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InordertoexamlnethedependencyoftheconcentratlOnOfpyruvatereleasedfrom
wlneyeastOntheblSulflteCOnCentratlOnlnagrowthmedlum,twoklndsofweaklyacldlC
mediawereprepared.Oneofthem,thebufferlZedmedium,WasCOnVenlent,Sinceltallow-
edyeastgrowthlnthepresenceofblSulflteranglngfrom 0 to25mM (1600ppmasSO2).
AnalytlCaldatarevealedthatthepyruvateconcentrationinthemedlum dldnotdependon
theblSulflteCOnCentratlOn.AcetaldehydeconcentratlOn,Ontheotherhand,Increasedwlth
theincreaseoftheconcentratlOnOfblSulflte.

Numerous investlgatlOnS have been
madeontheformationOfaddit,10n com-

pounds between blSulfite and carbonyl-

contalnlngCOmpOundsdurlngWinefermen-

tion卜5). Butfewattemptshavebeenmade
todetermlnetheformatlOnOfthesecom-

poundsbywlneyeaStSunderweaklyacidlC

pH,SlnCemostgrapemusthaveapHrange
between 3and46).

Thisreportmalnlydescribesthegrow-

thofwineyeastlnWeaklyacidicmediaand
theconcomltantformatlOnOftheadditlOn

productsofblSulflteandcarbonyLcontaln-

1ngCOmpOunds(boundSO2).Tosolvethe

problenl,Weusedtwoklndsofmedia:the

onewasausualmedlum foryeastgrowth
butwasneutralizedbeforesterilizatlOn;the

otherwasusedtoglVeStrongbuffercapac-

1tybetweenpH6.0andpH 6.6■throughout

theculture.Speclalattentionwaspaldto

theconcentratlOnOfthepyruvatereleased

from yeastcells,sincethedependency of

thepyruvateconcentratlOnOntheblSulflte
concentratlOnhasnotbeenexamlnedlnde-
tail.

MaterialsandMethods

Organism Saccharo,nycesceret'ts乙ae

IAM 4274(OC-2),a gift from Prof.
Goto,Institute of Enology and Viticul-

ture,YamanashiUnlVerSlty,Wasused.The

malntenanCeOfthestralnandtheprepara-
tionofseedcultureweremadeasdescrib-

edprevlOuSly7)･

Medla ThemlneralcompositlOn Of
thetwodefinedmediawasthatofWicker-
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OC-2inaweaklyacldlCmedlum inthe

presenceorabsenceofbisulflte.Achem-

1CallydefinedmediumWasadjustedtopH

7･Obeforesterllization･Cellsweregrown

statlCallyat30℃･Symbols:growth(○)

andpH(●) intheabsenceofbisulrlte:

growth(△) andpH(▲) 1nthepresence
of10mM sodium blSulflte:freeSO2

(■),bound SO2 (□),total SO2
(×).

ham8),andblOtin,calclum pantOthenate,

lnOSitol,and thlamlnehydrochloridewere

addedasgrowthrequlrementS.Oneofthem,

theneutrallZeddeflnedmedium,Wasprepar-

edasfollows:3% glucosewasadded to
themlneralandvltaminsolutionmentlOned

above,andneutralizedwith 2N potassium

hydroxldewlththeuseofaglasselectrode

pH-meter(Hitachl-Horlba ModelM -3)

beforesterilization.ThepreparatlOnOfthe

othermedium,bufferizedmedium,wasde-

scribedlnapreviouspaper7). Intheearlier

experiments,alOOmlportionofthedefined

medlumWaspouredIntoa200-mlErlenmeyer

flask,andlatera400mlportionwaspoured

into a 500-ml Erlenmeyer flask. The

flaskswerepluggedwithcottonandauto-

clavedforlOminat115℃.Allreagents

usedwereofthehighestgradeavallable.

Culture ThetestflaskswerelnOC_

ulatedandculturedstaticallyat30oC7).

Freshly prepared sodlum blSulfite solu-
tlOnWasaddedat2hroftheculturetime.

Sampleswere taken aseptlCally atinter-

vals,andthegrowthoftheyeastwasfol-

lowedbyE:; nm.TheculturepH wasde-

terminedbythepH-metterdiscribedabove.

Determinat10nOfbisulfite Themeth一

〇dofRankine9)wasusedtodetermine both

"free"and"bound"SO2.TotalSO2WaS

obtainedbysummlngfreeSO2andbound
SO2.

Enzymaticestimationofpyruvate,a-
ketog山t8rateandaCetaldehyde Pyruvate

was enzymatically determlned by the

methoddescribedbyVassault10)･α-Ket0-

glutarate was determined by uslng glu-

tamatedehydrogenasellZAcetaldehydewas
determined as follows; 2.00mlof 0.1M

potassium phosphate buffer (pH 7.8),

0.05mlof 1.35mM NADH solution, and

0,05mlofsamplesolutlOnWeremixedina

quartz cuvette and equilibrated t0 20℃

inadoublebeamspectrophotometer (Hlta-
chi323).After the addition of 0.05ml

ofalcoholdehydrogenase(fromyeast,prod-
uctofOrientalYeastCo.Ltd.Tokyo)

solutlOn (150unitsperml)the reactlOn
mlXtureWasallowedtostandfor20min.

Thedifferenceofabsorbanceatthewave

lengthof340nm beforeandafterenzyme
additionwasrecorded,andtheamountof

acetaldehydewascalculatedfrom thedif-
ference.
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Flg･2･ ChangesoffreeSO2 boundSO2

andtotalSO2,1nSulfltelnpOtaSSlum

phosphatebu汀er (pH 6.0)solutlOn.

Freshlypreparedsodlum blSulflteSOlu-

tlOnWasaddedtothepotasslum phos-

phatebuffer,andaseptlCallyIncubated

at30℃･Symbols:(+),freeSO2;(0),

boundSO2;(×),totalSO2.

ResultsandDiscussion

Growth ofS.cerevIS/aeOC-2 in the

neutrallZeddeflnedmedlumWithorwithout

bisulfite Figure 1A showsthevaria-

tionprofilesofgrowthandmedlum pH ln

thepresence(10mM or640ppm asSO2)
and absence ofsodium blSulflte.Figure

1B showstheamountsoffreeSO2and

boundSO2inthemedium throughoutthe

culture.In thepresenceof lOmM blSuL

fュte,theyeastgrew almostnormallyfor
about10 hr,then gradually reduced ltS

growth rate, and reached a stationaly

phaseofgrowthlZ)･ThepHofthemedium

showedatwo-stepdecreasewhichreflected

thegrowth profile.Cellulargrowth was

greatlyretartedwhenmoreblSulfite was
addedtothemedium.Themedlum,therefore,

wasconslderedtobeunsatlSfactory.

Free SO2 decreased almost llnearly

forabout60hrandboundSO2COnVerSely
lnCreaSedln theduration.Theextentof

bound SO2 at thelnltiation of cellular

growthwasabout100ppm (20% oftotal

S02).Klngetal13)reportedthattheper-

centageblndlngOfSO2(300ppm inltlal

concentration)by 3% glucoseinthepH

range2.5-4.5was20%.Thecoincidence

ofthetwovaluessuggestedthattheblnd-

1ngextentOfSO2Wlthglucosedepended
notontheconcentratlOnOfSO2,butmain-

lyontheconcentratlOnOfglucoseovera

wide(2.5-6.0)pH range.Theincreaseln

boundS02 Wlth theprogress ofculture

tlme(Fig.1B),thus,wasconsideredto

benottheadditioncompoundoftheremain-

1ngglucose,butthoseofothercarbonylcom-

poundswhichwerereleasedbyyeastcells.

Toverifythis,3% glucosewasaseptlC-

allyIncubatedat30℃ WithlOmM sodium

blSulflte in potassium phosphate buffer
(pH6.0).NoIncreaseinbound S02WaS

observedfor72hr(Fig.2).

AIcoholdehydrogenasemethodforthe

determinationofacetaldehyde Theusual

enzymatlCmethod foracetaldehydedeter一

minatlOnusesaldehydedehydrogenaseasa

substratespeclflCenZyme14)ABut alcohol

dehydrogenaselSmoreavailable.Theprob-

lemslntheuseofalcoholdehydrogenase

are:flrStlymostsamplescontainalcohol

whlChlSnotOnly themetabolicproduct

ofstatlCallygrowlngyeast,butalso the

reactionproductoftheenzymereactlOn.

SecondarllyblSulfitelnthesamplesisan

enzymeinhlbltOr.Theequllibrlum COnStant
(K)ofthereaction15)

Ethanol+NAD'宇===さ

Acetaldehyde+NADH+H十
is8.0×10~12∴Thevaluemeansthatthe

reaction lSVery favorable for the for-
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Fig.3.CallbratlOnOfacetaldehydedetermlna-

10nbytheuseoralcoholdehydrogenase･
Ethanol(2%) orsodlum blSulflte(10

mM)wasaddedtoacetaldehydebefore

determlnatlOn.Symbols:(●),standard

system;(△),wlth2%ethanol;(○),
wlth10mM sodium blSulrlte.

matlOn Ofethanolaround neutralcondi-

tion.Alcoholcontained in the samples,

therefore,doesnotdisturbthedetermlna-

tlOn Of acetaldehydesubstantlally.When

thesamplecontainslOmM blSulflte,the
bisulfiteisdilutedto0.25mM wlthbuff-

ersolutionlnthequartzcuvette.As bト

sulfiteisnotaverypotentlnhibitor,the

presenceofbisulfitedoesnotaffect the

proceedingofthereactionseriously.Whena

sufficientamountOfalcoholdehydrogenase

lSusedlnthereactlOnmixture,thereac-

tionreachestheequillblium polntWlthin

ashortreactlOnperiod.Figure 3 shows

thatacetaldehydecansubstantiallybede-
termlnedinthepresenceof2% ethanolor
lOmM bisulfite.
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Flg･4･ Growth of S･cerevISiaeOC-2
inthebufferizedmedium lnthepresence
orabsencorblSulrite.Growthcondltions

weresameasdescrlbedlnFlg･1･Con-
centrat10nSOfsodiumblSulflteWereOmM

(●).5mM(○),10mM (▲),15mM (△),

and25mM (×).

Growth of s.cerevis/'ae OCI2 in

thebufferizedmedium (ghcose5%)

UnliketheresultsinF1g.1A,10mM

blSulfltedldnotcauseatwo-Stepgrowth

(Flg.4)whereas25mM (1600ppm asSO富)
bisulfitecausedatwo-Stepgrowth.Thedlf-
ferenceseemstobetheresultofamuch

slowerdecreaseofpH in the bufferrlZed

medlum(Fig.4B)thanthatlntheneutral-

izeddefined medlum (glucose 3鍾).An

addltlOnalreasonwasthedifferenceinglu-
coseconcentratlOn.

Asrepresentativeoftheexperimental
dataobtained,thecaseof25mM bisulflte

wasselected(Fig.5)toshow theamounts

offreeSO 2 andboundSOフ.At48hrof
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Fig.5. VariatlOn prOflles of freeSO2,

boundSO2andtotalSO21nthebufr-
erlZedmedlm.25mM sodlum bisulflte

wasaddedat2hrofculturetlme.Sym-

bols:(●),freeSO2;(○),boundSO2;

(×),totalSO 2.
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Fig.6. Acetaldehydeconcentration ln the

bufferlZedmedlum Wlththechangeof
blSulflte COnCentratlOn.ConcentratlOnS

ofsodium blSulflteWere OmM (●),

5mM(○),10mM (▲),15mM (△),25mM

(×).
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Flg. 7. Pyruvate concentratlOn ln the

bufferlZedmdlum Wlththechange of
blSulflte COnCentration. Concentrations

ofsodlumblSulflteWereOmM (●),5mM

(○),10mM (▲),15mM (△),25mM (×).

culturetime,freeSO2dlSappearedandthe

boundSO2reaChedthemaxlmum amount.

Figure6 and 7arethevariatlOnprOflles

ofacetaldehydeandpyruvateconcentrations

ln thebufferized medium.Increaslng the

amountsofbisulflteCausedacorresponding

increasein thequantlty Ofacetaldehyde.

ThepyruvatequantltyWasnotinfluenced

bytheamountsofbisulfite.Althoughtrace

amountsof α-ketoglutalateweredetected

ineverysample,itwasnotenoughtocom-

pareamounts.

GrowlngWlneyeastreleasesorganlCac-

ids,mallCandcltric,andtoa lesserex-

tent, lactic, succinic and pyruvIC into

the medjum6). Althoughitisproducedin

smallamounts,pyruvicacidhasbeencon-

sideredtobeimportantinwlnemaklngbe-

cause of its capaclty tO b上nd bisulfite.

In splte Of efforts of several lnVeSti一

gators4･5,)ithasbeenunclearwhetherornot

theamountofpyruvateformeddependson
theamountofbisulflteadded.Whensul-

fiteisdissolvedln Water,itformsvari-

ous molecular species (H2SO 3, HSO言,

SO行) and their percentage dlStrlbutlOnS

aredependentonthepH valuel). Undissoci-
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ate sulflte (H2SO3)has a lethal ef-

fectonmlCrOOrganlSmSandbisulflteform

(HSO;)isinhlbitorytofermentationbe-

causeofItsabilitytocombinewithace-

taldehyde,thenormalhydrogenacceptorin

glycolysIS.ThepHvalueofgrapemustor-

dlnarllyliesbetween 3 and41). In this

acldicrangesulfitehasa greaterlethal

effect.A littleamount(100-200ppm as

SO2) of bisulflte,therefore,is enough

tosuppressthegrowthofmostundesirable

microorganlSmSbutdoespermltthegrowth

ofdeslrablewlneyeast.Thefact seems
tobeoneofthereasonsthattherelation-

Shlpbetweentheamountofbisulfiteadded

andthatofpyruvatereleasedhavebeenob-

scure4･5). Inordertoclarifytherelation-

ship,Weusedthebufferizedmedium Which

canallow additionofagreateramount

(25mM or1600ppm asSO2)ofbis111flte

wlthoutlethaleffectson yeast.The re-

sultsinFig.7 proved thatthereisno

relationshipbetween theamountsof b1-

sulfiteandpyruvate.

Withacetaldehyde,theadditionreac-

tionreachesequillbrium rapidly,andnear-

lycompleteconversionlSObtainedevenin
theabsence of excessbisulfite16). This

acceptedfactand theresultsofFig. 6

SuggestthatacetaldehydelSreleasedfrom

yeastcellsaslongasfreeSO2eXIStS in

themedlumtOformtheadditlOnCOmpOund.

TheprocessISIdenticalto thatof the

commonlyknownglycerolfermentatlOn Or

Neuberg'ssecondform offermentatlOn17).
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