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ThepmductionofvanUlin，importantasafmd-additive，ｆｍｍｆＣｒｕｌｉｃａｃｉｄｂｙｔｈｅｍｅｗｌｙｉｓｏｌａｔed
McmcoccJJssp.ＴA1,whichisanalkalophiUcbacterium(pHfOroptimulgrowthwaslO),withabatch
cultivatiomandacontinmouscultivationwasexamned・TheoptimalwmUlinyield（Ca､３．５％）per
amountoffbruUcacidconsumedundertheindicatedexperimentalconditionswithcontmuous

cultivationwashigherthamthat(Ca､２．２％)withbatchcultivation・Althomghthevanillinyieldwaslow，
itwasconfirmedthattheproductionofvanUlimfmmahigMeedingconcentrationofferuuncacidwas
possiblefbralongcultivationperiodwithacontinuouscultivationapparams・Investigationofthe
productionofvanUlinfmmfCrulicacidwithcontmuouscultivationhasnOtyetbeenⅡ℃ported．

lmtroduction

Lignin，whichiscontainedinlargeamountsin
wastelignocellulosemustberecycledeffectively・
However，sinceligninishighlyresistantto
biodegradaUon，aneffectiveutilizationmethodwith

chemicalandfermentativerawmateriaIshasnotbeen

established・Althoughligninisdegradableinalkaline
conditionsL2),becausetheliquidobtainedisamixｔｕｒｅ
ｏｆａｓｍａｌｌａｍｏｕｎｔｏｆｍａｎｙｋｉｎｄｓｏfaromatic
compounds，theproblemishowtoseparateand
purifytheusefuIcomponentsinthemixture・
However,sincethemixturecontainssomematerials

whichcanbeassimilatedandmetabolized，the
bioconversionofsuchmaterialstosomewhat

vaIuablematerialshasbeenexalninedinvarious
fields・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｒｉｃｅｉｓａｓｔａｐｌｅｆＯｏｄｉｎＪａｐａｎ
ａｎｄｏｔｈercountriesinAsiaThequanUtyofrice
producedworldwideisestimatedtobeapproximately
5xlO8tonsperyear・Ｗｈｉｌｅａｌａｒｇｅａｍｏｕｎｔｏｆｒｉｃｅ
ｓｔｒａｗｉｓtreatedasagrowasteandricebranisusedto

producericeoil,theliquidusedtoextracttheoilfrom
thebranisconsideredindustriaIwaste・Thewaste

liquidcannotbereusedataUSinceconsiderable

amountsofaromaUccompounds，especiallyferulic
acid，arecontainedinthewasteliquid3)，the
developmentofanefTectiverecyclingprocessfbr

thosecompoundsisveryimportant・However,thepH
ofthewasteliquidisusuallyｌＯｔｏｌ２，makingthe
microbialconversionofaromaticcompoundsinthe
liquiddifficult，

Wehavebeeninvestigatingthedevelopmentofan
effectivebioconversionprocessfOraromaUc
compoundsobtainedbyIignindegradaUonandthose
inthewasteliquidaftertheextractionofriceoiIfrom

ricebrantoadditionalhighlyvaluablematerials・In
generaLsomearomaticcompounds,especiallyferulic
acid，haveahighsolubilityinalkalinesolution
TherefOre，weisolatedaspeciesofalkalophilic
bacteriafromthealkalinesoilsnearanalkalinehot

spring・Bioconversioninahighconcentrationof
aromaticcompoundsbyalkalophilicbacteriashouId
bepossible・Atpresent,weexpectthedevelopmentof
someefTectiveusesofferulicacidcontainedinthe

wasteliquidaftertheextracUonofriceoiltobe

fOrthcoming、Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，vanillinisan

aromaticflavorfOrthefOodindustry；however，
naturalvaniIlinobtainedfromplantsisvery
expensive,despitebeingdesirableasafOod-additive
lntheUSandEurope，vaniUinobtainedfromliving
cells,includingfOod-grademicroorganismsandtheir
enzymesisdefinedasnaturalflavor4).TherefOre,the
productionofvanillinviabiotechnologicalprocesses
mayofferaviablealtemativetonaturalandChemical
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rpm)attachedtothetankandtheairwasexhausted
fromanairoutletoftopofthetankOntheother
hand，thecultureliquid，containingL5～６．９９/l
ferulicacidinthecultureliquidreservoir(3500ｍl)，

wassuppliedtothetankthroughamiｃｒｏｔｕｂｅｐｕｍｐａｔ
ｔｈｅｒａｔｅｏｆ６０ｍｌ/hThesupplyrateoftheculture

liquidwascontrolledbythemicrotubepumpThe
componentsofthecultureliｑｕｉｄｗａｓｔｈｅｓａｍｅａｓｔｈｅ
ｃａｓｅｏｆｔｈｅｂａtchcultivationdescribedabove・The

cultureliquidsuppliedwastakenoutthroughthe
othｅｒｍｉｃｒｏｔｕｂｅｐｕｍｐａｔｔｈｅｒａｔｅｏｆ６０ｍｌ/ｈａｎｄ
recoveredtoafractioncollector・Theinitialcell

turbidityintheculturetankwasO・zTheinitial
conccntrationofferulicacidinthecultureliquidin
thｅｃｕｌｔｕｒｅｔａｎｋｗａｓｔｈｅｓａｍｅａｓｔｈａｔｉｎtheculture

liquidreservoir、Theculturetelnperaturewas
maintainedat30℃・ThesampIeliquid（５ｍl）was

takenatthebeginningofthecultivationandthenat

arbitraryintervals・Thecellturbidityoftheculture
liquidwasmeasuredbytheabsorbanceａｔａ
ｗａｖｅｌｅｎｇｔｈｏｆ６１０ｎｍＴｈｅｈｉｇｈｐｒｅssureliquid
chromatograph(ＨPLC;column:TSK-GELdetector：
UV-80ZOu＝２５４，m),Tbsoh)wasusedtomeasure
theconcentratiｏｎｏｆｆｅｒｕｌｉｃａｃｉｄａｎｄｖａｎｉＵｉｎｉｎｔｈｅ

cultureliquidafterremovalofthecells．

resourceslnthisstudy,thebioconversionofferulic
acidtovanillinbyanisolatedalkalophilicbacterium
wasinvestigatedunderbatchcultureorcontinuous
culturcconditions．

●

2.ExperIIInental

2.1．Isolationofligninmodelcompound-assimilative

alkalophilicbacteria
Thealkalinesoilnearanalkalinehotspringwas

addedinthefOllowingculturemedium:（NH4)2S04,

1.09/l；Ｋ２ＨＰＯ４，１．０９/l；ＭｇＳＯ４・７Ｈ２０，０．２９/l；
ＣａＣｌ２．２Ｈｚ０，０．１９/l；ＦｅＣ１３．６Ｈ20,0.029/l；Yeast
extract，１．０９/l；Vanillin，２．０９/LThiscultureliquid
wasadUustedtoalkalinepHwithsodiumcarbonate・
Theenrichmentculturewasrepeatedusingvanillinas
thesolecarbonsourccSomecoloniesthatcould

assimilatevaniUinwereobtainedbycultivationina

Petridish・Thesinglecolonyofthehighest
assimilationacUvilqywasselected．

2.2．Productionofvanillinfromferulicacidbythe

isolatedMIcmcocc"sspmMwithbatchcultivation
Theaboveculturemediumcontainingferulicacid

inplaceofvanillinwasaddedtowater・Theculture
liquidwasautoclaved,anditwasa[UustedtopH10
withsodmmcarbonate，aseptically．After

MclDcocc"ｓｓｐ・TA1wasinoculatedintotheculture

liquid(４０ｍl),thecultivationwascarriedoutfOrca、
２ｄａｙｓａｔ２８℃ｗｉｔｈshakingThecellsobtained
asepticaUybycentrifUgationwereinoculatedinthe
samefreshcultureliquid（100ｍl）tobetheinitial

turbidityofO2Themaincultivationwasinitiatedat
２８℃withshaking（105strokes/ｍin)Thesample
liquid（calml）wastakenatthebeginningofthe
cultivationandthenatarbitraryintervals・Theinitial
concentrationofferulicacidwaschangedThe

influenceoftheadditionofglucoseorinositolwas
alsoexaminedTheceUturbidityandpHofthe

cultureliquidweremeasuredrespectivelybythe
absorbancｅａｔａｗａｖｅｌｅｎｇｔｈｏｆ６１０ｎｍａｎｄａｐＨ

ｍｅｔer・Thehighpressureliquidchromatograph
（ＨPLC;column:TSK-GEL,detector:ＵＶ-8020（入＝
Z54nmlTbsoh）wasusedtomeasurethe
concentrationofferulicacidandvanillininthe

cultureliquidafterremovaloftheceIls．

3.ResultsandDiscussion

3.1.Identificationoftheisolatedbacterium

Theoptimaltemperatureofgrowthoftheisolated
bacteriumwas28oCThecellswerespherical，

Gram-positive,non-sporularandhadnoflagella・Ｔｈｅ
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２．３．Continuousproductionofvanillinfromferulic

acidbytheisolatedlMcmcocc"sspTA1
Acommercialjarfennenter(JarFermenterTFL5，

Chiyoda)wasusedasthemainculturetank(working
volume；２０００ｍl).Airwassuppliedattherateof
０．１８Ｎｍ３/hfromthebottomofthetank,theairand

theceUsweredispersedbyagitationpaddles（400

Fig.１．Vanillinproductionfiomferulicacidby
Mcmcocc"ｓｓｐ，TA1withbatchcultivation．△，Cell
turbidity(-)；●，Concentrationoffemlicacid（g/l).The
initialconcentrationofferulicacidandthemiUalcell

turbidityｗｅｒｅ４０ｇ/ｌａｎｄ0.2,respectively．
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concentrationofvanillinwasalsoalmostthesame・

ＴｈｉｓsuggeststhattheoptimaIinitiaIconcentrationof

ferulicacidfOrvanillinproductionwasnearertol2

g/LTheadditionofglucose(２０ｏｒ４０ｇ/l)orinositol

(２．０９/Dscarcelyincreasedtheconcentrationof

vanillin（datanotshown)．Ｔｈａｔｉｓ，themaximum
concentrationofvanillinundertheindicatedculture

conditionswasca、１３０ｍｇ/LObviousIythe

productMtyofvanillinfromferulicacidby

MclDcocc"ｓｓｐＴＡｌａｐｐｅａｒｅｄｔｏｂｅｅｘｔｒｅｍｅｌｙｌｏｗ・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，theproductionofvanillinfmm

ferulicacidbyvariousmicroorganismsｈａｓbeen

reporteds）～９)．Ｉｎｓｏｍｅｏｆｔｈｅｓｅｒｅｓｕｌｔｓ，the
productMtyofvanillinfromferulicacidbyonIyone

kindofmicroorganismappearedtobeconsiderably

high・However,ingeneraLtheproductionofahigh

yieldofvanilIinfromferulicacidbyonlyonekindof

microorganismseemedtobeverydifTicult・The

productionofvanillinfromferulicacidbyonIyone

kindofmicroorganismwithcontinuouscultivation

hasnotbeenreported

catalaseactivitywaspositive,andtheoxidaseactMty

wasnegaUve・Fromthesecharacteristicsandthegene
analysisofl6SribosomaIRNA(datanotshown),the
isolatedbacteriumwasidentifiedasMcmcocc"ｓｓｐ
ＴＡ１．

3.2．ProducUonofvanillinfromferulicacidwith

batchcuItivation

FigurelshowstheproductionofvanilIinfrom
ferulicacid（initialconcentration;４０９/l)withbatch

cultivation・WiththegrowthoftheceIls,feruIicacid

wasconsumed,butvanillinwasnotproduced・Witha

decreaseinthegrowthactiviｔｙｏｆｔｈｅｃｅｌｌｓ，the

consumptionofferuIicacidceasedThistendency
wasobservedwhentheinitialconcentrationofferulic

acidwas80g/l(datanotshown).Figure2showsthe

productionofvanillinfromferulicacid（initiaI
concentration；12.09/l）bythecelIswithabatch

cuItivatioｎＷｉｔｈｔｈｅｇｒｏｗｔｈｏｆｔｈｅｃｅｌｌｓ,ferulicacid

wasconsumedHowever，theproductionofvanillin

beganafｔｅｒｃａ８０ｈｏｆｃｕｌｔｉｖａｔｉｏｎ，reacheda
maximumofca、１３０ｍｇ/latcalZOhofcultivation
anddecreasedasthecultivationtimeincreasedThe

maximumyieldofvanillinperamountofferuIicacid
consumedwasca､２．２％・Afterthelogarithmicphase

ofcellgrowth,thecellconcentrationincreased・This
phenomenonseemedtodependonthechangeofthe
cuItureliquidtobrownduringthelongcultivation

periodlnfact,thegrowthofthecellswasslowafter
thelogarithmicphase・Inthecaseoftheinitial
concentrationofferulicacidbeingl60g/１，ｔｈｅｓａｍｅ

ｔｅｎｄｅｎｃｙｗａｓｏｂｓｅｒｖｅｄ，ａｎｄｔｈｅｍａｘｉｍｕｍ

3.3．ProductionofvaniUinfromferulicacidwith

continuouscultivation

Figure3showsthecontinuousproductionof
vanillinunderthedirectedcultivationconditions・

Theinitialconcentrationofferulicacidintheculmre

tankandthefeedingconcentrationtothetankwere

ｂｏｔｈ６９ｇ/LThefeedinｇｒａｔｅｗａｓ６０ｍＩ/ｈＴｈｅ

ｗｏｒｋｉｎｇｖｏｌｕｍｅｉｎｔｈｅｔａｎｋｗａｓ２０００ｍｌ

ａｓｄｅｓｃｒｉｂｅｄａｂｏｖｅＴｈｅｃｅｌｌturbidityinthetank

reachedca・ＬＯａｔａｓｔｅａｄｙｓｔａｔｅａｆｔｅｒｃａ・S０ｈｏｆ
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Fig.３．VanillinproducUonflomfenllicaｃｉｄｂｙ
ＭｃｍｃｏｃｃＨｓｓｐ・TAlwithcontinuouscultivation．△，Cell

turbidity(-)；●,Concentrationofferulicacidinthetank
(g/l)；■，Concentmtionofvanillinproducedｉｎｔｈｅｔａｎｋ

(ｍg几).Theinitialconcentrationofferulicacidinthetank

was6､９９/LThefeedinglateofferulicacid(６９９/l)ｗａｓ６０
ｍｌ/hTheaerationlatetothetankwas0.18Ｎｍ３/h、

Fig.２．Vanillinpmductionfmmfemlicacidｂｙ
ﾉMcmcocc皿ＳＳＰ、TA1withbatchcultivation．△，Cell

turbidity（-)；●,Concentrationoffemlicacid（g/l)．■，
Concentmationofvanillin（ｍg/l)；○,ｐＨ(-).Theinitial
concentrationoffemlicacidandtheinitialceUturbidity

ｗｅ1℃１２．０９/ｌａｎｄ0.2,respectively．
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ahighconcentrationofferulicaciｄｗａｓｋｅｐｔｉｎｔｈｅ
ｔａｎｋ，andahighvanillinyieldwasnotobtained
Consideringtheresultsofthebatchcultivation，it
maybeefTectivetotheincreaseofthevanillinyield
toincreasetheinitiaIcelIturbidityintheculturetank

inordertoincreasetheconsumptionrateofferulic
acidwithacontinuousorafed-batchcuItivation

cultivationAfterca・ｓ０ｈｏｆｃｕＩｔｉｖａｔｉｏｎ，the

consumptionofferulicacidandtheproductionof
vanillinreachedasteadystate，andthesteadystate

continueduptoatleastca400hofcuItivation・The
consumptionofferulicacidandtheproductionof
vanillinundersteadystateconditionswereca、１．６ｇ
ａｎｄｃａ､0.0569,respectively,thatis,thevanillinyield
peramountofferuIicacidconsumedwasca､３．５％・
Thevanillinyieldwithaninitial化rulicacid
concentrationof3､６９/ＩａｎｄＬ５ｇ/Ｉｗａｓｃａ､0.57％

and0％,respectively、Ahighervanillinyieldwas
achievedwithahigherinitialconcentratioｎｏｆferulic
acid；however,theconsumptionratioofferulicacid
couldnotbeincreased・InthecasethattheinitiaI

ferulicacidconcentrationinthelankwas３．６９/１，the

cellturbidityundersteadystateconditionsas
describedabove・Ｉｎｔｈｅｆｂｒｍｅｒｃａｓｅ，theaverage

concentrationofferulicacidinthetankinthesteady

reachedca2.5．However，inthecasethattheinitial

concentｒａｔｉｏｎｗａｓ６９ｇ/１，thecelIturbiditywasca、
1.0,ｓｔａｔｅｗａｓｃａ・Ｌ８ｇ/landinthelattercase,itwas

ca､４．０９/LIntheIattercase,thehighconcentrationof
ferulicacidprobablydecreasedthecellgrowth
activityoverthelongperiodofcultivationmerefbre，
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