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ABSTRACT

Phytic acid (myo-inositol hexakis phosphate, phytate) isthe major storage
form of phosphorusin cereal, oil and legume. Phytase, a specific group of
phosphatase hydrolizes phytic acid to myo-inositol and phosphoric acid.
A potent phytase producing bacteriawasisolated from soil where beans (a
leguminous plant rich in phytate) was grown through phytase screening
media with rice bran as sole carbon source. The isolated organism was
identified through microscopical and biochemical analysis which was
authenticated using Bergey’s Manual of Bacteriology as Aeromonas spp.
The potency of the organism to produce phytase was also tested using a
production media having awaste product of rice industry that isrice bran
and the organismwas found to be highly potent. The production conditions
for high quantity of phytase were aso done for different inoculums size,
pH, temperature, carbon source, nitrogen sources. The results indicated
production of two different phytases one active in acidic pH and one in
basic pH. Future studies will be on bulk production, purification,
characterization and its biotechnol ogical application.
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INTRODUCTION

Phytases [myo-inositol (1,2,3,4,5,6)
hexaki sphosphate phosphohydrol ases| havebeeniden-
tifiedin plants, microorganisms, andinsomeanimal tis-
sues! They represent a subgroup of phosphatases
which arecapable of initiating the stepwise dephospho-
rylation of phytate [myo-inositol(1,2,3,4,5,6)
hexakisphosphate], the most abundant inositol phos-
phateinnature. Thisclassficationisirrespectiveof their
invivo function, whichremansusualy unknown. Based

on the catal ytic mechanism, phytases can bereferred
to ashistidine acid phytases, b- -propeller phytases,
cysteine phytases or purple acid phytases?®! Depend-
ingontheir pH optima, phytaseshavebeen divided into
acid and alkaline phytases and based on the carbonin
themyo-inositol ring of phytate at which dephosphory-
lation is initiated into 3-phytases (E.C. 3.1.3.8), 6-
phytases (E.C. 3.1.3.26) and 5-phytases (E.C.
3.1.3.72).

Till today, phytaseshavebeen mainly, if not soldly,
used asanimal feed additivein dietslargely for swine
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and poultry, and to someextent for fish. Thefirst com-
mercia phytase productswerelaunchedinto marketin
1991. Meanwhile, themarket volumeisin therangeof
150 million euro®. Numerous animal studies have
shown the effectiveness of supplemental microbial
phytaseinimproving the utilisation of phosphatefrom
phytate>%, Therefore, including adequate amounts of
phytaseinthedietsfor smple-stomached animalsre-
ducesthe need for orthophosphate suppl ementation of
thefeed. Asaresult, theenvironment isprotected from
pollution with excessive manure phosphorus runoffs
becausethefaeca phosphate excretion of theanimals
isreduced by up to 50 %.

Consdering dl theseabove parameters, thisinves-
tigationwill focusonisolating apotent bacterid species
for the production of phytaseusing rice bran asthesole
carbon source. Oncetheorganismisisolated, it will be
identified and the culture conditionswill be optimized
for different parameters such aspH, temperature, car-
bon source and nitrogen source. Our future study will
asofocuson characterization of theenzymeand purifi-
cation of thesame.

MATERIALSAND METHODS

(Note: all theexptswerecarried out intriplicates
andtheresultswerestastical ly sgnificant)

Soil samples

Soil sampleswerecollected asepticaly in polythene
bagsfrom legume growing regionsof placesof places
inand around Bangd ore. Placesof intenseanimal hus-
bandry especialy poultry was a so considered for the
samplecollection. All the sampleswereused for isola
tion and stored in the standard conditions.

| solation of theor ganism

1 gof soil sampleswassuspendedin 10ml of 0.85%
sdinesolutionand 100ul of this suspension were plated
onto phytase screening medium (PSM) prepared ac-
cording to the method of Baeet al, (3gglucose, 19
tryptone, 1 g calcium phytate, 0.3 g CaCl2, 0.5 g
MgSO4-7H20, 0.04g, MnCl12-4H20, 0.0025 g
FeSO4:7H20, 15 g agar powder per liter). Plates were
incubated a 37°C for 24 hrs. The isolates isolated dur-
ing the primary screening of phytase producerswere
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inoculated into phytase screening liquid (PSL) medium
and incubated at 37°C for 24 hrs. After cultivation, the
isolateswere selected by phytase assay with calcium
phytate asthe substrate.

Enzymeand protein assays

Phytaseactivity wasassayed by themethod of Fiske
and Subbarow!9, Culture supernatantswere collected
viacentrifugation (10,000 rpm, 15 min). Thereaction
mixture contained 600uL of 0.1 M Tris-HClI buffer (pH
7.0), 0.2% (w/v) sodium phytate, and 500 pL of en-
zymesolution. After incubation at 37°C for 10 min, the
reaction was stopped with the addition of 500 pL of
5% (w/v) trichloroacetic acid (TCA) and 500 pL color
reagent mixture (four volumes of 5.5% (v/v) H2SO4
containing 6.25% (w/v) (NH,) ,M0,0,, and onevol-
umeof 2.7% (w/v) FeSO4- 7TH20 solution). The hy-
drolysate of sodium phytate was measured asthein-
creasein A600 using aUV-visble spectrophotometer.
M onopotass um phosphatewas used asastandard for
the phytase assay. Protein contents were determined
by the method, of Lowry et al.™, using bovine serum
abuminasastandard at 725 nm.

I dentification of the organism

Theisolated organismwasidentified using micro-
scopica examination and aso biochemicd andyss The
resultsobtained wereanaysed using Bergey’s Manual
of Determinative Bacteriology to identify till thegenus
level tentatively. Microscopical examinationincluded
simple Gram’s staining under oil immersion objective.
Thebiochemica analys swasdonethrough biochemi-
cal tests selected from the Bergey’s Manual of Deter-
minative Bacteriology after having theresultsfrom the
microscopicd andysis. Thebiochemical testsincluded
Oxidasetest (N,N,N,N-Tetramethyl-p-phenylenedi-
amineDihydrochloride0.60 g, StabilizingAgent 0.02g
Dimethyl Sulfoxide (DM SO) 100.0 mL), Catdlasetest
(conc H,0O,), Glucose Fermentation(GFB- Peptone
10g/1, Glucose 5g/l, NaCl 5¢/l pH 7.0).

Optimization

The culture conditionsfor the production of phytase
wereoptimizedfor different parameterswhichincluded,
a)lnoculumsize

The Phytase Production Medium (PPM) (Ricebran
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5.09/l, Glucose 15g/l, NH,NO, 1L.5g/l, KCI 0.5 g/,
FeSO, 0.1 g/l, MgSO, 0.5 g/l, MnSO4 0.5¢/l) was
inocul ated with different volume of fresh broth culture
of theisolated and i dentified bacteriaranging from 1ml
to 5ml and theinoculated flaskswereincubated at 37°
cfor 24 hrs. Assay of phytase post incubation wasdone
and resultswererecorded.
b) pH

The same PPM was used for the optimization of
pH. The pH of the mediawas set from pH 1.0 to pH
9.5using 0.1N HCl and 0.1N NaOH, and wasinocu-
lated with 5ml fresh broth culture of theisolated bacte-
riain each flask. Theflaskswereincubated at 37° cfor
24 hours. Post incubation assay for phytase wasdone
and theresultswere tabul ated.

c) Temperature

Phytase Production Medium (PPM), wasinocu-
lated with 5ml fresh broth culture of theisol ated bacte-
riain different flasksand theseflaskswereincubated in
different temperaturesranging from 0° cto 55° cfor 24
hours at two different pH of 5.5 and 8.5. Assay for
phytase post incubation was doneand theresultswere
recorded.

d) Carbon source

Phytase Production Medium (PPM), wasinoculated
with 5ml fresh broth culture of theisolated bacteriain
threedifferent flasks containing rice bran, glucoseand
cacium phytate as sole carbon source. Theflaskswere
incubated at 37° cfor 24 hrsat two different pH of 5.5
and 8.5 and after incubation phytase assay wasdone.

€) Nitrogen sour ce

Phytase Production Medium (PPM), wasinocu-
lated with 5ml fresh broth culture of theisolated bacte-
riainthreedifferent flasks containingammoniumnitrate,
sodium nitrateand potass um nitrate as nitrogen source.
Theflasks wereincubated at 37° c for 24 hrs at two
different pH of 5.5 and 8.5 and post incubation phytase
assay wasdone.

RESULTSAND DISCUSSSION

| solation and identification of the organism
About 15 bacterial isol ates were obtained on the

phytase screening medium (PSM). Only one potent
organism was obtai ned after screening inthe phytase
screeningliquid (PSL). Based onthemicroscopicd and
biochemical analysisusing Bergey’s Manual of Deter-
minative Bacteriology the isolate was identified as
Aeromonas spp tentatively.

B. Sasirekha (2012) et al and Lotis Escobin-
Mopera (2012) et a report phytases produced from
Psuedomonas aeruginosa and Klebsiella
pnuemoniae,respectively. Till datenoreportsinlitera
ture statei sol ating any Aeromonas spp for phytase pro-
duction. Our study reportsthefira and twodigtinct nove

phytases from Aeromonas spp.
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Figurel: Gram’sSaining of isolated Aeromonas spp
TABLE 1: Resultsof Biochemical analysis

BIOCHEMICAL TEST RESULT
Gram’s Staining Gram Negative
Morphology Bacillus
Catalase Positive
Oxidase Positive
Glucose fermentation Positive

Optimization

a) Inoculum size

The phytaseactivity with respect toinoculumsize
ranging from 1ml to 5ml per 100 ml of the Phytase Pro-
duction Medium (PPL) wasseen highin 5ml containing
PPL indicatingastandard 5% inoculumfor the produc-
tion of adequate amountsof phytase.

Asgtaed by Ahmed.T et d™ theinoculum sizeplays
avitd roleinthe production of phytasefrom both bac-
teriaand fungi. Optimization of theinoculum sizebe-
comesan essentid criterioninorder toapply our phytase
for industrid production and a so theindustriesdemand
alower inoculum sizefor enzyme fermentation pro-
cesses. Asper Nampoothiri KM (2009) maximumin-
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oculum sizebeing 30% for industria fermentation, our
inoculum sizewasoptimized to just 5% whichisway
lower and advantageousfor industria application of our
phytase.

0.50 -
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m2ml
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S

0.00 -
pH5.5

Figure2: Resultsfor optimization of inoculum sizeindicat-
ing 5ml/100 ml of PPL to havethehighest phytaseactivity

b) pH

Theresultsobtained with respect to pH optimiza
tion indicated that Aeromonas spp produced two dif-
ferent phytases, oneat pH 5.5 and the other at pH 8.5.
Thisshowed that the organism produced two isoforms
of phytasesonebeing activein acidic pH and the other
inbasicpH. Thefuture characterization of the purified
enzymewill confirmtheabove statement.
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Figure3: pH optimization curvefor phytasefrom Aeromonas

SYY

Jareonkitmongkol S(1997) report the optimum pH
for production of phytasefrom Aerobacter aerogenes
and Klebseilla pnuemonieato beat 7. Thisgoesin
par with our study aswewere ableto produce phytase
intwo different pH of which onebeingacidic (5.5) and
the other being basi ¢(8.5). Obtai ning aproduction pH
on both acidic and basic scalea so addsonto the posi-
tive aspects of our phytase from Aeromonas spp.

c) Temperature

Theresultsof assay of phytaseafter incubationin
different temperaturesranging from 0°C to 55°C intwo

TEMPERATURE OPTIMUM CURVE
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Figure4: Temperatureoptimization curveof phytasefrom

Aeromonas spp
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Figure5: Carbon sour ceoptimization curveof phytasefrom
Aeromonasspp

pH 8.5

different pH of 5.5 and 8.5 indicated the productionin
temperature of 37°C in both the pH.

OhyaM (1998) report production phytase from
Bacillus spp at the temperature of 55°C and Midori
Ohtani (2012) report the same enzyme production from
Klebsiella spp at thetemperature of 60°c. Production
of phytase at 37°C adds on an advantage for the bio-
technological application asour bacteria Aeromonas
spp isamesophilehaving agrowth optimum at 37°C as
well as the production temperature to be at 37°C as
well.

d) Carbon source

Theproductionand activity of phytasestudied with
respect to three different carbon sources (rice bran,
glucoseand calcium phytate) at two different pH of 5.5

0.6 -
I
0.5 -

0.4 -
B Ammonium Nitrate
0.3 ~ m Sodium Nitrate

0.2 - Potassium nitrate
At
0.1 -
0 - T
pH5.5 pH 8.5

Figure6: Nitrogen source optimization curvefor phytase
from Aeromonasspp
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and 8.5indicated high activity with respect toricebran
over cacium phytateof which thelatter being aspecific
substrate. VithayaMeevootisom (2012), B. Sasirekha
(2012) et d and Lotis Escobin-Mopera (2012) use
specificand commercidly available carbon sources (so-
dium phytate and cal cium phytate) for their studiesof
phytasefrom their respective organisms. But, our study
aimsto userice bran whichisacheap and waste prod-
uct of riceprocess ng industry asthe sole carbon source
inthe Phytase production liquid (PPL) for production
of enzymeof interest. The optimization results of car-
bon source substantiate the use of cheap natural sub-
strate over acostly specific substratefor the produc-
tion of phytase from Aeromonas spp.

€) Nitrogen source

Theresultsof production of phytaseusing threedif-
ferent nitrogen sources(ammonium nitrate, sodium ni-
trate and potassium nitrate) supplemented inthe PPM
evidently showed high activity with respect to potas-
sium nitrate at two different pH of 5.5and 8.5.

CONCLUSION

Asan extensve search continuestofind apromis-
ing nove phytase producing organism, but theisolated
Aeromonas spp from bacteriacan successfully and ef-
fectively produced two different phytaseswhich are
highly potent for industrial application. The optimum
production pH of phytasefrom Aeromonassppisbeen
evident in both acidic and basic scleand al so thetem-
perature being 37°C which isacommon temperature
for increasein biomass and a so enzyme production
addsto the potency of both our isolated organism and
enzymefor industria application. Theuseof chegp and
natural substrate (rice bran) which hasnearly 80% of
phytic acid content in it also adds on to the positive
aspects of the phytasesfrom Aeromonas spp.
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