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Abstraet   

EndoglucanaseEG・1C，－2Cand－3（EC3．2．1．4）derivedfromC．わ5㍑iwerehig・hlyactive  

indegradingofcarboxymethylcellulose（CMC），butonlyslightlyactiveonAvieel・All  

enzymescouはnothydrolyzexylanandβ－Nitrophenyトβ－D－glucoside・ダーNitrophenyト  

β一D－eeこlobiosidc was degraded only by EG－1C．B〉・CMC and ceuooligosaccharide  

degradi喝analysIS，thesp∝ifieactivityorEG－2C agalnSt CMC was5times higher  

than thc others andits action mode＼VaS mOSt endo＼＼risel）・．hldegrading cello－  

01igosaccharid¢S，ぬeseenzymeseoulddegradecellotet柑OSeandcellopenもao8e，butnot  

cellobioseandcc1lotriose．Thespecific8Cti、・itiesincreasedasdegreeofpolymerization  

incr（∋aSeSrrOmfourtorive．  

Kc）・Words：Cndo－1，・l－β・glucanase・ClosLridiLLmjosui・eell001igosfLCeharide  

1ntroduction  

ClostridiumJOSui，a meSOthermophilic anaerobe，having cellulose degrading activity，PrOduces  

ethanoland other vfLluable compounds．including highly acLive cellulol）・tie enz）′meS eaPable of  

degradingtough（crystalline）cellulosicmaterialssuchasAvicel，ricestraw，andwaterhyacinth8（21）・  

Itsc¢11ulolyもic紺ZymeSyStemisassumedtoresemblethecellulosom¢OrC．ぬrmoce批m（1，12），Which  

consistsofmanycellulasesandeellulosome－integra抗ng－prOteinCipA（4，5，9），Sinceもhe nueleoもide  

sequeneeofC，ノ0ぶ㍑£cわAgenohasbeendetermined（11）．  

In軌e pr即ious studies，isolation orindividualcellulase has been attempted to clarify C一薄緑  

cellulolytiesysもem．Oneend喝Iucanase（EG－3）waspurifiedfromC・ノ0ぶ㍑iculturebrotbin払epresence  

of6Murea（8）andtheothertwoendoglueanaseswereclonedまnto忍．∝満（15，6）and translation  

products（EG・1CandEG－2C）werepurifiedfromtransformants（6，7）andもheirpropertieswerepaLrtially  

characterized．Accordingtotheclassificationofglycosidases（10），EG－1（7）andEG－2（6）belong・tO  

family5and8，reSpeCtively，al払oughEG－3isstillunknowntobeelassiriedintowhichramily，itwas   
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supposedtobelongtofamily5byitsN－terminalaminoacidsequencesimi1aritywithC・CelZlllolユ・ttCLLm  

CelCCA（3）whichhasbeenclassifiedintofamily5．   

TheoptimumtemperatureoftheseenzymesagainstCMCwerebeもWeen60－70℃，andthesevalueswere  

remarkablyhigherもhanthaもorcultivationorC．ノ0磨㍑言．でheoptimumpHorE；G・1C（7）andEG－3（郎were  

esもimated at7．2and6．8，re8peCもわely，and EG－2C showed pH optimum at5．5（6）．In addiもion，  

cellooligosaecharidedegrading・patもernsbylヨG－1CandEG・3weredi汀erenもrromthaもOfEG－2C・でhese  

SPeCificitiesmightbenecessar）rrOrthehostorganismtosurvi、■ein、・ariousen、・ironmentsI   

ThisreportdeseribescornparisonandcharacteriヱationofC．josuiendoglucanasesin kinetie pattern  

anddegradingpatteTnOfsubstratessuchasCMCandcellooligosaccharides・  

Materials and Methods   

Enz），mCpreparations   

Endoglucanases，EG－1C（7），－2C（軋and・3（8）havebeenpuriぎiedぎrom及ぐ0～iJMlO8（pUCJl），g・∝浴  

JMlO3（pUCJ2）andC．josuiculturesupernatant，reSpeCtively、Physiealand chemicalfeatures ofeach  

enzymearesummariヱedinTablel．  

Substrates   

CMC（DS＝0．6；mOlecularweights．180，000and30．000；CellogenWS・C）＼VaSpurChasedfromDaiichi  

SeiyakuKogyo（Ⅹyoto，Japan）．Cellooligosaccharides（cellobまosetocellohexaose）wereoも七色inedrrom  

SeikagakuKogyoCo．（Tokyo，Japan）．ThemicrocrystallまneeelluloseusedwasAvieel（E∴MerekAG，  

Darmstadt，Germany）．Ba11－mi11edcellulose（BMC）was prepared as a39：6、VaterSuSpenSion ofpure  

cellulose（KCflockW－300；SanyoKokusaku Pulp CoりTokyo，Japan）by balトmilling for3days．  

クーNitrophenyトβ－D瑠1ucoside（PNPG），p・N玩rophenyトβ竜一Celloもioside（PNPC）andxylanwerepur－  

chasedrromSigmaChemicalsCo．（Tokyo，Japan）．  

Enzyrne assays 

Viscometric assa）・WaS determined by e＼・aluating the＼・iscos恒・Changes of a reaction mixture．con－  

tainingCMCat37Ocandwasmonitoredfor5minbyusingaconeplate－tyPeViscometer（TokyoKeiki  

Co．，Tokyo，Japan）．Thereactionmixturecontainedl％CMCsolutionin50mM sodium phosphate  

Tablcl．SurnmaryofphysicalandchemicalpropertiesofendoglucanasesderivedfromC．josLLi  

EG＿1C  EG－2C  EG・3  

（E．colfJMlO3／pUCJl）（E．coZiJMlO3／：puCJ2） fromC．josui  
Properties  

Mol¢Cularweight札（kDa）  39d  

OptimumtemperaLture（Cc）  65・70  

Thermalstabilityb（Oc）  55  

0ptimumpH  7．5  

Specificactivity曹（U／mg）  2．8  

Cellulasefamily  5  

42  

60   

55  

5．5  

11．0   

8  

■EstimatedbySDS・PAGE．  
bM8Ⅹimumtemperatureof80％recov¢ryaぎterincubationforlhatgiventemperature・  
－En名ymatiごaeも毎ityagainstCMCasd8SCribed previou51y．  
dPurifiedcatalyticdom8in．   
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bufぎer（5ml；pH6．8）andenzymesolution（1ml）．Oneunitofenzymatieactivitywasderinedpreviou51y  

（14）astheamountofenzymerequiredtoreducetheviscosityofCMCbylcPinlmin・Thereleaseof  

reducingsug・arWaSCOmparedgraphieallywiもhtheviscositychangeinordertocompare血emodesof  

aもt鋸korendoglucanas¢SOnCMC・Enzymewasincubatedat37℃withCMCandreduci叩S岬arrelea＄e  

andviscosityweremeasuredatvariousintervals・Thereducing・sugarrOrmedwasd8terminedasglueose  

bytheSomogyim飢hod（20）．BMC，Avicel，andxylan－hy血01yzingaetivitiesw¢reaSSayedandcompared  

bydetermini咽沈eamountorredueings咽arSrel組8edduringincubationortheenzymewithlOmg／ml  

BMC，10mg／mlAvicel，andlOmg／mlxylan，TeaCtionmixtureswereincubatedforlhat370cin50mM  

sodiumphosphat¢burぎer（pH6胤EachreactionmixturewasincubatedatlOO℃forlOminもostopthe  

enzymaticr紘etまon・OneuniもOrenZymeaetivitywasdeどinedastbeamountofenzymereleaslr噂1〟mOI  

ofreducing・＄ug・ar（expressedasglucose）permin．AssaysforPNPGaseandPNPCaseactivitieswere  

carriedoutw玩hl．OmM－Substraもeandaenzymesolutionin2mlof50mMsodiumphosphatebufrerくpH  

6．8）．Similarly，reaCtionswerestoppedbyincubatingintheboilingwaterandp－nitrophen011iberat8d  

wasquantifi¢dat405nm．   

Thelくinetie constants．1くm and Vmax．ror eellotetraosc and cellopentaose hydrol〉・Sis by endo－  

glucanases椚rea伽mpteduslmgHP工JC・Thedeer組SeOrSubsもrat¢eOnCentrationsweremeasuredarter  

incubationwitbenzymesat370C，pH6．5ぎoraperiodoftimeduringwhichlessthan20％ofsubstrate  

WaSdegraded．  

Results   

The mode of action on CMC 

Thereductioninviscosityversustheliberatまonofreducir噂SugarSOfeaehenzymeonCMCusedasもhe  

subsも和もearepresentedinFig．1．Remarkabledirrerenceswereobservedinthepatternofreducing■Sugar  

liberations．Hydrolyぬ咽OrCMCwithEG－1C（Fig．1，○，◎）exhibitedthatthereducingsu嘗ariner組Sed  

inpropotiontoぬetimeorincubation．OnEG・2C（Fig．1，□，鮨ラandEG・3（yig・1，△，A），払ereleaseof  

reducingsugarros8rapidlyintheearly8tag¢andthenmoreslowlyastimeprog・reSSed・でhismayhave  

beendueeitherもOendproductinhibitionortoreduetionorafrinityoftheenzymesforCMCwithもhe  

decreaseofthedegreeorpolym鮮ization．Whenplotsorfluidまもy（invers◎Ofviscosity）versusliberationof  

reducingsugarswereconstructed（Fig．2），thesloperefl¢CtS汰etypeorenzymaticr¢aCもiononCMC；a  

predominantlyendo－tyPereaCtionresultsinalargeslope・ThesIopesofEG－1CandEG－3wereclosely  

identical，butEG亮Cexhibitedl色相epOSiもiveslopewhichrerlecもSも鮎abilityoranengymetocleavemore  

internalglucosidicbondinsubsLratemOlecule・  

Substrate specificity of each enzyme 

でhesubstratespeeifie玩yof紺ehendoglueanaseisshowninでabl¢2・CMCandBMCwerehydrolyzedby  

allofenzymes．ThespecificactivityagalnStCMCofEG－2Cwasabout5timeshigherthantheothers・  

EG－2CandEG轟3r即ealedhighspeeiriciもyforlargemoleculeCMC（M．W．＝1乳000）incomparedwitb  

smallmoleculeCMC（M．W．＝30，000）．AvicelwasslightlydegradedbyEG・2CandEG・3．Allenzymes  

couldnothydrolyzexylanandPNPG．PNPCwascleavedonlyby王：G－1C－   

TheresultingLinew飽Ver－Burkplotsfor組Ch和之ym¢permi地dcalculaもionofKmandVmaxvalues  

（Table3）．Ineachenzyme，allVmaxincrea8edwiththelargersubstrate，andKmvalu8SOfEG－2Cand  

EG・3decreasedbutthatofEG－1Cdidnotdecrease．ThedataofVmaxshowthateach enzymehashigh   
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Fig．1．Viscom如ricassaysofEG－1C（○，◎），EG攣2C（□，遊∋，andEG－3（△，  
▲）＼＼rith196CMC used乱S the substrate．Same amount or enzylneS  
liberating reducing sugar after；10min ofincubation、、Tere addedl  
S〉PmboIs：○，□，and△showthcliberated reducingsugarofEG－1C，  
EG－2C，and EG－3，reSpeCti＼，ely．●，T．and▲sho、V the、＝iscositさ・Of  
EG－1C．EG－2C．andEG－3，reSPeCti＼・ely．  
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Fig．2．PloもOrrluidityv¢rSuSreducingsugarforEG－1C（◎），EG－2C（殴）and  
EG－3（▲）．Datawcrcderi＼・ed fromFieL．1，＼＼・hichrluidit）・definedasthe  

inverseorspecifieviscosity．   

affinitywi払cellopentaose・EG・1CandEG－2Cdegradedcellopentaosewithalmostsamevelocitybut  

EG－3＼＼raShalrortheir＼Jelocities．Ⅰ（mvalueorEG・3againsteellopentaose“，ererelatinghigherthanthosc  

ofEG＿1C and EG－2C．   
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でable2．Sub8もratespecificityofpurまriedendoglucanasesderi用d rromC・ノ0ぶ比£・  

Spぬfieae山ity（〟mOl／minpermgorproteh）of：  
Substr・atC Concentration   

EG＿1C  EG－2C  EG－3  

44．3  

50．8  

0．5  

0．5  

ND  

ND   

ND  

8．5  10mgノm1  7．6  

10mg／m1  7．5  

10mg／ml  O．4  

10mgノml  NI）  

10mg／ml  NI）  

1．OmM  N13 

l．OmM  4．8  

CMC札  

CMCb  

B：＼・IC   

Avicel  

Xylan  

PNl）G  

PNPC  

2
 
 
2
 
 
7
 
9
 
〇
．
 
 

◆
0
 
 
0
 
 

血Moleeularw軸ht＝ご弧000．bMoleeularweight＝1豪札000．BMC，Ba11・milledcellulos8；PNPG．p－  
NltrOPheTl）・！・β・Dlglu亡OSide：PNPC．p－Nttrophen）イーβ－D－CCllobioside：ND．notdeteetElblel  

Diseussion  

Å11enzymesrev組1edhig・berafriniもyforamorphouscellulosethancrystallinecellulose■王nmanycases・  

graphicaleomparisonofvまscositydecr¢aSeandreduci牲gSu卵rprOductionduringenzymereacもionon  

CMCprovidestbemodeofenzymeattaek．Nまshizawae£α～，（13）andOkada（16，17）dirferentiatedtbe  

endo－1，4－β－D瑠1ucanasesorムpeズ～αC£e㍑βandフナよeたodermαU£ridg，reSpeCtiv扇y・Large positive slops  

r¢flecttheabilityoranenzymeぬCleaveinternalbond＄in組Chnumb¢rOfcellulosem01eculesresul血慣  

inalargedecreascofviscosity・Theslopesobtainedfromexocellulasesresultinmoreclosetohorizonもal  

line．   

EG－1Candモ：G－3revealedsimilarslope，Su紺eStingthaもtheirmodeofatもackonCMCaresimilar・  

EG－1C produeed reducing sugar proportionally and viseosiもy was decrはSlng・ほぼ0咽h汰e enzyme  

reaction．However，enZymaもicre乱CtionofEG－3wassatisfiedaも40minarterthestartofreaction，andth帥  

viseositychangeandredueingsugarproductiondidnoもChange・でhismaybeduetoinhibitionby払e  

producもSreleasedinenヱymaticr組Cもionoritstolowa汀inityrorlowmolecularsizesubstrat臥Tbis  

tendancywasobservedincellooligomerdegradationshowninTable3・ThevaluesorVmaxandXmof  

EG－30nG4indicatedloweraffinityandlo椚rreaCtionvelocitythan払oseofG5・   

EG・2Crevealedthelargestpo8itiveslopevalueamongthem・Thi8enZym8COuldbreakdown CMC  

rapidlybutreducingsugarreleasewerelowerthanEG－1Cafter80min叫incubation・Thereducingsugar  

Tablc3．1くineticconsLantsofendoglucanases、＼▼ithce1looligosaccharides・  

Substrate  EG－1C  EG－2C  EG－3  

Cellotetl・aOSe   

Km（mM）  2．3   

Vmax（〟mOl・min‾王・mg・】l）  7．8  

Cellopentaose   

Km（mM）  5．9   

Vmax（〃mol・min－】・mg－り  14．1  

9．1  15．4  

1，1  1．4  

1．7  6．7  

16．1  臥1   
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releaseofEG・2CwassimilartothatofEG－3butEG－2Crevealedlowerviscosity，itsuggestedthatEG・2C  

cl飽V8dmor¢internalglucosidicbondsinCMCmolecule．‡nthetimecours¢S Or enZymatic reaetion  

showninFig．1，thr¢¢enZymeSdegradedCMCandtheirviscosiもi¢SWerealmostsamebutreducingsugar  

quantityofEG－1Cwastwiceoftheothers，aftQr80min－incubation．TheseresultssuggestedthatEG－1C  

reactionmiⅩtureCOntainedsmallerhydroly＄1SPrOducもsofCMC than the others aLndits production  

incr・eaSedinproportiontothel・eaCtiontime．   

AllenzyrnesrecognizedG4asaminirnumsubstrate，however，PNPCwhichisregarded as model  

substrate of G3was degraded by EG・1C．This propcrty of EG－1C was sirnilar to CelD from C・  

〃ほrmOee批m（2），Many endog・1ueanases were purified and characterized about eellooligomer and  

syntheticsubstpratedegradations，SOmeendoglueanases are able to recognize the difference bet、、，een  

PNPCandG3，forexampleE－Ⅰ（endoglueanase－Ⅰ）from月αC£～Z㍑∂Sp．XSM－522（18）wasabletod曙radeG3  

0rmOrethanG30fc81loolig・OmerSbutnotactonPNPC．EG－2CofC．josuiandCelArevealed62％identity  

＼Vith C．Lhermoce（［LLmin the eaLal）Ttic domain but cellooligosaccharidcs degradation patlerns were  

difrel・ent，SinceEG－2CactsonG⊥lbutCelAdoesnotactonit（19）．Thererore．somesubstitution，inscrLion．  

ormissingor amino acidsin the enzymemight afrected their enzyme pl・OperLies especiall〉rin the  

d昭radationoどcellooligosaeeharides．  
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要 約   

C．ノ0β㍑i由来のエンドグルカナーゼEG－1C，－2C，および－3（EC8．2．1・4）は共にカルポヰシメチルセルロース（C  

MC）を強く分解するが，アビセルにはわずかしか作用せず，またキシランやp－エトロフェエール・β－D】グルコシド  

を分解しなかった。しかしp－ニトロフユニールーβ心セロビオシドはEG・1Cによってのみ分解されたo CMCおよ  

びセロオリゴ糖に対する作用を調べた結軋EG－1CのCMCに対する比活性は，他の酵素に比べて5倍も高く，エ  

ンド型の作用特性が政も強かった。セロオリゴ糖の分解に関しては，これらの酵素ほ，セロテトラオース，ならびに  

セロペンタオースを分解するが，セロビオースやセロトリオースは分解しなかった。これら酵素の比活性は，セロオ  

リゴ糖の盈合皮が4から5に増加するにつれて増加した。   




