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mTRODUCION

VitaminB6（B6），aWater－SOlublevitamin，WaS丘rstdiscoveredasananti－dermatitis

factorofrats（Gyogy，1934），andthen，SixfbrmsofB6，Pyridoxine（PN），Pyridoxine5．－

Phosphate（PNP），Pyridoxal（PL），Pyridoxal5．－Phosphate（孔P），Pyridoxamine（PM），and

Pyridoxamine5’－Phosphate（PMP），Weredenned（RabinowitzandSnell，1941）（Fig．1）．
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Fig・1．Thesalvagepathway伽rB6

Subsequently，animportantrOleofB6WaS鮎stfbund（GunsalusandBeⅡamy，1944）．

AmongsixfbrmsofB6，PLPwasrequiredfbrdecatboxylationandtranSaminationof

aminoacidsasacoenzyme・Sincethen，ithasbeenrecogmizedthatPLPplaysan

importantroleinmetabolicreactionsofvariousaminoacidsandothers．Toearnthe

activecoenzymefbrmOfB6，microorganismsandothersconvertfrominactivefbrmsto

PLPviathesalvagepathway・ThepathwayserveStOCOnVert丘omwhatevertheformsof

B6enterthecelltotheactivecoenzymefbrm，PLP（Fig．1）．
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ThedenovobiosynthesisofB6hasbeenstudiedwithEkherichiacoliandalsoother

microorganisms・PNisthoughttobethenrstproductamongB6COmPOundsinthe

biosyntheticpathway・However，thebiosyntheticpathwayhasbeenscarcelyelucidated

insplteOfextensivestudies・ThesmallamountofPNanditsprecursorsincellsmakes

difficultelucidationofthebiosyntheticpathway・

ElucidationofB6biosyntheticpathwaywasstartedwithgenetic，nutritional，and

isotopiclabelingexperimentsonE・COli・ThereisanabundantamOuntOfdatafrom

geneticandisotopiclabelinganalysisthatlimitsthepossiblecompoundsinvoIvedinthe

biosyntheticpathway・Therearealsoseveralnutritionalanalysesthatgivecluesabout

thepathway・

ForthefirststeptodenneprecursorsandgenesofB6biosyntheticpathway，

approximately250pyridoxineauxotrophsbdxmutants）ofEcoliwerederived

（Dempsey，1969）・ThosepdxmutantSftllintonveunlinkedgroupswidelydistributed

Onthechromosome，andcharaCteristicsofeachgroupweredescribed・Mutantsbelongto

groupIbdd・CDmutants）growwitheitherPNorglycolaldehyde（Dempsey，1971）．

ThecharacteristicofgroupIIisunknown，butthesemutantSarebelievedtobep血40r

PdiGmutants・MutantsbelongtogroupⅡIrequirebothserineandPNtogrow，andlack

3－Phosphoserine－OXOglutaratetransaminase・ThosemutantsaJeknownaspdxForserC

mutants（Dempsey，1969；ShimizuandDempsey，1978）■Highlevelof3－

hydroxypymVateCanrePlacePN・MutantsbelongtogroupIVrequiredPLorPM，and

lackedPNPoxidase・Thesemutantsareknownaspdmmutants（Dempsey，1966，

1971a）・Mutantsbelongtogroupvftllintotwophenotypes・OnerequiresPNthatis

knownaspdumutants・TheothermutantsgrowpartiallywithD－OrL－alaninethatare

knownaspdxKmutants（Dempsey，1972）．
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IsotopiclabelingexperimentswereperformedontwoofEcoliBpdxmutants．oneis

agroupImutantQ，dxB），WG3strain，thatisasimpleprydoxinelessm。tant．The。th。r

OneisagroupIVmutant，WG2strain，thatisdencientinthesalvagepathwaybutwdd

typeforsynthesisofPN・Spenserandhisco－WOrkerstestedtheincorporationofglycerol，

PyruVate，andL－SerineintheWG2strain（HilletaL，1971，1972，1975，1977）．C－lof

glycerollabeledC－2一，－3，－4．，－5，and－6atomsofPNwhereasC－20fglycerollabeledC－2，

－4，and－5atomsofPN・ItwasalsoestablishedthatC－30fpymVatelabeledC－2・atomof

PN・Simi1arly，しSerinelabeledC－2．atomofPN（VellaetaL，1981）．

TamiandDempsey（1973）testedtheincorporationofglycolaldehydeinWG3strain

uslngradioactiveglycolaldehyde・C－lofglycolaldehydewasincorporatedintoC－50f

PN，andC－20fglycolaldehydewasincorporatedintoC－5・ofPNwithoutanydetectable

dilution（TaniandDe叩Sey，1973；HⅢetaL，1977）・ItisobviousthatthepdxBmutation

blockssynthesisofthecompoundthatglycolaldehydesomehowreplaces・

BiochemicalstatusofGAwasalsostudied・Fromenzymaticstudies，itbecame

apparentthatglycolaldehydeissynthesizedfromglycolatebyglycolaldehyde

dehydrogenase（GADH）inEcoli（Tamietal・，1978）・Therearethreeisozyme（A，B，and

C）ofGADHinthecrudeextractofEcoliB，butonlyisozymeAinWG3strain．

SynthesisofisozymeBandCwerecompletelyrepressedbyPLP，butisozymeAwasnot．

PNinhibitedtheactivityofisozymeCandactivatedisozymeB，butdidnotafftctthe

activityofisozymeA・FromtheseI℃Sults，itwassuggestedthatisozymeBandCare

invoIvedinB6biosynthesis，butisozymeAisnot（TanietaL，1978）・Asimi1arenzyme，

glycolatereductase，WaSfbundinthecell－freeextractofapotentB6PrOducer，

Fh”Obacteriumsp・238－7（TanietaL，1984）・Theenzymeseemedtolacktheftedback

COntrOIsystems，anditmightexplaintheoverproductionofB6（TanietaL，1984）．
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Asaresultofabovestudies，TamisuggestedthatglycolaldehydeisaprecursorofB6

andproposedahypotheticalbiosyntheticpathwayforB6（Tani，1977）・Accordingtothe

Pathway，glycolaldehydeandaC4compoundformα，β－dihydroxy－β－

hydroxymethylvalerate，thenaC3compoundisaddedtoformPN・Inthispathway，

glycolaldehydecanbeexplainedreasonablytoenterthe5－5・positionofB6・

Besidesabovenutritional，isotopiclabelingandbiochemicalstudies，Winklerandhis

CO－WOrkershavebeenworkingonEcoliK－12uslngmOlecularbiologicaltechniques，

andproposedabiosyntheticpathway（Fig・2）（LamandWinkler，1990）・Thepathway

COnSistsoftwobranches・Ononebranch，1－deoxy－D－Xyluloseissynthesizedfrom

PyruVateandglyceraldehydebyDxs（1－deoxy－D－Xylulosesynthase）．Theotherbranch

StartSWitherythrose4－Phosphateandleadstotheintermediate4－hydroxy－L－threonine．

Formationof4－hydroxy－L－threonineiscatalyzedbyTktA，B，GqpA，B，PdxBandSerC．

（TktA，Baretransketolase，GapA，Bareglyceraldehyde3－Phosphatedehydrogenase，

PdxBis4十phospho－erythronatedehydrogenaseandSerCisphosphoserine

aminotransftrase・）Af［erdecatboxylationof4－hydroxy－L－threonine，tWOintermediates

areJOinedintoPNbyPdxAandPdxJ・SpencershowedthattheC5umitC－2・，－2，－3，－4，－

4■andtheC3NunitN－1，C－6，－5，－5－ofpyridoxinearederivedfroml－deoxy－D－Xylulose

and4－hydroxy－L－threonine，reSPeCtivelyinEcoliBWG2strain（Kennedyetal．，1995）．

TherolesofPdxAandPdxJintheproposedpathwaywerealsostudied．PdxA

CatalyzestheNAD＋－dependentoxidationof4－（Phosphohydroxy）－しthreonineto3－

Phosphohydroxy－1－aminoacetone（Caneetal・，1998）・PdxJcatalyzesthecondensationof

3－Phosphohydroxy－1－aminoacetoneandl－deoxy－D－Xylulose5－PhosphatetoyieldPNP

（Caneetal・，1999）・IncubationofPdxJwithPdxA，4－（Phosphohydroxy）－L－threonine，
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NAD＋andl－deoxy－D－Xylulose5－PhosphateresultedintheformationofPNP（Laberetal．，

1999）．
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However，aboveproposedpathwaystiuremainsunclear・Notracerexperimentwas

PerformedontheintermediatesintheproposedpathwayofE・COli・Forexample，

erythrose4－Phosphateisconsideredtobethestartingcompoundinthepathway，butthere

isnoevidencethaterythrose4－Phosphateisincorporatedintothepyridoxinenng・The

Samethingscanbesaidtootherproposedintermediates・Inaddition，nOdirectevidence

toprovetheinvoIvementofthegenesintheproposedpathwaywasshown．SerCis

COnSideredtobeinvoIvedinthepathway，butnoenzymaticstudywasperformed．There

isnoevidencethatSerCcatalyzesthereactioninthepathway・Dxsisknownto
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Synthesizel－deoxy－D－Xylulose，butthereisnoevidencethattheenzymeisinvoIvedinB6

biosynthesis．

InadditiontoabovestudiesonEcoli，geneSinvoIvedinB6biosynthesisin

microorganismsotherthanEcoliwerereported・SORlgeneofCbTrO3POnlnicotianae

andpyroAofA甲ergillusnidulanswerepossiblyinvoIvedinB6biosynthesis・SORlgene

WaSidentinedasageneinvoIvedinresistanceofCnicotianaetoslnglet－OXygen－

generatingphototoxins，andthegrowthofsorlmutantofCnicotianaewassupportedby

Pyridoxine（PN）畔hrenshaftetal・，1999）．Simi1arresultwasobtainedinA．nidul。

（Osmanietal・，1999）・MutationofpyroA，thehomologueofCnicotianaeSORl，CauSed

increasedsensitivitytoslngletoxygengeneratedbyphotosensitizer，andadditionofPN

reversedthetoxIClty・BothSORlandpyroAareCOnSideredtobethememberofhighly

COnServed肌Zfhmi1y・馴Zgeneswereorlginal1yidenti鮎dasgenesexpressedduring

thestationaryphaseinSaccharomycescerevisiae・eaChofwhichhasanotherhighly

COnServedgene，SNO，uPStream（Fugeetal・，1994；Braunetal・，1996；Padillaetal．，

1998）．

ItisobviousthatSORlandpyroAmutantSrequlreB6・However，B6amOuntS

Synthesizedbythesemutantswerenevermeasured・ThefunctionsofSORlandpyroA

arestillunknown，andeventhefunctionoftheSMfami1yisunknown．The且ⅣZmutant

OfS・CereVisiaedoesnotrequireB6，andtherefore，thefunctionofSORlandPyroAcould

bedifftrentfromthatof且ⅣZofS・CereVisiae・Together，theinvoIvementandtheroleof

SORlandpyroAinB6biosynthesisareStilluncertain．

BiosyntheticpathwayofB6inRhizobiummeliiotiwasalsoproposedbasedonlabeling

experiments（TazoeetaL，2000）・Thepathwayissimi1artothepathwayofEcoli

PrOPOSedbyWinkler・TheproposedprecursorsofB6inR・meliiotiarel－deoxy－D－
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Xyluloseand4－hydroxy－L－threonine・LikeEcoli，1－deoxy－D－Xyluloseisformedfrom

glyceraldehydeandpyruVate・Ontheotherhand，unlikeEcoli，4－hydroxy－しthreonineis

fbrmedfromglyclneandglycolaldehyde・However，nOenZymaticstudieswereshownto

PrOVetheproposedpathwayyet・

BesidesthesearChesfbrprecursors，OrlglnSOfthenitrogenatomofB6WereStudiedin

Variousmicroorganisms（Tanakaetal・，2000）・Theamidemitrogenatomofglutamine

WaSincorporatedintoPNineukaryotes，Bhericellnidulans，Mucor7uemOSuS，

NeuTV甲OraCraSSaandS・CereViside・Nitrogenatomofglutaminewasalsoincorporated

inprokaryOteS，StqphylococcusaureusandB・Subtilis・Ontheotherhand，thenitrogen

atomofgluamateWaSincorporatedintoPNinprokaryotes，Pseudomonasputidd，

肋robacteraerogenesandEcoli・Thesemicroorganismsweredividedintotwogroups，

dependonorlglnSOfnitrogenatom，butnotdependonprokaryotesandeukaryotes・

TheseresultssuggestedthattherecouldbedifftrentbiosyntheticpathwaysofB6amOng

microorganisms．

hthisthesis，thebiosynthesisofB6inBacillussubtils，WaSStudied・AscomparedtoE

COli，1ittlestudyofB6biosyntheticpathwayofagram－POSitivebacterium，B・Subtilis，WaS

done・ThereareOnlyftwreportsonB6biosyntheticpathwayofB・Subtilis，andno

reliableinfbrmationwasreported・ThesequenceofwholeB．subtilischromosomewas

determined（KunstetaL，1997）・Thechromosomeis4，214，814bplong，andencodes

4107proteingenes・However，nOgeneWaSfoundtobeinvoIvedinB6biosynthesis．

ElucidationofbiosyntheticpathwaysusuallystartswithconstruCtionandcollectionof

VariousauxotrophicmutantSfbllowedbynutritionalandisotopiclabelingexperiments．

Therefore，theisolationofB6auXOtrOPhsofB・SubtiliswasfastattempteduslngWith

Variousmutagenesismethodssuchasultraviolet，nitrosoguanidine，ethyl
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methaneSulfonateandtransposonmutagenesis・Approximately20，000－100，000colonies

WereaSSayedfbreachmethod，andapproximatelyl％ofthemshowedauxotrophy・

However，nOB6auXOtrOPhwasderived．Thereasonisunknown，butoneofthereasonsis

assumedtobethattheamOuntOfB6requiredbyB．subtilisisverylow，andtherefbre，it

WaSVerydifnculttodistinguishB6auXOtrOPhsfromthewild－typestrain．Thepoor

growthofB・SubtilisonminimalmediumagarPlatesalsomadetheisolationofB6

auxotrophsdifncult．

RegardinglSOtOPiclal，elingexperiments，inauthor，sknowledge，1abelingexperiments

Onthewild－typestrainsofE・COliwereneversuccessfu1．EvenonB6auXOtrOPhs，the

lal）elingexperimentshavenotledtotheunequlVOCalidentincationofprecursors，eXCePt

fbrGA・Therefore，itwasunlikelythatlabelingexperimentsonthewild－tyPeStrainofB・

Subtiliswouldleadtotheidentincationofprecursors．

Therefore，elucidationofB6biosyntheticpathwayofB・Subtiliswaspnmaryattempted

uslnginformationfromothermicroorganisms・Recentprogressofgenomeanalysis

Showedthefu11sequenceofB．subtilischromosomein1997（Kunstetal．），andDNA

mamPulatingtechniquesofB・Subtiliswererapidlydeveloped．However，Whenthiswork

WaSStarted，thedeteminationofthefu11sequenceofB．subtilischromosomewasnot

COmPleted，andnohomologueofpdxgenesorserCwas丘）undinthepublishedgenome

SequenCe・

Becauseofthelackofinformationofgenes，thisworkwasstartedfrominvestlgation

Oftheonlycon丘medprecursor，GA・Withoutauxotrophicmutantsandthecomplete

gemonesequenceofB・Subtilis，investlgationoftheGA－fbrrmngroutewastheonlyway

tostartinvestlgatlngtheB6biosyntheticpathway・AstheresearchontheGA－fbrmlng
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routeprogressed，thefu11sequenceofB・Subtilischromosomewascompleted・Itbecame

apparentthattherearehomologuesofserCandtkt，butpdxgenes・

WithoutB6auXOtrOPhs，therewasnowaytoidentifytheprecursorsofB6・Theonly

WaytOStudythepathwaywastoidentifythegenesinvoIvedinB6biosynthesisbythe

investlgationofthegenes，WhichmightbeinvoIvedinB6biosynthesisofother

microorganisms・

TheisolationsofB6auXOtrOPhsofB・Subtiliswerealwaysattemptedparal1eltoother

WOrks・TheisolationofB6auXOtrOPhsoftheserCdisruPtantWaSalsoattemptedbecause

therecouldbetwopathways，theproposedpathwayofEcoliandanunknownpathway・

IntheserCdisruPtant，theformerpathwayisblocked，andtherefore，geneSinvoIvedin

theunknownpathwaycouldbeisolated・However，B6auXOtrOPhsofB・Subtiliswere

neverderiveddesplteOfextensivesearches．

BasedonaboveresearChbackground，inthisthesis，theauthorprlmaryfbcusedon

investlgationsoftheGA－fbrmlngrOuteandgenesinvoIvedinB6biosynthesisofother

microorganisms．

InChapterI，theGA－fbrmlngrOute，inwhichGADHoranotherGA－fbrmlngenZyme

ispossiblyinvoIved，WaSeXamined・hChapterII，invoIvementofserCwasexamined．

SerCwasdisruPtedinE．coliandB．subtilis，andcharacteristicsoftwostrainswere

COmPared・hChqpterⅢ，generalcharacteristicsofthetktdisruPtanttOknowthe

invoIvementoftktwerealsostudied・InChapterIV，COnditionalmutantsofdhanddxr

WerederivedtoexaminetheinvoIvementofdxsanddxr・InChapterV，invoIvementof

yaaDandyaaEwasdemonstrated．
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CHAPTERI

Glycolaldehyde－FormlngRouteinBaciHussub肋inRelationtoVitaminB6

Biosynthesi5

mTRODUCTION

Numerousgenetic，nutritionalandisotopiclabelingexperimentshavebeenperformed

OnVitaminB6（B6）biosynthesis．withEscherichiacoli・Accordingtogeneticexperiments，

B6auXOtrOPhsbdxmutantS）ofEcoliftllintonveunlinkedgroups（I－Ⅴ）widely

distributedonthechromosome・ItwasfoundthatB6Canbesubstitutedby

glycolaldehyde（GA）onE・COliBWG3strain（Dempsey，1971），Whichbelongstogroup

Iofpdxmutants・ItwasshownthattheC－1atomoftheGAmoleculewasincorporated

intoC－50fpyridoxa15一－Phosphate，andC－2intoC－5■withoutanydetectabledilution（Fig．

1・1）（HilletaL，1975；TaniandDempsey，1973）．

InE・COliB，GAissynthesizedthroughthereductionofglycolatebyGA

dehydrogenase（GADH）（Fig．1．1）（TanietaL1978）．ItwasalsofbundthatGADH

activityiswidelydistributedinbacteria・Glycolatereductaseactivitywasdetectedinthe

Cell－freeextractofapotentB6PrOducer，Flavobacteriumsp．238－7（TanietaL1984）．

TheglycolatereductasewasnotcontrolledbyB6Withfbedbackinhibitionsorrepression，

explainingtheoverproductionofB6（TanietaL1984）．

Untilnow，littlehasbeenstudiedregardingtheB6biosynthesisofBacillussubtilis．In

thischqpter，GA－formlngrOuteinrelationtovitaminB6biosynthesisinB．subtiliswas

investlgated．
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Phosphatebufftr（KPB），PH7・Oandtheenzymeinatotalvolumeof3．0mi．The

reductionofglycolatebyGADHwasassayedat37℃for5mininthereactionmixture

COntalnlng75pmolofNa・glycolate，0・9pmolofNADP＝，300pmolofKPB，andthe

enzymeinatotalvolumeof3・0mi・ToassayfbrNAD＝朋ADPHoxidaseactivity，Na・

glycolatewasremovedfromtheabovereactionmiⅩture．Proteinwasdetemined

accordingtothemethodofBradfbrd（Bradfbrd，1976）withaproteinassaykit（Bio－Rad

Lal）OratOries，Hercules，CA）usingbovineserumalbuminasthestandard．Oneunit。fthe

enzymeactivitywasde血edastheamountoftheenzymewhichoxidized／reducedl

nmolofNADPH爪ADP＋perminintheassaysystem・Thespecificactivitywas

expressedasunitspermgofprotein・

Crudeextractpreparation

B・Subtiliswascultivatedinamediumcontainingl．0％（Wル）solublestarCh，1．3％

NH4NO3，0・2％yeastextract，0・5％K2HPO4，0・1％KH2PO4，0・2％NaClandO．02％

MgSO4・7H20，PH7・0・ThecultivationwascarriedoutwithadesktopJarftrmentOr

SyStem（MitsuwaBiosystemCo・，Osaka）at30℃，400rpm，andl．Ovolumepervolume

Permin・ThecellswerehaⅣeStedduringtheearlystationaryphaseanddisruPtedwith

O・25－mmglassbeadsusingBead－Beater（BiospeCProducts，Bartlesvi11e，OK）．Cell

debriswasremovedbycentrifugation（100，000×gfor30minat4℃），andtheresulting

SuPematantWaSdesignatedasthecrudeextract．

Pur損亡atiomofenzymes

GADHwaspuri丘eduslngthefbllowlngPrOCedure‥thecrudeextractwasappliedtoa

DEAE－Sephacel（AmershamPharmaCiaBiotechUKLtd・，England）column，andeluted

byalineargradientofNaClffomO・1tol・OMinKPB・Activefractionswereco11ected
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andbroughtto50％saturationwithsolid（NH4）2SO4・Precipitatesformedwereremoved

bycentrifugationandqppliedtoaButyトToyopear1650S（TosohCorp・，Tokyo）colurrm，

andelutedbyalineargradientof（NH4）2SO4from50％toO％saturationinKPB．Active

fractionswerecollected．

RESULTS

PurificationofGADH打omB．subtiHsIFO3007

ToinvestigatethereducingactivityofGADH，GADHwaspurifiedasdescribedin

MATER仏LSandMETHODS・Throughouttheprocedures，theapparentoxidizing

activityofGADHwasmeasured・ThesecondactiveftactionfromDEAE－Sephacel

COlurrmchromatography（Fig・1・2）wasfurtherpuri鮎dby（NH4）2SO4fractionationand

Butyl－Toyopearlcolumnchromatography・Thepurincationprocedureissummarizedin

Tablel・1・GADHwaspurified52・0－fbldwithayieldof81・8％bytheprocedure．

However，itsGA－fbmingactivitycouldnotbemeasuredbecauseofthecoexistinghigh

NADH朋ADPHoxidaseactlVlty・Therefbre，itwasnecessarytoeliminate

NADH朋ADPHoxidasefbrtheinvestlgationofthereducingactivityofGADH．

TABLEl・1・PurificationofGADH什om且sub肋IFO3007

Total

protei皿 a許琵諾 慧慧‾Yield
（伽1d）（％）

Fractionation

Step　　　　（mg）

Crudeextract lO70

DEAE－Sep血ace1　324

岬H4）2SO4　　172

伽呼1－Toyopearl l‘．8

1，2　　0．179　1

‘，1　　2．1‘　12．1

3，‘　　2．30　　12．8

157　　，．31　　52．0

100

3‘0

20‘

81．8
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SECTION2・PurificationofNADH爪ADPHoxidase

hsectionl，itwasshownthatNADH朋ADPHoxidasehadtobeeliminatedto

investigatethereducingactivityofGADH（GA－fbmingactivity）．Therefore，inthis

SeCtion，NADH朋ADPHoxidasewaspuri丘ed，andthegeneencodingNADH伽ADPH

OXidasewasdetemined・TheenzymaticcharacteristicofNADH爪ADPHoxidasewas

alsoinvestigated・

MATEMALSANI）METHODS

PurificationofNADH／NADPHoxidase

NADH朋ADPHoxidasewaspurineduslngthefbllowlngPrOCedure：thecrudeextract

WaS叩PliedtoaDEAE－Sephacel（AmershamPharmaCia）column，andelutedbyalinear

gradientofNaClfromO・1tol・OMinKPB・Activeffactionswereco山ectedandbrought

to30％saturationwithsolid（NH4）2SO4・Precipitatesformedwereremovedby

CentrifugationandqppliedtoaButy1－Toyopear1650S（Tosoh）column，andelutedwitha

lineargradientofsaturated（NH．）2SO．from30％toO％inKPB．Thebu脆r

COnCentrationofpooledactivefractionswasdilutedtolOmM，andthepHwasaqusted

to6・8・Then，theenzymesolutionwasappliedtoaGigapite（SeikagakuKogyoCo．，

Tokyo）column，andelutedwithalineargradientofKPB（pH6．8）fromlOmMto500

mM・ActivefractionswereappliedtoaToyopear1HW－65（Tosoh）colurrmandeluted

withKPBcontaimingO・25MNaCl・PooledactivefractionswereappliedtoaMonoQ

HR5／5（AmershamPharmaCia）columnandelutedwithalineargradientofNaClfromO

toO・6MinKPB・ActivefractionswereagainappliedtoaMonoQHR5／5colurmand
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elutedwithalineargradientofNaClfromOtoO・4MinKPB・Activefractionswere

COllected．

Electrophoresis

Polyacrylamidegelelectrophoresis（nativePAGE）andsodiumdodecylsulfate

POlyacrylamidegelelectrophoresis（SDS－PAGE）werecarriedoutwithaPhastsystem

（AmershamPharmacia）・ProteinsamPleswererunOnPhastGelHomogeneous20（native

PAGE）andPhastGelgradient10－15（SDS－PAGE），andstainedwithPhastGelBlueR

（AmershamPharmaCia）・Amolecularweightmarkerkit（OrientalYeastCo・，Tokyo）was

usedasthemolecularweightstandardsforSDS－PAGE．

MoIecuIarmassdetermination

Themolecularmassofthenativeenzymewasestimatedbygelpermeationcolurrm

ChromatographywithSuperose12＝RlO／30（AmershamPharmaCia）．Thestandard

PrOteinsusedwereftrritin（450kDa），rabbitmusclealdolase（158kDa），bovineserum

albumin（68kDa），heneggalbmin（45kDa），andbovinepancreaschymotrypsinogenA

（25kDa），fromamolecularweightcalibrationkit，COmbithek（BoehringerMannheim

Biochemica，Germany）

N・terminalandinternalamino－aCidsequenclng

PurifiedNADfUNADPHoxidasewastransfbrredtoaPVDFmembraneuslngProSorb

（PE－AppliedBiosystems，Wellesley，MA），andN－teminalaminoacidsequencewas

deteminedusinga476Aproteinsequencer（PE－AppliedBiosystems）．Forthe

determinationofinternalaminoacidsequence，Puri鮎dNAD＝朋ADPHoxidasewas

digestedwithlysylendopeptidase（WakoPureChemicalIndustries，Osaka）・Digested

enzymewasblottedontoapvDFmembraneusinga173AMicroBrotter（PE－Applied
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Biosystems）・Amino－aCidsequenceofwellseparated4peptidesweredeteminedwitha

476Aproteinsequencer（PE－AppliedBiosystems）．

RESULTS

PurificationofNADH／NAI）PHoxidase

ToeliminateNADH朋ADPHoxidaseactivity，NADH朋ADPHoxidasewaspurined

（Table2）・Theoxidasewaspurified34・6－fbldwithayieldofO・38％．ThepuriBed

PreParationshowedasinglebandonanativePAGE（Fig．1．3A）．

TABLEl．2．Pur摘cationofNADH／NADPHoxidasefrom
且∫〟ゐ肋IFO3007

Fra若atiom　還a許諾琵琶
Crudeextract　　2940　　23500　　　8．00　1　100

DEAE－Sephace1　404　　　93，0　　23．3　　2．，1　40．0

岬H4）2SO4　　　377　　9170　　24．4　3．04　39．O

Bu呼Ⅰ一丁byopear1　　24．2　　3280　13‘　17．0　14．O

Gigapite　　　　　　　7．20　1170　163　　20．4　　4．99

TbyopearlHⅥL‘5　　　2．30　414　180

1stMonoq O．‘30　15＄　　250

2ndMomoq O．320　　脚．7　277

2

3

3

2．‘　　1．7‘

1．3　　　0．‘74

4．6　　　0．382

17



A：　　　　8：

＋

kDさ

Tu

4凱¢

3ア．2

王u

12．4

1　2　　8　　4　　S　　8　ア　l
C：帽

14 Ch仰輌M▲
●

椅　　　　　　　HonⅦ助

言佗
ぎ．l8帆血■打uln

■鵬umh
↑t

10

●

tO

●

R轟l血鷹mu■do
伽

MID醐H
血
／

仙●

100

HW睡）

刑【＆1ユ（刃N血帆珊）5D臥mGE正NAMo血LMも血pⅣ廟b此ち
亡血叫b批ち血rp瑚b此も軸Ⅰ皿eちG輌h加ち軸
EW」俗；b皿87，1虞MonoQbⅣち血d朋b血Oq（qM仙m凹地wi血S叩umlα測．

De血瓜（mdN・仙＆nd血血id叩

ThN－te血画Of伽pⅦ班do血w舶画¶旭賀托由du郎

detem血edwereルM－V－L－D－A－N－Ⅰ－K－A－q－しN－Q－Y－M－Q－L－Ⅰ－E－N－D－D－V．me

血0誠idsequen‘治SOf血短mdpo血0鮎d〉血wαeT－Ⅹ－Ⅰ－u－T－GtんR－Ⅹ－R－N－Ⅴ－

N－Ⅴ－P，M－G－S－G－A－D－A＄E－F－A－D－K－E－P－F，D－Y－D－Ⅰ－D－V－M－NJ．－QJi－A－K弧dG－

Ⅴ－A－Y」シP・Asa托S山tofBLASTs血皿且血s印Ⅶenα血adSubⅧu融

（b叩Jrgenohst・PaSteur・紺SubtiListn，thepurifiedenzymeWaSfoundtobetheproductof

如F．

血叫址dl融通瓜拶dNAMo血

TbemolecularmassofnativeNADfLMPHoxidasewasestinatedtobeabout190

kDabySupcmse12（刑g・13C）・Tbepuri5edNADH伽ADPHoxidaLSeShowedasingle

bmd餌山mi画bamol血Ⅱ髄S匹5旭皿Of血t知虹ね皿SD㌻PAGE肝ig．1．3

恥Tぬ托Sulb血山c血血如也¢0如血鋸kp血血1yabomo也血ner．ne叫皿

S匹Ctmmd也epⅦi旭叩b如m血如2gO，380，弧d傘柑nm弧da血oul血汀如

18



474nm（Fig・1・4）・Thevisiblespectrumischaracteristicofanavoprotein・ThepuriBed

OXidasecoulduseeitherNADHorNADPHasthereducingagentfbrO2・Theenzyme

alsohadtheabditytoreduceotherelectronacceptorssuchasmenadione，CytOChromec

and2，6－dichloroindophenol（datanotshown）．

0．8

0．6

4I
（J
l＝

眉0．4
L
O
功
一

く

0．2

0．0

250　　　　350　　　　450　　　　550

Wave始ngth（nm】

FIG・1・4・UVvisiLdeabsorptionspectmJt）OfNAl）H爪Al）門Ioxidase．
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SECTION3・InvestigationofGA－fbrmIngactivityofGAI）H

hsection2，itwasfoundthatNAD甜NADPHoxidasewasencodedbyaipFInthis

SeCtion，ajpFofB・SubtilisCRK6000（MoriyaetaL1990）wasdisruPtedtoeliminatethe

COeXistinghighNADⅣNADPHoxidaseactivity・Then，theGA－fbmingactivityof

GADHinahpFdisruPtantWaSinvestlgated．

岨TERIALSANDMETHODS

Followingenzymeswereusedinthisstudy：reStrictionendonucleases（Nippomgene，

Tokyo，Japan）；Tb助RaErTbqandDNALigationKitVer・2（TakaraShuzoCo・，Tokyo，

Japan）．

DNAmanipulation5

DNAmanipulationsweredoneasdescribedbySambrooketal・（1989）．

Disruptionofα毎ダ

FordisruPtionofa7pF，a410－bpinternalfragmentofajpFwasamplinedfromB．

SubtilisCRK6000chromosomalDNAbyPCRwithprimersAHPFIF（5一－

GCCG舶GC77℃TCAAAGTTAGCGCAGG－3・）carryingaHindIⅡrestrictionsite

（Showninitalic）andAHPFIR（5－CGCGGAICCrTTGTATGCTGCACCGTC－3・）

CarryingaBamHIsite（Showninitalic）・ThePCRproductwasdigestedwithmndⅢand

BamHIinparallelwithapMutinl・Afterphenolkhlorofbrmtreatments，thePCRproduct

andtheplasmidwereligatedtocreatepAFlll，andwasusedtotransformcompetent

CellsofEcoliC600・Therecombinantplasmid，PAFlll，WaSeXtraCtedandintroduced

intoB・SubtilisCRK6000bytransfbrmation，aSlnglecrossoverwithselectionfbr

erythromycin－reSistance（0・3pg／mi），yieldingastrainBSAFll・Theintegrationofa
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Singlecopyoftheplasmidswasco血medbyPCRwithprimersAHPF2F（5・－ACAAA

GGCTGGCATGACAGC－3f）andA＝PF2R（5・－CTTCTCAAGGCGTTTCGCAC－3・）．

RESmTS

DisruptionofahpFandpurificationofGADH

ajpFofB・SubtilisCRK6000wasdisruPtedwiththepMutinlintegrationalvectoras

describedinMATERIALSandMETHODS・Itwasfoundthatthecrudeextractofthe

ajpFdisruPtanthadlowerNADfyNADPHoxidaseactivity（1・92U血g）thanthatofthe

wi1dtype－Strain（8・00Uhng）・ThecrudeextractoftheajpFdisruPtantWaSaPPliedtoa

DEAE－Sephacelcolumnasdescribedinsectionl・Theelutionpatternandthe

distributionoftheoxidizingactivityofGADHwereidenticaltothoseofB．subtilisIFO

3007（Fig・4）・TherewasnoNAD＝朋ADPHoxidaseactivityineitherthefirstorthe

SeCOndfraction・However，theglycolate－reducingactivity（GA－fomingactivity）wasnot

detectedineitherthenrstorthesecondactiveGADHfraction（datanotshown）．
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SECTION4・Investigationofglyoxalreductase

Insection3，itwasfbundthattheGA－fomingactivityofGADHwasnotdetectedin

B・Subtilis・Therefore，inthissection，theotherGA－fomingenzyme（Fig・1・6），glyoxal

reductase（GR）wasinvestigated．

NAD（P）H NAD（P）＋

CHO
I

CHO

Glyoxal
Glyoxal
reducta＄e

★も2。H‾叫－‾‾‾－11l

GJycoJa．dehydc dC＼NクC

Pyrjdoxine

刑g・1・6GlycoJaldehyde－fomimgrouteinEcoH

CH20日
l

HO、／C㌔JCH20HC

MATERIALSANDMETHODS

Enzymeassay

GRactivitywasassayedat37℃for5mininthereactionmixturecontaining69pmol

Ofglyoxal，0・9pmolofNADPH，300pmolofKPBandtheenzymeinatotalvolumeof

3．Oml．

GRwaspuri鮎duslngthefo1lowlngPrOCedure：thecrudeextractwasappliedtoa

DEAE－SephacelcolumnandelutedwithalineargradientofNaClfromO．1tol．OMin

KPB・Fractionshavinghighenzymeactivitywerepooledandbroughtto50％saturation

Withsolid（NH4）2SO4・Precipitatesformedwereremovedbycentrifugation，andthe

resultingsupernatantWaSaPPliedtoaButyl－Toyopear1650Scolumnandelutedbya
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1ineargradientofPH4）2SO4from50％toO％saturationinKPB・Thepooledactive

fractionsweredesaltedandconcentrated，thenappliedtoaHiload16′60Superdex75

PrePgradecolumn（AmershamPharmaCia），elutedwiththesamebufftr，andactive

丘actionswerepooled・

N・terminalandinternalamino－aCidsequenclng

TheproteinsamplewasrunOnaPreCaStgel（PagesheetSDSGRD4－20％；Biomate

Co・，Tokyo）usingPagebox（Bio－Rad）・ThenproteinswereblottedontoImmObilon＿P

（MilliporeCorp・，Bedford，MA）andstainedwithcoomassiebriniantblue．TheN＿

teminalamino－aCidsequenceofproteinbandswasdetemineduslngthe492protein

Sequencer（PE－AppliedBiosystems）・Ahigh－mOlecularWeightcalibrationkit

（AmershamPharmaCia）wasusedasthemolecularweightstandardsforSDS－PAGE．

DisruptionofyTTN

yvgNwasdisruPtedbythesamemethodasa7pFdisruPtion■Primersusedforthe

amplificationofa307－bpinternalfragmentwereYVGNIF（5・－GCCG朋GCT7GAAAT

GCCTTGGTTCGGTC－3．）carryingaHindIIIrestrictionsite（showninitalic）and

YVGNIR（5一－CGCGGdmCrATCTTTGCCAGGCCAATG－3・）carryingaBamHIsite

（showninitalic）・Primersusedfbrconnrmationoftheintegrationofainglecopyofthe

PlasmidswereYVGN2F（5r－GTGCCAACAAGTTTAAAAGATACTG－3・）and

YVGN2R（5一－GATGAACTTGGAAATTGCTGAC－3・）．

ConstruCtionandpurincationofglutathioneS・tranSfbr鮎e（GST）rYvgNfusion

PrOtein

yvgNwasamplinedfromB・SubtilisCRK6000chromosomalDNAbyPCRwith

PrimersYVGNl（5一－CGCGGATCCGTGCCAACACGTTTAAAAGATAC－3・）carryinga

BamHIrestrictionsite（showninitalic）andYVGN2（5・－CCGCrCGAGCGGTrAAAA
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CAGAAGCTCATCAGG－3’）carryingaX7u，Isite（showninitalic）．ThePCRproduct

WaSdigestedwithBamHIandXhoIinparallelwithapGEX－4T－1・ThedigestedPCR

PrOductandthepGEX－4T－1wereligated，andthentransformedinEcoliJMlO9．BIcoli

JMlO9hatboringthepGEX－4T－1－yVgNwascultivatedinLuria－Bertanimedium

（COntaining50pghnlampicillin）at370c・Aftertheadditionofisopropyll－thio－P－D－

galactosidetoa丘nalconcentrationofl・OmM，theculturewasfurtherincubated．The

Ce11swerehaⅣeStedanddisruPtedwithO・1－mmglassbeadsuslngaMini－Beadbeater

（BiospecProducts）・Celldebriswasremovedbyacentrifugation・Theresulting

SuPernatantWaSloadedontoaGlutathioneSepharOSe4Bcolurrm（AmershamPharmaCia

Biotech），andGST－YvgNfusionproteinwaseluted．

GrowthanalysisofyvgNdisruPtant

B・SubtilisCRK6000wasgrownat370cinSpizizenminimalmediumsupplemented

WithO・05mMadeninesulfatedihydrate，0・05mMguanosine，0．5rnML－methionineand

O．5mML－histidine（SMM）．

QuantificationofB6PrOduction

TheamountofB6intheculturewasquanti鮎dinamicrobiologicalassayuslng

SaccharomycescarlsbergensisATCC9080（Tani，1983）・Thewi1d－tyPeStrainandthe

yvgNdisruPtantOfB・SubtiliswereculturedinSpizizenmimimalmediumuntiltheearly

Stationaryphase・H2SO4WaSaddedtoO・055Ntothosecultures，autOClavedat12lOcfbr

240min，andthencentrifugedat12，000×gfor15min・ThesupernatantSOfO．1－0．25mi

WereuSedforsamPles・Thosesampleswereaddedintotesttubescontaining2miofB6

assaymedium（Nissei，Japan），S・Carlsbergenesiscellsandl．75－1．90miofsterilized

distilledwater・Tubeswerecultivatedat30Ocfor18h，andtheopticaldensltyat600nm

WaSdetemined．

24



RESULTS

PmificationofGRfromahpFdisruPtantOf且subti肋CRK6000

ThereductionofglyoxalbyGRleadtotheformationofGA（Fig．1．6）．GRwas

Partiallypurined440－fo1dwithayieldof12・9％（Tablel・3）・Asaresult，amqjorband

andthreeminorbandsweredetectedbySDS－PAGE（Fig・1．7A）．

TABLEl・3・PurincationofGR什omaQpFdisruPtantOfB．s〟b肋
CRK‘000

F等ation　憲苓琵冨 Yield

（％）

Crudeextract　1360　　　3S30

DEAE－Sephace1　207　　　3970

岬H4）2SO4　　1‘4　　3400

BuけトToyopear1　　2．糾　1脚0

識霊…空登　　0・39‘4，3

2．82　1　　100

1！）．2　　‘．81　104

20．7　　7．34　　88．き

‘73　　239　　　49．3

1240　　440　　　12．，

DeterminationofN－terminalamino・aCidsequenceofpu戯edproteins

TheN－terminalportionsofthepurinedproteinsweresequenced．The30residuesof

them往iorprotein（indicatedbyarrow2，Fig・5A）deteminedwereN－P－T－S－L－K－D＿T＿

Ⅴ－K－しH－N－G－Ⅴ－E－M－P－P－F－G－L－G－V－F－K－Ⅴ－E－N－N－N・ThelOresiduesoftheprotein

（indicatedbyarrowl）were〃」K－Y－Ⅰ－G－Y－V－G－T－Y－K・The32residuesoftheprotein

（indicatedbyarrow3）wereNJM－R－E－V－K－D－N－L－A－Q－I－N－しE－Ⅰ－N－E－H－R－E－K－S－N＿I＿

Ⅰ一P－Q－X－N－V－I－A，andthe20residuesoftheprotein（indicatedbyarrow4）wereNIA－V－

Q－Y－E－T－K－A－T－N－V－G－Ⅰ－R－K－G－H－V－Q－T・AsaresultofBLASTsearchonB．subtilis

SequencedataofSubtiList，thepurinedmqjorprotein（indicatedbyarrow2）wasfoundto
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ItwasverylikelythatytqencodedGRbecauseYvgNbelongstothealdo－keto

血ct鮎eSu匹血劇y・Th甜db陀，y堵Ⅳwasclond血0〆拡Ⅹ4T－1，独d既匹SSd舶

GST一竹gN血sionpro旭h止り乙α鵡刀MlO9・GST－Yvが旭0叩m血wasp血触脚＆

1・7）・anditsprpperdesweredetemiJled・YvgNshowedGRactivity，andalsoshowed

relativdyhigh血itytoDL－glyceraldehyde・DL－glyccraldehyde3－Phosphateand

me也ylglyox由作曲1el．4）．
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TABLEl・4・SubstratespecincityofGSTLWgNfusionprotein

Substrate Relativeactiv吋（％）

Glyoxal

MethylgIyoxal

Glyoxylate

DL－GIyceraldehyde

DL－GJyceraldehyde3－Phosphate

AcetaIdehyde

Formaldehyde

Glycolalde血yde

100

98

13

‘5

52

0

0

PropertyoftheyvgNdisruPtant

ToexaminetherelationshipofyvgNtoB6biosynthesis，yVgNofB．subtilisCRK6000

WaSdisruPtedwiththepMutinlintegrationalvector，andthepropertiesoftheyvgN

disruPtantWereeXamined・WhentheyvgNdisruPtantWaSCultivatedinSMM（Spizizen

minimalmedium），theyvgNdisruPtantgreWaSWellasthewild－typestrain（Fig・1．8A），

anddidnotrequireB6・ItwasalsofoundthattheyvgNdisruPtantretaineditsabilityto

SynthesizethesameamOuntOfB6aSthewild－typestrain（Fig・1・8B）・TheyvgN

disruPtantdidnotshowanydistinctivephenotype・
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FIG・l・8・（A）AmountsofB6Synthesi2edby且sub肋CRK600wiJdtypead

yVgNdisruptant・（B）GrowthcurvesofwiJdtype（●）andyTgNdisruPtaDt（□）．
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Inthischqpter，theglycolaldehyde－fbrmlngrOuteinB6biosynthesisinB．subtiliswas

investigated・Firstly，theauthorpu撼edGADHtoinvestigateitsreducing（GA－fbming）

activity・TheoxidizingactivityofGADHwasdetected，butitsreducingactivitycould

notbemeasuredbecauseofthecoexistingNAD＝朋ADPHoxidaseactivity・Thesetwo

enZymeSWerenotseparatedbyDEAE－SephacelandButyl－Toyopear1column

Chromatography・BecauseNADⅣNjWPHoxidasemighthavehigherafnnityto

NADH朋ADPH，thereducingactivityofGADHwasneverexpectedtobedeteminedas

longasNADfmADPHoxidasewaspresent・ToeliminatethecoexistlngOXidase，the

authorfirstpurinedtheoxidasefromtheIFO3007strain，andfoundthatNADfLrNADPH

OXidasewasencodedbyα姉ofwhichpossiblefunctionwaspreviouslyreported

（Hartford，1994）・Then，thea7pFdisruPtantOfB・SubtilisCRK6000wasconstruCted．

ThecrudeextractoftheajpFdisruPtantStillhadlowNADⅣNADPHoxidaseactivity・

ThisnndingsuggeststhepresenceoftheisozymesofNAD打NADPHoxidase，although

theydidnotinterfbrewiththeassayforthereducingactivityofGADH・Therefbre，the

authordidnottrytoeliminatetheisozymes・GADHoftheajpFdisruPtantWaSPurified

byDEAE－Sephacelcolumnchromatogrqphy・TheelutionpatternwasthesameaSthatof

theIFO3007strain，andNADH伽ADPHoxidaseactivitywasnotdetectedineitherthe

nrstorthesecondactivefractionofGADH・However，thereducing（GA－fbming）

activityofGADHwasnotdetected，either・Therefore，theauthorconcludedthatGAis

notfbrmedbythereductionofglycolatewithGADHinB・Subtilis，Theauthoralso

COnCludedthatunlikeEcoILGADHisnotinvoIvedinB6biosynthesisbecauseGADH

doesnotsynthesizeGA，andtherefore，didnotinvestigateGADHfurther・Duringthe
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Pur沌cationofGADH，yieldsweremuchhigherthanlOO％（Tablel．1）．Thereasonwas

assumedtobethatinhibitorsofGADHwereremovedduringthepuri丘cation．

Theauthor・neXt，investigatedtheotherGA－formingroute（Fig・1・6）・Partiallypuri丘ed

GRwasfbundtobeencodedbyyvgN・Theauthorcon丘rmedthatGST－YvgNfusion

PrOteinhadGRactivity・ItwasR）undthattheyvgNdisruPtantdidnotrequlreB6and

retaineditsabilitytosynthesizeB6肝ig・1・8A，B）・Undertheconditionsfbrenzymatic

aSSay，nOGRactivitywasdetected・Atthispolnt，thepresenceofisozymesofGR，Which

haveveryweakGRactivity，CannOtbedenied・Fromtheaboveresults，however，itwas

ObviousthatGRencodedbyyvgNisnotinvoIvedinB6biosynthesisinB．subtilis．To

auther，sknowledge，thereisnoreportonthefunctionofYvgN・Inthisstudy，theauthor

fbundthatYvgNreducedglyoxalandsomeothercompounds（Tablel．4）．

SUMMRY

TheauthorconcludedthatGADHdoesnotsynthesizeGA，andisthereforenot

invoIvedinB6biosynthesisinB・Subtilis・Itwasalsoconcludedthatanotherpossible

GA－formlngenZyme，GRisnotinvoIvedinB6biosynthesis・Theresultsofthischapter

demonstratethattheGA－formlngrOuteinB・Subtilisisdifftrentn：OmtherouteinEcoli，

andGAispossiblynotaprecursorofB6inB・Subtilis．
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CHPTERH

SerCisInvoIvedinVitaminB6BiosynthesisinEschetichidcoHbutnotinBac肋s

∫〟あが払

INTRODUCTION

Fromgeneticstudies，geneSSuChaspdxA・PdxB，SerCandpduwereshowntobe

POSSiblyinvoIvedinvitaminB6（B6）biosyntheticpathwayinE－Cherichiacoli．A

biosyntheticpathwayofEcoliwasproposed（Lam＆Winkler，1990）・Onthepathway，

PdxB，SerC（Phosphoserineaminotransftrase；EC2・6・1・52）andotherenzymeslead

erythrose4－Phosphateto4－hydroxy－しthreonine（Lam＆Winkler，1990）．Then，4－

hydroxy－Lthreonineundergoesadecatboxylation，andfbrmSPyridoxine（PN）withl－

deoxy－D－Xylulose（Fig．2）．

4－Hydroxy－L－threonineissynthesizedbyapathwayparalleltothebiosynthetic

PathwayofL－Serine（Fig・2・1）・SerA，SerBandSerCareinvoIvedinserinebiosynthesis，

andPdxB，SerCandanotherenzymeareinvoIvedin4－hydroxy－L－threominesynthesis．

SerCcatalyzesthetranSaminationofbothL－Serineand4－hydroxy－L－threominesynthesis．

Inthischapter，theauthorfbcusedonserCinknowlngWhetherthesamePathwayasE

COliexistsinB・Subtilis・SerCdisruPtantSOfEcoliandBacillussubtiliswereconstruCted，

andcomparedtoeachother．
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MATERIALSANDMETHODS

Followingenzymeswereusedinthisstudy：reStrictionendonucleases（Nippomgene，

Tokyo，Japan）；IbKdRa助乃qandDNALigationKitVer・2（TakaraShuzoCo・，Tokyo，

Japan）・GAwaspurchasedfromAldrichChem・Co・（Milwaukee，Wp．Otherchemicals

WerePurChasedfromWakoPureChemicalCo・（Osaka，Japan），Otherwisespecined．

Orgamismsandcultureconditions

ThestrainsandplasmidsusedareshowninTable2・1・B・Subtiliswasgrownat370cin

SpizizenminimalmediumsupplementedwithO・05mMademinesulfatedihydrate，0．05

mMguanosine，0・5mML－methionineandO・5mML－histidine（SMM）orAntibiotic

medium3（PAB）（DiftoLaboratories，Detroit，Mich・）・Ecoliwasgrownat37Ocin

DavismimimalmediumsupplementedwithO・5mMshikimicacid，0・5mMしtryptophan，

0・5mML－tyrOSineandO・5mMしPhenylalamine（DMM）orLuria－Bertani（LB）medium．
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Forthegrowthstudy，L－Serine，glyclne，GAorPNwasaddedtoeachminimalmedium．

Whenitwasnecessary，vitamin－heecasaminoacids（DiftoLaboratories）wereaddedto

themimimalmediumata血alconcentrationofO・01％・Antibioticswereusedatthe

fbllowingconcentrations：0・3ugerythromycin／mifortheserCdisruPtantOfB．subtilis

and50pgkanamycinhnlfortheserCdisruPtantOfEcoli．

DNAmamipulations

DNAmanipulationsweredoneasdescribedbySambrooketal．（1989）．

ConstruCtionofserCdisruPtantS

TheserCdisruPtantOfinB・Subtilis・WaSCOnStruCtedasdescribedinChapterI．The

internalfragmentofserCwasamPli丘edfromB・SubtilisCRK6000chromosomalDNA

byPCRwithprimersSERCIF（5一－GCCG舶GCmGTTATGGAGCTTTCCCACC－3f）

CarryingaHindIIIrestrictionsite（Showninitalic）andSERCIR（5・－CGCGGATCCAA

TATCGCTGGACATGTCGG－3一）carryingaBamHIsite（showninitalic）．Primersused

fbrthecon丘rmationofintegrationofasinglecopyoftheplasmidswereSERC2F（5・－AG

CGCTGCCACTGGAAGTTC－3▼）andSERC2R（5，－AATGTCGGCGGAGTGTTGTAG

AG－3’）．

ForthedisruPtionofserCinE・COli，a487－bpinternalfragmentofserCwasamplined

fromthechromosomalDNAofE・COliK－12W3110byPCRwithprimersSERCl（5r－GC

CGCTCAAATCTTCAATTTTAGTTCTGG－3・）andSERC2（5・－CTGGCGTTTCGTCGA

TGG－3一）・ApBEN66wasdigestedwithEtoRV，andasingle3l－Toverhangwasaddedto

eachend・Then，reSultantplasmidandthePCRproductwereligatedtocreatethe

PlasmidpBESll，andwasusedtotransformCOmPetentCellsofEcoliJMlO9．PBESll

WaSeXtraCted，anditspartialfragmentwasamplinedwithprimersPBEN＋（5・－CGGTG

AAAACCTCTGACAGC－3■）andPBEN－（5・－TTTGCTGGCCTTTTGCTCAG－3一）．

ResultantPCRproduct（COntainingKmandNbtIsiteateachend，andnotcontaining

Ampandorigin）wasdigestedwithNbtI，thenself－1igatedtocreatethecircularplasmid，

PBFL31・ResultantPlasmid，PBFL31wasintroducedintoEcoliK－12W3110by
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transfbrmation，aSinglecrossoverwithselectionforkanamycin－reSistance（50pg／mi），

yieldingastrainECSO21・Theintegrationofsalnglecopyoftheplasmidswas

COnfirmedbyPCRwithprimersSERClandKM2（5・－GAAGGAGAAAACTCACCGA

G－3’），andalsoconnrmedbykanamycin－reSistanceandampicillin－SenSitivephenotype．

QuantitativeanaIysiso柑‘

TheamOuntOfB6intheculturewasquantinedinamicrobiologicalassayuslng

SaccharomycescarLfbe7￥enSisATCC9080asdescribedinChapterI．

βGalactosida5eaSSay

P－GalactosidaseassaysweredonebythemethodofMiller（1972）．B．subtiliswas

grOWninSMM・CellsamPlesofl・0miweretaken，Pelletedbycentrifugation，WaShed

Withphysiologicalsaline・andfrozenovemightat－20℃・Aftercellsweresuspendedin

O・6miofZbufftr，2dropsofchloroformandldropofO・1％sodiumdodecylsulfate

Wereadded，andvortexed・Sampleswereincubatedat28℃forlOmin，andthenO．2mi

Of2－nitrophenyl二β－D－galactopyranoside（4mg仙）wasadded・Reactionmitureswere

incubatedat28℃for30min，andthenO・3mioflMNaCO3WaSaddedandvortexedto

StOPthereaction・Sampleswerethenpelletedatl，2000×gfor15min，andtheoptlCal

densityat420nmofthesupernatantWaSdetemined・Millerunitsare（1，000×

OD420）／（timexvolumeofthecellsamplexOD600）
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TabIel．Bacteria）strainsandpJasmidsusedinthiswork

Strainorplasmid DescrlPtlOn Reftrencesorsource

g．c（フJ～K－12

W3110

刀止109

C600

ECSO21

且∫〟如〟～∫

CRK6000

BSSl17

Plasmids

pMtnlNl

pHSOll

pBEN66

pBESll

pBFL31

E・COliK－12prototroph

recAlendAlgyrA96thihsdr17sepE44relAIA（1ac－

PrOAB）仔’【traD36proAB’1acIqlacZAM15］

F，e14．（McrA－）thr－1leuB6thi－1lacYIsqp朗4dbDl
β〟A2J

W3110serCnpBFL31（KmR）

ク〟dノ∂椚e鱈5ゐ古山j g蹴β

CRK6000serCnpHSOll（EmR）

ApR（E．co［i），EmR（B．sILbtilis）

PMUTNIcontainingpartofserC（ApR，EmR）

ApR，KmR

PBEN66contaimingpartofserC（ApR，KmR）

PBEN66contaimingpartofserC（KmR）

Beckmann（1972）

Yanisch－Perronetal．

（1985）

RaleighetaL（1998）

Thiswork

MoriyaetaL（1998）

Thiswo止

Vagnerefa［．（1998）

Thiswork

H・Mori，unPublished

Thiswork

Thiswork
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RESULTS

ConstruCtionofserCdisruPtantSOf且su加地and且coH

SerCgenesinB・SubtilisandE・COliweredisruPtedwiththepMutinlandthepBEN66，

respectively，aSdescribedinMATER仏ISandMETHODS・DisruPtionsofserCwere

ShowninFig・2・2and2・3・IntheserCdisruPtantOfB．subtilis＠SSl17），a

transcrlPtionalfusionwasconstruCtedbetweentheserCpromoterandthereporter

gene・
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Fig・2・2・IJltegrationofpMutinlintosel・CinB．sub肋．scrCisindicated
ashatchedbox・WhiteboxcorrespondstointernalsegmentofserC．
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Fig・2・3・IntegrationofpBEN66iJltOSerCinEcoIL serCisindicatedas

hatchedbox・WhiteboxcorrespondstointernalsegmentofserC．

35



Analysesofgrowthrequlrements

Wild－typeandtheserCdisruPtantOfB・Subtilis＠SSl17）wereculturedinSMMto

investlgatetheirgrowthrequlrementS・CellsfromovemightcultureonpABplateswere

inoculatedinto5miofSMMsupplementedwithO・01％casaminoacidsandincubated

untilthemiddle－eXPOnentialphase・Cellswerecollectedbycentrifugationand

reSuSPendedinlmiofSMM・Resuspendedcellswereinoculatedinto5．0miofSMM

SuPPlementedwithl・5mML－Serine，0・1mMPN，0・1mMGAandk）rO・5mMglycine，

andthenincubatedat370c（Fig・2・4）・WhenSMMwassupplementedwithL－Serine，the

SerCdisruPtantgreW，butslowerthanWild－tyPe・NeitherPNnorGAafftctedthegrowth

OftheserCdisruPtantOrwi1d－type・WhenSMMwassupplementedwithglycine，the

SerCdisruPtantgreWaSWild－tyPedid・EvenwithoutL－Serine，theserCdisruPtantgrew

Wellifglycinewassupplied・

1．0

冨0・1
【⊃

0

（A）Wiはtype

垣◆〆’一i

ク

0　　　　　5　　　　10　　　　15　　　　0

（B）serCdi＄ruPtanl

包●㌔●－‾●‾●
●

亡ク

協●
『

口貞盛亡コ白E＝往＝召＝＝往コ白

5　　　　　10　　　　15　　　　　20

認諾競言㍊た：認認慧鼠；空音意思㌶慧苛賢諾霊地
しSerineandO・1mMGA；●，05mMglycine．
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GrowthrequirementsoftheserCdisruPtantOfEcoli（ECSO21）wasalsoexaminedas

thesamemannerasdescribedabove，eXCePtforLBplatesandDMMwereusedforthe

Cultivation・UnliketheserCdisruPtantOfB・Subtilis，theserCdisruPtantOfEcolicould

nOtgrOWOnDMMsupplementedwithL－Serine・TheserCdisruPtantOfEcoligrewonly

WhenDMMwassupplementedwithbothL－SerineandPN（Fig．2．5）．TheserC

disruPtantalsogrewwhenDMMwassupplementedwithL－SerineandGA．TheserC

disruPtantalsogrewinDMMsupplementedwithglycineplusPNorGA（Fig．2．5）．

1．0

○

（A）WiIdtype

6i

ぎ0・ニニ』

♂
伊

（B）serCdi＄ruPtanl

。拶♂
F＝iく」‾‾‾‾ニコロ

出雲芦牽サケ車ケ「』∃

0　　　　　5　　　　　10　　　　　0　　　　　5

Time（h）

0．01

Fig■2・5・Grow也or且c〃摘1dtype仏）姐d∫grC曲叩bnt（恥DMM叩plemented両地⊂♭0皿e；
■，15rnM“erine；△・仇1mMPN；▲・L5mMしSerineandO・1mMPN；0．l．5mMしSerineandO．1
mMGA；●，0．5mMgly血eBLndO．1mMPN．

B6SynthesisofserCdisruPtantOf且subti肋andEcoli

TodetermineB6amOuntSynthesized，Wild－tyPeandtheserCdisruPtantOfB．subtilis

andE・COliwereculturedinminimalmedia・CellsfromovemightcultureonPABorLB

37



Plateswereinoculatedinto5miofSMMsupplementedwithcasaminoacidsorDMM，

andincubatedunti1themiddle－eXPOnentialphase・Thecultureswerecollectedby

CentrifugationandresuspendedinlmiofSMMorDMM・Resuspendedcellswere

inoculatedinto5・0miofSMMorDMMsupplementedwithL－Serine，glycineorGA，and

thenincubatedat370cundltheeady－Stationaryphase・ThentotalB6amOuntSWere

quantifiedasdescribedinMATERJALSAmMET＝ODS・AsshowninFig・4，Wildq

typeofB・Subtilissynthesized30・2ngofB6血gofcells・TheserCdisruPtantSynthesized

almostthesameamOuntOfB6（28・1nghng）・TheadditionofGAorglycinetomediaof

WildtypeandtheserCdisruPtantdidnotafftctB6Synthesisofbothstrains（Fig．2．6）．
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Fig・2・6・AmountofB6synthesizedbywiJdtypeandserCdisruPtant

OfB・Sub肋inSMM，SMMsupplementedwithO・1mMGAorSMM
SuPPIementedwithO・1mMGABLndO・5mMglycjne・L－Serine（1．5

Ontheotherhand，theserCdisruPtantOfEcoliclear1ylostitsabihtytosynthesizeB6

becausetheserCdisruPtantCOuldnotgrewwithoutPNorGA・WhenthetheserC

disruPtantWaSCulturedinDMMsupplementedwithL－SerineandGA，thestraincould
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growaswellaswild－tyPe（Fig・2・5）・However，B6amOuntSynthesizedbytheserC

disruPtantWaSlessthan20％ofthatsynthesizedbywild－type（Fig・2．7）．
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Fig・2・7・Am0皿tOfB6synthesizedbyw追dtypeandserCdisruPtaJlt

Or且c〃ガi皿DMM，DMM飢Ipplロnentedwitb0．1mMGAorDMM

SupPlementedwith0・1rnMGAandO・5mMGJycine．I／SeriJle（15

EfFbctofL・Serine，glycineandPNonserCtranscriptioninB．subtiHk

ToinvestlgatetheefftctsofL－Serine，PNandglyclneOnthetranscrlPtionofserC，the

SerCdisruPtantOfB・SubtiliswasculturedinSMM，andtheexpressionofLacZreporter

genewasmeasured・CellsfromovemightcultureonPABplateswereinoculatedinto5

mlofSMMsupplementedwithcasaminoacidsandincubateduntilthemiddle－

exponentialphase・Theculturesofl・0miwereinoculatedinto4．0miofSMM

（COntainingO・5mMglycine）supplementedwith，glycineorPN，andthenincubatedat

370cuntilthelate－eXPOnentialphase・P－Galactosidaseassaywasperformedasdescribed

inMATERIALSandMETHODS・AttheL－SerineconcentrationofO．5mM，nO

repressionorinductionoftheserCtranscriptionwasobserved（Fig．2．8）．However，

higherconcentrationofL－SerinerepressedthetranscrlPtion・L－Serineconcentrationsat
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2・5mMand5・OmMrepressedtheP－galactosidaseactivitybyabout25％and30％，

reSPeCtively・IncontrasttoL－Serine，glycine，WhichisrequiredbytheserCdisruPtantOf

B・Subtilis，hadnoeffbctonthetranscription（Fig・2・8）・Eventhough5・OmMglycinewas

SuPPlementedtothemedium，nOrePreSSionoftheserCtranscrlPtlOnWaSObserved．The

efftctofPN，aPOSSibleendproductofserC，OntheserCtranscnptionwasalsoexamined．

However，PNdidnotafftcttheβ－galactosidaseactivity（Fig．2．8）．
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DISCUSSION

Inthisstudy，thepossibleinvoIvementofserCinB6biosynthesisinB．subtiliswas

investigatedsinceserCwasconsideredtobeinvoIvedinB6biosynthesisinEcoli軋am

＆Winkler，1990）・TheroleofserCinB・Subtiliswasinvestigatedfromtheco叩arison

OftheserCdisruPtantSOfB．subtilisandE

TheserCdisruPtantOfE・COlirequiredL－SerineplusPNorGAfbrgrowth（Fig．2．5）．

Thegrowthpa佳emisconsistentwithapreviousreportG・am＆Winkler，1990）．GAwas

OriginallyfbundtoreplacePNinsomeEcoliB6auXOtrOPhs（DempseyetaL，1971；Tani

＆Dempsey，1973）・Ontheotherhand，itwasfoundthattheserCdisruPtantOfB．subtilis

didnotrequlrePN・GAhadnoefftctonthegrowthoftheserCdisruPtantOfB．subtilis

（Fig・2・4）・TheseresultsleadtheconclusionthatdisruPtionofserCdidnotconvertwi1d＿

typeofB・SubtilistoB6auXOtrOPh・

WhenO・5mMofglyclneWaSSuPPlemented，theserCdisruPtantOfB・Subtilisgrew

Wellaswild－typedid（Fig・2・4）・However，WhenSMMwassupplementedwith1．5mM

OfL－Serine，theserCdisruPtantgreW，butnottothefu11growth（Fig．2．4）．Ontheother

hand，L－SerineandglycinehadthesarrKefftctonthegrowthoftheserCdisruPtantOfE

COliqig・2・5）・しThreoninecouldalsosupportthegrowthoftheserCdisruPtant．When

L－threoninewasaddedtoDMMplusPN，theserCdisruPtantgrewveryslowly（datanot

Shown），POSSiblybythecatalysisofthreoninealdolase（EC4・1．2．5）．TheadditionofL＿

threominetoSMM（containingL－Serine）improvedthegrowthoftheserCdisruPtantOfB．

Subtilistonearlythefu11growth（datanotshown），aSPreViouslyreported（Vandeyarand

Zahler，1986）・However，L－threominebyitselfdidnotsupportthegrowthoftheserC

disruPtantOfB．subtilisinSMM．

TheserCdisruPtantOfB・Subtilisretaineditsabilitytosynthesizealmostthesame

amountofB6aSSynthesizedbywild－tyPe（Fig・2・6）・TheputativeprecursorofB6，4－

hydroxythreomine，mightbesynthesizedfromGAandglycininEcoli（Dempsey，1987）．

NeitherGAnorglycineafftctedthesynthesisofB6（Fig・2・6）・Itwasalsofoundthatthe
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SerCdisruPtantOfE・COliculturedwithGAandL－Serinecouldsynthesizemuchlower

amountofB6COmParedthanWild－tyPe（Fig・2・7）・Eitheradifficultyofincorporationof

GAintoB6moleculeoradenciencyofprecursorsotherthanGAintheserCdisruPtant

mightexplaintheresult・GroupImutantofEcoliinwhichGAreplaceB6fbrthe

growth，ShoweditsabilitytosynthesizethesameamountofB6aSwi1d－tyPeWhen

CulturedwithGA（DempseyetaL，1971；Tani＆Dempsey，1973）．Thus，1ackofthe

abilitytosynthesizeanormalamountofB6underthepresenceofGA，isumiquetothe

SerCdisruPtant．

TheefftctsofPN・L－SerineandglycineonthetranscrlPtlOnSerCwereexamineduslng

LacZtranscriptionalfusionintheserCdisruPtantOfB．subtilis（Fig．2．2）．Results

ShowedthatPNandglyclnedidnotaffbctthetranscrlPtlOnSerC，butexcessL－Serinedid

（Fig・2・8）・ItisnotnecessarythatPNrepressthetranSCriptionserCeventhoughserCis

invoIvedinB6biosynthesisbecauseothergenesfbrB6biosynthesiscouldberegulatedby

PN・However，thisfindingcouldbeoneoftheevidencetosupportthepredictionthat

SerCisnotinvoIvedinB6biosynthesisinB・Subtilis・Glycine（0．5mM）wasaddedto

SMMforβ－galactosidseassaytoimprovethegrowthoftheserCdisruPtantOfB．subtilis．

GlycinehadnoeffbctonthetranscriptionserC（Fig．2．8）．
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SUMMARY

TheresultsofthischqpterdemonstratethatserCisnotdirectlyinvoIvedinB6

biosynthesis，andapathwaylnVOIvinggenesotherthanserCmightexistinB．subtilis．

RecentreportssuggestedthatgenesotherthanpdxandserCgenesarePOSSiblyinvoIved

inB6biosynthesisofA5PefgillusnidulansandCkrco5POnlnicotianae，anddifftrent

Pathwaysexist（Osmamietal・・1999；EhrenshaftetaL，1999）・InChapterI，itwas

SuggeStedthatGAisprobablynotaprecursorofB6inB・Subtilis・Theseresultssupport

thepredictionthattheB6biosyntheticpathwayinB・Subtilisisdi飴rentfromthatinE．

c（）〟．
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CHAPTERIII

InvestigationoftktofBaciHussubti肋inRelationtoVitaminB6Biosynthesis

INTRODUCTION

h且一Cherichiacoli，4－hydroxy－L－threonineisbelievedtobeadirectprecursor

OfvitaminB6（B6）・4－hydroxy－しthreonineissynthesizedffomD－erythrose4－

Phosphate（Fig・2，Fig・2・1）・Transketolase（Tkt）isinvolvedinD－erythrose4－

Phosphatesynthesis，andcatalyzesreactionsinthepentosephosphatepathway，Whichis

OneOftheroutesofintermediarycarbohydratemetabolism（Fig・3・1）．InEcoli，there

aretwotktgenes，tktAandtktB・WhenbothtktAandtktBweredisruPtedinEcoli，

thedoubledisruPtantrequiredB6（ZhaoandWinklen1994）・Therefore，tWOtktgenes

arebelievedtobeinvoIvedinB6biosynthesisinEcoli．

InB・Subtilis・Onlyonegeneisidentinedastkt・Inthischapter，tktwas

disruPtedinB・Subtilis，andtheinvoIvementoftktinB6biosynthesiswasinvestlgated．

GeneralcharaCteristicsofthetktdisruPtantWerealsodescribed．

D－GIyceroJ D－Xylu［ose

3・Phosphate Tran＄ket01asc5－Phosphate

汀kt）

D－Fructose

D‾E仰ro＄e…－崇慧鵠…■－B64－Phosphate

Fig・3・1・TraJISketohsetranS鎚rsa加arbonun辻Efomana＆ha・ketose（asugarwithacarbonylgroupat

position2）toanaldoseLInthereactjon，a王朝rbonunjtfromthe5・Carbona4，ha－ketosexylulose5－

phosphateistransLbrredtothe4・Carbonaldoseerythrose4・Phosphatctomakethe6carbona＆ha・ketose

hctose6－phospJlate・G］yceraIdehyde3・Phosphaterest）Itsfromthe3・Carbon鮎gmentthatiscJeavednⅦ

町Iulose5・phospbat8　Fmcbse6－phospbateandglyceraldehyde3・phosp血ate（theprodud50rtbe払Ⅳard
readion）areana＆ha・ketoseandanaJdoseandthatthereacdoJ）isreversibJe．
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MATERIALSANDMETHOI）S

Disruptionoftkt

tktwasdisruPtedbyapMutinlinB・SubtilisasdescribedinchapterIandII．

PrimersusedfbramplincationoftheinternalfragmentoftktwasTKTIF（5一－CGC

GGATCCAGCAAATTCTGGTCACCCAG－3，）carryingaBamHIrestrictionsite

（Showninitalic）andTKTIR（5’－GCCGAAGCT7GCTTTCTTCTTTACCAAGCGG＿

3’）carryingamndIIIsite（Showninitalic）．Primesusedfbrconnrmation。fthe

integrationofasinglecopyoftheplasmidswereTKT2F（5一－GTAAGGGTACAACA

CATAAGGAAGGG－31）andTKT2R（5．－CTTTAACAGCTACAGCGAAATGCTC－3・）．

CuIturalcondition

B・SubtilisCRK6000strainsweregrownat370cinSpizizenminimalmedium

SuPPlementedwithO・05mMadeninesulfatedihydrate，0・05mMguanosine，0．5mML－

methiomineandO・5mML－histidine（SMM），OrAntibioticmedium3（PAB）（Difto

Laboratories，Detroit，MI）・Erythromycin（0．3pg／mi）wasaddedforthecultivati。n。f

thetktdisruPtant．

Sporefbrmation

B・SubtilisstrainswereinoculatedintoDSmedium，andwereincubatedat37Oc

fbr72h，andculturalsamplesweretakenevery24h・Culturalsamplesweredivided

intotwoportions，andoneportionwasheatedat800cfbr15min．Heatedandnone－

heatedcultureswereplatedonPABplates，andincubatedat37。covemight・Then，

numberofviablecellswascounted・Sporu1ationfrequencylSeXPreSSedasthe

PerCentageOfheat－reSistantsporesinthetotalofbothsporeandvegetativecells．
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R砧ULTS

Growthproperties

Wild－tyPeandthetktdisruPtantWerePlatedonPABagarplatesandincubatedat

370c・After2daysofincubation，thetktdisruPtantgreWVerySlowlyonPABagar

Plates，andfbrmedtinycoloniescomparedtowild－type・Simnady，theiktdisruPtant

greWmOrePOOrlythanWild－typeinliquidPABmedium，butthediffbrencewasnot

Significant（Fig・3・2）・ThegrowthpropertiesoftheiktdisruPtantinSMMwere

examined・CellsfromovemightcultureonPABplateswereinoculatedinto5miof

SMMsupplementedwithO・01％casaminoacidsandO・5mMshikimate．D－Glucose

WaSrePlacedwithl％D－SOrbitol・Then，incubateduntilthemiddle－eXPOnentialphase．

CenswerecollectedbycentrifugationandresuspendedinlmiofSMM・Resuspended

Cellswereinoculatedinto5・0miofSMMsupplementedwithO・5mMshikimate，and

WeregrOWnat370c・ThetktdisruPtantdidnotgrowat370cinSMM（1％D－glucose

WaSthesolecarbonsource）・WhenD－glucosewasreplacedwithD－SOrbitolasasole

Carbonsource，ThetktdisruPtantgreW（Fig・3・4－A）・TheadditionofB6didnotafftct

thegrowthofthetktdisruPtant（Fig・3・3）・Thoseobservationssuggestedthatthetkt

disruPtantrequiredshikimateandanqppropnatecarbonsource，butnotB6・
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QuantificationB6PrOduction

TheamountofB6intheculturewasquantinedinamicrobiologicalassayas

describedinchqpterI・Wild－tyPeandtheiktdisruPtantWeregrowninSMMwithl％

D－SOfbitolandO・5mMshikimate・Cultureswereincubatedat370cfbr20h．The

amountsofB6inthecultureweredeteminedaf［erl，4，8and20hofcultivation（Table

3・1）・TheamountofB6Synthesizedbywild－typeandthetktdisruPtantWerealmostthe

Samethroughthe20hofcultivation．

JT5ble3・1・Amount＄OfB6Synthe＄jzed

B6（nghT］gDCW）

Strain＄
CuJtivation（h）

1　　　4　　　　8　　　　　20

Wild吋Pe l．7　　6．6　　15　　　　43

裾di＄mPtant l・7　　8■2　　　用　　　　36
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tJtilizationofcarbonsources

UtilizationofcarbonsourcesbythetktdisruPtantWaSeXamined（Fig・3．4－A）．

ThetktdisruPtantWaSgrOWnaSthesamemannerasdescribedabove．Thetkt

disruPtantWaSincubatedat370cinSMMsupplerrkntedwithshikimate，OfwhichD－

glucosewasreplacedwithvariouscarbonsources・Asdescribedabove，thetkt

disruPtantgreWWithD－SOrbitol，butnotwithD－glucose・ThetktdisruPtantWaSalso

abletoutilizeD血ctoseandglycerol，butnotsucrose・However，ifD－glucosewas

addedtoSMMwithDqhctose，thetktdisruPtantWaSnOtabletogrow（Fig・3．4－B）．

ThesameresultwasobservedwhenD－glucosewasaddedtoSMMbesidesglycerol．

Ontheotherhand，WhenD－glucosewassupplementedwithD－SOrbitol，thetktdisruPtant

WaSabletogrow・ThegrowthofthetktdisruPtantWaSSenSitivetoD－glucosewhen

CultivatedinSMMwithglycelolandD－hctose，butnotD－SOrbitol・Thesameeffbctof

D－glucosewasnotobservedonwild－type（Fig・3・5－A，B）．
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鞄3AGrow仙or且∫励肋励曲叩加tinSMM5upp血entedw地s鮎umat巴仏）
FoⅡ0wingsugarS（1％）weresuppIementedasasoIeearbonsource：○，D・glucosぢ●，D60rbitoh
□，D－fruCtOSe；J，glycerol；△，SuCrOSe（B）D－Glucose（1％）wasaddedtomediain（A）．
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Spore伽rmation

Sporefbmingabilitywasexamied（Tal）1e3・2）・After24hofcultivation，the

tktdisruPtantdidnotfbrmSPOreatall・After，480r72hofcultivation，thesporu1ation

鮎quencywasabout50％・Incontrast，SPOru1ation鮎quencyofwild－typewas90％－

101％throughthe72hofcultivation・TheresultsindicatedthatTktisinvoIvedin

SPOrefbrmation．

職bJe3・2・Anarys一＄OfsporuJation

Sporu（ation（％）

Strain＄
Cultivatjon（h）

24　　　　48　　　　　72

W批＝ype　　　　91　　　90　　　101

tkfdi＄ruPtant O　　　　50　　　　51
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DISCUSSION

ResultsinthischqptershowedtktisnotinvoIvedinB6biosynthesisinB．subtilis．

TheamountofB6Synthesizedbythetktdisruptantwasalmostthesameamountas

Synthesizedbywild－type（Table3・1）・Afterthe20hofcultivation，Wild－type

PrOducedalargeramOuntOfB6・Thereasonisunknown，butitwasdifnculttosimply

COmParetWOStrainsbecausethetktdisruPtantlacksofthepentosephosphatepathway・

Theentiremetabolicpathwaycouldbedifftrentinbothstrains・However，itwas

ObviousthatthetktdisruPtantretaineditsabilitytosynthesizeB6・Thegrowth

PrOPedyofthetktdisruPtantalsosupportstheconclusionthattktisnotinvoIvedinB6

biosynthesis（Fig・3・4）・IfthetktdisruPtantlostitsabilitytosynthesizeB6，the

disruPtantCOuldnotgrowinSMMeventhoughshikimateandD－SOrbitoIwas

SuPPlemented．

InliquidPABmedium，thetktdisruPtantgreWnear1ythesamerateaswild－tyPe

（Fig・3・2）・Incontrast，thetktdisruPtantgreWeXtremelypoor，andfbrmedtiny

COloniesonPABagarPlates・Transketolasemutantisknowntobedeficientin

flagellin（SasqiimaandKumada，1983）・Lackoffl1agellinmakesthetktdisruPtantless

mobile・Therefore，thetktdisruPtantmighthavedifficultytouptakenutrientsfrom

agarPlate，andformedtinycolomies．

ThegrowthpropertyoftktdisruPtantmightbeexplainedbycataboliterepression

（Fig・3・5－A）・D－Glucoserepressedtheenzymesynthesis，WhichareinvoIvedin

fructoseblyceroltranSPOrtandcatabolism・EnzymesinvoIvedinD－SOrbitoltransport

andcatabolismareinsensitivetoglucoserepression（SasdimaandKumada，1981）．

50



巨●

巨
己

亡

巨
r

邑

巨

巨

星

壬

～

ヒ

l

I

t

L

■

E

ThereasonwhythetktdisruPtantismoresensitivetocataboliterepressionthanwild－

typeisassumedtobethatthecellsurfaceofthetktdisruPtantWaSChanged（Sasqjima

andKumada，1981）．

After24hofcultivationinDSM，thetktdisruPtantdidnotfbrmSPOre・The

reaSOnmightbeexplainbyitsslowgrowth・InDSmedium，thetktdisruPtantgreW

Slowerthanwild－type・However，eVena鮎r48and72hofcultivation，thesporulation

鮎quencywasabout50％・TheresultindicatesthattktisinvoIvedinsporefbrmation．

InthecrudeextractoftheiktdisruPtant，nOtranSketolaseactivitywasdetected．

However，anOthertransketolase，Whichhasextremelylowactivity，COuldexistinB．

Subtilis・ThesecondtransketolasecouldcomplementdisruPtedtkt，andcouldhelpB6

Synthesis・Ecolihastwotransketolase，tktAandtktB・However，itshouldbenoted

thatnoothertranSketolasehomologueisfbundinthessequenceofB．subtilis

Chromosome．
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SUMMRY

ThischqptershowsthattktisnotinvoIvedinB6biosynthesisinB．subtilis．Itis

difnculttocompareB6PrOductionsoftktdiuruPtantandwi1dtypebecauseintkt

disruPtant，OneOfthemainroutesofintermediarycarbohydratemetabolism，PentOSe

Phoshpatecycledoesnotwork・However，reSultsinthischqpterclearlydemonstrate

thatiktdisruPtantretaintheabilityofB6Synthesis・Itwasalsoemphasizedthe

PredictionthatB6biosyntheticpathwayofB・SubtilisisdiffbrentfromEcoli．
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CHAPTERIV

InvestigationofyqiEandyhLBofBaciHussubd肋inRelationtoVitaminB6

おiosynthesis

INTRODUCTION

In且一Cherichiacoli，1－deoxy－D－Xyluloseisbelievedtobeadirectprecursorof

VitaminB6（B6）（Hilletal・，1989，1996；Kennedyetal・，1995）・Thecompoundisan

intermediateofnon－meValonatepathway，Ofwhichendproduct，isopentenyl

PyrOPhosphateisaprecursorofisoprenoids（Schwenderetal・，1996）（Fig．4．1）．The

nrstreactioninthenon＋meValonatepathwayisthetransketolase－1ikecondensation

reactionofpymVateandD－glyceraldehydetoform1－deoxy－D一Ⅹylulose（Sprengeretal．，

1997）・Thereactioniscatalyzedbyl－deoxy－D－Xylulosesynthase（Dxs）．Then，1－

deoxy－D－Ⅹyluloseis餌thermetal）01izedto2－C－methyl－D－erythrito14－Phosphatebyl－

deoxy－D－Xylulosereductoisomerase（Dxr）（Takahashietal・，1998）（Flg．4．1）．

InBacillussubtilis，yqiEisahomologueofdxs，andyluBisahomologueofdrr．

Inthischapter，theauthorinveshgatedtheinvoIvementofyqiEandyluBtodetemine

Whetherトdeoxy－D－XyluloseisaprecursorofB6inB・Subtilis・Conditionalmutantsof

yqiEandyluBwereconstruCted，andtheirabilitiesofB6biosynthesiswereexamined．

yqxCandyluCwhicharedownstreamgenesofyqiEandyluB・reSPeCtively，Werealso

examined（Fig．4．2）．
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Fig・4・1・Thenon－meValoatepathway・bpeJltenyIdiphosphateissynthesizedfrompyruVateand
glyceraldehyde3－Phosphate・ThesetwoprecurSOrSarePrOPOSedtoconderLSetOgivetheJ；ve－Carbon
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MATERIALSANDMETHOI）S

Organismsandcultureconditions

B・Subtilis168wasgrownat37℃inSpizizenminimalmediumsupplemented

WithO・5mML－tryPtOPhanandlOmg几FeSO4・7H20（TMM）orAntibioticmedium3

（PAB）（DiftoLめoratories，Detroit，MI）・Erythromycin（0・3pghnl）wasaddedto

mediumfbrdisruPtantSandconditionalmutants．

Disruptionofgenes

ConditionalmutantsofyqiEandyluBwereconstruCtedbyapMutinlinB．

Subtilis168asdescribedinchapterI・PrimersusedinthischapteraresuⅡ皿arizedin

Table4・1andTable4・2・AninternalfragmentofyqiEwasamplinedwithprlmerS，

YQⅡ三1FandYQⅡ三SDIR・ThefragmentincludingtheShine－DalgamOSequenCe（SD）

OfyqiEwasamplifiedwithYQIESDFandYQ正SDIR・Theintegrationofasingle

COPyOftheplasmidswasconfirmedwithYQIESD2FandYQIE2R．Aninternal

fragmentofyluBwasamplinedwithYLUBIFandYULBIR・Thefragmentincluding

theSDsequenceofyluBwasamplifiedwithYLUBSDFandY肌BIR・Theintegration

Ofaslnglecopyoftheplasmidswascon負rmedwithYLUB2FandYLUB2R．

DisruPtantSOfyqxCandyluCwerealsoconstruCtedbythepMutinl．An

internalfragmentofyqxCwasamplinedwithprimers，YQXCIFandYQXCIR．The

integrationofasinglecopyoftheplasmidswasconBrmedwithYQIXC2Fand

YQXC2R・AninternalfragmentofyluCwasamPlinedwithYLUCIFandYULCIR．

Theintegrationofaslnglecopyoftheplasmidswascon丘medwithYLUC2Fand

YLUC2R．
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QuantitativeanaJysisofB。

TheamountofB6WaSquantifiedinamicrobiologicalassayasdescribedin

ChapterI．

恥ble4・l・PrimersusedfbrdisruPtionofyqiEandyhLB

Name

YQIEIF

YQIESDF

YQIESDIR

YQIESD2F

YQIE2R

YLtJBlf’

YLUI主SDF

YUL81R

YLUB2F

YLtJ丑2R

Sequence

GCCGAAGCTTTTATCAATÅCAGGACCCGTCG

GCCGAAGCTTATGCTGAAAGTGAGTTGATCCG

CGCGGATCCCGTCCGAGCATAGAGTGAATG

CACGAGGGTATGGTAAAATGTAAGCAG

AAACATTCCGGAGACGAGCATG

GCCGAAGCTrGGAGCAACAGGATCAATCG

GCCGAAGCTrCATGCAGCAATAAGAATAGGAGTAG

CGCGGA7℃CrATATGCCCTGCAGTGACAAG

GCATGGCGGTATATTAGACCG

CTGTTCGCCTTGAAGAGCTTG

Re＄trk朋on由te

＄howninitalic

月払dⅡⅠ

助dⅡⅠ

β仇町HI

None

None

ガ加dⅡⅠ

助dⅢⅠ

β仏間HI

None

None

ThbIe4・2・PrimersusedfbrdisruPtionofyqxCandyluC

Name

YQXCIF

YQXCSDIR

YQXC2F

YQXC2R

YLUCIF

mCIR
YLUC2F

YLUC2R

Sequen¢e

GCCGAAGCTTATTAGTGGAAAGAGGGCTGG

CGCGGATCCrGGAGGAGCCAATATCAATC

TGGACTGACAAAACAGCAGG

AGCTGATTATAGCCTACATCCACAG

GCCGAAGCTrTTATTTTCGGAACGCTCG

CGCGGATCCrGTTTCGCTGACAGTAAAGC

CTAAATGCGGCAAACGAAG

CAATTGCTTTAATCCGCTGC

Rostri¢tionsite

＄howninitaIic

ガ加dⅡⅠ

β仇隙HI

None

None

助dⅡⅠ

β仇服HI

None

None
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RESULTS

ConstruCtionofdisruptantandconditionalmutants

DisruPtantSandconditionalmutantsofyqiEandyluBwereconstruCtedbythe

PMutinlinB・SubtilisasdescribedinMATERIALSandMETHODS・Asaresult，

COnditionalmutantSOfyqiEandyluB，OfwhichtranscrlPtlOnSCOuldbeinducedby

isopropyll－thio－P－D－galactoside（mG），WereObtained（Fig・4・3A，Fig．4．4A）．

DisruPtantSOfyqxCandyluCwerealsoconstruCted（Fig・4・3B，Fig・4．4B）．Toobtain

yluCdisruPtant，thetranSCrlPtlOnSOfitsdownstreamgeneshadtobeinducedbyIFrG．

yqxCdisruPtantWaSObtainedwithouttheIPTGinduction．

（A）Conditionalmu也皿tOり曾躍

P

SD

bd乙　　⊥a¢J Amp Em　　□

門店8鵬鵬down8tre8m9帥eさ摘
Pさ□aC eXP陀88ed byIPTGinduetion．

SD　γ昨　SD　γ叩。、、sD‾＝、sD即〃

0叫down釦re8mgene＄a佗eXp托ささ細
bylPTGhd血ion．

P叩aC

LJm【動　物診　吻診
仰C SD　さ柾　SD　佗¢〃

由dど　　⊥ad Amp Em　□

四）D鹿rupta皿tOり騨C

γq店i会¢叩rOささedby
鵬OWnPrOmOter．

R　ト

sD嘲診sD⊂刀□

Fig・43・ThestructureobtaineduponintegradonofthepMutinlinto仏）yqiEor（B）yqxC
hthe且∫〝あ肋chromosoI一息
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（A）Comditionalmubntoり血β

R

SD

bdZ bd Amp Em　　□

γ如如ndit5down引reamgenes的
P＄□aC eXPre＄8edby肝TGinducti肌

…＝　′l上　S＝　∫tニ　…ニ　ご・ニ三　S＝コ＝ニニ

0叫downstream9即蜃are¢XPre8さed
byt鵬暮PTGindudjon．

由dど　　⊥a¢J Amp Em　□

呼）Di5ruptantoり血C

R

γ山朗＄モ叩r08決dby

itきOWnPrOmOter．

sD吻診sD【a□
岬

P印aC

］⊂m勤　嘲診　吻診
ルC SD叩ざ　　SD卯JC

Fig・4A・ThestructureobtaineduponintegrationofthepMutinlinto（A）y血Bor＠）ylW

B6SynthesisoftheconditionalmutantofyqiEandtheyqxCdisruptant

CellsfromovemightPABcultureswerecollectedbycentrifugation，WaShedwith

PhysiologicalsalineandinoculatedintoTMM・After2－4hofthepre－Cultivation，Cells

WereCOllectedbycentrifugationandinoculatedinto5miofTMM・Forthepre－

CultivationoftheconditionalmutantSOfyqiE，0・02mMofIFrGwasadded．The

indicatedamOuntOfIFrGwasaddedtothefbllowedcultivation・TotalB6amOuntS

Werequantifiedattheindicatedtimes．

AlthoughtheyqiEmutantgrewpoorlywhennoIFrGwasaddedtothemedium，

themutantSynthesizedalmostthesameamountofB6Perdrycellweightasthewild－

typestrain（Fig・4・5AB）・TheadditionofIFrGimprovedthegrowthoftheyqiE

mutant，butdidnotafftcttheB6Synthesis（Fig・4・5AB）・TheadditionofIPTGdidnot

affbctthegrowthoftheyqxCdisruPtant（Fig・4・6A）・TheyqxcdisruPtantSynthesized

almostthesameamOuntofB6aSthewild－typestrainwithorwithouttheadditionof
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IfyrG（Fig・4・6B），andretaineditsabilitytosynthesizeB6．Theseresultsindicatedthat

neitheryqiEnoryqxCisinvoIvedinB6PrOduction．
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B6SynthesisoftheconditionalmutantofyluBandtheyhLCdisruPtant

Cultivationsweredoneasdescribedabove，eXCePtfbrnoIFrGwasaddedfbrthe

Pre－Cultivation・UnliketheyqiEmutant，theconditionalmutantofyluBgrewaswell

aSthewild－typestrainwithouttheIPTGinduction（Fig・4・7A）・Theinductionby

IFrGafftctedneitherthegrowthnortheB6SynthesisoftheconditionalmutantofyluB

（Fig・4・7AB）・WithouttheIPTGinduction，theyluCdisruPtantgrewpoorly，but

SynthesizedalmostthesameamountofB6PerCellsasthewi1d－typestrain（Fig・4・8AB）．

TheadditionofIfyrGimprovedthegrowthoftheyluCdisruPtntbecausethe

tranSCrlPtionsofitsdownstreamgeneswereinduced，butdidnotafftcttheB6Synthesis．

TheseresultsindicatedthatneitheryluBnoryluCisinvoIvedinB6Synthesis．
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Inthischapter，theinvoIvementofyqiEandyluBinB6biosynthesiswasinvestigated．

InvoIvementofyqxCandyluCwasalsoinvestlgatedbecausethefunctionsofthese

Dxs（YqiE）isconsideredtobeinvolvedinthesynthesisofapresursorofB6，1－

deoxy－D－XyluloseinEcoli・Therefore，itwaspredictedthatifyqiEisdisruPted，the

disruPtantCOuldnotsynthesizel－deoxy－D－XyluloseandB6・Resultsinthischapter

ShowedthatB・SubtilisretaineditsabilitytosynthesizeB6eVenifyqiEisinactivated．

WithouttheinductionofIfYrG，theyqiEmutantsynthesizedsmaueramountofB6than

thewild－typestraindid・Thereasonisassumedthatthemutantgrewpoorly，and

therefore，PrOducedlessB6thanWild－type・TheB6amOuntPerdrycellweightofthe

yqiEmutantwasalmostthesameaswild－type（Fig．4B）

Firstly，theconstruCtionofayqiEdisruPtantWaSatte叩ted，butwasunsuccessfu1．

Eventhoughthetranscnptionsofitsdowns＆eamgeneswereinducedbyIFrG，ayqiE

disruPtantCOuldnotbeobtained・ThedownstreamgeneofyqiE，yqXCcouldbe

disruPted・Therefore，itismostlikelythatyqiEitselfisanessentialgene，butnot

γ騨C

TheinvoIvementofDxr（〆uB）inB6biosynthesiswasalsoexamined．Dxr

COnVertSl－deoxy－D－Xyluloseto2－Clmethyl－D－erythrito14－Phosphate・Therefore，it

WaSPredictedthattheinactivationofyluBleadtotheaccumulationofl－deoxy－Dr

Xylulose，andl－deoxy－D－XylulosefluxthroughB6increases・Alternatively，ifthe

expressionallevelofyluBisincreased，1－deoxy－D－Xylulosefluxthrough2－Cmethyl－D－

62



erythrito14－Phosphateisincreased，andtherefbre，theamountofB6Synthesizedis

decreased・ResultsinthischaptershowedthatalternationoftheyluBtranscrlPtiondid

nOtaffbcttheB6Synthesis・Theinactivationofitsdownstreamgene，yluC，didnot

a晩cttheB6Synthesis，neither．

DisruPtlOnOfyluBwasfirstlyattempted・However，nOyluBdisruPtantWaS

Obtained・EventhoughthetranscrlPtlOnSOfitsdownsheamgeneswereinducedby

IFrG，ayluBdisruPtantCOuldnotbeobtained・Thus，yluBislikelyaneSSentialgene．

Thedowns仕eamgeneOfyluB，yluCitselfisnotanessentialgene・TheyluCdisruPtant

WaSObtainedifthetranscrlPtionsofdownstreamgeneswereinducedbyIPTG．

Therefore，itsdownstreamgeneS，P7VSand／orpoICaremostlikelyessentialgenes．

Theseresultsindicatesthatl－deoxy－D－XyluloseisnotaprecursorofB6inB．

Subtilis・Ifl－deoxy－D－XyluloseisaprecursorofB61ikeinEcoli，theB6Synthesis

ShouldbedecreasedintheyqiEmutantOfB・Subtilisunlessotherpathwaysofl－deoxy－

D－Xylulosesynthesisexist・Inauthor，sknowledge，nOl－deoxy－D－Xylulosesynthedc

PathwayotherthanshowninFig・4・1isreported・Ine鮎ctivenessofalternationofthe

transcrlPtionofyluBonB6Synthesissupportsaboveindication．
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Inthischapter，theinvoIvementofyqiE，yluBandtheirdownstreamgenes，yqXC

andyluCinB6biosynthesiswasinvestigated・Theresultsofthischqpterdemonstrate

thatnoneofthesegenesisinvoIvedinB6biosynthesisinB．subtilis．Theresults

S？ggeStthatl－deoxy－D－XylulosemightbenottheprecursorofB6inB．subtilis．This

ChaptersupportsthepredictionthatB6biosyntheticpathwayofB．subtilisisdiffbrent

丘om且coJ～．
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CHAPTERV

yaaDandyaaEareInvoIvedinVitaminB6Biosynthesisin肋肋ssubti払

INTRODUCTION

SOrlgenewasidentifiedasageneinvoIvedinresistanceofCbrco甲Oranicotianae

tOSlnglet－OXygen－generatingphototoxins，andthegrowthofsorlmutantOfC

nicotianaewassupportedbypyridoxine（Ehrenshaftetal・，1999）．Simi1arresultwas

ObtainedinA4，e7gillusnidulans（Osmanietal・，1999）・MutationofpyroA，the

homologueofCnicotianaesorl・CauSedincreasedsensitivitytosingletoxygen

generatedbyphotosensitizer，andadditionofPNreversedthetoxicity・Bothsorland

のrOAareCOnSideredtobethememberofhighlyconservedSMfami1y・馴Zgenes

WereOrlglna11yidenti鮎dasgenesexpressedduringthestationaryphasein

Saccharomycesce7YVisiae，eaChofwhichhasanotherhighlyconservedgene，SNO，

uPStream（Fugeetal・・1994；Braunetal・，1996；Padillaetal・，1998）．

InBaciuussubtilis・yaaDwasfbundtobeahomologueof馴Zfami1y，andyaaE，

WhichislocatedonthedownstreamofyaaD，tObeahomologueofSNOfami1y

（Galperin＆Koomin，1997）・However，functionsofthesegenesarecurrently

ThischapterdemonstratesthatyaaDandyaaEareinvoIvedinB6biosynthesisinB．

Subtili・yaaDandyaaEaredisruPtedinB・Subtilis，andtheirrequlrementswere

examined・OthercharacteristicsofyaaDandyaagwerealsodetemined．
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MATERIALSANDMETHODS

Organismsandcultureconditions

ThestrainsandplasmidsusedareshowninTable5・1・B・Subtilis168wasgrown

at370cinSpizizenmimimalmediumsupplementedwithO・5mML－tryPtOPhanandlO

mg几FeSO4・7H20（TMM）orAntibioticmedium3（PAB）（DiftoLaboratories，Detroit，

Ⅶ）・ForB・SubtilisCRK6000，0・05mMadeninesulfatedihydrate，0．05mM

guanosine，0・5mML－methionineandO・5mML－histidinewereaddedtoSpizizen

minimalmedium（SMM）・Forthegrowthstudy，L（＋）－aSCOrbicacid（AsA），

glutathione（GSH），Pyridoxine（PN）orpyridoxal（PL）wasaddedtoTMMorSMM．

ForanalysesofyaaDandyaaEtranscriptionalpatternS，DSmedium（DSM）wasused

fbrcultivation・Erythromycin（0・3pg／mi）wasaddedtomediumfbrdisruPtantS．

I）NAmamipulations

DNAmanipulationsweredoneasdescribedbySambrooketal・（1989）．

ConstruCtionofyaaDdisruPtant

DisruPtantSWereCOnStruCtedasdescribedinChapterIandII．Primersusedfbr

amplificationofaninternalfragmentofyaaDMF（5・－GCCGAAGCTTGTGTA

AAACGCGGAATGG－3一）carryingaHindIIIrestrictionsite（showninitalic）and

MIR（5’－CGCGGA7℃CrGCGAAGCATAGAAGCACC－3・）carryingaBamHIsite

（Showninitalic）・Theintegrationofsinglecopyoftheplasmidswascon蝕medby

PCRwithprimersYAAD2F（5．TCAAAGCGC払AAAACCG－3・）andYAAD2R（5・－

∬CGCAACTACTTTGCGC－3f）・yaaDandyaaEdisruPtantSOfB．subtilis168were

PreParedasthesamemannerasdescribedabove，eXCePtforapMutin3wasusedinstead

OfapMutinl．

βGalactosidaseassay

P－GalactosidaseassaysweredoneasdescribedinChapterII．
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Table5・1・Bacterialstrainsandplasmidsusedinthiswork

Strainorplasmid

且n班■　K－12

C600

且∫〟如～〃∫

CRK6000

168

BSDlll

168YD

168YE

Plasmids

PMUTINI

PMUTIN3

pHD131

pMYD

pMYE

DescrlPtlOn

完慧1（McrA－）娩rlleuB6tu．1血cylsq，EMdbDIRaleighetal・（1998）

ク〟dノ∂　椚e娼∫　ゐi血j g〟αβ

f甲C2

CRK6000yaaDf2pHD131（EmR）

168yaaDf2pMYD（EmR）

168yaaEnpMYE（EmR）

ApR（且co軋EmR（且∫励〟叫

ApR（E・CO］i）・EmR（B‥…b（i［is）

PMUTⅡ寸IcontainingpartofyaaD

PMUTIN3containlngPartOfyaaD

PMUTN3containlngPartOfyaaE
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Moriyaetal．（1998）

N・Ogasawara

Thiswork

N・Ogasawara

N・Ogasawara

Vagneretal．（1998）

Vagncretu［・（］998．）

Thiswork

N・Ogasawara

N・Ogasawara
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RESULTS

ConstruCtionofyaaDandyaaEdisruPtantSOfB．subii肋

yaaDinB・SubtilisCRK6000wasdisruPtedwithapMutinlasdescribedin

MATERIALSandMETHODS・yaaDandyaaEofB・Subtilis168wasdisruPtedwitha

PMutin3・Thosevectorsplacedgenesdownstreamoftheinsertunderthecontrolof

isopropyl－1－thio－β－D－galactoside（IFrG）－induciblepromoter・Inal1disruPtantS，

transcrlPtionalfusionwasconstruCtedbetweenyaaDh7aaEpromoterandthereporter

エαCZgene・

AnalysesofgrowthrequlrementS

ToinvestigatethegrowthrequirementoftheyaaDdisruPtant，Wild－typeandthe

yaaDdisruPtant（BSDl11）ofB・SubtilisCRK6000wereculturedinSMM．Cellsfrom

OVemightcultureonPABplateswereinoculatedto5miofSMMsupplementedwith

O・1mMPNorPL・IFrG（0・05mM）wasaddedfortheexpressionsofdownstream

genes・Thecultureswereincubatedat370c，andtheopticaldensityat660nmwas

measuredattheindicatedtime（Fig・5・1）・WhenSMMwassupplementedwithPN，the

yaaDdisruPtantgreW，butmoreslowthanwild－type・WhenSMMwassupplemented

WithPL，theyaaDdisruPtantgreWaSWellaswi1d－tyPe・Growthrequirementsofthe

yaaDdisruPtant（168YD）andtheyaaEdisruPtant（168YE）ofB．subtilis168werealso

examinedasthesamemannerasdescribedabove，eXCePtTMMwasusedforthe

Cultivation・TheyaaDdisruPtantOfB・Subtilis168showedthesamegrowth

CharacterisdcastheyaaDdisruPtantOfB・SubtilisCRK6000（Fig・5・2）・TheyaaD

disruPtantgreWinTMMsupplementedwithO・05mMPN，butmoreslowthanwild－type．

WhenTMMwassupplementedwithO・05mMPL，theyaaDdisruPtantgreWaSWellas

thewild－typeStrain・TheyaaEdisruPtantOfB・Subtilis168grewinTMM

SuPPlementedwithO・05mMPNorPL，aSWellaswi1d－type．E鮎ctsofother

antioxidants，AsAandGSHwerealsoexaminedintheyaaDdisruPtantOfB．subtilis

168・NeitherAsA（0・1mM）norGSH（0・1mM）couldreplacePN仲L（Fig．5．3）．
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PatternsofyaaDandyaaEtranscription

ToinvestlgatePatternSOfthetranscrlPtlOnSOfyaaDandyaaE，thedisruPtantSOf

yaaDandyaaEofB・Subtilis168wereculturedinDSM，andtheirexpressionso

rePOrtergeneWeremeaSured・Ceusfrom5miofovemightPABculturewerepelleted

bycentrifugation，WaShedwithphysiologicalsaline，andinoculatedintolOOmiofDSM．

Thecultureswereincubatedat370cuntilthelate－Stationaryphase．P－Galact。Sidase

activitiesweremeasuredasdescribedinMATERIALSandMETHODS・TheP－

galactosidaseactivitiesofyaaDandyaaEwerethehighestatthelate－eXPOnentialphase

anddecreasedduringthestationaryphase（Flg．5．4）．
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E鮎ctsofPNandPLonyaaDandyaaEtranscription

ToinvesdgatetheefftctsofPNandPLonthetranscrlPtionofyaaDandyaaE，

disruPtantSOfyaaDandyaaEofB・Subtilis168wereculturedinTMM，andtheir

eXPreSSionsofLacZreportergenewasmeasured・Ce山sfrom5miofPABovemight

Culturewerepelletedbycentrifugation，WaShedwithphysiologicalsaline，and

inoculatedinto5miofTMMsupplementedwithPNandPL・Thecultureswere

incubatedat370cuntilthelate－eXPOnentialphase，andtheβ・galactosidaseactivities

WeremeaSured・PNandPL，thepossibleendproductsofyaaDandyaaE，didnot

afttcttheP－galactosidaseactivitiesoftheyaaDdisruPtantOrtheyaaEdisruPtant（Fig．

5．5）．

71



300

＞・■

：巳

主　知
U
巾

4I
tル

著書100

重量
0

（A）

‡㌧十十

十　　　　＋
＋＋　＋

■

十　　＋

十　　十

■

■

十十

＋　＋　㌧

■
∵十　＋

∴　＋

十　＋

∵　√

■

●

l

●

■

■

十十

■

l
■

0．

ナン※

∴＋十∵＋十　　　　　十∴

■■　　　　　　■
－－m－　　　　　　　　　■　■■

十　　∵

＋十　十　　　　　　十　　∵

＋　十

■　　　t
■

＋　「

十　　　㌧

l

1

50

十　∴

／∵　十
十　　∵

∴∵√　　　　　　㌧　　十

01　　0．1

∴、　　∵
1

■

（B）

十手∴†

＋十∴

㍉　　＋　十
∴　　　十

t

∵∴

／＋

十　∴

∴　＋

ロ

00　　　0．01

十十∵

∴　　　∵

十†

■

十　　　　　十十‡↑

十　　÷　＋

＋　　十

50　　500
5

PN／PLconcentration（PM）

Fig・5・5・E脆ctsofPN伊LonyaaD－hzcZ（A）andyaaE－hzcZ（B）transcription
in且∫〟あ〟払．

72



DISCUSSION

Inthischqpter，theinvoIvementofyaaDandyaaEinB6biosynthesisinB．subtilis

WaSinvesdgated・ThegrowthrequlrementsoftheyaaDdisruPtantOfB．subtilis

CRK6000（BSDlll）and168（168YD）werethesame・BothstrainsgrewwhenTMM

OrSMMwassupplementedwithPNorPL・TheyaaEdisruPtant（168YE）also

requiredPNorPL・However，thegrowthpattemsofthedisruPtantSOfyaaDandyaaE

Wereslightlydi飴rent・AlthoughPNdidnotleadtheyaaEdisruPtanttOthefu11

grOWth，PLleadtheyaaDdisruPtanttOthefu11growth（Fig・5・1，5・2）・Reproducibility

Ofthegrowthexperimentwasconfirmedwithrepeatedmeasurements・Althoughthe

resultiscurrentlyunexplained，itwasobviousthattheabilitytoutilizePNisdifftrent

betweenthedisruPtantSOfyaaDandyaaE．

MutationinpyroA，thehomologueofCnicotianaeSO尺1，CauSedincreased

SenSitivitytosingletoxygen－generatingphototoxins（Ehrenshaftetal・，1999）．Results

OfthischaptershowedthatthedisruPtantSOfyaaDandyaaErequiredPNorPLfortheir

growth，butarosethequestionofwhetherthesedisruPtantSStOPPedB6biosynthesisor

losttheiral）ilitytoresisttoslngletoxygenandrequiredhigheramOuntOfB6aSaSlnglet－

OXygenquencherthanwi1d－type・Toaddressabovequestion，efftctsofothersinglet

OXygenquenchers，AsAandGSH，Onthegrowthwereexamined・Thesecompounds

COuldnotsupportthegrowthoftheyaaDdisruPtant（Fig・5・3）・Therefore，itismost

likelythattheyaaDdisruPtantrequiredPNorPLbecausethedisruPtantlostitsability

tosynthesizeB6．

且ⅣZgeneswereorlglnallyidentinedasgenesexpressedduringthestationary

PhaseinS・CereVisiae・eaChofwhichhasanotherhighlyconservedgene，SNO，uPStream

（Padillaetal・，1998）・AmongSNmfami1yofS・CereVisiae，馴ZJandSNOlare

tranSCribedduringthestationaryphase，andareinvoIvedingrowthamst（Padi11aetal．，

1998）・However，thetranscriptionallevelsyaaDandyaaEwerethehighestatthelate－

exponentialphase，anddecreasedduringthestationaryphase（ng・5・4），SuggeStingthat
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thesegenesarenOtdirectlyinvoIvedinthegrowtharrestinB・Subtilis・Itislikelythat

tWOgeneSareCOtranSCribed，butitisstillunknownwhethertwogenesarefunctiona11y

relatedtoeachotherorsimplycatalyzetwodi飴rentreactions．

ThedownstreamgeneOfyaaEsefS（genehrseryl－tRNAsynthetase；EC6．1．1．11），

isverylikelyanessentialgene・IfseligisregulatedbythepromoterofyaaDandyaaE，

thetranscrlPtionofsengisteminated，andisnottranSCribedunlessinducedbyIFrGin

theyaaEdisruPtant・ItwasfbundthattheyaaEdisruPtantgreWWellwithoutIFrGif

TMMwassupplem，ntedwithPL（Datanotshown）．TheresultindicatesthatsenSis

notcotranSCribedwithyaaDandyaaEorseTSisalsotranSCribedbyitsownpromoter

aswellasthepromoterofyaaDandyaaE・

ItwasalsoinvestigatediftranscrlPtlOnSOfyaaDandyaaEwererepressedbythe

POSSibleendproducts，PNorPLbecauseB6PrOductionisknowntobecontrolledby

ftedbackinhibitionsandrepression（Dempsey，1965；Dempsey，1971b）．Sincethe

transcriptionsofyaaDandyaaEwerenotr甲reSSedbyeitherPNorPL（Fig．5．5），itis

unlikelythatbothgeneswereregulatedbyB6atthetranscrlPtionallevel・However，it

isstillpossiblethatyaaDandyaaEareCOntrOlledwithotherregulatorysystemssuchas

aftedbackinhibition．

Untilnow，nOreliableprecursororbiosyntheticpathwayofB6inB．subtilisis

reported・ThefunctionsofYaaDandYaaEarestillunknown・Therefore，atthispolnt，

itisdifnculttodiscussprecursorsorbiosyntheticpathwaysofB6・Elucidationofthe

functionsofYaaDandYaaEwillprovideacluetoB6biosynthesisofB．subtilis．
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Inthischapter，itwasdemonstratedthatyaaDandyaaEareinvoIvedinB6

biosynthesisinB・Subtilis・ItispossiblethatB6biosyntheticpathwayofB．subtilisis

Simi1artOthatofA・nidulansandCnicotianae・anddifftrentfromthatofEcoli．The

functionofYaaDandYaaEisafurthertargetofB6biosynthesis．
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hthisthesis，thebiosynthesisofvitaminB6（B6）inBacilhLSSubtilhwasinvestigated．

ElucidationofbiosyntheticpathwaysusuallystartSWithconstruCtionandcollectionof

VariousauxotrophicmutantS・AtthebeginnlngOfthisstudy，COnStruCtionofB6

auXOtrOPhswasa仕e叩tedwithvariousmutagenesismethodssuchasultraviolet，

mitrosoguanidine，ethylmethaneSulfonateandtransposonmutagenesis・Approximately

20，000－100，000colonieswereassayedforeachmethod，andapproximatelyl％ofthem

Showedauxotrophy・However，nOB6auXOtrOPhwasderived・Thereasonisunknown，

butoneofthereasonsisassumedtobethattheamOuntOfB6requiredbyB・Subtilisis

Verylow，andtherefbre，itwasverydifnculttodistinguishB6auXOtrOPhfromwild－type．

GenesinvoIvedinB6biosynthesisweresearchedfromgenes，Ofwhichfunctionsare

unknown・Approximately2，200disruPtantSOfunknowngeneswereexaminedforB6

auXOtrOPhy・Approximatelyl％ofthedisruPtantSShowedauxotrophy・However，nO

disruPtantShowedB6auXOtrOPhy，butthedisruPtantSOfyaaDandyaaE．

Theauthoralsoattemptedtoidentifyproteins，OfwhichexpressionsarerePreSSedby

B6，uSingtwo－dimensional（2D）proteinelectrophoresis・However，nOPrOteinonthe2D

gelwasobviouslyrepressedbyB6・Thereareapproximately4，1000Penreadingframes

inB・Subtilis・However，OnlylOO－150well－SeParatedprbteinbandscouldbedetectedon

the2Dgel・Therefbre，itwasdifnculttodetecttheproteinsrepressedbyB6eVenthough

theexpressionsofsomeproteinsarerePreSSed．

hthisthesis，therefore，theelucidationofB6biosynthesisofB・Subtiliswaspnmary

attempteduslnginbrmation如mothermicroorganisms・Firstly，enZymeSandgenes

invoIvedinB6biosynthesisin且一Cherichiacoliwereinvestigated・Asaresult，itwas
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indicatedthattheglycolaldehyde－formlngrOuteOfB・Subtiliscouldbedifftrentfromthat

OfE・COli，andglycolaldehydeisnotaprecursorofB6inB・Subtilis・Theauthoralsotried

tongureoutwhetherserC，tktanddxsareinvoIvedinB6biosynthesisinB．subtilis．Asa

result，itwasindicatedthatthesegenesinvoIvedinB6biosynthesisinEcoliarenot

invoIvedinB6biosynthesisinB．subtilis．

Besidesabovegenes，PdxgenesQ，dxA・ALuK）areconsideredtobeinvoIvedinB6

biosynthesisinEcoli・hB・SubtilLT，dennitehomologuesofpdxgenesarenotfound．

EvenahomologueofpdxHwasnotfound・PdxHencodesPNfyPMPoxidase（EC：

1・4・3・5），andisfoundinE・COli，HdemqphilusiTdluenzae，Saccharo叩CeSCereVisiaeand

M＊ococcusxanthus・ThesePdxHhaveaconservedaminoacidssequence，［LIVF］－E－Fv

W－X（5）－R－L－H－［DE］－R・TheconservedsequencewasnotfbundinthesequenceofB．

Subtilischromosome・Thus，itisunlikelythatB・SubdlishaspdxHandotherpdkgenes．

Next，geneSinvoIvedinB6biosynthesisinothermicroorgamismsthanEcoliwere

invesdgated・yaaDisahomologueofgenes，WhichareCOnSideredtobeinvoIvedinB6

biosynthesisinC占TrO3POranicotianaeandA乎e7YiHusniduans・yaaEisthe

downstreamgeneofyaaD・ResultsofthisstudysuggestedthatyaaDandyaaEare

involvedinB6biosynthesisinB．subtilis．

yaaDbelongstoahighlyconservedproteinfami1y，Snzfami1y・yaaEbelongsto

anOtherconservedproteinfami1y，Snofamily■InB・SubtilisandHinPuenzae，Snz

PrOteins（YaaD）areimmediatelyfo1lowedbySnoprotein（YaaE）・Snzfami1yisfoundin

allthreedomainsoflift・bacteria，arChaeaandeukaryotes，butnotinEcoli・Currently，

microorganismscanbedividedintotwogroupsbythepossessionofsnzorpdxM

homologues・MicroorganismswithsnzhomologueslackofhomologuestotheEcoli

P瑚whereasthosewithhomologuestopdMlackofsnz（EhrenshaRetal・，1999）．
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B・Subtilbhasasnzhomologueb7aaD），butnotpdMhomologues・Ecolihaspdm

butnotsnzhomologues・

hadditiontoabovegrouplng，microorganismsweregroupedbythedifftrenceofthe

Originofnitrogenatom（TanakaetaL，2000）・InB・Subtilis，thenitrogenatomof

Pyridoxineisderivedfromglutamine・InEcoli，themitrogenatomofpyridoxineis

derivedfromglutamate・hS・CereVisiae，thenitrogenatomofPNisderivedfrom

glutamine・ItshouldbenotedthatS・CereVisidehasmzhomologues，butn

homologueslikeB・Subtilis・Accordingtoabovetwogrouplng，B・SubtilisandS．

CereVisidebelongtothesamegroup，butEcolidoesnot．

Thesetwokindsofgroupmgarestilluncertain－However，COmbiningtheresultsof

thisstudyandthegroupmgs，itislikelythatthereareatleasttwodifftrentB6

biosyntheticpathwaysamOngmicroorganisms・ItisalsohkelythatthepathwaysofE

COliandB．subtilisarediffbrent．

Atpresent，thereisnoreliableprecursororbiosyntheticpathwayofB6inB．subtilis．

Therefore，itisdifnculttodiscussprecursorsorthepathwayofB・Subtilis・hthisstudy，

theauthorfoundgenes，WhichcouldbeinvoIvedinB6biosynthesisinB．subtilis．

ElucidationoftherolesofYaal）andYaaEwi山provideacluetoB6biosynthesisofB．

∫〟如才〟∫．
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GENERALStJMMARY

hChapterI，glycolaldehyde（GA）－fbmingrouteinrelationtovitaminB6＠6）

biosynthesiswasinvestigated・GAisaprecursor，andformedbyGAdehydogenase

（GADH）inE－Cherichiacoli・ItwasfoundthatinBacillussubtilis，GADHdidnothave

GA－fomingactivity・InvoIvementofanotherpossibleGA－fomingenzyme，glyoxal

reductase（GR）wasalsoexamined・GRshowedGA－fomingactivity，butdidnotafftct

B6biosynthesis・Asaresult，itwasindicatedthatneitherGAD＝norGRisinvoIvedinB6

biosynthesisinB・Subtilis・ItwasconsideredthattheGA－forrmngrouteofB．subtilisis

difftrentfromtherouteofEcoli，andGAisnotaprecursorofB6inB．subtilis．

InChapterIIandIⅡ，invoIvementofserCandtktwasinvestlgated．InEcoILserCand

tktareconsideredtobeinvoIvedinsynthesisofaproposedprecursorofB6，4－hydroxy－L－

threonine・SerCandtktweredisruPtedinB・Subtilis・BothdisruPtantSdidnotrequlreB6，

andretainedtheabilitytosynthesizeB6・Therefore，itwasunlikelythatserCandtktare

invoIvedinB6biosynthesisinB．subtilis．

InChqpterIV，yqiEandyluBwereinvestigated・hEcolthomologuesofyqiEand

yluBareCOnSideredtobeinvoIvedinsynthesisandmetabolismofanotherproposed

PreCurSOrOfB6，1－deoxy－D－Xylulose・ConditionalmutantsofyqiEandyluBwere

COnStruCted・BothmutantssynthesizedthesameamountofB6aSWildtypewithor

WithoutinductionoftranscrlPtion・AlternationoftranSCrlPtionallevelsofyqiEandyluB

didnotafftctB6PrOduction，andtherefore，yqiEandyluBareconsideredtobenot

invoIvedinB6biosynthesisinB．subtilis．

InCh叩terV，invoIvementofyaaDandyaaEwasexamined・yaaDisahomologueof

genes，WhichareconsideredtobeinvoIvedinB6biosynthesisinCbr
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andA軍eTgiHusnidulans・yaaEisthedownstreamgeneOfyaaD・DisruPtantSOfyaaD

andyaaErequiredB6・TranscrlPtionsofyaaDandyaaEwerenotrepressedbyeither

Pyridoxineorpyridoxal・However，theresultindicatedthatyaaDandyaaEcouldbe

invoIvedinB6biosynthesisinB．subtilis．

ThisthesisdemonstratedthatgenesinvoIvedinB6biosynthesisinEcoliarenot

invoIvedinthatinB・Subtilis・ItwasalsoshownthatyaaDandyaaEareinvoIvedinB6

biosynthesisinB・Subtilis・TheresultsshowedthatB6biosyntheticpathwayofB．subtilis

isdifftrentfromthepathwayofE・COli・yaaDandyaaEarethe丘rstgenesidentinedas

thegenesinvoIvedinB6biosynthesisinB・Subtilis・TherolesofYaaDandYaaEinB6

biosynthesisareCurrentlyunknown■ElucidationofthefunctionsofYaaDandYaaEwill

PrOVideacluetoB6biosyntheticpathwayofB・Subtilis．
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