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IbIAmI-cytochromeb5reduc鵬ewaspuriHedfromasckHan,Ｓ(MBﾉapliauln,ａｎｄｓｏｍｅｐｒｏｐ画tiesoftheenZyme

weresmdied・ＴｈｅｅｎｚｙｍｅｏｆＳ鵬JαplicnmwaspuriHedabout70fbldfromthecrudeextractbycoUumn

chrom鉱ogFaphieson5I-JAMP-SepharoseandDEAE-ToyopearLSomega1eralprop画tiesweredeterminedwitMhe

purihedenZyme・OptimalpHfbrNADH-dependentcytochromeb5reductionwiththeenZymewnsobserv巴ｄａｔ

ａｂｏｕｔ６２Ｍｉｃｈ塵lisconstmntsfbrMAmIandcytochromeb5oftheenZymeweredeterminedｔｏｂｅＭｌＭ,ａｎｄＭ

ＵＭ,respectively6SubstmtespecificityoftheenZymefUrpylidinenucleotidewassrictUyMmI-specric・AlmostaH

thesepropertieswereverysimilartothoseofmammalianenzymes．

lNTRODUCTION

NADH-cyUochmmebSmeductasewasstudiedinitialb/oncowlivermiclosomalenzymebySUPittmatterand

Vehck(19％),andtheystudiedontheenzymeextensively(StlitmaUer,1965;Srittmatter,１９６６)Recently，

Yubisuiandhisgmupstudiedonthehumanenzyme,andtheaminoacidsequenceoftheenzymepurifiedfrom

humanerythmcyteswasnlstdeteImined(YubisuieMﾉ.，1986).AndthenthestmcturesofcDNA(YubisuieZ

aﾉ.，1987）ａｎｄｇｅｎｏｍｉｃＤＮＡ（TomatsueZaJ.，1990）ｆｂｒｔｈｅｈｕｍａｎｅｎｚｙｍｅｗｅＩｅａｌｓｏｄｅｔｅｌmine｡、

DevelopmentoftheCDNAexpressionsysteminEscllerjclljamJjlbrthehumanenzyme(ShiIabeeM！.,1989）

IemalkablysthnulatedthestudiesontheenzymeAnalysisonthehereditarydiseaseduetothedeficiencyof

theenzymewasperfbnnedonthevariousmutantenzymespICparedwiththeexplCsslonsystemdesclibed

above・MutationsweleintloducedintotheenzymebasedonthenucleoUdesequencesdetelminedonthe

panentDNAs(YubisuieZaJ.，1991;ＮａｇａｉｅＭＪ.，1993;ShirabeaaJ.,1994)Recombinantwild-typeenzyme

wasusedtoplepaMhecrystalfbrX-IaycIystallogIaphicanalysisoftheenzyme(TakanoeMJ.,1994)．

ＮＡＤH-cymochlomeb5IcductaseofmammalianenzymeparticipatesinthefatWacidmetabolismssuchas

fatO/aciddesatuIHtion(ＯｓｈｉｎｏｅＺａＪ.'１Ｗ1;KeyesandCmti，1980Matlyacidchainelongation(Ｋｅｙｅｓａｎｄ
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Cmti，1980),orcholesにIolbiosynUlesis(ReddyeMﾉ.，1977;FukusllimaeMﾉ.，1981),andinthecytochrome

P450-dependentdIugmetabolism（HUdeblandtandEstabrook，１９７１)，andalsointhesteroidhonnone

metabolism(OnodaandHall,1982;ShinzawaeZaﾉ.,1985;KatagilieZaﾉ.，1995)．

Recently,wefbundthatcytochromeb5intheascidian,ＰＤＪｙα"伽oc叩ｃｗＭｔｊｅ噸s,isexpressedatahigh

levelinthedevelopmgbuds,butnotintheparentalbody(YubisuieM/､,2001)Theexpressionpattemofthe

cytochromeb5inP.〃sakjelmFcoincidesweUwiththeaccumulationoftIiacylgb/cerolinthedevelopmgbuds

oftheascidian(YubisuieMJ.,2001).Theselcsultsplomptedustostudyoncytochmmeb51eductaseinthe

ascidian・Inthisstudy,weusedSZyelzpJjaJDα(８.pljaJZα）astheexpeIimentalsoume,whichhasasignificantIy

higherNADH-cytochIomeb5IeductaseactivｉｔｙｔｈａｎｔｈａｔｏｆＰ.〃saAje"ｓｉｓａｓｓｈｏｗｎｉｎＴａｂｌｅｌ、Thispaper

descnbedthepurificationandpropertiesofNADH-cytochromeb5reductaseofS､pJjCaZn．

ＭＡＴＥＲＩＡＬＳＡＮＤＭＥＴＨＯＤＳ

ＮＡＤＨａｎｄＮＡＤＰＨｗｅｌｃｐｕ1℃hasedftomBoehlingerMannheim(Tokyo,Japan),and5i-AIVP-Sephalose

wasObtainedfTomAmersham/Phalmacia(Tokyo,Japan）Otherreagentsusedinthisstudywereall１℃agent

gmde、DEAE-Toyopead650MwasthepmductofToyoSodaandSephaclylS-lOOwasObtainedfiFom

Phalmacia(Uppsala,Sweden）

ValiousascidianswereharvestedattheUranouchilnletneartheMarineBiolO2dcalh1stituteofKochi

University,Kochi,Japan

PIcparationofcmdeextract

CmdeextractoftheascidianwaspIeparedafterbriefwashmgoftheanimalwithsalinabyhomogenizing

thechoppedanimaltissuesbyaWahlingblenderwitMvolumeofTIisHdbufTer(ｐＨ８)containinglmM

EDTAandO1mMDTTTritonX-100wasaddedat1％concentmtiontothelesultanthomogenates,andstood

onicefbr30mintoextracttheenzymeThenthesolulionwascentlifUgedto1℃movecelldd〕risatl7,OOOxg

fbrl5minThesupematantwasusedasthecrudeenzymesolution

Assayoftheenzymeactivity

Wedonothavethecytochmme65ofIcspectiveascidiansexceptR腕jszJAmie耐sasthesubstratefbrthe

enzyme,therefbratheenzymeactivitywasdetenninedwithIatlecombinantcytochlDme65Solublefbrmof

IatcytochIomeb5wasexpressedinEscﾙerjc/ｉｊｑｃＤ〃に.coli)asdescribedpreviously(Shirabeaaﾉ.,1989）

andpulifiedbychromatoglaphiesonaDEAE-ToyopeallandgelfiltmtioｎｃｏｌｕｍｎＴｈｅ啄pressionsystemof

thelatcytochroｍｅｂ５ｗａｓａｇｅｎｅＩｏｕｓｇｉｆｔｆｍｍＤｒＡＷＳｔｅgglesofNOrlheasternOhioUniversitiesCoUege

ofMedicmeCWochrome65ICductaseactivitywasdetenninedasdescIibedplcvioudy(YubisuiandTakeshin，

1980)byfbllowingtheincreaseintheabsorbanceofcytochmme65at424nmuponMuctionThe1℃aclion

mixmreCml)contained5mMTIisHdbufIbr(ｐＨ7.5),ZmMcytochlome65,005％TIitonX-100,01,Ｍ
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NADILandappropnateamountofenzymesolutionAssaywasstaItedbyaddingNADHtotheIeacUon
mlxture．

Electrophoresis

Pulityoftheenzymewasexaminedbypolyacrylamidegelelectrophoresisinthepresenceofsodium

dodecylsulfate(SDS-PAGE)qaemmli,1970）ProteinsonthegelwerestainedwithCoomassieBrilliant

Blue(CBB）

ＲＥＳＵＬＴＳＡＮＤＤＩＳＣＵＳＳＩＯＮ

ＰｕｒｉｆｉｃａｔｉonofNADH-cytochrome65reductase

WeexammedNADHcytochmme651eductaseactivitiesofvariousascidianstopuIifytheenzymeAs

showninTablel，theenzymeactivityinthecrudeextｒａｃｔｏｆＳｐ"czzrawasthehighestone､Althoughwe
succeededincloningofcytochmmeｂ５ｏｆＲ〃szJﾉbelm(YubisuMaﾉ.,2001),theenzymeactMtyofthe

ascidianwasveryweaktopuIifi/theenzymeThelefo砥ｗｅｕｓｅｄ８ｐ"czJmastheexpelimentalsoulCeto
pulifytheenzymeinthisstudy

ToisolateNADHcytochrome651eductaseffomthehomogenateof1EpﾉﾉczJZcJ,TIitonX-100wasaddedat

１％concentlation,andstoodonicefbr30minThehomogenatewasthencentlifUgedａｔｌ７,OOOxgfbrl5min

toobtainthesupematantResultedsupernatantcontainedmostpartsoftheNADH-cytochrome65reductase

activityHowever,wefbundthattheenzymeisveryunstableinthecrudeextract,andtheadditionofvarious

pmteaseinhibitoIswasnoteffbctivetostabilizetheenzymeAdditionofglycemltothecrudeextractata

concentmtionof２０％stabilizedtheenzymemoderately,butstUltheenzymeactMtydecleasedlapidlyThen，
thenextattemptwastoapplythecrudeenzymesolutionona5I-AIVPSepharosecolumn(ｌ５ｘ６ｃｍ）
immediatelyafterthepleparationThismethodefficienUylemovedotheTpmtemsbywashmgthecolumnwith
theequilibliumbufTerTheenzymeadsorbedonthecolumnwaseluｔｅｄｗｉｔｈＯ１ｍＭＮＡＤＨａｄｄｅｄｔｏｔｈｅ

ｅｑｕｉｌibliumbufTer・Asalcsult,IemovalofmanyotherpmtemsfiPomthepleparationassoonaspossiblebythe
affimtychromatogaphywasmosteffbctivetostabilizetheenzymeTigl）

TablelEffectofFADontheNADH-cytochrome651eductase
activitieofvariousascidifms Table２.SummalyofthepurincationofNADH-cytochrome65

Icductasefiomgp"cｍａ

（nmol/ininAng)。
Ascidians -FAD＋ＦＡＤｂ

□￣￣￣￣￣￣￣￣￣￣￣￣￣－－￣￣￣－－－－￣－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－

ＰＣ(〕ﾉの7伽Ｃａ'PαJWS伽e"SjSND。。８
PollWJm》℃ｃａｍａｚｏ"jに"sｊＳＮＤ２２６
ｓ""pノセg’"`ｗｐｊｍＴｓ ＮＤ１６．６

Ｃ/o"α、に３１腕α脳３．３22.7
8ｶﾉeﾉﾋJp伽、２３．６２５０

EnZymeplepamtionsSpecificactiviWuPurifIcationYield
（nmol/miMng）（‐fbld0（9'6）

－￣■￣－－－－￣－－－￣－－－－￣－－－￣￣－￣￣－－－－－－－－￣－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－■－－－－－

Crudeextmcts ２３．６１１００
５，－AMP-Sepharose W8４１．４２７
DEAE-Toyopearll312５５６８．６
５，－AMP-Sepharose l680７１２２．６

a)SpecifIcactivitywasexprcssedasmnolcytochrome65
妃duced/inin/ing．

a)Theenzymeactivitiesalctheavemgevaluesof2-3detelminations
b)s25ILMFADwasaddedmtothercactionmixtule
c)NOtdetectable
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Topulifytheenzymefilrthel3theelutedenzymefiFomtheaffiniq/columnwasappliedonaDEAE‐

Toyopearlcolumn(ＺｘｌＯｃｍ),whichwasequilibratedwith50mMTIisHCl(ｐＨ８)containinglmMEDTA，

ｏ１ｍＭＤＴＴ，ａｎｄ0.1％ＴＩｉｔｏｎＸ－１００ＡｆｔｅｒｗａｓｈｍｇｔｈｅｃｏｌｕｍｎｗｉｔｈｔｈｅｓａｍｅｂｕｆＴｅｒ,theenzymeactivity

waselutedwithａｌｉｎｅａｒｇｒａｄｉｅｎｔｏｆＮａＣｌｆｉＦｏｍＯｔｏＯ３ＭｉｎｔｈｅｓａｍｅｂｕｆＴｅｒ・Theenzymewaselutedwith

aboutO､１ＭＮａＣｌｉｎｔｈｅｂｕｆｒｅｒａｓｓｈｏｗｎｉｎＦｉｇＺ－ＡＴｈｅｎｔｈｅｅｌｕｔｅｄｅｎｚｙｍｅｓｏlutionwasagainappliedon

the５，－AMPLSepharosecolumnunderthesameconditionsasinthefirstafIiniUchromatography・Theadsorbed

enzymewasagainelutedwithOlmMNADHintheequilibratedbuffer征ig2-C）

5v-AMP-S-purified

００

０
０

ｍ
０

８
６

０４

（
ま
）
ご
一
シ
一
］
Ｕ
ロ
①
ン
一
］
、
一
の
臣

Cｒｕｄｅｅxtra Cｔ

２４ ４８ ７２０

ｈｒ(4℃）

FiglStabilityofNADH-cytochrome65rcductascofHp/ｊｃａ、、

Removalofvariousproteinsmthecrudeextractbytheaffinitychromatographywith5,-AMP-Sepharosestabilizedthe
enzymeThisfigurcisatypicalexamplcofthethreeexpenments

ＡｓｓｕｍｍａＩｉｚｅｄｉｎＴａｂｌｅ２,theenzymewaspulifiedabout70-fOldffomthecrudeextractwithabout３％

yieldoftheactMtyPuIilyoftheenzｙｍｅｗａｓｅｘａｍｍｅｄｂｙＳＤＳ－ＰＡＧＥａｓｓｈｏｗｎｉｎＦｉｇ２－Ｂ，、，andwe

fbundthattheenzymepreparationstUlcontamedfbwprotemsAftertheZndaffiniUchromatographythe

purifiedenzymeshowed2majorproteinbandsat25and48kDbySDS-PAGE

Asanotherpulificationmethod,thepartial1b/purifiedenzymebyion-exchangechromatographyonDEAE-

Toyopeadwasappliedonahydloxyapatitecolumninsteadofthe2ndafHnilychromatographyon５，－ＡＭＤ

SepharoseTheenzymewaselutedf丁omthecolumnbyagladientofphosphatebuBFerCFig2-]E),andthe

activefractionsshowedtwoprotembandsat48and56kDbySDS-PAＧＥｒｉｇ２－Ｆ）Attempttopurifythe

enzymefUrlherwasunsuccessfUlduetothelossoftheenzymeactMtyduringthepmceduresandalsodueto

thelimitedamountWefailedtopurifytheenzymetohomogemeityinthisstudy,therefbre,wecouldnot

determinewhatsizebandontｈｅＳＤＳ－ＰＡＧＥｉｓｔｈｅｅｎｚｙｍｅ

ＷｅａｌｓｏｔｒｉｅｄｔｏｉｓｏｌａｔｅａｃＤＮＡｆｂｒｔｈｅｅｎｚｙｍｅｆiPomthecDNAlibraryoftheascidianstorevealthe

stIuctureoftheenzymebasedonthegeneticinfblmatio､，ｂｕｔｗｅｆａｉｌｅｄｔｏｇｅｔｔｈｅｃｌｏｎｅＴｈｅｍｅｆbrebthe

characteriZationoftheascidianenzymewascarriedoutwiththcpartiallypurifiedenzymehereafter．

Characterizationoftheenzyme

PulityoftheenzymepreparationwasexammedbySDS-PAGEasdescribedabove・Theenzyme

preparationstillcontainedproteinbandsincludingZ5,48,ａｎｄ５６ｋＤＴｈｅｃｏｍｍｏｎｓｉｚｅｂｅｔｗｅｅｎｔｈｅaffinity‐
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pulifiedenzymeandhydIoxyapatite-purifiedenzymewas48kD,butwecouldnotpmvethatthisprotemis

NADH-cytochrome65IeductaseWetliedtoanalyzetheamino-termmalpeptidesequenceofthebandsafter

blotlingontoPDBFmemblanebbutanyaclearpeptidesequencecorleSpondingtoNADHcytochIome65

1eductasewasnotobtainedTheenzymeoftheascidianmaybeN-tenninal-blockedasinthecaseof

mammalianenzyme皿urakamicraﾉ.,1989）
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Fig.３pHoptimumoftheenzymeactivity、
TheoptimalpHoftheenzymcwasdetennmedwithpotassiumphoSphatebuEfer,５mdwithTTis-HClbuffer．

TheoptimalpHfbrtheenzymeactivitywasdetenninedwithTIisHdbufTerandphosphatebufTerat

variouspHvaluesAsshowninFig3,theoptimalpHoftheascidianenzymewasobservedataround62

ThisoptimalpHissimilartothatofthelabbitenzyme(OptimalpHat6S)(YubisuiandTakeshita,1982),but

isdifferentfiPomthatofhumanenzyme,whichshowstheoptimumataround8(YUbisuiandTakeshita,１９８０)．
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Fig.４KineticpropertjesofthCcn可/me
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ThenthekineticpropertiesoftheeｎｚｙｍｅｗｅｌｅｅｘａｍｉｎｅｄｗｉｔｈＮＡＤＨａｓｔｈｅelectlondonorand

cytochmme65astheelectIonacceptor・ＡｓｓｈｏｗｎｉｎＦｉｇ４，theapparentKD〃valuesfbrNADHand

cytochIome65welMetenninedtobel4IMand36ILM,1℃specdvelyThesevaluesaresimilartothoseofthe

humanenzyme（Yubisuiaα1,1991）AsshowninFig4,intheseexpelimentstheリノ》"mwalueof3

umoMnin/mgwasobtainedintheplesenceofexcessNADHThisvalueisverylowascomparedwiththoseof

thehumanenzyｍｅ(400UmoMnin/mg)andthelabbitenzyme(1,280umol/inin/mg)(YubisuiandTakeshita，

1982)TheenzymeactivitywithNADPHwaslessthan５％ofthatwithNADH

PuIificationofthisenzymefmmtheanimaltohomogeneitywasverydiflicuhduetothelowcontentand

instabilityoftheenzymeintheascidianstissuesWearestillcontinuingtheefTbrttoisolateacDNAclonefbr

theenzymefTomthecDNAlibraly,ａｎｄｔｏｒevealthesmctureoftheenzymebasedonthegeneticinfbrmation
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