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Theresearchinthisstudywasfbcusedonenzymeactivation，

stabilizationandkineticsinorganicnledia:ＡＯＴ/water/isooctanereverse

micelles，isooctanewithlowwater・TheactivationO王lipaseinreverse

miceuewasperfbrmedbytheadditionofadditiveandbypretreatment

withacetone,ａｎｄthatinisooctanewithlowwatercontentwasdoneby

theapplicationofultrasoundgeneratedby4-waves(25.8,26.2,35.5,365

kHz)ultrasonicgeneratoⅢ

Ｔｈｅshortchainpolyethylenegb7cols（PEGs）ｏｒｍｅｔｈｏｘｙＰＥＧ

(MPEGs)waseffCctivetoincreasethelipaseactivityinAOT/isooctane
reversemicelle・ThemolecularweightanCltheconcentrationofPEGor

MPEGsignificantlyinfluenceClthelipaseactivitＪ５ａｎｄｔｈｅＰＥＧａｎＣｌ

ＭＰＥＧｏだ、ominalmolecularweight400and550respectivelyfbra

concentration5-6gdm3wasmosteffcctivefbrlipaSeactivation・The

maxlmumactivityoflipaseinreversemiceｎｅｗｉｔｈＰＥＧ４００ｏｒＭＰＥＧ

５５０ｗａｓａｂｏｕｔｌ75％higIllerthanthatinsimpleAOTreversemicene・The

increaseinlipaseactivitywasattributedtothefmowingreasons:the

Clecreaseinlipase-AOTinteractionbyburringchargesatthemicellarj

interfbLce；thereCluctionofboundwaterbwllichinhi]bitscombinationof

thelipaseactivesitewithsubstrateatmicellarinterfbLce;ｔｈｅprotection
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ｏｆｌｉｐａｓｅｂｙＰＥＧ４００ｃｌｏｕｄｓｆｂｒｍｅｄａｒounClthelipasemolecule；the

confbrmationalchangeoflipaseentrappeClinreversemicelles・ＴｈｅＣ

ⅥscossM2lipaseentrappedinAOT/PEG400reversemicelleswasvery

stableat２５℃,retainingover75％ofitsimtialactivityafter60Clays，

whereaslipasehalfLlifｃｔｉｍｅｉｎｓ:血pleAOTreversemicelleswasSSdays・
Thelipasestabilitywasimprovedbecauseo壬theincreaseinrigidityo笠
lipasestructurebycross-1inkingｗｉｔｈＰＥＧ４００．

FTIRanalysissuggeststhatthePEG４００，１oleculesstrongly
mteractedwiththeheaClgroupsofamonicsurfbLctantAOmandreduceCl

thefiFactiono壬bounClwaterThechangeinlipaseconfbrmationcausedby
theinteractiｏｎｗｉｔｈＰＥＧ４００ｗａｓｃｏｎｆｉｒｍｅｄｂｙｔｒｙｐtophylfluorescence

spectroscopyｏｆＣｌｖｒ否ＣＤsM2lipase､ThepresenceofPEG400increased

theexposureofhydrophobicresiduesaroundtheactivesite，andthus
enhancedanClstabilizedtheinteractionwitholiveoilatmicenar

interfbLce．

AkineticmodelwasproposedherefbrbetterunderstanClingthe
kineticofactivatedlipase-catalyzedhydrolysisofoliveoilinAOTreverse

micellesTheactivityvaluepredicteClbythemodelequationagreeClwen

withtheexperimentaldataThepredictedkineticsparameters

suggestedthataffiniｔｙｏｆＰＥＧ４００ｔｏｌｉｐａｓｅｗａｓｈｉｇｈｅｒｔｈａｎｔｈａｔｏ缶

ＭＰＥＧ５５０ｂｕｔＭＰＥＧ５ＥｉＯｒｅｄｕｃｅＣｌｔｈeinteractionsbetweenlipaseanCl

AOTmoleculesmoresignificantlytｈａｎＰＥＧ４００，Theenhancementof

lipaseactivityｅｉｔｈｅｒｂｙＰＥＧ４００ｏｒＭＰＥＧ５５０ｗａｓｔｈｅｒefbrealmostthe

same・ThekineticsparametersobtaineClbyproposedmodelwerefilrther

usedtoestimatethefinctionofactivateClanClnativelipases．

ThepretreatmentoHipasewithacetonewasanotheralternativeto

activatethelipaseinreversemicelleTheactivationoflipaseby

pretreatmentwithacetonewasattributedtothechangeinlipase

confbrｴnation，whichwasconfirmedbytheresultso定tryPtophyl

fluorescences1OectroscopyoftreateCUipase・Theparametersrelevantto

thelipasepretreatmentwereoptimized，andtheactivityo壬acetone

treateCllipaseinAOTreversemiceneswithanClwithoutPEG400was

investigatedThemaxmumactivityo壬acetone-treateCllipasein

AOT/PEG400reversemiceneswasfbundtoｂｅ200％higherthanthat

reportedfbrthenativelipaseinsimpleAOTreversemicelles．
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Theactivityo壬lipaseinisooctane-waterwithultrasoundwas

investigatedundervariousconClitionSandtheresultswerecompared
withthatinisooctane-waterwithmagneticstirring・Tl1emax1mum
activityinultrasomcateClsystemwasl75％lligherthanthatinstirred
systemHowever〉thelipasestabilityinultrasomcatedsystemｗａｓ

drasticallydecreaseCLPEGofCli雌rentmolecularweightswasaddedto

theultrasonicatedsystemtoimprovethelipasestabilityA1ittle

deactivation(about８％)ofthelipasewasfbundbythepresenceofPEG

1000ofconcentration5gCl、3,butthestabilitywasgreatlyincreased：

theresiClualactivitywasconstanｔａｆｔｅｒｌＯｈｒsatwllichlipaseretained

itsS0％initialactivity;whereasresidualactivityoflipasewithoutPEG
1000waszeroafterlOminutes．

Background

Theindustrialprocessfbrnon-enzymatichyClrolysisofhtsandoils

requlreshighpressureandtemperature・Forthesakeofenergy

conservationandmimmizingthermalClegradationoftheproducts，

researchershavesetouttoinvestigatethefCasibilityofthellydrolysisof
fatsandoilscatalyzeｄｂｙｔｈｅｌｉｐａｓｅｅｎｚｙｍｅｄｕｒｉｎｇｔｈｅｌａｓtdecade

EnzymaticllyClrolysishastheadvantagessuchasmildconClitions,l1igh
sUbstratespecificity；lessponutiontotheenvlronmentthandoes

traditionalchemicalreaction・Althoughenzymesaretypicallyemployed

maqueousmeClia,thereareseveraladvantagesofenzymaticl]yClrolysis

offatsanCloilsmorganicmediaFirst，orgamcsolventssolvethe
probleInofdissolvingoilsorfats，whichoftencausesaseriousobstacle

whenreactioniscarriedoutinwater・Second,theuseoforgamcsolvents

obviatesthedangerofbacterialcontaminatiｏｎｏｆｔｅchnological
equipment､ThirCl,tllissystemcaneffCctivelyalleviateproductinllibition

bypartitioningtheproductawayfromtheenzymesmtotheorganic
phase．

Oneoftheintrinsicfbaturesofthesurface-activeenzyme(e９.lipase）
isitsactivationbyinterface・Catalytically)thelipasesactatornearthe
interface（BrockmanHL，１９８４;Kllemelnitskyet.ａ１．，１９８８).Itisthus
necessarytomcreasetheoil-watermterfacialareafbrrapidreaction

rateoflipase-catalyzedhyClrolysisofoilsorfbLtsFromthisviewpoint，
organic-aqueousbiphasicsystemswithstirrmghavebeenreporteClto
acceleratetheenzymatichydrolysiｓｏｆｏｉｌｓｏｒｆａｔｓｂｙｕｓｉｎｇａｓｕｉｔａｂｌｅ
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amountofwater-immisciblesolvent(配aiet.ａ1.,1991;Mukatakaet.ａ1.,

19ｓ7)Ｔｈｅremarkable比aturesoforgamc-aqueousbiphasicsysten1are

thesimplepreparation，theeasyregenerationofenzymeandtheeasy

separationo歪reactionproCluct・Howeversuchasystemhastheseveral

Clrawbacks:theCleteriorationofthecatalyticpropertieso正theenzymeby

ClirectcontactwithorganicsolventsanClshearstressfbrcescausedby

higllstirringspeeCl；organic-aqueousmterfbLcialareaisnotsufficiently
enoughevenafterextensivestirring;accuratenleasurementofsurface
arｅａｉｓｓｔｍＣｌｉｆficult・Biphasicsystemscontaimngsolidphasewith

mnlobilizedenzymescanpartianyovercometlleprOblemoflipase

Cleactivationbutithasbeenreportedthatthel]yClrolyticactivityo歪

in1mobilizeCllipasewasnegativelyaffbctedbythemasstrans企r

limitationintheporesofsolidsupport(LeeandSwaisgood,１９９７;Shaw
etaL,1990)．

Reversemicelles，amicroheterogeneousreactionmedia，oflcra

umquepossibilitytoovercometheproblenlscausedbythemacro

heterogeneousmedium，suchasorganic-aqueousbiphasicmeCliumwith

orwithoutsolidphase・ThefactthatreversemicenescansolUbilize

waterand]protein（i､e・enzyme）moleculesinorgamcsolventsand

providesanenormousanlountofinterfacialarea，wllichpromotes
contactbetweenenzymeandsubstrate，hasmaCleitanimportant

meCliumfbrlipase-catalyzeClhyClrolySisofoilsandfbLts・Inreverse

micelle,thelipaseistrappeClinnlicenarwater-pool,andisisolatedfiFom

theorgamcsolventbyasurfbLctantlayer;thissystemtherefbreprotects

thelipasefifomdetrimentaleffCctoforgamcsolventTheotheraspectis

thattheexchangeprocessmaytakeplacebetweentwomicellesor

betweeneachmicelleandthebulkorgamcsolvent・UPoncollisiono歪two

lnicellestheircoalescenceoccurstl1rougllatransientClimme迅that

perｴnitsarapidexchangeofnlaterial(LuisiPL，１９８５).Ｔｈｅoptically
transparenceofreversemicellarsystemsproviClestheopportunityto

spectroscopicinvestigationoflipaseconfbrmationwhensolUbilizeClma
reversemicelle．

Theamonicdouble-taileClsurfbLctantAOT［soCliumbis-(2-etllyll

hexyDsulfbsuccinate]isfiPeqUentlyusedfbrthestuClyo歪reversemicenes・
ThemotivationtouseAOTinmicellartechnologyhasbeenthelarge

amounto王publishedClataonthephysio-chemicalpropertiesO丑

ＡＯＴ/isooctanereversemiceneanCleasyfbrmationofreversemicelle．

-480-



HoweveractivitiesofenzymestrappedinAOTreversemicenesare

inhibitedbythestronginteractionswithsurfactantmolecule，andthe
Clistinctivepropertiesofmicellarwater[HayesandGulari,1990;Walde
et・aL,１９９３;SarlKaret.a1.,1992]．

’Ibovercometllisproblem,achemicallymoClifMAOTsurfblctant(Ｗｕ

ｅｔ.ａ1.,2001)oranewlysynthesizedsurfactant(Iskandaret.ａ1.,199ｓ）

canbeusedtopreparereversemicenes・ButsuchmoClifIcationand

synthesisofsurfblctantarelaboriousandtimeconsuming・Inaddition，

purificationofmodifieClAOTinagoodyieldisverydifficult・Although

chemicalmoClificationofthelipasehasalsobeenreportedtoovercome

thisproblem，specifichydrolyticactivitiesaresignificantlyreducedby

thechemicalmodificationoflipase[Basrietal,1995]・Anothersimple
andeasyalternativetoreducetheinteractionbetweenlipaseanClhead

groupsofAOTmoleculesistousesomeadClitives,(Hosamet.ａ1.,199ｓ；

Yamadaet.ａ1.,1993;Freemanet.ａ1.,199ｓ;Piera-Velazquezet.ａ1,2001)．

RecentworkinthereversemiceUarenzymologyhasthuscenteredupon

theeffcctofadditivesonthecatalyticpropertiesoflipaseentrappedm
reversemicenes．

Objectives

ＵＰｔｏＣｌａｔｅ,theinclusionofadditivesinAOTreversemicellar

enzymologyisrestrictedtoreducetheinteractionbetweenlipaseand

headgroupso王AOTnloleculesthrougllreducmgthechargesonmicemar

interfbLce､Ｔｈｅｒｅｉｓｎｏｒｅｐｏｒｔｏｎｔｈｅｕｓｅｏ壬additives,whichattacheson

thesurfaceoflipaseentrappeClinreversemicenesanClburiesthe

chargesonthemicellarinterfbLce,thusstronglyprotectsthelipasefrom

unpleasantactionofAOTmolecules､Furthernlore,althoughtllevarious

adClitiveshavebeenuseCltoimprovethelipaseactivity)theireffCcton

theenzynﾕestabilityhasbeenignoreCLThemaino1DjectiveofthisstuClyis
therefbretoactivateandstabilizethelipasebyevaluatinganadditive，
whichisrelativemoresuitablefbrlipase-catalyzeClreactionthantllat
reportedmtheliterature．

Ｐolymerslikepolyethyleneglycols(PEGs)presentattractivephysical，

chemicalandbiologicalpropertiessuchasverylowtoxicity；high
polarity;fUrthermorePEGsareeconomicandeasilyavailableinvariety
ofmolecularweight・TheterminalhydroWlgroUpsofthePEGmolecule

provideareaClysitefbrnon-covalentattachmentonlipasesurfbLce
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(HarrisjM,1992).IntllisstudJithesllortchamPEGsorMPEGswas

thusadCledtoenhancetheactivityandstabilityonipaseentrappedin
AOT/isooctanereversemicelles、ＴｈｅｓｈｏｒｔｃｈａｉｎＰＥＧｓｏｒＭＰＥＧｓａｒｅ

ｏｎｌysolublemthemicellarwater-pool，anClattractiveinteractions

betwｅｅｎａｍｏｎｉｃｓｕｒｆａｃｔａｎｔａｎｄＰＥＧｏｒＭＰＥＧｍｏｌecules,ｌｅａｄｔｏＰＥＧｓ

ｏｒＭＰＥＧｓａｄｓｏｒｐｔｉｏｎａｔｔheinteriorsurfaceofthemicellarinterface

(MeierW1ggG)andthuschargesontheinterfaceareburiedbeneaththe

neutralPEGmolecules，reducingtheelectrostaticinteractionbetween

lipaseandheaClgroUpsofAOTmoleculeが

VariouskineticmoClelshavebeenreportedtoexplainenzymeactivity

inreversemicelles，ｂｕｔｍｏｓｔｏ壬themaresuitablefbrwater-solUble

substrates(Ｂｒｕｅｔａｌ,1990;KhmelmtslKyetal,1990;OldfielClC,１９９０；

Verhaertetal,1990)Forwater-insolublesubstrate,Hossainetal(1996）

havereportedakineticmodelconsideringthefreesUbstratewerein

equⅢbriumwiththesubstrateadsorbedonthesurfbLceo歪micenar

surfactants・HoweverthemodelcouldnotsatisfbLctorilyexplainthe

lipaseactivationinClucedbyaClClitivessuchaｓｓｈｏｒｔｃｈａｉｎＰＥＧｓｏｒ

ＭＰＥＧｓ・Soanotherolbjectiveofthisresearchworkistodevelopakinetic

modelfbrenzymatickineticsinreversemicenesinvolving
water-insolublesubstratesandadClitives．

Theactivesiteoflipolyticenzyme(e９．ＧV｡否CDS川lipase)1ocatesin

thehyClrophobicaminoaCiClsreglon,andcombmedwitllthellyClrophobic

substrate(e､g・oliveoiDatthemicenarinterfacethroughhydrophobic
interactionTheincreaseoftheexposureofhyClrophobicaminoaciClsto

thelipasesurfbucetherefbreenhancesandstabilizestheinteractionwith

thesubstrateatthemicenarinterface,Howeverbnoreportsareavailable

toenhancethelipaseactivitymreversemicellesthroughincreasmgthe

exposureofhydrophobicresiCluearoundtheactivesitetothelipase

surfbLcelnthisregarCl,o1qjectiveisalsosettomcreasetheactivityo歪

lipasebypretreatmentwithacetonePretreatmentwithorgamcsolvent

enhancestheinteractionbetweenhyClrophobicsubstrateandlipase

activesitebyincreasingtheexposureofhydrophobicaminoacidresidues

tothelipasesurfacethatcausesthechangemlipaseconfbrmationfipom

closedfbrm(lidcoveringtheactivesiteisincloseClstate)toopenfbrnl
(liClcoveringtheactivesiteisinopenstate）atmicenarinterface

(Chmorroet.ａ1.,ユ99ｓ;Coltonet.ａ1.,1995;Radzickaet・ａＬ,1992;Rueet．

a1.,199s)．

-482-



Themixing,whichcausesthemolecularcontactbetweenenzymeand
substrates,andenhancesthemasstransport,isthepreludefbrarapid
enzymaticreactioninorganlc-aqueousbiphasicsystem，especianyfbr
waterinsolublesubstratesuchasoliveoil・TheconventionalmethoCl，

suchａｓ，magneticstirring，mechanicalshacking，isusuallyusedasa
mixingdevice、SuchmethodsarehoweverlesseffCctivetoovercomethe

masstransportlimitationanCltomcreasethemolecularcontactbetween

lipaseandoliveoil・Therefbre,theo1DjectiveisextendedtOenhancethe

activityo王lipasemisooctane-waterbyapplicationofultrasound・

mtrasoundcausesthetransientcavitationsresultinginhighmixing
energy：gasanClvaporbubblesarefbrmedandviolentlyconapsedina

transientｔｉｍｅ・Ultrasoundisthususedfbrfbrmingtllestable

mico･emulsioncharacterizeClasalargemter色cialarea(Ja､ﾕes,１９８ｓ)It

hasbeenreportedthatultrasoundimprWedmolecularcontactbetween

enzymeandsubstratemolecules(Braceyetal,199ｓ)andreducedthe

masstransfCrlimitationbyincreasingavailablesurfaceareaofthe

enzyme(VUlfSonetal,1991)．

Structuralorgamzationo壬thethesis

TheresearchcarriedoutinthisstuClywasintroducedin山apterone

ReversemicenesasareactionmeCliafbrlipaseswasClescribｅｄｉｎ二lユュ】工旦』２
two・ThefimdamentalsofreversemicenarweredescribeClandrelatedto

thelipaseperfbrmancebothintermsofactivityandstabilitymhephase
bounClarybetweentheonephase(reversenlicelles)andtwo-pllase(non
micellarmedia)regioninternarysystemo王AOT/water/isooctanewas

investigatedanClreporteClhere，TheWovalueswerecorrecteClby
measuringthewatercontentmreversemicellarsystembyKarlFischer
titrationSomeliteraturereviewofthestructure,thesizeandthesize

ClistributionofreversemicellesanClthelipasemicro-encapsulation
techmquewerealsoreportedinthischapter．

ActivationofGvzz苫cosuznlipasebyshortchainPEGorMPＥＧｗａｓ
describedin chaDterthree､ＴｈｅｉｎｆｌｕｅｎｃｅｏｆＰＥＧｏｒＭＰＥＧｍｏｌｅｃｕｌaｒ

weightanClconcentrationwasmvestigated,ａｎｄｔｈｅＰＥＧ４００ｏｒＭＰＥＧ

５５０ｗａｓｆｂｕｎｄｔｏｂｅｍｏｓｔｅｆｆこctive・Thelipase-catalyzedhyClrolysisｏｆ
ｏｌｉｖｅｏｉｌｍＡＯＴ/PEG400reversemicelleswascharacterizedintermsof

Wo,ｂｕｆｆｂｒｐＨ,buffcriomcStrength,surfbLctantconcentration,sUbstrate

concentration,etc;theresultswerecomparedwiththosｅｍｓｉｍｐｌｅＡＯＴ
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reversemicenes、ThemoststrikingcharacteristicsdescribeClinthis

chapteraretheimprovementoflipaseactivityathigherWovaluesanCl

atlligllerAOTconcentrations・Themaxlmumactivityinreversemicｅｌｌｅｓ

ｗｉｔｈＰＥＧ４００ｏｒＭＰＥＧ５５０ｗａｓｌ７5％l1igherthanthatinsimpleAOT
reversemicenes．

TheCletailstabilityofC肱伽cMInlipaseinAOTreversemicenesｗｉｔｈ

orwithoutPEG400wasreportedin

approacheswereconsidered:theCleterm

chaDterfbur mvoCliffこrent

approacheswereconsidered:theCleterminationofhalflifctimeandthe

mechamsticanalysisofCleactivationkinetics・ＴｈｅＣｍｉ歪CosBumlipase

entrappedinAOT/PEG400reversemicelleswasverystableat２５℃，

retainingover75％ofitsinitialactivityafter60days(halflifCtimelS6

days),whereashalHifCtimeinsimpleAOTreversemiceneswasSSdays、
Thedeactivationrateconstant(〃wasClecreasedandthermodynamic
parameterstandarClfreeenergy（△ＣＯ)OfthelipaseCleactivationwas

increasedbytheadClitionofPEG400．

ＴｈｅｉｎｆｌｕｅｎｃｅｏｆＰＥＧ４００ｏｎｔｈｅｍｉｃｒｏenvlronn

lipaseentrappedinreversemicenewasreportedin

analysissuggeststhatPEG400moleculesp&

microenvironment
●

ofCvzi=cDSum

chaDterfive､ＦＴＩＲ

analysissuggeststhatPEG400moleculeSparticipatedinthe

rearrangementofwaterinsidethereversemicenesandstrongly

interactedwiththeheadgroupsofanionicsurfactantAOmThe

fluorescenceprObingofreversemiceneinClicatedthatviscosityand

hyClrophobicityofmiCeUarwater-poolwereincreasedbythepresenceo歪

PEG400TheconfbrmationalchangeoflipasebythepresenceofPEG

400wasconfirmedbytryptopllylfluorescencespectroscopyofC

ⅥscDsmlipaseandwasreporteClhere．

Thecombineeffcctof1MeenS5(polyoxyetllylenesorbitantrioleate）

andMPEG55Oonlipaseactivationwasreportedinchaptersix・Ｔｈｅ
ｍａｘｌｍｕｍａｃｔｉｖｉｔｙｉｎＡＯＴ/矼ＷｅｅｎＳ５/MPEG550reversemiceneswas

220％higherthanthatmsimpleAOTreversemicenes・Reactionkinetic

suggeststhatincontrastto正Wee、８５，ＭＰＥＧ５５０ｈａｓｎｏｅｆｆｃｃｔｏｎｔｈｅ

ｓｕｂｓｔrateadsorptionatthemicellarsurfactantsurfbLce．

TheproposeClkineticmodelfbrenzymaticreactionsinreverse

miceuarsystemsinvolVingwater-insolublesubstrate(i､e・oliveoil)anCl

enzymeactivatorssuchasPＥＧ４００ｏｒＭＰＥＧ５５０ｗａｓｄｅｓｃｒｉｂｅｄｉｎ

chaDterseven.AcomparisonwasmaClebetweenthedatapredictedby
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modelequationandthatfbundhomtheexperimentalresults・The

improvementoftheutilityoftheproposedmodelandpreviousmodel
(Hossainetal,1996)wasreportedin chaDtereipM､Thedeterminationof

activationenergyfbrCMi否ＣＤＳ伽lipase-catalyzedhydrolysisoliveoinn

reversemiceneswithandwithoｕｔＰＥＧ４００ｂｙＡｒｒｈｅｍｕｓｅｑｕａｔｉｏｎｗａｓ

reportedｉｎ chaDternme
●

､TheactivationenergywasdecreaseｄｆｉＰｏｍ７６

ｔｏ４．８ｋcal/molbytheadClitionofPEG400．

Theactivationoflipasebypretreatmentwithacetonewasdescribed

m二』ユュI上｣2-上旦ﾕTheparametersrelevanttothelipasepretreatmentwere

optimizedthroughmeasuringtheactivityoftreatedlipase-catalyzed
hydrolysiso壬oliveoilinAOTreversemicenesundeｒａｆｉｘｅｄｓｅｔｏｆ

reactionconClitionln chaDtereleven，theactivityofacetonetreated
／

lipasemAOTreversemicenewasinvestigateClvaryingthereaction
conditions，ｓｕｃｈａｓＷｏ，ｐＨ，AOTconcentrations,etc，andtheresults

werecomparedwiththosefbrthenativelipase・Incontrasttonative

lipase,nosharpfbllloftheactivityathigherWovaluesandathigher
AOTconcentrationwasobserveCl,whereastheoptimalpHandreaction

temperaturewerethesamewiththosefbrthenativelipase､Ｔｈｅｅｆｆｂｃｔｏｆ

ＰＥＧ４００ｏｎｔｈｅａｃｔｉｖityoftreatedlipasewasinvestigatedinchapter

twelveltwasfbundthａｔｔｈｅＰＥＧ４００ｆＵｒｔｈｅｒｅｎｈａｎｃｅｄｔｈｅａctivityof

treateCllipaseandthemaxlmumactivityoftreaｔｅｄｌｉｐａｓｅｉｎＡＯＴ/PEG

400reversemicelleswas200％higherthanthatofthenativelipasein
simpleAOTreversemicenes．

TheconisionsbetweenreversemicellesarethepreluClefbrrapid
enzymaticreactionlnordertoincreasethemicellarcollision，

ultrasoundgeneratedby4-waves(２５８，２６２，３５．５，３６５ｋＨｚ)ultrasomc

generatorwasused,andtheactivityoflipasemultrasomcatedsystem
wasinvestigateClin

ultrasonicatedreve］

chapterthirteen TheremarkablefCatureofthe

ultrasomcatedreversemicenarsystemwasnosharpfmoflipase

activityathigherWovalues・ThemaxlmumactivityobtaineClinreverse

miceneswithultrasoundwas120％higherthanthatinconventional

magneticstirredsystem・ＴｈｅｒｅsultindicatesthattheeffbctOf

ultrasoundonenhancementinmicellarcomsionwasmsignifIcant
becausethereversemicenesareveryClynamicandtherateofcomsionis
high．

Theapplicationofultrasoundtoincreasethereactionratewas
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filrthertestedinnon-micenarsystem(isooctanewithlowwater)ａｎｄwas

describedinJ1apterfburteen・Incontrasttoreversemicenarsystem,thedescribedin

largeactiva

wasobtaine

largeactivationofCu｡否cosmnlipaseinisooctane-waterbyultrasound

wasobtaineCLTheeffMofultrasonicintensityonlipaseactivitywas

investigated，andprogressivedeactivationoflipasewasobservedat

higherintensity6ThemaxmumactivityobtainedinultrasomcateCl

systemwasl75％higllerthanthatinconventionalmagneticanystirreCl

systemltshouldbeｎｏｔｅｄｔｈａｔＣｖｚｉ毎cosm1ipaseactivityinboththe

AO1IVwater/isooctanereversemiceneandisooctane-waterwithmagnetic

stirrmgwａｓａｌｍｏｓｔｔｈｅｓａｍｅ，andtheresultindicatesthatlipase

activityinisooctane-waterwithultrasoundishigherthanthatinreverse

micene・Althoughtheactivityoflipasewassignificantlyincreasedbythe

ultrasoundatmoderateintensitJithestabilityoflipasem

isooctane-waterwithultrasound(l1alflifeis2-Smin)wasrelativelylow
withthatinreversemicemes(halflifbis3Sdays)ｏｒiｎisooctane-water

(halnifbislOmin)withmagneticstirringT11eenhancementinlipase
stabilityinultrasoniicatedsystemwastllusveryimportantconsiClering

theindustrialapplicationoflipase．

ThestabilizationofCﾜｺﾞ=CDsuZnlipaseinisooctane-waterｗｉｔｈ

ultrasoundbytheadClitionofPEGwasreportedin chapterfifteen､Ｔｈｅ

mfluenceofPEGmolecularweightandconcentrationwasinvestigateCl，

andPEG1000wasselectedfbrlipasestabilizationTheresidualactivity

oflipaseinPEG1000addeClsystemwasconstantafterlOhrsatwllich

lipaseretaineditsS0％imtialactivitJiwhereasresidualactivityoflipase
withoutＰＥＧｗａｓｚｅｒｏａｆｔｅｒｌＯｍｍｕｔｅｓ．

TheconclusionsandtherecommenClationsherecommenClationsfbrfUtureworｌＫｗｅｒｅ

９Ｔｈｅｒｅｓｔｏ丑thethesisconsistsofappendixealreporteClin chaDtersixteen

abbreviationS,literaturecitationand acknowledEemPnt●

Conclusions

TheactivationandstabilizationoｆＣｖＥｉＳＣＤｓｕｍｌｉｐａｓｅｉｎｏｒｇａｍｃ

ｍeCliawascarriedoutThemolecularweightandtheconcentrationof

PEGorMPEGinfluenceClthelipaseactivityinreversemicene,ａｎｄｔｈｅ

ＰＥＧｏｒＭＰＥＧｏｆｎｏｍｍａｌｒｎｏｌｅｃｕlarweight400and550respectivelyfbr

aconcentration5-Ggdm3wasthemosteffbctivefbrlipaseactivation・

ThemaxlmumactivityoflipasemreveｒｓｅｍｉｃｅｎｅｗｉｔｈＰＥＧ４００ｏｒ
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ＭＰＥＧ５５０ｗａｓａｂｏｕｔｌ７5％ｈｉｇｈｅｒｔｈａｎｔｈａｔｉｎｓｉｍｐｌｅＡＯＴｒｅｖｅｒse
micene

TheCT｡ｓcosmnlipaseentrappeClinAOT/ＰＥＧ４００ｒｅｖｅｒsemicelles

wasverystableat２５℃,retamingover75％ofitsinitialactivityafter60

Clays,whereashalfli企ｔｉｍｅｉｎｓｉｪnpleAOTreversen1icelleswas3Sdays．

FTIRanalysissuggeststhatPEG400stronglyinteractedwiththe

headgroupsofanionicsurfactantAOmandreducedthefractionof

boundwater；whichinhibitsthecombinationo壬lipaseactivesitewith

oliveoilatthemicellarinterfbLce・ThestronginteractionwithAOThead

groupsproveClthatchargesonthemicellarinterfacewasburieClbeneath

theneutralPEG400,andtheAOT1ipaseinteractionwasthusreCluced・

ThechangeinlipaseconfbrmationinducedbytheinteractionwithPEG

400wasconflrmedbytryptophylfluorescencespectroscopyofC
ⅥsCosMzlipase．

Although，thesUbstrateaClsorptiononmicenarsurfactantsurface，

wasunaffbctedbyPEG400orMPEG550,itwassignificantlyreducedby
'IWeenS5､ＴｈｅａｃｔｉｖｉｔｙｏｆｌｉｐａｓｅｉｎＡＯＴ/MPEG550reversemicenewas

thusfUrtherincreasedbythepresenceof'ＩＷｅｅｎＳ５，ａｎｄｔｈｅｍａｘｍｕｍ

ａｃｔｉｖｉｔｙｉｎＡＯＴ/ＭＰＥＧ550/五ＷｅｅｎＳ５ｗａｓ２２０％higherthanthatin
siInpleAOTreversemicenes．

Theproposedkineticmodelwasveryｅ碇ctivetopreClicttheactivity
ofliPase-catalyzedhyClrolysisofoliｖｅｏｉｌｉｎＡＯＴ/isooctanereverse

micenescontainｉｎｇＰＥＧ４００ｏｒＭＰＥＧ５５Ｏ,anCltllefinctionofactivateCl

andnativelipasesweresuccessfUllyestimated．

Thepretreatmentoflipasewithacetonewasanotheralternativeto

increasethelipaseactivitymAOTreversemicelle・Themaxlnlum

activityofacetone-treateCllipaseinAOT/PEG400reversemiceneswas

200％higherthanthatoだ、ativelipaseinsimpleAOTreversemicelles．

mtrasoundenhancedthelipaseactiｖｉｔｙｉｎｉｓooctane-waterandthe

maxlmumactivityinultrasonicatedsystemwasl７５％higherthanthat
instirredsystemThelipasestabilityinisooctane-waterwithultrasound

wasrelativelylowerthanthatinstirredsystemThestabilityin
ultrasonicatedsystemwashowevergreatlymcreasedbythepresenceof
PEG1000：theresiClualactivitJiwasconstaｎｔａｆｔｅｒｌＯｈｒｓａｔｗｈｉｃｈ
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lipaseretaineditsSO％initialactivitZwhereasresidualactivityoflipase
withoutPEG1000wasfbundtobezeroafterlOminutes．

学位論文審査結果の要旨

平成16年１月２７日の口頭発表､同日開催の論文審査委員会における最終審査により、以下の通り判定した。

本申請論文では低分子量のポリエチレングリコール(PEG400)をＡＯＴ逆相ミセル系に添加すると、リパー

ゼ活性、並びに安定性が向上することを実験的に検証した。そしてＦＴＩＲ及び蛍光光度計による解析によ

り､ミセル内でのPEG400とリパーゼ酵素との親和性並びに酵素の立体構造変化を究明レナノ粒子内での

PEG400の分子特性を明らかにした。特に、アセトンで前処理したリパーゼ酵素を用いると、酵素の立体構

造変化から更に酵素活性が向上することを見出している。また、界面活性剤によるミセル系を使用しなくと

も、微量水分を含むイソオクタン系加水分解反応を超音波雰囲気で行うと酵素活性が向上すること、この系

にPEG1000を添加することにより、酵素安定性が向上することを実験的に明らかにした。以上の結果に基

づき、PEG400を添加したＡＯＴ逆相ミセル系酵素反応に係わる反応機構を解明した。これらの研究成果は、

博士（工学）に値するものと認定する。
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