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Phosphorus is an essential macronutrient for the crop growth. Majority of soil
phosphorus is present in plant unavailable forms. Soil microorganisms enrich phosphorus
to plants by producing phosphatase enzymes. This investigation was carried out for the
isolation and identification of alkaline phosphatase producing bacteria using a novel
defined Glucose indicator dye medium containing 5-bromo-4-chloro-3-indolyl phosphate
as phosphatase screening medium. Ninety bacterial strains were isolated from phosphorus
rich soils of field crops. The isolates were categorized into thirty five types based on
colony morphology and microscopic studies. Ten strains gave the high ratio of hydrolyzed
zone. Twelve strains showed moderate and thirteen exhibited very poor phosphatase
activity. S-VI-2 isolate identified as Streptococcus species released maximum amount of
phosphorus. The bacteria isolated from field crops were bestowed with alkaline
phosphatase activity. The isolate S-V-3 recognised as new strain of Kurthia species produced
alkaline phosphatase in highest amount. The study reveals the detection and evaluation
of phosphatase activity with the designed screening medium. Growth of bacteria is directly
related to phosphate solubilization and alkaline phosphatase production abilities. This
is the first investigation on the isolation and identification of alkaline phosphatase
producing Kurthia species from field crops.
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Phosphorus is a prime limiting factor of
plant metabolic regulation. The optimal
development of crop demands a high input of
phosphatefertilizers. Most agricultural soilsretain
large sources of phosphorus in consequence of
regular applications of phosphate fertilizers'.
Approximately 95-99% of soil phosphorusis not
available to plants®. Soil microorganisms are
initially associated as integral component of the
phosphorus cycle. Phosphorus can only be
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assimilated as soluble phosphate. Wide spectrum
of soil microbia population can solubilizeinsoluble
phosphates®®.

Phosphatases play a vital role in plant
phosphorus nutrition®°, Phosphorus unavailable
to plants is transformed to available phosphorus
by phosphatase enzymes. Microorganisms are
significant in acquisition of phosphorus to
plantst. Several soil bacteria secrete phosphatases
which acts on insoluble phosphates and converts
the same into soluble forms thus providing
phosphorus to plants. It has been reported that
therearedifferent groups of microorganismswhich
increase the phosphorus availability to plants by
solubilizing phosphates more accessible to them4,
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Microorganisms producing alkaline
phosphatases are ubiquitous in nature. The
production of alkaline phosphatase is regulated
by the phosphate concentration in the
environment. Alkaline phosphatase
(Orthophosphoric monoester phosphohydrolase,
E.C.3.1.3.1) isahydrolase enzyme that functions
at alkaline pH. Bacterial alkaline phosphatase
provides bacteria with inorganic phosphate by
reducing different phosphoester compounds
available in the environment. Bacterial alkaline
phosphatases have been extensively used. The
widerange of applications of alkaline phosphatase
in diagnostics, molecular biology, immunology and
milk pasteurization have received considerable
attention in scientific and commercid processing>2.
Bacteria are amajor group of soil microfloraand
bacterial akaline phosphatases play akey rolein
plant phosphorus dynamics.

The present study deals with the
selective isolation of bacteria producing
phosphatases from soils of field cropsby anewly
developed Glucose indicator dye medium and
identification of promising isolatesexhibiting high
alkaline phosphatase activity as well as efficient
phosphate solubilization ability.

MATERIALS AND METHODS

Soil collection

Phosphorus rich soil samples were
collected from the field crops of brinjal, chilly,
bengal gram, green gram, groundnut, mai ze, paddy,
ragi, sorghum and turmeric. The field crops are
located in Anantapur, AndhraPradesh, India. From
each plot the samples were taken at random to
make acomposite sample. The sampling soilswere
transferred to laboratory under aseptic conditions
for microbia analysis.
I solation of strains

Each samplewas seridly diluted to tenfold
dilution series with 0.85% NaCl. The diluted
sampleswere plated on newly devel oped Glucose
indicator dye medium containing the following
ingredientsin grams per liter: glucose, 8.0; NaCl,
0.5;KH,PO,,0.1; MgCl,, 0.05 and 5-bromo-4-chloro-
3-indolyl phosphate as an indicator dye at a
concentration of 50 ug/ml. pH wasadjusted to 7.0.
Theindicator dye was colorless and became blue
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after dephosphorylation. After 48 hr of incubation
at 37°C the bacterial colonies encircled with blue
colored halos were picked and transferred onto
nutrient agar slants. These isolates were
maintained at 4°C and subcultured for every four
weeks. Theisolateswere eval uated for their enzyme
activity by measuring the hydrolyzed zoneformed
on Glucoseindicator dye medium. Selected isolates
were identified as per Bergey’'s Manual of
Systematic Bacteriology?#. Identified isolates
were tested for phosphate solubilization and
alkaline phosphatase production capabilities in
Pikovskayamedium?,
Estimation of cell mass, phosphorusand alkaline
phosphataseactivity

Quantitative estimation of phosphorus
released and alkaline phosphatase was carried out
in Erlenmeyer flasksincubated on rotary shaker at
220 rpm, 30°C containing 25 ml Pikovskaya
medium?. Uninoculated autoclaved culture
medium served as control. For every 24 hr the
sample quantity of 5ml waswithdrawn for bioassay.
The cultures were harvested by centrifugation at
300 rpm for 20 min. The cell pellet was washed
thoroughly with sterile 2% potassium chloride
solution, followed by 0.85% sodium chloride
solution and sterile distilled water subsequently.
Washed cells were dried in oven. Cell mass was
estimated by determining the dry weight of
centrifuged cells. Phosphate solubilization
potential of selected isolates in culture medium
amended with tricalcium phosphate was
determined in vitro by Molybdenum blue method®.
The method was standardized with known
concentration of phosphates. Intensely colored
molybdenum blue was measured in Shimadzu
(Japan) spectrophotometer at 882 nm. Phosphorus
released in culture medium was expressed in pg/ml.
Alkaline phosphatase activity of cell-free
supernatant was assessed by Glycine assay
method®. 0.1 ml of suitably diluted enzyme solution
was added to glycine buffer reaction mixturewith
p-nitrophenyl phosphate as substrate. Alkaline
phosphatase activity was observed in Shimadzu
(Japan) spectrophotometer at 410 nm. One unit of
enzyme activity was defined as the capability of
liberating 1.0 umol of p-nitrophenol per minute
under the standard conditions. The recorded data
ismean of three experiments.
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RESULTS

Collected samples were used for the
isolation of phosphatase activity exhibiting bacteria
following the serial dilution technique. After 48 hr
of incubation, blue colored zone was developed
around the coloniesindicating phosphatase production
capabilitiesof thebacterid strains(Fig. 1).

A total of ninety bacterial strains were
isolated with designed medium. On the basis of
colony characteristics, texture and microscopic

observations the isolates were divided into thirty five
types. Thebacterid strainswerecoded (Tablel). Thirty
five uncharacterized bacterial isolates were
screened for their phosphatases activity on the
prepared Glucoseindicator dye medium containing
5-bromo-4-chloro-3-indolyl phosphate as an
indicator dye. Theprincipleinvolvedin thismethod
isthat phosphatases hydrolyze 5-bromo-4-chloro-
3-indolyl phosphate resulting in the formation of
blue color. Phosphatase activity of the selected
isolatesvaried from 2.5 mmto 6.3 mm.

Table 1. Phosphatase activity of selected isolates screened
on novel Glucoseindicator dye medium

Isolate No.  Samplesource Phosphatase activity
SI-1 Brinjal fields- Samplel 32
SI1-5 Brinjal fields- Samplel 25
SI-7 Brinjal fields- Samplel 3.6
SHII-2 Bengal gramfields- Samplelll 5.1
SHII-6 Bengal gramfields- Samplelll 45
SHII-9 Bengal gramfields- Samplelll 4.2
SIV-7 Greengramfields- SamplelV 4.7
SIVv-11 Greengramfields- SamplelV 2.7
SIV-14 Greengramfields- SamplelV 31
SIV-15 Greengramfields- SampleV 4.3
S1V-16 Greengramfields- SamplelV 35
SV-3 Groundnut fields - Sample V 6.3
SV-4 Groundnut fields - SampleV 45
SV-6 Groundnut fields - SampleV 6.0
SV-7 Groundnut fields - SampleV 5.3
SV-8 Groundnut fields - SampleV 4.6
SV-9 Groundnut fields - SampleV 38
SV-10 Groundnut fields - SampleV 33
SVI-2 Maizefields - Sample VI 5.0
SVI-3 Maizefields - Sample VI 55
SVI-4 Maizefields- Sample VI 4.6
SVI-5 Maizefields- Sample VI 4.7
SVIl-4 Paddy fields- Sample VI 43
SVII-7 Paddy fields- Sample VI 34
SVIII-1 Ragi fields- Sample VII| 37
S-VIII-8 Ragi fields- Sample V11 35
SVII-11 Ragi fields- Sample V11 4.4
SIX-1 Sorghum fields- Sample | X 51
SIX-4 Sorghum fields- Sample | X 55
SIX-5 Sorghum fields- Sample | X 3.6
SIX-6 Sorghum fields- Sample | X 4.1
S1X-9 Sorghum fields- Sample | X 5.7
SX-2 Turmericfields- Sample X 3.2
SX-4 Turmericfields- Sample X 4.2
SX-5 Turmericfields- Sample X 5.8

Phosphatase activity is hydrolyzed zone (mm) : growth zone (mm) ratio
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Of these isolates, ten isolates showed
maximum hydrolyzed zone of 5.0 mmto 6.3 mm,
twelve exhibited 4.1 mm to 4.7 mm and thirteen
showed inconsiderable zone of <4.0 mm. This
envisages the screening of phosphatases
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producing bacteriaon the newly designed Glucose
indicator dye medium. Out of all bacteriatheisolate
S-V-3 showed higher phosphatase activity of
6.3 mm on screening medium. Maximum number of
i sol ates exhibiting maximum phosphatase activity

Table 2. Phosphorus release into the medium by the selected isolates

Name of Isolate Phosphate solubilization (ug/ml)

isolate No. 24 hr 48 hr 72 hr 96 hr
Bacillus sp. SI-2 121.9 250.3 121.6 120.7
Kurthia sp. SV-3 434.2 618.3 440.5 134.8
Bacillus sp. SV-6 687.2 709.2 352.6 257.8
Pseudomonas sp. SV-7 210.6 282.6 164.3 1325
Streptococcus sp. SVI-2 462.1 859.7 479.3 320.8
Streptococcus sp. SVI-3 271.6 415.3 342.8 117.2
Bacillus sp. SIX-1 289.5 326.0 314.1 2156
Streptococcus sp. SIX-4 412.0 613.8 7185 328.8
Bacillus sp. SI1X-9 330.2 695.5 554.7 514.9
Bacillus sp. SX-5 367.5 457.8 802.4 430.5

Table3. Extracellular dkaline phosphatase production by the selected isolates

Isolate Alkaline phosphatase activity (U/ml)
24 hr 48 hr 72 hr 96 hr
Bacillussp. S-111-2 16.1 30.7 155 03.5
Bacillus sp. S-V-6 47.6 64.9 375 12.7
Bacillussp. S-1X-1 18.0 44.9 322 10.6
Bacillus sp. S-1X-9 16.0 424 232 06.2
Bacillus sp. S-X-5 20.4 48.7 80.2 374
Streptococcussp. S-VI-2 27.2 74.9 30.5 02.3
Streptococcussp. S-VI-3 03.0 16.1 06.8 01.4
Streptococcus sp. S-1X-4 40.2 56.5 25.0 06.8
Kurthia sp. S-V-3 70.3 97.5 55.5 19.7
Pseudomonas sp. S-V-7 09.7 21.3 13.6 07.4

was obtained from groundnut fields. All isolates
from brinjal fieldsexhibited negligible activity.

The ten isolates which showed
significant phosphatase activity wereidentified as
reported in Bergey’'s Manual of Systematic
Bacteriology??. S-V-3 isolate, identified as new
strain of Kurthia sp. exhibited highest phosphatase
activity (Fig. 2). The strain has been deposited in
Microbial Type Culture Collection and Gene Bank
(MTCC) with accession number MTCC-9746.
I dentified isolateswere selected for further studies.
Phosphate solubilization efficiency

Phosphate solubilization of an isolateis
the ability to release available phosphorus into
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the medium. Selected isolates were tested for the
efficacy to dissolve phosphate in liquid medium.
Various media have been used by researchers for
studying phosphate solubilization. In this study,
phosphate solubilization potential of the selected
isolateswas carried out in Pikovskaya medium?,
The isolates were evaluated for 96 hr at
aninterval of 24 hr (Table 2). Initially, within 24 hr
of incubation Bacillussp. S-V-6 rel eased agreater
amount of 687.2 ug/ml of phosphorus. Among all
the isolates Streptococcus sp. S-V1-2 solubilized
highest amount of phosphorusof 859.7 pg/ml from
0.5% tricalcium phosphate followed by Bacillus
sp. S-X-5 which released 802.4 pg/ml of
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Table 4. Growth of the selected isolates in the culture medium

Isolate Cell mass (mg/ml)

24 hr 48 hr 72 hr 96 hr
Bacillussp. S-111-2 0.425 0.636 0.416 0.107
Bacillus sp. S-V-6 0.361 0.543 0.281 0.094
Bacillussp. S-1X-1 0.417 0.984 0.686 0.105
Bacillus sp. S-1X-9 0.284 0.517 0.351 0.087
Bacillus sp. S-X-5 0.108 0.267 0.576 0.195
Streptococcus sp. S-VI-2 0.516 0.812 0.639 0.098
Streptococcus sp. S-VI-3 0.231 0.945 0.623 0.185
Streptococcus sp. S-1X-4 0.572 0.613 0.378 0.127
Kurthia sp. S-V-3 0.332 0.483 0.269 0.063
Pseudomonas sp. S-V-7 0.114 0.359 0.216 0.096

phosphorus. The other isolates showed similar
responses and liberated phosphorus in the range
of 117.2 ug/ml to 718.5 pg/ml. Eachisolate hasthe
ability to release phosphorusin the culture medium.
Only oneisolate Bacillussp. S-X-5in Pikovskaya
medium solubilized more amount of phosphate
after 72 hr. Sreptococcus sp. S-V1-3liberated lower
amount of phosphorusinto the medium after 96 hr
of fermentation. This study revealed that
phosphate solubilization ability varied with each
isolate. Almost all the isolates solubilized greater
amount of phosphorus in the culture medium
within 48 hr. The rel ease of phosphorus content is
decreased after 48 hr indicating the less growth of
isolates. Phosphate solubilization ability isdirectly
related to growth of bacteria. The result of this
experiment thus demonstrates the existence of
phosphate solubilizing bacteriain field crop soils.

Alkalinephosphataseactivity

The effective phosphate solubilizers
were evaluated for their efficiency to produce
extracellular alkaline phosphatases. The ability of
bacteria to dissolve phosphate can be determined
by analyzing the alkaline phosphatase produced
inthe culture medium.

Bacterial cultures released greater
quantities of alkaline phosphatase in the culture
medium (Table 3). Theisolate Kurthiasp. S-V-3is
the predominant bacteria involved in enhanced
alkaline phosphatase production followed by
Bacillus sp. S-X-5. A higher amount of akaline
phosphatase was detected at 97.5 U/ml. Other
selected isolates exhibited alkaline phosphatase
activity a therateof 1.4 U/ml to 74.9 U/ml. Minimum
alkaline phosphatase activity was recorded in
Streptococcus sp. S-V1-3. The results of alkaline

Fig. 1. Screening of bacteria producing phosphatases

Fig. 2. Phosphatase activity of Kurthia sp. on Glucose
indicator dye medium
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phosphatase production indicated that all the
selected strains were able to release alkaline
phosphatase under in vitro conditions. Similar to
phosphate sol ubilization, the akaline phosphatase
production was also reduced after 48 hr with the
decreasein culture growth. Likewisethe phosphate
solubilization abilities, more alkaline phosphatase
activity in Bacillus sp. S-X-5 was observed after
72 hr. Compared to the activity of alkaline
phosphatase with phosphate solubilization in
Pikovskayamedium, theisolate Sreptococcus sp.
S-VI-3 showed greater phosphate solubilization
with lower alkaline phosphatase production. The
isolate Kurthia sp. S-V-3 produced maximum
alkaline phosphatase and solubilized less content
of phosphate whereas the isolate Streptococcus
sp. S-VI-2 released higher amount of phosphorus
and exhibited lower alkaline phosphatase activity.
Therefore some of the isolates degraded greater
amount of phosphate and produced limited alkaline
phosphatase and vice versa.

Cell massof isolates

Céll massistheindication for the growth
of bacteriain culture medium. To study the growth
of isolates for maximum phosphorus release and
alkaline phosphatase production, the fermentation
sampleswerewithdrawn periodically and cell mass
was determined.

The result (Table 4) indicates that the
isolatesgrew well in the medium and maximum cell
massof 0.267 mg/ml to 0.984 mg/ml was achieved
at 48 hr. Further, increase in fermentation time
exhibited a decrease in growth of bacteria. The
time required to attain maximum cell mass coincided
with maximum phosphate sol ubilization and alkaine
phosphatase production. Among the identified
isolates Bacillus sp. S-X-5 showed greater cell mass
of 0.576 mg/ml after 72 hr. Maximum akaline
phosphatase and phosphorusrel ease abilitieswere
also observed after 72 hr of fermentationin Bacillus
sp. S-X-5. This indicates that isolates showed
maximum production abilities at good cellular
growth. On comparison of cell masstotheakaline
phosphatase production and phosphate
solubilization abilities in isolates, some of the
i solates showed maximum phosphate sol ubilization
and alkaline phosphatase activities with poor
cellular growth while other isolates with good
cellular growth exhibited lower phosphate
solubilization and a kaline phosphatase production
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abilities. Sreptococcus sp. S-VI1-3 exhibited less
phosphate solubilization, 415.3 ug/ml and alkaline
phosphatase activities, 16.1 U/ml with highest
cellular growth of 0.945mg/ml. Lesscellular growth
of 0.483 mg/ml was observed in Kurthia sp. S-V-3
with greater phosphate solubilization, 618.3 pg/mi
and alkaline phosphatase activities, 97.5 U/ml.
However during fermentation phosphate
solubilization and al kaline phosphatase production
abilities of an isolate were increased with the
increasein cell growth.

DISCUSSION

Severa investigations have highlighted
the potential uses of alkaline phosphatases.
Besides the typical applications in laboratories,
alkaline phosphatases are used in cosmetics for
the regeneration of cells and in environmental
monitoring®™. In recent years the production of
bacterial alkaline phosphatases has gained
importance. This research is concerned with
isolating the eminent phosphatase producing
isolates by screening the samples on newly
designed Glucose indicator dye medium and
identifying the efficient alkaline phosphatase
activity exhibiting bacteria with phosphate
solubilization abilities.

Soil microorganisms solubilize
nutritionally unavailable insoluble phosphates®.
Microorganisms possess phosphatases capable
of catalyzing a wide variety of phosphates to
liberate plant available phosphates. |mportant
levels of phosphatase activity in soil have been
studied?-*°, Microbial phosphatases play an
indispensable role in survival of plants and
microorganisms. Variousgroups of microorganisms
have been detected to render phosphatic
compounds soluble®-34,

Isolates have been screened by an agar
assay using Glucose indicator dye medium for
extracellular phosphatase activity. All theisolates
of soil samples were efficient in producing
phosphatases. It indicatesthat microorganismsare
a considerable source of phosphatases in soil.
Based on macroscopic and microscopic
observations the isolates were divided into thirty
five types. From thirty five types of bacterial
isolates, ten isolates showed maximum hydrolyzed
zoneson the solid medium (Table 1). Thissuggests
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that detection and qualitative evaluation of
phosphatase activity have been possible with novel
Glucose indicator dye medium. The described
screening medium can be used for plate assay of
isolates producing phosphatases. Out of ten
isolates, five isolates were identified as Bacillus
sp., threeisolates as Sreptococcus sp., theisolate
S-V-3 as Kurthia sp. and the isolate S-V-7 as
Pseudomonas sp. according to Bergey’'s Manual
of Systematic Bacteriology?-#. The isolates of
bengal gram, groundnut, maize, sorghum and
turmeric fields showed maximum phosphatase
activity than theisolates collected from other field
Ccrops.

Microbial secretions convert the
phosphorus present in the soil to plant available
phosphorus®. Bacterial strains of Bacillus,
Pseudomonas, Rhizobium and Enterobacter are
effective phosphate solubilizers®. Based on the
data obtained on phosphate solubilization
(Table 2), apart from Bacillus sp. and Pseudomonas
sp. the identified strains of bacterial genera
Streptococcus and Kurthia also play a significant
role in increasing the plant available phosphorus
in soil. Phosphorus is one of the key elements for
existence of life where alkaline phosphatase is
crucial in biochemical processes. Among the
selected isolates, Kurthia sp. was identified as a
potential alkaline phosphatase producing strain
(Table3). Thetaxonomicidentity of thestrain S-V-3
was further ascertained by various
physicochemical parameters with MTCC,
Chandigarh, India. The selected isolates of soil
samples secreted alkaline phosphatase in the
culture medium. This revealed alkaline
phosphatase activity isinvolved in the mechanism
of phosphate solubilization. I solates collected from
groundnut fields showed maximum alkaline
phosphatase production and phosphate
solubilization capabilities. The levels of alkaline
phosphatase production and phosphate
solubilization abilitiesincreased during the culture
growth (Table4).

Activity of alkaline phosphatases by soil
amendmentsincreases the phosphorus availability
to plants. The enzyme activity compared between
the dayswas significantly different. Differencein
the isolates of the same sample as well as from
different samples was observed. Alkaline
phosphatase production and phosphate
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solubilization efficiency can bevariablewith strains
and even within the same bacterial species. The
overall resultsindicate that alkaline phosphatases
are also responsible for the release of insoluble
phosphates. Phosphate solubilization and alkaline
phosphatase production have a positive
correlation with growth of bacteria. Thisisthefirst
investigation of isolation and identification of
alkaline phosphatase producing Kurthia sp. from
field crop sails.

ACKNOWLEDGMENTS

This research was supported by
the A.U. College of Pharmaceutical Sciences,
Andhra University, Visakhapatnam, Andhra
Pradesh, India.

REFERENCES

1. Richardson, A.E.: Soil microorganisms and
phosphorus availability. In: Soil Biota,
Management in Sustainable Farming Systems
(Pankhurst CE, Doube BM, GuptaVV SR, Grace
PR, eds). CSIRO, Melbourne, Australia, 1994;
pp 50-62.

2. Vassileva, M., Vassilev, N., Azcon, R. Rock
phosphate solubilization by Aspergillus niger
on olive cake-based medium and its further
application in a soil-plant system. World J.
Microbiol. Biotechnol., 1998; 14(2): 281-284.

3. Sperber, J.I. Solubilization of mineral
phosphates by soil bacteria. Nature, 1957;
180(4593): 994-995.

4, Louw, H.A., Webley, D.M. A study of soil
bacteria dissolving certain mineral phosphate
fertilizers and related compounds. J. Appl.
Bacteriol., 1959; 22(2): 227-233.

5. Ahmad, N., Jha, K.K. Solubilization of rock
phosphate by micro-organisms isolated from
Bihar soils. J. Gen. Appl. Microbiol., 1968; 14(1):
89-95.

6. Agnihotri, V.P. Solubilization of insoluble
phosphates by some soil fungi isolated from
nursery seed beds. Can. J. Micraobiol., 1970;
16(9): 877-880.

7. Natesan, R., Shanmugasundaram, S. Extracellular
phosphate sol ubilization by the cyanobacterium
Anabaena ARM310. J. Biosci., 1989; 14(3):
203-208.

8. Rodriguez, H., Fraga, R. Phosphate solubilizing
bacteriaand their rolein plant growth promation.
Biotechnol. Adv., 1999; 17(4-5): 319-339.

J PURE APPL MICROBIO, 8(4), AUGUST 2014.



3244

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

NALINI et al.: NOVEL SCREENING MEDIUM FOR PHOSPHATASES

Barrett-Lennard, E.G,, Dracup, M., Greenway,
H. Role of extracellular phosphatases in the
phosphorus-nutrition of clover. J. Exp. Bot.,
1993; 44(10): 1595-1600.

Duff, S.M.G,, Sarath, G.,, Plaxton, W.C. The
role of acid phosphatases in plant phosphorus
metabolism. Physiol. Plantarum, 1994; 90(4):
791-800.

Richardson, A.E. Prospects for using soil
microorganisms to improve the acquisition of
phosphorus by plants. Aust. J. Plant Physiol.,
2001; 28(9): 897-906.

Schachtman, D.P.,, Reid, R.J., Ayling, S.M.
Phosphorus uptake by plants: From soil to cell.
Plant Physiol., 1998; 116(2): 447-453.
Tarafdar, J.C., Bargja, M., Panwar, J. Efficiency
of some phosphatase producing soil-fungi.
Indian J. Microbiol., 2003; 43(1): 27-32.
Prasanna, A., Degpa, V., Murthy, PB., Deecaraman,
M., Sridhar, R., Dhandapani, P. Insoluble
phosphate solubilization by bacterial strains
isolated from rice rhizosphere soilsfrom southern
India Int. J. Soil i, 2011; 6(2): 134-141.
Malamy, M., Horecker, B.L. Alkaline
phosphatase (crystalline). Meth. Enzymol.,
1966; 9: 639-642.

Maxam, A.M., Gilbert, W. A new method for
sequencing DNA. Proc. Natl. Acad. Sci. USA,
1977; 74(2): 560-564.

Jablonski, E., Moomaw, E.W., Tullis, R.H.,
Ruth, J.L. Preparation of oligodeoxynucleotide-
akaline phosphatase conjugates and their use
as hybridization probes. Nucleic Acids Res.,
1986; 14(15): 6115-6128.

Suzuki, C., Ueda, H., Tsumoto, K., Mahoney,
W.C., Kumagal, |., Nagamune, T. Open sandwich
ELISA withV -/V -akaline phosphatasefusion
proteins. J. Immunol. Meth., 1999; 224(1-2):
171-184.

Muginova, S.V., Zhavoronkova, A.M.,
Polyakov, A.E., Shekhovtsova, T.N. Application
of alkaline phosphatases from different sources
in pharmaceutical and clinical analysis for the
determination of their cofactors; zinc and
magnesium ions. Anal. Sci., 2007; 23(3):
357-363.

Rankin, S.A., Christiansen, A., Lee, W.,
Banavara, D.S., Lopez-Hernandez, A. Invited
review: The application of alkaline phosphatase
assays for the validation of milk product
pasteurization. J. Dairy Sci., 2010; 93(12):
5538-5551.

Krieg, N.R., Holt, J.G. (eds): Bergey’s Manual
of Systematic Bacteriology, Vol. |. Williamsand
Wilkins Co., Baltimore, U.S.A., 1984; pp 964.

J PURE APPL MICROBIO, 8(4), AUGUST 2014.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Sneath, PH.A., Mair, N.S., Sharpe, M.E., Holt,
J.G. (eds): Bergey’s Manual of Systematic
Bacteriology, Vol. I1. Williamsand Wilkins Co.,
Baltimore, U.S.A., 1986; pp 1599.
Pikovskaya, D.l. Mobilization of phosphates
in the soil associated with the vital activity of
some strains of microbes. Mikrobiologiya, 1948;
17(5): 362-370.

Murphy, J., Riley, J.°. A modified single solution
method for the determination of phosphate in
natural waters. Anal. Chim. Acta, 1962; 27:
31-36.

Bernt, E.: In: Methods of Enzymatic Analysis
(Bergmeyer HU, ed). 2nd edn., Vol. I1. Academic
Press, Inc., New York, 1974; pp 868-870.
Whitelaw, M.A. Growth promotion of plants
inoculated with phosphate-solubilizing fungi.
Adv. Agron., 1999; 69: 99-151.

El-Sawah, M.M.A., Hauka, F.I.A., El-Rafey,
H.H. Study on some enzymes cleaving
phosphorus from organic substrates in soil. J.
Agric. Sci., 1993; 18(9): 2775-2785.

Bishop, M.L., Chang, A.C., Lee, R.W.K.
Enzymatic mineralization of organic phosphorus
inavolcanic soil in Chile. Soil Sci., 1994; 157(4):
238-243.

Feller, C., Frossard, E., Brossard, M.
Phosphatase activity in low activity tropical
clay soils. Distribution in the various particle
size fractions. Can. J. Soil Sci., 1994; 74(2):
121-129.

Sarapatka, B., Krskova, M. Interactions
between phosphatase activity and soil
characteristicsfrom somelocationsin the Czech
Republic. Rostl. Vyr., 1997; 43(9): 415-419.
Kucey, R.M.N., Janzen, H.H., Leggett, M.E.
Microbially mediated increasesin plant-available
phosphorus. Adv. Agron., 1989; 42: 199-228.
Johri, J.K., Surange, S., Nautiyal, C.S.
Occurrence of salt, pH and temperature-tol erant,
phosphate-solubilizing bacteriain alkaline soils.
Curr. Microbiol., 1999; 39(2): 89-93.

Ogut, M., Er, F., Kandemir, N. Phosphate
solubilization potentials of soil Acinetobacter
strains. Biol. Fertil. Soils, 2010; 46(7): 707-715.
Yadav, J., Verma, J.P, Yadav, S.K., Tiwari, K.N.
Effect of salt concentration and pH on soil
inhabiting fungus Penicillium citrinum Thom.
for solubilization of tricalcium phosphate.
Microbiol. J., 2011; 1(1): 25-32.

George, T.S., Gregory, PJ., Wood, M., Read,
D., Buresh, R.J. Phosphatase activity and
organic acids in the rhizosphere of potential
agroforestry species and maize. Soil Biol.
Biochem., 2002; 34(10): 1487-1494.



