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AもstTaet   

Themycelil】mOf Co砂biavehJiii，eS，OneOfediblemushrooms，WaSgrOWn  

OnaShakcr．Thechangeofnucleicacidand relatedsubstances，particu一  

Iarly5′－mOnOnuCleotidcsdurillgthecultureperiodwasinvestigatedforthe  

PurPOSe Of the application as a flavor substancc．   

Maximumgrowthwasobtainedat15daysofcultul－ein both medium  
COntainingammoniumtartrateorureaasnitrogensource．ThepHofthe  

mediumcontaiTlingammonium tartrate was reducedto about3．0．butthat  

Of t）rea medium was aro11nd7．O throughout the culture period．The  

grcaterpartofphosphateinitiallyexistedinthe mcdium hadbeenincorp－  

Oratedintothe myceliumuntilthetimeofmiⅩimummycelialyield．More  

than15％of totalphosphorus of the mycelium was found to be RNA－  

phosphorus．Accompaniedwiththecessationoftheincreaseofthemycelial  
yield，its RNA was degTaded and mononucleotides were excretcdinto thc  

＊（Dept，OfFermentation Technology，Facultyof Engineering，Osaka University）   

Abもre▼iations used；  

AMP，adenosine－5′－mOnOphosphate  ADP，adenosine－5′Jiphosphate  

ATP，adenosine－5′－triphosphate  GMP．guanosine－5′一mOnOphosphate  

CMP，Cytidine－5′－mOnOphosphate  UMP，uridil－e・5′－mOnOphospllate  

m！P，inosine－5′一mOnOphosphate  RNA，Ribonucleic acid  

DNA，Deoxyribonucleic acid  
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medium．ANrPandUMPwerefoundtobethema50rnuCleotidescontained  

bothin mycelium andin culture broth．CMP and GMP were foundin a  

little amount. The growth phase of mycelium seems to be interpreted 
ratherclearlywith the ratio ofRNA－tOtOtalphosphoruS．  

IntrodⅦetioTI  

Submergedcultures of mycelia of Basidiomycetcs have been we11establishcd as  
introducedinreviewsbyHumfeldl），Robinson and Davidson＝）、Block3），and Yoshida  

andTeramoto4）・Theprocessisconsideredtooffer a promise of alargescale，low－  

COSt prOduction of mushroom myce】ium for foods and feeds． Furthermore，SOmC  

investigations on the production of usefulchemicals，enZymeS，and antibiotics have  
been carried on．  

Fruiting反正ies of mushrooms are valuable for food，because of their flavor．  

Remarkableamountof5’qGMP，OneOftasteenhancingsubstances、iscontainedinsome  

fruitingbodies5・6），anditis supposed that5′－GMP and other mononucleotides may  

COntributetothe flavor of mushrooms．Itis one purpose of this cornmunication to  

evaluatetheusefulnessofmyceliaprducedinsubmergedculturebydetermlnlngthe  
amount of5′－nuCleotides．   

The chaTlge Ofribonucleicacidis considercd tobe an usefulindex tocxaminethe  

growthphaseofmicrobialcells7・＄）・Mononuc】eotidesabovestatedarecssentialcompo－  

nentsoftheRNA，therefore、itisinteresting toinvestigate the metabolic change of  

nucleicacid relatedcompoundsinconnectionwiththegrowthofmushroommycelium．  

This paper reports a result of a study on the change of nucleic acid and related  

Substancesin myceliurn andin medium during the shaking culture of C．veklt＊es，  

（Enokitake，inJapan）．onc ofedible mushrooms．  

Material8aⅥd】Ⅷethods  

l．Cnltllralmethods  

C・VehL痺esstrainwas maintai11edonagarslantcomposedof2％glucose，0．5％yeast  

extract，0・1％MgSO・），7H20，0・1％K＝HPO4，2％agar，andthepHadjustedto5．0，grOWn  

at25OCfor7da）－S and stored cold．Apure culture of the strain was obtained by  

aseptically transferring piecesofthe fruitillglxdy tissue onto thjs agar slantin the  

samewayasdescribedby BIocketal．9）   

Thecom匹SitionofmediumforinoculumwasthatofproposedbyReusseretal．10），  

with alittle modification，i．e．4％ofglucoseand O．4％ofammoniumtartratewereused  

ascarbonandnitrogensources・InoculumwaspreparedsrtationaryinlOOmlErlenmeyer  

flaskscontaining25mlofthemedium．Bitsofmycelium plantedin thismedium were  

a1lowedtogrowat250Cfor7tolO days・The mycelium grown was washedwith  
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sterile distilled water and broken up by homogenizing in sterile electric blendor at 
15，000rpmforlmincontainingsteri1edistilledwaterorculturemedium・Theresulting  

SuSpenSionwasusedasinoculum．   

Thecultureswerecarried outin two kindsof media．The basalcomposition of  
twomediawas thatofReusseretal．10） The medium whichcontainedO．4％ofamm－  

oniumtartrateasnitrogensourcewasreferred to as medium T・Medium T allowed  

thereductionofpHfrom5to3，duringthecultureperiod，because of the formation  

oforganicacids．ThemediumwhichcontainedO・132％ofureaasnitrogensource（it  

correspondstoO．061％oftotalnitrogen）wasreferredtoasmediumU（Urea）・Medium  

UallowedtokeeppHaround7，becauseureaneutralizedtl－eformedacid・Inmedium  

U，anOtherO．0264％（1／5toinitialamount）of11rea WaSaddedafter12daysifthepH  
ofculturebrothbecamebelow7．Each500mlshakingflaskcontaininglOOmlofsterile  
medium wasinoculatedwith2to5mlof mycelialsuspension，The cultures were  
shakenat120rpmona reciprocatingshakerhavingapathof6cmat250C．   
Themycelium washarvestedatthe agesof the maj（imum growth rate（about7  
days’incubation），fhe maximum mycelium yield（about15 days’growth），and the  

autolyzationofmycelium（about30daysafter）・   

2．Analyticalmetl10ds Duplicate samples were removed from shaker，and the  

mycelialpadwasseparatedfrom thefermentedbrothwithcentrifugation．Thcmoist  
myceliumwasanalysedfornucleicacidrelatedsubstances・The residualbroth was  
analysedfortllePH，theabsorption at260mp，reducingsugarandnucleicacidrelated  

substances．Myceliumweightwasobtainedbywashing the mycelium with distilled  
Wateranddryingbelow900Cwithinfraredrays．Absorbancyat260mFEof the broth  
wasmeasured spectrophotometrically at pH2．O after diluted adequately．Reducing  

sugarwasdeterminedcolorimetrica11ywiththealkalinecopperreagentofSomogyill）  
Nucleic acid andrelatedsubstancescontainedinmycelium andinfermentedbroth  
wereisolated anddividedinto acid solublc－，RNA－，andDNA－fractionsaccordingtothe  

procedureofSchmidt－Thannhauser－Schneider．Coldperchloricacid（5％）wasusedfor  
the extraction of acid－SOluble fraction．The amounts of phosphorusofabovefractions  

weredeterminedbythemethod of Fiske alld Subbarow．Theindividualnucleotide  
inacid・SOlublefractionwasdeterminedaccordingtotheprocedureproposedbyBergkvist  

etal．12）andmodifiedbyNakajimaetal．5）  

Results   

1．Effect of some factors on ttle gTOWth of the mycelitlm  Preliminary  

experimentswerecarried outtoclarifytheiactors．forexample，nitrogen source．req－  

uired amount ofinoculum，andextentofaeration，forthegrowth of C．vehLt＊es．   

Thenitrogensource．namely，ammOnium tartrate，ammOniumSulfate，ammOnium  

chloride，ammOnium nitrate，pOtaSSium nitrate，urCa，Or Casamino acid（Difco）was  

examinedindividually at a concentration of O．0608％as nitrogen（it corresponds to  
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TablelEffect of nitrogen sourceson the growth＊of mycelium．  

Mycelium  
（dry weight．  
mg／100ml）  

Sugar・  

（mg／ml）  

DII of finished 
broth  Nitrogen sources＊＊  

Ammonium tartrate  

Ammonium s止けate  

Ammonium chloride  

Ammonitlm nitrate  

Potassium nitrate  

Urea  

Casamino acid  
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寧cultured at25⊂C for16days   

＊Each nitrogensource wasaddedinacoTICentration ofo．0608％asnitrogen．  

0．4％ofammonium tartrate）．The amountofmycelialgrowth was found to depend  

markedlyupnthekindsofnitrogensources，aSShow71inTablel・   

Ammonium tartrate，urea，andCasamino acidsupported the mycelialgrowth evト  

dently andalsotheutilization ofsugar．Thegrowthonthefollowlngnitrogensources  

were very poor：ammOnium sulfate，ammOnium chloride．ammonium nitrate，and  

potassiumnitrate．The pH ofgrowlngCulturebecamelowerwhenammonil】mtartrate  

WaS uSed without pH adjustment．  

Table2 Relation ofinoculum size and the growth＊of mycelium．  

＊cultured at25コC for12days  

Table2．showsthe relation ofthe size ofinoculumnand thegrowthofmycelium．  

ThemycelialgTOWth over585mg／100mlwas obtained under theconditionthat4to42  

mg／100mlofmyceliumwasinoculatedandcultured for12days．Theinoculum size  

ina rangeof4to42mg／100mlwasusedin succesive experiments．  

The effect of agitation was examined withincreasingvolumesofmediumin500ml  
shaking flasks as shownin Table3・Mycelialgrowth of over630mg／100mlwas  

obtainedin media of volumesina rangeof30to300ml．Usually，themyceliumwas  

Culturedin media oflOOml．   

2．Ct11turein medium T Table4．shows thegrowth of myceliuminmedium  

T．，in which ammonium tartrate was used．The pH of medium was reduced acc・  

OmPaniedwith the growth ofmycelium．and whenit wasnotadjustedit reached toa  
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Table3 The growth＊ofrnyceliumin variousvolumesofmediumunder shakingculture．  

Volumes of medium  
in500mト  
nask（ml）  

Myceliur王1  
（dry wtり  
mg／100ml）  

Reducingsugar．  
COnSumed  
（mg／ml）  

pH of  
finished broth  

＊25．1mg（dry wt．）／100mlmedium of rnyceliurn wasinoculated h each flask andcul－   

turedat25ロC for15days．  

Table4 Growth of mycelium and changes of pH，reducing sugar，and absorbancy  

at260mJLin medium T．  

＊Ce11－free broth wasdiluted25－fold with N／100HCl．  

Valueof3．1． The maximtlm yield of mycelium（asdrymatter）was obtained after  

15days．Reducingsugardecreased daybyday．It wasremarkat）1ethat the absor－  

bancyat260mLLofculture brothincreased after15days．The broth had a peak of  
absorptionaround260mjL．Itwasrecognizedthatthenucleicacid relatedcompounds  
Were eXCretedandaccumulatedin aperiodassociatedwiththecessationofgrowth．   

Thechangeofphosphorusinvariousfractionsofnucleicacidandrelatedcompounds  

is showninTable5． The total－，aCidsoluble－，RNA－and DNA－phosphoruSin moist  

myceliumwere comparedwiththeremainedtotalphosphoruSinthebroth．Theinitial  
amount of phosphoruS WaS370i‘mol／100ml，0riginatedin KH2PO40f mediurn com－  

ponent．Themyceliumcontaining7JLmolofphosphomswasinoculated．According  

tothegTOWth，thephosphoruSOfbroth hadbeen transferred to cellconstituent unti1  
15days．The phosphorusin mycelium decreased withincreaslngin broth after30  

days．Remarkabledccrcasein theratio of RNA－phosphorustoatotalphosphoruswas  

dbservedinthe mycelium．Theexcretionofnucleic acid related compoundsinto the  

brothcoincidedwith the decrease of RNAinmycelium．  
Grown rnycelium was collectedby centrifugation from themeditmafter8，15．and  

30days’culture．Asshownin Table5，aCidsoluble fractionformed about50％of a  

totalphosphoruSin mycelium．Extracts of the mycelium and the broth wereloaded  

On a DowexlX8column for the assay of nucleotides．Typicalchl・omatogramS Of  

nucleotidesin mycelium and the broth are shownin Fig．1and Fig．2． The peakof  
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Table5 Changes of nucleic acid related substanCeSduring the culturein rneditlm T．  

Days，paSSed  

O  1  8  1  15  

lnmycelium（per mg dry mycelium）  

totalpbospborus，〟mOトP  

acid soluble， ′′  

RNA， ′′  

DNA， ′′  

Ratio of phosphoms  

acid soluble／total（％）  

RNA／total（％）  

RNA／DNA  
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Fig．1Chromatogram ofthe extractof  

mycelium groIVnin medium T  

for15d且yS．  

Fig．2 Chromatogram of themycelium－free  
broth of medium T，after30days．  

a mixtureofbasesandnucleosideswasfoundtoberatherlarge．Thepeaksofmono  

nucleotides wereidentifiedby usualmethods．  

The amount of nucleotidesin mycelium andin culturel）rOthis showninTable6．  

Amongfivekindsofnucleotidesgenerallyfoundinnature，5′－AMP（including3′－AMP），  

5’－UMP（including3′－UMP）werefound tobeinfairlylarge amount．GMP and CMP  

Werefoundin a trace amount．NoIMPwascontainedeitherinmyceliumorinculture  

brotb．   

3．Ct11turein medium U TheoutlineofthecultureinUmedium，in which  

urea wasusedis show11in Table7． The pH of the broth was6．62atinitialand  

becameaslight alkaline after7days．Accompanied withthesupplementofureaafter  
12days，thepH was kept over7．0．Themyceliumincreaseddaybydayuntil14days，  

afterwardsitdecreasedgradually．Thegreaterpartof reducingsugarwasfound to  
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Table6 ChangesoEmonomcleotidesin myceliumand filtered broth duringthe  

Culturein medi11m T．  

Days．passd  
Nucleotides  

8  1  15  
1  30  

In mycelium．（〟lnOl／gdry wt．）  

CMP   

皿（5′－and3し）  

UMP（5′－and3′－）  

G丸IP   

IMP   

trace  

O．2D2  

0，248  

trace   

O  

trace  

O．424  

0．308  

trace   

O  

O  

trace  

O．138  

trace   

O  

l11filtered bro血，（βmOl／100ml）  

CMP  

AMP（5′－and3′－）  

UMP（5′－and3′－）  

GMP   

IMP  

trace  

l．81  

1．36  

trace   

O  

trace  

O．99  

1．83  

trace   

O  
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Table7 Growthof myceli11mandchangesof pH，reducingsugar，and absorbancy  
at260mjLin medium U．  

＊Cell－free broth was dil11ted25・foldwith N／100HCl．  

be consumedafter28days．The absorbancyat260mL上Of the residualbroth became  

higheras time passed by．   
Table8shows the change of phosphorus containedin acid soluble←，RNA－．and  

DNA－fractionsand also a totalamountofphosphoruS，duringthecultureinUmedium．  

TheexogenousphosphoruSOfthemediumdecreasedremarkablyaccompaniedwiththe  

growth of the mycelium・The amount of phosphorusin mycelium was maximum  

after14days，afterwardsitdecreasedgraduallycorresponding tothe decrease of my－  

celiumweight．AratioofRNA－tO atOtal－Phosphoruswas15・8％after14days and  

itdecreasedto9．0％after28days．Thefactmaybeaccounted for the autolyzation  

of RNA．   

Atypicalchromatogramofasampleoftl－ebrothobtainedfrom28days’cultureis  

showninFig．3．Noticeable amountsof5′－AMP，3’－AMP，UMPaTldatraceamountof  

CMPand GMPwerefoundto bein the broth．Some fractionsincluding nucleoside  

polyphosphateswereelutedsucceedingto mononucleotide fractions．These were as－  

sumedtobethe fractions ofadenosinetriphosphate，adenosinediphosphate，anduridine  
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Table8 Changesof nucleic acid relatedsubstances during the culturein medium U．  

Days．passed  

O  1  7  1   14  

Mycelium（dry wt．mg／flask）  

Totalphosphoms（jLmOl－P／flask）   

in filtered broth   

in mycelium  

In myceliurn（per mgdry’myCelium）  

totalphosphorus．LLmOl－P  

acid soluble，′′  

RNん 〝  

DNA， ′′  

Ratio ofphosphorus   

acid soluble／total（％）   

RNA／total（％）  

RNA／DNA  

diphosphatesugars，howcver．fur－  

ther detailedideTltification was   

not done．  

As showninTable9，5′－AMP  

（including3J－AMP）and5′－UMP  

（including3′－UMP）were found  

tobethemajornucleotides，GhrP  

and CMPwereinatrace amount．  

NoI丸rP was containedin either  

mycelium orbroth．  

As the results，the maximum  
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Fig．3 Chromatogram of themycelium・free broth  
Of medium U，after28days．   

mycelialgrowthin medium U  

（Table7）wasmorethanthatin mediumT（Table4）．The comsumption of sugar  

irlmediumUwasmorethanthatin medium T．To compare the metabolic change  
related to nucleic acidin mediumTwithmediumU，theamountsofatotalphosphoruS，  

RNA，and nucleotides were calculatedona same volume ofthemedi11m．Therewas  

no differencebetween two media，referringto the ratio of RNA－Phosphorus tothedry  

weightofmycelium（Table5，8）．TheamountS Of exogenous5′一AMP and5’一U  

ofthemedium T was more than those of medium U． Thus，it was found that the  

excretion of nucleotideinto medium T was more than thatinto medium U．  
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Table9 Changesof mononucleotidesin mYCelil】m and filtered broth during the  

Culturein mcdium U．  

Days，paSSed  
Nucleotides   

14  1  28  

In mycelium，（JlmOl／gdt’y Wt．）  

CMp   

A丸貯（5′－and3′－）  

UMP（5′－and3′－）  

G～IP  

IMP  
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In filtered broth，（jLmOl／100ml）  

ChlP   

AMP（5′－and3′－）   

UMP（5lp and3′－）  

GhlP  

m上P  

Diseussion   

AsshowninTable5and8：68％and85％ofinorganicphosphateinitiallyexisted  
inculture broth had beenincorporatedinto grown myccliumin medium T and U，  

respectively，untilthetime ofmaximum growth．The ratios of RNA－phosphoruS tO  

a totalphosphoruSandRNA／DNAweremorethan15％and3．6～4．Oduringthegrowth  

ingoodcondition，however，theydecreasedtoaboutlO％and2．1～2．8afterthecessation  

Ofthcgrowth，reSpeCtively．Theseratiosmaybe considered as anindex of growth  

phase，agreedwiththecasesofbacteriaasdescribedbyMimuraetalT）and Aiba et  

a18）．   

The periodicalchange ofa patternOf phosphoruS COmpOundsin shaking culture  

showninourresultsprogressed n10re rapidly thanthatin static culture observed by  
Wakita18）．HeindicatedthattheRNAofC．vehLi如sNo．67var．hadthesamenitrogen－  

and phosphoruS－COntentS aStheyeastRNA．Then，itmaybe reasonabletocalculate  

the RNA－COntent fromtheRNA－phosphoruSCOntent Ofmycelium，inthesame way as  

in yeastRNA．TheRNA－Phosphorus（RNA・P）of mycelium after8daysin medium  

Tis O．073JLmol－P／mgdry cell．The value，0．073pmoIcorresponds to2，26JLg Of pho－  

sphorus．2．26iLgis multiplied byl／0．095（0．095is the mean value of RNA－P／yeast  

RNA）andthenthe amount of the RNAiscalculatedas23．8jLg／mgdrycell（＝2．38％）．  

Thisvalue resemblestothoseofSbccharo刑グCeSSp．，EbniciHhLmSp．，Asi）ergilhLSSp．described  

inapaperofKuroiwaandHorie14）．  

The major components of nucleotidesbothinmycelium andin culture brothwere  
AMPandUMP．CMPandGMP were foundinlnany CaSeS，butin alittle amount．  

The distributionpatternOfnucleotide maybelongunderthe planttypeasproposedby  
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ー  
ShilnaZOnO15）．   

Comparingthe totalamountofmononucleotidesoftheculturebrothwith that of  

themycelium，it wasfioundthatthemononucleotideinmyceliumwasonefifthtoone  

tenth of thatin cell－free medium，bothincasesofTandUmedium．Thctotalamount  

of free mononucleotides was no more than one twentieth of the amount of mycelium  
RNA・Aslikeasourobservation6）in fruiting body of Lentinus edodes and L5aHiota  

bi＊oYuS，the free mononucleotidcswere containedin a slight amountcomparedwithits  

OWn RNA．inthecasethatthemyceliumwasgrownina satisfactory condition・   

Nakaoetal16）reported the formation of3′－and／or5′一nuCleotides by the degra－  

dationofendogenousRNAinyeasts．ThepatternOfnucleotidesformedwasdiffered  

in speciesandalsoin thepH ofmediumused．Itisreasonable to consider that the  

enzymes which degrades nucleic acid may attack the mycelium RNAin a certain  
OptimalpH range，after the timeattainedatthe maximum growth．From thc point，  

OneCulturewascarried outunderthepHrar）gebelow5（inmed血11T），andtheother  

around7（in medium U）．Asa result，the excretion of260mjL absorbilュg Substanccs  

andofnucleotideswaslargerin medium T thanin mcdium U．The fact may be  

interpretedbさ－theactionofnucleic acid degrading enzymein a region of acid side．  

ThecnzymeswhichdecomposeyeastRNAinacidsidewerefoundinfruitingbodyof  

LentillLESedodes17）andPsamotGbi＊orus．18）Thecrudeenzymes from themycelium of  

CoObiavehEt＊csgrowninstaticcutturelg）degradeditsownRNA．   

Forthepurposeof application ofgrownmycelium tofoodstuffs，WearenOWCarry－  

ingon some experimentsreferringtotheformationof5′－GMPand other nucleotides  

bythedegradationofmycelialRNAwithitsownenzymes．Theresultswi11bepub－  

1ishedi11a SuCCeSSive paper．  

要   

シイタケ，シメジなどきのこ類には5′一グアニル酸（5′－GMP）が見出されるが，これは旨味の  

強い呈味成分である．きのこ類の液内培養は菌糸佐を食用，飼料用に利用する目的で開発されてい  

るが，この菌糸体や培養液に5′－GMPなどヌクレオチド類が蓄砧されるか否かは興味深いことで  

ある．   

本報では食用きのことえのきたけの菌糸休を液内寅亜培養したときの5′－ヌクレオチドなど核酸  

成分の変化をしらぺた．   

窒素源として洒石較アンモンあるいは尿素が使用されたが，前者ではpHが3．0迄低下し，後者  

ではpHは7．0付近を上下した．はじめ培地成分として加えられた無職燐酸塩の大部分が菌糸体内  

に取り込まれ，菌糸体内の総燐の15％以上がRNA一俵で占められた．菌糸休の生育が止った後に  

そのRNAが分解され，ヌクレオチドが培地内に分泌された，仝燐に対するRNAの比率ほ菌糸体  

の生育相に相関していた．菌糸体及び培地内の主要なヌクレオチドはAMPとUMPであった．  

▲  
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