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I GENERALINTRODUCTION

Themushroomshaverecentlybecomeattractiveasfunctiona]foods,andtheir

extractsarewidelysoldasnutritionalsupplementsandtoutedasbeneficialforhealth

(Borchersetall,1999)I Themushroomsarealsoexpectedtobecomesourcematerialsfor

developmentofdrugs･ Somepapersrecentlyhavedescribedthatsomeofisolatedand

identifiedsubstancesofhigherBasidiomycetesmushroomsorlglnexpressedpromlSlng

antitumor, immunomodulating, anti-hypercholesteroletic, antiviral, antibacterial, and

antiparasiticeffects(WasserandWeis,1999)･ Inparticular,theeffectivemushrooms

againstcancersofthestomach,esophagus,lungs,etc.arewell-knownintheU･S･A･,Canada,

Russia,Korea,aswellasJapanandChina. Thereareabouttwohundredsspeciesof

mushroomsthathavebeenfoundtomarkedlyinhibitthegrowthofdifferentkindsoftumors

(Chiharaetal"1969,Komatsuetal.,1969,Nanbaetal･,1987aandMizunoetal"1990a,b)･

Itisconsideredthatsearchingfornew antitumorandothermedicinalsubstancesfrom

mushroomsandstudyingthemedicinalvalueofthesemushroomshavebecomeamatterof

greatsign泊cance.

Ikekawaetal(1968,1969)reportedthatthehotwaterextractsfromsomekindsof

mushroomsshowedsigniBICantantitumoractivitiesagainstimplantedtumorofSarcoma180

throughhost-mediated･ ManyInvestigatorshavereportedthatantitumorsubstanceswere

isolatedandidentiBed丘omsomekindsofthemushrooms,andanantitumoractivityof

mushrooms was appeared to be attributable to the polysaccharides and



polysaccharide-protein complexes contained in themselves･ These antitumor

polysaccharidesandpolysaccharide-proteincomplexeshadbeenisolatedandcharacterized

frommanykindsofmushroomsasfollows･,Lentinusedodes,"Shiitake"(Chiharaetall,1969,

1970),GriJblaPondosa,"Maitake"(Nanbaetal.,1987a),Agaricusblazei,"Himematsulake"

(MizunoetaL･,1990a,b),SchizophyllumcommMe,"Suehirotake"(Komatsuetal"1969),

Coriolusversicolor,"Kawaratake"(Tsukagoshietall,1984),FLamm uLina velulipes

"Enokitake"(Ikekawaetal.,1982),Auriculariaauricula-judae,"Kikurage"(Misakietal･,

1981),Ganodermalucidum,"Man-nentake"(Mizunoetal.,1984),Amanitamuscaria,

"Benitengutake"(Kihoetal･,1992),PolyporousconJTuens,"Ningyotake"(Mizunoetal･,

1992),Tricholmagiganteum,"Niohshimeji"(Mizunoetall,1995),Ganodermatsugae,

"SongshanLingzhi"(Wangetal.,1993),Pleurotussajor-caju,"Houbitake"(Zhuangetall,

1993),CTyPtOPOruSVOIvatus,"Hitokuchitake"(Kitamuraetall,1994)andSarcodnaspratus,

"Koutake"(Maruyamaetal.,1989).

Itiswellknownthattheantitumorpolysaccharidesinthesemushroomsenhancethe

immunomodulatingeffectsinhost(DiLuzio,1985)･ Hence,thesepolysaccharidesare

recognizedasabiologicalresponsemodifier(BRM)･ Chiharaetal(1969,1970)isolated

andpurifiedlentinanfromthehotwaterextractofL･edodes･ Lentinanhadastrong

antitumoreffect;itmarkedlyinhibitedthegrowthofSarcoma180implantedsubcutaneously

inmice,inducingalmostcompleteregressionoftumorsatdosesof1mg●kg-1×10without

toxicity･ IthasbeenalsoreportedthatlentinanshowedprominentantitumoractNltyln

murineallogeneicandsyngeneichost(Zikanyetal･,1980,Roseetall,1984andSugaetal･,
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1984)I Itiswidelyacceptedthattheactivatedimmunocompetentcells,suchas

macrophages,cytotoxicTcells,andnaturalkiller(NK)cells,inhostusuallyplayimportant

rolesintumorimmunity(Maedaetal.,1974andHamuroetaL.,1978). Thesereports

suggestthatthelentinanactsasanimmunomodulatortodeveloptumorimmunityagainst

allogeneicandsomesyngeneictumors. Inaddition,Nanbaetal(1987b,C)rerx)rtedthatthe

extractcontaininglentinan&omL.edodesfruitingbodiesshowedantitumoreffectson

allogeneicandsyngeneictumorsa鮎roraladministration.

Grifolanhasbeenisolatedandpurified&omG･frondosamycelium(Ohnoetal"

1985)･ And,theantitumorβ-glucan(designatedasGGF)wasextracted丘omG･frondosa

fruitingbodybyNanbaetal(1987a)･ Thegrifolanadministeredinvivoenhanced

immunoreactivity,inducingactivationofmacrophages,cytotoxicTcellsandNKcells(Ohno

etal･,1986a,b,Takeyamaetal.,1987,Adachietal.,1989and1994)･ Ithasbeenalso

reportedthatGGFhavestronghosトmediatedantitumoractivityagainstvarioustumors

(Nanbaetal･,1987a)･ Ithasbeenalsoreportedthatantitumorpoysaccharidessuchas

schizophyllanfromS.commune,PSKfromC.versicolor,SSGfromSclerotiniasclerotiorum

(Ohnoetal.,1986),FIo-a-β丘actionfromA.blazei(Mizunoetal･,1990a)andH-3-B

丘actionfrom C･volvalus(Kitamuraetal･,1994)wereisolatedandpurified･ Indeed,

lentinanandschizophyllanhavebeenappliedclinically(Azuma,1987)･

ManylnVeStigatorshavereportedthattheseantitumorrx)lysaccharidesplayedan

importantroleinimmunesystem･ And,theantitumorandimmunomodulatingactivitiesof

thesepolysaccharideshavebeenextensivelystudied･ However,littlehasbeenreported
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Thefruitingbodiesofmedicinalmushroom
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Ppt. StLP.
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ete.

Antitumorpolysaccharide

SchemeI. Extractionofanantitunorpotysaccharideby

traditionalmethodasdescribedbyChiharaetal(1970)aJld
Nanbaetal(1987a)

whetherthecontentsandantitumoractivitiesofthesepolysaccharideschangedduringgrowth

andstorageofthemushrooms･ Althoughtheanalyticalmethodsofpolysaccharideshave

improvedconsiderably,itisstilldifficulttopurifyandquantifythepolysaccharidesas

summarizedinSchemeI(Chiharaetall,1970andNanbaetal･,1987a)･Thepolysaccharides

areextractedfromthefruitingbodieswithhotwaterfc･rlongtime(8to15hr),andthenthe
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polysaccharidefractionswereobtainedbyprecipitationwithethanolandthedetergent･

Furthermore,thefractionswereextractedunderacidicconditions. Andthen,theextracts

wereseparatedandpurifiedbyion-exchangeandgelchromatography,andfinallythe

purifiedpowdersofantitumorpolysaccharideswereobtained･ Thus,ltisverytediousto

obtainthepolysaccharidesreproducibly,anddifficulttodeterminethem exactly･ This

seemsareasonwhynopaperhasreportedhowthecontentsofantitumorpolysaccharides

changedinthemushroomsduringgrowthandstorageofthefruitingbodies. However,

immunoassayseemstobeasimpleandexactmethodthatmaymakepossibleamoreprecise

analysisofapolysaccharide(Takanoetal.,1988,Douwesetal,1996). Indeed,some

papershavereportedthatantibodiesagainstseveralpolysaccharideswerepreparedand

appliedfordetectionanddeterminationofthepolysaccharides(Meikleetalリ1991,Kikuchi

etall,1993)･ Recently,Tabataetal(1990)reportedthattheyhadbeenabletoprepare

polyclonalantibodiesagainstanantitumorpolysaccharide,schizophyllan&omS･commune･

And,Hirataetal(1993)reportedthattheyhadsucceededinpreparingamonoclonalantibody

agalnStSChizophyllan･ Adachietal(1994)hadreportedaboutthepreparationof

polyclonalantibodiestogrifolan-BSA (bovineserum albumin)conjugate. Inorderto

establishtheexactandsimpleanalysisfortheantitumorpolysaccharidesinmushroomsbyan

immunochemicalassay,theauthorplannedtoprepareafewanti-polysaccharideantibodies,

andthenattemptedtoapplytheenZymelinkedimmunosorbentassay(ELISA)todetermine

thepolysaccharidesinthemushroomsusingtheseantibodies,inthisstudy･ Moreover,in

ordertoelucidatewhetherthecontentsofantitumorpolysaccharideschangeduringstorageof
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themushrooms,thechangesinthecontentsofafew antitumorpolysaccharideswere

investigatedunderafewdifferentstorageconditionsofmushrooms･

InChapterII,antibodiesagainstlentinanandGGF,asanantitumorpolysaccharide,

wereprepared･ Thespecificitiesandcharacterizationsoftheseantibodieswereexamined

toestablishtheinhibitionassayofELISA asaneffectivemethodforquantificationof

antitumorrx)lysaccharidesinthemushrooms･ InChapterIII,theELISAinhibitionassay

wasappliedtodeterminethelentinan-likeandGGF-likepolysaccharidesinsomeedible

mushrooms･ And,itwasinvestigatedtheprocessofaccumulationoflentinanandGGF

duringgrowthofL･edodesandG.Pondosa,respectively. Moreover,thelocalizationof

lentinanini edodestissuewasexaminedbyimmunohistochemicalanalysisusing

anti-1eminanantibodies. InChapterIV,thechangesinthecontentsoflentinanandGGF

duringstorageaccompamiedbythequalityreductionofthefruitingbodieswereexaminedby

theinhibitionassayofELISA. Simultaneously,thechangeintheproductionsoftumor

necrosisfactor-α(TNF-a)andnitricoxide(NO)fromstimulatedmurinemacrophagesasthe

indicatoroftheimmunomodulatingactivityofL.edodeswithdecreaseinlentinancontents

duringstorageoffruitingbodieswasexamined･ Sinceantitumorpolysaccharidesd()not

showanydirectcytotoxicityagainsttumorcells(MaedaandChihara,1973),theymayexert

theireffectsthroughactivationofvariouseffectorcelltypesintheimmunesystem(Wonget

al.,1994a,b and c),and theireffectsare recogmized asimmunomodulating or

immunostimulatingactivities･ Recently,ithasbeenreportedthattheseimmunomodulating

polysaccharidesstimulatedimmunocomplementcellssuchasmacrophages,andcouldinduce
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theproductionsofsomekindsofcytokinesthatattackedtargetingtumorcells(Liuetal"

1996,0kazakietal.,1995andSakuraietal.,1994). Ithasbeenreportedthatmurine

peritonealmacrophagesstimulatedwithlentinanproducedseveralcytokines,TNF-αandNO

(Ker6kgy孟rt6eEal･,1996,Irinodaetal･,1992)･ TNF-αisrecognizedastheprimary

cytokineproducedmainlybyactivatedmacrophages;itisanimportanthostdefensemolecule

thataffectstumorcells(Carswelletal.,1975). Theworksinseveraldisciplineshave

convergedtoestablishNOasamajormessengermoleculeregulatinglmmunefunctionin

host(I-i)WenSteinandSnyder,1992).

InChapterIV,theauthoralsoinvestigatedtherelationshipbetweenthedecreaseof

lentinancontentandtheincreaseofβ-glucanaseactivity･ A5itwasseemedthatβ-1,

31glucanaseactlVltyWasassociatedwithlentinandegradationduringstorageofL･edodes,

theseenzymeswereisolatedandpurified,andexaminedsomepropertiesoftheminChapter

V･ And,inordertoclarifythedegradationmechanismoflentinan,thechangepatternof

theP-1,3-glucanasesynthesisinfruitingbodyofL.edodesduringstoragewasinvestigated

bywesternblottmganalysis･ InChapterVI,theauthordiscussedtheutilityofELISAas

thestrategyforquantificationofantitumorpolysaccharidesinmushrooms,andthedecrease

inlentinanexaminedbythisELISAmethodduringstorageofL･edodesanditsdegradation

mechanism,onthebasisofalldataobtainedinthisstudy.
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II ESTABLISHMENTOFELISASYSTEM FORDETEM INATION

OFTHEANTITUMORPOLYSACCHARIDES,LENTINANANDGGF

ⅠⅠ-1 INTRODUCTION

Itisknownthatlentinanisaβ-1,6branchedβ-1,31glucanisolatedfromLentinus

edodes"Shiitake"fruitingbody(Chiharaetal"1969and1970),andGGFisaβ11,3

branchedβ-1,61glucanfromGrifola舟ondosa"Maitake"丘uitingbody(Nanbaetal･,1987a)･

Theyshowprominentantitumoractivitiesinmurineallogeneicandsyngeneichosts,andtheir

immunopharmacological properties are well characterized as T-celll0riented

immunopotentiatorinwhichmacrophagefunctionstakesomepart(Maedaetall,1971,

MaedaandChihara,1971and1973)･

Itcanbeassumedthattheestablishmentofexactmethodforthedeterminationofan

antitumorpolysaccharideleadstotheclarificationofthebehaviorofthepolysaccharidein

themushroom･ Inthischapter,thus,theauthorpreparedthepolyclonalantibodiesagalnSt

lentinanandGGF,andplannedtomakeuseofenzyme-linkedimmunosorbentassay(EuSA)

toquantifysimplyandexactlyanantitumorpolysaccharideinthemushroom&uitingbodies･

lI-2 MATERIALSANDMETHODS

AnEiEumorpotysaccharides

Purifiedlentinanwaskindlygi鮎dbyAjinomotoCo･CTokyo,Japan)･ GGFwas

isolated&omthefruitingbodyofG.PondosaaccordingtothemethodofNanbaetal
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(1987a)A ThelyophilizedpowderofG.Pondosa(50g)wasmixedwith1literofdistilled

water･ ThemixturewasheatedatlO伊Cfor10hrandfiltrated,thenthesupernatantand

equalvolumeofEtOHwerecombinedandleftat4oCfor12hr･ Theprecipitatewas

separatedbycentr血gation(10,000×g,30min)anddissolvedindistilledwater･ 25%

cetyltrimethylammoniumhydroxidewasaddeddropwisetotheaqueoussolutionwithstimng

untilnomoreprecipitateswasformed(pHexceed12). Alltheprecipitateswerecollected

bycentrifugation(10,000X蛋,30min),andsuspendedinl･2litersof20%aceticacid,and

stirredfor5minatOoC･ An dthen,theprecipitateswereobtainedbycentrifugation

(10,000×g,30min)･ Furthermore,theprecipitatewaswashedwith1literof50%acetic

acidfor3minatOoCbystirringinWaringblender,centrifuged(10,000×g,30min),and

fractionatedintoinsolubleandsolubleparts. Theinsolublepartwasdissolvedin2litersof

6% NaOH,contaminantswereremovedbycentr血gation(10,000×g,30min)･ 4

VolumesofEtOHwereaddedtothesupernatant,andtheprecipitateformedwascollected,

washedtwicewithEtOHandthenoncewithether,anddriedundervacuumtoglVepowdered

fraction. The&actionobtainedwasdissolvedinwaterandthesolutionwastreatedwitha

2:1(V/V)mixtureofCHC13andMeOHtoremoveprotein. Theaqueous&actionwas

recovered,and4volumesofEtonwereaddedtothesolutiontoobtaintheprecipitate･

TheprecipitatewasfurtherpurifiedbyamiOnexchange(DEAE-SepharoseCL16B,42･6x34

cm,Am ershamPharmaciaBiotech,Am ersham,UK)andgelfiltration(SepharoseCL-4B,4I

2.5x45cm,Am ershamPharmaciaBiotech)chromatography･ Thelightbrownpowder

wasobtainedasGGF.
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Animal

NewZealandWh iterabbit(female,16weeksofages)waspurchasedfromJapan

SLCCo･(Shizuoka,Japan)･

Otherpotysacchan'des

Laminarin(β-1,3-glucan)andDextran (α-1,6-glucan,Mw;1.1×104)were

purchasedfromSigmaChemical(St･IDuis,MO)･ Pullulan(α-1,6-glucan,Mw･,85･3×

104)waspurchasedfromShowaDenkoCo.(Tokyo,Japan). GalactanextractedfromGum

Arabicwaspurchased丘omAldrichCol(Milwaukee,WI)･ Am ylose(αll,4-glucan,Mw;

2･9× 104) waspu,chasedfrom Nacalai TesqueCo.(Kyoto,Japan). Pustulan(β-1,

6lglucan,Mw;2.0×104)waspurchasedfromCalbiochemCo.(LaJolla,CA).

PrepwaLionofanti-ECntinanandanLi-GGFantibodies

LentinanandGGF(0･5mg)weredissolvedin1mlofphosphatebufferedsaline

(PBS,pH 7･2)･ ThesesolutionswereemulsifiedwithanequalvolumeofFreund's

completeadjuvant,respectively. Theemulsionswereinjectedsubcutaneouslyat10

differentsitesinthebackoftherabbits,individually･ HalfvolumeoflentinanorGGFin

firstdosagewasboostedagaintwoweeksaRerRrstlnJeCtion･ ARertheboost,theblood

wascollectedtoobtainanti-1entinanandanti-GGFseraseveraltimeseveryol一eWeek. The

serawerestoredat-800Cuntiluse. ARermeasurementoftheseantiseratiters,therabbits

wereexsangulnated･ Finally,IgGfractionsintheobtainedantiserawereseparatedby
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ProteinG(Am ershamPharmaciaBiotech)affhitychromatography,andthesefractionswere

usedasanti-1entinanandanti-GGFantibodies,respectively･

Titel'Oftheantisera

The一itersoftheanti-1entinanandanti-GGFantisera,respectively,Weremeasuredby

thedirectassayofELISAasfollowing･ Thesolution(100ト▲1)ofantigens(lentinanor

GGFinPBS,50BAg･mrl)wereplacedinmicro-titerwells(96wells,SumitomoBakeliteCo.,

Tokyo,Japan),andcoatedovernightat4oC･ Then,allwellswereBlledwithPBS

contalnlng1%Skimmilkforblockingandkeptfor2hrat20oC. A鮎rtheblocking

solutionwasremovedbydecantationandwashedthreetimeswithPBS-Tween(0･02%

Tween20inPBS),100Liloffrom1:1,000to1:1,000,000dilutedantiserawasaddedtothe

micro-literwells. Thewellswereincubatedfor1.5hrat20oC. ARerwashinganother

threetimeswithPBSITweensolution,100Lilof1:2,000dilutedhorseradishperoxidase

(H良P)-conjugatedgoatanti-rabbitlgGantibody(WakoPureChemicalindustriesLTD･,

Osaka,Japan)wasaddedtothewellsandincubatedfor1.5hrat20oC. Afterfrequent

washingandcolorationwithH20210-phenylenediamine(100トIl),theabsorbanceat492nm

wasmeasuredbyamicroplatereader(MTP-120,CoronaElectricColLTD･,Japan)I

ELLSAinhibL'Lionassay

An inhibitionassayofEuSAwasusedtoconfirmthehigherspecificityofthe

anti-lentinanandanti-GGFantibodies,respectively,agalnStSeveralpolysaccharides･ The
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solutionofantigens(lentinanorGGFinPBS,50pg･ml~1)wascoatedonmicro-literwells

overnightat4oC,andthereafterthewellswereblockedwith1% skimmilksolutionin

PBS-Tween･ Inparallel,theeachantibodywasincubatedwiththesamplesorvarious

standardpolysaccharidesdissolvedinPBSfor30minat40C. A鮎rwashingthewells

withPBS-Tween,thesolution(100ト11)miXedwithantibodiesandsampleswereaddedtothe

wells･ Theplateswereincubatedfor1hrat200CandwashedwithPBS-Tween. An

HRp-conjugatedgoatanti-rabbitIgGantibodywasadded,andtheplateswereincubatedfor

l･5hrat2(PC･ AfterwashingandcolorationwithH20210-phenylendiamine(100ト11),the

absorbanceat492mmwasmeasured.

QuanLij;cationoflenLinancontentsfnL.edodesexLTaCtわ･ELLSA

CrudeantitumorpolysaccharidesfractionsfromL･edodeswaspreparedessentially

accordingtoChiharaetal(1970)･ Thefreshfruitingbodies(20g)werehomogenatedwith

liquidmitrogenbyaWarningblenderandlyophilized･ Thelyophilizedsamples(2g)were

extractedwithhotwater(100ml)for8hr･ Thesuspensionswerefiltratedtoremove

insolublematters. Thecrudelentinanfractionswereobtainedbyprecipitationwithequal

volumeofEtontothefiltrate. Thecontentoflentinaninextractwasmeasuredbythe

directassayandtheinhbitionassayofELISA･
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ⅠⅠ-3 RESULTS

TL'Lerofanti-1entinananLisel･um

AntHentinanantiserumwasraisedinarabbitbyimmunization. Thetitersof

antillentinanantiserumasevaluatedbyadirectassayofELISAareshowninTableIIll･

Theserumbeforetheinfectiondidnotresrx)nseagainstlentinan. Theliteroftheantisera

wereexpressedthedilutionmagnificationthatwasglVenanequalabsorbanceof

non-immunizationserum(TableII-1)･ Thetiterofanti-1entinanantiseraincreasedtothe

maximumintwoweeksafterfirstinfection. A鮎rtheboosterdose,itkeptthemaximum

valueforaboutonemonth(FigureIIll). Therefore,theanti-1entinanantiserumatday35

wasusedforfurtherexperiments.

TableIト1. Reactivityortherabbitanti･lentillan
serumasassesscdbyEuSAdirectassay.

Dilution AbsorbaAce

ofantisera at492tLrn

1:100 1.189

1:1,000 0.163

1:10,000 0.020
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ThedetenninaLi'onofLenEinanbyELtSA

AsshowninFigureIト2,astandardcuⅣewasobtainedbythedirectassayofELISA･

ThelinearcalibrationcurvewasobtainedintherangeofO･5to2rAg●mrl･ TableII12

showslentinancontentinL.edodesextractasassessedbyELISAdirectassay. Although
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FigureII-2.Calibrationcurvefor)entinanbydirect
assayofELISAusinganti-1entinaLnantibody･ The
barshowedtherangeoflinearCalibrationcurve･
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theconcentrationofL･edodesextractwasaltered,lentinancontentdidnotchange

(approximalely2ug･mrlextract). Thisresultsuggestedthatlentinaninthemushroom

extractcouldnotbedeterminedbythismethod. Then,theauthorplannedtodetermine

lentinanbytheinhibitionassayofELISAasanotherapplication･

TableIIl2.LentinancontentinL.cdodcsextract

asassessedbyELISAdirectassay.

Dilutionor Lentinancontent
extract (pg.m]'lextract)

1:100 2.1:±0.5

1:500 2.3:±0.5

1:1,000 2.3±0.4

As showninFigureIト3,astandardcurvewascalculatedforthedeterminationof

lentinanbytheinhibitionassayofELISA. Theanti-1entinanantibodiesreactedwith

lentinanintherangeof1to500帽 ●ml-1･ Intherangeof2to50pg●m1-10flentinan,the

linearcalibrationcurvewasobtainedbytheinhibitionassayofELISA･ Thecontentof

lentinanintheiedodesextractscouldbemeasuredwithdose-dependencybythismethod

(TableIト3). Thisresultsuggestedthatlentinancontentsofthemushroomextractcouldbe

determinedbytheinhibitionassayofELISA･
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TableII･3.LentinancontentinL.eddesextract

asassessedbyELISAinhibitionassay･

Dilutionof Letltjnancontent
extract (ドg･ml~lextract)

1:100 29.2±4.6

1:500 12.1±0.7

1:1,000 2.9±0.6

SpecIJiciOofanti-tentinanantibody

Thespecificityoftheanti-lenlinanantibodyasassessedbyELISAinhibitionassay

wasexaminedbyuslngSeveralauthenticpolysaccharidesasshowninFigureIト4･ The
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anti-lentinanantibodyshowedsignificantreactionwithonlylentinan,anddidnotreactwith

laminarin,p-1,3-glucanstraightchainthatcomposedofthemainchaininlentinan,and

galactan･ However,itdidnotrecognize(1-glucose-bondssuchasdextran(α-1,6-glucan)

andamylose(α-1,4-glucan)･ ThisresultsuggestedthattheinhibitionassayofELISA

weresufficientlyappliedtomeasurethelentinancontentsinthemushrooms.
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FigurelI･4. Specificityofants-lentinanantibodytopolysaccharides･ The
spccirlCityorarltibodyagainst(0);Lentinan,β-1,3･glucan,(■);Amylose,α-1,4-
glucan,(◆);Galactan,(●)Laminarin,β-1,31glucan(▲);Dcxtran,a-1,6-glucan･

TL'teTOfanLi'-GGFantiserum

Anti-GGFantiserumwasraisedinarabbitbyimmunization･ Theabsorbanceat

492nmfortheantiserumasevaluatedbyELISAisshowninTableII-4･ Theserumbefore

theinfectiondidnotresrx)ndtoGGF･ Thetiterofanti-GGFantiserumwasincreasedto
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maximumwithintwoweeksaRerfirstinfection,anditwaskepthighleveltoday28(Figure

II-5)･ Therefore,theantiserumatday28wasusedforfurtherexperiment.

TableII･4･ Reactivityoftherabbitants-GGFserum
asassessedbyELISAdirectassay.

DitutiotL AbsorbaticC

ofatltisera at492nm

1:1,000 1.229

1:10,000 0.275

I:100,000 0.039

1

(So
t

x
)
J

37!L

0 7 14 21 28 35
Days

FigureII･5･ TheLiterofanti･GGF
antisera. Theantiserawerecollected

at14,21,28and35days.

AstheinhibitionassayofELISAwasavailabletothedeterminationoflentinanas

describedabove,StandardcurvewascalculatedforthedeterminationofGGFbythesame
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method･ As showninFigureII-6,theanti-GGFantibodyreactedwithGGFintherangeof

o･5to100pg●ml-1･ AlinearcalibrationcurvewasobtainedintherangeofO･5to10

Llg.m1-1ofGGF･ ThisresultshowedthatGGFcontentsmightbemeasuredbyuslngthe

anti-GGFantibodypreparedinthisexperiment
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Concehtration(LJg･ml~1)

FigureIIl6･Inhibition-dilutioncurveforGGFbyELISAusing
anti-GGFantibody･ Thebarshowedtherangeofalinear
calibrationcurye.

SpecIJicityofanti-GGFantibody

Thespecificityoftheanti-GGFantibodytosomepolysaccharidesusingthe

inhibitionassayofELISAisshowninFigureII-7･ An anti-GGFantibodyreactedwilh

GGFsignificantly,andslightlywithlentinan. However,theanti-GGFantibodydidnot

recognizelaminarinandpustulan(astraightchainofβ-1,6-glucan),andpullulan(astraight

chainof(ユー1,6-glucan). ItwasprovedthatGGFcontentinthemushroomcouldbe

sufBcientlymeasuredbyELISAinhibitionassay･
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FigureII-7･SpeciGcityofanti･GGFaALibodylopolysaccharides.ThespcciGcity
ofaJItibodyagainst(◇);GGF,声･(1,6)･ghcatl,(○);Lentinan,β･(I,3)･glucaJI,
(●);Laminarin,β･(1,3)-gltlCan,(▲);PtIIIulaTI,a-(1,6)･glucatI.

ll-4 DISCUSSION

As showninFigureII18,1entinanhastwobranchesforevery丘veD一glucopyranosyl

residuesatOl6(Chiharaetall,1970,SasakiandTakasuka,1976,Saitoetal.,1977,1979)･

And,GGFhasPll,31glucosesidechainsontheP-1,61glucosemainchains(Nanbaelal･,

19871･ TheaveragemolecularweightsoflentinanandGGFarededucedas400,000and

2,000,000,respectively. TheaveragemolecularweightoflentinanandpurifiedGGFwas

determinedtobeca･380,000and2,000,000,respectively,byGPCanalystsandgelfiltration

onSepharoseCL4BusingfollowingBlueDextran(Mw;2,000,000)andstandardpullulan:

p-800(Mw;850,000),p-400(Mw;380,000)andP-200(Mw;186,000)･ Theseaverage

molecularweightscoincidedwiththepreviousdata(Nanbaetal･,1987a).
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FigureII-8.Thestructuresofalltitumorpolysaccharides.

Theantitumormechanism oftheseglucansisthoughttobebyactivationof

immunoresponsesinthehost(DennertandTucker,1973,DresserandPhillips,1974,Habaet

all,1976,Hamuroetal･,1978,乙ikanyetall,1980a,band1983,HamuroandChihara,1984,

Ohnoetal･,1985and1986a,b,Takeyamaetal.,1987andAdachietal.,1989and1994)･

However,itwasinsufficientlyclarifiedwhetherthecontentsoftheseantitumorglucans

changedin丘･uitingbodiesduringstorageofthemushrooms･ hordertoelucidatethis

problem,itisnecessarytoestablishandimproveanexactandeasydeterminationmethodfわr

anantitumorpolysaccharideinmushroomfruitingbodies･ Therefore,inthischapter,the

authorattemptedtopreparetheantibodiesagairLSttargetingpolysaccharides(lentinanand

GGF)andestablishELISAfordeterminationofanantitumorpolysaccharide･

Anti-1entinanandanti-GGFantibodieswereraisedinrabbitsbyimmunizations
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(FiguresII-1and5andTablesIIl1and4)･ rmeauthorattemptedtousedirectassayof

ELISA fordetermination oftheantitumorpolysaccharidesastheeasiestmethod･

AlthoughlinercalibrationcurveoflentinanwasobtainedinrangeofO･8to2･Opg.ml-1

(FigureIIl2),itwasfailedtomeasurelentinancontentsinL.edodesextractspecifically

(TableII-2)･ Thisreasonwasconsideredthatthetargetpolysaccharidesintheextractsdid

notbindontheELISAplatewithdosedependency･ Theseresultsdemonstratedthat

ELISA directassaywasnotapplicabletodeterminetheantitumorpolysaccharidesin

mushroom extracts･ TheauthorattemptedtodeterminethepolysaccharidebyELISA

inhibitionassay,thoughitseemedtobealittlebitcomplicated.

ThereliableandreproduciblestandardcurvesfordeterminationoflentinanandGGF

contentswereobtainedbytheinhibitionassayofELISAusingthesetwoantibodies(Figures

II-3and6). Andtheanti-1entinanandanti-GGFantibodiesshowedspecificreactionswith

lentinanandGGF,respectively(FiguresIト4and7)･ Thespecificityoftheanti-1entinan

antibodieswasshowninFigureIト4･ Theantibodiesshowedthereactivityagainstonly

lentinanbutnotagainstotherpolysaccharidesatall･ Especia11y,itdidnotreactwith

laminarin,whichcomposedofastraightchainofβ-1,3glucan,thebackboneoflentinan･

Thisseemedtoindicatethattheanti-1entinanantibodiesmightjustrecognizedmainlyβ-1,

6-linkedglucosebranchesrepeatedatregularproportioninβ-1,3-glucopyranosidemain

chains. Inaddition,1entinancontentinextractkomL.edodescouldbemeasuredwith

dosedependencybytheinhibitionassayofELISA (TableIト3)･ Ontheotherhand,

anti-GGFantibodiesrecognizedGGFsignificantly(FigureII-7)･ Itdidnotrecognized
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1aminarinandpustulan,indicatingthatthisantibodymayrecognlZemainlyacertaincoreof

theratioofβ11,6-linkedglucosetoβ-1,3-linkedglucoseresidues.

Theanti-GGFantibodyalsorecognizedslightlywithhighconcentrationorlentinan

(100Llg･ml-1). As thestructureoflentinanissimilartoGGF(FigureIIl8),theanti-GGF

antibodiesmightreactwithlentinanathighconcentrations･ Theaveragemolecularweight

ofGGFandlentinanare2,000,000and400,000,respectively,meanlngthatthespecincityof

thisantibodyagainstGGFisapproximatelya51foldmolarratiocomparedtolentinanwhen

ELISAinhibitionassayofGGFandlentinanshowsthesamevalues(FigureIト7)･ These

resultsprovedthatlentinanandGGFcontentscouldbesufficientlymeasuredbythe

inhibitionassayofELISAusingtheanti-1entinanandanti-GGFantibodies,respectively,

preparedinthisexperiment.

Anothermethodusedtomeasureβ-1,3-glucanswithaglucan-reactivepreparationof

Liminusamebocytelysate(LAL)hasrecentlybeendescribedbyRylanderetal(1992),and

Obayashietal(1995)･ Thereactivitiesofseveralβ-1,3-glucansinthisassaywere

reportedearlier(Mikamietal.,1982,RoslanskyandNovitsky,1991,Tanakaetall,1991and

Aketagawaetal.,1993,Nagietal.,1994), Althoughtheglucan-reactiveLALtestisvery

sensitive(1to10pgofβ-1,3glucanperml),itprobablyisnothighlyspecificsinceitalso

reactswithotherglucanssuchasglycophoran(β-1,6glucan),andwithD一mannanand

dextran(Mikamietall,1982andTanakaetal･,1991)･

Inconclusion,theinhibitionassayofEuSAwasthebestsuitablemethodforthe

determination of antitumor polysaccharides in the mushrooms specifically and
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reproducibililylnSOmedeterminationanalysisforpolysaccharides･ Hence,theauthor

usedtheinhibitionassayofELISAfわrthedeteminationofantjtumorpolysaccahridesin

followlngtheChapterTIT,lVandV.

(1-1)
●●
●+YYYYYYY

(2)
長文長文

●二⊥ 二 皇 !

FigtJreII-9.ELISAinhibitionassay

● ;antigen Y;pritnatTantibody Y;Seco山daryanlibody
ヰ;HpOO10rSeradishpcroxidase)

(1)Primaryantibodyincubation.

1-1･Incubatethesampleindilutedprimaryantibodyfor30minat4oC･
1-2･Incubatethecoatmgwellwiththemixtureofsampleandprimary

antibodyfor1hrat20oC.
1-3･Rinsetheweutoremovetheconjugationsofsampleandantibody･

(2)Secondaryantibodyincubation･

Incubaletheweuinthedi】utedHRPlabeuedsecondaryantibodyforl･5
hrat20oC.
(3)Detection.

AftercolorationwithH202-0-phenilenediamineforlOminatroom

temperature,absorbanceat492nmismeasured･
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III APPLICATIONOFIMMUNOCHEMICALASSAY

ⅠⅠⅠ-1 INTRODUCTION

ManyInvestigatorshasreportedthatseveraldifferentpolysaccharideantitumor

agentshavebeendevelopedfromthefruitingbody,myceliaandculturemediumofvarious

mushrooms(WasserandWeis,1999andBorchersetal.,1999). Sarcodonaspratus,

"Koutake" (Maruyama etaZ, 1989 and Mizuno etall,1999),Agaricusblazei,

"Himematsutake"(Mizunoetal.,1990a,b,Itoetal.,1997andMizunoetal.,1998),

Agaricusbisporus,"Tsukuritake"(NanbaandKuroda,1988)andFlammullLaveluttpes,

"Enokitake"(Leungetall,1997)containedthepolysaccharidesthatshowedsignificant

antitumoractivities･ InChapterII,theauthorsucceededinpreparingthetwoantibodies

which reacted specificallywith two antitumorpolysaccharides,1entinan and GGF,

respectively,andtheinhibitionassayofELISAwasfoundtobethevalidestmethodforthe

determinationofantitumorpolysaccharidesamongtheimmunoassays. Inthischapter,the

authorattemptedtoapplytheinhibitionassayofELISAtothedeterminationofantitumor

polysaccharidesin&uitingbodiesofsomekindsofmushrooms･ Moreover,inorderto

conhmthegrowthstagewhenthecontentsofantitumorpolysaccharidesareaccumulatedat

highestlevelinthemushrooms,thechangesinthecontentsoflentinanandGGFwere

examinedduringgrowthofL.edodesandG.Pondosa,respectively･ Inaddition,inorder

toelucidatethesitewhereanantitumorpolysaccharidelocalizedinthe&uitingbody,the

authorattemptedtodevelopanovelmethodthatappliedthereactivityofanti-1entinan
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antibodieswithanatomiCalprintsofL･edodestissueonnitrocellulosemembrane･

Ill-2 MATERIALSANDMETHODS

Mushrooms.

LentinusedodescultivatedinOhya,Hyogowasused･ MeripilusglganteuS,

"TonbimaitakeM,Panellusserotinus,…MukitakeM,SarcodonaspralusandLactariushatsudake,

"Hatsudake"WerecollectedattheseminarforestofMieUniversity. Agaricusbraseiwas

kindlyprovidedbylwadeMushroomInstitute,Mie･ AgaricusbisporusandFlammulina

velutipeswerepurchasedfromalocalmarket. RamariabottytlS,"Houkitake"waskindly

providedbySakekawaAgriculturalCooperativeAssociation,Yamagata･ Hygrophorus

russula,"Sakurashimeji"wascollectedinYamadera,Yamagata. Grifola舟ondosawas

kindlyprovidedbySandaMushroomCenter,NisshokuKosanCo.,Hyogo,andYukiguni

MaitakeCo,Niigata.

LenEinan-h'keandGGF-likepotysDCChaTidescontentsz'nposhtnushrooms

Crudeantitumorpolysaccharidefractionsaomvariousmushroomswereprepared

essentiallyaccordingtoChiharaetal(1970). The&eshfruitingbodies(20g)ofeach

mushroomwerehomogenatedwithliquidnitrogenbyaWaringblenderandlyophylized･

Thelyophilizedsamples(2g)wereextractedwithhotwater(100ml)for8hr･ The

suspensionswerefilteredtoremoveinsolublematters･ Thecrudepolysaccharide&actions

wereobtainedbyprecipitationwithequalvolumeofEtOHtothefiltrate･ Thecontentsof
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1entinan-likeorGGFllikepolysaccharidesinfreshmushroomsweremeasuredbythe

inhibitionassayofELISAasdescribedinChapterII･

ImmunobLoLtl'nganatysz'sinmushroomLi.ssue

L･edodesfruitingbodywasslicedwitharazorblade. Thenitrocellulosepaper

(Am ershamPharmaciaBiotech)wassoakedinO･2MCaC12for30min,anddriedonpaper

towels･ Freshcuttissuewaswashedindistilledwaterfor3S,driedonkimwIPeS,and

blottedonthenitrocellulosemembranefor30S. Themembranewasimmediatelydried

withwarmair. Andthen,themembranewasblockedin20%skimmilkinPBS-Tween

overnightat4oC,treatedwiththeprlmaryantHentinanantibodiesinPBS-Tweenfor1hrat

roomtemperature. A鮎rwashedwithPBS-TweenthreetimeS丘)r5min,themembrane

wastreatedwithHRp-conjugatedgoatanti-rabbitlgGantiserumasthesecondaryantibody

for30minatroomtemperature･ ARerwashedBvetimesfor5min,bindingofsecondary

antibodywasdetectedwiththeenhancedchemiluminescencedetectionmethod(Am ersham

PhamaciaBiotech)･

ⅠⅠⅠ.3 RESULTS

ThecontentsofLentinaninvaTiousPeshmushrooms

ThCCOntentSOflenlinanorlentinan-likepolysaccharidesinmushroomswere

calculatedbyinhibitionassayofELISA･ AsshowninTableIIト1middlecolumn,the

contentoflentinaninL.edodeswashighestandwas3.5mg･g-I&eshweight(f･W･)･ Inthe
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othermushroomstested,thecontentsoflentinan-likepolysaccharidewere2･5,2･3and2･2

mg●g-1f･W･inF･velutipes,L･hatsudakeandS･aspratus,respectively･ lncontrast,thosein

M･giganteus,P･serotinus,H･russulaandG.PondosawerelessthanthoseinF.velutipes,L･

hatsudakeandS･aspratus,thesebeingIlo,0･9,0･8andO･9mg.g-1f･W･,respectively･

However,thelentinan-likepolysaccharideswerenotdetectedinA.bra2m',A bisporusandR･

bortrylSatall.

TableIII-I.ThecontentsofleAtitLanandGGFillmushroomsas

assessedbyEuSAusingaJlti-lentinanandahti･GGFantibodies･

Mushrooms
contentofpolysaccharide(mg･g~lf.W.)

Lentinan GGF

AphyIIophoraLes
Ramariabotrytis

GliforaPonくわsa

Sarcodonaspratus

Mert'pilusglganteuS

Agaricales
Panellusserotinus

Lactariushatsu血ke

Lentinusedodes

Hygrophorusrussula

Agaricusblazei

Agaricusbisporus

Flammulinaveluh'pes

O Irace

0.少土0.6 2.4士1.0

2.2土0.$

1.0土0.2 0.8土0.04

0.9土0.2 7.3土1.2

2.3土0.8 4.1±1.0

3.4士0.4 3.Oよo.5

0.8土0.2

2.5土0.2 6.6土2.I
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ThecontentsofGGFinvan'OusPeshmushrooms

ThecontentsofGGForGGF-likepolysaccharidesinmushroomswerecalculatedby

inhibitionassayofELISA As showninTableIII-1rightcolumn,thecontentofGGFinG.

舟ondosa was2.4 mg･g-1f.W. Am ong theothermushroomstested,GGF-like

polysaccharidecontentsinP･serotinus,F.velutipes,L.hatsudakeandiedodeswere7･3,

6･6,4･1and3･Omg.g-1f･W･,respectively,andthesecontentsweremorethanthatinG･

frondosa･ Incontrast,thatinM.giganteuswaslessthanthatinG.Jlondosa,thisbeing0.8

mg.g-1f･W･ And,theGGF-likepolysaccharideswerescarcelydetectedinA brazei,A･

bisporusandR.bortrylS.

ThechangesinthecontentsoftenLinanduringEkegrowthofL･edodes

TheL･edodes&uitingbodieswereharvestedatthreedifferentgrowthstages(Figure

IIlll),thatis,thefruitingbodieswereharvestedatearlyformationperiodoffruitingbody

(StageI),atmiddlestageofformationperiod(StageII',thecapopenedmoderately)andat

laststageofformationperiod(StageIII;thecapopenedcompletely)･ Theaverage&uiting

bodyweightofL･edodesatStageIwas9･1±1･4g,andtheywere17･0±2･4gand18･1+-

3･3gatStageIIandIII,respectively･ AsshowninTableIII-2,thelentinancontentswere

93,18･Oand15･9mglnaL･edodesfruitingbodyatStageI,IIandIII,respectively･
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StageI StageII

Growthstage

FigureIll-I.AppearanceofL.edodesduringgrowth.

StageIll

TableIII･2･ThechangesjnlenthancontentsdtJringgrowthof
L･edodesfruitingbodies.ThefruitingbodiesasshowninFigure
lII-1wereanalyzed. Sttldent'si-test:*P<0.001betweenStage
IandII,**P<0.05betweenStageItandIll.

Growthstage
Lentinancontents

(mg.mtlshroom~1)

StageI 9.3±I.111*

StageII 18.0± 1.3

StageIII 15.9± 0.3

ThechangesinthecontentsofGGFduringthegrowthofG･frondosa

TheG･Pondosa丘uitingbodieswereharvestedatfourdifferentgrowthstages

(FigureTIT-2)･ ThecapofG.PondosaatStageIandIIremainedclosing,andthenit
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openedmoderatelyatStageIII,completelyatStageIV. Theaverageweightoffruiting

bodiesincreasedtoapproximately200gatStageIV. G.frondosawascomm only

harvestedasacommercialproductatStageIV. TheGGFcontentwas2.3mglnaa

PondosafhJitingbodyatStageI,andtheywere3.6,4.8and2.7mginafruitingbodyat

StageII,nIandlV,respectively(TableIIIl3).

鳩

｣

StageI StageⅡ StageⅡI StageIV

Growthstage

Figurcm-2･AppearanceofGjrondosaduringgrowth.

TableIII-3.ThechatlgeSinGGFcontentsduringgrowthofG.
fTOndosafruititlgbodies.ThefruitingbodiesasshownillFigure
III-2wereaJlalyzed. Student'sI-test:'P<0.05betweenStage
IIlandIV.

Growthstage
GGFcotLteJltS

(tng･mushrooml1)

StageI 2.3±0.3

StageII 3.6±0.5

StageIII

StageIV
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LocalizationoflentinaninL.edodestissue

ToelucidatethelocatingSiteoflentinaninthefruitingbodytissueofL･edodes,the

authorperformedtissueprintsthatwereimmunostainedforlocalizing lentinanby

immunohistochemicalanalysis･ TissueprintsofL･edodesatdifferentgrowthstages

immunostainedbytheanti-1entinanantibodieswereshowninFigureIII-3･ Lentinanwas

detectedinthetissueatearlyformationperiodoffruitingbody(StageI),anditmainly

locatedinthecap･ LentinanaccumulatedmarkedlyinthecapduringgrowthatfromStage

itoStageII,andjtwasdetectedatlowlevelinthestipesiteof丘uitingbody･ Andthen,

lentinandecreasedduringgrowthatfromStageIItoStageIIIofL･edodestissue･

StageI StageII StagelII

Growthstage

FigureIII･3･LocalizationoflentinaninL･edodesfruitingbodiesby
westernblottinganalystsuSIngarIti･lentinanantibodies･Thefruiting
bodiesasshowninFigureIIl･lwereanalyzed･
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ⅠⅠⅠ-4 DISCUSSION

Theanti-1entinanandanti-GGFantibodieswereraisedbyimmunizaition,andthe

inhibitionassayofEuSAwasestablishedforthequantitativedeterminationoflentinanand

GGF,respectively,inChapterII･ ManyInvestigatorshadreportedontheantitumor

polysaccharidesinseveralmushrooms. Mostoftheseantitumorpolysaccharideswereβ-1,

3andβ-1,6glucanwithglucoseresiduessidechainsaswellaslentinanandGGF. Inthis

study,theauthorattemptedtoapplytheinhibitionassayofELISAforthescreeningtestOf

lentinan-likeand GGF-likepolysaccharidesasantitumorpolysaccharidesin several

mushrooms･ Ⅰnthischapter,themushroomcontaininglentinan-likepolysaccharideathigh

levelcontainedalsoGGF-likepolysaccharideatrelativelyhighlevel･ However,G･

frondosaandP･seroEinus,whichcontainedGGF-likepolysaccharideatrelativelyhighlevel,

scarcelycontainedlentinan-likepolysaccharide･ As showninTableIll-1,thelentinan

contentwasthehighestlevelinL･edodes,inturnitscontentswerehighlevelinF･velufipes,

L･hatsudakeandS･aspratus. However,thecontentsoflentinan-likepolysaccharideinA･

brazeiandG･frondosawereveryloworless,andA.bisporusandR･botrytisdidnotcontain

itatal1･ TheantitumorpolysaccharidesinA.brazeiandG.Pondosacontainβ-1,

3-D-glucanmainchainsaslikelentinan,thisseemsthatstructureandmolecularweightof

antitumorglucanaredifferentamongtheseglucans･ Ontheotherhand,thecontentsof

GGF-likepolysaccharidewerehigherlevelinP･serotinus,F･velutipes,L･hatsudakeandL･

edodesthanGGFcontentinG.Pondosa. However,GGF-likepolysaccharideswere

scarcelydetectedintheextractfromA brazei,A bisporusandR･botTytis･ R･botTytis,G･
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frondosa,M.giganteusandS.aspratusareclassifiedintotheorderofAphyllophorales,and

theothersintotheorderofAgaricales. Thus,therewerenorelationshipbetweenthe

antitumorfX)lysaccharideandtheorderoftestedmushroom･ AlthoughF･velitipesandP･

serotinusbelong to the family ofTricholomataceae,the contentoflentinan-like

polysaccharideintheformerwasmorethanthatinthelattersignificantly. Andalso,

althoughG･舟OndosaandM･giganteusbelongtothefamilyofPolyporaceae,thecontentof

GGF-likepolysaccharideinthelatterwassignificadylessthanthatintheformer･ These

resultsalsosuggestedthatthecontentofantitumorpolysaccharidedonotrelatetothefamily

ofmushroom･ tnthischapter,itwasfoundthatF･veluttpescontainedlentinan-likeand

GGF-likepolysaccharideatrelativelyhighlevel･ IthasbeenreportedthatF･velutlPeSOf

thosemushroomsshowedsignificantantitumoractivity(Ikekawaetall,1982andOhkumaet

al･,1982)･ Thesedatasuggestthattheanti-lentinanandanti-GGFantibodiespreparedin

ChapterIImayrecognizetheβ-glucanhavingantitumoractivityintheextractfrom

mushroomstestedinthischapter. Thus,itissuggestedthattheimmunochemiCalmethod

canbepossibletoapplyasscreeningtesttOthedeterminationofantitumorpolysaccharides

inmushrooms･ However,despiteitisreportedthatthehotwaterextractofA･brazei

containedβ-1,6branchedβ-1,3-glucan,suchaslentinan,possessingantitumoractivity

(Mizunoetal･,1990a)andthattheextractofA･bisporushavesignificantantitumoractivity

(NanbaandKuroda,1988),A･brazeiandA bisporusdidnotcontainbothlentinan-likeand

GGF-likepolysaccharidesinthisstudy･ Theseresultsshow thatthestructureand

molecularweightofantitumorglucanmaybedifferentinthefamilyofmushroom･
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lnthischapter,thecontentsoflentinanandGGFweredeterminedinthe&uiting

bodiesatdifferentgrowthstageoffruitingbodiesofL.edodesandG･舟ondosa,respectively,

bytheinhibitionassayorELISA. AsshowninFiguresIIト1and2,bothmushrooms

developedsignificantly,andtheaverageweightofbothmushroomfruitingbodiesincreased

duringgrowth･ Thelentinancontentwas9･3mg.g-ifLW･inoneL･edodesfruitingbodyat

Stage7duringgrowthasshowninTableIIIl2･ ThecontentsoflentinanperL･edodes

丘uitingbodyincreasedduringgrowthatfromStageItoStageII,becameto18･OmgatStage

H･ However,itdecreasedto15･9mglnafruitingbodyduringgrowthatfromStageIIto

StagelTI･ TheseresultssuggestedthatthelentinanwassynthesizedinL･edodesduring

growthatStageIloStageIIof丘uitingbody,butitwasdegradedduringgrowthatfrom

StageTItoStageIll. Moreover,inthischapter,itwaselucidatedthatlentinanlocatedin

thesiteofcapofauitingbodymainlybyimmunohistochemicalanalysis(FigureIll-3)･ As

showninFigureII1-3,16ntinanhasbeenalreadysynthesizedduringgrowthat丘･omStageIlo

StageII,andlentinanmarkedlyaccumulatedatStageII･ However,lentinancontent

decreasedduringgrowthat&omStageIItoStageIll,suggestingthattheseresultscoincided

withtheresultsinTableIIト2. Thus,itisbeneficial,fromtheviewoffoodfunctionalpoint,

thatL.edodesasafunctionalfoodisharvestedatmiddle丘)rmationperiodoffruitingbody

(StageII;atformationperiodwhenthecapopensmoderately)･ AlthoughtheGGFcontent

inoneG.JlondosafruitingbodyincreasedduringgrowthatfromStageItoStageIIlof

fruitingbody,anditscontentdecreasedduringgrowthat&omStageIlltoStageIV(Table

IIト3). Itisimportanttocon丘rmhowmuchtheantitumorpolysaccharideiscontainedin
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thefruitingbody,whenthemushroomisharvested･ Inthischapter,itwasclarifiedthat

theircontentswerenotmaintainedduringthegrowthofthemushroom･

Onthebasisoftheseresults,itwasdemonstratedthattheinhibitionassayofELISA

uslngthepreparedantibodiesinthisstudycouldbeappliedtoevaluatethequalityofthe

mushroomasafunctionalfood･ Itwasalsoconfirmedthatthepreparedantibodiesagainst

antitumorpolysaccharidescouldbeutilizedforthedetectingthelocationsiteofantitumor

polysaccharidesintissueofmushrooms.
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IV BEHAVIOROFANTITUMORPOLYSACCHARIDESINTHE

MUSHROOMSDURINGSTORAGE

ⅠⅤ-1 INTRODUCTION

Chiharaetal(1969,1970)hadreportedthatlentinancontentwas15.5mgper100g

offreshfruitingbodiesofL･edodes. Nanbaetal(1987a)reportedthatGGFwas

containedlessthan16mgperlOOgoffresh丘･uitingbodiesofG.Pondosa･

Itisimportantthattheseantitumorpolysaccharidesaremaintainedinthe

mushroomsduringstoragea洗erharvest･ However,therelationshipbetweenquality

reductionofmushroomsandthedecreasesinantitumorpolysaccharidescontentsinthe

mushroomhavenotyetbeenreported･ Thus,ithasremainedobscurewhetherlentinanand

GGFcontentschange during storageofthemushroom s･ Inthischapter,theauthor

attemptedtoexaminethechangesinlentinanandGGFcontentsinL.edodesandG･jlondosa,

respectively,duringstorageatdifferenttemperatures･ Furthermore,theauthorattempted

toclarifyarelationshipbetweenlentinandegradationandglucanaseactivityduringstorageof

L.edodes.

Nanbaetal(1987b,C)rerx)rtedthatL･edodesextractshowedantitumoractivity,and

theysuggestedthatthisactivitymightbedependentonlentinan,anantitumorrx)lysaccharide,

intheextract. However,itwasnotclearwhetherthedifferenceofantitumoractivitiesofL.

edodesstoredunderdifferentstorageconditionswasrelatedtothechangeinlentinan

contentsduringstorage･ Inthischapter,theauthorinvestigatedthedifferenceinthe
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immunomodulatingeffectsofextractsfromL.edodesstoredatdifferenttemperatureon

cytokinesproductionsfrOm murineperitonealmacrophages. Recentstudieshave

demonstratedthatmurinemacrophagesstimulatedwithantitumorrx)1ysaccharidetorelease

cytokinessuchasILl1(interlueikin-1),IL-6,TNF-αandNO(Adachietal･,1994,Sakuraiet

all,1994,0kazakietal･,1995,Liuetal.,1996)A TNF-αandNO,especially,arefocused

asthecytokinesthatmightplayimportantrolesinimmunesystemofhostimplantedtumors･

IthasreportedthatlentinaninducedTNF-αandNO&ommurinemacrophages(KerekgyArt6

etal･,1996,Irinodaetal･,1992). Therefore,theauthorexaminedtheimmunomodulating

activityofL･edodesinTNF-牧andNOproductionsasanindicationofantitumoractivityof

theediblemushroom.

IV-2 MATERIALSANDMETHODS

Mushrooms

Lentinusedodes (Berk.) Sing,commonly called "Shiitake",cultivated on

sawdust-basedculturesinYachiyo,Hyogo,Japan,wasused･ Immediatelyafter

harvesting,thefruiting-bodyportionsoffivemushroomswerepackedinporedrx)lyethylene

filmbags(350x400mm,0.03mmthickness)andstoredat1,5,and20oCfor7days,

respectively. Grlfola舟ondosa,commonlycalled"Maitake",waskindlyprovidedby

YukiguniMaitakeCo.,Niigata,Japan. G･Pondosawerepackedintherx)redpolyethylene

bags,andstoredat5and20oCfor7days･ AAerstoragefor1,3,5,and7days,each

samplewassliced,&ozeninliquidnitrogen,andkeptat-800Cpriortoanalysis･
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DeEeTminaLio〝ofLentinanandGGFcontentsduringstorageofthemushrooms

AntibodiesagainstlentinanandGGFwerepreparedaccordingtothemethod

describedinChapterII. PurifiedlentinanwaskindlysuppliedbyAjinomotoCo(Japan)･

TheauthenticGGFwaspreparedasdescribedinChapterII･ ThecrudelentinanandGGF

fractionsfromthesampleswerepreparedessentiauyaccordingtoChiharaetal(1970)･

Thefreshmushroom fruitingbodieswerehomogenizedwithliquidnitrogenbyWaring

blenderandlyophilized･ Thelyophilizedpowdersample(10g)wasextractedwith100ml

hotwaterforlOhr,andthenthesuspensionwasBlteredtoremoveinsolublematter･ The

crudeantitumorpolysaccharidefractionswereobtainedbyprecipitationwithanequal

volumeofethanoltofiltrate･ Theprecipitatewascentrifugedandlyophilized･ The

lentinanandGGFcontentsintheextract&om themushroomsweredeterminedbythe

inhibitionassayofELISA.

Assayofpotyphenoloxidaseactivity

Polyphenoloxidase(PPO)activitywasdeterminedbythespectrophotometric

methodusingchlorogenicacidasthesubstrate(GongetaL･,1993)･ ThefruitbodyofL･

edodeswashomogenizedinaWaringblenderwithten-fold0.05Mphosphatebuffer(pH6･0)I

Thesuspensionwascentrifugedat10,000xgfor10minat4oC･ Thesupernatantwas

fractionatedbyadditionofsolid(NH4)2SO4tO80% saturation･ Theprecipitatewas

collectedbycentrifugation(15,000xg,10min),redissolvedinthesamephosphatebuffer

solution(pH6･0),andcentrifugedagaintoremoveinsolublematerials･ Theobtained
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SupernatantwasdesaltedinthephosphatebuffersolutionusingaPD-10column(1.6×5cm,

Am ershamPharmaciaBiotech),thenusedasanenzymesolution. Thereactionsolution,

consistingofl･OmlofMcIIvainebuffer(pH4.5)with3.5mg･ml-1substrateand40plof

enzymesolution,wasincubatedat24oCfor5min･ AchangeofabsorbanceofO･01per

mirtuteat420nmwasdehedasoneunitofenzymeactivity･

Pl.ePWaLionofpm'toneatmacTOPhages

PeritonealmacrophageswereisolatedfromfemaleBAl.B/cmice,6to8weeksold

(JapanSLC,Shizuoka,Japan)I Themicehadbeeninjectedintraperitoneallywith2mlof

thioglycolatemedium3dayspriortoperitoneallavagewith10mlofserum-BeeRPMl1640

&ommice･ CollectedcellswerewashedwithRPMI1640andthenplatedin24-well

cultureplatesatadensityoflx106cellsperwell･ Cultureswereincubatedforadhesionto

platesfor2hrat37oCand5%CO2. A氏erincubation,thecultureswerewashedtoremove

thenonadherentcells･ Then&eshRPMI1640mediumcontaining10%fetalbovineserum

(FBS)andvariousconcentrationsofsampleswereaddedtotheplates,andculturedfor24hr

at373Cand5%CO2. ARerincubation,thesupernatantofcultureswascollectedandused

fornitriteassay,andthenstoredat1800CuntilTNFassay･ Inordertoconfirmthedirect

effectoftheextractontheTNF-qproduction,themicewereindividuallyinjectedwith10

mgfromeachoffourextracts･ OneextractwaspreparedfromfreshL･edodes;theothers

hadbeen&omstoredL･edodesfor7days,oneatloC,oneat5oC,andoneat20oC･ In

addition,theextractsweredissolvedinphysiologicalsaline(10mg･mlll)andinjectedinto
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micel･P･Onedaybeforemacrophagesweregathered･ Peritonealcellswereharvestedfrom

micetreatedwithphysiologicalSalineascontrolsubjects.

MeasuT'ementOfTNF-aamouluSbyL929cclls

TNF-αwasmeasuredbymeansofacytolyticassaywithactinomycinD-treated

L929cells(TakadaetaL.,1994),usingmurinerTNF-aaSthestandard. L929cells(2×105

cells･ml-1)wereplatedin96lWel】microplatesinRPMI1640mediumthatincluded5%FBS

andculturedfor2hours･ FiRyトllofsupernatantsamplesobtainedfrOm macrophages

stimulatedwithextractofL･edodesorauthenticlentinanand50トllsamplesofactinomycinD

(4pg･ml-1)wereaddedtothecultureplates･,theywerethenculturedfor20hrat37oCand

5%CO2･ ARerincubation,theplateswerewashedandcelllysiswasdeterminedby

stainingwithO･1%crystalvioletinethanol/formaldehydefor15minatroomtemperature･

Afterbeingwashedwithwateranddried,thecellsweredissolvedin100plofethanol-PBS

(1:1,vol/γol)･ Theabsorbanceofthecelllysateineachwellwasmeasuredbya

microplatereader(MTPl120,CoronaElectricCo.Ltd･)at570nm (main)and630nm

(rettrence)A

NL'triteassay

NO,measuredbytheaccumulationofnitriteasastableendproduct,was

determinedbyamicroplateassay(Greenetal･,1982)･ Briefly,100plsampleswere

incubated with an equalvolumeofGriessreagent(1% su胞nilamide/0･1%
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N-i-naphthylethylenediaminedihydrochloride/2･5% H3PO4)atroomtemperaturefor10

min･ Theabsorbanceat570mmwasdeterminedwithamicroplatereader･ Nitrite

concentrationwascalculatedbyuslngaSOdiumnitriteasastandard･

Assayofp-gtucanaseactiviol

Alloperationsforthepreparationofenzymeextractswereperformedaccordingto

theproceduredescribedbyOhga(1992)･ ThefruitingbodyofL.edodeswasaddedtoa

cold,ten-fold10mM acetate-aceticacidbuffersolution(pH4.2)andhomogenizedina

Waringblender･ Thesuspensionwascentrifugedat10,000xgfor10min･ The

supernatantwasthenfractionatedbyadditionofsolid(NH4)2SO4atPH 4･2to80%

saturation･ After1hr,theprecipitatewascollectedbycentrifugationat15,000×gfor20

min,redissolvedina1mM acetateaceticacidbuffersolution(pH4･2)thencentrifugedto

removedinsolublematerialat15,000×g. Thecrudeenzymesolutionwasdesalted

throughaPD-10columnequilibratedwitha1mMacetateaceticacidbuffer,andstoredat

-800Cpriortoassay･ Theglucanaseactivitywasdeterminedusinglentinanisolatedfrom

theL･edodesfruitingbodyassubstrate･ Assaywasperformedina30mMacetateacetic

acidbuffersolution(pH4.2)with0.2mg･ml-1substrateat40oCfor30min,andthemountof

thereleasedreducingsugarwasdeterminedbytheSomogyi-Nelsonmethod･ Oneunitof

activitywasdefinedas1HJmOlofreducingsugarreleased(asglucoseequivalents)per

minute.
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ⅠⅤ-3 RESULTS

DecreaseinthelentL.nanContentsofL.edodesduringstorage

TheappearanceofL.edodeshlitingbodywasshown inFigureIV-I. Althoughit

didnotchangedduringstorageat1and5oC,itbrownedrapidlyat20oC. Andalso,PPO

activity,whichassociatedwiththebrowningofL.edodes(Minamideetal.,1980),increased

rapidlyduringstorageat20oC,butdidnotchangeatlowtemperatures(land5oC)(Figure

IV-2).

l_ ー
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5

Storageperiods(Day)

FigureIV-I.AppearatlCeOfL.edodesduringstorage.
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FigureIV･2.ChangesinProacdvityorL.edodesduring
storage･L･edbdcsfruitingbodieswerestoredatloC;(▲),5oC;
(r)and20oC･,(+).Student'st･test:*P<0.05,榊P<0.02and
*榊P<0･001against0day･

FigureIV-3showsthetimecoursechangeinlentinancontentsinahotwaterextract

fromL･edodesduringstorageat1,5,and20oC･ TheL･edodes&uitingbodycontainedIll

mg.gllfboflentinanimmediatelyaaerharvesting･ Itwasseenthatthechangeinlentinan

contentduringstoragewasmarkedlydifferentinrelationtothestoragetemperature･ The

amountsoflentinaninL･edodeswererapidlydecreasedduringstorageat20oC,andreachto

o.3mg･g-1fbaRer7days. Whiletheoriginalcontentsoflentinanweremaintainedduring

storagefor5daysat5oC,andfor7daysatloC,theamountoflentinaninL･edodes

decreasedtoO18mg.g-1fhTaRer7daysat50CI Theseresultsindicatedthatthe】entinan

contentinthefruitingbodydecreasedrapidlyduringstorageat200C andthatlow

temperaturestoragewaseffectivetomaintainlentinancontentsinL･edodes･

44



(Jh
J
I.如

･如u
)一u
3tuO3
ut!uP
u
31
001 2 3 4 5 6 7

Stomgeperiods(days)

FigureIV･3･ChangesinlentinancontentofL.edodesduring
storage･L.edbdes触 itingbodieswerestoredatloC;(▲),
5oC;(I)and20oC;(◆).Student'sL･test:*P<0.02,**P<0.01,
and榊*P<0･005against0day.

DWerenceintheenecEsofexLTaCtSJlomstoT･edL.edodesonTNF-aproduction

Weinvestigatedthedifferenceineffectsofhotwaterextract,whichcontained

lentinanfraction,fromL.edodesstoredatdifferenttemperaturesonTNF-αproduction斤om

mouseperitonealmacrophagesbyuslngL929cells･ As shown inFigureIV-4,the

amountsofTNF-αreleased丘Om macrophagesstimulatedwithextractsa.omL･edodes

storedat1and50Cfor7daysweremaintained71･3%and80･1%,respectively,compared

withtheinitiallevelofTNF-αproductionsinvitrofrOmmacrophagesstimulatedwithfresh

L.edodesextract. However,theamountreleased&Ommacrophagesstimulatedwiththe

extractsfromL･edodesstoredat20oCfor3daysand7daysdrasticallyreducedto36･6%

and20･5%,respectively,comparedwiththeinitiallevel･
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FigureIV･4･ChangesimrelativeprodtKtionofTNF-afrommkenlaCrOphagesE'nviET10
stimtLIatedwithstoredL･edodesextracts･L･edtdesfhitingtxdieswerestoredatloC;
(▲),5oC;(』)and200C;(◆)for7days･TNF･aproductionh10mmaCrOphages
stimulatedfreshL.edodes(0day)extractwerearbitrariJysetat100%.
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FigureIV･5. Efrcctofextractsfrom storedL･edodesonTNF･a

productionfnvivofrom macrophages･ L･edodesfruitingbodies

werestoredatloC,5oCand20oCfor7days.TNF･aproductionfrom

macrophagesstimulated freshL.edodcs(0day)extractwere

arbitrarilysetatlO0%.
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FigureIV-5showstheeffectsoftheextracts丘omstoredL･edodesonTNF-αproductionin

vivo･ TheamountsofTNF-αreleasedfrommacrophagesstimulatedwiththeextractfrom

L･edodesstoredatlowtemperatures(1and5oC)didnotdifferdrasticallycomparedto&esh

L･edodesextract･ However,TNF-αproductionfrommacrophagesstimulatedwiththe

exlractfromL･edodesstoredat200Cwassignificantlydecreasedto16･9%;itwasthesame

tendencyasinvitro,asshowninFigureIV14･ TheseresultsindicatedthattheeffectsofL･

edodesextractsonTNF-αproductionweremaintainedinthemushroom storedatlow

temperatures(1and5oC)･

Lentinancontentwasapproximately40Llg●mg-IinextractoffreshL･edodes,and

thiscontentdidnotdrasticallychangeduringlowtemperaturestorage･ However,the

contentdecreasedto15帽●mg-1inanextractofthemushroomduringstorageat20oCfor7

days･ Inordertocon丘rmwhetherlentinancontentsinL.edodesextractreallyrenected

TNF-αproduction,theauthorexaminedtheeffectofauthenticlentinanonTNF-αproduction

&om macrophages･ WhenanimalswerelqeCtedwithanequalcontentofauthentic

puriBedlentinan(400トIgand150トIg)tolentinancontentintheextracts(10mg)斤omL･

edodeswhichwerefreshandstoredat20oCfor7days,TNF-αwasreleasedatthesameleve)

&Ommacrophagesstimulatedwitheachextract(FiguresIVl4and5)･

DLuerenCeintheeneasofehactsfromstoT･edL.edodesonNOproduction

NOproductioninvitrofrOmmacrophagesstimulatedwiththeextractfromfreshL.

edodeswas7･4±1.6トIM(FigureIV-6)･ Intheextractsa･omL･edodesstoredfor7days,
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NOproductionwasnotsignificantlydiffercomparedtothefreshL.edodesextractunder

storagetemperaturesat1and50C,howeveritsproductiondrasticallydecreasedintheextract

&omL･edodesstoredat2(yC. NOproductionfrOmmacrophagesstimulatedwiththe

extractsfromL.edodesstoredat1and5oCwas5.9±0.4and5.9±1.1トIM,respectively･

However,NOproduction(0･4±0･3トIM)frommacrophagesstimulatedwiththeextractfrom

L･edodesstoredat2CPCdidnotincreaseatallcomparedwiththeproduction(0.6±0･5トIM)

fromnon-stimulatedmacrophages. Thesedatademonstratedthattheeffectofextractfrom

L･edodesstoredat200ConNOproductionwasadecrease,comparedtotheeffectoffreshL･

edodesextractsimilartothatonTNF-αproductiorL Andalso,macrophagesstimulated

with400LLgOflentinan,CorrespondingtothelentinancontentinfreshL･edodesextract,

released7･9±1･5ト↓MofNO･ NOproduction丘ommacrophagesstimulatedwith150トIg

oflentinan,CorrespondingtotheextractduringstorageofL.edodesfor7daysat2OoC,
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FigureIV･6･ Efrectorextractsfrom storedL･edodesonNO
productionft･ommacrophages･L･edodesfruitingbodieswerestored
atloC,5oCand20oCFor7days･ AlJdatapointsaremean+SD
(n=3).Student'st-test:*P<0.005againstOday･
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decreasedsignificantlyto1.0±0.3tAM,andthisamountofNOproductionwasalmostthe

sameastheamountproduced&omnon-stimulatedmacrophages.

Changesinβ-gLucanaseactiviOt'nL.eJbdesduringstorage

Thechangesinβ-glucanaseactivityduringstorageofL･edodesweremeasuredby

theGong'smethodusinglentinanasasubstratetomakeclearthedegradationmechanismof

lentinan. Theβ一glucanaseactivitywasataverylowlevel(0.27U･mg~1)immediatelyaAer

themushroomshadbeenharvested,anditwasonlyslightlyenhancedduringstoragefor5

daysatlowtemperatures(1and5oC). Theactivityroseto1.05U･mg-limastorageat5oC

aaer7days,butnoslgnificantchangeswereobservedduringstorageatlQC･ Ontheother

hand,inastorageat20oC,glucanaseactivityrapidlyincreasedandpeakedto2･12U¶ng-1

aRer3days(FigureIV-7)･
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FigureIV･7.Changesinβ･glucanaseactivityduringstorageof
L.edodes.L.edtAesfruitingbodieswerestoredatloC;(▲),5oC;
(I)and20oC;(+). Student'sE-test:*P<0.025,**P<0･005and
***P<0･001against0day･
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DecreaseL'ntheGGFcontentsofG.frondosad〟ringstoyage

ThechangesinthecontentsofGGFinG.Pondosaduringstorageat5and200Cwas

calculatedbasedontheresultsoftheinhibitionassayofELISA. TheappearanceofG.

frondosafhlitingbodybrownedmoreat20oCthanat5oCduringstorage(FigureIV18).

5

Storagedays

FigureIV-8.AppearanceofG.frondosaduringstorage

As shown inFigureIV19,thecontentofGGFimmediatelyafterharvestwasatits

highest,witha24･7Llg･g-If･W･ TheGGFcontentdecreasedtoll･4pg･g-1f･W･during

storageat20oCfわr7days. Incontrast,thecontentdidnotchangedrasticallyduring

storageat5oCfTor7days. TheweightofG.Pondosa(201.7j=6.9g)decreased

slgnificantlyto185.8j=8.7gduringstoragefわr7daysat20oC,andonlyto196.9士2.2gat

5oC. merateofweightlossat7daysduringstorageat20oCand50Cwereapproximately

8%and3%,respectively,ascomparedwithafTreshweightofG.frondosaBruitingbody

illulediatelyafterharvest.
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FigureIVl9･ChangesinGGFcontentorG.Jiopdosaduring
storagc･G･Pondosafruitingbodieswerestoredat50C;(Il)
and20oC;(◆).Studcnt'st･test:*P<0.02against0day.

ⅠⅤ-4 DISCUSSION

Ediblemushroomshavebecomeattractiveashealthfulfoods(functionalfood);they

areknownto contain somekindsofimmunomodulating polysaccharides･ Many

investigatorshavereportedontheantitumoractivitiesofsomemushroomscontalnlng

antitumorpolysaccharides,suchasL･edodes(Nanbaetall,1987b,C,SasakiandTakasuka,

1976),Schizophyllumcommune(Komatsuetal.,1969),G.Pondosa(Nanbaetal･,1987a),

Agaricusblazei(Kawagishietal.,1986),andCorioulousversicolor(Tsukagoshietall,1984)･

Itisimportantthatthecontentsoftheseantitumorpolysaccharidesarekeptduringstorageof

themushrooms. However,ithasnotbeenclearwhetherthecontentsoftheseantitumor

polysaccharideschangewiththereductionoffreshnessofthemushroom fruitingbodies

duringstorage,sincetheexactandsimplemethodhadnotbeenestablishedforthe

determinationofapolysaccharide･ Theauthorconflrmedthatimmunochemicalanalysis
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usingtheantibodyagainstthetargetingpolysaccharidecouldbeaneffectivemethodforthe

determinationofanantitumorpolysaccharideinthefruitingbodyofmushroominChapterII･

Inthischapter,thechangesinthecontentsofantitumorrx)1ysaccharides,lentinanandGGF,

inL･edodesandG･Pondosawithreductionof&eshnessduringstoragewereexaminedby

thei血ibitionassayofELISAasdescribedinChapterII･

TheL･edodesandG･Pondosafruitingbodieskepttheirfreshnessunderlow

temperaturestorage(1and5oC),buttheywerebrowningrapidlyat20oC(FiguresIVland

8)･ Ithasbeenreportedthatthequalityreductionofmushroomsiscloselyrelatedtotheir

brownlng,andthebrownlngOfthefruitingbodyiscausedbytheincreasedPPOactivity

duringstorage(Minamideetall,1980a,b,C;andYamaguchietall,1988)･ Thus,PPO

activitywasalsoexaminedasanindexofthequalityreductionduringstorageofL･edodes･

As showninFigureIV-2,althoughPPOactivitieschangedlittleduringstorageofL･edodes

atlowtemperatures,itincreasedsignificantlywiththebrowningOfthefruitingbodyat20oC

duringstorage. TheseresultswereconsistentwiththereportsofMinamideetal(1980a,

b)andGongetal(1993)･ RegardingtoG･frondosa,ithasbeenreportedthatthefreshness

ofthe&uitingbodywasextendedlongerat5oCthan10,20arid30oC,andnodrasticchanges

inthe&eshnesswereobservedatland5oC(Yoshidaetal･,1991)･ Indeed,theweightloss

ofG.Pondosa丘uitingbodywaskeptatlowlevel(3%)for7daysandthebrowningof

丘uitingbodydidnotappearduringstorageat5oC,anditsfreshnesswaskeptinthis

experiment･ However,theweightlossincreasedsignificantlyto8% duringstorageat

20oCfor7days,andthefruitingbodywasbrowningraPidly･ FigureIV-3showsthetime
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CoursechangesinlentinancontentsinhotwaterextractsfromL･edodesduringstorageat1,5,

and20oC･Itwasseenthatthechangeinlentinancontentduringstoragewasmarkedly

differentinrelationtothestoragetemperature. TheamountsoflentinaninL.edodeswere

rapidlydecreasedduringstorageat20oCfor7days,whiletheinitialleveloflentinanwas

maintainedduringstoragefわr5daysat50Candfor7daysatloC･Andalso,thecontents

ofGGFinG･PondosawasatitshighestimmediatelyaRerharvest,anddidnotchange

drasticallyduringstorageat5oCfor7days･ lt,however,decreasedsignificantlyduring

storageatュo℃ (FigureIV9). Theseresultsindicatedthatthecontentsofantitumor

polysaccharidesinthefruitingbodydecreasedrapidlyduringstorageat20oC,andsuggested

thatthelowtemperaturestoragewaseffectivetomaintainantitumorpolysaccharidescontents

andthequahtyofthemushroomasafunctionalfood.

Lentinanisknownasatypeofbiologicalresponsemodifier(HamuroandChihara,

1985)･ Severalinvestigatorshavereportedthatlentinanshowedstronghost-mediate

antitumoractivitiesagalnStVarioustumors,viaso-calledactivationsofT-cells,NKcellsand

macrophagcs(MaedaandChihara,1973,HamuroeJ〟.,1980,TaguchiandKaneko,1986,

NanbaandKuroda,1987bandGergelyetal.,1988). Andalso,ithasbeenreportedthat

lentinanpossessedanimmunomodulatingeffect,whichwasseenintheactivationofavariety

ofmacrophagefunctions,e･g･interleukin-1andsuperoxideanionproduction,phagocytosis,

andcytotoxicity(Maedaetal.,1971,FreunhaufetaL.,1982,Akiyamaetal.,1987,Abeletall,

1989,Herlynetal.,1983,Chiharaetal.,1987,Nanbaetal.,1987aandLadanyietal･,1993)

intheirantitumoractivities. Thisantitumorfunctionofmacrophagesmaycomprisetwo
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mechanisms:celltocellcontactbetweenmacrophageSandtumorcells,andthereleaseof

antitumorfactorssuchascytokines(TNF-αandinterleukinetc･),eicosanoids,reactive

oxygenmetabolises,andnitrogenintermediatessuchasNO･ Recently,ithasbeen

reportedthatmacrophagessecretedTNF-αthroughthestimulationoflentinan,bothil"ilro

andinvivo(Kerekgy丘rt6etall,1996)andtheotherantitumorpolysaccharides(Okazakietal.,

1995)･ TNF-αisrecognizedastheprimaryCytOkineproducedmainlybyactivated

macrophages;itisanimportanthostdefensemoleculethataffectstumorcells(Carswelletal.,

1975)･ Hofhanetal(1993)observedthatTNF-αwasreleasedfrom macrophages

throughaβ-glucanmediatedmechanism.

NOhasalsorecentlybeenidentifiedasamediatoroftheantitumoreffectof

macrophages･ Ithasbeenreportedthatmousemacrophagesstimulatedwithantitumor

polysaccharidesproducedNO(Asaietall,1996),andalSomacrophagesstimulatedwith

lentinanreleasedNO(Irinodaetal･,1992)･ NOisanoxious,stable,freeradicalgas,and

playsanimportantroleinthefunctionsofmacrophages･ Muchattentionhasfocusedon

theroleofNO,whichhasshownitselftobeanessentialmediatorofdiversefunctions,

including immunoresponse,vasodilatation,neurotransmission,inhibition ofplatelet

aggregation,andinflammation(IAWenSteinandSynyder,1992)･ NOwasfirstrecognized

inmammalianphysiologyasamediatorofmacrophageactions･ Thereactivenitrogen

intermediatesarethoughtloplayasignificantroleintumoricidalandmicrobicidalactivities･

Thiseffectmaybeduetoanincreaseofpreferentialformationofperoxynitrite,whichcanbe

formedbyadirectreactionofNOwiththesuperoxideradical･ Thesedataseemtosuggest
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thatenhancementofTNF-aandNOproductionthroughmacrophagesmayreflectthe

antitumoractivityofL.edodes.

Inthischapter,theauthorinvestigatedthedifferenceineffectoftheextractBomL･

edodesstoredatdifferenttemperaturesonTNF-clandNOproductions丘ommacrophages;

theseproductionswereindicationsofimmunomodulatingactivity･ FiguresIV-4,5and6

showedaboutthedifferenceintheimmunomodulatingeffectsofstoredL･edodeson

cytokinesproducrionsfrOmmurineperitonealmacrophages･ Theauthorascertainedthat

theeffectofL･edodesextractonTNF-αproduction&ommousemacrophagesshowedlittle

differencebetweenL･edodesstoredatlowtemperaturesandthefreshmushroom,although

thecytokineproductiondecreasedsignificantlyinL.edodesstoredat20oC(FigurelV-4)･

TNF-αproductioninvivofrommacrophagesstimulatedwithL.edodesextractshowedthe

sametendencyasinviEro(FigureIV-5)･ NOproductionwasscarcelydifferentintheL.

edodesextractstoredatlow temperaturescomparedwiththeextractfrom thefresh

mushroomimmediatelya鮎rharvesting･ However,NOproductiondrasticallydecreased

intheextractfromthemushroomstoredat20oCfor7days(FigureIV-6)･ Inorderto

clarifywhetherlentinancontentinfluencedthecytokinesproductionsfrommacrophages,we

examinedTNF-αandNO productionsinducedbypurifiedlentinan･ Macrophages

stimulatedwith400ト↓gOfpurifiedlentinan,Correspondingtothelentinancontentin10mgof

extractaomfreshL･edodes,producedalevelofcytokinesalmostequaltothatinducedbyL･

edodesextractimmediatelyafterharvest･ Also,amountsofthecytokinesaom

macrophagesstimulatedwith150LIgOfpurifiedlentinan,Correspondingtolentinancontent
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intheextractfromL･edodesstoredat20oCfor7days,Werealmostequaltotheamountsof

cytokinesinducedbytheextract丘omL.edodesstoredfor7daysat2(PC(FiguresIV-5and

6)･ TheseresultssuggestedthatlentinanitselfinextractBomthemushroomreflectedthe

augmentationoftheimmunomodulatingeffectofL.edodesonTNF-qandNOproduction

frommacrophages･

Inordertogetacluetothedegradationoflentinan,thechangesinp-glucanase

activityduringstorageofL･edodesweremeasured(FigureIV-7)･ Theβ一glucanase

activitywasataverylowlevel(0.27U･mg-1)immediatelyafterharvest,anditwasonly

slightlyenhancedduringstorageatlowtemperatures(1and5oC)･ Ontheotherhand,

duringstorageat20oC,theβ一glucanaseactivityrapidlyincreasedandpeakedto2.12U･mg-1

aRer3days･ TheseresultssuggestthatthedecreaseinlentinancontentduringstorageofL.

edodesmightbecorrelatedcloselytotheincreaseinβ-glucanaseactivity(FiguresIV-3and

7)･ Thus,itisinferredthatthisenzymeplaysanimportantroleinthedegradationof

lentinanduringstorageofthemushroom,particularlywhenthestoragetemperatureisashigh

as20oC. Moreover,theseallresultsseemed to indicatethatthedecreasein

immunomodulatingactivityofL･edodeswascloselycorrelatedtodecreaseoflentinan

contentaccompaniedbyenzymaticdegradationduringstorage･
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V I)EGRADATIONMECHANISM OFLENTINANINLENTLNUS

EDODESBYβ･1,3･GLUCANASEI)URINGSTORAGE

Ⅴ-1INTRODUCTION

InChapterIV,italreadydemonstratedthatlentinaninLentinusedodes"Shiitake"

extractwasdecreasedduringstorageat20oC,andthattheincreaseinβ-glucanaseactivity

couldcorrelatewiththedecreaseinthelentinancontentsduringstorageofL.edodes･

Manyinvestigatorshavereportedaboutβ-glucanasesinsomekindsofmushrooms. β-1,

3-Glucanaseshadbeenisolatedfrom CoprlnuSradiansuKokiraratakenandCoprmus

macrorhizus"Nenaganohitoyotake"(Kawai,1970andKawaiandlshida,1970). Andalso,

p-1,3-glucanaseshadbeenfoundinQM806,Basidiomycetesspecies(Nelsonetal･,1969),

andLentinuslepideus"Matsuoji"(T止ahashietal.,1978)･ Ohga(1993)hadreported

abouttheextracellularendo-β-1,3-glucanaseactivityduringfungal&uitingbodyformation

ofL･edodes･ Inthischapter,inordertoelucidatethemechanism ofthelentinan

degradationinL･edodesduringstorage,theauthorisolatedandpurifiedβ-1,31glucanase

fromL･edodes,andinvestigatedsomepropertiesofitanditssynthesispatternduringstorage

ofL.edodes.

ItwasalsodescribedthattheimmunomodulatingactivityofL･edodesdiminished

withthedecreaseinthelentinancontentinChapterIV･ However,itisnotclarifiedasto

therelationshipbetweenthedecreaseofimmunomodulatingactivityandlentinandegradation

bythep-glucanase. Inthischapter,theauthoralSoattemptedtoinvestigatewhetherthe
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immunomodulatingeffectsoflentinanonTNF-aandNOproductionsfrOmmouseperitoneal

macrophageschangedwhenauthenticlentinanwasdegradedbyβ-1,3-glucanasepurified

丘omL･edodes斤uitingbody･

V-2MATENALSANDMETHODS

Materials

LentinanwasisolatedfromL･edodesaccordingtothemethodofChiharaetal

(1970)･ Laminarin,Pll,3-glucan,fromLaminariadigestawaspurchasedfromSigma

ChemicalCo･(St･IAuis,MO,USA)･ Pustulan,β-1,6-glucan,丘omUmbilicariapapullosa

waspurchasedfromCalbiochem(SamDiego,CA,USA)･ CM-CurdlanandCM-Cellulose

werepurchasedfromWAkopurechemicalindustries,Ltd.(Osaka,Japan)･

Pun'Pcationofβ-gtucanasePomL.edodes

Alloperationsforthepreparationofenzymeextractswereperformedat4oC･ L･

edodesmushroom(500g)storedfor4daysat200Cwashomogenizedin1literextraction

buffercomposedof10mMNaOAcsolution(pH4.2)containing10mMEDTA 1mMPMSF,

and20mMβ一mercaptoethanol･ A鮎rhomogenlZlng,insolublematerialwasremovedby

centrifugation,andthesupernatantasacrudeenzymewas&actionatedwith(NH4)2SO4･

Proteinsprecipitatinginthe80% saturated(NH4)2SO4fractionwereredissolvedinthe

extractionbuffer,anddialyzedagainstthelmMNaOAc(pH4･2)for24hr･ Extractswere

appliedtoDEA仁SepharoseCL6Bcolumn(5cmx80cm,AmershamPharmaciaBiotech)

58



thathadbeenequilibratedin20mMNaOAc(pH6･0)･ A鮎relutionofunboundproteins

ataflowrateof20m1.min-1,boundproteinswereelutedwithO･5MNaClinthesamebufEer･

Thefractionswhichhadβ-glucanaseactivitywerecollectedandfractionatedwith80%

(NH4)2SO4･ Proteinprecipitateswereredissolvedintheextractionbuffer,andthen

dialyzedagainstthelmM NaOAc(pH6･0)･ Theextractswerestoredat-800Cpriorto

furtheruseasacrudeenzyme.

AllchromatographicprocedureswereperformedusinganFPLC system and

pre-packed columns (Am ersham Pharmacia Biotech)･ For anion-exchange

chromatographyaMono-QcolumnHR5/5(5mmx50mm)equilibratedwith20mM

NaOAc(pH6･0)wasused･ Acrudeenzymeextractwasfilteredthrough DISMIC-13cp

(0･2Llm-pore-Size)伝lters(ADVANTEC,Japan)andappliedtothecolumninthe

equilibrationbuffer. AbsorbedproteinwaselutedwithalinearNaClgradient(0-0･2M)in

thesamebufferwithanowrateof1ml.min-1,andlmlfractionswerecollected･ Active

&actionswerefurtherpuri丘edbyFPLCgel-filtrationchromatographywithaSuperose12

columnHR10/30(10mmx300mm)equilibratedwith50mMNaOAc(pH5･0)containing

150mMNaCl. Samplewasappliedandelutedwiththeequilibrationbufferatanowrate

ofO･4m1.minllandcollectedinO･4mlfractions･ Molecularweightsofthepurified

glucanaseswereestimatedusingaldolase(158kDa),BSA(67kDa),ovalbumin(43kDa),

ribonuclease(13･7kDa)asstandards･
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GeLeLedrophoTeST'S

ThehomogeneityandmolecularmassesofpuriGcdenzymesweredeterminedby

SDS-PAGEon12%gelscontaining5%stackergel ProteinswereappliedtothegelsaAer

treatmentbythemethodofLaemmli(1970)･ Molecularweightsweredetemi nedwiththe

rainbowmarkercontainingmyosin(220kDa),Phosphorylaseb(97･4kDa),Bovineserum

albumin(66kDa),Ovalbumin(46kDa),Carbonicanhydrase(30kDa)andTrypsininhibitor

(2115kDa)asstandards･ Afterruminggels,thegelswerestainedwithCoomassie

BrilliantBlueR250.

Envmeass町

β-Glucanaseactivitywasroutinelydetermined,intriplicate,usinglentinanfromL･

edodesassubstrate. Assayswereperformedin30mMNaOAc(pH4.2)with1mg･mrl

(W/V)substrateat4伊Cfor30min,andtheamountofreducingsugarreleaseddeterminedby

Somogyi-Nelsonmethod(Nelson,1944andSomogyi,1952)1 0neumitofenzymeactivity

wasdefinedas1l▲mOlofglucoseequivalentsreleasedperminute･ Proteinwasdetermined

bytheCoomassieBrilliantBluereagent(Bradford,1976)andbwrymethod(IAWryetall,

1951)usingBSAasastandard.

En符桝aLicpTlQPeTb'esandkinetics

ThepHoptimumofL.edodesβ11,3-glucanasesweredeterminedoverthepHrange

3.6-7.2in30mMNaOAc(pH3.6-5･6)and10mMsodiumphosphatebu飴r(pH6･0-7･2)
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containlng200Llg竹rloftheL･digitatalaminarinasasubstrate･ Kineticdeterminations

wereperformedat400CandattherespectiveoptimumpHforthevariousenzymes･ All

substrateswereusedovertheconcentrationrangeO･05-1･Omg●ml-1,andthendatawere

analyzed by MichaelisIMenten kinetics･ Substrate specificities ofthe purified

β-glucanasesweredeterminedagainstarangeofβ-D-glucansat1.0mg･ml~1. Activities

againstallsubstratesweredeterminedreductometricallyasdescribedabove･

En砂maticdigestionofLentinalZ

Lentinanwasdigestedbythepurifiedenzymesolution･ Thepuri61edglucanase

solution(10units･ml~1)wasaddedtolOmloflmg･ml~1lentinansolutionin30mMNaOAc

(pH4･2)andthenincubatedfor15,30min,4hrand48hrat40oC. Afterinactivatingthe

enzymesbyheating丘)r10minatlOOoC,eachlentinancontentinincubationmixturewiththe

β-glucanasewasdeterminedbyELISAinhibitionassayasdescribedinChapterII. Then,

theeffectsofthemixturewiththepurifiedglucanasesonTNF-αandNOrelease舟Om

macrophagesweredeterminedasdescribedinChapterIV. Furthermore,tocon丘rmthe

actionmodesofthepurifiedβ-glucanaseisoenzymes,theincubationmixturesf♭r15minand

48hrwereappliedtoaSephacry】S-300HR00lumn(1.6×90cm,AmershamPharmacia

Biotech)andelutedwithaphosphatebuffer(pH7･2,3ml丘actions)･ Sugarcontentsin

eachfractionwasmonitoredbytheanthtone-H2SO4methodat620nmuslngglucoseasa

standard･ Thefractioncorrespondingtolessthan3x103Dawascollected,andfurther

identiBedbyHPLConanAsahipakNH2P50column(Shodex,Japan)usinga70%aqueous
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cH3CNsolutionasanemucntata比)wrateof1.0ml･min-1at30oC. Thedetectorwas

L-3300RIdetector(Hitachi,Japan)

PTePWaLiono/anti-p-I,31gtZLCaMSeanLibo砂

ForpreparationofantibodylopurifiedL.edo血Sβ11,3-glucanase,onlythemajor

proteinband(Mw72,000)onSDSIFAGEwascxtractedfromthegelandusedastheantigen.

Theβ-1,3-glucanase(0･5mg)weredissolvedin1mlofPBS(pH7･2)I Thissolutionwas

emulsifiedwithanequalvolumeofFreund'scompleteadjuvant. Theemulsionswere

injectedsubcutaneouslyat10diJrerentsitesinthebackoftherabbits,individually. Half

volumeofaβ-1,3-glucanaseinfirstdosagewasboostedagaintwoweeksaAer血stinjection･

A鮎rtheboost,thebloodwascollectedtoobtainanti-p-1,3-glucanaseseraseveraltimes

everyoneweek. meserawerestoredat-80oCuntiluse. A鮎rmeasurementofthese

antibodiestiler,therabbitswereex姐nguinated･ ThenlgG fractionofantiserawas

preparedbyProteinGcolumn(0･5×10cm,Am ersham PharmaciaBiotech)･

WesternbtoLtinganalysis

ProteinswereseparatedbySDS-PAGEasdescribedaboveandtransferredtoPVDF

membranes(Am ersham PharmaciaBiotech)undersemi-drytransferconditions･ The

membraneswereblockedinTPBScontaiming20%skimmi1kovemight･ Themembranes

werewashedwithTPBSandthenincubatedwithrabbitantibodieslgGinTPBScontaining

20% skimmik for1hratroomtemperature･ FollowlngIncubationwiththeprlmary
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antisera,themembraneswerewashedfourtimeswithTPBS(5min/wash). Thenthe

membraneswereincubatedwithHRPcoqugatedgoatantirabbitIgGsecondaryantibodyfor

30minatroomtemperatureatdilutionof1:2,(氾0. Themembraneswerewashedfive

timeswithTPBS･ Detectionwasperformedbyenhancedchemiluminescenceaccordingto

manufacturer'sspeciBcations(Am ershamPharmaciaBiotech)I

MeasurementofimmunomodulatingeJfectso/LenEinandegTadah'onproduct

Lentinanwasincubatedwithpurifiedenzymesolutionpreparedassubstantial

β-glucanase(10units･mrl)for0.25to48hrat4(PC(pH4.2). AfterinactivationatlOOoC

for10min,lentinancontentintheincubationmixturewasmeasuredbyinhibitionassayof

ELISA Moreover,theeffectofthemixtureonTNF-αandNOproductionsfrOmmouse

peritonealmacrophageswasinvestlgatedasdescribedinChapterIV･

V･3 RESUI:TS

Etz符mePunJication

lnordertoinvestigatethepropertyofβ-glucanasethatseemedtoconcernwiththe

decreaseoflentinan,theseenzymeswereisolatedandpurified. Thepurificationfactors,

yieldsandspecificactivitiesoftwop-glucanaseisoenzymesweresummarizedinTableV-1･

SelectedchromatographicprofileswerepresentedinFiguresVlland2,andSDS-PAGEof

thepurifiedglucanasesisshowninFigureV-3･ Theelutionpatternonanion-exchange

(Mono-Q)columnshowedtwopeaksthathydrolyzedlentinan,designatedGNIandII(Figure
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V-1)･ FractionselutedfromtheMono-Qcolumnwithglucanaseactivitywerefurther

chromatographedonaSuperose12Column. Theelutionpatternsonthegelcolumnof

GNIandIIrevealedsingleproteinpeaksrespectively,corresI氾ndingtofractionthatshowed

glucanaseactivity(FigureV12)･ Thepurificationfactorsoftwoβ-glucanaseisoenzymes

were93･8and47･6,andyieldswere16･9%and7･7%,respectively(TableV-1)･

L.edbdesfmitiAgtd ies(4days,20oC)

Pe]let Supematant

1･0-80%(NH4)2SO4Saturation
DEAE-Sepharosechromalography

抄H4･2)

Unboundfraction Boundfraction

PG■kI Peak2

(0.099MNaCl) (0.116MNaCI)

I

Superose12
gelchromatography

I

Superose12
gelchromalography

isoenzyme lsoenzymc
GhcanascI(GNI) GLucanascII(GNII)

SchemeV. Summaryorproceduresusedto
pILrirledβ一glⅦCanaseisozymesGNIandGNIIfrom
L.eddesfrutingbodies.
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TableV･1･ SummaryofpurirICationandyieldsofP-gLtICanaSeSh)mL.edodes.

Total Total Specific
Protein activity activity
(mg) (units) (unit'mg~1)

Yield puriri(:ation
(%) factor

Crude 3838.1 12842.3 3.3

(NH4)2SO4 1049･3 11494.0 11.0

DEAE 352.7 6771.8 19.2

GNI

MonoQ l1.2 2926.6 261.3

Superosel2 6.9 2164.5 313.7

GNII

MonoQ 14.7 1968.3 133.9

Superose12 6.2 938.3 159.4

100.0 1.0

89.5 3.3

52.7 5.7

22.8 78.1

16.9 93.8

15.3 40.0

7.7 47.6
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FigureV･1. Anion･exchangechromatogramofP･glucanascsbyFPLC･
The fraction ofL.edodesextracteluted with 0.5M NaClon

DEAE-Sepharosewasapp)玉edtoMonoQcolumn･ Fractions(1ml)

wereassayedforβ-glucanaseactivity;(-･)andprotein(A280);(-)･
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FigureV･2･ GelrJltrationchromatogramorp-glucanasesbyFPLC･

GNIandGNIIfromtheMonoQcolumnwereappliedtoaSuperose

12Column. Fractions(0.4mI)wereassayedforβ-glucanase

activity;(････)andprotein(A280);(-).

PropertiesofEkepunJiedglucanases

AnalysISOfeachglucanasebySDSIPAGEshowedinFigureV-3･ The

molecularmassesofGNIandHwereestimatedtobe72.9and74.7kDa,respectively･

10･3× Mw

220- ●･･

97.4 =

66 =

46 =

1 2 3

-4･7｣｢
Tg

FigureVl3. SDS-PAGEofthepurifiedL･edodesβ一
g】ucanaSeS. Lane1;mo】ecdarmassmarkers,lane2;
puritT]edGNI,lane3;GNII.

66



Andalso,singlepeakwasobtainedonthechromatogran bygelfiltrationoftheeachGN,

andthemolecularweightsofbothGNswereabout70kDa(FigureV-2)･ Theseresults

suggestedthattwopuriBedglucanasesweremonomericprotein･

ThetwopurinedL.edodesglucanaseobeyslinearMichaelis-Mentenkineticsover

theconcentrationrangeofO･1-1･Omg.mrlforlentinan and lam inarinusedkinetic

determinations･ GNIhada- of9･0mg.mrlwithlentinan,whereasGNIIhadaRh

valueof13.7mg･ml-I(TableV-2). TheKmvaluesforGNIandGNIIwithlaminarinas

TabJcV･2･KhcticpropertiesofpuriGcdp-glucatLaSCS Substratewerel･4and2･2mg･mrl,
BomL.eddes.h JnCtCrSWeredcbrmiACdat40oC
in30mMsodiumacehlcbtLqCrIPE41ItISing5･3and
5･4mtmilsofGNTaJldIIlrCSPCCtiycly･

Stlbstrate
βd ucw e

GNI GNII

Iel止inan

Km(tng'Jd '1) 9.0 13.7

Kn(pM)書 23.6 35.9

L.digET.慧 ギn lA 21

'BasedonamolcculaLrmassforlentinanof381kDabyanalysisofGPC

TableV-3. Relativeratesofhydrolysisof
P-gltlCan by purified β-gltICanaSeS from
L.edodes. Therelativeratesofhydrolysisof
thetwoglucanafIeBagainstlenthan were
arbitrarilyBetat100% andcorrespondto5.3
and5.4munitgforGNIandII,respectively.

fbhtiyctdc(%)
Suth te

GN1 GNIt

knぬl札n 100 100

L.t晦血 bLhinqrin 827 67B

CMctLrdah 1.さ 0.5

Pbtqbh Noactivity NoAdivity

(コM ccJbLbsc Noaetiyhy Noadiyity
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respectively. Thus,the血 values

forGNIandIIdifferedwithlentinan

and laminarin from L.digitata as

substrates. meKmvaluesforthese

β-glucanases with lentinan were

approximately6-foldhigherthanthose

withlaminarinfromL.digitaEa.

Bothglucanaseshydrolyzcd

β11,3lglucans,1entinan from L･

edodesandlaminarin&omLaminaria

digitata(Table V-3)･ hminarin

fromL.digitatawashydrolyzedatthe

highestratebybothglucanases(827



and678% comparedwithlentinan,respectively)･ CM-curd]an,however,wasslightly

degradedbybothglucanases･ Incontrast,GNIandIIdidnotattackagainstβ-1,6lglucan,

pustulan,andβ-1,4-glucan,CM-cellulose. TheseresultssuggestethatthebothGNTandII

mayhydrolyzespeciBcanyβ-1,3-linkagesofglucan･

MaximumactivitieswereobservedatpH4.2forbothβ-glucanases(FigureV-4)･

Morethan60%ofmaximumactivityforbothpurifiedド-glucanasesobservedatrangeofpH

4.Oand6.0.
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FigureV-4. EFFectorpH onthepurirledL.edbdesP-1,31
glucatlaSeS. GNIactivity;(●),GNII;(0)･ Maximumactivities
recordedForeachenzymewcrearbitrarilysetatlOO% and
correspondto53and5.4munitsorGNtandGNII,rcspeCtiveLy･
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AeLionpaLtemso/pur昨edβ-1,与gtucanases

lnordertoclarifythemodeofactionofGNIandIIonlentinan,theidentificationof

theenzymaticdegradationproductswereattempted･ Elutionpatternsofthedegradation

productsonSephacrylS1300HRgelareshowninFigureV-5･ Ontheelutionpattemsof

themixtureincubatedwithGNIandIlfor15min(FigureV-5A,C),twopeaksweremainly

detected,respectively,andthelowmolecularproductwaselutedatarangeoflessthan3x

103Da･ After48hrofincubation,thepeakcorrespondingtolentinanhadalmost
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FigureV-5･ GelrIltrationpatternortheen町maticdigestsoflentinaAbyL･edbdes

p-1,3-glueanases. AuthenticlentinanwasincubatedwithGNIfor15min;(A),48

hr;(B)withGNIIfor15mi爪;(C),48hr;(D). Anountorenzymcsusedwere5･3

and5.4tnuJIitsForGNIandGNII,rttspectively.
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disappeared,andtheotherpeakwasenhanced(FigureV-5B,D)･ Toidentifythese

degradationproducts,the丘actionsoflessthan3×103Daofmolecularmasses,theywere

furthersubjectedtoHPLCanalysis･ Asinglepeakonchromatogramwasdetectedat

retentiontimeofabout6･4minrespectively,andtheycoincidedwiththatofauthentic

glucose･ Theseresultssuggestthatthedegradationproductcanbeidenticalwithglucose･

Patternofthedenovo町nthesisofP-1,31glucanaseinL.edodesduringstorage

ThesynthesispatternofGNIwasexaminedinL.edodesfruitingbodyduring

storage,sincetheKmvaluesofGNIandIIindicatedthatthespecificityofGNIagainst

lentinanwashigherthanthatofGNII･ ThewestemblottinganalysisshowedthatGNI

couldnotyetbesynthesizedinL.edodes飢IitingbodyimmediatelyaAerharvest(Figure

loC 5oC 20oC

Storagepcriod 0 I 3 5 7 13 5 7 13 57
O)ay)

l l ■ ■ ー

FigureV-6. Thepatternof β･1,31glucanasesynthesisinL･
edbdesfruititLgbodiesbywestern blotatLalysisI Thefruiting
bodieswerestoredfor7daysatI,5and20oC･
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V-6)･ GNIhasnotbeensynthesizedinthefruitingbodyduringstorageatloCfor7days･

Itwassynthesizeda15daysaAerstorageat5oC,andthenitslevelincreased. Ontheother

hand,theGNIwassynthesizedduringstorageforonedayat2(アC,anditslevelreachedat

highestlevelat3daysandwaskeptduringstoragefor5days･ Thereafter,thelevelofGNl

decreasedgradually(FigureV-6)･ Theseresultsshowedthatド-1,3-glucanasewas

synthesizeddenovoinL･edodesfruitingbodyunderstorageconditionat2〔PC.

Theenecto/enqmaticattyPagmentedproductsPomauthenLi'cLenLinanonTNF-aond

NOpTOducLions

Wh enpurifiedlentinanwasincubatedwithGNI,itscontentsdecreased(TableV14)･

Thatis,1entinancontentwasapproximately500 rLg●ml-I,andthenitwasrapidlydegradedto

423･1Llg-1-1a洗erincubationforO･25hranddecreasedto63･5pg-1-1aaerincubationfor

48hr･ Moreover,theimmunomodulatingeffectsoftheseincubationmixturesonTNF-α

TableV･4. Dcgmdationorlentinanbythepurifiedβ-1,31
g]ucanase.TheautheTLticlentiAanWasinctlbatedwith10unitof
GNIfor0.25,0.5,4,and48hrill30mMsodiumacetatebuffer,
pH4.2at40oC. Studenl'st-test:*P<0.025,**P<0.002and
***P<0.001against0hr.

Incubation lentinancontents

time(hr) (pg'ml-1)

Obr 537.8±78.0

0.25hr 423.1± 3.6

0.5hr 344.9±47.0*

4hr 177.6±34.7桝

48hr 63.5±ll.3*'*
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andNOproductionsweremeasured･ TNF･αproductions frOmmacrophagesstimulated

withlentinanweredecreasedwiththedecreaseoflentinancontentincubatedwithGNI

(FigureV-7)･ TNF-αwasreleased248.9±83.3pgqnl~1frommacrophagesstimulated

withthemixturewithoutincubation,whichcontainedlentinan(approximately500LAg･mlll).

However,theamountsofTNF-αreleased丘Ommacrophagesstimulatedwiththemixture

aRerincubationfor0.25,0.5,and4hrdecreasedto214.6±67,0,148.4±59.0and68.7±

20･8pg●mrl,respectively･ A鮎r48hr-incubation,TNF-αreleasedecreasedto29･9±6･9

pg¶山-1･

(I.tu
t,gd
)tJo
!73
ttP

OJdD･菱
.).

00

00

00

3

'-

1

♂ 0,i ｡〆 ㌔ hi ㌔

Figu代 V17. EWectorlcntinaAincubatcdwithBl1,3-glucanaseon

TNF-aprtlductionhm macmphagcs･ LeJItinan(500帽.mrl)was

incubatedwithGNI(10units･mrl)in30mM NaOAc(pH4.2)at40oC
for0.25,0.5,4,and48htT. Alldatapointsart:mean+SD(n=3)･
Student'si-test:*P<0.025aTId榊P<0.02against0hJ1

NOproductionfrommacrophagesstimulatedwithlentinanwasalsodccreasedwith

lentinandegradationbyGNI(FigureV-8)･ NOreleasedll･4±2･8l▲Mfrommacrophages
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Stimulatedwithauthenticlentinan(approximately500 LAg･mrl). NOproductiondecreased

withtheelapseofincubationtimeofauthenticlentinanandGNI,andtheamountsofNO

were9･6±2.8,9.0±2.8,and5.0±2.8llM after0.25hr-,0.5hr-,and4hr-incubation,

respectively. After48hr-incubationoflentinanwiththeGNI,NOlevelwasdecreasedto

2･0±0･5l▲M･ Theseresultssuggestedthatlentinanwasdegradedenzymaticallybyβ-1,

3-glucanaseinL･edodes,andthedecreaseinlentinancontentmightbeassociatedwitha

decreaseofitsimmunomodulatingeffectoncytokinesproductionsfrommacrophages･

(言
Yt)
atP
)!N 5
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♂ ♂ ｡〆 ㌔ hS が

FigtlrCV-8. EfrcctorlcntilIaniACubatedwithβ･1,3･gLucanaseonNO
productionrmm macmphages･ Lentinan(500pg.Tnrl)wasimcubatcd

withGNI(10umits･rnrl)in30mMNaOAc(pH4.2)at40oCfor0.25,0･5,4,
and48lIrT. AlJdatapoiAtSarttmeatI+SD(TI=3)･
Student'si-test:*P<0.02,*+P<0.005against0hr.
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Ⅴ-4 DISCUSSION

TheauthoralTeadydescribedthatan increaseofβ-glucanaseactivityinL.edodes

Buitingbodieswasrelatedtothedecreaseoflentinancontentsduringstorageofthe

mushroomat20oC(inChapterIV,FiguresIV-3and7)I Inordertoelucidatethefunction

ofp-glucanasesinthedegradationmechanismoflentinaninL.edodesduringstorage,these

enzymeswereisolatedandpurifiedfromthefruitingbody,andtheirsomepropertiesand

synthesispatterninL･edodesduringstoragewereinvestigated. Twoisozymes

P-1,3-glucanases,designatedasGNIandGNII,werepurifiedby(NH4)2SO4Precipitation,

amion-exchangeandgelfiltrationchromatography(SchemeV-1andTableV-1)･ The

purityofthe丘nalenzymepreparationswascon血medbyappearanceofsingleproteinbands

onSDS-FACEtobeMw72,900and74,700,respectively,bySDSIPAGE･ Comparisonof

thesevalueswithanapparentMw70,0(泊obtainedforthetwoisoenzymesbygel-filtration

chromatography(FigureV-3)indicatesthattheyaremonomericproteins･ Purification

factorsfortheeachenzymeare93.8and47.6forGNIandII,respectively(TableV-1)･

Althoughafew fungalβ-glucanaseshavebeenasextensivelycharacterized,a

comparisonoftheirphysico-chemicalpropertieswiththosefoundfortheL･edodesGNs

revealssomesimilarities. ThemolecularweightandoptimaticpHofeachpuriBedL･

edodesGNweresimilarandfTellwellwithintherangeofvaluespreviouslyreportedforother

β-glucanases(BielrckiandGalas,1991,StoneandClarke,1992andPitsoneEall,1993)･

Forexample,ithasbeenreportedthatthemolecularweightoffungalβ-glucanaseswere

commonlyintherangeof20-80kDa(PitsonetaE･,1993,1995)･ Similarly,themajorityof
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fungalβ-glucanaseshaveoptimalactivitybetweenpH4･0-6･0(BielrckiandGalas,1991and

Pitsonetat･,1993and1995)･

ThesubstratespecificitiesandactionpattemsoftheL.edodesGNshavebeen

comparedusingthelinear(laminarinandpustulan),thesubstituted(CM-curdlanand

CMICellulose)andtheside-branched(lentinan)β一glucans･ A singlepeakonthe

chromatgramwasdetectedataretentiontimecorrespondingtothatofauthenticglucose,as

determinedbyHPLCanalysisofdegradationproductsliberatedenzymaticallyfromlentinan

(datanotshown)･ Also,thenegative-SIMSmassspectrumofthepeakagreedwiththatof

glucose(datanotshown)･ Theresultssuggestedthatthedegradationproductwasidentical

withglucose･ Moreover,nooligomericsugarscouldbedetectedinthedegradation

mixturedigestedfor15minand48hr(FigureV15)･ Theseresultssuggestthatboth

puriBedGNsactinanexo-hydrolyticmanner,removingsingleglucoseresiduesfrom

non-reducingendoflentinanasdeterminedbyproductanalysis. Thepreferredsubstrate

forthetwoisoenzymesisL･digitatalaminarinCrab]eV-3),anessentiallylinear,soluble,β11,

3-D-glucanwithalowdegreeofglycosylsubstitutionat0-6･ TheiractivitiesoftheL･

edodesGNsforlaminarinwereapproximately7-8timeshigherthanthoseforlentinan(Table

V-3)･ Incontrast,theGNshydrolyzedCM-curdlanatsignificantlowrate･ Theseresults

suggestedthatβ-1,6-glucosebranchesandCMsubstituentsinβ-1,3-glucanmightinterfere

toproduceenzyme-substrateinteractions. TheL.edodesGNshadnoactivityonpustulan,

β-1,6-glucan,andCM-cellulose,substitutedβ-1,4-glucan･ Theseresultsconfirmedthat

thepurifiedβ-glucanaseisoenzymeswereclassifiedintoexotypeβ11,3-glucanase･ Most
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fungiappeartosecretebothexo-andendo-glucanases(PitsonelaE.,1993),and,thesemay

actsynergisticallyforefrlCientdegradationofsimpleandcomplexP-D-glucans(Copa-Patina

etaL･,1990)･ However,L･edodescontainedonlyexotypeβ-1,3-glucanases,aswellasin

Aper'sicinumglucanases(PitsonetaL･,1995). Inadditionto,bothGNshadKmvalues

withlentinanaboutsixtimeshigherthanthosewithlaminarin(TableV-2)･ Theseare

probablyduetoareflectionofthestructureoflentinanpossessingβ-1,61glucosebranches

withβ-1,3-glucanbackbone. TheKmvaluesforGNIwithlentinanwaslowerthanthat

forGNII(1甘bleV-2),suggestingthattheGNIseemedtohydrolyzemorespecifically

lentinanthanGNII.

Theauthoralreadyreportedthatanincreaseofβ-glucanaseactivityinL･edodes

&uitingbodiesmightberelatedtolentinandecreaseduringstorageinChapterIV･ As

showninFigureV-6,ド-1,3-glucanasewassynthesizedandaccumulatedmoresignificantly

inL･edodesfruitingbodyduringstorageat2CPC. Thisresu)Ishowedthatan increaseof

β一glucanaseactivitywascertainlyassociatedwithanincreaseofβ11,3-glucanasecontent

duringstorageofL.edodesat2伊C. Therefore,itissuggestedthatβ-1,3-glucanasewas

synthesizeddenovainL.edodesandlentinanwasdegradedduringstorageathigh

temperaturesuchas2g'C.

As described previously in Chapter IV,the author elucidated thatthe

immunomodulatingactivitiesofL･edodesdecreasedduringstorageat2伊C,andthedecrease

would be related to the decrease oflentinan content. In thischapter,the

immunomodulatingeffectsoftheenzymaticallydegradedproductsfromauthenticlentinan
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oncytokinesproductionsdiminished(TableV-4,FiguresV17and8)･ Theseresultsshowed

thatdegradation oflentinan by β11,3-glucanase resulted in a decrease in the

immunomodulatingactivityofL.edodesduringstoragea12伊C･ Sasakietal(1976)

reportedthat"smalllentinan",whichwashydrolyzedwithformicacidtoamolecularweight

oflx104-6×103Da,wasrx)ssessedofantitumoractivity,butlentinanofmolecularweight

oflessthan6×103Dadidnotshow antitumoractivity･ However,thedecreaseof

immunomodulatingactivityofL.edodesseemedtooccurasaresultofthedecreasein

lentinancontentwiththedegradationbyaoβ-I,3-glucanaseduringstorageofL･edodes･

Onthebasisoftheseobservations,theauthorfinallyconcludesthatthe

β-1,31glucanaseissynthesizeddenovoinL.edodesBuitingbodyduringstorageathigh

temperaturesuchas2伊C,andthisenzymeattackslentinanbythemannerofexotypeto

produceonlyglucose(FigureV-9)･ As theresult,themolecularsizeoflentinanchangesto

smallerone,anditscontentdecreases. Thiswillbeareasonwhytheimmunomodulating

activitiesofL･edodesdecreaseduringstorage.
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High temperature(20oC)

Figut.eV･9･ ThehypothesisoHentinandegradationinL･edodes

duringstorageathigh temperature.
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VI CONCLUSION

ManylnVeStlgatOrShavefoundthatthepolysaccharidesinseveral mushTOOmS

rx)ssessedstrongantitumoractivity,andthesepolysaccharidesmainlywereβ11,310rド-1,

6-glucan･ As itisdesiredthatthemushroomisutilizedasfunctionalfoodmoreefBcienlly,

itisnecessarytoclarifythebehavioroftheantitumorfX)lysaccharideinthemushroom

fruitingbodyduringgrowthandstorage,andtoelucidatethedifferenceofitscontentamong

strainsofthemushroom.

However,ithasbeendifficultthataplysaccharidewasdeterminedsimplyand

reproducibly,sincethepurificationandidentificationofpolysaccharidesfromthe丘uiting

bodiesofmushroomswereverytediousanddifficult. Firstofal1,inChapterII,theauthor

attemptedtoestablishthemethodforquantificationoflentinaninL･edodesandGGFinG･

fro7Zdosa,respectively,with high specificity and reproducibility by enzymelinked

immunosorbentassay(ELISA)usinganti-1entinanandanti-GGFantibodies･ These

antibodieswereraisedinrabbitsbysubcutaneousimmunization･ Theanli-1entinan

antibodyshowedhighspecificityforonlylentinan,buttheydidnotreactwithlaminarin,the

essentiallylinearβ-1,31glucanthatwasrecogmizedasthebackboneoflentinan･ This

resultsuggestedthatananti-1entinanantibodyrecognizedthesiteofβ-1,6-branchesinβ-1,

3-glucanbackboneoflentinanasanantlgenePitope･ And,theanti-GGFantibody

recognizedGGFsignificantly,anditreactedwithleminansomewhat･ However,itdidnot

reactwithpustulan,thelinearPll,6-glucan,suggestingthatthisantibodyrecognizedthesite
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ofP-1,3-branchesintheβ-1,6-glucanbackboneofGGF.

AlthoughatfirsttheauthorattemptedtomeasurelentinaninL･edodesextractby

ELISAdirectassay,itcouldnotbemeasuredsufBciently. Th)'sreasonwasconsideredthat

thecontaminantintheextractinterferedwiththespecificreactionoftheantibodywith

lentinan･ Therefore,theauthorattemptedtomakeuseofinhibitionassayofELISAfor

quantificationoflentinanandGGF_ And,theauthorfoundthesepolysaccharidesin

mushroomscouldbequantifiedwithdosedependencybythismethod･ Theseresults

suggestthattheuseofinhibitionassayofELISA asspecificimmunoassay,whichisless

complicatemethodthanasandwichandtheothermethodsinELISA,canbeadvantageousto

theeasyandsimplequantificationofanantitumorpolysaccharide･ Hence,itwas

elucidatedthattheinhibitionassayofELISAwereapplicabletoclari丘cationsof丘)llowlng

mattersinChapterIllandIV;

(1)Thedeterminationofthecontentsoflentinan-likeandGGF-likepolysaccharidesin

severalmushrooms･(ChapterIIⅠ)

(2)ThechangesinlentinanandGGFcontentsinL･edodesandG･Pondosa,respectively,

duringgrowthofthemushroomfruitingbodies･(ChapterIll)

(3)ThechangesinlentinanandGGFcontentsinL･edodesandG･Pondosa,respectively,

duringstor喝eOfthemushrooms･(Ch叩terIV)

Moreover,thefollowlngProblemwasclarifiedbytheimmunohistochemicalanalysisuslng

thepreparedantlbody;

(4)ThelocalizationoflentinaninL･edodestissue･(ChapterIII)
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InChapterIII,itwaLSelucidatedfourofelevenmushroomscontainedlentinan-like

polysaccharidemorethantheothers. ThecontentoflentinaninL.edodeswasatthe

highestlevd(3.4mg･g-1f.W.),anditscontentswerehighwithsuccessiveinFlammulina

velutipesuEnokitaken,Lactariushatsudake"HatsudakenandSarcodonaspratusuKoutaken,

contalnlng2･5,2･3and2･2mg.g-1f･W ･,respectively･ And,thecontentsofGGF-like

polysaccharideinfourmushroomswerehigherthaninG.Polndosa(2,4mg･g-If.W.),thatis,

7･3mg.g-1f･W･inPanellusserotinus"Mukitake",6･6mg.g-If･W･inFveLutipes,4･1mg.g-1

f･W･inL･hatsudakeand3･Omg.g-If･W･inL･edodes･ However,bothlentinanl1ikeand

GGF-likepolysaccharidewaslittlecontainedinAgaricusbrazeiullimematsutaken,Agaricus

bisporus'Tsukuritake(socalledMushroom)"andRamariabotrytis"Houkitake"･ R･

botTytis,G･Jlomdosa,S･aspraEusandMeripiZusgiganteusT̀onbimaitake"belongtothe

familyofAphyllophorales,andtheotherstoAgaricales･ Theseresultssuggestedthatthere

wasnorelationshipbetweenthecontentsofantilumorpolysaccharidesandthefamilyofthe

mushrooms.

Itwasahoshownthatthecontentoflentinanduringgrowthincreasedtopeaks(18･O

mginoneffuitingbody)atthegrowthstageIIofL･edodes･ However,itscontent

decreasedt015･9mgatthegrowthstageIII･ Al仙oughGGFcontentincreasedto4･8mg

inonefruitingbodyatthegrowthstageIII,itscontentdecreasedt02･7mgatthestageIV

duringgrowthofG.Pondosa. Moreover,inChapterIll,itwasclarはedthatlentinan

localizedmainlyinthesiteofcapofL･edodes,butitdidnotappreciablyaccumulateinthe

siteofstipe.
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InChapterIV,itwaselucidatedthatthecontentoflentinanwasmaintainedduring

storageofL･edodesatlowtemperatures(land5oC),butitdecreaseddramaticallyathigh

temperature(20oC)･ ThechangesinGGFcontentduringstorageofG.frondosashowed

thesametendencyasthechangesinlentinancontentsduringstorage･ Theseresults

suggestedthatlowtemperaturestoragewaseffectivetomaintainantitumorrx)1ysaccharides

contentsinmushrooms.

TheseresultsdescribedabovedemonstratedthattheinhibitionassayofELISA

establishedinthisstudycouldbesufficientlyappliedtothequantiBcationofanantitumor

polysaccharide in a mushroom, And also, it was demonstrated that the

immunohistochemiCal analysiscoulddetectinsituthetargetingpolysaccharideinthe

mushroomtissue.

InChapterIV,moreover,itwasshownthatanincreaseinβ-glucanaseactivity

seemedtoberelatedtoadecreaseinlentinancontentduringstorageofL･edodes･

Therefore,inordertoelucidatethemechanismoflentinandegradation,theauthorattempted

toisolateandpurifythisenzyme,andinvestlgatedsomepropertiesofthisenzymeandits

synthesispatternduringstorageofL･edodes. InChapterV,twoβ-1,3-glucanase

isozymes(designedasGNIandGNII,respectively)wereisolatedandpurified&omL･

edodesfruitingbodies,andtheybothwerefoundtobemonomericproteins and70kDaof

molecularweightsbygelfiltrationandSDS-PAGE･ Itwasfoundthatbothenzymes

attackedβ-glucaninexomanner,sinceonlyglucosewasidentifiedasenzymaticproduct

released&omlentinan･ KmvaluesforGNIandGNIIagalnStlentinanwere9･Oand13･7
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mg.ml-1respectively,suggestingthatGNIhydrolyzedlentinanmorespecificallythanGNII･

GNI,moreover,wasfoundtobesynthesizeddenovoinfruitingbodyduringstorageofI-･

edodesat200Cbywesternblottinganalysis,anditspatterncoincidedwiththechangepattern

ofβ一glucanaseactivityduringstorage. TheseresultsdemonstratedthatanincreaseinFill,

31glucanaseactivitywascloselyassociatedwithadecreaseinlentinancontentduringstorage

ofL.edodes.

Lentinanisrecognizedasimmunomodulator,sinceitsantitumoractivityconsiders

tobeexertedthroughactivationofimmunocompelentcellssuchasmacrophagesinimmune

system･ Oneofitsimmunomodulatingactivitiesisshownastheproductionsofcytokines,

suchasTNF-牧andNOetc･,fromimmunocompetentcells･ InChapterIV,itwasfound

thattheimmunomodulatingeffectsofL.edodesonTNF-αandNO productionsfrOm

macrophagesstimulatedwithstoredL.edodesextractsdiminishedwiththedecreasein

lentinancontentduringstorage. Inaddition,inChapterV,theauthenticlentinanwas

degradedbytheβ-1,3-glucanasefromL.edodes,anditsimmunomodulatingactivityin

cytokinesproductionsdiminishedwithlentinandegradation. Onthebasisoftheseresults,

theauthorconcludedthatexoβ-1,3-glucanasewassynthesizeddenovainL･edodesduring

storageathightemperaturesuchas20oC,andtheincreaseinthisenzymeactivitywasrelated

closelytothedecreaseinlentinancontentsandtheimmunomodulatingactivityofL.edodes

duringstorage.
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