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Abstraet  

Proteindisul鋸e－isomerase（PDI）isassociatedwiththerefbldingofproteinsthathavemis－matehed  

disuはdebondsthroughthethioトdisul鋸einterchangereaction．Whentheenzymeactivitywithreduced・  

denaturedRNaseas the substratewaspIotted女〉ranalysisorthe駄sトOrderkinetics，theaccelerated  

regencrationofRNaseactivitygave】inearplotsforboththeFPIconcentrationandreactiontime．This  

estimationmethodis simpleandcanbeusedwiththevalueswhichshowllighregenerationofRNase  
activity（90％），SOitshouldbesuitablefortheinvestigationofPD王inl1ibitorsandinhibitorsofprotein  

refolding，andforresearchintothere餌dingprocessofotherproteinsubstrates，SuChasrecombinarlt  

PrOteins．  

1（ey words：prOtein disultide－isomerase，PrOtein refoldhg，first－Order kinetics，disulfide bond，  

RNaseactivity  

IlltrOdu（：tion  

ProteindisulBde－isomerase（PDI，EC5．3．4．1）isacatalystthatformsnativedist11員debondsofsecreted  

proteinsduringproteintranslationl）．Thisenzymemaybeidenticalwithglutathione・insulintranshydrogenase  

（ECl．8．4．2）2）．TheprimarystruCtureOfPDIhasbeenidenti鮎d3）andanalysishasshownthatitsstructureis  

thesameasthatofβ－Subunitsofprolyi4－llydroxylase（ECl．14．11．2）4），thyroidhormonebindingprotein5），  

iodothyronine，5，rmonodeiodinase6），andglycosylationsitebindingprotein7）・Thus，theessentialphysiological  

如nctionsofPDIareof払terest8，9）  

PDIassociatedwiththefoldingofproteins，inwhichtheinactivefomoftheproteinisconvertedtothe  

activeformbyformationofstabiedisul鋸epairs．PDIcanbeusedtorefoldrecombinantproteinsexpressed  

andmadeinsolubleinbacterialO）．ItcouldbeusedinbothinvivoandinvitrostudiesoftheroleofPD‡inthe  

fbldingofvariousproteins，includingrecombinantproteins．OnlyafewreportsontheassayofPDIactivitygive  
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linearresults，andthereisnomethodtomeasuretheisomerizationactivityacctlrately．Themostreliable  

rnethod女）rtheassayofPDIactivitywouldbethedirectmor血0ringofthedisul餌eexchangereaction，buta  

Suitablesubstratehasnotbeenidentihed．Twomethodsaremainlyusednowforthisassay．Oneisbasedon  

thedetectionofthe splitthgofinsu血intoits twocomponentchainsll），andthe otherisbasedon the  

regenerationofenzymeactivityfrom“scrambled”ribonucleaseA（RNase），Whichhasrandomiypaireddisultide  

bondsandisenzymatica11yinactive12）．Thefbmermethoddoesnotreaecttheextentofproteinrefolding．  

ThelatterisbasedontheregenerationofRNaseactivity，butitindirectlydetectsminorchangesinRNase  

activitybythechangeinabsorbanceat260nmrelativetothatat280nm，anddoesnotre鮎ctthewholeextentof  

RNaserefolding．AmethodtoassayPDIactivitybasedonproteinrefbldingisneededifPDIistobeusefdlfor  

theregenerationofrecombinantproteinnotinitsnativeconformation．Inthispaper，WerepOrtanaSSay  

methodthatgiveslinearplotsforPDIactivitybasedonl）rOteinrefoldingbytheuseofthereducedpdenaturedand  

scrabmledfbrmsofRNase．  

M乱terialsandMethods   

PDIwaspuri鮎dfromfreshbovineliverbythemethodofLambertandFreedman13）・Thereaction  

mixture contained，ha totaivolume of200pl，0．1MTris一斑Clbuffer（pH7．8），0．1mMoxidizedformof  

glutathione（GSSG），200FLg／mlreduced－denaturedRNase，andPDI．Thereactionwasstartedbytheaddition  

ofthesubstrate（theRNase）andproceededat250c．Attimes，20－iLlportionsofthereactionmixturewere  

takenandthereactionwasstoppedbyitsdi王utionwithO．2Msodiumacetatebu拝er（pH5．0）containinglmg／mi  

bovineserumalbumin（BSA，Sigma，なactionV）．EachdilutedsamplewasthenassayedforRNaseactivitybya  

slightlymodifedmethodofAn蝕senetal14）・Thereactionmixturefortheassaycontained，inatota量volumeof  

l．Oml，0．1M sodiumacetate buffer（pH5．0），2mg／miRNA（sodium salt，Kohjin），0．25mg／mlBSA，and  

enzyme．Thereactionwascarriedoutat370candstoppedbytheadditionofO・25rnlofO・83Nperchloricacid，  

fbuowedbycooungofthemixtureinice．Aftercentr漁Igationatl，700×gfor5min，SuperrlatantWaSdiluted20  

times with distilled water andits absorbance at260nm was measured，Reduced－denatured RNase was  

preparedbythemethoddescribedelsewhere15）withbovinepancreaticribonucleaseA（Sigma，TypeトA）not  

血沈herpuri鮎d．TileprOteinconcentrationwasassayedat275nmwithuseofmolarextenctio11COe統cientsof  

9，300and8，100fornativeandreduced－denaturedRNase，reSpeCtively16）．  

Rcsultsiln（11）iseussion  

FigurelshowsthecourseofthePDIreactionwithreduced－denaturedRNaseasthesubstrate・The  

percentage ofregeneration（y－aXis）wascalculatedrelativetothe speci鮎activityofnativeRNase・The  

regenerationofRNaseactivitywasacceleratedinproportiontotheconcentrationofPDI・Thesereactions  

wereinthepresenceofO・1mMGSSG，buttheRNasewasregeneratedunderotherredoxconditions，SuChasin  

thepresenceofboth4mMreducedfomofglutathione（GSH）andO．4mMGSSG（datanotshown）・The  

effectsofPDIwereneghgibleinreactionmixtureswithoutoxidoreductivereagents・   

ThecourseoftheregeneratedactivitywasreplottedinFig．2Aforanalysisofthe鮎st～Orderkinetics・The  

pattem ofthe regeneration ofreduced－denatured trypsinogengives a sim並arplot17）・The acce王erated  

regenerationofRNaseactivitygavelinearplotsateachPDIconcentration・WhentheresultsinFigr2Awere   
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Fig．1．Efkcts of PD王on the Regeneration of RNase  

Actわity．The course ofthe PDIreaction with  
reduced－denaturedRNaseasthesubstrateisplot・  

ted．Tlle PDIconcentrations were O（◎），10  

（○），20（A），and30〃g／ml（△），Eachpercen－  

tageofRNaseactivitywascalculatedre王ativeto  
thespecincactivityofnativeRNase．  
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Fig，2．First－OrderKineticAnalysisoftheRegenerationofRNaseActivity（A）andtheDependenceon軌ePDI  

Concentration（8）．  

（A）ThedatainFig．1werereplottedby釦st・Orderkinetics．SymboIsarethesameasinthelegendof  
Fig．1．Risthepercen払geofregeneratedRNa＄eaCtivityateachpoinL（B）Thedatafor亡王IeCOntrOI  

SamPle（A）subtractedandtheresultsareplottedagainstthePDIconcentrationforeachreactiontime．  

Fromthebottom，theほnesareforreactiontimesoflO，20，30，40，8nd60min．  

PlottedagainstthePDIconcentration（Fig．2B），therelationshipwasalmostlinearintherangeofconcentrations  

upto30pg／mlPDI．Whenthereactiontimewas20min，therangeoflinearitywasuptoatleast60FLg／rnlPDI  

（datanotshown）．Moreover，theplotscoverhighregenerationofRNaseactivity（about90％）．Thismethod  

fortheassayofPD王activitycouldalsobeusedinreactionmixturescontainingscrambledRNaseasasubstrate，  

inwhichcasedithiothreitolorGSHwasaddedinsteadofGSSGandtheamountofPI）lusedwassma払er（datanot  

Shown），However，preParationofscrambledRNasetakestirne．Thereactionshouldbefor20－30minfor  

PDIassaywhenreduced－denaturedorscrambIedRNaseisusedasthesubstrate．   

TheothermethodsIO・11）describedabovemaybesuitableforkineticstudiesofthisenzyme．Themethod   
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proposedhere，however，iss血pler，mOreuSeful，andconvenientforstudiesontheeffectsofPD王orltheprotein  
refoldingprocess．ItisalsosuitableforcomparisonoftherefoldingabilityofproteinswithPD川keactivity，  

suchasthioredoxin15），ThemethodwouldbesuitablefortheinvestigationofPDIinhibitorsandinhibitorsof  

proteinreねIding，andforresearchintotherefbldingprocessofotherproteinsubstrates・  
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ProteinDisu泊dc－isomerase（PDI）は，thiol・disulfide交換反応により誤ったdisul餌e結合を持つタンパク質のrefold－  

i昭を促進する。本酵魔の基磐として還元変性RNaseを用い，その活性の全体的な復元過程を駄sトOrderkineticsに  

よりプロットしたところ，PD王浪度並びに反応時問の間者について麗絶間係が得られた。この評価法は，簡単で，商  

いrefoldi11g備約90％）まで包括することから，遺伝子組換えタンパク粟をはじめとする様々のタンパク質のre一  

払Idingに対するPD‡の効果の解析，並びに．PDIの阻客剤およびタンパク貿のrefoldi咽に対する阻害園子の検討な  

どに有効な方法と考えられる。   




