence data, 
BLAST search showed that Proteus sp. highly resembles 
Proteus vulgaris (similarity upto 99%, Proteus vulgaris 
strain LSRC-158). Differentiation is considered based on 
biochemical test on the species level, Indole test is 
considered reliable, as it is negative for Proteus vulgaris. 
One of the best advanced processes to identification of 
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bacteria analysis by 16S rRNA sequences is the single best 
method.22, 23 

Effect of Phosphates on enzyme production  

Different concentration organic phosphates like 
adenosine tri phosphate, pNPP and inorganic phosphates 
like sodium phosphate, potassium phosphate and calcium 
phosphates of concentration like 0.01% to 0.1% were 
used for regulation of phosphatase synthesis along with 
50ml MM. Maximum ALP activity obtained from pNPP 
and using the inorganic phosphate the activity was very 
low (Table 1). Previous studies reveal the inorganic 
phosphates decreases the activity by increasing the 
concentration in E.coli.24 The optimum concentration of 
pNPP 0.15% to 0.18% was given by the organism. The 
active sites have a particular orientation of specific amino 
acid side chains (and their respective chemical properties) 
there is usually only one molecule or at most a few types 
of molecules that can bind to the active site for a long 
enough period of time for a chemical reaction to take 
place. Thus most enzymes show a very high degree of 
specificity - they bind specific substrates, catalyze specific 
reactions involving those substrates, and thus produce 
specific products. 

Table 1: Effect of Phosphates on enzyme production 

Substrate Activity Concentration pNPP Activity 

Adenosine Tri 
Phosphate 

3.6±0.56 0.02% 4.2±0.23 

(pNPP) 5.6±0.46 0.06% 4.6±0.15 

Sodium 
Phosphate 1.8±0.5 0.10% 5.2±0.72 

Calcium 
Phosphate 2±0.45 0.14% 5.9±0.46 

Potassium 
Phosphate 1.8±0.25 0.18% 6.5±0.4 

- - 0.20% 6.4±0.23 

Effect of carbon sources on production of enzyme 

The effect of different carbohydrates on various 
concentrations was studied. Glucose, sucrose, lactose, 
maltose, cellulose and starch at 0.1%level were used 
along with 50ml minimal essential media with 0.15% 
pNPP. Starch gives optimum production of enzymes 
(Table 2). The different concentration of starch was used 
0.5% to3%. The optimum activity shown in starch the 
optimum activity was shown 1% to 1.5%, but increase the 
concentration activity was decreased. Organic carbons 
are the common substrates i.e. usually referred to 
heterotrophic microorganisms for the main energy 
sources. The similar results reveals the production of 
alkaline phosphatase from Neurospora crassa was also 
stimulated by sucrose in combination with acetate.25 
Increase the concentration activity was reduced. High 
concentration of substrates or products often lead to 
inhibitory effect which results in poor utilization of the 

substrates which in turn decrease both product yields and 
fermentation rates.  

Table 2: Effect of Carbon sources on production of 
enzyme 

Carbon Source Activity Concentration Starch Activity 

Glucose 4.8±0.6 0.5% 6.5±0.4 

Sucrose 6.9±0.4 1.0% 7.2±0.01 

Lactose 5.8±0.5 1.5% 6.6±0.2 

Maltose 4±0.45 2.0% 5.8±0.35 

Starch 6.8±0.25 2.5% 4.6±0.4 

Cellulose 4.8±0.3 3.0% 4.2±0.2 

Effect of nitrogen on production of enzymes 

The effect of different proteins sources such as Tryptone, 
Casein, Gelatin, Egg albumin and Bovine Serum albumin 
of different concentrations i.e., 0.5% to 3.0% were used 
to influence the production ALP was tested. The activity 
was increased 22% in casein media (Table 3). Nitrogen is 
required for protein synthesis which is responsible for 
enzyme production. The similar works reveals nitrogen is 
very important source for alkaline phosphatase 
production.26-29 

Table 3: Effect of nitrogen for the Production of Enzyme 

Nitrogen 
Source Activity Concentration Casein Activity 

U/mg 

Casein 11±0.35 0.5% 11±0.6 

Gelatin 5.8±0.2 1.0% 13.5±0.9 

Tryptone 8.8±0.80 1.5% 13.±0.45 

Egg Albumin 7.0±0.10 2.0% 12.8±0.65 

BSA 7.2±0.45 2.5% 12.6±0.0 

- - 3.0% 12±0.45 

Comparatives studies on cell membrane bound and 
extracellular ALP 

Cell cultivated for the ALP production were by 
centrifugation at 10000 rpm for 10 minutes at 40C, 
washed once with normal saline and resuspended to 
A600=1.0 in the same saline and broken with ultrsonicator 
for 1 min. The extract was centrifuged for 15000 rpm for 
10 min and cell free supernatant was subjected to 
enzyme assay. The activity of extracellular ALP was more 
than 27% contrast intracellular ALP. There are reports on 
generating osmotic shock through treatment with 
magnesium ions or sonication.30,31 Production of 
extracellular ALP in Bacillus licheniformis which shows 
that it synthesizes 10 times more ALP activity than is 
reported for other Bacillus species.32 However, the 
extracellular production of ALP has been studied in 
Micrococcus sodonensis.33  

Purification of Extracellular ALP 

The purification of ALP resulted by increase of 2.14 fold 
purification after ammonium precipitation and after gel 
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filtration the fold purification was increase up to 6.6. 
Further purification was done by ion exchange 
chromatography, the fold purification was increase up to 
11.3 (Table. 3.4) Extracellular ALP was eluted on DEAE-
cellulose, after elution the specific activity was increased 
up to 9.2 and 12 with fold purification in contrast to our 

results and in case of Bacillus licheniformis.31 Fold 
purification and yield were found to be 2.4. Yield of ALP 
are dependent on the strain of bacteria used.34This may 
be the reason for the difference between our results and 
those reported earlier. 

Table 4: Summary of the purification Alp Proteus vulgaris 

Purification step 
Total Volume 

(ml) 
Total Activity 

(U) 
Total Protein 

(mg) 
Specific activity 

(U/mg) 
Fold 

Purification Yield (%) 

Crude Sample 200 2700 272 9.9 1 100 

Ammonium sulfate 
Precipitation (10-70%) 25 2100 100 21 2.14 77.8 

Gel filtration 10 1260 19 66.3 6.6 47 

Ion Exchange Chromatography 10 785 7 112.1 11.3 29 
 

Characterisation of Purified enzyme 

Effect of temperature on the activity and stability of ALP 
from Proteus vulgaris 

The optimum temperature of ALP was found to be 350C 
to 400C (Figure 1). At 250C twenty five percent of the 
activity was retained and 100% activity retained 350C. The 
90% activity was retained at 450C and 22% activity was 
retained at 600C. After 4hrs incubation the ALP activity is 
retained 100% at 350C to 400. After 4hrs incubation the 
activity seen was decreasing but after 1 hrs activity was 
seen decreasing at 500C and only negligible activity was 
shown at higher temperature above 700C. Similar values 
were reported by Sphingobacterium, ALP showed 
maximum activity at 37°C but it lost completely at 62°C.30 
The Ulva pertusa kjellm ALP showed maximum activity at 
pH 9.8 and 37°C, A.caespitosus, Humicola grisea and 
Rhizopus microspores. 26, 12, 35, 5It 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.36 

 
Figure 1: Effect of temperature on the enzyme activity 

 

Effect of pH on the activity and stability of ALP from 
Proteus vulgaris 

The activity was studied at different pH ranging from 4 to 
11 and it was found to be pH 8 to 9 in 50mM glycine 
buffer (Figure 2). The organism was incubated at various 
pH levels 4-11 for 4hrs at 370C and residual activity was 
measured 100% activity was retained for 1hr incubation 
ranging from pH 5-9. More than 50% activity was retained 
after 4hr of incubation at pH 5-9, it was highly stable at 
higher pH because its nature. This result is supported by 
who studied Anthrobactor strain for extracellular 
production of ALPase.37 As the pH increases the decrease 
in enzyme activity was observed and only 50% 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.34 

 
Figure 2: Effect of pH on enzyme activity 

Determination of K m and V max  

The Km and Vmax of partially purified enzyme were 
approximately 3.33 mM and 16.3U/mg/min, respectively, 
as (Figure 3) shows. Related studies shows higher 
substrate specificity to pNPP.37 It was noted that enzyme 
activity was increased with the increased in the substrate 
concentration and optimum activity was obtained at 
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3.04mM substrate concentration. Km value for ALP was 
1.11mM in B. stearothermophilus.14 

 

Figure 3: Line-Weaver Burk plot of ALP 

Determination of Molecular Mass 

The molar mass of purified ALP, as determined by SDS-
PAGE, was found to be the monomer band of 64 kDa and 
confirm by gelfiltration by using Sephadex 100 G (Figure 
4). The related studies, homodiameric forms of ALPse, 
with a molecular mass of 54KD have been previously 
reported E. pyrococcus abyssi.30,38,39 The SDS-PAGE of B. 
stearothermophilus alkaline phosphatase showed a single 
protein band of 32kDa.14 

 
Figure 4: Molecular mass determination by SDS-PAGE 

CONCLUSION 

In this study, the organism that produces the extracellular 
ALP was identified and optimized for its maximum 
production subjecting to different physiological 
conditions. Further investigations are required to make 
use of the full potential of these organisms for the 
production of ALP by genetic engineering techniques. 
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