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MethylotrophicyeastsareanystrainsofyeastwhchcanutilizeCl－COmPOund，e・g・

methaneOrmethanol，aSthesolesourceofcarbonforgrowth・Inthisstudy，anumber

Ofyeaststrainswhocangrowonmethan01，Simplycalledmethan01yeast，areuSed．In

general，methanolyeastsutilizetheCl－Carbonsourcethroughtheassimilationand

dissimi1ationpathways（Tani，1984）．

Intheassimilationpathway，theformaldehydeformedffomoxidationofmethanOl

ishedwithxylulose5－Phosphatetoenterthexylulosemonophosphatepathway

（Xhm－Pathway）withformationbothdihydroxyacetoneandglyceraldehyde3－Phos－

Phate（Fig・1）・Thesetrioseswi11regeneratethexylulose5－Phosphatetokeepthe

CyCleinthepathway・TheXⅦpathwaywas丘rstlyproposedbyvanD埴enetal．

（1978），andwasestablishedafteranovelformaldehyde一点xingenzyme，dihydroxy－

aCetOneSynthasewasfoundbyKatoetal・（1979）andWaitesandQuayle（1980）．

Inthedissimdationpathway，methanolisoxidizedtoCO2throughformaldehyde

andformate，WhichinvoIvedalcoholoxidase／catalasesysteminperoxisome，formal－

dehydedehydrogenase，S－formylglutathionehydrolase，andformatedehydrogenase．

Atfirst，thispathwaywassupposedtobeessensialastheenergysupplyformethylo－

trophicgrowth・Therecentrepoれ（Sakaietal・，1997）confirmedthatthispathway

functionsmainlyindetoxicationofcellsffomformaldehydeandformateratherthantO

Stimulatetheenergygeneration．
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FIG・1・ThexyIulosemonophosphatepathwayJnmethanoJ－utiIizingyeast．

SinceitwasnrstlyisolatedbyOgataetal・in1969，themethanolyeasthasbeen

Studied丘omvariousaspectsbymanygroupsofresearcher・Processestoproduce

Valu－ablechemicals（SuChas，aminoacids，Citricacids，POlyoIs，nuCleotidesandnavin

CO－enZymeS）havebeenproposedusingmethylotrophicyeast（Tami，1984）・However，

thereportonsugarsderivativeswerelimited・PolyoIsareinterestingcompoundsand

Sim－Plederivativesofsugars，血ichproducedbyreductionofaldehydefunctionof

SugarSinconcomitantwithoxidationofNAD（P）HtoNAD（P）・．
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Naturally－OCCumngPOlyoIsarefoundinsmallquantities，mainlyinfruitsandve－

getables（WashuttletaL，1973）・PolyoIs，Whchareusedassweetenerforsucrosesub＿

Stitute，POSSeSSSOmePhysicalandchemicalpropertiessimilartothoseofsucroseand

haveslgnincantlylessenergythanSuCrOSe・Someofitsfunctionalpropertiesaredes－

CribedinTablel■metaSteOfpolyoIsvariesandtheirsweetnessrangeSfromthe

highestinxylitoltothelowestin1actitol・Onthebasisofsweetnesspergram，XylitoI

WaSCOnSideredasbeing㍑isosweet＝withsucrose・Maltitol，mannitolandsorbitoland

themaltitoIproductswereratherlesssweet，Withsweetnessvalueranglngfrom45to

90％ofthesweetnessofsucrose・SomepolyoIsincrystallineformareCharacterized

bytheirintensecoolingefhct血chimprovestasteinconfbctionaries・Xylitolisftlt

VeryCOOlbecauseofitshighlynegativeheatofsolution（－153kJ′gor－36・6kcal／g）．

Erythritolisfe1tquitecool，SOrbitolandmamitoIproduceaslgmi丘cantcoolingeffbct

aswell，血ereasmaltitol，isomalt，maltidexandhydrogenatedglucosesyrup（HGS）do

not（Dills，1989；Bornet，1994）．

TabJel・FunctionaJpropertjesofundigestibJesugars．

Sweetness Tasteof　＿」！abil呵⊥＿■

塾生酎iblesuRaTS－」些rOSe＝1）drYSugar Heat（C．）pH　＿」姐pici

SorbitoJ

XylitoI

MえmitoI

EIγthritoI

MaltitoI

Isomalt（Palatinit）

LactitoI

Maltidex

FruCtOOliosaccharides

0．70　　　　cool

O・90　　V町0001

0．50　　　　Cool

O．65　　　　cool

O．75　　　　None

O．60　　　　None

O・40　　Slightlycool

O．75　　　　None

O．30　　　＝Sucrose

＜160　　2一川

＜160　　2－10

＜160　　2・10

＜160　　2・10

＜160　　2－10

＜160　　2－10

＜160　　2－10

＜160　　2－10

＜140　　＞3

V

V

Low

eけlow

Low

eけlow

High

High

eⅣlow

High

Sucrose
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Generally，theviscosityofmonosaccharidepolyoIsarelowerthansucrose，andde－

Pendontheirmolecularweight・TheviscosityofdisaccharidepolyoIsexceptlactitol

andHGSarehigherthanthatofsucrose・Thefoodproductwithaparticularmouth－

feelmatchtothatofsucrosecanbeobtainedbycombinationofthesetwodifftrent

typesofpolyoIsorpolyoIwithHGS・PolyoIshavealsoanticariogemicity，Whichis

Valuableforpreventionofcaries，eSPeCia11yamongthechildren（idem，1994；Pepper

andOlinger，1988）．

MonosaccharidepolyoIsareslowlyabsorbedorincompletelymetabolized．Lacti－

tolistotallyundigestible，WhilemaltitolandhydrogenatedglucosesyruParePartiauy

digestedbyα－amylaseandmaltase（Patiletal・，1987；NilssonandJagerstad，1987）．

Thesepropertiesareresultinginlowglycemicandinsulinemicresponsesinhealtyand

diabeticsubiectsafterlngeStionwithpolyoIs．

AnotherfeaturesofpolyoIsareusedasstartingmaterialsforproductionofrare

Sugar，SuChasD－tagatOSe，L－XyluloseandL－SOrbose（Izumorietal・，1984；KLanetal．，

1991；KossevaeJαJ．，1991）．

Sofar・POlyoIshavebeenproducedcommerciallybythechemicalreductionpro－

CeSSOfthecorrespondingsugars・ThesugarscanbederivedfromhydrolysISOfstarch

OrSuCrOSe（starchorsucrosepathway，Fig・2），andwoodhydrolysatesaswell．The

Pr？CeSSareinvoIvinghydrogenationstepathightemperatureandpressure（80－1400C，

about40－50atm），andpurincationstepwithion－eXChangechromatography（fractiona－

tion）andcrystalization・Therefore，themicrobialproductionofpolyoIshasattracted

muchattentionbecauseoftheexistingdrawbacksinthepurincationstepabove

（Bomet，1994；HyvonenandKoivistoinen，1982；WinkelhausenandKuzmanova，

1998）・Recently，erythritoIcanbeindustriallyproducedthroughaerobicfermentation

4
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Ofglucosebyyeast・ThisprocessismoreefBcientthanthechemicalreducdondueto

uneconomicalpriceofitsprecursor，dialdehydestarch（Roperetal・，1993）．

Recently，aCOnSiderableeffbrthasbeenmadeonmicrobialproductionofpolyoIs，

especiallyxylitol・The蝕mentationprocesseshavebeenstudiedwithvariousyeasts，

SuChasCbn＆dbboidiniiCramiandVongsuvan1ert，1987；VongsuvanlenandTani，

1989；idem，1988，Vandeskaetal・，1995），Cbndihtrqpicalis（Gongetal．，1981，

Yahashietal・，1996），Cbndiddsp・L－102（Luetal・・1995），Pachysolentannqphilus

（Je鮎es，1983），andCbndiddguillermondii＠arbosaetal・，1988，Meyrialetal・，1991）．

A

STARCH
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MALTODEXTRJN

H21
MALTOSE

H2

⊥
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＿ゝ＿＋S。RB汀。L

FRUCTOSE H2　　MANNJTOL

■■＿」

B

SUCROSE
H20

MANN汀OL

FRUCTOSE H2

†＼cos㌔。RB汀。L
ISOMALTULOSE

l←2

1SOMAL¶PA仏TINrT（50％D－
GIucopyranosyl－1，6－MannitoJ＋

50％D－GIucopyranosy．－1，6－
So「bitol）

FIG・2・SchemeofindustriaJproducdonofpoJyoIsfromstarCh（A）orsucrose岬）．
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InthisstudyanewpolyoIsproducerwasscreenedfromanumberofmethanol

yeastswithvarioussugarsassubstrate（ChapterI）・Astheresult，助nsenula

POb）mOfPhawasselectedfbrproductionofxylitolfromD－Xylose・Optimizationof

Cultureconditionswascarriedout，includingmitrogensources，imitialcelldensity，

Mg2＋concentration，aeration，andsubstrateconcentrationaswell（ChapterII）．

Anosmolite，glycerol，WaSeXaminedforitspotentialasnon－tOXicco－Substrate

insteadofmethan01，forbioconversionofsubstrateD－Xyloseathighconcentration

（ChapterIII）・ThisideacamefiomtheresultsinChapterII，thatD－Xyloseutilization

decreasedbytheincreaseofsugarconcentrationmorethan100g／l．

Besidetheexperimentwithglycerol，amutanttOlerancetohighosmoticpressure

environtmentwasalsosoughtusingchemical（EMS）andphysical（UV）mutagenesis．

Thistolerantmutantwasfound，butitshowedbadgrowthandhadnoorverylow

activityforD－Xyloseconversiontoxylitol・Ontheotherside，aflavinogenlcmutantof

Cboidiniiwasalsofound，WhichsecretedribonavinduringgrowthinYPDmedium．

ThepotentialofnavinogenlcmicroorganismforindustrialproductionofvitaminB2

hasbeenrecogmizedearly・Theearlyf奴mentationstudiescarriedoutwithflavin0－

gemicascomycetes，Eremotheciumasbyii（MacLaren，1952），SuggeStedabiosynthetic

COnneCtionbetweenpurineandribonavin・Theteminalreactionssequenceofribo－

flavinbiosyntheticpathway，andformationofitsco－enZymeFMNandFADhavebeen

developedrelativerecently・AfourcarbonprecursorforformationoflumaZinewas

COnfirmedits originfromthepentosephosphatepool（Bacher etal・，1996）．

CharacterizationoftheflavinogenicmutantofCboidiniiisdescribedinChapterIV．
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CHAPTERI

PoJyoIProductionbyMethanoJYeasts

Inordertodevelopabioteclm0loglCalprocessforpolyoIproductionbymethan01

yeast，thisprelimlnaryStudywascarriedout・Anumberofthemethan01yeastswere

SCreenedfortheirabilitytoconvertsugarSincludinghexoseandpentose，disaccharide，

andoligosaccharidetothecorrespondingpolyoIsinbasalmediumcontainingyeast

eXtraCt，SVPlementedwithmethan01・Some叩erimenttostudygalactitolandribitoI

PrOductionintesttubescalewerealsoperformed．

MATERIALSANDMETHODS

Microorgamismsandcultivation Sixstrainsofmethanol－utilizingyeastsinclu－

ding Cbndiddboidiniino・2201（AKU4705），助nsenulapob｝mOfPhaDL－1（AKU

4327），肋nsenula頑maensわ・（AKU4328），Pichiapinus（AKU4259），P．pastorLs・

（AKU4264）andSbccharonv／CeSSP・Hl（AKU4137）wereobtainedfromtheFaculty

OfAgriculture，KyotoUniversity，Kyoto，J叩an・TheyeastsweremaintainedonYPD＿

ag㌣mediumcontaiming5gofyeastextract（DifboLaboratories，Detroit，MI），5gof

Polypepton㊥pihonPharmaCeuticalsCo・，Tokyo），5gofmaltexbactPihonPharma－

Ceuticals），15gofD－glucose，and15gofagarinlloftapwater．Basalmediumfor

Cultivationcontained4gofNH4Cl，1gofKH2PO4，1gofK2HPO4，0・5gofMgSO4・

7H20，0・05gofFeSO4・7H20，and4gofyeastextractinllofwater，PH6．Inocu－

1umwasprepared？CCOrdingtoVongsuvanlertetal・，（1989）usinga500－mlErlenme＿

7
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yernaskcontaiminglOOmlofbasalmediumsupplementedwithl％glucose，andcul－

tivatedunderrotaryshakingat200rpm，300Cfor24h・Cellswerecollectedbycentri－

fugationat5000xgfor5min，WaShedwithphysiologicalsalineandresuspensedwith

Chemicals SugarsandpolyoIsusedwereDrglucose，D－fructose，D－arabinose，D－

ribose，D－Ⅹylose，D－galactose，L－SOrbose，L－rharrmose，D－marmOSe，1actose，SuCrOSe，

maltose，SOrbitol，galactitol，ribitol，iditol，Xylitol，arabitol，rhamitol，mamitol，1ac－

titol，andmaltitol・Theywerepurchasedfromtheusualcommercialsourcesandwere

Ofreagentgrade．

ScreenlngOfyeastsfbrpolyolproduction ScreenlngOfpolyol－PrOducingyeast

WaSCOnductedwith5mlofthebasalmediumin16・5x165－rrmteSttubesvplemen－

tedwith3％（wル）sugarassubstrateand2％（vル）methanolasco－Substrate．Thecul＿

tureswereincubatedat300C，150rpmfor3d・Periodically，SamPlewasdrawn丘om

eachtube，andanalyzedforgrowthandpolyolformation・Someexperimentstostudy

theD－riboseandD－galactoseconversionwerealsoperformedintesttubescontaiming

thesamebasalmediumsvplementedwith3・6％sugar．

Analyticalmethods Cellconcentrationwereestimatedturbidometricallyat660

nm，aftersampledilutiontoanappropriaterangeOfopticaldensityrange（0・1－0．5）．

OneODunitcorrespondedtoO・23mgdryce11shl・ForscreenlngOfsugaralcohoIs

PrOducers，StandardandsamPlesolutionswereidentifiedbythin－1ayerchromatogra－

Phyonsilicage160plates（E・Merck，DarmStadt，Germany）impregnatedwith20mM

SOdiumacetateusingn－butan01－aCetOne－Water［8：10：2，byvolume］asasoIvent・Sepa－

rationwasachievedbytwo－StePdevelopmentandtheplatewassprayedwithamisal－

dehyde－Sulfuricacidreagent，andthespotswerevisualizedbyheatingat900Cfor5－10

8
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min（Stahl・1969）・D－XyloseandxylitoIweredeterminedbyHPLCwithpumpLC－

10AD，COlumnovencTO－10A，SyStemCOntrOllerSCL，10A，autOmaticqectorsIL－

10A，andintegratorchromatopaccR－7A（ShimadzuCorp・，Kyoto），andwithaSugar

AXGcolumn，4・6x150rrm（TosohCorp・，Tokyo），at650C・Buffbrsolution，0．7M

boricacidpH8・7wasusedasasoIventatanowrateofO・4ml血in．Theactivecom－

POnentsweredetectedbyrefractiveindexdetector（ShodexRl－71，ShowaDenko）．

RESULTSANDDISCUSSION

ScreenlngOfyeastforpolyoIproducer Theabilityofsixstrainsofmethanol

yeaSttOCOnVertSugarStOthecorregondingpolyoIsinthepresenceofmethan01asco＿

Substratewastested・TheresultswereshowninTable2・CboidiniiconvertedD－glu－

COSeandD－fructosetosorbitol，D－ribosetoribitol，D－Ⅹylosetoxylitol，D－galactoseto

galactitol，andL－rhamnosetorhamnitol；Hpo＆moTPhaconvertedD－fructose，D－ga－

1actoseandD－XylosetothecorrespondingsugaralcohoIs；HQPLnaenSLsconvertedD＿

fhctoseandD－XylosetothecorrespondingsugaralcohoIs；P・PinusconvertedD－ribose，

D－galactoseandD－XylosetothecorrespondingsugaralcohoIs；P・PaTtOrLsandSdccha－

rOWV）CeSCOnVertD－XyloseandD－galactosetothecorrespondingsugaralcohoIs，reS－

PeCtively・Hpob／mO77，haandP・Pinusproducedhigheramountofxylitolandgalac－

titolthanCboidiniidid・Hpob）mO7PhaproducedxylitoIwhetherthemediumcon，

tainedmethanolornot（Table3）・Theseresultswerequitediffbrentwiththeresultof

Vandeskaetal・（1995），WhereC・boidiniiwasbe”erxylitoIproducerthan助nsenula

α乃0∽αJα．
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TABLE3・GrowthandxyJitoJyieldn・OmD－ⅩyJosebyCboidblHandHpob，伽1Pha．

Yeast MethanoI Cellmass D－Xylose xlitoI

c肋　（1竿）誓　COnS晋（％）誓Yi諾g）
3・6　　　　　35　　　　21　　0．60

町画匝明海　　　　＋　　　3・0　　　　53　　　43　　0．82

3・9　　　　　75　　　　38　　　0．51

Fermentationwasdoneina30mlofbasalmediumCOntaininglO％D－Xy）osewithor

withoutmethan01，inalOO－miErlenmeyernask．

OtherexperimentsforinvestigatingtheproductionofribitolfromD－riboseandga－

lactitolfromD－galactosewascarriedoutbyCboidiniiandHpob）mO7Phqrespecti－

Vely・TheoptimumpHforbothD－riboseandD－galactoseconversionwaspH8，us1ng

Phosphatebufftrasbuffbringagent（Fig・3partA）・AtthisconditionO．1％ribitoland

O・7％galactitoIwereobtainedfrom3and3・6％D－riboseandD－galactose，reSPeCtively，

after2dofcultivation・EitheratpH50rPH9showedlowaccumulationofgalactitol，

POSSiblyduetoinhibitionofgrowth．
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Theinltialcelldensitywasoptimizedbyvaryingthebiomassconcentration丘om5

tO30g／l（asdrycellweight）・TheresultswereshowninFig・3panB．Galactitol

aCCumulationincreasedsignincantlybylnCreaslngtheinitialcelldensltyandthe

maximumvaluewasobtainedwhentheinltialcelldensitywas20g／l．Anamountof

6・8g／lofgalactitoIwasresultedfrom36g／lofD－galactose＆ield，0・19g／g）．For

ribitol，themaximumCOnVerSionwasobtained如initialcelldensityof25g／l，Which

PrOduced2・7g〟ofribitolfrom30g′′ofD－ribose（yield，0・09gQ）・Theribitolyield

SOOndecreaseslgmiBcantlywhentheinitialbiomasswas30g／l，W址hmeanmOStOf

thesubstratewasconsumedforgrowth．

TabJe4・EfrtctofjnitiaJconcentrationofgalactoseandriboseonitspoIyoIbrmation．

D－Gakctose

（釘り　　　　Yield（が）

D－Ribose

（g／／） Yield（釘り

0．2

1．2

2．2

4．5

5．4

6．0

柑

36

54

72

90

10g

15

30

45

60

75

90

3．6

4．5

4．0

3．6

3．6

Inltialsugarconcentrationwasalsotestedto血danoptimumconversionconditi＿

云nstopolyoIs（Table4）・D－Riboseconversionwasgreatestatinltialconcentrdionof

60g〟withtheyieldofribitolO・075g／g・AtinltialD－riboseconcentrationof75g／L

ribitoIconcentrationstillincreased，buttheyieldwaslowerthanthatof60g／lofD－

ribose・Forgalactitol，thebestyield（0・13g／g）wasobtainedatinitialD－galactose

COnCentrationof36g／l，Whichproduced4・5g′lgalactitol．
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ThegreatestyieldofgalactitoIwasobtainedbyoptimizationthecultivationtime

（Fig・3pahC）・Anam0untOf9g〟galactitol丘om36g′′D－galactosebTield，0・25g／g）

WaSObtainedafter36－hcultivation・Inthecaseofribitol，maXimumconversionofD＿

ribosewasobtainedaRer2dofcultivation，Whichproducedl・65g／lofribitolfrom30

g／lofD－ribose（yield，0．06g／g）．

Inthispreliminarystudy，SOmePOtentialpolyoIproducerfrommethan01yeasts

Werefound・CboicHnii，Hpobmo7PhaandP・Pinuswerepotentialforproductionof

SOrbitol，Xylitol，andgalactitol，reSPeCtively・EitherCboidiniiorP・Pinusproduced

ribitolfromD－ribose，buttheyieldwassmallerthanthoseofxylitolorgalactitol．

Amongthem，ⅩylitoIproductionfromD－XylosebyHpob／mO7Phashowedthehighest

PrOductivity，andwasselectedforfurtherstudy．

13



≠

t
l

i

r

F

l

ト

■

XylitoIProductionbyaMethanoIYeast，助nsenuLdpob，mOrPha

AmongpolyoIs，Xylitolhassweetnesspropediesmoreclosetosucrose・Besidethat，

Xylitolalsohasinterestingpropertiessuchasanticariogenicityforpreventionofdental

Caries，COOlingefftctforimprovmgtasteinconftctionaries，lowcalorycontent，and

elicitlowglicemicandinsulinemicresponsew址hareusefu1topatientswithdiabetes，

heartdeseasesorcanCerOfgastrointestinaltract（Dills，1989；Bornet，1994；Hyvonen

andKoivistoinen，1982）．

Forqpplicationwithcommercial肋sibility，XylitoIcanbeproduced丘omD－Xylose

derivedfromhemicellulosehydrolyzatesofwoodoragriculturalwaste（e．g．，COrn

dra庁）・TheserenewableresourCeShavebeenconsideredasaninexpensiverawmate－

rialforbioconversionofmanyusefu1products（Gongetal・，1981；MageeandKosaric，

1985；KennedyandPaterson，1989）・InthischaptertheoptimizationofxylitoIpro－

ductionfromD－Xyloseby助nsenulapob7mO7Phaisdescribed，uSlngmethan01asco－

Substrate．

MATEⅢALSANDMETHOI）S

Microorganismandmcdium Hpob）mO7Phausedintheeqerimentwasdescri＿

bedinChqpterI，andmaintainedinYPD－agarmedium・Basalmediumforcultivation

COntained4gofNH4Cl，1gofKH2PO4，1gofK2HPO4，0・5gofMgSO4・7H20，0．05

gofFeSO4・7H20，and4gofyeastextractinllofwater，a句ustedtopH6．
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Cultureconditionsn｝rXy”01productionInoculumWaSPreParedbymodiBcati－

OnOfreportedprocedure（TaniandVongsuvanleh，1987）・Atthenrststep，theyeast

CellsweregrowninthebasalmediumwithO・5％glucoseat300Cunderrotaryshaking

at150rpmfor24h・Inthesecondstep，inoculum（0・1volume）oftheseedculturewas

transferredintothesamebasalmediumsupplementedwithl％（叫）glucoseandl％

（v／v）methanol，andcultivatedunderrotaryshakingat150rpmand300Cfor2d．In

Otherway，theseedculturewastranSftrredintothesamebasalmediumSuPPlemented

Withl％（v／v）methan01，andcultivatedunderrotaryshakingat150rpmand300Cuntil

thelogaritlmicphase（about30h）・Thecellswascollectedbycentrifugation，WaShed

withsalineandtranSfbrredagalnintothesamebasalmediumSqPPlementedwithl％

glucoseandl％methanol，andcultivatedbyrotaryshakingat30OCand150rpm，for

2－3d・Anotherl％（vル）methan01wasaddedtotheseedcultureaRerthe丘rstdayof

Cultivationfromamethan01－KOHsolution（50％methan01inO・5MKOH）．Cultivati－

OnforproductionofxylitoIwascarriedoutat300C，underrotaryshakingat150rpm

ina500－mlErlenmeyerflaskcontainingthebasalmediumandinoculumatinltialce11

COnCentrationof2・5g／l・Ureawasconsideredasacheapnltrogensources，andwas

examinedforitsoptimumconcentration・Otherinorgamicandorganicnitrogensour－

CeSWerealsotested・AerationwasexaminedbyvariationofvolumeOfthemediumin

a500－mlErlenmeyerflask，andD－Xyloseconcentrationwasalsoexaminedfrom22．5

to300g／J．

AnaIyticalMethods Cellsconcentrationwereestimatedturbidometrica11yat660

rm，aRersampledilutiontoanaPPrOPriaterangeofopticaldensityrange（0・ト0．5）．

OneODunitcorrespondedtoO・23mgdrycellshnl・D－XyloseandxylitoIweredeter－

minedbyHPLCwithpumpLC－10AD，COlurrmovencTO－10A，SyStemcontroller
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SCL－10A，autOmaticidectorsIL－10A，andintegratorchromuopaccR－7A（Shimadzu

Corp・，Kyoto），andwithaShodexSugarSZ5532column，4・6x150mm（Showa

DenkoCorp・，Tokyo），at400C・Acetomitrile－Water（70：30，Vル）wasusedasasolventat

anowrateofO・8mumin・Theactivecomponentsweredetectedbyrefractiveindex

detector（ShodexRI－71，ShowaDenko）．

Nitrogensources oftheelevennltrogensourcestested，urea，叩4）2SO4and

NH4NO3Werepotentialwithhighyieldofxylitol（0・55g／g）fromlOOg／lD－Xylose

（Table5）・Withurea，almostlOO％ofD－Xylosewasconsumedbyyeastcells，and

TABLE5・Efrbctof血itrogensourcesonxyJitoJproductjonbyHpob，morpha．

ylo

n5u

％

91．

Ⅹ
Se Cell xylitoJ

med mass produced

XylitoI Volumetric

yield productivity

／．h

O．53　　　0．43

0．52　　　0．26

0．44　　　0．21

0．55　　　0．20

0．55　　　0．44

0．55　　　0．46

0．54　　　0．48

0．47　　　0．35

0．52　　　0．44

0．53　　　0．44

0．52　　　0．46

り　　（むJ

4．7　　　41．4

4．4　　　25．1

4．3　　　19．8

4．O　　　18．9

4．6　　　42．6

4．7　　　44．0

5．8　　　45．9

4．6　　　33．2

4．6　　　42．0

0

．8

．7

8

9

5

4

6

6

55

5 2

39．

89．

93．

99．

82．

93．

Nitrogensources

NH4CI

CH3COONH4

HCOONH4

NH4HCO，

NH4NO

桝H4）ヱSO．

U陀a

Yeastextract

Polypeptone

Yeastnitrogenbase（Difto）　93・5　　5．4　　42．3

Casaminoacids　　　　　99・4　　5．2　　44．6

bothgrowthandxylitoIproductionincreasedinthenrst4dofcultivation．Thisresult

issimi1artotheresultofVandeskaetal・（1995）withCboidiniiandLuetaL（1995）
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WithCbndidbsp・L－102・With脚＝4）2SO4andNH4NO3，about90％ofthesubstrateD＿

Ⅹylosewasconsumedandtheirxylitolyieldwassimilar・Theseresultsaredifftrent

fromthoseofLuetal・，血0foundthatuseofNH4NO3gaVegreaterxylitolyieldand

PrOductivitythan卿H．）2SO．．

TABLE6・EfrbctofinitiaJpHofmediumonxyIitoJproduction．

PH oD660　　D－Xylose xlitol
Productivity

PrOduced Yield　　（g／l．h）

（ノ

33．5　　　0．42　　　　0．35

34．0　　　0．42　　　　0．35

34．7　　　0．48　　　　0．36

36．2　　　0．43　　　　0．38

43．2　　　0．46　　　　0．45

4．5

5

6

7

8

48．0

51．2

49．2

50．8

51．1

used

％

79．5

81．0

72．8

84．8

InitialpHofmedium BasalmediumwithureaasnitrogensourceatvariouspH

（from4・5－8）wastestedforxylitoIproductionfromD－Xylose（Table6）・Thegreatest

PrOductivityandyieldofxylitoIwasobtainedatimitialpHof8（0・45g／l・handO・46g／g，

respectively）・TheincreaseofpHfrom4・5to8wasconcomitantWiththeincreaseof

Xylitolaccumulationinthemedium，WhichwasoptimumatpH8（43・2g／り．Atthesa－

metime94％ofsubstrateD－Xylosewasutilizedbytheyeastcellsduring4dofculti－

Vation・ThisresultwasratherdifftrentwithpreviousresultforCboidiniiNongsu－

VanlertandTani，1989），血eretheoptimumxylitolaccumulationwasobtainedaround

PHneutral（pH6－7）・HighyieldofxylitoIwasalsoobtainedatpH6，butsubstrateuti＿

1izationatpH6waslowerthanatPH8・Cellgrowthwasnotsignincantlyaffbctedby

VariationofpH・

17



TABLE7・EffbctofinitjaJceIIdensityonxyJitoIproduction．

Initialcells D－Xylose

（〆り　　　used（％）

2．5　　　　　　86．7

3．5　　　　　　76．7

5　　　　　　77．5

7．5　　　　　　83．5

10　　　　　　90．5

Growth　　　　xylitol Productivity

（OD）（g／l）Yield（如）（g／l．h）
40

46

54

63

77

33　　　　0．3g

33　　　　0．43

35　　　　0．45

35　　　　0．42

40　　　　0．44

0．34

0．35

0．3（；

0．36

InitialcelldensityandMg2＋concentration Imitialcelldensitywasoptimized

usingtheconcentrationranging丘om2・5tolOg／linthebasalmediumwithureacon－

taininglOOg／lD－Xylose（Table7）・Theincreaseofimitialcellconcentrationwasfo1＿

lowedbyalitdeincreaseinxylitolaccumulation・Thegreatestyieldofxylitol（0．45

g／g）wasobtainedatinitialcellconcentrationof5g′l・MgSO4・7H20concentration

WaSalsooptimizeduslngtheconcentrationranglngfromO・25tolOg〟inthebasal

mediumwithureacontaiming90g／lD－Xylose・TheincreaseofMg2＋concentrationwas

COnCOmitantWiththeincreaseofxylitolaccumulatedinthemedium・Theoptimum

resultwasobtainedatMg2十concentrationoflg／l，and31・5g／lofxylitoIwasaccumu－

1ated（yield，0・38g／g）・IncreasingtheMg2＋concentrationmorethan1g／lstillincrea－

Sedthexylitolaccumulation，butstimulatedhighlygrowthandmuchsubstratewas

COnSumedforgrowth（datanotshown）．
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EfFbctofaera血　Aerationwasmoresatisfactory丘omthepolntOfviewofxyli－

toIproductionwhen200mlofmediumina500－mlErlenmeyernaskwasusedrather

than3000rlOOml（Fig・4），withshakingat150rpmand300C．
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Atthiscondition57g／lofxylitol（yieldwasO・52g／g）wasobtainedfromllOg〟ofD－

Xyloseandl％methan01in3dofcultivation・D－XylosewasutilizedquicklyinlOO

mland200mlofculture，andalmostdepletedaRer2and3dofcultivation，

reSPeCtively・Xylitolaccumulationpeakedatthistimealso・Thatlessxylitolaccu－

mulatedin100miofmediumthanin200mimightbeaccountedforbyconsumption

Ofmostofthesubstrateforgrowth・With300mlofmedium，thesubstratewas

COnSumedmoreslowly，reSultinglnSlowergrowthandlessxylitolaccumulation．

Underthisconditionxylitolaccumulationsoonreachedaplateauby3d，andthecurve

didnotpeak．

EfFbctofsubstrateconcentration D－Xyloseutilizationwasgreatestwhenitscon－

CentrationwasaboutlOOg／l（Fig・5）・Afurtherincreaseofsubstrateconcentration

morethan10％increasedthexylitolyieldbydecreaslngthepercentageofsubstrate

COnSumPtionforgrowth，buttheoptimumharveStingtlmeWaSdelayed．Whentheimi－

tialD－Xyloseconcentrationwasincreased6－fo1d（from22・5g／lto135g／り，XylitoIpro－

ducedincreased20－fo1d（from2・2g／lto43・2g／Din2dofcultivation・meXylitoI

COnCentrationdecreasedwhentheconcentrationofxylitolthathadaccumulatedwas

equaltoorhigherthantheconcentrationofD－Xylose，after36－48hofcultivation

（Fig・7，A－C）■Atthiscondition，bothD－XyloseandxylitoIwerebeingconsumedbythe

yeastcells，Whichhighlystimulategrowth・AttheimitialD一Ⅹyloseconcentrationof

22・5and95g／l，Xylitolaccumulationcurvepeaked，butatconcentrationof135and

155g〟，thecurvedidnotpeak・AnincreaseofD－Xyloseconcentrationupto300g／l

inhibitedsubstrateutilization・Fromtheseresultsandotherdata，thecultureconditi－

OnSforxylitoIproductionweresetasfo1lows：200miofamediumina500－miErlen－
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meyerflask，COmPOSedof2・5gofurea，1gofKH2PO4，1gofK2HPO4，1gofMgSO4・

7H20，95－135gofD－Xylose，andl％（v／v）methan01inllofwaterpH8．
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TbeoptimumconditionsforproductionofxylitolfromD－XylosebyHpobmo7Pha

Weredevelopedintheexperimentsabovewithmethanolasco－Substrate．1meculture

mediumwasconstruCtedascomposedof2・5gofurea，1gofKH2PO4，1gofK2HPO4，

1gofMgSO4・7H20，95－135gofD－Xylose，andl％（vル）methanolinllofwaterpH8．

Thecultureconditionswerecarriedoutmicroaerobicallywith200mlofamediumin

a500－mlErlenmeyernaskat300Cunderrotaryshakingat150rpm・Productivitywas

thegreatestwheninoculumatinitialdensityof5g／land2・5g／lofureawasusedas

nltrogensource，reSPeCtively・Undertheseconditions，57g〝xylitoIwasobtained

fromllOg／lD－Xyloseandl％（v／v）methan01aRer3d。fc。Itivati。n．
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E批ctofGJycerolonXylitoIProductionby助nsenuLdpob，mOtPha

GlyceroIcanbeutilizedascarbonsourceandenergybyanumberofyeasts，inclu－

dingsomemethanolyeast（Gancedoetal・，1968；BabelandHofharm，1982）．This

COmPOundandotherneutralcompoundwith20r3carbonscouldpenetratetheyeast

Cellthroughsimplediffusion・ThispassivetranSPOrtrequiredlessornoenergy，Which

mightbedifhrentfromthetranSPOrtSyStemforsugarCOmPOund．

Inthepreviouschapter・D－XylosewasconveれedtoxylitoleffbctivelywhenD－Ⅹylo－

SeCOnCentrationwasaboutlOOg／l，Withl－2％（v／v）methanolasco－Substrate．When

D－Ⅹyloseconcentrationwas125g／lorhigher，COnVerSionbecameinefncientduetoa

decreaseinD－Xyloseutilizationandxylitolfbrmation・Theseefftctswassupposedas

theresultsofintoleranCeOftheyeastcellstohighosmoticpressureenvirontmentat

highsugarconcentration・InordertosoIvetheseproblems，SuPPlementofanosmolite，

glycerol，WaSStudiedtoprotectthecellsfromhighosmoticpressure，andtofunction

asco－Substrateformethan01substithte．

MATERIALSANDMETHODS

Microorgamismandmedium Methan01yeast，助nsenulapob｝mO7Phausedinthe

experimentwasmaintainedonYPD－agarmedium，aSdescribedinpreviouschapters．

Tbebasalmediumforcultivationcontained4gofN＝4Cl，1gofKH2PO4，1gof
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K2HPO4，0・5gofMgSO4・7H20，0・05gofFeSO4・7H20，and4gofyeastextractinll

Ofwater，PH6．

InoculmpreparationandcultureconditionshrxylitoJproduction Inoculum

WaSPrePareduslngOneOfthetwoproceduredescribedinChapterII・At丘rst，the

yeaStCellsweregrowninthebasalmediumWithO・5％glucoseat300Cunderrotary

Shakingat150rpmfor24h・Then，theseedculturewastransftrredintothesameba－

SalmediumSuPPlementedwithl％（vル）methanol，andcultivatedinthesamemanner

tillthelogaritlmicphase（about30h）・Thecellswerecollectedbycentrifugation，

WaShedwithsalineandtransftrredagalnintothesanebasalmediumsupplemented

Withl％glucoseandl％methanol，andcultivatedinthesamemarmerfor2－3d．An0－

therl％（v／v）methanoIwasaddedtotheseedcultureafterthefirstdayofcultivation

ftomamethanoトKOHsolution（50％methanolinO・5MKOH）・Forglycerolgrown

Cells，inoculumwaspreparedbygrowingthecellsinl％（dv）glycerolinsteadofme＿

thanol・CultivationforproductionofxylitoIwascarriedoutat300C，Withrotarysha－

kingat150rpmina500－mlErlenmeyernaskcontaimingbasalmediumandinoculum

atinltialcellconcentrationof5g／l・

AnalyticalMethods Cellsconcentrationwereestimatedturbidomebicallyat660

nm，aRersampledilutiontoanaPPrOPriaterangeofopticaldensityrange（0・ト0・5）．

OneODunitcorrespondedtoO・23mgdrycellshnl・D－XyloseandxylitoIweredeter－

minedbyHPLCwithpumpLC－10AD，COlumnovencTO－10A，SyStemCOntrO11er

SCL－10A，autOmaticiqjectorSIL－10A，andintegratorchromatopaccR－7A（Shimadzu

Corp・・Kyoto），andwithaShodexSugarSZ5532colurrm，4・6x150mm（ShowaDen－

koCorp・，Tokyo），at400C・Acetonitrile－Water（70：30，V／v）wasusedasasoIventata
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flowrateofO・8ml血in・Theactiveco叩OnentSWeredetectedbyre＆activeindex

detector（ShodexRI－71，ShowaDenko）．

RESULTSANI）DISCUSSION

UtilizationofD－XyloseandGlyccrolbyLLpob，mOtPha D－Xyloseandglycerol

utilizationwasobservedin16・5x165－rrmteSttubecontainingthebasalmediumsup－

Plementedwith15g／lofsingle（D－Xyloseorglycerol）andmixedsubstrate（D－Ⅹylose

Plusglycerol）・TheresultswasshowninFig・6・WhenonlyD－Ⅹylosewasusedascar＿

bonsource，XylitoIwasquicklyaccumulatedaRer6h・butsoonconsumedbytheyeast

CellstogetherwithD－Xylose，anddecreasedtoitsoriginalconcentrationa鮎r25hof

Cultivation・Inanothercase，glyceroIwasconsumedveryslowlybytheyeastcells．
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Whenthetwocarbonsourcewasmixed，aninterestingphenomenonwasobserved．D＿

Xylosewasutilizedaliulefasterthanbeforeandxylitolaccumulationwasslowly，and

PeakedwhenD－Xyloseconcentrationhasdecreased・ThexylitoIwasmorestableatits

PeakthaninthecultureWithsinglesubstrate・Theexistenceofglycerolintheculture

SeemtOhaveaprotectione銑ctagalnStXylitolutilization・Thise脆ctwasnotobserv＿

edwhenmethanoIwasusedinsteadofglycerol．
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XyJjtoJproduction・A，1％；B，2・5％；C，5％；andl），7・5％（W／v）of

glyceroJ，reSPeCtiveJy・口，D－XyIose；◆IXylitoJ；▲，OD660．
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E批ctofvariousglyceroIconcentrationonxyutoIproduction Variousconcen＿

trationsofglycerolfromO・5to7・5％（w／v）wereexaminedasco－SubstrateforxylitoI

PrOductionfromD－Xylose・Cultivationwasperformedina500－mlErlenmeyerflask

COntaining200mlofmediumSuPPlementedwith125g／lD－Xylose．Theresultswere

ShowninFig・7・Glycerolatconcentrationofl％showedaninhibitiontoxylitolaccu－

mulation，butstimulatedgrowthear1ierthanthoseofglycero12・5％orhigher．The

Similarresultwasobtainedwith2％（w／v）glycerol（resultnotshown）・WhenglyceroI

COnCentrationwas2・5％，grOWthwaskeptinthelagphaseuntilabout3dofcultivati＿

On，andshowedanincreaseonday4・Duringthegrow血inhibition，mOStOfD－Xylose

utilizedwasconvertedtoxylitol・Durationofgrowthinhibitionseemedtohaverelati＿

OnWithglyceroIconcentration，Sincewith7・5％glyceroIshowedlongerlagphasethan

2・50r5％glycerol・Incontrast，D－Xyloseutilizationwasslightlyslowerat7・5％glyce－

rolthanthoseof2・50r5％glycerol，PrObablyduetoincreaseofglycerolutilizationby

thece11sorglyceroldiffusionthroughcellmembrane・Thehighestxylitolyield（51．6

g／りwasobtainedinthecultureftom125g〟D－Xylose，SqPPlementedwith5％glycerol

after6dofcultivation．

EfEbctofglycerolormethanolasco－SubstratehrxyIitoIproduction Methan01

yeastsassimilateglycerolthroughtheoxidativepathw町，WhchinvoIvesNAD＋－1ink－

edglyceroldehydrogenase（BabelandHofhlarLn，1982；KongetaL，1985）．NADHre－

Sulting丘omglyceroloxidationprobablyisusedfbrconversionofD－Xylosetoxylitol．

Inthepreviousreport（VongsuvanlertandTani，1989），anincreaseofxylitoIproducti－

Oninthepresenceof2％methan01wasobservedinacultureofCboidinii．Inthis

Study，theincreaseofxylitolyieldwasobservedatglyceroIconcentrationof2．5％or

27



higher・AttheglyceroIconcentrationof5％，thehighestyieldofxylitol（58・3g／l；

yield，0・62g／g）wasobtained丘om125・Og／lD－Xylosein4dofcultivation（Table8）．

TABLE8・抽ctsofmcthanoJorglyceroJasco－SubstrateonxylitoIproductionbyLLpob，mOIPha

Initial InitialmethanoI Cultivation ce11

Xylose orglycerol time mass

J　　　　％融v d　　　／J

Methanol

D－Ⅹylose

∝肌Sumed

％

Ⅹlitol

Yield

125

150

125

150

2．4

2」4

Glycero

5

5

3

4

4

5

3

4

4

5

7．7

7．8

7．3

7．5

8．4

8．8

8．3

9．0

77

89

75

84

61

75

64

79

J

47

46

49

47

48

58

53

64

0．49

0．41

0．44

0．38

0．62

0．62

0．55

Withglycerolasco－Substrate，athighD－Xyloseconcentrationof150g／LHpob）mOr－

PhastillshowedanincreaseofD－XyloseconsumptionandxylitoIconcentration（63．7

g／り・Theseresultssupportedtheauthor，shypothesisthatglyceroIcanfunctionascells

PrOteCtOragainsthighosmoticpressure，aSPrOduct（xylitol）protectoragainstutiliza－

tionbythecells，andalsoasco－SubstrateformethanoIsubstitute．

EfFbctofmethanol－grOWnOrglycerol－grOWninoculum Eithermethan0lor

glyceroIcanbeutilizedbythemethanolyeastastheirsolecarbonandenergysource

（BabelandHo蝕ann，1982）・XylitoIproductionusingmethanol－grOwnandglycerol－

grownCellsofHpob｝mO7Phawascompared（Fig・8）・Theresultsshowedthatinocu＿

1ationofmethanol－grOwnCellsgavehigherxylitolyieldandproductivitythanthatof

glycerol－grOWnCells・WithmethanoトgrownCells，63・5g／lxylitoIwasobtained丘om
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150g〟D－Xyloseafter5dofcultivation・Withglycerol－grOwnCells，59g〟xylitoIwas

Obtainedfrom150g／lD－Xyloseafter6dofcultivation・Theseresultsareconsistent

withdiffbrencesinthespeciBcactivityofdihydroxyacetonekinaseinmethanol－grOwn

andglycerol－grOwnCellsofHpo如07Pha＠abelandHofharm，1982；Taniand

Yamada，1987），andsupponmyexpectationthatHpob｝mO7PhaisagoodxylitoIpro－

TheseresultsshowedthatHpob／mO7PhaDL－1isapromlSlngyeastforxylitoIpro－

duction・Thexylitolyieldandproductivitymightbefurtherimproved．Forcommer－

Cial危asibility，fermentationcouldbeperformedbyfbdbatchorcontinuousculture

tech山ques．
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AnewaspectfbrxylitoIproductionfromD－Xyloseatconsiderablehighconcentra－

tionwasdevelopeduslngglycerolasco－Subs＆atefbrmethanoIsubstitute・Glycerolat

COnCen＆ationof2・5－5％（w／v）showedapositiveefftcttoxylitolaccumulation，While

timetostartthegrowthwasdelayed・Thehighestyieldofxylitol（58・3g／りwasob－

taiedfrom125g／lD－Ⅹylosein4dofcultivation，When5％glyceroIwasusedasco＿

Substrate・With5％glycerolasco－Subshateand150g〟D－Xylose，

ShowedanincreaseofD－XyloseconsumPtionandxylitolaccumulation．Inoculationof

methan01－grOwnCellsgavebeuerxylitolyieldandproductivitythanglycerol－grOwn

Cells．
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CharacterizationofaFlavinogenicMutantofMethanoIYeastcbndiddboidblH

andItsExtrace仙1arSecretionofRiboL）aviA

Themethan01yeast，Cbndiddboidiniino・2201，haspotentialforproductionof

SOmevaluablechemicals，SuChasaminoacids，Citricacid，SugaralcohoIs，nuCleotides

andflavincoenzyme（Tani，1984）・Whenglucosewasusedasthecarbonsource，eX－

PreSSionleveloftheoxidativepentosephosphatepathwayenzymeSSuChasglucose－6－

Phosphatedehydrogenase（G6PDH，ECl・1・1・49）and6－Phosphogluconatedehydroge－

naSe（6PGDH，ECl・1・1・44）weretwicehigherthanthoseofmethanolasacarbon

SOurCe（Katoetal・，1979；Sahm，1977）・Bothenzymes，G6PDHand6PGDH，arereS－

POnSibleforreductionofNADP＋toNADPH，Whichisnecessaryforformationof

aminoacids，lipids，nuCleotides，Cellwallandothercellularcomponents（Ilmenand

Demain，1969）・MutationinthestruCturalgeneforG6PDHphenotypicallyresultedin，

fbrexample，Pleiotrophiceffbct・W岨isresponsibleformorphologicalchangesin

Nburo4”raCraSTa（ScottandTatum，1970）．

Inthepresentstudy，WeisolatedandcharaCterizedanavinogemicmutantOfC

boidiniino・2201・ThemutantlackedinbothG6PDHand6PGDH，andshowedthe

increaseofnavinogenlcactivityresultedfromtheincreasinglevelofitsprecursors，

Whichissynthesizedthroughthepentosephosphatepathway・Therelationbetween

PentOSePhosphateprecursorandthebiosyntheticpathwqyofribonavinhasbeendes＿

Cribedpreviously（Bacheretal・，1996；SeeFig・9）・Themutantcellssecretedribofla＿

Vinduringgrowthinmediumwithglucoseandothernon－fermentablecarbonsources．
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Someconditionsforribonavinproductionwerealsostudied．
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MATEⅢALSANDMETHOI）S

Microorganismandmedium cboidiniino・2201wasobtained＆omFacultyof

Agriculture，KyotoUniversity，Kyoto・Boththewildtypeandthemutantweremain＿

tainedonYPDmedium，WhichwascomposedoflOgofyeastextract（DifboLabora＿

tOries，Detroit，hm・USA），10gofpeptone（Polypepton㊨，NihonPharmaceuticalCo．，

Tokyo），andlOgofglucoseinll，PH6・5，andsolidiBedwith20gofagarin1l．The

basalmediumforcultivationwascomposedof4gofN＝4Cl，1gofKH2PO4，1gof

K2HPO4・0・5gofMgSO4・7H20，andlgofyeadexhactin1l，PH6・5．Themimimal

mediumwascomposedof6・7gofyeast血ogenbasewithoutaminoacid（Difbo）and

Inoculumandcultivationconditions Theseedsculturewaspreparedin16Ⅹ165－

rrmtesttubescontaiming5mlofⅦDmediumbyshakingat300Cand200rpmfor24

h・Theinoculum（1％，Vk）wastransfbrredtolOOmlofbasalmediumsvplemented

WithlO、gNofglucoseina500－miErlenmeyernask・Cultivationwascamiedoutun＿

derrotaryshakingat150rpmand300Cfbr2doruntiltheearlystationaryphaseof

thegrowth，andusedtopreparecell－丘eeextract・Forriboflavinproduction，inoculum

WaSPreParedinYPDmediumbyshakingat300Cand150rpmfor2d．Riboflavin

PrOductionwasca汀iedoutina500－miErlenmeyerflaskcontainingthebasalmedium

StPPlementedwith30g〟ofsucroseand8g〟ofyeastextract，andcultivatedat300C

and150rpm・Themediumwaspreparedfreeofironbyextractionwith8－hydroxy－

quinolineinchloroform（Tanneretal・，1945）．

Mutagenesisandisolationofmutants Mutagenesiswasperformedbyethylme－

thaneSulfonate（EMS）fo1lowedbyUVirradiationtoproducethemoststableformOf
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mutation（SpencerandSpencer，1991）・Itwascarriedoutaccordingtopublishedre＿

POnSWithaliulemodiBcation（Lindegrenetal・，1965；Matsutanietal・，1992；Konget

al・，1987）・memuhntstrainswenisol如edbyindirectselection（Kongetal・，1987）．

Theauxotrophytestwascarriedoutin16x165mmbsttubescontaiming5miof

minimalmediumsqpplementedwithallbutoneoftheaminoacidsandgrow払factors

（SpencerandSpencer，1991），鮎fo1lows（inmgq：ademine・HCl（20），L－argimine（10），

L－histidine（10），L－isoleucine（60），L－1eucine（60），L－1ysine・HCl（10），L－methiomine

（10），L－Phenylalanine（20），L－tryPtOPhan（20），L－tyrosine（10），LrvalineQO），biotin

（0・25），Ca－PantOthende（2・5），fo1de（0・25），inositol＠0）nlcotinde（1），Pyridoxine．

HCl＠・5），andthiamine・HCIQ・5）・Solutionsotthesecompoundsweres印Wdely

dissoIvedinwaterandsteri1izedbymicrofiltration．

PreparationofceJl－freeextract cell－freeextractwaspreparedasdescribedpre－

Viously（TaniandYamada，1987）・Cellsfromthelatelogaritlmicphaseoreadysta－

tionaryphasewerehwvestedbycen＆ifugation，WaShedtwicewith50mMphoq）h如e

buffbrbH7），SuSPendedin5－10miofthesamebufR，rCOntaimingO．5mMdithiothrei＿

tOl，anddisrqptedforlOmininanicebdhbyultrasonlcation（20kHz，about300W；

SonlBer450，BransonsonlcPowerco・，Danbury，CT）atdutycycleof30－40％．

Whenalmostallofcellsweredisrqp鹿dasseenundermicroscope，Cellsandotherin＿

SOlublematerialswereprecIPltdedbycentrifugdiond14，500ⅩgforlOminandre＿

Enzymeassays Allassayswereperformedat300Corroomtemperatureinquarb

CuVeaeSuSingdoublebeamspechophotometer（UV－210，HitachiCorp・，Tokyo）．One

unitofenzymeaCtivityisdehedastheactivitytoformlpmolofproductpermin．

SpecificactivitiesareglVeninmi11iunitspermgofprotein．
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G6PDHwasmeasuredbytheformationof6－Phosphogluconate丘om2mMglu－

COSe6－PhosphatewiththereductionofNADP・（DomagkandChilla，1975）・Theassay

mixturecontained50mMTris－HCl（pH7・6），5mMMgC12，2mMNADP十，and

aPPrOPnateamountofcelト丘eeextract・Thereactionwasstartedbyadditionofthe

6PGDHwasmeasuredbyreductionofNADP＋with3mM6－Phosphogluconateby

themethodsofRippaandSignorini（RippaandSignorimi，1975），withslightmodiBca－

tionヲ・Theassaysmixturecontained50mMTris－HClbufhrbH8），0・9mMNADP・，

andappropnateamountofcel沌eeextract・Thereactionwasstadedbyadditionof

Glucose－6－Phosphateisomerasewasmeasuredbyformationofglucose6－Phos－

Phatefrom3mMfhlCtOSe6－Phosphate（Bergmeyer，1975）・Theassaymixturecon－

tained50mMtriethan01amine・HClbufftrbH7・6），5mMMgC12，0・2mMNADP・，5

鵬血lofbaker，syeastG6PDH（150umits／mg，NacalaiTesque，Kyoto），andappro－

Prlateamountofcell一触eextract・Thereactionwasstartedbyadditionofsubstrateas

OtherenzymeaCtivitiesincludingtranSketolaseandhansaldolase（Katoetal．，

1982；VanD＃enetal・，1978），dihydroxyacetonesynthase（Katoetal・，1982），di－

hydroxyacetonekinaseandglycerolkinase（TaniandYamada，1987），6－Phospho－

fhlCtOkinase（VanD＃enetal・，1978；LoboandMai＆a，1983），andD－ribose－5－Phos－

Phateketolisomerase（Wood，1975）wereassayedaccordingtothepublishedmethods．

AnaIyticaIprocedures proteinconcentrationwasdeterminedspectrophotometri－

Callybyprotein－dyebindingmethod（Bradford，1976），uSingcommercialproteinassay

kit（Amersham－PharmaCiaBiotechK・K・，Tokyo）・Bovineserumalbuminwasusedas
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thestandard・Cellgrowthwasdeterminedturbidome＆ically如660nm・OneOD660

mitwasequaltoaboutO・19mghnl（asdrycellweight）・Pentoseorpentosephosphate

aCCumulationwasidentinedbyHPLC（ShimadzuCorp・，Kyoto）equippedwiththe

UV－Visibledetector（ShimadzuSPD－10A）andrefractiveindexdetector（ShodexRl－

71，ShowaDenko，Tokyo）・Pentosephosphatewasseparatedinareversephaseco－

1urrm（TSKODS80TM，6x150rr皿；TosohCorp・，Tokyo），withacetonltri1e－Water

（70：30，Vk）asthesoIventatanowrateofO・8mihnin・Rjbonavinwasidentinedand

quantifiedbyHPLCwiththesamecolumnasabove，anddetectedwithnuorescence

detector（ShimadzuRF－10A），withexcitationat450nmandemissionat530nm．

RESULTSANDDISCtJSSION

Isolationofmutants somemutantStrainsofCboihiiwereisolateduhichcould

nOtgrOWOnmediumwithdihydroxyacetoneunlikethewildtype，WhichcangrOWOn

eitherdihydroxyacetoneorglycerol・OneofthemutantShadayellowphenotypeand

eXCretedriboflavin（asitwasidentinedbyspectrofluorometryandHPLC）duringthe

growthonYPDmedium・Asfarastheauthorknows，thisisthehstrepodfor

flavinogenlcstrainofCboidinii．

Growthcharacteristicsofthemutant ThismutantStrainshowedahighergrowth

thanthewildtypeduringincubationfor24hatlowertemperature（200C）andhigher

temperature（37，and420C）onYPD－agarmedium（Table9）・ThemutantShowedposi－

tivegrowthinYPDmediumandinthemediawhereglucosewasr甲1acedwithglyce－

rol，SOrbitol，Xylitol，D－Ⅹylose，andD－ribose，butshowednogrowthorverylowgrowth

Ondihydroxyacetone，methanol，OrgluconateatthesameCOnCentration．Infurther
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TABLE9・GrowthofCboidiniiOnagarmedjumatdi晩renttemperatures．

Strain Medium＊

Wildtype YPD

YPGIy

Mutant（ye1lowcolor）　　　YPD

YPGly

Mutant（pale－Whitecolor）　　YPD

YPGly

200C　　300　　　37C　　420C

十

＋

＋　　　　　＋　　　　　＋＋　　　　＋

＋　　　　　＋　　　　　＋十　　　　＋

＋　　　　　＋　　　　　＋＋　　　　＋

＋　　　　　＋　　　　　＋＋　　　　＋＋

＊YPGlymediumcontainedglycerolinsteadofglucoseinYPD．

≠，gOOdgrowth；＋，mOderategrowth；－，nOgrOWth（aRer24h）．

grow血testinthebasalmediumsupplementedwithlor5g〟ofyeastextract，the

mutantshowedlackedtheabilitytoutilizemethanol，gluconate，anddihydroxyacetone．

Theseevidencessuggestedthatnavinogenicactivityinthemutantseemedtohaveno

relationtoalcoholoxidaseactivity・Whichisdiffbrent鮎mthepreviousreport（Tani，

1984；Shimizuetal・，1977）・ThepropertiesofthemutantwererathersimilartOthose

Oftheri1utantStrainofCb7ynebacteriumglutamicumwhichwasdencientinG6PDH

（IlmenandDemain，1969），OrtranSketolasemutantofCglutamicum血ichfailedto

growongluconate（Ikedaetal．，1998）．

TABLElO・EnzymeSOftheoxidativepentosephosphatepathwayinCムoidiniigrowMn

difrbrentcarbo皿SOurCCS．

Sec摘cactivi（mU／mg rotein）rownOn

En町me Glucose

G6PDH　　　　　390

6PGDH　　　　　280

Strain

Wild年pe

Mutant G6PDH l．5

6PGDH　　　　　　30

GlyceroI Methanol

510

320

4．9

36

410

300

6．7

46

37



Defectofdehydrogenaseactividesoftheoxidativepentosephosphatepathway

TheloweractivityofbothG6PDHand6PGDHweredetectedincell－＆eeextractof

themutantthanthoseofwildtypeofCboidiniidenculturedinbasalmediumwith

2g／lofyeastextract（TablelO）・Simi1arresultwasobservedwiththecrudeenzyme

frombasalmediumwith8g／lofyeastextract，血rethemutantCellsshowedhigh

grOWth・ThesedataaresimilartothoseforpentosephosphatepathwaymutantSOf

Sbccharonv／CeSCereVbiaeqJOboandMai＆a，1982）・Asthebothenzymesaretheimi＿

tialandkeyenzymesoftheoxiddivepentosephosphatepathway，thesedatagiveevi－

dencefordisfunctionofoxidativepathwayofpentosephosphate・Itshouldbefo1lo＿

Wedbyswitchingitscarbonmetabolismtootheralternativepathw軌tOmeetthere－

qulrementforgrowthandenergy・Themostpossiblepathwayisthenon－OXidative

Pathwayofpentosephosphate，Sinceglucose6－Phosphateisstandingattheintersec－

tionofthetwopathway・Thispossibilitywassuppo班edbytheactivityofglucose－6－

PhosphateisomeraseataquitenormallevelandtheactivityoftranSaldolaseandtranS＿

ketolaseinthemutantathigherlevelthanthewildtype（Tablell）．

TABLEll・Enzymesofthenon－OXidatjvepentosephosphatepathwayinC”oidin〟grownon
diEfbrentcarbonsources．

SpeCificactivity（mU／mgprotein）□OWnOn

Glucose GlyceroI MethanoI Ethano1

320　　　370　　　370　　　430

110　　　42　　　190　　　5．8

3・6　　　19　　　　29　　　19

Strain Enqme

Wildtype Glucose－6－Phosphateisomerase

Transaldolase

TransketoJase

Ribose－5－Phosphateisomerase

Mutant Glucose－6－Phosphateisomerase

Transaldolase

TransketoJase

Ribose－5－phos hateisomerase

180　　　　　29

210

280

31

38

4800

230

120

47

370

330

190　　　　160

920　　　　1600

51　　　　　50

28000
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AninoacidsrequlrementandpentosephosphateaccumuIadon Theresultfrom

theauxotrophytestshowedthatthemutantfailedtogrowintheabsenceofL＿

tryPtOPhanandL－1eucine，inositol，andnicotinate・Theauthorsupposedthatthe

tryPtOPhanrequlrementwastheresult＆omdefectinanyenzymesinthetryptophan

Pathway，butnotintheL－tyrosineandL－Phenylalaninepathway・Otherreasonisthe

lowerdegreeofcompetitivenessoftryptophanpdhwaythanthepurinebiosynthetic

PathwaytousePhosphoribosylpyrophosphateasitsprecursor・Inthesecases，almo或

alloferythrose4－Phosph如eformedwasusedforsynthesisofpentosephosphateinan

altemativepathwaycatalyzedbytransaldolaseandtranSketolase，aSdescribedbybold

arrowinFig・10・ThishypothesiswassupportedbythehighactivitiesoftranS＿

ketolaseandhanSaldolaseinthemutantShownbefbre（Tablell）・Accumulationof

ribose5－Phosphdeandribulose5－Phosphdeincultureofthemutantwasdetectedby

HPLC・Theexistenceofribose5－Phosphatewasalsodetecbdbyenzymaticassayfor

tranSketolase・Accumuldionofribulose5－Phosph如ewasrelevantWiththehigher

activityofribose－5－Phos－Phateisomerase（EC5・3・1・6）ofthemutantthaninthewild

IdentiGcationandproductionofribo伽in Accumulationofextrace11ularribo－

flavinwasobservedbyitsyellownuorescenceandriboflavinwasidentinedbyspec－

trofluorometryandbyHPLCwithfluorescencedetector・Withexitationat450nm，

Crudeextractofthemutantcultureshowedsimilarnuorescencespectrumtotheau－

thenticribonavinwithapeakat519nm・Amongvariouscarbonsources，theoptimum

grow血ofthemutantinconcomitanCewithhighaccumulationofriboflavin，WaSOb－

ServedinthebasalmediumWith8g〟ofyeastextractand20g／lofsucrose．Thesere＿

Sultsweredifkrent丘omthoseobtainedwithPac毎）lentannQPhyl揖Ⅳanetdand
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Aquarone，1995），WhereD－Xyloseorglucosewasfoundasthebestcarb。nS。urCefor

riboflavinsynthesis．
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FIG・10・PemtosephosphatepathwayaAdotherrelatedbiosyntheticpathway．

BoIdarrowsshowadirectionoffluxofcarbontowardthepentosephosphatepooL
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TABLE12・EfTbctofFe【II］io皿COnCentrationongrowtb

細dribonaYiれ5ym仙esis．

Fe即H4七（SO4）ヱ

（mM）

Biomass

J

0．010

0．045

0．089

0．270

0．450

1．7さ0

鮎bo月avin

（mg／〃

5．6

4．2

2．6

4．2

4．6

6．2

28

37

10

3．3

3．0

2．3

IronionconcentrationwascruCialtonavinogenesisinCboidinii．Theconcen－

trationofFe（II）2十（asMohr，ssaltFe（NH4）2（SO4）2）inthebasalmediumSuPPlemented

With8g／lofyeastextractwasoptimized（Table12）・Theoptimumconcentrationwas

aboutO・045mM（2・5pghnl），Whichgaveaslightdecreaseofgrowth，butthegreatest

ribofl衰insynthesis・HighconcentrationoftheFe（II）2・ionlargerthanO．089mM

gavedrasticaldecreaseinribonavhsynthesis・Thesameresultwasobservedinthe

CulturewithminimalmediumSuPPlementedwithtraceelements，insteadofyeast

extract・AttheferroesionconcentrationofO・01mMce11growthreachedthestatio＿

naryphaseafter4dofcultivation，butriboflavinaccumulationkeptincreaslngduring

thestationaryphaseandreached37mg／lafter14dofcultivation．Theincreaseofthe

ferrousionconcentrationtoO・lorl・OmMgaveincreaseincellgrow血sigmiBcantly，

butdecreaseinriboflavinsynthesistoalmostthesamelevel（2－3mg／り．

一Theaerationlevelofcultureforribonavinproductionwasexamineduslnga500－

mlErlenmeyerflaskcontaiming50，100，200，Or300mlofmedium（Fig．11）．The
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highestribonavinsynthesiswasgivenbycultureundermicroaerobiccondition（with

300miofmedium）・Underthisconditioncellsgrewslowly，buttheriboflavinwas

Jナナi
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CuItjvationtime（d）

FIG・11・ELrbctofaerationongrowthamdrjbonavinsynthesisby

鮎vinogemicmutantorc∂〃肋此◇，50ml；□，100叫▲，200ml；

and●，300mJofmedjumjna500－mJErJenmeyernasks．

aCCumulatedlogarithmicallyaRerthestationaryphaseandreachedtheyieldof42．3

mg〝after14dofftrmentation・Atthehighlevelofaeration（50mlofmediumina

50b－miErlenmeyerflask）cellsgrewrqpidlyandaccumulded19・8mg／lofriboflavin

after3doffbrmentation，Whenthegrowthreachedthestationaryphaseandribonavin

accumulationwasalmosttothemaximum．

Temperatureoffermentationwasexaminedbyculturingthemutantin200mlof

themediumina500－mlErlenmeyernasksat25，30，37，and400C・Theoptimum

tepperatureforbothgrowthandnavinogenesisofCboiL＃niimutantwas250C，With
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90mg／lofribonavinaccumulation（Fig・12）・Theseresultsaredifftrent如mthose

WithCguillermondii（StraubeandFritsche，1973），Wheregrowthandnavinogenesis

WereOPtlmumat300C・ThemutantShowedthecharacteristicslikethoseoftempera－

ture－SenSitivemutantS，血ichgrewbetterthanthewildtypeat200C（Table9）．
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FIG・12・Efrbctoftemperatureongrowthandribof］avinsynthesis．

ロ，250C；▲，300C；◇）370C；and●，400C．

Thisresultwascoincidentwiththefastergrowthinbrothcultureat250Cthanat300C

Or370C・Ⅱemutantgrewfasterat400Cthanat250C，butriboflavinaccumulation

WaSlowerat400Cthanat25OC．
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AflavinogemicmutantWaSderived丘omCboidiniibymutagenesis．Themutant

WaSSmallerinsizethanthewi1dtype，Showednogrowthinamimimalmedium，and

requiredL－tryPtOPhan，L－1eucine，inositol，andmicotinateforgrowth．Themutantwas

defectiveintheoxidativepathwayofpentosephosphate，1ackinglnG6PDHand

6PGDH・Thespecincac－tivitiesoftranSaldolaseandtranSketolaseofthemutantwere

Sigmincantlyhigherthanthoseofthewildtype・Thisphysiologicalconditionmight

directthefluxofcarbonsourcetothenon－OXidativepathwaywithhighformationof

PentOSePhosphates，reSultinglntheincreaseofriboflavinsynthesis・Fromoptimi－

Zationofsomefactorsaffbctingflavinogenesis，anamOuntOfribonavin（90mg／りwas

Obtainedundermicroaerobicconditionsat250C．

44



Inthisstudy，abioteclm0logicalprocessforproductionofsugarderivativesby

methanolyeastswasdeveloped・Anumberofmethanolyeastswerescreenedfortheir

abilitytoconvertsugarstothecorrespondingpolyoIs，inbasalmediumSuPPlemented

Withyeastextractandmethanol（ト2％，Vk）・SomepotentialpolyoIproducerswere

found，namelyCbndihboidiniino・2201，助nsenuhlPObmo7PhaDLl，andPichia

Pinus，WhichproducedlargeamOuntSOfsorbitol，Xylitol，andgalactitol，reSPeCtively，

fromthecorrespondingsugars・Fromtheseresults，XylitoIproductionbyHpobmor－

Phawaschosenfor加herstudyin1argerscale，aSithassomeinterestingproperties

forapplication．

Optimizationofcultureconditionswascarriedoutbyexamlnlngthefermentation

ParameterS，SuChasnltrogensourCe，PH，initialcelldensity，aeration，andimitialcon－

Centrationofthesubstrate，D－Xylose・Theresultsfromtheseexperimentsgavean

OPtimumcompositionofmediumforproductioncultureofxylitol．Theculturewas

microaerobic，With200mlofthemediumina500－mlErlenmeyernask．Themedium

WaSCOmPOSedof2・5gofurea，1gofKH2PO4，1gofK2HPO4，1gofMgSO4・7H20，

aboutlOOgofD－Xylose，andl％（v／v）methan01in1lofwaterpH8・Productivity

WaSgreateStWheninoculumatinltialdensityof5g／l（asdryce11eight）wasused．

Undertheseconditions，57gofxylitoIwasobtainedfroml10gofD－Xyloseandl％

（v／v）methanolinllafter3dofcultivati。n．

D－Xylosewasconve止edtoxylitoloptimallyattheconcentrationofaboutlOOg／l，

Withl－2％（v／v）methanolastheco－Substrate・WhenD－Xyloseconcentrationwas125
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g／lorhigher，ftrmentationbecameinefncientduetoadecreaseinD－Xyloseutilization．

ItwassvposedthattheseeffbctswereresultedfromintoleranCeOftheyeastcellsto

thehigh－OSmOticpressureenvirontmentbythehighconcentrationofthesugar．In

OrdertosoIvetheseproblems，anOSmOlite，glyceroIwasexaminedtoprotectthecells

fromhighosmoticpressure，andtofunctionastheco－SubstrateformethanoIsubstitute．

Di駄rentpatternSforD－Xyloseutilizationandxylitolaccumulationwerefoundin

theculturewithsinglesubstrate（D－Xyloseorglycerol）andcultureWithmixedsubs＿

trate（D－Xylose＋glycerol）・Intheculturewithmixedsubstrate，aCCumulationofxylitoI

WaSSlow，andpeakwhenthesubstrateD－Xylosehasdecreased，Whiletheculturewith

Singlesubstratewastheopposite・PositiveeffbctofglycerolonD－Xyloseconversion

tookplacewhenthemediumcontaining1250r150g／lofD－Xylosewassupplemented

With250r50g〟ofglycerol・GlyceroIconcentrationof75g〟orhigherseemedto

givedelayinstartingofthegrow血（lagphase），anddidnotstimulateaccumulationof

Xylitol・AttheglyceroIconcentrationof5％，thehighestyieldofxylitol（58・3g〟；

yield，0・62g／g）wasobtainedfrom125g／lofD－Xylosein4dofcultivation．Atthe

SameglyceroIconcentrationasabove，Hpobmo7PhashowedanincreaseofD－Xylose

COnSumPtionandxylitolaccumulation（63・7gのwithhighconcentrationofD－Xylose

（150g／り・Theseresultssqpportedtheauthor，sexpectationtotheglyceroleffbctson

D－Ⅹyloseftrmentation．

AnavinogenicmutantOfCbndidbboidiniiwasisolatedduringthemutagenesis

StudytofindamutantreSistanttOhighosmoticpressure・Asitwasanewstrainof

仇ndiゐboidiniiandhadinterestingproperties，themutantWaSfurthercharacterized．

ThemutantWaSSmallerinsizethanthewildtype，Showednogrowthinaminimal

medium，andrequiredL－tryPtOPhan，L－1eucine，inositol，andmicotinateforgrowth．
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ThemutantWaSdefectiveintheoxidativepathwayofpentosephosphate，1ackingln

glucose－6－Phosphatedehydrogenaseand6－Pho甲hogluconatedehydrogenase．The

SPeCiBcactivitiesoftransaldolase，tranSketolase，andribose5－Phoq）hateisomeraseof

themutantweresignlncantlyhigherthanthoseofthewildtype・Thisphysiological

COnditionmightdirectthefluxofcarbontothenon－0Ⅹidativepathwaywithhigh

formationofpentosephosphates，reSultingintheincreaseofriboflavinsynthesis．
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