
Introduction

Laminarioligosaccharides（LOS）areoligomersofglucoselinkedbyβ-1,3-glucosidicbonds.LOSare

usedassubstratesorinhibitorsofhydrolyticenzymes［e.g.,β-1,3-glucanase（EC3.2.1.39）,β-1,3-1,4-

glucanase（EC 3.2.1.6）,andβ-1,3-glucosidase（EC 3.2.1.58）］andphosphorolyticenzymes［e.g.,

laminaribiosephosphorylase（EC2.4.1.31）,β-1,3-oligoglucanphosphorylase（EC2.4.1.30）,andβ-1,3-

glucanphosphorylase（EC2.4.1.97）］1）.Inaddition,LOShavebeenreportedtoexhibitsignificant

bioactivities（e.g.,anti-apoptotic2）,monocyte-stimulating3）,andprebioticactivities4））.However,currently,

commercialLOSareveryexpensive［e.g.,＞￥1,000（$13）/mgforlaminaribiose（L2）andlaminaritriose

（L3）］.

LOScanbeobtainedbyhydrolysisofpachymanorcurdlan,bothofwhicharelinearhigh-molecular-

weightβ-1,3-glucansthatareinsolubleinwater5）.Pachymanisapolysaccharideextractedfromthe

sclerotiaofPoriacocos6）. Whelan7） describedadetailedmethodforthepreparationofL2,L3,

laminaritetraose（L4）,andlaminaripentaose（L5）byacidhydrolysisofpachymanandactivatedcarbon

chromatography.Curdlanisanextracellularpolysaccharidesynthesizedbythebacteriabelongingtothe

Rhizobiaceae（e.g.,AgrobacteriumandRhizobiumspp.）8）.Itisapprovedasafoodadditiveinseveral

countries,includingJapanandUSA,andindustriallyproducedathighlevelsfromcheapcarbonsources

suchasby-productsofthesugarindustry9）.Recently,Grandpierreetal.9）reportedthatenzymatic
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hydrolysisismorefavorablethanhydrolysiswithsulfuricacidortrifluoroaceticacidtoproduceLOSfrom

curdlan.Glucose,L2,L3,andL4arethemainproductsformedafterhydrolysiswiththeenzymes

preparedfromtheculturesupernatantofthefungusTrichodermaharzianum;however,eachsugarwasnot

purifiedfromthehydrolysates.

Inthisstudy,wedevelopedasimplemethodforthepreparationofsufficientamountsofhigh-purityL2

andL3,bydegradingcurdlanusingacommercialenzyme,followedbyactivatedcarbonchromatography.

MaterialsandMethods

Carbohydrates

Curdlanwasobtainedfrom Takeda-KirinFoods（Tokyo,Japan）. AuthenticLOS［currently

discontinued;L2,L3,L4,L5,laminarihexaose（L6）,andlaminariheptaose（L7）］werepurchasedfrom

SeikagakuBiobusiness（Tokyo,Japan）.

Enzymaticdegradationofcurdlan

Curdlan（10g）wassuspendedin900mLofwaterandsolubilizedbyadding10mLof1M sodium

hydroxide.Thesolutionwasstirredfor10min,andthenneutralizedbyadding50mLof1M Trisbuffer

（pH7.0）and10mLof1M hydrochloricacid.Afteradding100mgofZymolyase-20T（NacalaiTesque,

Kyoto,Japan）and1mLof1Mdithiothreitol,themixturewasincubatedovernightwithvigorousstirring

at37℃.Itwasthenheatedat80℃for10mintoinactivatetheenzyme,andcooledtoroomtemperature.

Aftercentrifugationat10,000×gfor10min,thesupernatantwascollectedandusedascrudeLOS.

Activatedcarbonchromatography

ThecrudeLOS（～800mL）wereappliedtoacarbon-Celite［1:1;powderedactivatedcarbon（Wako

PureChemicalIndustries,Osaka,Japan）andCelite-545（NacalaiTesque）］column（2.5×28cm）and

successivelyelutedwith1.5Lof4%（v/v）ethanoland1Lof10%（v/v）ethanol.Fractions（20mLeach）

werecollectedataflowrateof0.5mL/min.Finally,fractionscontainingL2andL3werepooled

separately,concentratedusingarotaryevaporator,andstoredat-30℃ untiluse.

Carbohydrateassays

GlucosewasdeterminedusingtheGlucoseC2kit（WakoPureChemicalIndustries）.Reducingsugars

andtotalsugarsweremeasuredusingthe3,5-dinitrosalicylicacidmethod10）andthephenol-sulfuricacid

method11）,respectively.Glucosewasusedasastandardinallassays.

Thin-layerchromatography（TLC）

Sampleswerespottedontosilicagel60TLCplates（Merck,Darmstadt,Germany）,anddevelopedin

ethylacetate/aceticacid/water（2:2:1,v/v/v）.Theplateswerethendriedandsoakedfor10sinasolution

containing5%（v/v）sulfuricacidinmethanol.Afterremovalofmethanolbyevaporation,theplateswere

heatedat110℃ for10mintovisualizethespots.

High-performanceliquidchromatography（HPLC）

ThefinalpreparationsforL2andL3wereanalyzedbyHPLCwitharefractiveindexdetector.A

TSKgelAmide-80column（5μm,4.6×250mm;Tosoh,Tokyo,Japan）wasusedwithacetonitrile/water

（65:35,v/v）ataflowrateof1.0mL/min.Thecolumntemperaturewassetat80℃.
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ResultsandDiscussion

Enzymaticdegradationofcurdlan

Curdlanwasdissolvedinsodiumhydroxidesolution,andneutralizationwithhydrochloricacidcaused

themixturetobecomeveryviscous.However,theviscositydisappearedfollowingovernightdigestion

withthecommercialenzymeZymolyase-20T,preparedfromasubmergedcultureofArthrobacterluteus.

Zymolyase-20Tisamixtureofseveralenzymes,includingβ-1,3-glucanlaminaripentaohydrolaseandβ-

1,3-glucanase12）.TLCshowedthatthemaincomponentsofthecurdlanhydrolysates（crudeLOS）were

glucose,L2,andL3（Fig.1A）.Inaddition,slightamountsofL4,L5,andlargerLOSwereobserved.The

compositionofthehydrolysateswassimilartothatobtainedbydegradationusingtheenzymesprepared

fromaculturesupernatantofT.harzianum,whichcontainedmultipleexo-andendo-β-1,3-glucanases9）.
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Fig.1TLCanalysisofLOS.

（A）CrudeLOSobtainedbytheenzymatichydrolysisofcurdlan（twicedeveloped）.

（B）Eluatesfrom theactivatedcarboncolumn（fractions20-60and130-150）.（C）

Eluatesfromtheactivatedcarboncolumn（fractions40-60）.（D）Finalpreparationsof

L2（34μg）andL3（50μg）.G1,glucose;A1,authenticLOS（glucoseandL2-L7）;A2,

authenticLOS（glucose,L2,andL3）;A3,authenticLOS（L2andL3）;C,crudeLOS

（curdlanhydrolysates）;numbersrefertofractions.
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PurificationofL2andL3from curdlanhydrolysates

ThecrudeLOS weresubjected toactivated carbonchromatographytoobtainL2and L3.

QuantificationofthereducingsugarsandglucoseaswellasTLCanalysiswasperformedonthefractions

from thecolumn.Onlyglucosewasdetectedintheflow-through（fractions1-40）（Figs.1Band2）,

indicatingthatactivatedcarbonadsorbedLOS.

Subsequently,4%ethanol（v/v）wasappliedtothecolumntoeluteL2.Fractions54-80containedonly

L2,whileglucoseaswellasL2wasdetectedinfractions42-53（Figs.1B,1C,and2）.Inpreliminary

experiments,weattemptedtocompletelyremoveglucosefromthecolumnbyusingwaterorasolutionof

acompositionidenticaltothatofcrudeLOS,butwithoutcurdlan,beforetheelutionofL2.However,

thesesolventselutednotonlyglucose,butalsoasignificantamountofL2forunknownreasons（datanot

shown）.Therefore,thewashingstepofthecolumnwasomittedinthisstudy.Ethanolconcentrationwas
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Fig.2.Elutionprofileofactivatedcarbonchromatography.
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Fig.3 HPLCanalysisofthefinalpreparationsofL2andL3.（A）AuthenticLOS

（glucoseandL2-L7,50μgeach）.（B）FinalpreparationofL2（60μg）.（C）

FinalpreparationofL3（88μg）.
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optimizedto4%（v/v）forthecompleteelutionofL2.

L3wasthenelutedinfractions122-170with10%ethanol（v/v）（Figs.1Band2）.LargerLOS（e.g.,L4

andL5）werenotdetectedinthesefractionsbyTLCanalysis.

Fractions55-72containingL2andfractions122-162containingL3werecollectedandsubjectedto

evaporationtoremoveethanolandtoconcentratethesugars.Quantificationoftotalsugarsshowedthat

1.7gofL2and1.2gofL3werefinallyobtainedfrom10gofcurdlan.TLCandHPLCanalysesshowed

thatthefinalpreparationsofL2andL3wereofhighpurity（Figs.1Dand3）.Inaddition,weconfirmed

thatlaminaribiosephosphorylase（EC2.4.1.31）andβ-1,3-oligoglucanphosphorylase（EC2.4.1.30）from

Euglenagracilis,aswellasβ-1,3-glucanphosphorylase（EC2.4.1.97）fromOchromonasdanicacanusethese

L2andL3preparationsassubstrates（datanotshown）.

Inthisstudy,wefocusedonestablishingasimplemethodtoprepareL2andL3fromcurdlan.LOS

largerthanL3couldbeproducedinsufficientamountsbyoptimizingtheconditionsofcurdlan

degradation（e.g.,short-timeincubation）andpurifiedusingactivatedcarboncolumnwithhigher

concentrationsofethanolthanthatusedinthisstudy.
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カードランの酵素加水分解によるラミナリビオースと

ラミナリトリオースの簡易調製

磯野 直人・木本 智美・久松 眞

三重大学大学院生物資源学研究科

要 旨

ラミナリオリゴ糖（LOS）は数種類の糖質関連酵素の基質や阻害剤として使用される。また，LOS

にはいくつかの生理活性機能があることが知られている。しかし，市販のLOSは非常に高価である。

本論文では，高分子の直鎖β-1,3-グルカンである安価なカードランから高純度のラミナリビオース

（L2）とラミナリトリオース（L3）を調製する簡単な方法を報告する。Atrhrobactorluteusの培養上清か

ら調製された市販酵素Zymolyase-20Tを用いてカードランを分解し，粗LOSを得た。薄層クロマトグ

ラフィー（TLC）分析から粗LOSの主成分はグルコース，L2，L3であることが明らかとなった。ま

た，L3より大きなLOSもわずかに含まれていた。活性炭クロマトグラフィーを用いて粗LOSからL2

とL3を精製し，TLCと高速液体クロマトグラフィー（HPLC）により純度を検定した。最終的に，10

gのカードランから1.7gのL2と1.2gのL3が得られた。


