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ABBREVIATIONS  

N∴Ⅳ－dimethylhrmamide   

benzy14－0－0トD－glucopyranosyluronicacid－β－D－glucopyranoside   

O－α－D－glucopyranosyluronicacid－α－D瑠1ucopyranosiduronicacid   

O－α－D－glucopyranosyluronicacid－D－Ⅹylose   

2－0－α－D－glucopyranosyluronicacid－D－Xylose   

3－0－α－D－glucopyranOSyluronicacid－D－Ⅹylose   

4－0－α－D－glucopyranosyluronicacid－D－Xylose   

2－0－Ct－D－glucopyranosyluronicacid－D－Xylo－01igosaccharide   

2－0－（4－0－methyトα－D－glucopyranosyluronicacid）－D－Ⅹylose   

2－0－（4－0－methyl－α－D－glucopyranosyluronicacid）rD－Ⅹylo－01igosaccharide   

クー山trophenoI   

P－nitrophenylα－D－glucopyranosyluronlcacid   

P－nitrophenylα－D－glucopyranosyluronicacid－hydrolyzingenzyme   

sodium dodecyl sulfate 

trimethylsilyltrifhoromethanesulfbnate  

DMF  

GAqGIc  

GA－GA  

GA－Ⅹ  

GA－2Ⅹ  

GA－3Ⅹ  

GA－4Ⅹ  

GA－2Ⅹn  

MeGA－2Ⅹ  

MeGA－2Ⅹn  

PNP  

PNP－GA  

PNP－GAase  

SD′S  

mSOT￥  
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GENERALINTRODUCTION  

0－Acetyl－（4－0－methyl－glucurono）－Xylanconstitutesaconsiderablefractionofhardwoods・   

The macromolecule consists of about200xylopyranose umits，linked together by釈1→4）－   

glycosidic bonds．About every tenth xylose unitis substituted byanCL（1→2）－1inked D－   

glucopyranosyluronicacidand4－0－methyl－D－glucopyranosyluronicacidsubstituents・Sevenout  

oftenxyloseunitscontainan0－aCetylgroup atC－20rat C－3・1）Thelinkages ofD－   

glucopyranosyluronicacid－and4－0－methyl－DrglucopyranosyluronicacidND－Xylosesaremainly   

O（1→2），thoughBi＄hophasisolateda（1→3）－D－glucopyranOSyluromicacid－D－Ⅹylosefromwbeat  

strawholocellulose．2）ThecL（1→4）－1inkagehasnotbeenreportedsofar・  

α－Glucuronldase hydrolyzestheglycosidiclinkages betweenα－D－glucopyranosyluronic   

acid and xylose or4－0－methyl－αpD－glucopyranOSyluronic acidand D－Ⅹylose，andthere by   

liberates D－glucuronlcacidor4－0－methyトD一glucuronicacid・Tberearesomereportsaboutthe  

α－glucuronidase（refertothereviewbyPulsl）），but”asnotyetbeenregisteredintheEnzyme   

Nomenclature．  

RoyandTimellreportedthatthesulfuricacidhydrolysisofhardwoodxylanyields2－（4－0－   

methyl－α－D－glucopyranosyluronicacid）－D－Ⅹylose（MeGA－2X）asthemainacidic endproduct・   

Ⅵ1eyhaveconcludedthattheα（1→勾－glucopyranOSyluronicacidlinkageishydrolyzed about  

200timesslowerthantheβ（1→4）－Ⅹylosidiclinkage戚Ⅹylobiose．3）  

hthe enzymatic hydrolysis ofglucuronoxylan，endo－P－Ⅹylanases hydrolyze xylanh a   

randomaction，andpro血ceglucuronoxylo－Oligosaccharides andxylo－Oligosaccharides・These   

acidic sugars always carry the glucopyr弧OSyluronic acid andhr 4－0－methyト   

glucopyranOSyluromicacidsubstituentsatthenon－reducingterminalⅩyloseunit．T出smodeof  
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actionofpurexylanases against variousxylan hasconsistently beenreported bymany other  

workers・4－7）Theglucuronoxylo－Oligosaccharides arehydrolyzed by α－glucurmidase to   

produceglucuronicacidandxylo－Oligosaccharides，andthentheresultantxylo－01igosaccharides   

are hydrolyzed by β－Xylosidase to xylose・The stability of thelinkage between the   

glucopyranosyluronicacidandxyloseformsabottleneckinthecompletehydrolysisofxylanS   

Withenzyme・Thusα－glucuromidases aremostlmportantformaximlZlngthexyloseyieldinthe  

enzymatichydrolysisofxylan． り  

Tablelshowsα－glucuronidase－PrOducing organismsandtheir substrates．Asshownin   

Tablel，many grOuPSinvestigatingα－glucuronidasehaveusedtheir ownSubstrates．Resultsof   

theindependent studies are notalways comparable，and some凸ndings，Which seem to be   

COntradictory onthe血st glimpse，Can be explained under consideration ofthe difftrent   

Substratesinuse．  

hthisthesis，reSultsofinvestigationsonthesubstratespecificityof（ユーglucuronidases are   

described．h ChapterI，thesynthesis ofthereglOISOmericα－D－glucopyranOSyluronicacid－D－   

Xylose（aldobiouronicacid）assubstratesfbrstudiesofsubstratespeci鮎ityofα－glucuronidaseis   

described．hChapterⅡ，thethree basidiomycetesthat produceα瑠1ucuronidaseaJerePOrted，   

andthe substrate specificityof these glucuronidaseisinvestigated byusing the synthetic   

reglOISOmerS・Anewα－glucuronidasethathydrolyzesp－nitrophenylα－D－glucopyranosyluronic   

acid（PNP－GA）is detected，Puri丘ed，and characterizedfrom commercia11y available snail   

acetonepowder・Thekineticsofthe new enzymearealsodescribed hCbapterm・1menew   

enzymeismoreactivetowardsPNP－GAthanotherα－glucuromide・  
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Tablel．α－Glucuronidases andtheirsubstrates．  

Organisms  Substrates  Reftrences  

dgαr血∫わf甲0川ぶ  

升gc力oder〝7αree∫ef  
MeGA－2Ⅹ2a  9  

StrqptoITV｝CeSOlivochromogenes  Wheatbran＋Xylanase  lO  

肋gαわわ〟Jf椚以∫pαrα乃αg〟e那gぶ  

∫か甲わJ町Ce∫0〟voc血・0椚Oge乃eぶ  

肋叫助肌血祓血如  

hrchwoodxylan，Wheatbran＋Ⅹylanase，  

P－nitrophenylα一glucopyranosyluronicacid  
11  

秒ro〝γC広一pα血ぶかf∫  

升fc如de〃乃αSpp．  

ア0らpo川∫Ve相加わr  

エαe卸0川∫∫㍑わ加re〟∫  

dgαr血∫わg軍0川∫  

アJe〟rO‘加ぶ0∫かeα血ぶ  

MeGA－2Xylitolb  12  

Strq）tO7TUCeSSpp  hrchwoodxylan＋Xylanase  13  

mermoascusaurantiacus  MeGA－2X3C  14  

d甲e曙f肋∫椚ger5－16  MeGA＿2Ⅹa  15  

a 
2－0－（4－0－methyl－α－D－glucopyranosyluronicacid）－D－Xylose．  

b2－0－（4－0－methyl－CLD－glucopyranosyluronicacid）－D－Ⅹylitol．  

C2－0－（4－0－methyトcL－D－glucopyranosyluronicacid）ND－Ⅹylotriose．  
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CHArrERI  

SYNTHESISOFREGIOISOMERICALI）OBIOURONICACIDS  

SUMMARY  

′me three regioisomers of O－α－D－glucopyranosyluronic acid－D－Xylose；（aldobiouronic   

acid，GA－Ⅹ），2－0－α－D－glucopyranosyluronic acid－D－Ⅹylose（GA－2X，22），3－0－Ct－D－   

glucopyranosyluronic acid－D－Xylose（GA－3X，24）and4－0－α－D－glucopyranosyluronic acid－D－   

Ⅹylose（GA－4X，26），WereStereOSelectivelysynthesizedtoclarifythesubstratespecificityofcL－   

glucuronidase．TheregiospeciBcally protectedprecursors，namelybenzy13，4－dirO－benzyトβ－D－   

Xylopyranoside（7），benzy12，4－di－0－benzoyトα－D－Ⅹylopyranoside（9），and benzy12，3－di－0－   

benzyl－β－D－Xylopyranoside（15），Wereglycosylatedwith O－（benzy12，3，4－tri－0－benzyトβ－D－   

glucopyranosyluronate）trichloroacetimidate（20）in the presence of trimethylsilyl   

trifluoromethaneSulfbnateasthecatalyst．  

INTROD一丁CTION  

Glucuronoxylans areimportant00皿POnentS Of plant hemicellulose．The（1→4）－β一I）－   

Ⅹylopyranan backbone ofthese polymers carries occasional（ユーD－glucopyranosyluronic acid  

branChes atthe C－20r C－3pos加ion of the D－Ⅹyloseresidues．1句some ofthe a－D－  

glucopyranOSyluronicacidresiduesarealsomethyletheriBedattheC－4posidon▲1句2－0－（4－0－   

MethyトcL－D－glucopyranOSyluronic acid）－D－Ⅹylose（MeGA－2X），2・0－CLD－glucopyranOSyluronic   

acid－D－Ⅹylose（GA－2X），and3－0一弘D－glucopyranOSyluronicacid－D－Ⅹylosehavebeenisolated  

＆omtheacidhydrolysateofglucuronoxylan・2，1句MeGA－2XhasbeensynthesizedbyKovacet  
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al．，17）althoughthechemicalsynthesisofotheraldobiouronicacidshasnotbeendescribed．  

Uchidaetal・haverecently reportedthesubstrate specificityofα－glucuronidase丘om  

Aspergillusniger・15）Thisα瑠1ucuronidasehastheabilitytohydrolyzethecL（1→2）glycosidic   

bondbetweentheD－glucuronicacidandD－XyloseresiduesinMeGA－2XandGA－2X．However，   

it has not been demonstrated whetherthe enzyme can hydrolyzetheα（1一→3）andα（1→4）   

glycosidicbondsbetweentheD－glucuronicacidandD－Ⅹyloseresidues・α－Glucuromidaseisan   

importantenZymeforthecompletehydrolysisofplanthemicelluloseanditisalsonecessaryto   

●■ Clari抒the substrate specificity of this enzyme・The reglOISOmerS Ofaldobiouronic acid are   

needed 触rfurther studies onthe substrate spec泊city ofα－glucuronidase・Moreover，the   

Synthesis of the reglOISOmerSis alsoimportant forinvestigating the struCture－function   

relationshipsoftheseuronides丘）rbiologicalactivity．hthischapter，StereOSelectivesynthesisof   

threeO－CL－D－glucopyranosyluronicacid－D－ⅩylosereglOISOmerSisdescribed・  

GENERALMETHODS  

MeltingpointsareunCOrreCted．Opticalrotationwas measuredwithaJascoDIP－140   

POlarimeterasasolutioninCHC13at240c，unlessnotedotherwise・Al1soIventswereusedafter   

beingpuri鮎dintheusualmanner．Column chromatographyand且ashchromatography were   

Carriedoutincolumnsofsilicagel（Merck，240－400mesh）．nCwasconductedonsilicage160   

F254Plates（MerCk），aJldtheproductsweredetectedeitherbyUVlightαbychamingwith   

H2SO4・NMRspeCtraWerereCOrdedwith aJeoIJNM－EX2700r BrukerAM－500NMR   

SpeCtrOmeteraSaSOlutioninCDC13αD20・Thevalue＄肋6Hand8careexpressedhppm   

down鮎Id from tetramethylsilane aSanintemalstandard肋solutions h CDC13，and伽  
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SOlutionsinD20areexpresseddownfieldfromthesignal払rthe3q（trimethylsilyl）propionic－   

2，2，3，3－d4aCidsodiumsalt・FAB－MSwasperfbrmedinthepositive－ionmodeonaJeoIHX－100   

massspectrometeroperatedatanaCCeleratingvoltageoflOkV・SamPlesweredissolvedinan   

aq・KCIsolutionandloadedontoastainless－Steeltargetwithglycerol－thioglycerolasthematrix，   

argonbeingusedasthebombardinggas・  

RESUIノーS  

勘乃成田由げ♪弓WJぴgαCC甲わ柑．  

TheD－ⅩyloseacceptorunSubstituted at the C－2position，benzy13，4－di－0－benzyl－β－D－  

xylopyranOSide（7），WaSPreParedbythemethodofKovacandPetrdkova（Schemel）・18）TheD－   

Ⅹyloseacceptorunsubstituted attheC－3position，benzy12，4－di－0－benzoyl－α－D－Ⅹylopyranoside  

（9），WaSSynthesizedas described byHelmetal・（Scheme2）．19）TheD－Xyloseacceptor  

unsubsthtedattheC－4positionwaspreparedaccordingtotheprocedureofTbkeoetal・ 20）   

WithslightmodiBcations（Scheme3）．Whilethey hadused methylβ－D－ⅩylopyranOSideasthe   

Startingmaterial，benzylβLD－ⅩylopyranOSide（10）was usedinthepresentstudyasthebenzyl   

groupatthereducingendcanbedeprotectedmoreeasilythanthemethylgroup．Compound10   

WaSaCetOnizedwith2－meth0ⅩyPrOPeeinNN－dimethylfbrmamide（DMF）inthepresenceofa  

catalyticamOuntOfmethanolichydrogenchloride・20）withoutisolating2，摘opropylidene   

derivativell，theresultingcompoundwasalkylatedw土山al1ylbromide－SOdiumhydrideinDMF，   

andtreatedwithdiluteacidinacetone．Ftactionalcrystallizationoftheproductprovideda58％   

yieldofpureben野14－0一叫yl－β－D－ⅩylopyranOSide（13）．Benzylationof13gave4－0－allyl－2，3－   

di－0－benzyl－β－D－Ⅹylopyranoside（14，84％）．Theisomerizationoftheal1ylgroupin14tothel－  
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propenylether with tris（triphenylphosphine）rhodium（Ⅰ）chloride 21）and l，4－  

diazabicycIo［2・2・2］octane，andsubsequenthydrolysiswithdiluteacidinaqueousacetone 22）   

gavebenzy12，3－di－0－benzyトβ－D－Ⅹylopyranoside（15）ina70％yield．  

勘乃助e占血げβ－gJ眠〟rO乃叩J（わ〃0れ  

Asa glucuronosyldonor，0－（benzy12，3，4－tri－0－benzyl－β一D－glucopyranosyluronate）   

trichloroacetimidate（20）was selected because20is more stable than the halogenated D－   

glucuronicacidderivativesandcanbeeasilyactivatedwithacatalyticamountofvariousI．ewis   

acids・The trichloroacetimidate was prepared bythe reaction ofbenzy12，3，4－tri－0－benzyl－D－  

glucopyranuronate（19）23）withtrichloroacetonitrileandpotassiumcarbonate（Scheme4），24）   

andβ－isomer20wasisolatedbyfractionalcrystallizationina70％yield．Thestereochemistryof  

20wasconfirmedtobeβ－fbrmbythelH－NMRspectrum，Whichshowedadoublet放）rtheH－1   

proton如∂5・89ppm（Jl，2＝7・OHz）・  

Gかco即Jα如乃α乃dd甲r（フreC如乱  

Glycosylationof7，9cq15with20wascarried outinthe presence oftrimethylsilyl  

trinuoromethane－Sulfbnate（TMSOTり25）asacatalystinCH2C12（Scheme5）・Glycosylationof  

trichloroacetimidate20proceededstereoselectivelyto affordthe corresponding cL－glycosides，   

WhichwereisolatedbyflashchromatographytoglVedisaccharidederivatives21q，23αand25α   

in60％，44％and53％yields，reSPeCtively．′meβ－isomers ofthe＄e disaccharides werealso   

isolatedtogive23βand25βh23％and6％yields，reSPeCtively．Tbepuri点cationof21βfailed，  

butthelH－NMRspectrumOfdle肌dedisaccharideproductscontaining2laand21Pshowed  
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thefbrmationof21βinabouta15％yield（2lcL：21β＝4：1）bycomparingtheintensitiesofthe   

newly fbrmed anomericslgnals・The struCtureS Oftheglycosylatedproductswereidentified  

accordingtotheirlH－and13c－NMRspectra・TheconngurationatthenewlyfbrmedanOmeric   

CenterWaSaSSignable仕omthe8valuefbrC－1一（α－fbm：21q，95・5；23cL，98．0；25q，99．2ppm．   

β－fbrm：21β，101・4；23P，103・9；25P，102．3ppm）．Isolated21qLand25dweredeprotectedby   

Catalytichydrogenationintheusualmannertogive22（GA－2X）and26（GA－4X），reSPeCtively．   

Ontheother hand，23αwaSdebenzylatedby catalytichydrogenationandthendebenzoylated   

WithNaOMeinMeOHtogivedisaccharide24（GA－3X）・Thestructuresof22，24and26were  

connrmedbytheirlH－（Fig・Sl，2，and3，reSPeCtively）and13c－（ng・S4，5，and6，reSpeCtively）   

NMRspectra，andbyFAB－MSanalyses（Fig．s7，8，and9，reSPeCtively）wereingoodagreement  

withtheproposedstruCture・ThelH－NMRspeCtraShowedthatdisaccharides22，24and26were   

presentinthesameanOmericratioofα：β＝2：3inaD20solutionbycomparingtheintensities   

正也eH－1－signals・  

DISCUSSION  

Therearemanyreportsaboutstereoselectiveglycosylations，butaftwdescribed about  

glycosylationofglycuronides（SeeSOmereViews26－29））・Ihavetriedsomeglycosylation   

reaction to synthesize aldobiouronic acid by uslng fluoride，Chloride and thioglycoside   

derivatives，etC．Thetrichloroacetimidate（20）wasmore stablethantheothersandgavegood   

yield（datanotshown）．Theglycosylationreactionwasstereoselectiveandgavecorresponding   

OレanOmerin44－60％ yields・1恥e glycosylation products were easily convertedinto   

regioisomeric aldobiouronic acids. 
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h conclusion，the stereoselective synthesis of aldobiouronic acid reglOISOmerS WaS ■■  

e班cientlyachievedbythetrichloroacetimidatemethodbrtheglycosylationreaction．  
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EXPERIMENTALDETAII．S  

Benq14－0－al＆l－β皿サIQPyranOSide U3）・Tb a stirred suspension of benzylβ－D－  

ⅩylopyranOSide（10）3q）（3・20g，13・3mmol）indryDMF（10ml）containinglO％HClinMeOH   

（60ml），2－methoxypropene（3．20mi，33．4mmOl）wasaddedslowly．Themixturewasstirredfbr   

lhatroomtemperature，befbrethereactionmixturewasdilutedwithCHC13（100ml）and   

WaShedwithwater（100ml）・TYleaqueOuSlayerwasextractedtwicewithCHC13（50ml），and   

thecombinedCHC13SOlutionwasmadeslightlyacidicbyaddinglO％HClinMeOH（10ml）・   

● AfterlOmln，thesolutionwassuccessivelywashedwithaq・NaHCO3，Waterandbrine，dried   

（MgSO4），andconcentratedtodryness・TbastirredsolutionoftheresiduehDMF（50ml），   

WaShedNaH（0・64g，27・8mmOl）wasaddedportionwisea‡OOC，andthemixturewasstirredfor   

30minatOOc・Tothemixture，allylbromide（3．50g，27．1mmol）wasaddeddropwise，befbre   

Stirringfbr2hatroomtemperature・Uponcompletionofthereaction，theexcessamOuntOfNaH   

WaSdecomposedbyaddingMeOH・BulksoIventwasremovedbyevaporation，theresiduewas   

dissoIvedinacetone＠Oml）．TbthismiⅩture，1Naq．HCl（2．Oml）wasadded，andthesolution   

WaSboiledunderreflux如20min・TheresultingsolutionwasneutralizedwithsolidNaHCO3，   

BlteredthroughaCelitepad，andevaporated．TLeresiduewascrystallizedfromhexane－EtOHto   

give13（2・18g，58％），mp54・5－55・50c，［qD－104・50（cO・98，CHC13），や0・17（血exane－EtOAc  

2：1）・rMR（CDC13）：∂H3・45－3・57（3H，m，H－5ax・，H－2andH－4），3・77（1H，t，］＝5・8鞄H－3），   

4・04－4・15（3H，m，H－5eq・andOCH2CH＝CH2），4・62（1H，d，）＝4・6Hえ，H－1），5・26（2H，m，   

OCH2CH＝CH2），5■91（1H，m，OCH2CH＝CH2）；8c60・5（C－5），70・7（OCH2CH＝CH2），70・9   

（C－2andC－3），76・5（C－4），101・2（C－1），118・1（OCH2CH＝Cf‡2），134・3（OCH2CH＝CH2）・Anal・   

Found：C，64・11；H；7・11・馳Icd・触C15H2005‥C，64・27；fL7・15％・  
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Beny14－0－al＆l一之3－di－0－beng7l－P－D－qlQPyranOSideU4）．Toasolutionof13（2．00g，   

7・11mmol）indry DMF，WaShed NaH（0・50g，21・7mmol）was added portionwiseat OOc．   

Benzylbromide（3・60g，21・O mmol）was then added dropwise tothe mixture fb1lowed by   

Stirringatroomtemperaturebr20h・AfterdecomposlngtheexcessamountofNaHbyadding   

MeOH，mOStOfthesoIventwas evaporatedo鱒，andtheresiduewas partitionedwithEtOAc－   

Water・The EtOAclayerwas washed withwaterand brine，dried（MgSO4），mtered and   

COnCentrated・nereSiduewas puriBedbychromatography＠O gofsilicagel，hexane－EtOAc   

lO：1），andcrystallized＆omhothexanetogive14（2・73g，84％），mP61・0－61・28c，［cL］D－12・6O  

（cl・00，CHC13），PfO37（hexane－EtOAclO：1）・NMR（CDC13）：6H3・20（1H，dd，］＝11・5and  

9・9Hz，H－5ax・），3・42（1H，dd，］＝9．2and7・3Hz，H－2），3．47－3．59（2H，m，H－3andH－4），4．02   

（1H，dd，］：11・5and5・1Hz，H－5eq・），4・16（2H，m，OCH2CH＝CH2），4・47（1H，d，］＝73馳，   

H－1），5・23（2H，m，OCH2CH＝CH2），5・9（1H，m，OCH2CH＝CH2）；8c63・9（C－5），71・1   

（OCH2CH＝CH2），77・4（C－4），81・9（C－2），83・7（C－3），103・2（C－1），1173（OCH2CH＝CH2），   

134・7（OCH2CH＝CH2）・Anal・Found：C，75・89；H，6・99・Calcd・fbrC29H3205：C，75・63；H，   

7．00％．  

BetL？，l之3－di－0－ben可｝］－β－Drり；Lq押raltOSide（）5）．AmiⅩturCOf）4（232g，5．34mmol），   

tris（triphenylphosphine）rhodium（Ⅰ） chloride （0．95 g，1．03 rrmol）， and l，4－   

diazabicyclo［2・2・2］octane（1・70g，15．2mmol）inlO：3：1EtOH－tOluene－Water（90mi）wasboiled   

触9hunder reflux．Thereactionmixfurewas concentratedto dryness，andtheresidue was   

extractedw姐CHC13（100ml）・neeXtraCtWaSSuCCeSSivelywashedwithcolddil・HCl，aq・  
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NaHCO3，Waterandbrine，dried（MgSO4）aJldconcentrated・Tbasolutionoftheresiduein9：1   

acetone－Water＠Oml），1Naq▲HCl（0・20ml）wasadded，andthesolutionwasboiledfbrlOmin   

underreflux・Af［erneutralizingthe resultingsolutionwithsolidNaHCO3，themixturewas   

mteredandconcentrated・AsolutionoftheresidueinCHC13WaSWaShedwithwaterandbrine，   

driedandconcentrated．Theresiduewassu切ectedtocolumnchromatographyβOgofsilicagel，   

benzene－EtOAclO：1）togive15（1・59g，71％），mP125・5－126・00c，回D－62・9O（cl・00，CHC13），  

ヤ0・24（hexane－EtOAc2：1）・NMR（CDC13）：8H2・44（1H，S，OH），3・29（1H，dd，］＝8・6and  

ll・6H女，H－5ax．），3・42（1H，t，］＝7．7Hz，H－3），3．43（1H，dd，］＝6．2and7・7Ⅰ晦H－2），3．70（1H，   

m，H－4），4・04（1H，dd，］＝4・7andll・6Hz，H－5eq・），4・57（1H，］＝6・2Hz，H－1）；8c64・4（C－5），   

69・1（C－4），80・1（C－2），82．0（C－3），102．7（C－1）．Anal．Found：C，74．11；H，6・74．Calcd．fbr   

C26H2805：C，74・26；H，6・71乳  

0一博e花町JZ烏4一桁－0－わe乃考才一β－か－gJ祝C呼ヴ柑乃∂坪山ro〝α呵如c以0和αCeめ〃むねre作町To  

asolutionofbenzy12，3，4－tri－0－benzyl－D－glucopyranuronate（19；23）1．50g，2．70rrmol）indry   

CH2q2（15mり，K2CO3（1・50g，10・8mmOl）andtrichloroacetonitrile（1・50ml，15・Ommol）   

Wereadded，andthemixturewasstirredunderN2atrOOmtemperaturebr4h・Theresulting   

SOlutionwasfilteredthroughaCelitepad，aJldtheinsolublematerialwaswashedwithCH2C12・   

The Bltrateand washings were combined and concentrated，andthe residualsyruP WaS   

CryStallizedfromhexane－EtOActogive20（1・46g，77％），mP96・2－97・6Qc，【叫D＋5・66O（cl・12，  

CHC13），FfO・56（hexaneNEtOAc2：1）▲NMR（CDC13）：8H3・77（2H，m，H－2andH・4），3・94（1H，  

t，J＝9・0Ⅰ晦H－3），4・14（1H，d，）＝9・7Hz，H－5），5・89（1H，d，］＝7．0馳，H－1），8．73（1H，S，   

Nq；8c75・0（C－5），78・8（C－2），80・4（C－4），83・6（C－3），90・7（CC13），98・0（C－1），160・9  
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（C（＝NH）CC13），166・1（C＝0）・Anal・Found：C，62・10；H，5・15；N，1・88・Calcd・br   

C36H3407NC13：C，61・85；H，4・90；N，2・00％・  

Gb7CO5ylationreaction．Toasolutionofglucuronosyldonor20（0．60mm01）andxylose   

acceptor7，9α15（0・50rrmol）indryCH2C12（5・Oml），0・4MTMSOTfindryCH2C12（70ml）   

WaSaddedunderN2aト200c・ThesolutionwassthedatT20OC触・30min・Uponcompletionof   

thereaction，m3Nwasaddedtoquenchthe飴talyst，andtheresultingsolutionwasdilutedwith   

CH2C12，WaShed with water and brine，dried and concentrated・Subsequent nash   

Chromatography戚theresiduegaveeachpuredisaccharidederivative．  

βg乃砂J O一作e糀γJ 之封－かゎ0－わe〝即ノーα－β－gJ眠qγrα〝0即J〟rO托α呵－〃－ナみ封一成一0－   

ben坪l－P－Dザγlqpyranoside P）q）・¶le glycosylation product was puri鮎d by a nash   

Chromatography（80gofsilicagel，benzene－EtOAc20：1）togivecompound2lα．職efbrmation  

of21βwasconBrmedbythelH－NMRspectrumOfthecrudeglycosylatedproduct．Theq伸   

ratioofthedisaccharidederivativeswasestimatedas4：1bycompanngtheNMRintensitiesof   

thenewlyfbmed anomericsignals・However，theisolationof21βfailed，beause complete   

SeParationof21Pwaslimitedat且ashchromatographicaltechniques．  

Compound2la：287・1mg，60％，［α］D十3・6lO（Cl・00，CHC13），ヤ0・45OleXane－EtOAc  

3：1）・NMR（CDC13）：8H3・26（1H，m，H・5ax・），3・52（1H，dd，］＝3・5and9・8比，H－21），3．66（1H，   

dd，］＝9・2and9・9Hz，H－4T），3・68（2H，m，H－3andH－4），3・81（1H，dd，）＝7．5and93Ⅰセ，H一礼   

3・95（1H，dd，）＝4・5狐dll・4比，H－5eq〕，3・96（1H，t，］＝9．4比ちH－3，），4．61（1H，d，］＝7．5   

恥H－1），5・70（1H，d，］＝3・5比ちH－1’）；8c63・7（C－5），70・4（C－2），753（C－41），78・5（Cヰ），79．0  
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（C－5，），80．0（C－2一），80．9（C－3），81．3（C－37），95．5（C－r），103．4（C－1），170・2（C－6T）・Anal・Found：   

C，74・67；H，6・30・Calcd・forC60H60011：C，74・59；H，636％・  

2－0－α－D－gluc巧ツranOSyluronic acid－D弓りlose P2，Gd－2X）．Asolution of2lα（280・O   

mg，0．29mmol）inaceticacidβml）washydrogenatedinthepresenceoflO％Pd－C（50mg）at   

atmosphericpressureandroomtemperaturefbr24h・¶leinsolublematerialwascollectedona   

CelitepadandwashedwithMeOH，befbrethecombined艮1trateandwashingswereevaporated・   

Theresiduewaspmi鮎dbyanion－eXChangechromatographyonDEAE－SephadexA－25（30Ⅹ   

180mm，PharmaCia）withalineargradientofanNH4●HCO3buffbr（0・05→0・3M）・Fractions   

WereaSSayedfor totalsugar concentrationbythephenol－Sulfmic acid method．Thefractions   

COntaining22werecombinedandconcentrated，andNH4・HCO3WaSremOVedbyevaporating   

Water＆omtheresidueseveraltimestogive22U73mg，81％），回D十98・8O（cO・77，H20）  

【lit・31）＋88－＋980］・NMR（D20，500Mfk）：触4・71（0・4H，d，）＝10・1Hz，H－57a），4・61（0・6H，  

d，）＝10・2Hz，H－5一β），4・72（0・6H，d，）＝7・9Ⅰ也H－1β），5．11（0．4H，d，］＝3．7Hz，H－1（ユ），537   

（0・4H，d，］＝3・7Hz，H－1－Q），5・38（0・6H，d，］＝3・6馳，H－1Tβ）；∂c（125M比）：63・5（じ5¢），67・7   

（C－5β），79・3（C－5－q），81・5（C－51β），92．4（C－1¢），99．5（C－1一句，99．6（C－1－a），100．6（C－1β）．FAB－   

MSm々：365，（rM＋K］＋）．  

励揖γJO一作即町J之封一打ト0－みe〝即才一α－α乃dAβ－g血c呼ヴrα乃0坪山ro乃α呵－〃→朝一去4一品   

0－benzqyl－α一DTWlqwrafWSide＠3aand23P・Theglycosylationproductswerepuri鮎dbya   

flashdhromatography（80gofsiuca，gel，benzene－EtOAc20：1）togivecompounds23α弧d23P．  

Compound23α：216・7mg，44％，【叫I）十26・80（cl・07，CHC13），FfO・74（benzene－EtOAc  
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15：1）・NMR（CDC13）：触337（1H，dd，］＝3・3and9・6Hz，H－2’），3・53（1H，t，）＝9・6Hz，H－31），   

3・86（2H，m，HL5ax・andH－4一），4・03（1H，dd，）＝5．9andlO．9Hz，H－5eq．），4・43（1H，d，］＝9・9   

Hz，H－5一），5．18（1H，d，］＝3．6Hz，H－1），5．23（1H，d，］＝33Hz，H－1T），5．27（1H，dd，］＝3・6and   

9・6Hz，H－2），5・48（1H，m，H－4）；8c58・8（C－5），70・9（C－3），72・l（C－4），72・3（C－2），74・4（C－4t），   

78・4（C－5’），79・5（C－2’），80・5（Cq3一），95・2（C－1），98．0（C－1一），165．1and165．6（C＝0），169・6（C－   

6T）・Anal・Found：C，72・94；H，5・64・Chlcd・fbrC60堕6013：C，73・16；H，5・73％L  

Compound2叩：1133mg，23％，［cL］D＋20・60（cO・87，CHC13），FfO・66（benzene－EtOAc  

15：1）・NMR（CDC13）：8H332－3・45（2H，m，H－2－andH－4T），3・74（1H，dd，］＝8・9and9・6Hz，H－   

3’），3・80（1H：，t，］＝10・9andlO．6H之，H－5ax．），3．94（1H，d，］＝9．9Ⅰ晦H－5r），4．10（1H，dd，］＝   

5・6andlO・9Hz，H－5eq・），4・73（1H，d，］＝6・OHz，H－1，），5．16（1H，dd，］＝4，Oand9．9Hz，H－2），   

5・19（1H，d，J＝4・OHz，H－1）；6c59・1（C－5），70・3（C－3），74・0（C－4），74・6（C－2），74・7（C－4T），79・2   

（CL5f），81・6（C－2’），83・7（C－3．），95・1（C－1），103・9（C－17），165．4and166．1（C＝0），1683（C－6一）．   

Anal・Found：C，73・25；H，5・79・Chlcd・forC60Ⅰち6013：C，73・16；H，5・73％・  

3－0－α－D－glucQWranOSyluronicacid－DtxyloseP4G4－3P・Asolutionof23α（210．Omg，   

0・21rrmol）inaceticacid¢mi）was hydrogenatedinthepresenceoflO％Pd－CPO mg）at   

atmosphericpressureaJldroomtemperature如r24h・Afterremovlngthecatalystby丘Itration，   

theBltratewasconcentrated・TheresiduewasdissoIvedinMeOH（5ml），befbreO．1NNaOMe   

hMeOH（0・4ml）wasaddedtothesolution・Upon completion ofthereactiOn，the reaction   

mixturewasneutrali2X5dwithsolidCO2，andthesolution wasconcentrated・Theresiduewas   

PuriBedbyanion－eXChangechromatography，aSdescribed触22，tOgiveユ4（弘9mg，80％），  

［軸＋19・50（cO・50，鞄0川t・31）＋18・5。（c3偽＝20）】・NMR（D20，500M叫：8H4・50  
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（0．4H，d，］＝10．1Hz，H－5To），4．55（0．6H，d，］＝10．2Hz，H－5－P），4．57（0．6H，d，］＝8・OHz，H－   

1β），5・18（0．4H，d，］＝3．6Hz，H－1α），5．38（0．4H，d，］＝4．4Hz，H－1一句，5・39（0・6H，d，］＝4・O   

Hz，H－1一β）；8C（125MHz）：63．7（C－5α），67．7（C－5β），82．1（C－5一α），84．4（C－5TFi），95・1（C－1q），   

99．4（C－1β），101．5（C－l．β），101．7（C－1TcL）．FAB－MSm／乞：365，（【M十K］＋）．  

蝕ノ鱒yJO一作e呵J之阜イーれ0－あe乃砂才一α－α乃dβか－g山c聯rα乃0即JⅣ0朋fピノー〃→坤一名j－dト   

0－ben即l－β－D一考Iqpyranoside P5αand25P）．The glycosylation products werepuri鮎d bya   

flashchromatography（80gofsilicagel，benzene－EtOAc20：1）togivecompounds25αand25P．  

Compound25a：253・6mg，53％，［叫）＋1・71O（cO・53，CHC13），FfO・52（benzene－EtOAc  

15：1）・NMR（CDC13）：8H330（1H，dd，］＝9・8andll・1Hz，H－5ax・），3・45（lH，dd，）＝9・0and   

7・6Hz，H－2），3・54（1H，dd，］＝9・6and3・6Hz，H－2一），3・60（1H，t，］＝9．OHz，H－3），3．97（1H，t，J   

＝9・6Hz，H－37），4・15（1H，dd，］＝5・5andll・1Hz，H－5eq．），4．23（1H，d，］＝9．9Hz，H－51），4．44   

（1H，d，］＝7・6馳，H－1），5・15（1H，d，］＝3・6Hz，H－17）；8c64・5（C－5），71・1（C－4），78・8（C－4，），   

78・9（C－57），79・3（C－3），80・8（Clf），81・7（C－2），82・8（C－3一），99．2（C－11），102．9（C－1），169．1（C－   

6’）・Anal・Found：C，74・31凋6・21・Calcd・知C60H60011●0・5H20：C，74・59；ft6・36％・  

Compound25P：28・7mg，5・9％，［叫）－23・80（cO・82，CHC13），PfO・45（benzene－EtOAc  

15：1）」¶MR（CDC13）：8H3・21（1H，m，H－4），3・44（1H，t，］＝8・1Hz，H－3），3・44（1H，t，）＝8・6   

馳，H－2’），3・61（2H，m，H－2andH－4T），3・83－4・06（3H，m，H－3，，H－5eq・andH－5ax．），3．85（1H，d，   

J＝9・9馳，H－57），4・53（1H，d，］＝7・9Hz，H－1），4・86（1H，d，］＝8・6恥H－1一）；8c62・9（C－5），   

74暮6（C－4），77・3（C－4T），79・4（C－5一），81・2（C－3），81・8（C－2I），82・0（C一勾，83・8（C－3一），102．3（C－1I），   

102・8（C－1），1681（C－6T）・Anal・Found：C，75・29用631・馳Icd・如C60H60011：C，7530；托  

6．32％．  
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4－0－α－D－glucqpyranosyluronicacid－DTWloseP亘G4－4X）．Debenzylationof25α（250・O   

mg，0．26mmol），inthesamemannerasthatdescribedfor22，withlO％Pd－CPOmg）inacetic   

acid（5ml）atroom temperature駄）r24h，andanion－eXChange chromatography ofthe crude   

PrOductonDEAE－SephadexA－25，aS alsodescribed肋22，gaVe26（72・4mg，85％），［α】D   

＋86・70（cO・54，fbO）・NMR（D20，500M比）：aH4・57（0・6H，d，］＝7・9Hz，H－1β），5・18（0・4H，   

d，J＝3・7fk，H－1呵，5・20（0・6H，d，］＝3・7Ⅰセ，H－1’β）；8c（125MHz）：62・6（C－5a），66・8（G   

5b），81・0（C－5’a），81・1（C－5－b），94・6（C－1a），99．1（C－1b），102．7（C－11a），102．7（C－1－b）．FAB－MS   

m々：365，（［M十K］十）．  
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Schemel．Synthesisof2－ⅩyloseAcceptor，7・  

A：HCl，Benzylalcohol，80・4％・B：H2SO4，Acetone，CaSO4・C‥  

TsCl，Pyridine．D：HCOOH，Acetone，reflux，（B－D80．0％）．E：0．2NNaOMe，  

75％，F：BnBr，NaH，DMF，80％．G：Benzylalcohol，NaH，80％．  

Ts，P－tOluenesulfbnyl  
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Scheme2・Synthesisof3－XyloseAcceptor，9．   

A：Acetylchloride，Benzylalcohol，40％．B：Dibutyltinoxide，Benzoyl   
Chloride，Benzene，reflux，85％．  
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Scheme3．Synthesisof4－XyloseAcceptor，15・   

A：Benzylalcohol，Ag2CO3，Ⅰ2，Benzene．B：NaOMe，（A－β81．6％）．   

C：2－Methoxypropene，H十，DMF．D：Al1ylbromide，NaH，DMF・E：H十，   
Acetone，reflux，（C－亡58．5％）．F：BnBr，NaH，DMF，64．8％．   

G：1．（P蝕3）3R叫Ⅰ）Cl，DBO，乙H十，45．99ち．  

DBO，1，4－diazabycyclo［2，2，2］octane  
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Sdleme4．SynthesisofD－GlucuronosylDonor，20．   

A：tBuMe2SiCl，lmidazol，DMF，77．5％．B：BnBr，NaH，DMF．C：Bu4NF，DMF，  

（B－C65．1％）．D：K2Cr207，H2SO4，Acetone，76．9％．E：AcOH－TFA－H20，  

100－1050c．F：BnBr，Ck2CO3，DMF，（E－F43．6％）．G：CCl3CN，K2CO3，CH2C12，   

－16Dc，80乳  
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COOB ；享．舶幸芦＝・・。・●・．   COOH  

20＋9  0  

B喘叢奄Bn  
2叩  

COOBn  

0 

COOH  

H   

＿→  

ニよ。 2。 
20＋15  

COOBn B思惑／OBn                 BnO  

2印  

Scheme5・SynthesisofReg10isomericAldobiouronicAcids，22，  
24and26．  
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CHArrERⅡ  

SPECIFICITIESOFα・GLUCURONIDASESFROMBASII）IOMYCETES  

ANDA甲β曙〟血∫〝頓ゼr                                                            ●  

SUMMARY  

¶1eα瑠1ucuronidase－PrOducing ability of basidiomycetes（70species）using2－0－CL－D－   

glucopyranosyluronicacid－D－Xylose（GA－2X）andp－nitrophenyl（ユーD－glucopyranosyluronicacid   

（PNP－GA）as substrates鮎rthe enzyme reactionisinvestigatedinthis chapter・The crude   

enzyme preparations originating from 丘ve basidiomycetes，SuCh as Chloro甲Ienium   

αe川g‡〝0∫以明 Cbrfo加p〟わe∫Ce〝ちCbrわJ那Vgrぶ加わち巾，αねc如ち 肋相加∫加椚e肋∫那，   

hydrolyzed GA－2X，but they did nothydrolyze PNP－GA・The resultsindicatethatthe two   

substrates ase hydrolyzed by different enzymes. 

hthe previouschapter，the synthesis ofthree aldobiouronicacidreglOISOmerS，namely   

GA－2X， 3－0－α－D－glucopyranOSyluronic acid－D－Ⅹylose （GA－3X）， and 4－0－α－D－   

glucopyranOSyluronicacid－D－Ⅹylose（GA－4X）isdescribed・hthischapter，thoseregioisomers   

areused todaribrthesubstratespeCiBcitiesofα－glucuronidases fromA甲eTgillusniger5－16   

andthreebasidiomycetes，namelyCbrioluspubescens，Dpexlacteusand肋ruliustremellosus・   

ne enzyme from A・mger hydrolyzed only GA－2Ⅹ，Whereas the enzymes from the   

basidiomyceteshydrolyzedal1threesubstrates．Theseresultsimplicatethatthect－glucuronidase   

fromA．nigerhas strictsubstratespec漬city towardstheα（1→勾－glucopyranosyluronicacid－   

Ⅹyloselinkage，andthe α－glucuronidase丘・Om basidiomycetes may have broad substrate   

SPeCiBcity．  

32   



INTRODUCTION  

Many xylansincellwallsofplantshaveD－glucopyranOSyluronicacidorits4－0－methyl   

ethersubstituentsattached tothe C－2positionofxylose residuesofxylanbackbone as side－  

chains・16）恥ebondbetweenglucuronicacidandxyloseresiduesisverystableagainstacid  

hydrolysis・3）However，α－glucuronidasehastheabilitytoeasilyhydrolyzethestableglycosidic   

linkageandliberatesDqglucuronicacid．Therefore，theactionmechanismoftheenzymeisof   

COnSiderableinterest・Basidiomycetesplayanimportantroleinthedecompositionofwood・h   

this connection，the present study was aimed toinvestigate theα－glucuronidase－PrOducing   

basidiomycetesusing2・0－α－Dpglucopyranosyluronicacid－D－Xylose（GA－2X）andp－nitrophenyl   

CL－D－glucopyranosyluronicacid（PNP－GA）assubstratesoftheenzymereaction・  

Recently，Uchidaetal・have reportedthe substratespecificity ofα－glucuronidase打om  

AspeTgillus niger 5－16・15）ne α－glucuronidase hydrolyzes 2，Oi4－0－methyトα－D－   

glucopyranosyluronicacid）－D－Xylose（MeGA－2X）andalso GA－2X．However，it has notbeen   

ShownWhetherthe enzyme hydrolyzes o（1→3）andα（1→4）glycosidic bonds between D－   

glucopyranosyluronicacidandD－Ⅹyloseresidues・   

IshiharaandShimizu，12）andIs血iharaetal・32）reportedthatsomebasidiomycetesproduce   

a－glucuronidase・However，thesubstratespeciBcitiesoftheenzymes丘ombasidiomyceteshave   

not been studied・Ⅷusthe substrate speciBcities ofα－glucuronidases from A．nlger and   

basidiomycetesuslngSyntheticaldobiouronicacidreglOISOmerS，払2Ⅹ，GA－3Ⅹ，andGA－4Xas   

SubstratesfortheenzymereiaCtionarestudiedpre＄ently．  
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MATERLALS AND METHODS 

βα∫王威0〝サCeね∫．  

As showninTable2，SeVenty SpeCies of basidiomycetes were used brthe test ofα－   

glucuronidase－PrOducingability．  

励叩椚ビタr甲αrαrfo乃舟omわα∫撼0／町Cβre且  

TbeseedculturesofbasidiomyceteswereinjectedintolOOmiofamediumcomposedof   

l・0％hardwoodxylan，1・0％glucose，1LO％pePtOne，0・1％yeastextract，0・1％KH2PO4，0・01％   

MgSO4・7H20，ina500－mlshakingflaskandculturedat250cforsevendays・Themyceliawas   

COllectedbyⅢtration，andhomogenatedwithaluminum oxideand O．1Macetatebuffer．me   

resultanthomogenatewascentrifuged（10，000Ⅹg，30min），andthesupernatantwasusedasthe   

intracellularenzymepreparation（Celトfreeextract）．  

且托りノ椚ピタr甲αr（汀go乃舟0椚d乎e曙g肋ぶ乃なer．  

A・Tdger5－16wasculturedinlOOmiofamedium（pH5．6）composedof2・0％hardwood   

XylaJl，0・6％peptone，03％yeastextract，1・0％KH2PO4，andO・05％MgSO4・7H20，ina500－   

mishakingflaskonareciprocalshaker（1250SCillationsperminute）at35Oc加24hThe   

Culturebrothwaspassedthrough創terpaper（ToyoRoshiNo．2，ToyoRoshiCo・ud・，Japan）・   

ThemyceliaontheBlterpaperWeremixedwiththesameWeightofalumimmoxideandlOO   

mM acetate bu蝕r匝H5．0），andthen homogenatedin a porcelain mortar・The resultant   

homogenatewascentrifuged（10，000Ⅹg，30min），andthesupematantWaSdialyzedagainst20   

mMacetatebu触rbH5・0）丘汀tWOdays・Theresultantwascentrifugedagain，fbllowedbythe  

34   



1yophilizationofsupematant・ⅥlereSultantpowderwasdissoIvedindeionizedwater（10．Omg／   

4・0mi）aJldusedastheintracellularenzymesolution．  

丹甲αrα如乃ガ∫め∫かαfe∫・  

GA－2X was prepared from the acid hydrolysate of cotton seed（kindly donated by  

OkamuraOilMi11，ud・Osaka，Japan），bytheproceduresrepodedbyYoshidaetal・33）and  

Mats。。etal．7）  

PNP－GA was synthesized by catalytic oxidation ofp－nitrophenylαqD－glucopyranoside  

accordingtotheprocedureofMarshandLevvy・34）ksphysicaldatahasbeenreportedby  

uc血idaerαJ．15）  

Thealdobiouronicacidregioisomers（GA－Xs），GA－2X，GA－3X，andGA－4X（SeeFig．10），  

weresynthesizedasdescribedinChapterI・35）  

物椚eα∬町．   

ThehydrolysisofGA－2XwasassayedbythemethodofUchidaetal・15）Thereaction   

miⅩture，COntainingO・1miof2．OmMGArXsolution，0．3mioflOOmMacetatebu蝕r（pH5．0），   

andO・1mioftheenzymesolution，WaSincubatedat500Cfbr30min．A鮎rtheinactivationof   

enzymebyboiling，theamOunt Ofglucuronicacidliberated fromGA－Xwasmeasuredbythe  

M肋er－Avigadmethod．36）onemitwasd血edastheamountofenzymeWhichproducedl   

PmOlofglucuromicacidpermin．   

p－Nitrophenolreleased伽mPNP－GAwasestimatedasdescribedbyUchidaetal・15）The   

reactionm汝山托，COntainingO．5mlof2．OmMPNP－GA，0．4mloflOOmMacetatebufftr（pH  
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5・0），andO．1miofenzymesolution，WaSincubatedat500cfbrlh．Thereactionwasterminated   

bytheadditionofl・OmlofO・2MNa2CO3SOlution，andpNnitrophenolreleasedfromthe   

SubstratewasmeasuredspeCtrOPhotometricallyat408nm．  

RESULTS 

α－G山c〟rO血ねぶeザrO血c血gαわ～J和げわαぶよ成oJ町Ce絶鼠  

GA－2X－degrading activitiesinthe extracellularandintracellular enzymeSOlutionswere   

assayedbythemethoddescribedabove・1meresultofGA－2X－degradingenzymeproductivityis   

ShowninTable2・Some of basidiomycetes such asChloro甲Ienium aeruglnOSum，Cbriolus   

PubesceTW，CbriolusvelTicoわr，hpex hlCteuS，and肋ruliustremellosus，hadgreaterGA－2X－   

degradingenzymeactivitythanothers．  

助わ∫か細聯C析cf鹿ぶげα－g血c以rO乃f血∫e∫げあα∫i血）叩Cefe∫α〝dd軍e堵肋ぶ血ger，  

Basedontheresultofめ0VeSCreenmg，threeα－glucuronidase－PrOducingbasidiomycetes，   

LklCteuS，MtremellaT叫andCpubescencewerechosen・ThecrudeenzymePreParations血・Om   

thethreebasidiomyceteswereusedforinvestigatingthesubstratespec漬cityofα－glucuronidase・   

Theα－glumronidases鈷om也emhaddifftrelltSpeCificitycomparedwiththeenzymefromA．   

nlger，because the preparations hydrolyzed almost similarly the three reglOISOmerS Of   

aldobiouronic acid（SeeTable3）・Theresultsindicated that thebasidiomycetes possessthe   

ab揖tiestohydrolyzethethreereglOISOmerSOfthealdobiouronicacid・  

Recently，Uchidaetal．haverqprced也atα－glucuronidase血omA．miger5－16hasstrict   

Substrate speCiBcibT tOWard a（1→2）－D－glucopyranosyluronic acid－D－Ⅹyloselinkage，because  
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thisenzyme hydrolyzed MeGA－2X and GA－2X，howeverwas not efEectivetohydrolyzep－   

nitrophenyl（ユーD－glucopyranosyluronicacidandbenzy14－0－α－D－glucopyranosyluronic acid－β－  

D－glucopyranoside・15）恥eyhavealsorepo血dthattheenzymedidnotrecognizetheO－methyl  

groupattheC－4positionofD－glucopyranosyluronicacidresidue．15）However，Whetherthe   

enzymehydrolyzesct（1→3）－andα（1→4）－D－glucopyranosyluronicacid－D－Xyloselinkageshas   

notbeenstudied・¶leSubstrate speCificity ofα－glucuronidase fromA・nlgeruSlngthe three   

●■ Syntheticaldobiouronic acid reglOISOmerSisinvestigatedinthe presentstudy・¶le enZyme   

e班cientlyhydrolyzedtheα（1→2）linkageofGAN2X，butpoorlyhydrolyzedtheotherlinkages   

SuChascL（1→3）anda（1＋4）（SeeTable3）・Theseresultsindicatethattheαqglucuronidasefrom   

A・nigerpossess very strict substrate speCi鮎ity towardthe a（1→2）－D－glucopyranosyluronic   

acid－D－Ⅹyloselinkage．  

DISCUSSION   

IshiharaandShimizu，12）andIshiharaetal・32）havereportedthatthebrownrotters   

¢ae卸OruSSu帥ueusvar・miniatusand73｝rOJ町CeSPalustris）werestrong2－0－（4－0－methyトα－   

D－glucopyranOSyluronicacid）－D－ⅩylitoトdegradingenzymePrOducers．Wehave丘）undthatmost   

basidiomycetescanproduceGA－2X－degradingenzyme（SeeTable2）．   

Recently，Uchidaetal・15）havereportedthatthepuriBeda－glucuronidaseh：OmA・niger   

5－16didnothydrolyzePNP－GA．Ⅱisclearthatthisphenomenonisduetothestrict substrate   

SPeCificity of the enzyme・Further，Whetherthese basidiomycetesalso produced PNP・GA－   

degrading enzyme wasalsoinvestigated．Tal）le3showsthat noneof tested basidiomycetes   

pro血ce也eenzyme・  
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Marsh andLeⅤVy37）havereportedthatthepreparation oflimpet（ねtellav鴫ata）   

hydrolyzedthect－glucuronides ofphenol，P－nitrophenol，（十menthol，andborneol，howeverit   

hasnotyet reportedwhetherthepreparationcandegrade GA－2X suchas aldobiouronicacid・   

rmepresentstudyindicatesthatPNP－Gんdegradingenzymeiseithernotpresentorisveryrare   

On basidiomycetes．h general，many glycosidases are assayedwiththe correspondingp－   

nitrophenylglycosides asthesubstratesoftheirenzymereactions，butPNP－GAlookslikeitis   

unsuitablefbrtheassayofα－glucuronidase．Because，thetwosubstrates，GA－2XandPNP－GA，   

WerenOtdegradedtogetherbyanyenzymepreparation，itcanbesaidthatthetwosubstratesare   

hydrolyzed by different enzymes. 

Recently，thereweresomereportsabouttheisolationofGAT2ⅩandGA－3X，2，31）but   

nonedescribedthe presence ofGA－4X・The unnaturalaldobiouronic acid，GA－4X，WaS also   

hydrolyzed bythe enzyme preparationsfromthethree basidiomycetes・Theα－glucuronidase   

frombasidiomycetes may have broad speCificity，butitisunclearatpreseIltWhether theα－   

glucuronidases from basidiomycetes arethe only eruyme class w出chhas broad substrate   

SPeCiBcity，αCOntainthreeenzymeswhichhavestrictsubstratespeci鮎ities・  
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Table2．Productivityofα－GlucuronidaseofBasidiomycetes・  

GA－2X－degrading PNP－GA－degrading  
activity  activity  IFONos．  Names  

intr。a）extraa） intraa）extraa）  
n．d．   9075 ．4gro町わe呼J玩かαCeα  

31937  月乃eJねrgα∫の耶わvαぬ  

8440・d此r印加rα妙C呼erゐfde∫  

5949 ．血沈血血川血血毎毎払  

30159 ノ血rf∫Cα帥祝椚V祝なαre  

31652  β0乃dα㍑eWfα椚0乃ね乃α  

6983 αわro甲ね〝山肌αe川g‡㈲∫㍑椚  

30567 C7おりわeαCrO〝7eぬなα  

9350 αわ卸毎肌加血血  

4907  Cbrわ山ぷCO〃∫OJ昔   

6479  CbrgoJ〟∫鋸柑㍑蝕ぶ  

9782 α，rfoJ〟叩加わe∫Ce〃∫  

9791 CbrfoJ〟∫Ve和ね0わr   

8376  Cbrr加αr如ぶC血乃α∽α〃e混∫  

30259 Cr血如〃ね∫卸おrgα  

30404 q岬坤0用∫VOれ′α加  

9076 q，α娩祝∫∫ねrcore〟∫  

9789 qcわ叩Ce∫舟∫C〟∫  

30660 q′肌αわde〃〃αeJegα〃ぶ  

6269 上）αe血Jeqp∫ね雨coわr  

7770  βα〟如才αC（）乃Ce〝frゴc（7  

4959  飽vo血∫αrC‡J肋r血∫  

6897 月わわoJe奴ゞ椚α乃如㍑ぬr由  

30224 ダ7α椚椚打払αVe比和e∫  

30371 伽田β椚e〝加・加  

8705 ね血叩頭画血血  
30481 肋わeJα乃αrαdね0∫〟椚  

4950 月汁∫C鋸qpor〟∫αわね血〟∫  

9788  血0乃0血∫CIJわc㍑kr由  

5367 J桓αねc紀鮎  

8334 エαCぬrおc九けぶ0祓e以∫  

30745 血g卸Or払y脳中加re沈∫  

8917 エα〝甲陀ro〝WCeぷノ呼0托ね昆∫  

30719  エビ乃わ〃弘ざβdo（ね∫  

30750 エe乃血以∫J甲加ゎ混∫   

6513  エe乃Z蓋鹿∫わe如才加α  

30380 句画商肌血  
8335 み甲桓肋椚虚血呵‡  

9618 肋cr（フJ甲わねpr（フCerα  

9667  肋和才血∫かど椚eJわ∫〟∫  

9668  臓e椚αわわ椚α∫〟わね舵わ虎∽耶  

30386  伽乃ぬorね〃ね揖  

n．d．  十  

十   

十   

－ト   

±   

十   

十   

±   

±   

＋・  

d
d
且
H
止
d
d
 
●
 
 
十
 
十
 
n
 
n
 
n
 
十
 
n
 
n
 
n
 
 

d
 
d
 
d
 
d
 
d
 
d
 
 

一
 
n
 
n
 
n
 
■
 
n
 
n
 
n
 
－
 
 

±  十  

＋＋十  十十十  

十十＋  ＋  
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9784  0以de椚αJばie〃（才肌〟Cf（ね  
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DetailsofthemeasurementsofGん2X－degradingactivitiesaredescribedhMaterialsand  

Methods．ち＜1．0Ⅹ10－3；十，1．0Ⅹ10－3－10．0Ⅹ10－3；＋十，10・0Ⅹ10－3・40・0Ⅹ10－3；十＋＋，＞40・0Ⅹ  

10－3unithnl；n．d．notdetemined．   

DetailsofthemeasurementsofPNP－GA－degradingactivitiesaredescribedinMaterialsand  

Methods．＋，PNP－GAwashydrolyzed；T，PNP－GAwasnothydrolyzed；n．d・，nOtdetermined・   

a）inha，htracellularenzyme；eXtra，eXtraCeuularenzyme．  
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Table3・GA－Xs－degradingActivitiesofSomeEnzymePreparations・  

Fungi  GA－2X－  GA－3Xq  GA－4X－  

degradingactivities degradingactivities degradingactivities  

¢10T3unithnl）  ＠10－3mithnl）  ¢103unithnl）  

d坤ergfJ血∫〝Zger  76．7  

Cbrわ毎夕〟わe∫Ce乃∫   10．5  

巾閻烏c托以∫  9．7  
肋rlJJ血∫打e椚eJわ∫〟∫   11．8  
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DetailsofthemeasurementsofGA－Xs－degradingactivitiesaredescribedin  
MaterialsandMethods．  
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CHArrERⅡI   

PURIFICATIONANDCHARACTERIZATIONOFα．GLUCURONIDASEFROM  

SNAlLACETONEPOWI）ER  

SUMMARY  

The p－nitrophenylα－D－glucopyranosyluronic acid－hydrolyzing enzyme（PNP－GAase）   

打omsnail（肋放pomatia）acetonepowderispuri鮎dbychromatographiesonDEAE－Cellulose，   

CMqToyopearl，andToyopearlHW－55F・nemOlecularweightoftheenzymeiscalculatedas   

180，000bygelfiltrationchromatographywithSuperose6，aJld97，000bySDS－POlyacrylamide   

gelelectrophoresis．The画iscalculatedas6．8byisoeleetricfbcuslng・「meenZymeShowedthe   

maximumactivityatpH3・Oand500c，andwasstableatpHbetween3・0－7・Oandupto500C・  

Th∋enZyme aCtivitywasgreatlyinhibitedbyHg2＋，P－Chloromercuribenzoicacid，SOdium   

dodecylsulfate，andN－bromosuccinimide▲TheenzymereleasedD－glucuronicacidnotonlyfrom   

PNP－GA butalsofrom2－，3－，and 4－0－CL－D－glucopyanosyluronic acid－D－Ⅹyloses，0－α－D－   

glucopyranosyluronic acidrα－D－glucopyranOSiduromic acid， and benzy1 4－0イX－D－   

glucopyranOSyluronic acid－β一D－glucopyranOSide・The resultssuggestthatthe（1－glucuromidase   

fromsnailacetonepowderhadabroadsubstratespecificitycomparingwith恥glucuronidases   

fromApeTgillusnlgerandbasidiomycetes・  

mRODUCTION  

払Glucuronidaseis the mostimportant enzyme fbrtheincrease of xylose yieldin  

enzymadcandacidhydrolysesofxylan，l）becausetheα1→2glycosidicbondof4－0－methyトD－  
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glucopyranosyluronicacidandD－glucopyranosyluronicacidside－Chainsisknowntobestableto  

acidhydrolysis・1，3）someoftheenzymehavebeenpu血dfromAgaricusbicporus， 38）  

d軍erg肋ぶ鴫α5－14，15）伽珊0α∫Cu∫α混re乃如c叫14）弧d升油加珊αree血32）h血lof   

theseinvestigations，4－0－methyl－α－D瑠1ucopyranosyluronicacid－（1－→2）－D－Ⅹylo－Oligosaccharide   

has beenused asasubstrate．  

P－Nitrophenylglycosides are generally used as substrates fbr the corresponding  

glycosidases・39）Basedontheanticipationthatp－nitrophenylα－D－glucopyranosyluronicacid  

（PNP－GA）may also be a substrate suitable 魚）rthe assay ofα瑠1ucuronidase，the α－   

glucuronidaseqproducing ability of70species of basidiomycetes wastested．However，they  

failedtoproducethePNP・GA－hydrolyzingenzyme（PNP－GAase）inChapterfI・40）Fontanaet   

al・have dso reportedthat Strqpto′町CeS OZivochromogenes donot haveslgnificant activity  

againstsyntheticPNP－GA・11）Furthermore，theyhavedescribedthatfungalcL－glucuronidasecan   

not hydrolyze PNP－GA，and the snailenzyme was very active towardboth con丘gomers，   

especiallythep－mitrophenylβ－D－glucopyranOSyluronicacid・However，theyhavenotpurifiedthe   

CL－glucuronidase甲dhavealsonotexaminedtheenzymeactivitytowardotherα－glucuronides  

suchasaldobiouronicacid・MarshandLevvy37）alsoreported也atthepreparationfromlimpet  

PtelklⅧ廟地）hadPNP－GAaseactivity・However，theyhavealsonotpuri鮎dorinvestigated   

thesubstratespeCificityoftheenzyme．  

hthisCh叩ter，thedetectionofPNP－GAasehextractsdcommerciallyavailableacetone   

POWdersofabalone，limpet，andsnailisdescribed・TheenzymeWaSPurified丘omsnail（肋Iix   

POmatia）anditspropertiesarestudiedwithparticularreftrencetoitssubstratesp8Cificity．  
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MATERIALSANDMETHODS  

Cたe椚gCαね．  

Abalone，limpetandsnai1acetonepowdersusedasenzymesourceswerepurchased放om   

Sigma ChemicalCo．（St．I．ouis，U．S．A．）．DEAE－Cellulose（DE52）was purchasedfrom   

WhatmanPaperud．（Maidstone，England），CM・ToyopearlandToyopearlHW－55F丘omTosoh   

Co・（Tokyo，Japan），andp－nitrophenyl（PNP）glycosides丘omSigmaChemicalCo・PNP cL－D－   

glucopyranosyluronic acid（PNP－GA），and O－α－D－glucopyranosyluronic acid－ α一D－  

glucopyranOSiduronicacidweresynthesized15）bycatalyticoxidationsofPNPα－D－glucoside  

andcL，CLT－trehalose（NacaraiTesqueInc．，Kyoto，Japan），aSdescribedbyMarshandLevvy， 34）  

and Goren andJiang，41）respectively・Benzy148a－D－glucopyranosyluronic acid－β－D－  

glucopyranosidewassynthesizedbythemethodofHirasaka．42）Theregioisomeric2－0－，3NO－，   

and4－0・α－D－glucopyranosyluronic acid－D－Xyloses were synthesized as describedinCbqpter  

I・35）2－0－（4－0－Methyl－α－D瑠1ucopyranOSyluronicacid）－D－Ⅹylose（MeGA－2X）waspreparedby  

themeth。d。fY。Shidaetal．33）  

丹甲αrαfわ〃げcr〟deピア町肌g∫0加わ几  

馳ch ofthe acetone powders（50mg）described above was dispersedinl．O mlof   

McIIvainebufftr（pH7・0）andthemixturewasshakenat4Dcforlh．Theresultantmixturewas   

Centrifugedat7，000Ⅹg如rlOmintoremoveinsolublematerials，andthesupernatantWaSuSed   

asacrudeenzymesolution．  
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且′町肌eα∬町．  

ForPNP－GAaseassqy，0・1mlofenzymesolutionwasaddedtoamiⅩtureOfO．5mlof2・O   

mMPNP－GAandO．4miofO．1MNaOAc－HClbufferbH3．0）．Thereactionwasdoneat500c   

forlOmin，andterminatedbyaddingl・OmlofO・2MNa2CO3・neamOuntOfp－nitrophenol   

releasedwasmeasured at408nm．One unit ofthe enzymeactivityisde鎖ned as theamount   

releaslnglトmOlofp－nitrophenolfromPNP－GAperminundertheconditionsmentionedabove．  

OtherexoglycosidaseswereassayedwithPNPglycosides39）assubstratesunderthesame   

COnditions．  

βねcかqp血フre虎cα托α桓由．  

Native－POlyacrylamidediskgel（7．5％）andsodiumdodecylsulfate（SDS）－POlyacrylamide  

gel（12and8．0％）electrophoresisweredoneasdescribedbyReisftldetal・43）andLaemmli， 44）   

respeCtively．Theisoelectricpointofthepuri鮎denzymewasmeasuredbyisoelectricfbcuslng   

withthe MultiphorⅡsystem（Pharmacia）andAnpholinePAGplate（pH3・5－9・5，PharmaCia）・   

The proteins onthe gelwere stainedwith Coomassie Brilliant Blue R－250・Anisoelectric   

fbcusing calibration kit匝H3蠣10，Pharmacia）was used as the standard proteinbr pI   

measurement．  

肋α∫〟re∽e乃fげpro比加．  

Proteinwasmeasured byaBCA－ProteinAssay（Pierce）withbovineserumalbuminasa   

standard． 45）  

46   



肋α∫〟re椚e乃rげ〝∽ねc㍑血rweな庇  

Themolecularweightofthepuri鮎denzymewasestimatedbygel員1trationonSuperose6   

HRlOβ0（PharmaCia）andSDS－POlyacrylamidegelelectrophoresis・Molecularweightstandards   

used丘）rthegelmtration（PharmaCia）werecatalase（232，000），aldolase（158，000），bovineserum   

albumin（67，000），and ovalbumin（43，000）．SDS－PAGEmolecular weight ma正ers（Bio－Rad）   

usedweremyosin（200，000），β－galactosidase（116，250），Phosphorylaseb（97，400），bovheserum   

albumin（66，200）ovalbumin（45，000）carbonicanhydrase（31，000），SOybeantrypsin（21，500），   

弧dlysozyme（14，400）．  

抑血一物脚Cか0椚αわ訂即妙r花q．  

nCwasdoneonaMerdkSilicaGe160plate（0・25mm也ickness）withthesolventsystem   

Ofl－butan0トacetic acid－Water（2：1：1，V／v）．Sugars on the plate were detected by heatingat   

140Oc丘）r5minahrspraylngwithsulfuricacid・  

ぷ肋e虎c血㊥げ肝Gdα∫eわWαrd∫0椚e仏g血c㍑和邦吉de∫・  

Reactionmixturecontaining50lLlofsubstratesolutionofvariousconcentration，150pl   

O．1MNaOAc－HClbufftr（pH3．0）and50plofenzymesolutionwasincubatedat50Ocfbr   

varioustimes．Theamountofglucuronicor4－0－methyl瑠1ucuronicacidreleasedwasmeasured  

bytheMilner一如igadmethod・3句Theinitialvelocity，V，isexpressedasumolofglucumicor  

4－0－methyl－glucuronicacidliberatedfromthenonrreducingendsideofsubstrate／mgofprotein   

／min．  
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RESUuS  

βビガec血〝ガ肝G舶∫eαCか血∫加αC朗わ〝ビタOW血相．  

Theαqglucuronidase－prOducing ability of70speCies ofbasidiomycetes uslng2－0－α－D－   

glucopyranosyluronic acid－D一Ⅹylose（GA－2X）aJld PNP－GA as substrates wasinvestigated・   

However，nOne Ofthe tested basidiomycetes showed PNP－GAase－PrOducing ability（Chapter  

rI）・40）MarshandI・eVVyhaverecentlyreportedthatthePNP－GAaseactivityisinthevisceral  

humpofthecommonlimpet（劫tellav廟h2）・37）Therefore，inthischapter，theacetone   

POWdersofabalone，limpet P4dga血ra crenulata）and snail但dix＝POmatia）wereused，and   

WereaSSayedfortheirPNP－GAase activities（Table4）．Snailacetonepowderwasdetected to   

harbourthehighestPNP－GAaseactivity（0．149unitshnl）．Thestudywasfurtheredtopurify血is   

activityfromsnailacetonepowder．  

動r所cαfわ和げ肝G血∫e斤0椚α∫乃αよJαC朗わ乃ピタOW滋r．  

り血tractionqfPW－G血sePomsnailacetonepowder Snailacetonepowder（10g）was   

disperSedinO・1Mnis－maleicacidbufftr（pH7．0，200ml），andstirredat200cbrlh．The   

resultantmiⅩtureWaSCentrifugedatlO，000Ⅹgand40cfbr30min・Thesupernatant（198．2ml）   

WaSuSedasaαudeenzymesolution．  

if）DEAE－Cellulose columnchromatogr呼hy Theαude enzymesolution was dialyzed   

against O・05M Ttis－maleic acid bufftr（pH6・5）・Thedialyzedenzyme solution（205．5mり   

COntaining3700mgofprotehwasputontoaDEAE－CellulosecolumnPx30cm）equilibrated   

withO・05M取is－maleicacidbufftr匝H63），aJldthecolumnwaswashedwiththesamebufftr   

ataflwrateof120mlAl・TheeluatewasfractionatedintolO－mlportions．¶1e鮎ctionshowing  
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PNP－GAaseactivity（281・Oml），tubenumbers21－47（datanotshown），WaSCOnCentratedto53．5   

mibyultraHltration uslnganAniconYM－10membrane，anddialyzedagainstO・02Macetate   

buf臨Ⅰ－bH5．5）．  

iii）C財」物QPearlcolumnchromatogrqphy 職ePNP－GAaseobtainedintheabovestep   

（55・7micontaining59・2unitsofPNP－GAaseactivities）wasputontoaCM－Toyopearlcolumn   

（2・8Ⅹ50cm）equilibratedwithO・02Macetatebuffer（pH5．5）．PNP－GAasewasadsorbedonto   

thecolumn，andthe columnwasthenwashedwith5bedvolumesofthestarting buffer．The   

enzymeinthecolumnwaselutedwithalineargradientofNaCl仕omOtoO．2M（totalvolume，   

1500ml）inthesamebuffer，ataflowrateof150ml／h∵nleeluatewasfractionatedintolO－ml   

portions・The敵actionshowingPNP－GAaseactivity（97．8mi，23．7units），tubenumbers71－81   

（datanotshown），WaSdialyzedagainstdeionizedwater，andlyophilized．  

iY）TqyqpearlHW55FgelPltration T鮎1yqphilizedenzyme（11．8unlts，thehalfof23・7   

units）wasdissoIvedinO．8miofO．02Macetatebufftr（pH5．5）containingO・2MNaCl，andput   

OntO a COlumn ofToyopearlHW－55F（2・5x60cm）equilibratedwith thesame buffeL The   

enzymewaselutedwiththesamebufftrata且owrate2．9mlnl，andtheeluatewas血■aCtionated   

into2．0－mlportions．nePNP－GAaseactivitygaveasinglepeakonthegel凸Itration（datanot   

Shown）．The active丘actions（10．0mi），tube二Ⅱumbers96－100，WerepOOled，dialyzed against   

distilledwater，andlyophilized・職elyophilizedenzymewasre－Chromatographedontothesame   

columnandunderthesameCOnditions．ThePNP－GAasethusobtainedgave asinglebandon   

bothnativ叩01yacrylamidediskgelelectrophoresis但g・11A）andSDS十POlyacrylamideslabgel   

electrophoresis（Fig．11Bandq・Tbeenzymealsoappeared homogeneousbygel捌tration   

ChromatographyonStlperOSe6HRIOBO（datanotshown）・  
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Thestepsfbrthepur泊cationofPNPrGAasearesummarizedinTable5・Theenzymewas   

Purifiedabout132qfold，andtheyieldwas6．2％．  

肋ねc〟JαrWeな如α乃d〆げ即P－G舶用．  

meapparentmolecularweightofPNP－GAasewas180，000as estimatedby SuperOSe6   

HRlOβ0（Fig．12）．Ontheotherhand，themolecularweightofthesubunitwasmeasuredtobe   

97，000bySDS－PAGE（Fig．11Bandq．  

ThepIofPNP－GAasewasdeterminedtobe6．8byisoelectricfocusing（datanotshown）・  

聯c£y卿α乃d舵〝軍erα血reo〝肝Gdα∫eαCかゅ  

The enzyme activity was measuredin O．05M NaOAc－HCland McIIvaine buffers of   

VariouspHsat400c（ng・13A）・TheenzymewasmostactiveinNaOAc－HClbufftrofpH3．0．  

Theenzymesolutionwasmaintainedat30Qcfbr2hinvariousbufftrsfrompH2to9   

（Fig・13B），andthentheresidualactivitywasassayed．neenzymewasstableatpHbetween3．0   

－7．0．  

Theenzyme activity wasmeasuredinO・05MNaOAc－HClbufftrofpH3・O atvarious   

temperatures畔ig．14A）aJldfoundtobemostactiveat500c．  

Theenzymesolutionwasmaintainedatvarioustemperaturesfrom30to700cinO・05M   

NaOAc－HClbufftrofpH4・0触2h，andthentheresidualactivitywasassayed呼ig．14B）．The   

enzymcwasstableupto50Qc・  
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聯c£ざげde血cαね0托PⅣP－G血ざeαCffv卸  

TbemiⅩtureCOntainingtheenzyme（0・04mits血1）andthechemical（2．OmM；eXCePtfbr   

P－Chloromercuribenzoicacid，0・2mM）inO・05MNaOAc－HClbufftr（pH4．0）wasincubatedat   

300c丘）r2h，andtheresidualactivitywasthenestimated（Table6）．   

Themetalion，fIg2＋，StrOnglyinhibitedthePNP－GAase・Besides，P－Chloromercuribenzoic   

acid，SOdium dodecylsulfate，and脾bromosuccinimide werealso stronginhibitors of the   

enZyme・  

馳わ∫かαね軍eC所c妙げPⅣP－G血∫e．  

りAcuons Qf肝a4asetowardvarious即アgb）COSides ′¶1e PNP－GAasehydrolyzed   

Only PNP－GA but not PNP β－D－glucopyranosyluronic acid，α－D－glucopyronoside，β－D－   

glucopyranoside，α一D－galactopyranOSide，β－D－mannOPyranOSide，αα－D－Ⅹylopyranoside・  

ii）ActionsQfアⅣP－uaSetOWardvariousα－gZucuronides Th．ehydrolyses戚CL－glycosidic   

bondsofPNP－GA，0－α－D－glucopyranOSyluronicacid－CL－D－glucopyranOSiduronicacid（GA－GA），   

benzy1 4－0－α－Drglucopyranosyluronic acid－β－D－glucopyranOSide （GA－GIc）， α孤   

glucopyranOSyluronicacid－D－Ⅹylose（aldobiouronicacid）regioisomers，namely2－0－，3－0－and   

4－0－aTD－glucopyranosyluronic acid－Drxyloses werealso hvestigated・The reactionmiⅩture   

containingeach ofthesyntheticsubstratesandtheenzymewereincubatedat40Ocfbr24h・   

A鮎rthereaction，theenzymewasinactivatedbyheating，andthereactionmixturewastreated   

withAnberlite200－C（H＋fbrm，CationexchangeOtoremoveNa＋．Theresultanthydrolysates   

wereanalyzed byTLC・Figure15showsthecompletehydrolysisofthesubstratesbyPNPr   

GAase．  
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iii）坤drob｝ticactivityandkineticstu卸towardsomea－glucuronides・PNP－GA，GA－GA，   

GA－2X，andMeGA－2X wereusedas asubstrate・AsshowninFig・16，PNP－GAwasreadily   

hydrolyzedbysnailPNP－GAase・GA－GA，GA－2X，andMeGA－2Xwereslowlyhydrolyzedby   

theenzyme・GA－2XwashydrolyzedslightlyfasterthanGA－GAandMeGA－2X・Inaddition，the   

relationshipbetweensubstrateconcentrationandtheenzymeactivitywasalsoinvestigated（data   

notshown）・Michaelisconstants‰7s）andmaximumvelocities（㌦此7s）wereobtainedby   

uslngLineweaver－Bufkplots・The彗耶aJld TL，arValuesbrPNP－GA，GApGA，GA－2X，and   

MeGA－2XwerelistedinTable7A．The relativerate tothehydrolysIS Velocity放）rPNP・GA，   

Whichexpressesthedirectcomparisonof仙evelocityofcleavageofcL－glucuronosyllinkagein   

eachs山bstrate，WaSeStimatedfromeach㌦肪・ 乱erelativeVsdeterminedwereasぬ1lows：   

PNP－GA，100；GA－2X，2・77；MeGA－2X，2．93；GA－GA，0．47（Table7A）．  

DISCUSSION  

α－Glucuronidase is an enZyme that hydrolyzes 2rO－（4－0－methyl－α－D－   

glucopyranOSyluronic acid）－and2，0－CL－D－glucopyranosyluronic acid－D－Ⅹylo儀Oligosaccharides  

andthenliberates4－0－methyl－D－glucuronicacidandD－glucuronicacid．1）Myearlierstudies   

havemaniftstedthatseveralspeciesofbasidiomycetesproduceα瑠Iucuronidasehydrolyzmg  

GA－2X，butnoneofthemproducePNP－GAase・11）Fontanaetal．叩OrtedthatanenZyme  

PreParationfromsnailjuicehadbothp－nitrophenylα一弧dβ瑠Iucuronida＄eaCtivities，however，  

thee呵meShaveneitherbeenpuriBednorch狼Cb血d＄0虹11）MaJShandI戚VVyhavealso  

reportedthattheenzymePreParadonぱabalonehas血税叩eaCtivities． 37）  

rmc present study has detectcd the PNP－GAasc activitiesin commcrciall）r a、・aililblc  
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acetonepowdersh・Omabalone，limpet，andsnail・neCrudeenzymeextract伽）mSnai1acetone   

POWder hadthe highestPNP－GAase activity・Ths thestudywasundertakentopuri年and   

dharacterizePNP－GAasefromtheacetonepowder・  

ne molecularweight ofthepuri鮎d PNP・GAasewas estimated to be180，000by gel   

nltration（Fig・12）and97，000bySDS－PAGE（Fig．11Bandq．TbeseresultssuggestthatPNP－   

GAaseconsistsoftwosubunits・TheoptimumpHoftheenzymewasfbundtobe3．0（Fig．13A）   

andthe optimum temperature50Qc（Fig・14A）・h addition，血e enzymewas stable atpH   

between3・0－7・0（Fig・13B）andupto500c（Fig・14B）・MarshandLevvyhavereportedsome  

propertiesofthephenylcLrDrglucuronide－hydrolyzingenzymeh：Omlimpettissue．37）Theyhave   

reportedthattheenzymehadhighestactivityatpH3・2andwasstableatpHbetween3．5－7．0．   

Thusitislikelythatthereportedenzymeissimi1artosnailPNP－GAaseinenzymaticproperties・  

Todatetherearesomestudiesonα－glucuronidase，howeverthesubstratespecificityofthe   

enzymeremainsunClear，becauseofthelimitationsinthepreparationofα－glucuronide．hthe   

PreSentStudy，Various（ユーglucuronides suchasaldobiouronic acidreglOISOmerSWerePrePared  

（Chapterり．35）血esecompoundshaveenabledthest。dyonsubstratespeciBcities．h仙apter   

Ⅱ，0－α－D－glucopyranosyluronic acid－D－Ⅹyloseand PNP－GA aTe ShowntO be hydrolyzed by  

difftrent enzymes・4q）However，thePNP－GAasehydrolyzed notonly PNP－GAbutalso   

●● reglOISOmericGA－Ⅹs，GA－GA，andGA－GIc．Tbthebestofmyknowledge，thisisthe血streport   

indicatingthatα－glucuromidasehydrolyzesbothPNP－GAandotherα－glucuromides．  

Someα－glucuronides were used as substrates簸）rStudy ofhydrolytic activity ofPNP－   

GAase・Therateofhydrolysis伽the＄eglucuromidesdecreasedinthefbllowmgorder：PNPMGA   

＞＞GA－2X＞MeGAr2X＝GA－GA・Thej㌦’sfbrGA－2XandGA－GAwereslightlyhigherthan  
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that丘）rPNP－GA，butthe‰forMeGA－2XwaslOOtlmeshigherthanthatforPNP－GA▲Uchida   

etal・rePOrtedthattheち”1s負）rGA－2X3andMeGA－2X30fA・nlgerCt－glucuromidasewereO・77  

andO37（CM－I，reSPeCtively），andO．82andO・47mM（CM－ⅠⅠ，reSPeCtively）・15）Theseresults   

indicatesthatthe O－methylgroupatC－40fglucuronicacidresiduecausesthegreatdecreaslng   

Oftheaffinityoftheenzymefbrthesubstrate・The㌦藍如GA－2X，MeGA－2XandGA－GA   

Were greatly smaller thanthat fbr PNP－GA．These values are about only a飴wperCent tO   

COmParewithotherglucuronidases（SeeTable7B）・Thusitcanbeconcludedthat PNP－GAase   

hydrolyzesspeCificallyPNP－GA，buttheenzymeactsslowlytootherglucuronidessuchasGA－   

Ⅹ．  

h Chapter r［，the substrate speci且cities of α－glucuronidases from A．nlger and  

basidiomycetesarerepor（ed・15，46）ThesubstratespeCiBcitiesoftheα－glucuronidases are   

SummarizedinTable8・TheseresultssuggestthattheαqglucuronidaseofA，fugerhasavery   

StrictsubstratespeCificityastheenzymehydrolyzedGA－2Xonly・hcontrast，CL－glucuronidase   

OfsnailacetonepowderhasbroadsubstratespeCiBcity．  
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Fig・12・MolecularWeightEstimationbyGelFiltrationonaSuperose6Column．  

PNP－GAase（100直，80匹gOfprotein）wasputontoacolumn（10Ⅹ30cm）equilibratedwithO．05M  

KH2PO4－NaOHbH7．0）containingO．2MNaCl．Theenzymewaselutedwiththesamebufferataflow  

rateofO・5mi／m・in・Molecularweightstandards：A，Catalase（232，000）；B，aldolase（158，000）；C，bovine  

Serumalbumin（67，000）；D，OValbumin（43，000）．  
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Fig・13・EffectsofpHonActivity（A）andStability（B）ofPNP－GAase．  

neenzymeactivitywasassayedasdescribedinMaterialsandMethodsexcept女）rthatthebu触r，  

●”●，0．1MNaOAc－HClbuffer；○－－○，McIIvainebuffer；■－－■，0．1MTris－HClbuffer．  
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Fig・14・EffectsofTemperatureonActivity（A）andStability（B）ofPNP－GAase．  

rmeenzymeactivitywasassayedasdescribedinMaterialsandMethodsexceptfbrthetemperature・  
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Fig．15．Ad永mofPNP－GAasetowardVariousKindsofα－Ghcuronide・  

TheenzymeSOlution（50pl，0．10unitshnl）wasaddedtothesameVOlumeofsubstratesohtion（2・O  

mM），andthereactionwasdoneat400cfor24h・1meresultantWaSdeionizedbyAnberlite200－C  

P十form），aJldanalyzedbyTLC・  

hneGA，D－glucuronicacid；hneX，D－Ⅹylose；hnel，PNP－GA；hne2，PNP－GA＋enzyme；hne3，  

io－α－D－glucopyranosyhronicacid－D－Xylose（GA－2X）；hne4，GA－2X＋enZyme；hne5，3－0－a－D－  

glucopyranOSyluronicacid－D－Xylose（GA－3X）；bne6，GA－3Ⅹ＋enZyme；bne7，4－0－α－D－  

glucopyranOSyluromicacid－D－Xylose（GA－4X）；hne8，GA－4X＋enzyme；hne9，’0－α－DJ  

glucopyranosyluronicacid－α－D－glucopyranOSiduronicacid（GA－GA）；hnelO，GA－GA＋enZyme；  

hnell，benzy14－0－α－D－glucopymnOSyluronicacid－D－glucopyranoside（GA－GIc）；hne12，GA－GIc  

十enZyme・  
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Fig・16・ProgressiveHydrolyticActivityofSnailPNP－GAaseon   
α一Gluc11rOnides．  

Reactionmixturecontaining50ulof5・OmMSubstratesolution，150匹lofO・1  

MNaOAc－HClbufferbH3．0），and50LLlofenzyme（2．0Ⅹ10L3mg）solutionwas  

incubatedat500c・Attheindicatedtimeintervals，thereactionwasterminatedby  

addingcoppersolution，andthenglucuronicacidor4－0－methylglucuromicacid  

liberatedwasdetemindedbytheMiner－Avigadmethod．   

●…●，PNP－GA；ローー一口，GA－2Ⅹ；Tq－・，MeGA－2Ⅹ；○－－～○，GA－GA．  
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Table4．α－GlucuronidaseActivitiesinAcetone  

PowdersofAbalone，Limpet，andSnail．  

Abalone Lirnpet Snail 

Activity  O．003  0．041  0．149   

匝nits血1）  

EnzymesolutionswerepreparedasdescribedinMaterials  

andMethods．Enzymeactivitiesweremeasuredin  

McIlvainebuffer（pH4．0）at40Oc．  
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Table6・EffectsofChemicalsonPNP－GAaseActivity・  

Chemical  Relativeactivity（％）  

None  

FeC13  

BaC12  

CaC12  

CuC12  

PbC12  

AIC13  

NiC12  

CdC12  

MgC12  
FeSO4  

ZnC12  

MgC12  
HgC12  
P－Hyroxylglyoxal  

Trinitrobenzenesufonic acid 

2－MercaptethanoI  

EDTA  

N－Ethylmaleimide  

Monoiodoacetic acid 

P－Chloromercuribenzoicacid  

Sodiumdodecylsulfate  

N－Bromosuccinimide  

100．0  

125．4  

122．2  

121．7  

102．7  

102．1  

99．1  

97．3  

96．6  

90．8  

83．3  

82．4  

81．2   

2．1  

101．7  

99．2  

94．7  

90．5  

90．1  

37．8   

1．7   

1．3   

0．8   

Theeffectsofchemicalsontheenzymeactivityweremeasured  

uslngthevariouschemicalcompoundsdissolvedin60mMNaOAc－  

HClbuffer（わH4．0）．Theconcentrationoftheenzymewasmade  

O．04unitshnl，andresidualactivitiesweremeasuredaftertreatment  

Withthesecompoundsat30Ocforlh．Theconcentrationsofthe  
COmPOundswere2．OmMexceptbrp－Chloromercuribenzoicacid  

（0．2mM）．  
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Table7・MichaelisConstants（Km）andMaximumⅥlocity（Vm。X）ofsnai1（A）  

andA・niger（B）αrGlucuronidaseforSomeα－Glucuronides．  

Substrate  PNP－GA  GA－2X  MeGA－2X  GA－GA  

j㌦匝M）  0．13  0．33  17．6  0．36  

a  

㌦協  3・21  0・089  0・094  0・015  

Rela加eレb  lOO  2．77  2．93  0．47  

GA－2X3  MeGん2X3  
Substrate  

CM－I  CM一ⅠI  CM－I  CM－ⅠⅠ  

j㌦匝M）  0．77  0．82  0．37  0．47  

a  

㌦協  5・20  17・1   1・42  4・68  

apmolofglucuronicand4－0－methyl－glucuronicacid／min／mgofenzymePrOtein．  

bReladveVcaluculatedfromeach㌦axrepresentsthereladvevelosityfbrcleavageofα－   

glucuronosidiclinkageofnon十reducingendside．  
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Table＄・ComparisonsofSubstrateSpecificitiesof（エーGlucuronidases・  

Substrate Snailacetonepowder Aqelgillusnlger5－16  Basidiomycetes  

助川J吉山∫かe刑eJわ∫昆∫1＊  

PNP－GA  

GA一之X  

GA－3Ⅹ  

GA－4Ⅹ  

GA－GA  

GA－GIc  

＋
 
＋
 
＋
 
＋
 
＋
 
＋
 
 

l■■  

＋   

＋   

十  

N．D．  

N．D，  

－
 
＋
 
t
 
－
 
 

＋，hydr01yzed；－，nOthydrolyzed，N．D．，nOtdetermind．  

SubstratesarethesameaslistedinFig．15．  

＊Itested（ユーglucuronidaseince11一缶eeextractofbasidiomycetes，Cbriorus  

ク祝わeぶCe乃∫e，巾，αぬcfg昆∫，弧d肋m肋∫離別egわ∫肌  
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GENERALCONCLUSION   

Inthepresentstudy，thesubstratespec摘citiesofcL－glucuronidasesareinvestigated・  

h ChapterI，reglOISOmericaldobiouronic acids，namely2－0－Cl－D－glucopyranosyluronic   

acid－D－Ⅹylose（GA－2Ⅹ），3hO－α－D－glucopyranosyluronicacid－D－Xylose（GA－3X）and4－0－α－D－   

glucopyranosyluronicacid－D－Xylose（GA－4X）weresynthesized・Thesealdobiouronicacidswere   

Synthesizedbyblotksynthesis，aSfbllowlngS．¶lereglOSPeCificallyprotectedprecursors，benzy1   

3，4－dト0－benzyl－β－D－Ⅹylopyranoside（7，2－Xylose acceptoT），benzy12，4－di－0－benzoyl－α－D－   

Xylopyranoside（9，3－Ⅹyloseacceptoi），andbenzy12，3－di－0－benzylNβ－D－Ⅹylopyranoside（15，4－   

Ⅹylose acceptor） were glycosylated with O－（benzy1 2，3，4－tri－0－benzyトβ－D－   

glucopyranosyluronate）trichloroacetimidate（20，glucopyranosyluronic acid donoI）in the   

PreSenCe Oftrimethylsilyltrifluoromethanesulfonate as the catalyst．Theseglycosylation gave   

StereOSelectivelyαザrOductsin yields ranglng from44－60％．Theisolatedα－isomers were  

deprotectedtoyieldthetargetcompounds・TheirlH－and13c－NMRspectraandFAB－MS   

甲eCtraWereingoodagreementwiththeproposedstruCture・  

h ChapterⅡ，three basidiomycetes，Cbrioluspubescens；hpex hlCteuS and肋rulius   

tremellosus，PrOducingα瑠1ucuronidases were screened by uslng GA－2X as a substrate．   

Howeverthefungiproduci叫gP－nitrophenylα－glucopyranosyluronicacid－hydrolyzing enzyme   

（PNP－GAase）could not be detected．The cell－free extract oftheα－glucuronidase－PrOducing   

basidiomyceteshydrolyzedthreereglOISOmerSOfaldobiouromicacid・W最Ie，thecelト丘eeextract   

OfAQeTgiHusniger5－16hydrolyzedonlyGA－2Ⅹ．GA－3XandGA－4Ⅹwerenothydrolyzedby   

theA，nigerα－glucuronidase．伽seresultsindicatedthatcL－glucuronidaseproducedbyA，niger   

has strict substrate speci点city，W鮎1e th6enZyme PrOduced by basidiomycetes have broad  
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Substrate spec拍city．However，it remains to bekn0wnWhether the cL－glucuronidasesfrom   

basidiomycetesistheonly oneenzymewhichhasbroadsubstratespeCiBcity，αCOntainthree   

enzymeswhichhavestrictsubstratespeCificityforeachother・¶leattemPtStOpurifytheenzyme   

frombasidiomycetes werepresently unsuccessful・¶1eirα－glucuronidase are verylabile，払r   

example，thecL－glucuromidaseactivityinthecelトfreeextract鉦omM tremellosusdecreasedto  

halfintwo daysat4。cintheextractionbuffer・Ishiharaetal・32）alsoreportedtheα－   

glucuronidase丘omIyro〝γCeSPalustriswaslabileeveninfrozenstorage．  

h Chapter Ⅱ，PNPuGAase－PrOducingfungiremained undetectable・However，SOme   

acetonepowdershavingthePNP－GAaseactivitieswere丘）und・1mereisnorepor［concemlngthe ●  

Pur摘cationandcharacterizationofPNP－GAase・hChqpterIII，theenzymewaspuri鮎d血・Om   

Snailacetone powder，Sinceit hadthe maximum PNP－GAase activity amongthe samPles   

Studied・ThePNP－GAasewaspurifiedbychromatographiesonDEAE－Cellulose）CM－Toyopearl，   

aJldToyopearlI†W－55F・Tbemolecular weight ofthe enzyme WaS180，000by gelBltration   

ChromatographywithSuperose6，and97，000bySDS－POlyacrylamidegelelectrophoresIS，and   

the画WaS6・8byisoelectricfbcuslng．neenzymeShowedthemaximumactivityatpH3．Oand   

500c，andwasstableatpHbetween3・Oq7・0andupto500c・Theenzymeactivitywasgreatly  

inhibited by Hg2＋，P－Chloromercuribenzoic acid，SOdium dodecylsulfate，and Nl   

bromosuccinimide・The enzyme released D－glucuronicacid not only丘om PNP－GAbutalso   

from2－，3－，and4－0－α－D－glucopyranosyluronic acid－D－Ⅹyloses，0－αpD－glucopyranosyluronic   

acid訂0トI）－glucopyranosiduronic acid，and benzy14－0－α一D－glucopyranOSyluronic acid－β一D－   

glucopyranoside・Theresultssuggestthattheα－glucwonidase仕omsnailacetonepowderhada   

broad substrate speCiBcity comparingwithα－glucuronidases血）m AQe7gillus niger and  
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basidiornyCeteS．  

Somea－glucuronides were used as substrates丘）r Study ofhydrolytic activity ofPNP－   

GAase・TherateofhydrolysisfortheseglucuronidesdecreasedinthefbllowlngOrder：PNP－GA   

＞＞GA－2X＞MeGA－2X＝GA－GA・nleち”Values知PNP－GA，GA－2X，MeGA－2X aJld   

GA－GAwereO・13，033，17・6and O・36mM，reSPeCtively・Theseresultsindicate thatthe O－   

methylgroup atG40fglucuronicacidresiduecausesthedecreased affinityoftheenzyme丘）r   

thesubstrate・Theり”胱fbrPNP－GA，GA－2X，MeGA－2XandGA－GAwere3・21，0・089，0・094   

andO・015pmolofglucuronicacidfbrmed／mgofenzymeprotein／min．IconcludethatPNP－   

GAasehydrolyzesspec漬callyPNP－GA，buttheenzymeactsslowiytootherglucuronidessuch   

誠GA－Ⅹ．  

rt can be concluded fromthe present studythat there are atleast three typeOfα－   

glucuronidase：わan ct－glucuronidasethat hydrolyze only GA－2X，SuCh as A．niger α－   

glucuronidase，りancL－glucuronidasethathydrolyzesregioisomersofGA－Xbutnothydrolyzes   

PNP－GA such as basidiomycetesα－glucuronidases，C）anα－glucuronidase that hydrolyzes   

SpeCifical1yPNP－GAandslowlyhydrolyzedotherα－glucuronides．  
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