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BasedontheoreticalconsMeration，ｔｈｅｅｆｆｂｃｔｏｆｅｎｚｙｍｅａｎｄｓｕｂｓｔｒａｔｅconcentrationonthehydrolysisof

crystallinecellulosebycellulasewasinvestigatedexperimentally・Theresultsuggestedthatsynergistic
efTectfOrthehydrolysisofcrystallinecellulose，ＭＣＣ，wascloselyrelatedtokineticconstantsofeach

ceuulasecomponent･ＦｒｏｍｔｈｅｈｙｄｒｏｌｙｓｉｓｏｆＭＣＣｂｙｍｉｘｅｄｓｏｌｕｔｉｏｎｓｏｆＭＣＣａｓｅａｎｄＣＭＣａｓｅ,whichwere

obtainedbypartialpurificationofcrudeMeicelase，synergisticeffectwasfOundtodependonespecially
Vmax／KmvaIue･Ｉｎｔｈｉｓｓｔｕｄｙ，ｗｈｅｎｔｈｅａｍｏｕｎｔｒａｔｉｏｏｆＭＣＣａｓｅｔｏＣＭＣａｓｅｗａｓ７ｔｏｌ，Ｖｍａｘ／Km

valuewasabout2M(ILgtotalsugar／mgprotein／ｍｉｎ％w/v)andsynergisticeffCctbecamethehighest．

Introduction

ltiswellknownthattheeffectivehydrolysisof

crystallinecellulosebycellulasesisverydifficult・

Inthehydrolysisofsuchsubstrate，the

phenomenoncalledsynergisticactionoccurs，but

doesnotinthehydrolysisofsolublesubstrate

(Nishizawa，1973)．Thecauseofoccurrenceof

thesynergisticactionhasbeeninvestigatedmainly

onthebasesofmechanismsofhydrolysisof

crystallinecellulosebycellulases（Okazakiand

Moo-Young,1978）

Highsynergisticeffectinonlythecaseof

crystallinecelluloseassubstratesuggeststhatthe

occurrenceofsynergisticactioniscloselyrelated

tophysicalstructureofthesubstrateaswellas

somekineticconstantsofeachcellulasecomponent

incrudecellulase、However，inthisstudythe

effectofconcentrationsofenzymeandsubstrateon

hydrolysisrateofcrystallmecellulosewas

investigatedtheoreticallyandexperimentally，and

alsotheeffectofkmeticconstantsonsynergistic

effectwaselucidatedexperimentally．

Theoreticalconsideration

CrudeceUulasepreparationisassumedtoconsist

oftwoceUulasecomponents・Thecellulase

components，Ｅ１ａｎｄＥ２,haveMichaelisconstants，

ＫｍｌａｎｄＫｍ２,respectively・

Initialconcentrationofsumofthetwocellulase

components,Eoisgivcnbyeq.(1)．
ＥＯ＝Ｅ1,0＋Ｅ2,0 （１）

Atanarbitraryreactiontime，Ｅ1,0ａｎｄＥ２,Oare

givenbyeqs.(2)and(3),respectively．
Ｅ1,0＝Ｅ】＋Ｅ１Ｓ （２）

Ｅ2,0＝Ｂ２＋Ｅ２Ｓ （３）

WhereElandE2representtheconcentrationsof

freeenzymesnotadsorbedtosubstrate，andE1S

andE2Sdotheconcentrationsofenzyme-substrate
complexes・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，iftheconcentrationoffree

substrateatanarbitraryreactiontimeisrepresented

asS，initialconcentrationofsubstrate,Ｓｏ，isgiven
byeq.(4)．

ｓｏ＝Ｓ＋Ｅ１Ｓ＋Ｅ２Ｓ （４）

Moreover,ＫｍｌａｎｄＫｍ２ｃａｎｂｅｅｘｐｒｅｓｓｅｄｂｙｅｑｓ．
(5)and(6),respectively．
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0.25ｔｏ4.0％ｗ/Ｖａｎｄ0.5ｔｏ１２％ｗ/v,respectively，

Theconcentrationoftotalsugarofsupernatantin

thereactionmixturetakenoutatintervalsand

centrifUgedwasmeasuredbythepbenol-suIfUric

acidmethod(DuboiseM/,,1956)ｗｉｔｈglucoseas

thestandardTheinitialratesofhydrolysisof

MCCwareestimatedfiFomthecurvesofhydrolysis

ratesobtainedundervariousenzymeandsubstrate

concentrations、

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，toelucidatethereIationship

betweensynergisticeffectandkineticconstantsof

cellulasecomponents，crudeMeicelasepreparation

waspartiaIlypurifiedbyAmberliteCO50（Type

lDandDEAE-SephadexA-50coIumn

chromatographies（Tanakaαα/､，1998）The

peaksobtainedweregroupedintｗｏｃｏｍｐｏｎｅｎｔｓ

ＣＭＣａｓｅａｎｄＭＣＣａｓｅ，tentativelynamedhere，

consistedofpeaksFI，FII，andFIII，ａｎｄｐｅａｋｓＦＩＶ

ａｎｄＦＶ,respectively(Tanakaem/､,1988)．

Kineticconstants,thatisMichaelisconstant,Km

andmaximumvelocitMVmax，ｆｂｒｔｈｅｈｙｄｒｏｌｙｓｉｓ

ｏｆＭＣＣｂｙｃｒｕｄｅＭｅicelasaMCCase，CMCase
andcellulasesolutionsofdifferentamountratiosof

MCCasetoCMCasewereobtainedbythe

fbllowingexperiments・Thereactionwascarried

outinO､O5Msodiumacetatebuffbr（ｐＨ5.0）ａｔ

３０．Ｃｆｂｒ２４ｈｗｉｔｈｓｈａｋｉｎｇＭＣＣｗａｓｓｏａｋｅｄ

overnightinthebufferbefbrestartingenZyme
reactionTheconcentrationsofMCCwere0.5,

1.0,2.0,3.0ａｎｄ10.0％ｗ/V・Ｔｈｅconcentrationof

crudeMeicelase，ＭＣＣａｓｅ，ＣＭＣａｓｅａｎｄｓｕｍｏｆ

ＭＣＣａｓｅａｎｄＣＭＣａｓｅｉｎｔｈｅｓｏｌｕｔｉｏｎｏｆａｎａｍｏｕｎｔ

ｒａｔｉｏｏｆＭＣＣａｓｅｔｏＣＭＣａｓｅｗａｓＯ１６ｍg

protein/mleachSynergisticeffectunder
differentamountratiosofMCCasetoCMCasewas

investigatedunderMCCconcentrationof２．０％ｗ/V・

Thesynergisticeffectwasestimatedasfbllows：

ａｍｏｕｎｔｏｆｔｏｔａｌｓｕｇａｒｐｒｏｄｕｃｅｄｆｉＰｏｍＭＣＣｂｙ
celIulasesolutionofanamountratiｏｏｆＭＣＣａｓｅｔｏ

ＣＭＣａｓｅｗｅｒｅｄｉｖｉｄｅｄｂｙｓｕｍｏｆａｍｏｕｎｔｓｏｆｔｏｔａＩ

ｓｕｇａｒｐｒｏｄｕｃｅｄｆＴｏｍＭＣＣｂｙＭＣＣａｓｅａｌｏｎｅａｎｄ
CMCasealone，whichwerethesame

concentrationsasinthesoIutionofanamountratio

ｏｆＭＣＣａｓｅｔｏＣＭＣａｓｅ，respectivelyThe

amountsoftotalsugarinthesupernatantafter24h

ofreaction，ｔｈａｔｉｓ，ｔｈｅａｍｏｕｎｔｓｏｆＭＣＣ

ｓｏｌｕｂｉｌｉｚｅｄｂｙｃｅllulaseweremeasuredbythe

phenol-sulfUricacidmethod（ＤｕｂｏｉｓｅＭﾉ.，1956）

Ｋｍｌ＝Ｅ１ｘＳ/Ｅ１Ｓ （５）

Ｋｍ２＝Ｅ２ｘＳ/E２Ｓ （６）

Fromeqs.(2)and(5),eq.(7)isobtained

E1S＝Ｅ1,0/(Kml/Ｓ＋l）（７）

Andalso,fTomeqs.(3)and(6),eq.(8)isobtained

E2S＝Ｅ2,0/(Km2/S＋1）（８）

Bysubstitutingeqs.（７）ａｎｄ（８）fbreq.(4),Sois

expressedbyeq.(9)

so＝Ｓ＋Ｅ1,0/(Kml/S＋l）

＋Ｅ2,0/(Km2/S＋l）（９）

Here,ifSineqs.(7)ａｎｄ(8)issmallenough,the

ratioofElStoE2Sisexpressedbyeq.(10)．

E1S/E２Ｓ＝(E1,o/E2,0)(Km2/Kml）（10）

lngeneralenzymereaction,theconcentrationof

substratecanbeconsideredtobehighenough

comparedwiththeconcentrationofenzyｍｅ，ｂｕｔ

ｃａｎｎｏｔｉｎｔｈｉｓｓｔｕｄｙ，becauseonlycellulose

moleculesonthesurfaceofcrystaUineceUuIose

particlescanbeusedassubstrateTherefbre，
basedoneq．（10)，cellulasereactionrateis

consideredtobeinfluencedbyMichaelisconstant

asweIlasinitialenzymeConcentration．

Experimental

Materials

MicrocrystallincelluloseNo、２３３０，ＭＣＣ，as

substratewaspurchasedfiPomEMerckA．Ｇ・

Carboxymethylcellulose，ＣＭＣ，wasaIso

purchasedfiPomWakoPureChemicallndustries，
ＬｔｄTwokindsofcrudecellulasepreparation

wereusedfbrenzymereaction・One，whichwas

derivedfTom刀jChodbrmavかjdb，waspurchased

fiPomWorthingtonBiochemicalCorporationThe

other，ｗｈｉｃｈｗａｓａｌｓｏｄｅｒｉｖｅｄｆｍｍＴＷｍｊｂ，

MeicelaseCEPB-5041，waskindlydonatedby

MeijiSeikaLt｡．

Methods

Cellulasereactionwascarriedoutusingcrude

cellulasepreparationpurchasedfiPomWorthington

BiochemicalCorporationtoinvestigatethe

hydrolysisrateofMCCThereactionwascarried
outinOO5Msodiumacetatebuffer（ｐＨ5.0）at

40oCwithshaking・MCCwassoakedovernight

inthebuffersolutionbefbrestartingenzyme

reactionTheconcentrationsofMCCandthe

crudecellulasepreparatioｎｗｅｒｅｉｎｔｈｅｒａｎｇｅｏｆ
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withglucoseasthestandard、Theamountof

proteinwasmeasuredbｙｔｈｅｍｅｔｈｏｄｏｆＬｏｗｌｙｅｒ
ａＬ，l951withcrystallinebovineserumalbuminas

thestandard・ＴｈｅｖａｌｕｅｓｏｆＫｍａｎｄＶｍａｘｗｅｒｅ

ｅｓｔｉｍａtedfiFomLineweaver-Burkplots．

Ｋｍｌ/Ｋｍ２，ａｒｅａｓｓｕｍｅｄｔｏｂｅｌａｎｄｌ/１０，
respectively、Ｔｈｅｃｕｒｖｅｓｏｆｔｈｅｓａｍｅｐａｔｔｅｒｎａｓｉｎ
ｔｈｅｅxperimentalresultswereobtained、Therefbre，
asdescribedinthesectionof“Theoretical

Consideration,，，whentheconcentrationof

substrateisnotconsideredtobehighenough,itis
obviousthatcellulasereactionrateisinfluencedby
Michaelisconstantaswellasenzyme
Concentration・ However，whenMichaelis

constantsoftwocellulasecomponentsare
considerablydifferentasdescribedabove，evenif

totalcellulaseconcentrationbecomeshigh，the
amountsofadsorptiontosubstraｔｅｏｆｏｎｅｏｒｔhe

otheroftwocellulasecomponenttoMCCme

hydrolysisrateofsubstratedependsonsynergistic
actionbetweencellulasecomponentsonthe
sｕｒｆａｃｅｏｆＭＣＣｓｅｅｍｅｄｔｏｂｒｉｎｇａｂｏｕｔｔhe
decreaseinhydrolysisrateofMCCThese

theoreticalandexperimentalconsiderationssuggest
thatsynergisticeffectisstronglyinfluencedby
kmeticco､stantsofeachcellulasecomponent．

Resultsanddiscussion

Effectofconcentrationsofenzymeandsubstrate

onhydrolysisofcrystallinecellulose

Ogiwaraeraﾉ.，１９７１haveperfbrmedthe
hydrolysisofpulpbycellulase“OnozukaP500，，to

elucidatethekineticcharacteristicsofcellulase

duringhydrolysisofcellulosicmaterials、They
havereportedthefbllowings:asfbrhydrolysisrate
ofpulp，anoptimalccllulaseconcentrationwas

present,inotherwords,thehydrolysisrateofpulp
wasdecreasedwhentheconcentrationofcellulase

wastoohigh：moreover，theoptimalcellulase
concentrationwasincreasedwithanincreasemthe

pulpconcentrationFiglshowstherelationship
betweentheconcentrationofcrudecellulaseand

thehydrolysisrateofMCCwhenaparameterwas

concentratｉｏｎｏｆＭＣＣ・Theexperimentalresults

wereingoodagreementwiththoseobtainedby
ＯｇｉｗａｒａｅｔａＬ，１９７１describedaboveOnthe

otherhand，Ｆｉｇ．２showstherelationshipamong
E2S，ＥｏａｎｄＳｏａｓａｐａｒａｍｅｔｅｒ，whichwere

calculatedfromeqs.（８）ａｎｄ(9)bytrialanderror

methodWheretheratioofcellulasecomponents，

Ｅ1,0/E２，０，ａｎｄtheratioofMichaelisconstants，

Effectofkineticconstantsofsynergisticeffect
Km(％w/V)valuesofcrudeMeicelase,MCCase

andCMCaseunderthehydrolyｓｉｓｏｆＭＣＣｗｅｒｅ

1.1,0.56ａｎｄ6.3,ａｎｄＶｍａｘ（ILgtotalsugar/mg
protem/min）values，１７．５，６．３ａｎｄ50.5,
respectively，MCCasehadthelowestKmvalue，
andCMCase，thehighestVmaxvalue・Kmand

VmaxvaluesofcrudeMeicelasewereintermediate
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ccllulaseandhydrolysisrateofMCCwhcnaparametcr
wasconcentrationofMCC

Fig2RclationshipbetweenE2SandEＯｏｎｔｈｅｂａｓｉｓ

ｏｆｃｑｓ.(7),（８）ａｎｄ（９）whenaparameterwasSO
TheratiosofＥＬＯｔｏＥ２,ＯａｎｄＫｍｌｔｏＫｍ２ａ1℃

ａｓｓｕｍｅｄｔｏｂｅｌａｎｄｌ/10,respectively．
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andKmvaluesweredecreasedwithanincreasein

theamountratioofMCCaｓｅｔｏＣＭＣａｓｅ・

However,thedegreeofdecreaseintheKmvalue

wasremarkablecomparedwiththatinVmaxvalue・

Thesefindingsindicatethatthecauseof

occurrenceofsynergisticactionexistedinthe

solubilizationｐｒｏｃｅｓｓｏｆＭＣＣａndwasclosely

relatedtothecharacteristicsofMCCase,ｗｈｉｃｈｈａｄ

ａｈｉｇｈａｆｆｉｎｉｔｙｔｏＭＣＣＴｈｉｓalsosuggestno

synergisticeffectmthecaseofsolublesubstrate

(Nishizawa，1973)．Incidentally，because

Vmax/KmvaluesofcrudeMeicelasewasabout

15.9（ILgtotalsugar/mgprotein/min9'6Ｗ/V)，
MCCaseandCMCaseincrudeMeicelasｅｓｅｅｍｅｄ

ｎｏｔａｌｗａｙｓｔｏｂｅｏｐｔｉｍａｌａｍｏuntratiofbr

synergisticeffect．
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betweenthoseoftwocellulasecomponents

obtainedfiPomcrudeMeicelase、Ｆｉｇ．３ｓｈｏｗｓｔｈｅ

ｅｆｆｅｃｔｏｆＫｍａｎｄＶｍａｘｖａｌｕｅｓｏｆＭＣＣａｓｅａｎｄ

ＣＭＣａｓｅｏｎｓｙｎｅｒｇｉｓｔｉceffectfbrthehydrolysisof
MCCundervariousamountratiosofMCCaseｔｏ

ＣＭＣａｓｅ．KmandVmaxvalueswerevery

differentdependingontheamountratiosof
ＭＣＣａｓｅａｎｄＣＭＣａｓｅ・Ｗｈｅｎｔｈｅａｍｏｕｎｔｒａｔｉｏｏｆ

ＭＣＣａｓｅｔｏＣＭCasewasapproximately7tol，

Ｖｍａｘ/Kmvaluebecomethehighestand

synergisticeffectalsobecamethehighest、Ｖｍａｘ


