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ABSTRACT

Phytases are the enzymes hydrolyzing phytic acidlets phosphorylated myo-inositol
derivatives, releasing inorganic phosphate. Phytaae become an important industrial enzyme
and is the object of extensive research. The dbgdf the present study was to isolate and
characterize a potential phytase producing bactesteain from boggy water, and production of
phytase in a submerged fermentation system. Thagghproducing bacteria were isolated from
boggy water, and were screened using PSM plategarong selectable media. The phytase
producing strain was identified using 16S rDNA sstping followed by BLAST analysis.
Different fermentation parameters, including inctiba time, temperature, pH, carbon source
and nitrogen sources were optimized to enhanceaphyproduction. The phytase enzyme was
produced using shaken flask fermentation and mdrifusing ethanol precipitation and
chromatography. The enzyme was further charactériusing SDS-PAGE and zymogram
analysis. From the 21 bacterial isolates, one Basibubtilus strain (BPTK4) with high potential
for phytase production was selected. The isol@adillus subtilis produces significant amount
of phytase during 48 h of incubation at 32 °C with the pH of 6.5. Glseas considered as
suitable carbon source whereas yeast extract isnfoogen. It has been concluded that pond
water can also be used as the source for the ismlabf phytase producing bacteria. The
phytases produced can be used further for varigyieations.

Keywords: Bacillus subtilisPhytases, Submerged Fermentation, 16S rDNA.

INTRODUCTION

Phytasesriiycinositol(1,2,3,4,5,6) hexakisphosphate phosphaligdes are commonly used as
animal feed additives for poultry and swine. The a$ phytase as a feed additive has been
approved as GRAS (Generally Regarded as Safe) co@&tries [1].
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Phosphorous is one of the major feed ingrediendsi@supplied to animals in required amounts
through raw material and added phosphates88% of phosphorous is bound in phytates, which
cannot be broken down by endogenous enzymes itrp¢2]. Phytate is the major storage form
of phosphorus in seeds and found in diet of mangals and humans [3]. As a consequence,
phosphorous from vegetable sources is poorly dégeshd cannot meet nutritional requirements
of poultry regardless the fact that cereals, leguous and oilseed plants contarb% phytate.
Phosphorous from vegetable sources must be hyaalyzith phytase as a catalyst, in order to
become available to broiler chicks as inositols @amakganic phosphates which are readily
absorbed in digestive tract [4]. Phytase addedtn-soybean pig diet converted approximately
one-third of the unavailable phosphate to an alvkaléorm [5].

Phytases are known to be found in plants, micrausgas, and in some animal tissues [6,7].
Phytase has been detected in various bacteriaAergbacter aerogengs8], Pseudomonasp.
[9], Bacillus subtilis[10], Klebsiellasp. [11] ancEnterobacteisp. [12]. Phytase activity has also
been detected in white mustard, potato, radistudet spinach, grass and lilly pollen.

A thermostable phytase could have potential asvalrtmological agent to degrade phytic acid
during pulp and paper processing. The exploitatbphytases in the pulp and paper process
could be eco-friendly and would assist in the depelent of cleaner technologies [13].

Vegetarians, elderly people consuming unbalanced faith high amounts of cereals, people in
undeveloped countries who eat unleavened breadabigs eating soy-based infant formulas
take in large amounts of phytate [14]. Undigestiegtqte in the small intestine negatively affects
the absorption of zinc, calcium, magnesium and.ifbalso reduces the digestability of dietary
protein and inhibits digestive enzymes. AdditiofsAo nigerphytase to flour containing wheat
bran increased iron absorption in humans [15]. Harxemore studies should be performed
before accepting phytase as a food additive.

In the past decade, it has been paid attentionrtsnvtne study on protease production and
optimization for maximum yields to make phytaseaaseconomical and commercial product
[16]. Since the source of organism also importanttifie production of phytase, bacteria were
isolated from various sources those days. In reterdge bacterial strains were isolated from the
Malaysian maize plantations with the ability of pdse productiofl7].

In the present investigation also, the ability addlly isolated bacterial strain from Boggy water
to produce extracellular phytase in a submergeddatation was evaluated and their production
conditions were characterized. It was essentigrtmluce phytase on cost effective media. The
organism was identified using the novel 16S rDN4usncing.

MATERIALSAND METHODS

I solation and screening of phytase producing bacteria

Phytase producing bacteria were isolated from pogater sample from Chetpet soolai kutti
(pond), Chennai, TN, India by the dilution spreddte technique [18] using PSM (Phytase
Screening Medium) agar media composed of Galactp%®, Threonina- (0.5%), Calcium
chloride (20mM), Magnesium chloride (20mM), Sodiyshytate (20mM), Trace elements
(0.1%), HBO, (5.7 mg), Fe(NH)(SOy):18H,0 (173.0 mg), CUSEBH,O (18.6 mg),
MnSOy[4H,0 (8.1 mg), NHE6MO;0244H,0 (3.6 mg), ZnSQ7TH,O (79.0 mg) prepared in 100
ml distilled water at pH 6.5. The plates were inmtiglol at 37 °C for 24 h. To indicate the phytase
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activity of the bacterial isolates, diameters cfacl zone around colonies on PSM agar were
measured. A bacterial isolate with the highest abgtactivity was selected for the next studies.

Molecular identification of organism using 16S rDNA sequencing

For the sequence analysis, bacterial genomic DNA wsracted and purified using CTAB
method [19]. Two primers annealing at theahd 3 end of the 16S rDNA were Forwart:5
AGAGTTTGATCCTGGCTCAG-3  Reverse:5STACCTTGTTACGACTT-3 [20]. PCR
amplification was performed in a final reactionwole of 100 pl. The PCR reaction was run for
35 cycles in a DNA thermal cycler. The amplifiedP@roducts were then analyzed in a 1.0 %
(w/v) agarose gel, excised from the gel, and prdifiThe amplified DNA sequence was then
sequenced on Chromous biotech, Hyderabad usingnat#d sequencer. The 16S-rDNA gene
sequence of the isolates was aligned with referé6&rDNA sequences of the GenBank using
the BLAST algorithm [21, 22] available in NCBI.

Phytase production and activity assay

The production of enzyme was carried out in thedpotion medium without addition of agar
using Shaken flask fermentation method. The incoubfithe selected strain was produced using
LB Broth. Five percent of inoculum was inoculated500 ml of production medium [23] taken
in 1000 ml conical flask. The flask was then indalaat 30 °C for 48 h at shaken condition at
200 rpm for better aeration and growth of organism.

The amount of phytase produced was assayed usatg @ésay and chemical assay. The plate
assay method was performed by pouring the culiliraté on PSM medium, which confirms the
production of phytase production by forming cleanes. The chemical assay was done by using
ferrous sulphate molybdenum blue method [24]. Totatein content from the sample was
determined using Bradford method [25].

Optimization of phytase production

In order to determine the effect of temperaturepbgtase production, the selected bacterial
isolate was grown in production media and incubated8, 32, 37, 42, 47 and 52 °C for 48 h.
Culture filtrates were later measured for phytasevidy.

The effect of initial media pH on phytase productiwas conducted by adjusting the production
media to pH 5.5, 6.0, 6.5, 7.0 and 7.5 before batt@oculation. After 48 h of incubation at 37
°C, culture filtrates were measured for phytaseviiyt

To evaluate the effect of incubation time on phgtasoduction, the inoculated medium was
incubated at 30C with shaking around 150 rpm. Around 20 ml of crdtwas aseptically
drowned periodically at every 6 h time intervaltop72 h [26]. Culture filtrates were measured
for phytase activity.

The effect of carbon and nitrogen source on phypaeduction was determined by adding the
production media with different carbon and nitrogemirces and inoculated with test organism.
The media was incubated for 24 h at 37 °C. Culfitates were later measured for phytase
activity. In addition, the role of various natugibstrates like Sugar cane baggage, rice bran and
wheat bran on phytase production was also analysed.

Purification and characterization of phytase enzyme (SDS-PAGE and zymogram analysis)
The culture fluid from the production media was lecied and centrifuged. The culture
supernatant was collected as crude enzyme extagiurification. To the culture supernatant,
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three volumes of 95% cold ethanol was added, aedrixture was maintained in ice for 1 h
with agitation. The precipitated crude extract wasvested by centrifugation and dissolved in
0.1 M Tris-HCI buffer (pH 7.0). The precipitated enzyme wasnthsubjected to column

chromatography for further purification [27]. SDSA®GE was performed according to the
Laemmli [28] with the 4% Acrylamide stacking geldai0% Acrylamide separating gel to
determine the molecular mass and purity of thegmotStaining was carried out with CBB
staining method [29]. To conduct zymmogram ana)yBBGE was executed according to the
method of Laemmli [30]. Electrophoresis was dondarmon-denaturing conditions. Gels were
incubated at 22 °C in 50 mM NaCl (pH 9.6) and 2mBICE with pNPP as substrate. Phytase
release was detected by Malachite green stainimgedure [31].

RESULTSAND DISCUSSION

Microbial enzymes meet industrial demands; a lang@ber of them are available commercially
[32]. Enzymes from fungal and bacterial sourcesehdeminated applications in industrial
sectors. Fungal sources are confined to terres$oédtes, mostly té\spergillusandPenicillium
species [32,33]. Most of the bacterial strains @mésn the muddy soil are having the ability to
produce phosphatase and phytase.

A total of 21 bacterial strains were isolated frboggy water sample, from them, 8 strains were
found to be positive for phytase production by itizeine forming ability in PSM. From those 8
phytase positive strains the better zone formingrstwas chosen and was assigned strain name
as BPTK4. In 2000, a report showed that among 7Zebal isolates, an isolate CMU4-4
exhibited the highest enzyme activity whereaslgarczone was smaller than other isolates [34].
The phytase production has been reported in vaoétprganisms including@acillus [35],
Escherichia col{36], Lactobacillus[37], Pseudomona38] andAspergillus[39].

The nucleotide sequence of the isolate was depositethe GenBank database (Genbank
accession no. EF077669-72). The BLAST analysihefsequence of 16S rDNA gene showed
that the strain BPTK4 had 100% homology wtcillus subtilisstrains. 16S rDNA analysis is
more advanced and accurate since the differenpeoperties between the bacterial strains such
as B. anthracis B. cereus and B. thuringiensis,are <1%. Such small differences cannot be
analysed using conventional methods. The study rogd&audio [20] clearly demonstrates that
such small differences also might be important dpecies identification. DNA hybridization
studies have shown that these thBeeillus species are closely related and probably represent
single species [412]. If the three were classified as a single sgeci6S rDNA sequencing
appears to have the potential ability to differatetistrains at the subspecies level.

Since growth study was essential for the produatibaxtracellular enzymes, it was studied by
shaken flask fermentation method [21]. The statipqénase of growth was reached after about
48 h. The production of phytase was detected &®Beh of cultivation and increased during
growth and reached maximum level (109 U/mg) at 48thThe production of phytase was
considerably low before 36th h and after 48th Ipraiduction (Fig. 1). It was considered as the
log phase and its variation also depends on theentifpresent in the medium and the cultural
condition of the organism. The environmental pat@malso influences the maintenance time of
the bacteria. The plate assay and chemical assdiymed the production of phytase.
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Fig. 1: Effect of incubation time on Phytase production

To evaluate the optimum temperature for the phypasduction, the fermentation was done on
different temperatures. Like other mesophilic baatethe isolated strain, BPTK4 also shown
higher phytase activity at 32 °C (116 U/mg) (Fi@. Repending upon the source of the bacteria
isolated, their optimum temperature also varieshrdoand Satyanarayana [43] observed high

phytase production at pH 6.0 and lowered to 4 .€raficubation for 2 days at 3C. It has been

found that most of the phytases produced by miga@isms possesses the optimal temperature

from 25 to 37°C [44].
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Fig. 2: Effect of temperature on Phytase production
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Next to temperature, pH is found to be the impdri@arameter for phytase production. The
considerable production of phytase was observatieapH of 6.5 (114 U/mg) (Fig. 3). It was
found that the strain BPTK4 requires alkaline pHghytase production. Most isolated phytases
have their pH optima in the range of 465 But, phytase fronBacillus sp.have neutral or
alkaline pH optima [45]. The better incubation tifoe the phytase production was found to be
36-48°C. The better production was achieved at 374G thie pH of 7.0B. subtilis(pH 6.0-6.5

and 60°C) [46]B. amyloliquefacien§pH 7.0-8.0 and 70°C) [47], anH. coli (pH 5.0 and 70°C)
[44]
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Fig. 3: Effect of pH on Phytase production

Next to the environmental parameters, nutrient ggrsuch as carbon and nitrogen sources
plays major role in phytase production carbon imfibto be the primary energy source required
by most of the organisms. The production of phytasiag different carbon sources’ including
Glucose, lactose, sucrose and galactose was adalghecose was found to be the best carbon
source for the phytase production (Fig. 4).
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Fig. 4: Effect of Carbon sour ces on Phytase production
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Nitrogen is considered as the secondary energgadar organisms for growth and production
of enzymes. Yeast extract was found to be the tbeiteogen source for the production of
phytase using the strain BPTK4 (Fig. 5). Besidesgél and bacterial phytases, the optimisation
of yeast,Pichia anomalawas performed by Satyanarayana [45]. His work etted that
galactose as best carbon source with peptone &eshaitrogen source and’Feerved as a key
intermediate in enzyme activity. From those itlisac that the simple monosaccharide Glucose

with yeast extract were found to be the better @arbnd nitrogen sources for the phytase
production.
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Fig. 5: Effect of Nitrogen sour ces on Phytase production

The real and beneficial production of phytase wasedby using cheap natural substrates and
industrial wastes. For the same several naturadteatbs were tested for their role in phytase
production. Out of which, wheat bran is founded#othe best substrate for phytase production
using the isolate BPTK4 (Fig. 6).
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Fig. 6: Effect of Natural substrates on Phytase production
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The phytase enzyme produced was extracted andigaunifsing ethanol precipitation and
chromatography [27]. Electrophoretic analysis ofifed phytase has been carried out. We
found a single band with approximate molecular n&s40 kDa. The homodiameric forms of
the crude enzyme, with a molecular mass of 54 kRaehbeen previously reportefl.
pyrococcus abys$47-49]. The SDS-PAGE oB. stearothermophilusnzyme showed a single
protein band of 32 kDa [50]. The protease isolatad similar to the size d&scherichia col(45
kDa) [36]. Bacterial phytases are found to be sendhan fungal phytases, including those from
Aspergillus nigei(84 kDa) [39].

The zymogram of the present study shows the presainghytase as green band due to staining
with malachite green solution. In 2004, Chang-Cétital [29] purified phytase using acetone
and ammonium sulfate precipitation and partiallyifped enzyme was visualized by SDS-PAGE
and zymogram analysis using Triton-X-100.
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