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ABSTRACT

Fifty isolates capable of producing phytase weotaited from various soil samples. Out of fifty &ek five isolates
showed maximum phytase activity. P6 isolate waectsl for further study P6 isolate was biochemjcall
characterized as Pseudomonas spp. The culture tonsliwere optimized for maximum enzyme produciitie.
best carbon and nitrogen sources for maximum pbBy@®duction were 1% glucose and 0.5% yeast extract
respectively. The enzyme was stable between tletpH0 but the optimal pH was found to be 6. Tieyme was
also stable between temperature ranges@@o 50C but best temperature for enzyme activity wasddorbe 37

C. Maximum phytase activity was 98.76 U/ml afterh?g of incubation under optimal conditions. Thex@fic
activity of the crude enzyme was 31.86Umpgotein and this was increased to 70.77Umiptein by (NH),SQ
precipitation.

Key words: phytaseP. aeruginosaoptimization.

INTRODUCTION

Enzymes are among the most important products redatafor human needs through microbial sources.rgela
number of industrial processes in the areas of stidl, environmental, clinical, food and pharmaazal
biotechnology utilize enzymes at some stage owother. Current developments in biotechnology aeddimg new
applications for enzymes. A large number of micgamisms, including bacteria, yeast and fungi prediifferent
groups of enzymes [1].

Phytases (myo-inositol hexakisphosphate 3-phospdes®yand myo-inositol hexakisphosphate 6- phosjésey are
classified as the family of histidine acid phospisats, which catalyze the hydrolysis of phytic gaiyo-inositol
hexakisphosphate) to inorganic phosphate and mgitoighosphate derivatives in a stepwise manrjeiP2ytases
are widespread in nature which is the main formphaisphate in foods or feeds of plant origin [3].

Monogastric animals (chickens, swine and humares)uaable to utilize phytate phosphorus either duadk of or
insufficient amount of phytate degrading enzymeacé& phosphorus is an essential nutrient for bammdtion,
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deficiency of this mineral would lead to osteopisdg,5]. The most striking chemical impact of phyacid is its
strong chelating ability with multivalent catiors form cation- phytic acid complexes [6]. The négdy charged
phytic acid chelates with positively charged diveilleations rendering a poor absorption of the boonradals in
small intestine [7].

Phytic acid is also partially attributed to the e4spreading human nutritional deficiencies of eattiiron, and zinc
in developing countries where the staple foodsdrelant origin [8]. Supplementation of diets wiihorganic
phosphorus along with the excreted phytate phosghtmowever, imposes global ecological problemsmdrgers
into rivers resulting in cyanobacterial blooms, byia, and death of marine animals [9]. The supplaat®n of
phytase in fodder improves the phosphorus biodbitithaand also reduces its excretion in the arehmtensive
livestock [10]. Thus, for both environmental andm®eemic reasons phytases and phytase producing Imeisrare
attracting significant industrial interest. Becaa$eheir great industrial significance there is@rgoing interest in
isolation of new microbial isolates producing plegtaand optimization of this enzyme. Hence the dithestudy is
to isolate the bacteria with phytase producingitytéind optimization of the enzyme production.

MATERIALS AND METHODS

Isolation of phytate degrading bacteria

Rhizospheric soil sample were collected from déferagricultural crops. 1 g of soil samples wagpended in 10

ml of 0.9% saline solution and 100ul of this susgiem was plated onto phytase screening medium (PSM)
(1.5%glucose, 0.5% (NSO, 0.05% KCI, 0.01% MgS£7H,0, 0.01% NaCl, 0.01% Cag?H, O, 0.001%
FeSQ, 0.001% MnSQ@ pH 6.5 with 0.5% sodium phytate (Sigma)). Théoos exhibiting zones of clearance
(translucent areas) were selected and streakedrestoPSM plates.

Quantitative estimation of phytate degrading bacteia

Isolates exhibiting a positive reaction were inatedi into the PSM broth with the same composit®stated above
and incubated at 37 @ at 120 rpm for 5 days. Then, they were centrifuige 10min at 10,000 rpm. The cell-free
supernatant was separated and tested for phyttgiyad he reaction mixture consist of 0.9 ml aaet buffer (0.2
M, pH 5.5 containing 1 mM sodium phytate) 0.1 misofpernatant. After incubation for 30 min 37°C, thaction
was stopped by adding 1 ml of 10% tricholoroacatil. Assay mixture of 0.5 ml was then mixed witlm# of
2:1:1 v/v of acetone, 10 mM ammonium molybdate &M sulfuric acid and 0.4 ml of citric acid (1IM)h& amount
of free phosphate released was determined speoctimpktrically at 355 nm. One unit of phytase atyiwas
defined as 1umol of phosphate produced per mimpesf culture filtrate under the assay conditionstandard
graph was plotted using potassium dihydrogen phatephith working concentration ranging from 30 €03uM.
Protein quantifications were made by the metho8rafdford [11] and compared with the standard pregarsing
bovine serum albumin.

Characterization of the isolated bacteria

The bacterial isolate showing maximum phytase #gtiwas identified upto the genus level based oe th
morphological and physiochemical properties of thelate according to Bergey’'s Manual of Determiveti
Bacteriology [12].

Optimization of culture media for phytase productian
Effects of various physicochemical parameters owytgse production were studied. The parameters were
standardized using one factor at a time approadibgrkeeping the other parameters constant.

Effect of carbon and nitrogen sources on phytase pduction
Effect of different carbon and nitrogen sources phytase production was determined by addition of d®o

respective sugar in place of glucose and 0.1%ifédrent nitrogen salts to sodium phytate suppleteérbasal
medium instead of (NPLSO,. The best carbon and nitrogen sources were usheé subsequent experiments.
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Effect of temperature on phytase production

To determine the optimal incubation temperature faximum phytase production, production medium was
incubated at various temperatures 2530C, 37C, 50C) for 5 days keeping other conditions at theiriraptn
level.

Effect of media pH on phytase production

To determine the effect of growth media pH on pbgtaroduction, the production media pH were vafiech 5.0
to 9.0 with 1N HCI or 1N NaOH. The fermentation wesried out at 3T keeping all other conditions at their
optimum level.

Time course for enzyme production .
Optimal time for phytase production at pH 6.0 a@d_3was studied by harvesting the production medgaifégrent
days (0-7 days) and determining the phytase agtivit

Effect of aeration on enzyme production
To study the effect of agitation speeds, flask$pitoduction medium was incubated at static, 120200 rpm.

Effect of surfactants
A level of 0.25% v/v and w/v of Tween- 80, SDS, &IMTA were separately added to phytase screen médea
medium without any surfactant served as control.

The effect of phosphate on phytase production

To study the effect of phosphate on phytase pramtucthe activity of this enzyme in nutrient brothedium with
tricalcium phosphate and medium with sodium phyteds assayed. The three medium was incubated sades
condition as above. The phytase activity was measur

Estimation of growth

Growth was estimated by the absorbance at 600 ampke from culture grown in medium with insolubterhs of
phosphate were previously diluted 1:1 (v/v) usindN1HCI to dissolve the residual insoluble phosphate
measured against a blank identically treated.

Partial purification of phytase enzyme

Partial purification of phytase enzyme was achielgdmmonium sulphate precipitation followed bylgs#s. 100
ml of cell free extract was saturated with ammongutphate up to 60%. The content was incubated gt and
centrifuged at 10,000 rpm for 10 min. Supernataas wollected and checked for enzyme activity; pellas
collected for further analysis. The enzyme mixt{pellet) was transferred to dialysis bag and immeiigs Tris-HCI
buffer (pH- 7) at 4°C for 24 hr.

Statistical analysis
All the experiments were carried out independeitiytriplicate). The data represented here are énftihm of mean
+ SE.

RESULTS AND DISCUSSION

Among the fifty isolates isolated from various ss@imples, five bacterial isolates showed maximuweardhalo zone
around the colonies on phytase specific agar med@um of the five isolates, isolate P6 having hygtio zone of
32mm (Figure 1) and showing maximum phytase agtigft 15.788U/ml (Table 1) was selected for biocheahi
characterization. When the course of phytase ptamtuwas studied in liquid medium (pH 7.2) atG7the phytase
activity appeared to be maximal off 8ay of culture with a parallel decrease in pH.t@n time in the following
experiments was, however, fixed to 5 days. Basethem cultural, morphological and biochemical dweristics
p6 isolate was identified &seudomonaspp (Table 2).
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Figurel: zones of clearance by P6 isolate on phy&ascreening medium (PSM).

Table 1: Qualitative and quantitative screening oflifferent phytase producing isolates from differenthabitats

i

Isolates Isolates Zone of substrate hydrolysis (mm) Enzyme activity(U/ml)mean +SE Habitats
P6 Pseudomonaspp 32 15.78+.004 Rhizospheric S
B5 Bacillusspp 17 0.19+.02 Garden Soil
P1:Z Pseudomon: spg 22 0.28+.02( Rhizospheric Sc
K9 Klebsiellaspp 10 0.15+.001 Wheat field
P37 Pseudomonaspp 23 11.37+.012 Rice field

Results presented are the mean of three indepeeapetiments with standard error values.

Table 2: Physio-biochemical characteristics of thesolate P6

Test Observatior

Gram’ stair Gram negative rotarranged singly or in pa
Motility Motile

catalase +

oxidase +

Fluorescence under UV light

Biochemical tes

Indole

Methyl red

Voges- proskauer

Citrate utilization

TSI

Acid slant/ Alkaline butt, gas, no,8

Nitrate reduction te

+

Gelatinhydrolysis

+

Urea hydrolysis

Starch hydrolysis

+

Sugar utilization

Glucose

Galactose

Sucrose

Mannitol

lactose

Lysine

Arginine

Ornithine

Tentative identification

Pseudomonaspp

+ positive, - negative;

Optimization of culture condition
It is well known that the proper optimization ofopess parameters plays an important role in impgpenzyme
yield, making enzyme production cost effective aesdnomically feasible. Carbon is a major comporméihe cell

A/G- acid/gas
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and the rate at which a carbon source is metalublgcem often influence the production of metabolit€éke

influence of different carbon sources on phytasglpction was shown in Figure 2. Among differentocer sources
studied, glucose showed the maximum enzyme actfiB2.165 U/ml after 48hrs of incubation. Minimwenzyme
activity was observed in the presence of mannosefarctose. Easily metabolizable sugar e.g. gludwse been
reported to increase phytase productionAyniger during submerged and/or solidstate fermentaticdy [4].

However, the effect of carbon source changes Wighproduction strain and other conditions.
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Figure 2: Effect of carbon on phytase production

To investigate the effect of nitrogen sources @ndtowth and production of phytase, several organgtinorganic
nitrogen sources (1.0%) were added in the basalumedontaining 1.0% glucose as a carbon sourcewtBrwvas
similar in the media with organic and inorganicregien sources (data not shown). Yeast extract sthahve
maximum phytase production, followed by potassiutrate while urea did not support high phytase potighn

(figure 3). Organic forms of nitrogen such as papto/east extract have been used extensively éopribduction of
phytase irAerobacter aerogenemdKlebsiella aerogened 5].
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Figure 3: Effect of nitrogen on phytase production
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Temperature is one of the most critical paramétetse controlled in any bioprocess. The effectenfiperature on
phytase production revealed that maximum vyield whined at 3T (29.884 U/ml) (Figure 4). The optimum
temperature for the production of phytases for neéshe microorganisms lies in the range of 25 TaC3[16]. A
decrease in enzyme yield was observed with furthemreases in temperature; hence, production ofgseyby
Pseudomonaspp was determined to be growth-related, which tommon phenomenon in many fermentation
processes.
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Figure 4: Effect of temperature on phytase activity

Maximum phytase production (50 U/ml) was obtainégld 6 (30.473 U/ml) and at least 80% of the maxima
activity was observed at pH values between 4.0 aBd As the pH increase decrease in enzyme activity
observed and only 30% activity was noted at pHFi@Ure 5). Increase in pH effect the charges orathano acids
within the active site such that the enzyme is toobe able to form enzyme-substrate complex. Tthese is
decrease in enzyme activity. Figure 6 show thapthgase activity increased with aeration whichdates that the
organism is aerobic.
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Figure 5: Phytase activity at different pH range
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Figure 6: Effect of aeration on phytase production

When the course of phytase production was studigidiiid medium (pH 6) at 3, the phytase activity appeared
to be maximal (80 U/ml) after 24 hours of incubatigith a parallel decrease in pH. Liquid medium@amented
with SDS increased the phytase activity while ED&ATween-80 supported the growth but not phytaseviagt
Several researchers have shown the incorporatisarédctants induces the formation of smaller pelie the liquid
medium. Increase in the pelletization increase®itia cellular enzyme synthesis and hence higledt gf phytase
[17-19]. Further Surfactants increases the celll/egl membrane permeability, which may be the osasor
increase rate of metabolite secretion by the aellke production media (Figure 7).
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Figure 7: Effect of surfactants on phytase productin

The effect of phosphorous sources on phytase ptioduwas investigated. When potassium phosphate,RiKx)
was added to the medium at the concentration & %0 phytase activity was very low (data not shavivedium
with 1.5 % sodium phytate showed maximum active9.25 U/ml). However phytase activity decreased wlie
increase in the concentration of sodium phytateceotration at above 2%. After 72 hrs cultivatiofp 3odium
phytate conditions, inorganic phosphate conceotaith broth was determined to be 8.5% which wasughao
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repress the phytase production. Phytate at lowecardration stimulates the phytase synthesis, daesphosphate
liberated from phytate by phytase during cultivatisignificantly inhibits phytase production at higihytate

concentration. Therefore, to minimize the repressip phosphate, 1.5% of sodium phytate was suitablphytase

production (figure 8). Although the presence ofrgamic phosphorus is an essential ingredient oftgsey
production medium [20], increasing the concentratid inorganic phosphorus shows adverse effect loriage

production [21, 22]. High levels of inorganic phbspus repress the biosynthesis of phytase [23, 24].
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Figure 8: Effect of sodium phytate on phytase.

Based on the optimization results with the optidiparameters, an attempt was made to evaluatextbat eof
improvement in the phytase production. The perietiveen 48- 72 hrs is maximum for phytase production
unoptimized condition. On optimization, maximum f#se activity of 98.76 U/ ml was achieved within ¢
(Figure 9, 10).
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Figure 9: Time Course of phytase production in optnized and unoptimized conditions.
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Figure 10: Growth curve of Pseudomonas spp in phytase specific medium.

Partial purification of phytase
Partial purification of phytase enzyme was perfatnby ammonium sulphate precipitation followed bglgsis.
Partially purified phytase exhibited specific adivof 70.77 U/ml/mg which corresponds to 2.22 fiaation fold
and 52.44 % Yield (Table 3).

Table3: Partial purification of phytase from Pseudomonas spp

.- Protein activity | Specific activity e Recovery
Steps Enzyme activity (U/ml) (mg/mi) (Ulmi/img) Purification (fold) %)
Crude extract 2.294 0.072 31.86 1 100
Ammonium precipitation (0- 60% 1.4787 0.040 36.96 1.16 64.45
Dialysis 1.203 0.017 70.77 2.22 52.44
CONCLUSION

This study reports biological production of phytasyePseudomonaspp. Enzyme production was find maximum in
presence of glucose as carbon source, yeast e@satitrogen source, temperature@@and pH 6.0.Enzyme was
able to tolerate broad temperature and pH rang&7ab 50 C; 4 to 10. Phytase production was doubled due to
optimization. The specific activity of the crudezgme was 31.86Umy protein and this was increased to
70.77Umd'protein by (NH),SO, precipitation. The enzyme being thermostable adi stable, can find application

in animal feed industry for improving nutritionatatus of the feed and combating environmental phoss
pollution
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