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SomearomatiMompoundssuchasferullicacidandwmillinhavMhiglnsolubilityin
anallKalinesolution･Therefbre，toMrlyoutanefficientconversionreactionathigll
concentrationsofaromaticcompoudsintlnealkalinesolution,Mibmcocc伽ｓｐ.ＴＡ１,m
alMlophilicbacteriumisolatedｆＴｏｍｓｏｉｌａｔallKalinehotsprings，ｗａｓused･
Mbmcocc川ｓｐ・ＴＡ１ａｎｄＢ〃Ｍｏ肱伽ｃ叩ａｃｍＴＭ１,whichhavealniglnlevelofactM1y
overalMlineamlneutralpHwmges，reslDectively，wereusedtoinvestigatethe
conversionactMtyofsomearomatiMompoudMndtllecharacteristicsofcellgrowth・
BcqpacjUJTM1convertedsomearomaticcompoundstothecorrespomIingaromatic
carboxylicacidsandtheseacidswereaccumulatedoｕｔｏｆｔｈｅｃｅｌｌｓ･Tlleacidwas

recoveredathighyieldbJmsingacell-l1oldingreactorintowlnichanaromaticaldehWle
wassupplMcontinuouslywitMneutralpHsolution・ＭＣ〃・ｓｐ,ＴＡ１ｄｉｄｎｏｔｇｒｏｗａｔ
ａｎｅｕｔｒａｌｐＨａｎｄｓｌｎｏｗｅｄｇｏｏｄ巴rowthactMtyoveMnallKalinepHrangMMkindof
allKaloplmicbacteria,whenthecarlDonsourcewasferulicacidorvanillin・Noneofthe

metalDoliteswasdetectedintlnecultureliquid，thouglnthesubstratewasconsumed
quicMy・However,Ｍｂｍ、ｓｐ・ＴＡ１ｍａｙｂｅｕｓｅｆｍｆｂｒｔｈｅｔｍａｔｍentofallMlinewaste
liquidsuchastlleliquidusedtoextracttheoilfromricebran．

１.Introduction

RiceisastaplefbodinJapanandother
countriesinAsia・Thequantityofrice
producedworldwideisestimatedtobe

approximately5xlO8tonsperyear・Ｗｈｉｌｅ
ａｌａｒｇｅａｍｏｕｎｔｏｆｒｉｃｅｓｔｒａｗｉｓtreatedas‘

agrowastesandricebranisusedtoproduce
riceoil，theliquidusedtoextracttheoil
fiolnthebranisconsideredindustrialwastes・

ＴｈｅｗａｓｔｅｌｉｑｕｉｄｃａｎｎｏｔｂｅｒｅｕｓｅｄａｔalL
Sinceconsiderableamountsofaromatic

compoundsarecontainedinthewasteliquid，
thedevelopmentofaneffectiverecycling
processfbrthosecompoundsisvery
important、However,thepHofthewaste
liquidisusｕａｌｌｙｌＯｔｏｌ２，makingthe
microbialconversionofaromatic

compoundsintheliquiddifficult・
Recently，weisolatedbacteriawhichcould

convertarolnaticcompoundsoverneutral
pHrange(B"Wjo肱加ｃｅｐａｃｍＴＭ１）and
alkalinepHrange（Mc7ococ伽ｓｐＴＡ１)．
Thebacterialcharacteristicsofcellgrowth
andactivitytoconvertaromaticcompounds
wereinvestigate｡．

2.Experimental

2-1Acell-holdingreactorsystelnL2）
Figurelshowstheoutlineofacell‐

holdingreactorsystemfbrthecontinuous
oxidationofanaromaticaldehydetotlle
colTeSpondingaromaticcarboxylicacid1)．
Adevicefbrultrafiltration(Amicon,USA）
wasuscdasthcreactor⑩、Anultra‐
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oxidationofaromaticaldehydesbyＢ、
cepacmTMloccurredindistilledwater

lackingnutritivecolnpoundsotherthanan
arolnaticaldehyde・Onthebasisofthose
findmgs，ｔｈｅcontinuousoxidationof

aromaticaldehydeswasperfbmedas
fbllows1)．Thereactiontemperaturewas
２８℃,andthereactionsolutionwasO2Mor

OO5Mphosphatebuffer(pH7.2)containing
eithervanillin，p-hydroxybenzaldehydeor
syringaldellydeThefeedingconcentration
tothereactorwas20or2０．０９/lfbrvanillin，
２．０ｏｒ20.09/lfbrp-hydroxybenzaldehyde
and40ｇ/lfbrsyringaldehyde、A11
reactionsolutionswereautoclavedand

adjusMtoaninitialpHof7.2,andactive
cellsobtainedbyseveralroundsofpre-
culturewereasepticallyaddedtothereactor・

Theinitialturbidityofthecellswaschanged
appropriatelydependingontlletypeand
concentrationofthearomaticaldehydeused
asthesubstrateandwasO､４，１０，３０or55as

anabsorbancevalueatawavelengthof540
nmTheinitialconcentrationofaromatic

aldellydeintheｒｅａｃｔｏｒｗａｓＯｇ/LThe
workingvolumeinthereactorwａｓ３５ｏｒｌ５０

１ｎｌｏｆｔｈｅｒｅａｃｔｉｏｎｓｏｌｕｔioncontainingthe
cells・Ｔｈｅａｉｒｆｌｏｗｒａｔｅｗａｓ４０ｍｌ/Inm

whentheinitialturbidityofthecellswasM，
andinothercases，１００，１/1,ｍ・Whenthe

reactionwasinitiated，thereactionsolution

containinｇａｎａｒｏｍａｔｉｃａｌｄｅｈｙｄｅｗａｓｆｅｄｔｏ
ｔｈｅreactor．Thereactionsolutionwas

effilsedfiPomthereactorwithaconstant

flowrateandcollectedduringthereaction
ThepHandtheconcentrationofthe

aromaticaldellydeandproductsinthe
reactionsolutionrecoverｅｄａｔｔｈｅｏｕｔｌｅｔｏｆ

ｔｈｅｒｅａｃｔｏｒａｔａｃｏnstanttimeintervalwere

measured，respectively，usingapHmeter
andHPLCTheanalyticalconditionsfbr
HPLCwereasfbllows:ｃｏｌｕｍｎ；ＯＤＳ８０ＴＭ

(4.6ｘ２５ｃｍ),eluent;[water：aceticacid＝
９９：１］：methanol＝４：１，ｆｌｏｗrate;０．９
，１/１，ｍ，detection；Z54nm The

cumulativequantityofthearomatic
aldehydeandproductsinallcollected

。

]

七

⑦

Ｆｉｇ．１．OutlineofacelI-holdingreactorsystemfbr

thecontinuousoxidationofaromaticaldehyde．①，
aircompressor;②,airfilter;③,waterreservoir;④，
liquidlevelcontroller;⑤，substratereservoir;⑥，

microtubepump；⑦，stirrer；⑧，ultramemblane
filter;⑨,microtubepump;⑩,reactor;⑪,pmduct
collector

membranefilterPM10(Amicon)⑧was
usedtoretainB､cepacmTM1intllereactor、
Theworkingvolumeinthereactorwasheld

constantbyconnectingtheliquidsurface
controllcr④andthcmicrotUbcpump⑥
tofeedthMromaticaldehydetothereactor
fiomthesubstratcreservoir⑤、Air

passingthroughtheairfilter②ffomthc

aircomprcssor①wasasepticallyfedto
thesolutionｉｎｔｈｅｒｅａｃｔｏｒａｓｄａｍｐａｉｒｖｉａ
ｔｈｅｗａｔerreservoir③,andexllaustedffoln

tlletopofthereactor・Thesolutionintlle

rcactorwasagitatedbythestirrcr⑦、
Whenthereactionwasinitiated,thesolution

contaimngthearomaticaldellydewasfedto

thereactorthroughtllemicrotubepump⑥
andtllereactionsolutionwaseffilsedfioln

tllereactorwitllaconstantflowratebythe
microtubepump⑨、Theeffilsedrcaction
solutionwasrecoveredintotheproduct
collectｏｒ⑪duringtllereactionThe
averageresidencetimeofthereaction
solutionintllereactorwasappropriately

adjustedusingthemicrotubepump⑨．

2-2Reactionconditionsandanalytical
metllods

TanakaandHirokane2)reportedthatthe
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reactionsolutionswerealsomeasuredas

describedabove・Acalibrationcurvewas

obtainedusingeachsUbstrateasastandard
Thelnolaryieldwasestimatedastheratioof

themolesofthearolnaticcarboxylicacid
producedtothoseofthearomaticaldehyde
fed，duringthesteadystateofthereaction
Allreagentsusedwereofguaranteedgrade．

andphysiologicalproperties，tllebacterium
havingstronggrowthactivityinaneutral
mediumandinａｎａlkalinemediumwas

identifiedasB〃肋o此ｊｂ７ｊａｃ叩acZaand
Mc7ococc"ｓｓｐ,respectively・TheSpecies
ofMic7ococc"scouldnotbeidentified，
becauseitwasanalogoustom花伽,ｂｕｔｄｉｄ
ｎｏｔｆｉｔｏｎｔｈｅｂａｓｉｓｏｆｔｈｅｇｅｎeanalysisof
l6S-RNA．

２－３１solationofalkalophilicbacteria
capableofassimilatingligninlnodel
compounds
acqpducjUuTM1activeoveraneutral

initialpHrangewasisolatedaccordingto
thelnethodofTanakaandHirokane1)．

Alkalophilicbacteriacapableofassimilating
ligninmodelcompoundswereisolatedby
repeatingenrichlnentculturewithan

alkalinesolutioncontainingvanillinasa
carbonsource・Thealkalinemediumwas

composedofcomponentslistedinTablel・

TableLComponentsofthealkaline

basalmedium．

３－２０xidationofaromaticaldehydebyB・
cepacmTM1

3-2-1Metabolismofvanillininbatch

cultmebyB・ｃｅｐａｃｊＺＪＴＭ１

Ｂ､ｃｅｐａｃｍＴＭ１ｇｒｅｗｗｅｌｌｉｎａｎｅｕｔｒａｌｐH
mediumcontainingvanillinasacarbon
source・Thecultureliquidtakenoutatan
appropriatetimewasanalyzedbyHPLC
TheresultsobtainedareshowninFigure2
Vanillin(２９/l）wasconsumedcompletely
inabout24hDuringtheperiodof
consumption,vanillicacidwasproducedin
highyieldinthemedium
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Fig.２．ＴｉｍｅcourseofvanillinoxidationbyB・
cepacmTM1cellsinabatchculture．ｘ，pHofthe
cultureliquid；□，opticaldensityofcclls；○，
vanillin；▲,vanillicacid

pHwasadjustedwithNa2CO3

TheinitialpHoftllemediulnwasadjusted
withsodiulncarbonate・Finallyakindof
bacterium，whichshowedgoodgrowth
activityinanalkalinemedium,wasisolated
Incidentally，thecultureorreaction

temperatureofallthesUbsequem
experilnentswas２８℃．

3-2-2Continuousoxidationinacell-

holdingreactｏｒ
Ｏｎｔｈｅｂａｓｉｓｏｆｔｈｅａｂｏｖｅｒｅｓｕｌｔ，a

continuousoxidationofvanillintovanillic

acidbyB・cgpacjbJTM1heldinthereactor

⑩usingtheapparatusshowninFiglwas
carriedoutwithonlyvanillinasasubstlate

3.ResultMmdDiscussion

3-11dentificationofbacteriaisolated

Frolnthemorphologicalcharacteristics
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asdescribedin2、Experimental，The
reactionsolutionpassedthroughtheultra‐
membranefilterwasrecoveredatan

appropriatetilneandproductsandresiduals
analyzedbyHPLCTheoptilnal
continuousoxidationofvanillinbyB・

ｃｅｐａｃｍＴＭ１ｒｅｓｔｃｅｌｌｓｉｎｔｈｅｃｅｌｌ－holding
reactor（seeＦｉｇ．１）wascarriedout・
VanillinwasdissolvedinO・ZMphosphate

buffer(ｐＨ7.2)．Theoperationconditions
wereasfbllows：workingvolume：１５０，１，
cellconcentrationinthereactor：３０at540

nmwavelengtll,concentrationofvanillinat
theinletoftllereactor:20.09/1,feedingrate：
０．１１０９/landaverageresidencetime:Ｚ７３ｈ
Ｖａｎｉｌｌｉｃａｃｉｄｗａｓｆｂｕｎｄｔｏｂeproducedin
velyhighyieldover800hormoreThe
vanillinsuppliedasasubstrateintothe
reactorwasalmostcolnpletelyconsulnedin
theresidencetime・Themolaryieldof
vanillicacidproducedfiPomtllevanillin
s叩pliedwas95％(0.7709/l/h)inFig.3．

bytheextractionofriceoilffombran,ｂｙＢ、
cepacmTM1wasextremelyhigh(datanot
shown)．Noneofthelnetabolicproducts
wasdetectedintheculturemediumThe

productionprocessofausefillsubstance

suchasvanillinfromferulicacidusinga
metabolicsystemofmicrobialcellsshould
bedeveloped．

3-3Conversionofligninmodelcompounds
bWMc7o・spTA1underalkaline
conditions

3-3-1VanillindegradationbWMc7o､ｓｐ
ＴＡ１

Ｍ７ｃｍｓｐ・TA1grewwellwithvanillinas

acarbｏｎｓｏｕｒｃｅａｔａｎｉｎｉｔｉａｌｐＨｏｆｌＯ・
Accordingtotheprocedureusedintｈｅｃａｓｅ

ｏｆＢ・cepacjZJTM1，ｔｈｅcultureliquid
removedatanappropriatetimewas
analyzedbyHPLCFigure3showsthe
resultsobtained、１Ｍｃｍ、spTA1also
couldcompletelyconsumevanillininthe
culturetimeof24hHowever,vanillic

3-2-3Continuousoxidationofarolnatic

aldehydetothecorrespondingacid
lntllenutritivelnediumcontainingap‐

hydroxybenzaldellydeorsyringaldehyde
otllerthanvanillinasacarbonsource，Ｂ、

c印αcmTMproducedtllecorresponding
acidintllemediumofabatchculture(data

notshown)．Onthebasisoftheresults,a
continuousoxidationofthosealdehydeswas

perfbrlnedasdescribedfbrvanillinasa
substrateandtllecorrespondingacid,thatis
p-hydroxybenzoicacidorsyringicacid,was
obtained・Altlloughthereactionratewas
differentdependingontllesubstrate,ahigh
nlolaryieldwasobtainedfbrallsubstrates・
Inthecaseoftheoptilnaloperationcondi-
tions，themolaryieldofp-hydroxybenzoic
acidorsyringicacidproducedfiomp-
hydroxy-benzaldehydeorsyringaldehyde
suppliedwas８０％（0.3509/l/h,periodof
steadystate:４５０ｈ)ｏｒ９６％（0.1699/l/h，
periodofsteadystate:16011),respectively、
Themetabolicratefbrferulicacid，which

wasabundantinthewasteliquidobtained
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Fig.３．Timecourseofvanillinmetabolismｂｙ
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ｐＨｏｆｌＯｘ，pHofthecuItureIiquid；□，optical

densityofcells；●,vanillin；▲,vanillicacid．

acidcouldnotbedetectedintheculture

liquidduringthecultureperiod，different
fiPomthecaseofB・cepacjZJTM1activeina

neutralpHrangaThatis，noneofthe
productswasdetectedinthecultureliquid．

3-3-2InfluenceofinitialpHonvanillin

ｃｏｎｖｅｒｓｉｏｎｂｙＭｉｃＭｓｐＴＡ１
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ｐＨ１０Ｆｉｇｕｒｅｓ４ａｎｄ５ｓhowtheresults

obtainedatpH8・ｓａｎｄ７．０，respectively・
WhentheinitialpHoftheculturemedium
wasneutral，thecellgrowthandvanillin
consumptionwereextremelylowcolnpared
ｗｉｔｈｔｈｅｃａｓｅｆｂｒｔｈｅａｌｋａｌineconditions・

ThesefindmgssuggestthatMic7o､spTA1
isakindofalkalophilicbacteria．
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3-3-3MetabolismofferulicacidbyM〕c7o、
spTA1

Ferulicacidiscontainedinlargeamounts
inricebran・Thedeveloplnentofalnethod
toconvertferulicacidtoamoreusefill

substancehasbeensmdied3'4）Forexample，
theproductionofvanillinfiPomferulicacid

byenzymesormicroorganiｓｍｓｈａｓｂｅｅn
investigatedHowever,the

presenceofmicroorganislnscapableof
metabolizingferulicacidunderalkaline

conditionshasnotbeenreported
Therefbre，theconversionofferulicacid

underalkalineconditionsbWMc7o､spTA1
wasinvestigated・Figure6showsthe
resultsobtained．Ferulicacidwas

metabolizedatalmostthesamerateas

vanillin（seeＦｉｇ．３)．However，no
metabolicproductsweredetecteｄｉｎｔｈｅ

cultureliquidTheinfluenceoftheinitial

pHontheconversionofferuｌｉｃａｃｉｄｂｙ
Ｍｃ７ｏＳｐ・TA1wasalsoinvestigated，and
wasverysimilartothecasefbrvanillin

(datanotshown)．

4.Conclusions

Bc印acmTM1convertedsolnearomaric

compoundstothecorrespondingaromatic
carboxylicacidsandtheseacidswere
accumulatedoutofthecells・Theacidwas

recoveredathighyieldbyusingacell-
holdingreactorintowhichanarolnatic

aldehydewass叩pliedcontinuouslywitha
neutralpHsolutionM7c7o，ｓｐＴＡ１ｄｉｄ
ｎｏｔｇｒｏｗａｔａｎｅｕｔｒａｌｐＨａｎｄｓｈｏｗｅｄｇｏｏｄ
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growthactivityoveranalkalinepHrangeas
akindofalkalOphilicbacteria，ｗｈｅｎthe
carbonsourcewasferulicacidorvanil1in

Noneofthemetaboliteswasdetectedinthe

cultureliquid，thoughthesubstratewas
consulnedquickly，However,sinceMc7o、

spTA1hadthehighmetabolicactivityfbr
abovetwocolnpounds，inthefiJture，an
effecttreatmentlnethodoftheindustrial

wasteliquidsuchasthatafterextractionof

theoilfiPomricebra､,mustbedevelopedby
investigatingthemetabolicactivityofMc70
sp、ＴＡ１ｆｂｒｔｈｅｏｔｈｅｒｃｏｌｎｐｏｕｎｄｓｉｎｔｈｅ
ｌiquid，andtheproductionoflnoreusefUl
substa､cesffomtllosecolnpoundsnlustbe
tried．
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