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AAAbbbssstttrrraaacccttt

Mmaximum phytase activity was reached after 4 day of
germinationandactivity increasedtoa7.14-foldcomparedwith
dryseed.Phytasewaspurifiedtohomogeneityusing4stepsofionic
exchangechromatographiesfrom germinatedmungbean.Purityofthe
phytase increased 328-fold with approximately 7.4 % yield. The
molecularweightoftheenzymewasestimatedtobe38kDabysodium
dodesylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The
optimum pH and temperature for hydrolysis of phytic acid were
determinedtobe5.0and60℃,respectively.Theenzymeactivitywas
stableinthepH rangeof4.5and5.5.Theenzymewasstableupheat
treatmentat45℃ for30min.Thephytasefrom mungbeanhadhigh
activity for β-naphtyl-phosphatein substratespecificity.however,the
enzyme did not have activities synthetic substrate such as
D-fructose-1,6-diphosphateaandpyridoxal-5-phosphate.
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IIInnntttrrroooddduuuccctttiiiooonnn

Phytic acid (myo-inosotol 1,2,3,4,5,6-hexakisdihydrogen
phosphate)isoneofthemajorstorageform ofphosphorousin
theseed ofplant,mostly cerealgrains,oilseeds,and legumes,
which are the principalcomponentoffood and feed stuffs.
Monogastricanimalslikepigsandpoultry aswellashuman
lackorlow phytaseactivitiesintheirdigestivesystem andmost
undigested phytic acid was excreted in their manure. The
presenceofphyticacidindietaryfoodonfeedmayworksas
antinutritionalfactorinhumansonanimals,sincethephosphate
moietiesofacid chelateessentialmineralssuch asZn2+,Ca2+,
Mg2+,andFe2+ion,andtheirpossiblybindingtoproteins(shown
in Fig.1.).Inorganic phosphate,an essentialelementforthe
growthofallorganisms,hastobesupplementedtothedietsto
meetthephosphaterequirementesofmonogastricanimals,which
causesahighercostforfeedprocessing.Anotherproblem isthe
highlevelsofundigestedphyticacidinthefecalwaste,which
canbedischargedinthesewageandbecomeaprimarycauseof
agalbloomsinwaterenvironmentes.
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Thedegradationofphyticacidinanimalfeedmayincreasethe
absorption ofphosphateaswellas liberated minerals.Many
attemptstoenzymatichydrolysisofphyticacidhavebeenmade
toimprovethenutritionalvalueon foodoffeedstuffsandto
decrease the amount of phosphate excreted by monogastric
animals(Liuetal.,1997;KornegayandQian,1996;Adeola,1995).
Phytase,(myo-inositolhexakisphosphatephosphohydrolase),are

classified asthefamily ofhistidineacid phosphatasesand are
found primarily in microorganism and plants.These enzyme
catalyze the hydrolysis of phosphate groups in phytic acid
producing inorganic phosphate and myo-inositol phosphate
derivatives.Therearetwoclassesphytases,suchas3-phytases
and 6-phytases.3-Phytases (EC 3.1.3.8) hydrolyses primarily
3-phosphategroupinmyo-inosotolhexakisphosphateandresults
in1,2,4,5,6-pentakisphsphateandfreephosphorus.Bothenzymes
subsequencially hydrolyse phytic acid to
myo-inosotolpentaphosphate, myo-inosotoltetraphosphate,
myo-inosotoltriphosphate, myo-inosotoldiphos-phate, and
myo-inosotolmonophosphate. 6-Phytase (EC 3.1.3.26) primarily
catalyzesonthehydrolysisof6-phosphategroupinmyo-inosotol
hexakisphosphate and results in 1,2,3,4,5-pentakisphosphate and
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free phosphorus. 6-Phytase can completely hydrolyses the
phosphategroupsinphyticacidandproducesinositolandfree
phosphates.However,3-phytase do nothydrolysed phosphate
groupsandmakesphosphomonoesterandfreephosphates.
6-Phytasereportedinplantsuchascereal,regume,andoilseed

(Gibsonandullah,1990).6-Phytasearedistributedinplantseed
and theiractivitieswereincreased on germination (Richardson
and Hadobas,1997)and liberated phosphorusfrom phyticacid
wasincorporatedintoATP(Gibsonandullah,1990).Phytasesare
interesting forproducing defined breakdown productsand may
find aplications in the processing of foods with improved
nutritional value and health benefits and retained sensory
properties (Greiner etal.,2000,Greiner etal.,2001).These
enzymecatalyzethestepwisedegradationofphytate,theprinciple
storage form ofphposphorus in mature seeds ofcereals and
legumes (Reddy etal.,1989),to series oflowermyo-inositol
phosphatesandorthphosphate.A numberofstudieshavealready
shown thataddition ofphytasesenhanced phosphateutilization
from phytate and drastically reduces orthophosphate excretion.
(Cromwelletal.,1995,Simonsetal.,1990).Asphytatecanact
as an antinutrient by binding to proteins and by chelating
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minerals,suchaszinc,iron,calcium,andmagnesium (Cheryan,
1980),additionalofphytasescanimprovethenutritionalvalueof
plant-basedfoodsbyenhancingproteindigestibilityandmineral
availability through phytate hydrolysis during digestion in the
stomach(Sandbergetal.,1996,Yietal.,1996)orduringfood
andfeedprocessing(Reddyetal.,1989).Severalplantphytases
havebeen studiedincluding ricebran (Hayakawaetal.,1989),
canola(Houdeetal.,1990),wheatbran (NagaiandFunahashi,
1962),rye(Greineretal.,1998),wheat(Nakanoetal.,1999),spelt
(Konietznyetal.,1995),oat(Greineretal.,1999),barley(Greiner
etal.,2000),tomatoroot(Lietal.,1997),lupine(Greineretal.,
2001),soybean (Gilsonetal.,1988),scallionleaves(Phillippyet
al.,1998),andfababean(Greineretal.,2001),
The major objectives ofthe presentinvestigation were to

establish the simplified purification method of phytases from
mungbeanandthecharacterizationoftheenzymes.
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MMMaaattteeerrriiiaaalllsssaaannndddmmmeeettthhhoooddd

111...MMMaaattteeerrriiiaaalllsss
Mung bean was obtained from local market.Phytic acid
dodecasodium was purchased from Sigma Co. (MO. USA).
S-Sepharose,Resourse-S,Mono-ScolumnforFPLCsystem were
purchasedfrom PharmaciaBiotech(Uppsals,Sweden).Synthetic
substrates such as ρ-nitrophenyl phosphate,
D-fructose-1,6-diphosphate, pyridoxal-5-phosphate, α

-naphtyl-phosphate, β-naphtyl-phosphate, and adenosine
triphosphate (ATP),adenosine monophosphate (AMP),inosinen
nonophosphate (IMP) were purchased from Sigma Co.(MO,
USA).Low molecularweightproteinmarkersforSDS-PAGEand
standardproteinsforgelfiltrationchromatographywereobtained
from Bio-Rad(CA,USA).Allotherreagentswereofanalytical
grade.
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222...MMMeeettthhhooodddsss

SSSeeeeeedddgggeeerrrmmmiiinnnaaatttiiiooonnn
Forsurface sterilization ofmung bean were soaked in the
followingsolution;(1)0.1% Tween-80for5min;(2)0.5% NaOCl
for2min;(3)0.75% H2O2for1min.Theseedwerethoroughly
rinsedwithsterilewateraftereachtreatment.Theywereallowed
togerminateonsterileboxesinthedarkat20℃ forup7days.

EEEnnnzzzyyymmmeeeeeexxxtttrrraaacccttt
Mungbeanwasgroundbymortarandpestle,andpulverized

bytheTissuemizerwith600㎖ of50mM sodium acetatebuffer
(pH 5.0).Homogenatewasincubatedbyshakingfor2hat4℃
andcentrifugedat20000xgfor30min.Thesupernatantwas
usedforcrudeenzymesolution.

AAAssssssaaayyyooofffppphhhyyytttaaassseeeaaaccctttiiivvviiitttyyy
PhytaseactivitywasdeterminedbymodifiedmethodofGreiner

etal.(1999)at37℃.Thereactionmixturecontaining10㎕ of
enzymesolution,250㎕ of50mM sodium phytate(pH 5.0),and
1mM CaCl2wasincubatedat37℃ for30min.Thereactionwas
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stoppedbyadding1.5mlofafreshpreparedsolutionofacetone:
5N H2SO4:10mM ammonium molybdate(2:1:1,v/v/v)and100
㎕ of1.0 M citric acid to the assay mixture.The liberated
inorganic phosphate was measured by modification of the
ammonium molybdatemethod.Any cloudinesswasremovedby
centrifugingat3000xgfor15mininpriortothemeasurement
oftheabsorbanceat410nm.

DDDeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffppphhhooosssppphhhaaatttaaassseeeaaaccctttiiivvviiitttyyy
Phosphatase activity was determined by modified method of

Greineretal.(2001).Thereactionmixturecontaining 10㎕ of
enzymesolution,250㎕ of50mM sodium acetatebuffer(pH 5.0),
contaning1mM ofp-nitrophenylphosphatewasincubatedat3
5℃ for15min.Thereactionwasstoppedbyadding1mlfo0.5
N NaOH.Phosphataseactivitywasdeterminedbymeasuringthe
absorbanceoftheformedp-nitrophenylphosphateat410nm.

DDDeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffppprrrooottteeeiiinnncccooonnnccceeennntttrrraaatttiiiooonnn
The protein concentration offraction from chromatographies

was estimated spectophotometrically at 280 nm.The protein
concentration ofpooled enzyme solution from each purification
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stepweredeterminedaccordingtothemethodofBradford(1976).
Bovineserum albuminwasusedasastandardprotein.

PPPuuurrriiifffiiicccaaatttiiiooonnnooofffppphhhyyytttaaassseee
Allstepswereperformedat4℃.Aftera4day-germinationof

mungbean,celldebriswereremovedbycentirifugationat12000
xgfor30min.ThesupernatantwasloadedontoaS-Sepharose
column(2.5x 12cm)equilibratedwith20mM sodium acetate
buffer(pH 5.0).Theenzymewaseluted with 400㎖ ofliner
gradientranging from 0 to 1.0 M NaClin the same buffer.
Enzymefractionswerecollected and diluted with 2volumeof
equilibrationbufferandloadedontoS-Sepharosecolumn(2.5x12
cm)equilibrated with 20 mM sodium acetate buffer(pH 5.0).
Enzymefractionswerecollected and diluted with 2volumeof
equilibration buffer and loaded onto Resoures-S column
equilibrated with 20mM sodium acetatebuffer(pH 5.0).The
elutionwasperformedwithalineargradientof0.2to0.3M NaCl
in 20mM sodium acetatebuffer(pH 5.0).Theflow rateand
fraction size were 30 ㎖/h and 1 ㎖,respectively.Enzyme
fractions were further purified by Mono-S column
chromatographywithpreviouscondition.With3timesofMono-S
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chromatography,thephytasewaspurifiedandstoredat-20℃ for
characterizationstudies.

DDDeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffttthhheeemmmooollleeecccuuulllaaarrrwwweeeiiiggghhhttt
Themolecularweightofthepurifiedphytasewasdetermined

bySDS-PAGE accordingtothemethodofLaemmli(1970).For
thepreparationofproteinsamplesforSDS-PAGE,samplewas
concentratedbyprecipitationwithtrichloroaceticacid(TCA)and
coldacetone. Enzymesolutionwasmixedwith2vol.of
20% TCA and stood for 30 min in 4℃.The solution was
centrifuged at20,000 x g for 20 min and supernatantwas
removed,andadded200㎕ ofcoldacetone.Afterstoodfor30
minatroom temperature,actonewasremovedbycentrifugation
at20000xgfor20min.Precipitatedproteinwasdriedforshort
timeanddisssolvedinSDS-PAGE loadingbuffer.Phosphorylase
b (97.4 kDa), bovine serum albumin (66 kDa), glutamate
dehydrogenase (62 kDa), alcohol dehydrogenase (45 kDa),
carbonic anhydrase (31 kDa),and myoglobin (16.9 kDa)were
usedastheSDS-PAGEmarkerproteins.
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pppHHH dddeeepppeeennndddeeennnccceee
Buffersolutionsforthedetermination oftheenzymeactivity

werepreparedtofoursequencesasfollows;0.1M glycine-HCl
buffer(pH 2.0to3.0),0.1M sodim citratebuffer(pH 3.0to4.0),
0.1 M sodium acetate buffer (pH 4.0 to 5.0),and 0.1 M
N-ethylmorpholineacetatebuffer(pH 5.0to7.0).

TTTeeemmmpppeeerrraaatttuuurrreeedddeeepppeeennndddeeennnccceee
Theeffectsoftemperatureonphytaseactivitywereexamined

underthestandardassayconditionsexceptthatthetemperature
wasvariedfrom 20℃ to80℃ with thesameconcentration of
enzymesolutionusedinpH dependence.

pppHHH ssstttaaabbbiiillliiitttyyy
Forthe determination ofthe pH stability,2 ㎕ ofenzyme

solutionwasincubatedwith748㎕ ofbufferwithdifferentpH
valuesfor24hrat4℃ andtheremainingactivitywasmeasured
underthestandardassayconditions.
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TTTeeemmmpppeeerrraaatttuuurrreeessstttaaabbbiiillliiitttyyy
Thermalstabilitiesweremeasured through incubation ofthe

phytase at various temperature for 30 min.The remaining
activitiesweredeterminedusing5mM sodium phytatesolutionas
asubstrateatpH 5.0and37oC.

SSSyyynnnttthhheeetttiiicccsssuuubbbssstttrrraaattteeessspppeeeccciiifffiiiccciiitttyyy
Forthedeterminationofthesubsutratespecificities,thesodium

phytateinassaymixturewasreplacedwithdifferentphosphate
compounds as a concentration of 5 mM
D-fructose-1,6-diphosphate, pyridoxal-5-phosphate, α

-naphtyl-phosphate, β-naphtyl-phosphate, ATP (adenosine
triphosphate),AMP (adenosine monophosphate),IMP (inosinen
nonophosphate).
Thereactionmixturecontaining10㎕ ofenzymesolution,250

㎕ of50mM sodium acetatebuffer(pH 5.0),contaning5mM of
synthetic substrates were incubated at35℃ for15 min.The
reaction was stopped by adding 1.5 mlofa fresh prepared
solution ofacetone:5N H2SO4 :10mM ammonium molybdate
(2:1:1,v/v/v)and 100 ㎕ of1.0 M citric acid to the assay
mixture.The liberated inorganic phosphate was measured by
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modificationoftheammonium molybdatemethod.Anycloudiness
wasremovedbycentrifugingat3000xgfor15mininpriorto
themeasurementoftheabsorbanceat410nm.

DDDeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffkkkiiinnneeetttiiicccpppaaarrraaammmeeettteeerrrsss
Apparent Michaelis-Menten constant (Km) and substrate

turnovermunber(Vmax)were determined by Lineweaver-Burk
plot.KineticdatawithNPPasasubstrateforphytasereaction
wereobtainedwithsubstrateconcentrationsof0.01,0.05,0.1,0.25,
0.5,0.75,1,1.25,1.5,and1.75mM.Thereactionswereperformed
atpH 5.0and37℃ for15min.
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RRReeesssuuullltttaaannndddDDDiiissscccuuussssssiiiooonnn

111...PPPuuurrriiifffiiicccaaatttiiiooonnnooofffppphhhyyytttaaassseeefffrrrooommm mmmuuunnngggbbbeeeaaannn

GGGeeerrrmmmiiinnnaaatttiiiooonnnooofffmmmuuunnngggbbbeeeaaannn
Duringgerminationofmungbean,maximum phytaseactivitywas
reached after 4 days,which a 7.14-fold increase in phytase
activitywasobserved(Table1).Phytaseactivitywasreacheda
maximum levelat4 day germination period then decreased.
Therefore.mung bean germinated for4dayswereused asa
sourceoftheenzymepurification.
Thereduction ofphytaseactivity could berelated eitherto

inhibition by the accumulation ofreleased Pi(Sartirana and
Bianchetti,1967)ortodegradationoftheenzymebyproteases
(Krugeretal.,1987).Lupineseedsshowedamaximum activity
after4daygerminationandaphytaseactivityincreased5.7-fold
(Greiner,2002),whichshowedasimilarresultwiththisstudy.
Furthermore,phytaseactivitiesof4kindsofcanolaseedswere
determinedduringgermination,thoseweremiximum after6and
8day germination (Houdeetal.,1990).However,phytaseand
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acid phosphatase activities was not changed during 10 day
germinationofrye(Greineretal.,1998).Therefore,activationof
phytaseduringgerminationmightbedifferentwithaspeciesof
seed.
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TTTaaabbbllleee...111...PPPhhhyyytttaaassseeeAAAccctttiiivvviiitttyyyooofffgggeeerrrmmmiiinnnaaattteeedddmmmuuunnngggbbbeeeaaannn

dddaaayyy RRReeelllaaatttiiivvveeelllyyyaaaccctttiiivvviiitttyyy(((%%%)))
111dddaaayyy 111444
222dddaaayyysss 666000
333dddaaayyysss 666666
444dddaaayyysss 111000000
555dddaaayyysss 999222
666dddaaayyysss 888666
777dddaaayyysss 777222
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PPPuuurrriiifffiiicccaaatttiiiooonnnooofffppphhhyyytttaaassseeefffrrrooommm mmmuuunnngggbbbeeeaaannn
Allstep were performed at4℃.Crude extractof 4 day

germinatedmung beanwasloadedontoaS-Sepharosecolumn
(2.5x12cm)equilibratedwith20mM sodium acetatebuffer(pH
5.0).The enzyme was eluted with 400 ㎖ ofliner gradient
rangingfrom 0to1.0M NaClinthesamebuffer.Flow ratewas
120 ㎖/hrand the fraction volume was 5 ㎖pertube.The
phytasewaseluted around saltconcentration of0.2-0.3 M of
NaClin 20mM sodium acetatebuffer(pH 5.0),thatistube
number26to48(Fig.2).Thefractionsshowing highphytase
activity(fractionnumber33-45)werepooledanddilutedwith2
volumes of 20 mM sodium acetate (pH 5.0) for further
purification by Resource-S ion exchange chromatography.As
shown in Fig.3,chromatogram ofResource-S column had a
shoulderin protein peak,which suggested a contamination of
other protein (Fig.3).Each fraction having phytase activity
contained several contaminated proteins determined by
SDS-PAGE(datanotshown).Forfurtherpurificationofphytase,
phytasefractionfrom Resource-Scolumnwerepooledanddiluted
with 2volumeof20mM sodium acetatebuffer(pH 5.0)and
loadedontoMono-Scolumn.Fig.4A showsafirstchromatogram
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ofMono-Scolumnandenzymefractionhadaminorfractionof
contaminated proteins. Phytase fractions from 1'st Mono-S
column chromatography werepooledanddilutedagain with 20
mM sodium acetate buffer(pH 5.0)and loaded onto Mono-S
column.Fig.4Bshowsa2'ndchromatogram ofMono-Scolumn,
which displayed a sharp protein curve.Aliquots of phytase
fractionsfrom 2'ndchromatographywereconcentratedbyTCA
precipitation and run on SDS-PAGE.A single protein band
having38kDawasshownontheSDS-PAGEgel (Fig.5).With
seriesofion exchangechromatographies,phytasewaspurified
from germinatedmungbeanasahomogeniety.
Results of purification of phytase from mung bean are

summarizedinTable2.Thespecificactivityandpurityincreased
155-foldand36.7-fold,respectively.Yieldofpurifiedphytasewas
estimatedtobe7.4% againstcrudeenzymesolution.
Severalplantphytases were purified through geland ionic

exchangechromatographies.Purity ofphytasefrom germinated
canolashowedd60-foldwith19% recovery(Houdeetal.,1990).
Purityofphytasefrom germinatedryeincreasedto1988-foldand
recoverywasestimatedtobe6% (Greineretal.,1998).Phytase
from germinated faba beans was purified through series of
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ammonium sulfateandacetoneprecipitation,ionexchangeandgel
chromatographiesandthepuritywereincreasedto2190with6%
recovery(Greineretal.,2001).Threephytasesfrom germinated
lupineseedsweremorehighlypurifiedintherangeof13105and
15973-foldwithabout10% recoveries(Greiner,2002).
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Fig. 2. Chromatogram of a S-Sepharose ionic exchange chromatography 
of the flow-through from S-Sepharose column. Flow rate was 120ml/hr and 
fraction volumn was 5ml/tube. The phytase was eluted with a gradient of 
0 - 1.0 M NaCl in 20mM sodium acetate (pH 5.0) The protein concentration 
was measured at 280 nm. 
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RRReeesssooouuurrrccceee---SSS(((111sssttt)))

FFFiiiggg...333...CCChhhrrrooommmaaatttooogggrrraaammm ooofffRRReeesssooouuurrrccceee---SSScccooollluuummmnnnccchhhrrrooommmaaatttooogggrrraaappphhhyyyooofff
ppphhhyyytttaaassseeefffrrrooommm ttthhheeeSSS---ssseeeppphhhaaarrrooossseeeccchhhrrrooommmaaatttooogggrrraaappphhhyyy
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TTTaaabbbllleee...222...PPPuuurrriiifffiiicccaaatttiiiooonnnooofffppphhhyyytttaaassseeefffrrrooommm mmmuuunnngggbbbeeeaaannn

FFFrrraaaccctttiiiooonnn VVVooollluuummmeee
(((mmmlll)))

PPPrrrooottteeeiiinnn
cccooonnnccc...

(((mmmggg///mmmlll)))

AAAccctttiiivvviiitttyyy
(((UUU///mmmlll)))

SSSpppeeeccciiiccc
aaaccctttiiivvviiitttyyy
(((UUU///mmmggg)))

PPPuuurrriiitttyyy
(((fffooolllddd)))

YYYeeeiiieeelllddd
(((%%%)))

cccrrruuudddeee 120 4.1 17.6 4.3 1 100
SSS---SSSeeeppphhhaaarrrooossseee 80 0.480 14.6 27.5 6.4 49.9
RRReeesssooouuurrrccceee---SSS(((111sssttt))) 10 1.103 595.4 64.6 15.1 33.8
MMMooonnnooo---SSS(((222,,,nnnddd))) 5 0.712 390.2 139 30.5 22.1
MMMooonnnooo---SSS(((333,,,rrrddd))) 5 0.198 131.8 158 36.7 7.4
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MMMooollleeecccuuulllaaarrrwwweeeiiiggghhhttt
Themolecularweight(MW)ofthepurifiedphytasefrom mung

beanwasdeterminedtobe38kDabySDS-PAGE(Fig.5). The
molecularweightofmungbeanphytaseinthisstudywassame
as reportedmaizerootandseed38kDa(HűbelandBeck1996,
Laboure etal.,1993).However,various molecular weightof
phytaseswerereportedas68kDainrye.oat,andspelt(Greiner
etal.,1999;1998;Konietznyetal.,1995),70-72kDainsoybean
(Gilsonetal.,1988),67kDainfababean(Greineretal.,2001),
72kDainscallionleaves(Phillippyetal.,1998),68kDaofPHY1
and66kDaofPHY2inwheat(Nakanoetal.,1999),66kDain
barley(Greineretal.,2000), 82kDaintomatoroot(Lietal.,
1997),and57-64kDainlupine(Greineretal.,2001).
Fungalphytasesreporteduntilnow wereglycosylatedandtheir

MWs determined by SDS-PAGE or gel permeation
chromatographywerehigherthanthosecalculatedbyaminoacid
sequenceanalysis.Theextentofglycosylationrangedfrom 20to
65% ofthe totalMW (Wyss etal.,1999a).The difference
between theMW determined by gelfiltration and SDS-PAGE
weredependontheextentofglycosylation,whichwascalculated
from thedifferencebetween theMW obtained by amino acid
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sequenceanalysis.Therefore,thehigherMWsobtained by gel
filtration are most likely artifacts due to the degree of
glycosylation.Similarobservationshavepreviouslybeenmadefor
Sephadexcolumns,inwhichglycoproteinsalsoelutedearlierthan
expected (Andrews,1965).However,MWs of phytases from
bacteriawerelowerthanthosefrom fungisuchas40kDafrom
Klebsiellaterrigena(Greineretal.,1997),44kDafrom Bacillus
sp.DS11(Kim etal.,1998),38kDafrom B.subtilis(Shimizu,
1992),36.5kDafrom B.subtilis(Powaretal.,1982),42kDafrom
E.coli(Greiner etal.,1993).Even though MWs ofbacterial
phytasescalculatedbyaminoacidsequenceanalysisweresimilar
tofungalphytases,MWsofbacterialphytaseswerelowerthan
fungalphytases.High MWs offungalphytases was due to
glycosylation.There is no evidence thatplantphytases were
glycosylated.
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222...CCChhhaaarrraaacccttteeerrriiizzzaaatttiiiooonnnooofffpppuuurrriiifffiiieeedddppphhhyyytttaaassseee

pppHHH dddeeepppeeennndddeeennnccceee
ThepH dependencephytaseactivityofthepurifiedphytasewas
showninFig.7.ThehighestactivitywasappearedatpH 5.0
andphytaseactivityatpH 4.0andpH 6.0showedabout50% of
itsmaximum activity.Thepurifiedenzymehadabroadoptimum
pH rangefrom pH 4.5topH 5.5.Enzymeactivitywasabruptly
decreasedatalkalineandacidpH range.Activitywasnotshown
atpH 2.0and7.0.ThepH dependenceofthephosphatasewas
showninFig.7.Thehighestactivity appearedatpH 5.0and
phosphataseactivityatpH 4.0andpH 6.0showedabout50% of
itsmaximum activitylikeaphytaseactivity.ThepH dependence
ofphosphataseactivityofthepurifiedphytasewasdisplayedin
Fig.8.AsshowninFig.8.pH profileofthephoosphatasewas
similartothatofphytaseactivity.
MostplantphytasesareactivewithinthepH rangeof4.5-5.5.

ThepH optimaforplantphytaseswerereportedaspH 5.2for
dwarfbean(GibbinsandNorris,1963),pH 5.0forlupine(Greiner
etal.,2002)and fababean (Greineretal.,2001),pH 4.8for
maize (Laboure etal.,1993),and pH 5.5 forscallion leaves
(Phillippyetal.,1998).However,afractionofwheatphytasewas
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reportedtohaveapH optimum ofpH 7.2(Lim andTate,1973)
andpartiallypurifiedphytasefrom germinatedmungbeanshowed
maximalactivity atpH 7.5 (Loras and Markakis,1977).Two
distinctpH optimacouldbecommonlyidentifiedinthephytase
from Aspergille(Pasamontesetal.,1997;UllahandGibson,1987).
ThehighestactivitywasdisplayedatpH 5.0-5.5andthesecond
activity peak occursatpH 2.5,and thephytaseis40% less
activeatpH 2.5thanatpH 5.5(UllahandGibson,1987).Also,
pH 2.5acidphytaseshowedonedistinctpH optimum atpH 2.5
(UllahandCummins,1987).However,phytasesfrom A.terreus,
Emericella nidulans,and Myceliophthora thermophila displayed
only one distinctpH optima (Wyss etal.,1999b).However,
phytasesfrom plantsourcehadtheirpH optimaarounfweakacid
pH range.

TTTeeemmmpppeeerrraaatttuuurrreeedddeeepppeeennndddeeennnccceee
AsshowninFig.9,theenzymeactivitywasgraduallyincreased
in the temperature range of 25 - 80℃ and the optimum
temperaturewasfoundtobe60℃.Theenzymeshowed20% of
itsmaximum activityat25℃.Theenzymelostmostofactivity
atthetemperatureover75℃ possiblyduetothermaldenaturation
oftheenzyme.Asshown in Fig.10,thephosphataseactivity
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wasgraduallyincreasedinthetemperaturerangeof25-80℃
andtheoptimum temperaturewasfoundtobe60℃ asshownin
phytaseactivitypattern.
Thephytasefrom mungbeanshoweditsmaximalactivityat

60℃,and thistemperatureisslightly higherthan theoptimal
temperatureoflupineseedwhich isthemostactivity at50℃
(Greineretal.,2002),fababeanat50℃ (Greineretal.,2001),rye
at45℃ (Greineretal.,1997),scalloinleavesat51℃ (Phillippyet
al.,1998),canolaseedat50℃ (Houdeetal.,1990),andmaize5
5℃ (Laboureetal.,1993).Theoptimaltemperatureoftheenzyme
activityis60℃ whichisdifferentfrom otherphytase.Itmeans
thatphytasefrom mungbeanhavethermalstabilitythanother
plantphytases.
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F ig . 7 .  p H  s t a b il i t y  o f  t h e  a c t iv ity  o f  p h t a s e  w ith  v a r io u s  
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 Fig. 9. Temperature stability of phytase activity
 Phytasee activity was measured at various temperatures in 
 10mM N-ethylmorpholine acetate buffer, pH 5.0 for 15 min, respectively.
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 Fig. 10. Temperature stability of phosphatase activity 
 Phosphatase activity was measured at various temperatures in 
10mM N-ethylmorpholine acetate buffer, pH 5.0 for 15 min, respectively.
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pppHHH ssstttaaabbbiiillliiitttyyy
Toconfirm pH stabilityofthephytase,enzymewasincubated

4℃ for24hratvariouspH valueofbuffersandtheremaining
activitywasmeasuredatpH 5.0at37℃.AsshowninFig.11,
theenzymeactivitywasstableoverthepH rangefrom 4.5to
5.5.To confirm pH stability ofthe phosphatase,the enzyme
activitywasstableatpH range5.0inFig.12.
Phytasefrom fababeanwerestableafterincubationinthepH

rangesof4.0to7.5(Greineretal.,2001).Furthermore,phytases
from lupineseed(Greineretal.,2002)andrye(Greineretal.,
1997)werestableafterincubationinthepH rangesof3.5to7.5
and 3.0 to 7.5,respectively.Aforementioned,pH stability of
phytasefrom mung bean had a narrow pH rangethan other
phyatses.

TTTeeemmmpppeeerrraaatttuuurrreeessstttaaabbbiiillliiitttyyy
Toconfirm thermostabilityofthepurifiedphytase,enzymewas

preincubatedfor30minatdifferenttemperaturerangefrom 25to
60℃ and immediately cooled on ice.Residual activity was
determinedat37℃ atpH 5.0.AsshowninFig.13,theactivity
wasstableuptoheattreatmentat25℃ sincetherelativeactivity
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was80% after30minincubationatthistemperaturerange.The
enzymewasrapidly inactivated attemperatureabove35℃.As
showninFig.14,thephosphataseactivitywasstableuptoheat
treatmentat25℃ sincetherelativeactivitywas88% after30
min incubation at this temperature range.The enzyme was
rapidlyinactivatedattemperatureabove30℃.
Incontrasttothephytasefrom fababean(Greineretal.,2001),

lupineseed(Greineretal.,2002),rye(Greineretal.,1997),and
scallion leaves(Phillippy etal.,1998),theenzymewasrapidly
inactivatedattemperatureabove30℃.
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F ig. 13 . S tab ility  of the ph ytase activ ity  at various tem p eratu re.
E n zym e activ ity  w as m easured  at various tem perature 
in  N -eth ylm orp ho lin e acetate b u ffer , p H  5 .0  for 30m in , resp ectively
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F ig . 14 . S tab ility  o f the phosph atase activ ity  a t various tem perature.
E n zym e activity  w as m easured  at various tem perature 
in  N -ethylm orpholine acetate buffer, pH  5 .0  for 30m in , respectively
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SSSuuubbbssstttrrraaattteeessspppeeeccciiifffiiiccciiitttyyyooonnnsssyyynnnttthhheeetttiiicccsssuuubbbssstttrrraaattteee
The purified phytase was reacted with 5 mM ofsynthetic
substrate such as D-fructose-1,6-diphosphate,
pyridoxal-5-phosphate,α-naphtyl-phosphate,β-naphtyl-phosphate,
ATP (adenosinetriphosphate),AMP (adenosinemonophosphate),
IMP(inosinennonophosphate).AsshowninTable3,thehighest
activitywasfoundwith β-naphtyl-phosphate.
Bacterialphytasesisolatedfrom E.coli(Greineretal.,1993),

Klebsiellaterrigena(Greineretal.,1977)andBacillussp.DS11
(Kim etal.,1998)shownaparticularlyhighspecificactivityfor
sodium phytate.Phytasesfrom A.fumigatus,Emericellanidulans,
andMyceliophthorathermophilahadbroadsubstratespecificities,
however,those from A.niger and A.terreus had rather
specificityforphytate(Wyssetal.,1999a).
The phytase with broad substrate specificity could excert

significantlevelsofhydrolyticactivitywitharangeofphosphate
compounds that were not necessarily structurally similar to
phytate(e.g.,phenylphosphate,pNPP,andphosphoenolpyruvate)
andquicklyhydrolyzedphytatetomyo-inositol2-monophosphate
withoutaccumulation ofany intermediates.The phytases with
narrow substratespecificitywereratherspecificformyo-inositol
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phosphatesand resulted in myo-inositoltris- and bisphosphate
accumulationduringphyticaciddegradation.Hydrolysisofphytic
acid was coupled with a progressive decrease in the rate of
phosphaterelease,whichsuggestedthatlow inositolphosphates
areworsesubstratesthanphyticacid.Therefore,Thephytases
with broad substrate specificity intrinsically have rather low
specific activity forphytate,whilethose with narrow substrate
specificity have high specific activity.The difference in the
substratespecificitiesofthetwoclassesofphytases,therefore,
reflectsto a selectivedifferencein thespecificactivitieswith
phytate(Wyssetal.,1999a).
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TTTaaabbbllleee...333...SSSuuubbbssstttrrraaattteeessspppeeeccciiifffiiiccciiitttyyy ooofffttthhheeepppuuurrriiifffiiieeeddd ppphhhyyytttaaassseeeooonnn
sssyyynnnttthhheeetttiiicccsssuuubbbssstttrrraaattteee...

SSSyyynnnttthhheeetttiiicccsssbbbssstttrrraaattteee RRReeelllaaatttiiivvveeelllyyyaaaccctttiiivvviiitttyyy(((%%%)))
ppphhhyyytttiiicccaaaccciiiddd 111000000
DDD---fffrrruuuccctttooossseee---111,,,666---dddiiippphhhooosssppphhhaaattteee NNN///DDD
pppyyyrrriiidddoooxxxaaalll---555---ppphhhooosssppphhhaaattteee NNN///DDD
αααα---nnnaaappphhhtttyyylll---ppphhhooosssppphhhaaattteee 111111111...555
ββββ---nnnaaappphhhtttyyylll---ppphhhooosssppphhhaaattteee 333666999...777
AAATTTPPP(((aaadddeeennnooosssiiinnneeetttrrriiippphhhooosssppphhhaaattteee))) 222222444...555
AAAMMMPPP(((aaadddeeennnooosssiiinnneeemmmooonnnoooppphhhooosssppphhhaaattteee))) 222999...222
IIIMMMPPP(((iiinnnooosssiiinnneeennnnnnooonnnoooppphhhooosssppphhhaaattteee))) 222444...555
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DDDeeettteeerrrmmmiiinnnaaatttiiiooonnnooofffkkkiiinnneeetttiiicccpppaaarrraaammmeeettteeerrrsss
Michaelis-Mentenconstant(Km)andsubstrateturnovernumber

(Vmax)oftheenzymeweredeterminedby linerregression of
plotting theinversesofenzymeactivity againsttheinverseof
substrateconcentration(Fig.15.).TheapparentKm andVmaxof
phytase were estimated to be 0.7 mM and 305,744 sec-1,
respectively.
TheapparentKm valuesofphytasefrom fababean(Greineret

al.,2001),lupineseedsL11,L12,L2(Greiner,R.2002),maize
(Laboure etal.,1993),and rye (Greineretal.,1998)were
determinedtobe148μM,80μM,300μM,130 μM,117μM,300μ

M,respectively.
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요 약

Phyticacid는 곡류 또는 종자 식물의 씨앗이 성장하는 중에 생성되는 화합물로
서 곡류와 콩과 식물의 씨앗중 인과 inositol의 주요한 저장형태이다.곡류중 총
인의 70-80%가 phyticacid상태로 존재하며,구조적으로는 단백질과 결합된 마그
네슘염 또는 칼슘염의 형태로 존재한다.이러한 phyticacid를 분해하는 phytase를
녹두로부터 추출,정제 및 그 특성을 알아보기 위해서 수행되었다.다른 미생물의
번식을 막기 위해 멸균된 암상자에서 4일 동안 발아시켜 파쇄한 후 50mM
sodium acetatebufferpH 5.0에 4℃에서 2시간 동안 조효소를 추출하였다.이렇게
추출된 효소를 이온교환 크로마토그래피를 통하여 효소를 분리되었는데
S-sepharose이온교환 크로마토그래피에서 49%의 수율과 14배의 정제도를 나타
내었으며,Resource-S이온교환 크로마토 그래피에서 33%의 수율과 132배의 정
제도를 나타내었으며,최종적으로 Mono-S이온교환 크로마토 그래피에서는 7.4%
의 수율을 가지고,325배의 정제도를 나타내었다.이 효소는 SDS-PAGE에 의해서
분자량이 38KDa으로 나타내었다.활성에 대한 최적온도는 60℃ 이고,최적 pH는
5.0으로 나타났다.그리고 40℃ 이상의 온도에서는 효소의 활성이 점차 감소하는
것으로 나타났다.가장 안정한 pH로는 pH 5.0에서 안정한 것으로 나타났다.
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