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ABSTRACT

The State of Uttarakhand has about 64.79% foregercdl4.02% under crop cultivation and remaining12P56 is
populated. With limited land under cultivation mafocus is on increasing yield and sustainingoit fong time.
Bacteria residing in the soils, including phosplsggoroducing bacteria, have potential to improvepcyield and
sustaining it as they make phosphates availablgldats. We have focused our efforts on isolatingtdr@a which
are high phosphatase producers and standardize@mopt media and other conditions for their growthe W
isolated fourteen isolates that showed high allalphosphatase activity. Isolate ALKP 12 demongirdtighest
alkaline phosphatase activity of 600 unit/ml in mae# (basal media). This isolate was used forHertstudies.
Under optimized conditions of pH 9 and 37°C, alkalphosphatase activity of this isolate could lwkiged to very
high level using media 1 (fermentation media), iaggrom 1706 unit/ml and 1900 unit/ml. Anotheraue feature
of this isolate is that it shows surprisingly highd unusual phosphatase activity of 1002 unit/reheat pH 4. As
this isolate can utilize cost effective molassed @rcan even work in both acidic as well as basid, it holds
potential to improve growth of the plant, increaseld and sustaining it.
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INTRODUCTION

The state of Uttarakhand became th& g&tate of republic of India on"dNovember, 2000 and is located between
28°43- 31°27'N latitude and 7°84'-84°02" E longitude [1]. The state is divided into twiistinct geographical
regions — Garhwal and Kumon division. There arediE¥icts in the state, ten of them having hilyrain while
three districts are in terai region of HimalayaheTtotal geographical area of the state is 53,48%m [1], [2].
Forest covers 64.79% area of Uttarakhand. Among tibtal forest cover, 33% is either rocky/snow
covered/glaciated. About 14.02% of the total lasdinder crop cultivation and remaining 21.19% dpydated.
Among the cultivated land, more than 55% of agtical/cultivated land depend on rain fall while odl§% is
irrigated [2]. In hilly terrain, the irrigated ldnis on both side of either a river or small streamhile some of the
terai districts has canals for irrigation. Besidhs tthe landholdings are small and scattered ealhedn hilly
regions. The average land holding is around 0&#tthe hill districts and 1.77 in plain distrigtd. Like most
other hill economics, the people of Uttarakhandcfica integrated system of farming, forestry andibolture [1],
[2]. Most of the commonly grown crops in hill dists are wheat, rice, barley and sorghum and ttief crops
grown in plain districts are wheat and rice.
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People in Uttarakhand are primarily engaged inistdrsce agriculture. Production and yield of fapdins (cereal)
production in Uttarakhand is 22.03 Qt/Hectare. Tve agricultural yield reflects the small size asthttered land
holdings, difficult terrains, dependency on raincéimatic condition for some crops with the statksitations in
land and water resources, alternative sustainalefihods for increasing yield are much needed. Fetagwable
development in agriculture additional investmend agientific interventions are crucial but the ima@ted land is
also under threat from the construction compameshaiilders. So with limited land, the only possiscenario that
remains is either to increase the yield in a snatde manner so that the fertility of land is mainéd or to improve
the quality of specific seeds/crops that are ingliges to Uttarakhand so that the farmers can gettariprice for the
crop. Previously during green revolution, to irage the yield of crops, excess of chemical feetifzand pesticides
have been used indiscriminately in the pasts aisdpifactice is still being followed [3], [4]. Bu#xcessive use of
fertilizers over a longer period of time in the gasvil and in the same location not only lowersdbality of soil
architecture but also leads to overall decreasthéncrop productivity. When phosphates are appinedhigh
percentage, sometimes up to 90% fertilizer applets precipitated by metal complexes in the &jjl[B] and can
lead to phosphate accumulation [5], [7]. These tle@main as insoluble patches.

Microbes form an integral part of the soil. Varioypes of microbes participate in various cycleofanic and
inorganic matter in the soil. One among the impuramponents of soil fertility besides nitrogerpissphate [8].
It plays an indispensable role in photosynthesespiration, energy storage and transfer, cell idiijs cell
enlargement and many other processes in living plemelps plants to survive winter rigors angaatontributes to
disease resistance in plants [9]. Availabilitypbbsphate in the soils of some regions of Uttaralllere as follows:
Chamoli Garhwal is 6.66 ppand Pauri Garhwal is 7.20-14.30 kg/ha , where adttarkashi Garhwal is 6 kg/ha. If
we compare these values with the average phospbatent in soils of other states, then the avepgesphate
content in the soil of Uttar Pradesh is about $inpMadhya Pradesh-15 ppm, Karnataka- 16 ppm, wisich
relatively higher as compared with Uttarakhand aod it is important for any plant’s optimum produity [10]. It

is estimated that about 98% of Indian soil contaiaufficient amounts of available phosphorus; aldé
phosphates are those phosphates which are avditatie plants for their growth [9]. Phosphateuisgment for
any plant is approximately 3iM [11] but as phosphate is sequestered in solgiious forms, it becomes difficult
for plants to use it result in phosphate deficienBglow this requirement there is a reduction ie @rop
productivity. Replenishing soil phosphates to emkeaand maintain soil and plant productivity hasrbémng
recognized by agronomist in phosphate deficiericatjural soil [12].

Insoluble phosphorus compounds, particularly orgghiosphorus compounds, can be mineralized andoitad
by soil enzymes particularly phosphatase. Phosgbaénzyme, specifically acid and alkaline phossea(E.C
3.1.3.1), is in the class hydrolase and has pHm@ptat acidic and/oalkaline condition [20]. This enzyme is
responsible for removing phosphate groups (de-gimytation) from many types of organic moleculesluling
nucleotides, proteins and alkaloids present inplhat debris like leaf, stem, dead microbes anddtssin the soil.
In the soil bacteria that occupy the rhizosphelieglime phosphatase is usually located in theiipgb@smic space
and this enzyme is secreted into the soil to geéaedrae phosphate groups for the uptake and ugbebplants as
well as the bacteria [11]. It has been suggedtat mhicrobial alkaline phosphatase is comparativebjstant to
degradation and inactivation and also has a higtterof activity [13].

Gains due to increase in agricultural output dukettilizer would be short term gains as applicatod fertilizer will
increase the yield for a certain time but evenyudlke soil quality will degrade, as seen during gheen revolution
[3]. But if a proper scientific biotechnologicaltémvention using microbes and additional traditlomeethods is
practiced, sustainable and increased crop yieldbeamaintained over a long duration of times. Phnowth-
promoting microorganisms are mainly soil and rhjgreere-derived organisms that are able to coloremet poots in
significant numbers (£a10" CFU per gram of fresh root) and influence plantwgtoin a positive manner under
certain environmental and soil conditions and heenbused to increase the crop yield successful [Aghrt from
Allorhizobium, Azorhizobium Bradyrhizobium, Mesadibium and Sinorhizobiurare reported as the potent
biofertilizer [15]. Bacillus Pseudomonors Enterobacter, Alcaligens, Arthrobacter, AzotobagtBnterobactor,
Serratia also been tried [16], [17], [18]Developing a microbial intervention for any regimnunique for every
region and is region specific. The microbial intmtion would also help in developing organic fargnamd if the
program is developed, it would be beneficial fotirenUttarakhand.

The aim of the study was to isolate soil bactedpable of producing high levels phosphatase enzyrsieg cost
effective substrates from the agricultural rhizaheoils of Dehradun region of Uttarakhand.
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EXPERIMENTAL SECTION

Sampling sites

Soil samples were collected from rhizosphere refiom five different location of Dehradun districttarakhand,
India. The soils were having pH range from 7.2 & 8Briefly, intact soil cores (5 cm diameter xm deep) were
collected near the rhizospheric region of variolss and trees (litchi, tomato and barley). Isofabf microbes
from these samples and experiments with the misretes carried out in Department of Biotechnologyaphic

Era University, Uttarakhand, India.

Isolation of bacteria from the soil rhizosphere oftrop plants and trees

The collected soil sample was serially diluted apl®  dilutions using sterile saline as a blank and the diluted
samples were plated in to the sterile nutrient goyates using spread plate method. The plates imetdbated at
37°C. The isolated colonies were further purified siyeak plate method using sterile nutrient agar inmed
Isolated bacterial strains were re-checked withiia week interval and were maintained on 15% glycatre85'C

for further tests.

Alkaline phosphatase activity screening

Fourteen colonies were picked for each soil saropliected from the rhizosphere of crop plants dresé colonies
were cultured and checked for extracellular phosgdeaactivity. Two kinds of media were used foedating
phosphatase activity. Medium 1 was complex ferat@ medium (Dhaked et al. 2005) that containeptqree
(0.5%), dextrose(0.5%), ammonium sulphate (3g/@lciom chloride(0.2 mM), sodium chloride (0.08 mM),
potassium chloride(0.02M), ammonium chloride(0.02, khagnesium sulphate (1 mM), zinc sulphate (0.004%
sodium phosphate (200 uM), calcium nitrate (50 pjihe other simple basal media (medium 2) is slight
different from that of nutrient broth. This mediumontains glucose (0.2%), peptone (0.5%), calcitmorie(0.2
mM), sodium chloride (0.08 mM) & sodium di hydrogphosphate (0.3%). For the initial screening of llest
phosphatase producers, both the media was scremmedhen medium 1 was used further for the differen
optimization study. The pH for initial screening svanaintained at pH 7.0. Flasks were cotton plug§ed
autoclaved at 15 psi/cfor 20 minutes. The sterile media was cooled tordemperature & inoculated with 500
pl of the culture for high growth of bacteria alowgh the phosphatase secretion. The flasks weangbisited in an
orbital cooled shaking incubator at 37°C with 159BNR The bacterial biomass was separated from eukifter a
sequential interval of 2 hours incubation periotbtigh centrifugation & further analysis of alkalipposphatase
activity was carried out from the culture broth @ilem 2). The alkaline phosphatase activity and dréalt growth
was determined and monitored in triplicates (Dha&edl. 2005) from the culture broth of all the wrobacterial
strain within a gap of two hour interval for ab@@® hours. This was done to check the effect oétpariod on the
enzyme activity. 1.5 % glucose, 1.5% fructose%d galactose, 1.5% starch, 1.5% molasses & 1.5% Sjatep
were used separately as different carbon sourcteiMedia 1 (fermentation media) to monitor bdth alkaline
phosphatase activity and bacterial growth at 680 Timmassess the best nitrogen sources (1.5% peptdbid
tryptone, 1.5% yeast extract, 1.5% sodium nitr&t8% potassium nitrate & 1.5% ammonium chloridejemased
separately in the Medial. Alkaline phosphatesvigtiand bacterial growth kinetics in the mediumrevéhen
measured separately. Alkaline phosphatase actwitybacterial growth pattern was further obsentetifferent pH
of medium 1 (fermentation media) in the range 410o(pH was changed by using 0.1 N HCI and 0.1 N Na®
desired level). Effect of different temperature q@0to 60°C) of incubation on bacterial growth aridakne
phosphatase activity was investigated to optimizetemperature where the bacteria would show maximgowth
and also give highest alkaline phosphatase actiFityally the concentration of best carbon sousmed nitrogen
sources were optimized in the fermentation meddhalkaline phosphatase activity and the bacteravth were
checked at each of the concentration in the medigfarmentation media)

RESULTS AND DISCUSSION

Fourteen bacterial isolates (from the rhizosphsaits of Dehradun district in Uttarakhand) wereafin screened
for their ability to release high alkaline phosgsat into the media. Out of fourteen, six isolatesed ALKP 1,
ALKP 3, ALKP 4, ALKP 8, ALKP 9, ALKP 12 isolates skved high enzyme activity as compared with their
corresponding controls in medium 2 (Fig 21.KP 12 isolate was selected for detailed invedigga This strain
showed best growth after 24 hours in the mediunt 374C and our data suggests that this isolat@ajsalole of
growing in the pH range of 4 to 11 [21]. The ig¢elahowed unusually high, three times the normakphatase
activity at pH 9 and 3 in the medium 2. It was usual to see a very hitfivity even at pH 4 which was twice the
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basal activity in this kind of fermentation medidhis surprisingly high activity is somehow duethe specific
components in the fermentation media in low conegioih because when we used sodium phosphatep(2@0)
and calcium nitrate (50 pmol), this low amountdegs or up regulates the gene responsible for gttracellular
secretion of alkaline phosphatase with a high emzgativity. Hence this isolatman be important ahe enzyme
secreted by this isolate can work very efficiemiyaried pH conditions. Our data suggests thesdtisolates have
unique feature that they can have potential fonrting plant growth and crop yield.

Maximum enzyme activity of this isolate was fourftba24 hours. The effect of different carbon s@s; Fig 6 a:
(1.5% glucose,1.5% galactose,1.5% fructose,1.5%¢hs8a5% molasses & 1.5% date syrup) on the miatobi
growth was determined. It is shown in figure (& c)that the strain can grows well & gives high alkalin
phosphatase activity when grown on 1.5 % molass&”& and at pH 9 and after 24 hours of incubation in
comparison to otherarbon sources in the media 1. Molasses is aeffesitive carbohydrate source which can be a
substitute for starch. Figure 7a and 7slwows the effect of inorganic nitrogen sources %).®n alkaline
phosphatase activity and bacterial growth respelstivit is noted that the maximum alkaline phogpbka activity
was measured when bacterial isolates were grovennredium containing 1.5 % sodium nitrate & 1.5% ameés
Efforts are underway to determine the identity loik tisolate using molecular techniques involvingusncing.
Usefulness of this isolate in promotion of plariwgth is also being checked.

Fig 1. Gram Staining pictures of different isolats isolated from soil samples confirming presence bhcteria. 6 samples are represented
here out of total 14 isolates. The characters ofiése isolates are: a) ALKP 1: Thick, comma shapedram positive bacteria b) ALKP

3: Thin, non-linear gram-positive rods, many chais forming a network ¢) ALKP 8: Thin, gram positive rods, forming a definte shape
when clustered together d) ALKP 4: Thin, numerousand scaterred gram negative rods e) ALKP 9: Rounghaped, numerous and
clustered gram negative bacteria f) ALKP 12: Thi& rod shaped, both the bacteria joined together

364



Paratpar Sarkar et al

J. Chem. Pharm. Res., 2016, 8(4):361-369

1400 ~

1200 H

1000 -

Alkaline Phosphatase activity
(Unit/ml)
(0]
8

2a

%, o

1400

1200 +

1000 -

o]

o

o
1

2b

Bacterial Isolates &

Alkaline Phosphatase activity
(Unit/ml)
(o]
8

% )

&

™ E)
R R R
\g} & ‘?gk V\’@ &

Bacterial Isolates <

Fig. 2. Different bacterial isolates were grown ira basal medium containing defined concentration aodium phosphates (200mM).
Activity of phosphatase secreted into the medium veameasured after 24 hours. Bacterial isolate name&KP 12 shows maximum
activity out of the other phosphatase releasing béeria. This isolate was used in all further studis
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hours was sulfficient growth time for ALKP12 isolatefor growth and maximum phosphatase in media alsogaked during within this
time. Time duration of 26 hours was used for culires and enzyme assay from media in all further stlies
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Fig. 4. Optimization of pH for ALKP12 isolate. Fementation Media was used in this experiment whiclnas been shown to induce more
phosphatase secretion. a. Phosphatase activiyAd KP12 isolate at different pH. b. Growth of ALKP12 isolate at different pH

In fermentation media, ALKP12 isolate showed pheeoah increase in phosphate activity. Maximum égtist

optimum pH of 9, activity of alkaline phosphatasasvalmost 3 times the basal level. Interestinglgn at pH 4,
alkaline phosphate activity was twice the basatlléas seen in Fig. 2).
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Fig. 6. Optimization of carbon source for ALKP 12isolate. a. Different carbon sources were used the fermentation media along with
other components and bacterial growth pattern was mnitored as against each sources. Similar growthas observed when Galactose
and Molasses were used. b. Optimization of Molasseoncentration for best growth of ALKP12 isolate.1.5% Molasses showed
maximum growth. c. Phosphatase activity of ALKP12golate with 1.5% molasses concentration
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Fig 7. Optimization of nitrogen source for ALKP 12isolate. a. Different nitrogen sources were used the fermentation medium and
growth was monitored. Potassium nitrate showed mamum activity but as Sodium Nitrate was used as is more cost effective. b.
Optimization of concentration of sodium nitrate fa maximum growth. 1.5% sodium nitrate showed besgrowth of ALKP12 isolate. c.
Phosphatase activity at different concentration ofodium nitrate

CONCLUSION

Rhizospheric bacterial isolates (ALKP 12) isolafesim Dehradun district have tremendous potentiateiease
phosphatase enzyme in the medium 2 which is a featien media as compared with basal media. Best
phosphatase activity of ALKP12 isolate is seen7aC3and pH 9, however significantly high phosphatgvity is
seen even in the acidic pH (pH 4). This isolate atilizes 1.5% molasses as the carbon sourceanlalso utilize
1.5% sodium nitrate as nitrogen source to give marn product. This isolate has huge potential torome plant
growth as phosphatase enzyme mineralize and catalgganic phosphorous compounds present in theasdil
release soluble inorganic phosphate. These phtesplban be made available to the plants and ukimatant-
microbial interaction will improve plant growth.hiE work is ongoing.
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