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Mon](eyBrainArylamidase.

-StudiesonCharacteristicsandModeofHγdrolysisofPhysiologically

ActivePeptides.

MbtoharuHεyashi

I冶partmentofPhysiology,PrimateResearchInstitute,

政ソOtOUniVerSity

Abbreviations:田 一1妊{,1uteiniz血g1】om㎝e-releasinghorlnone;㎜,

thyrotropin-releasinghormone;MIF,melanocyte-

stimulatinghormonerelease-inhibitoryfactor;

bestatin,1(2S,3R)-3-amino-2-hydroxy-4-pheny1-

butanoy1]-L-1eucine;SDS,sodiumdodecylsulfate・



SUMMARY

Anextensivepurificationofmon1(eybrainaryla皿idasewascarriedout.

Theaminoacidanalysesindicatethattheenz)meisquiterichinacidic

a皿血oacidandispoorin(ystine.Theamjnoteminalresiduewasdetemined

tobealaninebythedansylationmethod.Theenzymewasactivatedwith

sulfhydrylco卑pounds.Dithiothreitolwasmoreeffectivethanβ 一mercaptoethano1.

Bestatincon真petitivelyinhibitedtheenzymeactivityandtheKivaluewas

calculatedtobe2.5x10●7M,whichwasofthesameorderasthatofpuromyci皿 。

Theinhibitionsbypuromycinandbestatinwerereversible.Theenz)me

hydrolyzeddi-,tri-andoligopeptidesincludingPhysiologicallyactivepeptides.

Amongvariousphysiologicallyactivepeptides,er旺(ephalinsandMet一 工ys-

bradykininwhichpossessaneutralaminoacidattheN-terminalposition

weremorerapidlyhydrolyzedbytheenzyme.ThepeptidessuchasLH-RHand

TRH・whichpossessapyrrolidonecarboxylylgroupattheN-terminalposition

andsubstancePεmdbradykinin㌔ 血ichpossessaprolineresidueadjacentto

theN-terminalresiduewerenothydrolyzedbytheenzyme.The㎞values

forvariouspeptidesindicatethattheenzymehashigheraffinityfor

oligopeptidesthandi-andtripeptides.Thea皿inopeptidaseactivityofthe

enzymewasalsoco叩etitivelyinhibitedbypuromycinandbestatin.Theanalyses

ofthehydrolysisproductsofvariouspeptidesbythedansylationmethod

indicatethattheenzy皿ehasbothkinin-convertingactivityandangiotensinase

　 の
act■V■ty一



INrRODUCTION

Invariousmammalianbraintissues,thereexist㎝zymeswhichhydrolyze

variousa皿inoacidβ 一naphthyla皿idesoTR-nitroanilides(1-3)・Theseenzymes

havebeentermedarylamidaseafterthesuggestionbyPattersoneta1.(4)

andtheirsubgroμpshavebeendistinguished(5,6):a)arylamidaseswith

apreferenceforbasica皿inoacidβ 一naphthylamideor】 巳一nitroanilide

(aminopeptidaseB);b)alγ1amidaseswithapreferenceforacidicamino

acidβ 一naphthylamideorl≧-nitroanilide(a皿inopeptidaseA〕;c)arylamidases

withabroadspecificitybutapreferenceforI・-alanineandI・-1eucine

β一naphthyla皿ideor]E-nitroanilide・

Fromratbrain,groq)a)andc)arylamidaseshavebeenpartiallypurified

andcharacterized〔1).Thefirstpurificationandcharacterizationofgroup

c)enz)mehavebeenacco皿PlishedbyBrechereta1.usingbovinebrain(2,3)・

Amar1(edinhibition1)yalowconcentrationofpurQ卑yci皿anddependenceof

theactivityonthiolgro耳psaregeneralcharacteristicsoftheseenzymes.

血ep坤siologica1㎞ctionsoftheseenz)me曲venotyetbeeneluci由ted.

Hσwever,theirpossiblerolesinthereleaseordegradationofs㎝e

physiologicallyactivepeptideshavebeensuggestedintheliteratures(7-9)・

Inthepreviouspaper(10),thepurificationands(皿edharacterization

ofgroupc)arylamidasefrommon1(eybrainhavebeenreported.Theenz)me

hydrolyzedvariousaminoacidβ 一naphthyla皿ides,amongwhichL-alanine

β一naphthylamidewashydrolyzedmostrapidly.Thiolgroμpswereinvolved

intheactivesiteoftheenzymeandpuro町cinwasacompetitiveinhibitor

fortheenzyme(Ki:5x10"7M).Themolecularweightoftheenzymewas

92,000.

(1)



Recently,Ulnezawaeta1。(11-13)havepurifiedandcharacterizeda

specificaminopeptidaseir〔hibitor(bestatin)fromactinomycetes.This

showedastrongil血ibitiononleucineaminopeptidaseofswinekidneyand

aminopeptidaseBofratliverbutdidnotshowanyinhibitionon

ar丘nopeptidaseA,tr)Φsin,chymotrypsin,elastase,papainandthemolysin.

Thepresehtpaperdescribesanextensivepurificationofagroupc)

arylamidasefrommon](eybrainanditsfUrthercharacteristics,aminoacid

co㎎)osition,N。terminalaminoacid,illhibitionbybestatinandeffectsof

sulfhydrylc㎝pomds。Thehydrolysisofvariouspeptidesincludingphysiologically

activepeptides,㎞valuesandtheirdegradationmechanismsarealsodescribed.

Aprelin血aryreporthasappearedelsewhere(14).

〔2)



EXPERIMEMAl

Materials-Japanesemon1(eys(M包cacafuscatafuscata)wereanesthetized

withketamineh)組r㏄h16rideand1(illedbyexanguimtion.Thebra加were

㎞lediatelyremovedandstoredat-20。Cmtiluse.L-Alanineβ 一naphthylanide,

FastGametGBCsalt(o-aminoazotoluenediazoniumsalt),レalany1-alanine,

L-alany1-alany1-alanine,L-alany1-proline,L-glycy1。glycine,1、-phenylalany1-

sarcosine,1-a皿inoacidoxidase(T)砿)eI),horseradishperoxidase(T)peII)

ando-dianisidine(3,3,-d㎞ethoxybenzidine)wereobtajnedfr㎝Sigma

α1㎝icalCo.,Saintlouis,Missouri,U.S。A.レ 五eucy1-glycy1-glycine,

1・-1eucy1-91ycine,carbobenzo〔xy-1・-phenylalany1-tyTosine,brady】dnin,1・ys-

bradykinin,Met-Lys-brad)戸1(inin,Leu5-en1(ephalin,Met5-en1(ephalin,11e5-

angiotensinI,II,substanceP,1uteinizinghomone-releasinghomone(HI-RH),

thyrotropin-releasinghormone(TRH〕,andmelanocyte-stimulatinghormone

release-ir岨bitoryfactor(MIF)werepurchasedfr㎝Prot6inResearch

Foundation,Osaka,Japan.Bestatinwaskindlys咳ppliedbyDr.H.Unezawa.

Pur㎝ycinanddansylchloridewereproductsofMakor(h㎝icalsLtd.,Jerusalem,

IsraelandPierceChe皿icalCo.,111inois,U.S.A.,respectively.

Diethylaminoethylcellulose(DE-32)andhydroxylapatitewereproducts

of珊hatmanBi㏄h㎝icalltd.,EnglandandSeikaga㎞KogソoCo.,Tokyo,Japan,

respectively.SephadexG-25andG-200werepurchasedfromPharmaciaFine

Ch㎝icals,恥psala,鋤eden.Polya血delayersheetswerepr(対uctsof(heng

ChinTradingCo.Ltd.,Taipei,Taiwan.Allotherchemicalswereofreagent

grade.L-Pyrrolidony1β 一naphthylamidewassynthesizedaccordingtothe

皿ethodofSzewczuketa1.(15).

(3)



DeterminationofProteil1-Proteiエ1wasdeterminedaccordingtoLowryeta1.

(16).恥vinese㎜alb舳wasus磁asast㎝dard.肋abso伽ceat

280mwasalsomeasuredthτoughoutthepurificationsteps.

Assayof正hzymaticActivities-Theenzymeassayforaryla皿idasewascarried

outasdescribedpreviously(10〕withaslightmodification.1血thisstudy,

㎝zymepTeparationwaspreviouslytreated磁thO.05Mpotassimphospl追te

buffer,pH7.0,ccntai皿ingO.5πiMdithiothreitolat37。Cfor15minand

arylamidaseactivitywasdeterminedusingI、-alanineβ 一naphthylamideasa

s廿bstrate.The㎝z)meassayforthehydrolysisofvariouspeptideswas

conductedl)ythemethodofNicholsonandKi皿(17〕withaslightmodification.

Theenzyme,0.1m1(0。59Ug)waspreviouslytreated甫thO.05Mpotassim

phosphatebuffer,pH7.0,c㎝tainingO.5血Mdithiothreitolat370Cfor15min.

Totheenzymesolution,0.251nlofvariouspeptides(2001moles)previously

dissolvedinO.05Mpotassiumphosphatebuffer,pH7.Owasadded.The

皿b(turewasincubatedat370Cfor60min.ThereactionwasstoPPedbyheating

for5皿ininaboilingwater.Tothemixture,0.5mlofO.05Mpotassium

phosphate1⊃uffer,pH7・0,containing100μgofI・-aminoacidoxidase,10μ9

0fhorseradishperoxidaseand50pgofo-dianisidinewereadded.Themixtuτe

wasincubatedat370Cfor20min.Thereactionwasstq)pedbyaddingO.3

皿10f50亀sulfuricacid.Theabsorb{mceat530mwasmeasuredusinga

Hitachi124spectrophot㎝eter.1・-Leuci皿ewasusedasastandardaminoacid.

旦 些 一 一ApurificationofanarylaInidasefr㎝fiveJapanese

mon1(eybrainswascarriedoutasdescribedpreviously(10)・Alloperations

(4)



wereperfo皿edatO-4。Candthebuffersyst㎝contained5畑 β・皿ercaptoethanol

mlessothe而seindicated.

塾 ≡]2」⊇.FiveJapa皿esemoゴkeybrai皿s(280g)wereh㎝ogenizedinaW乱ri皿g

blendorfor3mi皿with3volofO.25Msucrose,0.01Mpotassiumphosphate

buffer,pH7.0,andtheh㎝ogenatewascentrifugedat30,000xgfor60min.

Thesupernatalltwascollected.

製 ユSolid(N巳)2SO辱wasaddedtotheextract(660m1〕andthe

precipitatesbetween40and70岩saturationwerecollectedbycentrifugation

at10,000x&for30min.TheprecipitatesweredissolvedinO.01Mpotassium

phosphatebuffer,pH6.5,andthesolutionwasdialyzedove皿ightagainst

thesamebuffer.

旦⊆四'Thedialyzedsolution(83m1)wasapPliedtoah)岨rQxylapatite

co1㎜(2.6x40㎝)previouslye甲ilibratedwithO.01Mpotassi㎝phosp㎞te

buffer,pH6.5.Theadsorbedproteinswereelutedwithユinearlyincreasing

potassiumphosphateconcentrationfr㎝0.01MtoO.5Matarateofflowof

12皿1/h.

堕 凶Thefractionscontainingarylamidaseactivityfr㎝Step3〕were

dialyzedagairBtO.01Mpotassiumphosphatebuffer,pH7.0.Thedialyzed

soluti㎝(108皿1)was即pliedtoaco1㎜ofD肥 一cellulose(1.5x85㎝ 〕

previouslyequilibratedwithO.01Mpotassiumphosphatebuffer,pH7.0.

TheadsorbedproteinswereelutedwithlinearlyincreasingPotassiumphosphate

concentrati㎝fromO.01MtoO.4Matarateoff1㎝of12m1/h.

塑Theactivefractionsfr㎝Step4)wereconcnetratedtoasmallvolume

(13.5m1)byultrafiltrationinaDiafloMC-2ultrafiltrationcellwith

areseryoir(Bio王hgineeringCo.)usingaG-05Tm㎝brane.Thesolution

wasfurtherconcentratedbydialysisagainstO・OIMpotassiumphosphate

(5〕



buffer,pH7.0,containing40男sucrose.Thedialyzedsolution(4・9m1)

職sappli瓠toaco1㎜ofSep㎞d鉱G-200(2.5x135㎝)㎝deluted

withO.01Mpotassiumphosphatebuffer,pH7.Oatarateofflowof18m1/h・

旦塑).TheactivefractionsfromStep5)weredialyzedagainstO.01M

potassiumphosphatebuffer,pH6.5.ThedialyzedsolutionwasapPliedto

aco1㎜o助dro)守1即atite(1.2x14㎝)previouslye興ilibrated甫th

O.01Mpotassimphosphatebuffer,pH6.5.Theadsorbedproteinswere

elutedwithlinearlyincreasingPotassiumphosphateconcentrationfrom

O.01toO.4Matarateofflowof18m1/h.Theactivefractionswere

concentratedbydialysisagainstO.01Mpotassiumphosphatebuffer,pH7.0,

containing40堵sucroseandstoredat-200C.

PolyacrylamideGelElectrophoresis-Polyacryla皿idegelelectrophoresis

wascarriedoutin7。5亀cross-1inkedpolyacryla皿idegelaccordingtothe

methodofDavis(18)and()mstein(19).Theproteinwasstainedwith

Coomasiebrilliantblue.

AminoAcidAnalysis-Aminoacidsweredete工 皿inedwithaJEOI、-6AHamino

acidanalyzeraccordingtotheprocedureofSpac㎞aneta1.(20〕.鋤1es

foranalysiswerehydrolyzedwithl.Omlof6NHClat110。Cfor24,48,

and72hinevaculatedsealedtubes.Thecontentoftryptophanwasdetermined

spectrophoto皿etricallybythemethodofGoodwinandMorton(21).

一 一Amino-terminalresidueofproteill

wasanalyzedbythemethodofGray(22).To1001」gofprotein,50り10f

1彩SDSwasadded・Themixturewasheatedinaboilingwaterfor5min.

(6)



Afterthesolutionwascooled,50ylofN-ethylmorphDlineand75}110f

daエLsylchloride(251mg/血10fdimethylforma皿1de)wereadded.After

standingforlhatro㎝teゆerature,500plofacetonewasadded.The

precipitatedproteinwascollectedbycentrifUgation.Thedansylated

aminoacidwasidentifiedbypolyamidelayer〔5x5㎝)accordjJlgto

theprocedureofW∞dsandWang(23)。Thespotwasdetectedbyultraviolet 　
1ight(M白 皿aslulight,wavelength,2536A).

Effectsofβ 一MercaptoethanolandDithiothreito1-Theenzymepreparation,

0.2皿1(4}19)wasdialyzedagainstO.01Mpotassiumphosphatebuffer,

pH7.Ofor3htor㎝oveexcessβ 一mercaptoethano1。Thedialyzedenzyme,

0.1m1(0.1μg)wasincubatedwithO.1mlofO.2面Mto2面Mβ 一mercaptoethanol

anddithiothreitolat370Cfor15min.Theenzymeactivitywasdetermined

usingL-alanineβ 一naphthyla皿ideasasubstrate.Theenzymeactivitywhich

wasnotdialyzedwastakenas100宅.

旦_-Theenz)me,0。1m1(0。1μg)

waspreviouslytreatedatvariouste皿peraturesfor15皿inandaliquots

weretransferredtoicebath。Theresidualenz)meactivitywasdete工 皿ined

using工 一alanineβ 一naphthylamideasasubstrate.Theenzymeactivitywhich

wastreatedat370Cunderthesameconditionwastakenas100蓄.

正圧fectsofBestatinandVariousPeptides-Theenzyme,0.ユm1(0.1μg)

wasmixedwithO.lmlofvariouscompoundspreviouslydissolvedinO.IM

potassiumphosphatebuffer,pH7。0・Afterincubationofthemixtureat

370Cfor15min,theresidualenz)meactivitywasdeterminedusing
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L-alanineβ 一naphthylamideasasubstrate.Theenzymeactivitywhichwas

treatedwithO.1mlofO.IMpotassiumphsphatebuffer,pH7.Ounder

thesameconditionwasta1(enas100蓄.TheKivalueforbestatinwas

determinedbythemethodofDixon(24).

Reversil)ilityofInhibitionsbyPurolnycinandBestatin-Theenz)me

preparation,0.3皿1(2.28り9〕wasmixedwithO.3皿10f2血Mpuromycin

{mdbestatinpreviouslydissolvedinO.1Mpotassimpho… 胆hatebuffer,

pH7.0.AfterincUbationofthemixtureat370Cfor30min,eachsamples

(0.4血1)wereplacedonaco1㎜ofSephadexG-25(1x19.5㎝)and

elutedwithO。05Mpotassimphosphatebuffer,pH7.0,containingO.5醐

dithiothreito1.Theenz)meactivitywasdetenninedusingL-ala皿ineβ 一naphthy1-

amideasasubstrate.Theenzymeactivitywhichwasnottreatedwiththese

co皿poundswastakenas100留.

AnalysisofHソdrolysisProductsofVariousPeptides-Theenzymepreparation,

101」1(0.38pg)而chwaspreviouslytreatedwithO.05Mpotassiumphosphate

buffer,pH7.0,containingO.5mMdithiothreitolat370Cfor15皿inwas

皿ixedwith10P1(5n皿01es〕ofvariouspeptidespreviouslydissolvedin

O.1Mpotassiumphosphatebuffer,pH7.0.Afterincubationofthemixture

at370Cfor60皿in,theenzymereactionwasstoPPedbyheatingfor5皿ini皿

aboilingwater.Themixturewasdriedinvacuoanddansylationwascarried

outbymixingof10μ10fdansylchloride(1mg/mlofacetone)and10pl

ofO.2MNaCO3,a皿dincubatingat370Cfor30皿in.Thereactionproducts

weredriedinvacuoanddissolvedin5μlof95亀ethano1.Thesolution(0.5plり

waschromatographedonpolyalnidelayer(5x5㎝)accordingtothemethod

ofWbodsalldWang(23〕.
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pHC窪)timumforL咳1eucy1-glycy1-glyci皿e-ThepHopti皿moftheenz>皿e

forL-・1eucy1-91ycy1-91ycinewasdeterminedinO.11Mpotassiumphosphate

l)uffer,pH5.5to8.5,usingO.59μgoftheenz)me.Theenzy皿eassay

wascarriedoutasdescribedabove.

㎞DeteminationforPeptides-The㎞valuesforvariouspeptideswere

determi皿edbythemethodofLineweaverand恥rk〔25).Thesubstrate

concentrationusedinthisstudyrangedfrom7.14x10噂6Mto7.14x10一 辱M.

Allassayswereconductedat370Cfor10minatpH7.0.Theamountof

theenzymeusedwasO.59μgforeachassay.
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RESU口S

、PurificationofEnzyme-Apurificationofmon1(eybrainarylamidasefrom

30,000xg!solublefractionaresummarizedil1Tablel.Thechromatographic

pattemonthesecondhydr(剛 即atiteco1㎜issho哺 血Fig.1.跳e

arylamidasewaselutedatO.1-0.14Mpotassiumphosphateconcentration

andactivityofaη1a血daseandabsorbanceat280mwerecloselyparalle1.

Intheabovemethod,theenz)mewaspurifiedabout475-foldfr㎝30,000x&-

supematantfractionwithayieldofabout16宅.Fr㎝fivemonkeybrains,

1.35mgoftheenz)mewasobtained.Theh㎝ogeneityofthefinalpreparation

wastestedbypolyacrylamidegelelectrophoresisatpH8.9.Qnlyonemajor

bandwasobserved(Fig.2).

AminoAcidCα 耳position-Theaminoacidco叩positionoftheenzymeis

sh㎝ 血TableII.乃etotalcontentofおpartic㎝dglutぬcacidwお

22.4岩,脳 血ilethatofarginine,1ysineandhistidinewas13.2堵.These

resultssuggestthattheenz)meisanacidicprot6in.Theunique

characteristicoftheenzymeis1σwcontentofcystine.Fairlyhigh

contentsofalanine,valineandleucinearealsonoted.

Amino-ter皿inalAminoAcid-Bythedε 皿sylationmethod,onlydansy1(DNS-)

alaninewasdetectedonpolyamidelayerchrcmatography.

王≧⊆£皇≦三主三_9≦二_§一 二主)ニーTheenzymelost72宅

oforigir協1activitybydialysisagainstO.01Mpotassiumphosphatebuffer,

pH7.0,inwhichβ 一mercaptoethanolwasabsent・AsshσwninFig・3,the
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restorationofenzymeactivitywasobservedonadditionofβ 一mercaptoethanol

anddithiothreito1.Completerestorationoftheenzymeactivityoccurred

withO.4mMtoln1Mβ 一mercaptoethano1.Ontheotherhand,0.2πMtol血M

dithiothreitolcausedabout2.5-foldincreaseoftheoriginalenz)me

activity.Theseresultsshowthatsulfhydrylcσn耳)oundsactivatetheenzyme.

StabilityofEnzymeatVariousTemperatures-AsshominFig.4,theenzyme

lostitsactivitygraduallywithincreasingtemperature。Theenzymewas

completelyinactivatedat600C.Theresultshowsthattheenz)meisfairly

unstabletoheattreatment.

EffectofBestatinonEnz)meActivity-Theenzymelostitsactivity

graduallywithincreasingconcentrationofbestatin(・Fig.5).Theextents

ofinhibitionwere86宅and97宅withO.1nMandl血Mbestatin,respectively-

TheihhibitionwasccmpetitiveandtheKivaluewascalculatedtobe

2.5x10囎7M.Theenzymedidnothydrolyzebestatinitself.Whenbestatin

wasincubatedwiththeenz)me,L-1eucinewasnotdetectedbypolyamide

layerchrcmatography.

ReversibilitofInhibitionsbPuromcinandBestatin-Aftergelfiltration

amixtureoftheenzymeandeachihhibitor,inwhichtheenzymewascompletely

inhibited,about90男oftheenzymeactivitywasrestored.Theresultsshow

thatinhibitionsbypuromycinandbestatinarereversible.

王_-TableIIIshowstheir血ibitory
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effectsofvariouspeptidesontheenzymeactivity.About60-70亀ir由ibitions

wereobserいedwithL、ys-bradykinin,angiotensinIandsubstanceP.No

inhibitionwasobservedwithL、-1eucy1-glycy1-glycine,1-1eucy1-glycine,

L-alany1-alany1-alanine,L-alany1-alanine,TRHandI」H-RH.五 一Phenylalany1-

sarcosinewhichcontainsN-methylatedpeptidelin1(andcaTbol)enz(P(y-L-

phenylalany1-tyrosineofwhichthefreeaminoterminalresidueisblocked

didnotshσwanyapPreciableinhil)itoryeffects.

琢drolysisofVariousPeptides-The{momtsofaminoacidsreleasedfr㎝

variouspeptidesbytheenzymeareshowninTableIV-Theenz)mehydrolyzed

di-,tri-andoligopeptides.Theenzymepreferentiallyhydrolyzedthepeptides

whichpossessaneutralaminoacidattheN-terminalresiduesuchas

en1(ephalinsandMet-Llys-bradykinin.En1(ephalins・ 鴨re皿ostrapidlyhydrolyzed

undertheconditi㎝sused.TheenzymealsohydrolyzedangiotensinIandII

ofwhichtheN-termir皿1aminoacidisanacidicaminoacid(asparticacid),

曲ereastheenzymehydrolyzedLys-bradykininonlyslightly.Ontheother

hand,thepeptidessuchasTRHandIII-RH曲ichpossessap)礎01idonecarbQ剛1yl

groupattheN-term血alpositionwerenothydrolyzedbytheenz)me・When

s)mtheticL-pyrrolid㎝y1β 一naphthyla皿idewasusedassubstrate,noaryla虹dase

activitywasobserved.Theenz)mealsodidnothydrolyzethepeptidessuch

assubstancePandbradykininwhichpossessaprolineresidueadjacentto

theN-terminalresidue,曲ilethepeptide(MIF)whichpossessesaproline

residueattheN-termilEIpositionwashydrolyzedbytheenzyme.

㎞Values-The㎞valuesfors㎝epeptideswerepresentedinTableIV.-
Thehighest㎞valuewasobservedfor工 一1eucy1-91ycineandthelowest

(12)



㎞valuewasobservedforMet-Lys-bradykinin.The㎞valuesgradually

decreasewithincreasingthelengthoftheside(加in.Theresults

suggestthattheenz)mehasrelativelyhighaffinitytowardlonger

peptides.

II血ibitionofdrolsisofPetidesbPurocin㎝dBestatin-The

hydrolysisofpeptidesbytheenzymewascompetitivelyinhibitedby

puromycinandbestatin.TheKivaluesforpuromycinandbestatinwith

レ1eucy1-glycγ1-glycineasasぜbstratewerecalculatedtobe1.2x10-6

and9x10-7M,respectively.Thehydrolysisofvariousphysiologically

activepeptideswasalsoinhibitedbypuromycinandbestatin。Pretreatment

oftheenzymewithlIhMpuromycinorbestati丑at370Cfor15皿in

resultedinco㎎)1etelossoftheenzymeactivity-

pHq)timmforLI-1eucy1。glycy1-glycine.-TheeffectofpHontherate

ofthehydrolysisofL-1eucy1-91ycy1-91ycineisshowninFig。6.Theoptimum

wasobservedatpH7。0.ThepHoptimu皿anditsshapewerealmostthesame

asthoseforI・-alanineβ 一naphthyla皿idedescribedinthepreviouspaper(10)・

AnalsisofdrolsisProductsofVariousPetides-Inordertoanalyze

thehydrolysisproductsofvariouspeptidesbytheenzyme,polyamidelayer

dhromatographywasemployedtodetectliberatedaminoacidsasdansylated

derivatives.NoDNS-aminoacidsweredetectedinthecasesofIH-RH,TRH,

substancePandbradykinin.Ontheotherhand,allDNS-aminoacids,bis-

DNS-tyTosine,DNS-91ycine,DNS-phenylalanine,DNS-1eucineandDNS。methionine
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weredetectedinthecasesofLeu5-en1(ephalinandMet5-er皿(ephalin.When

工ys-bradykininwasusedass曲strate,onlybis-DNS・1ysine冊sfomd,while

bothDNS-methionineandbis-DNS-1ysinewerefomdinthecaseofMet一 工ys-

bradykinin.TheDNS-derivativesofthefirstfiveaminoacids,DNS-aspartic

acid,DNS-arginine,DNS-valine,bis-DNS-tyrosineandDNS-isoleucinewere

detectedinthecasesofangiotensinIandII.DNS-proline,DNS-1eucine

andDNS-glycine-NH2werefomdjnthecaseofMIF.Theresultsaresulmarized

inTableV.Whensyntheticpeptides,1、-1eucy1-glycy1-glycineandL-1eucyl-

glycinewereusedassubstrate,DNS-1eucineandDNS-glycy1-glycinewere

detectedinthecaseof1-1eucy1-91ycy1-91ycine,andDNS-1eucineand

DNS。glycineweredetectedinthecaseofI、-1eucy1-glyci皿e.Similarly,

L-alany1-alany1-alanineand工 一alanyl-alaninewereusedassubstrate,

DNS-alaninewasdetected.L-Alany1-prolinewasnothydrolyzedbytheenzyme

mdertheconditionsused.Pretreatmentoftheenz)mewith1刷puromyc血

orbestati皿at370Cfor15mincompletelyinhibitedthereleaseofa皿ino

acidsfromvariouspeptides。
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DISCUSSION

Extensivepurificationofagroμpc)arylamidasefrolnfivemonkeybrains

hasbeencarriedout.Thefir旧1yieldandpurificationfactorwererelativelyin

goodagreementwiththeresultsofthepreviouswork(10).Thefinal

preparationapPearedtobeonebandon7.5老polyacrylamidegelelectrophoresis,

pH8.9andonlyoneaminoacid(alanine)wasdetectedbyN-terminalanalysis.

Theresultsuggeststhattheenzymeiscσmposedofasinglepolypeptidechain.

TheaminoacidcomPositionoftheenz)meindicatesthattheenz)meis

fairlyridlinacidicaminoacids.Thetotalcontentofasparticacidand

91uta皿icacidisaboutユ.7-foldoverthatoflysine,arginineandhistidine.

Thehighcontentsofacidicaminoacidsoverbasicaminoacidssuggest

thattheenzymeisa皿acidicprotein.Thisagreeswiththefactthatthe

enzymewasstronglyadsorbedtoDEAE-celluloseandwaselutedwithrelatively

highconcentrationofpotassimphosphatebuffer。Thesi餌ficantamomts

ofalanine,vali皿eandleucineandlowcontentofcysti皿earealsonoted

inaminoacidcσmpositionoftheenzyme.Recently,humanliveraminopeptidase

面chhydrolyzedI・-alanineβ 一naphthyla皿idehasbeenpurifiedanditsa皿ino

acidco叩Positionhasbeenreported(26).Thehighcontentofacidicamino

acidsandtraceofcystineofhumanliverenzymearefairlysimilartothose

ofmonkeybrainarylamidase.

AnapPreciablelossoftheenzymeactivitywasobservedbydialysisagainst

thebufferwhichdidnotcontainsulfhydrylc卿omd.Completerestoration

oftheenzymeactivityoccurredwithO・4nlMto1皿IMβ 一mercaptoetihanoland

about2.5-foldincreaseoftheenz)meactivity・wasobserv'edwithO.1血Mto
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1πiMdithiothreito1.Theseresultsindicatethatsulfhydエ γ1co町)ounds

activatetheenzyme。Dithiothreitolseemstobemoreeffectivethan

β一mercaptoethano1。Thesepropertiesoftheenzymecoincidewiththose

ofratbraillalldbovillebrainarylamidases(1,2).

Theenzymewasfairlyunstableonheattreatrnent.Treatmentofthe

enz)meat600Cfor15minresultedincompletelossoftheenzymeactivity.

Bestatinisnow㎞ownasaspecificinhibitorforalninopeptidaseB

andleucineaminopeptidase(11-13).TheKivaluesforalninopeptidaseBand

leucineaminopeptidasehavebeenreportedtobe6x10-8and2x10-8M,

respectively.TheresultspresentedinFig.5showsthatthe皿on1(eybrai皿

aryla皿idasewasalsostronglyinhibitedbybestatin.Theihhibitionwas

cσmpetitiveandKivaluewascalculatedtobe2.5x10-7M,whichwas

ofthesameorderasthatofpur㎝ycjn(5x10-7M).Theslightdifferences

inKivaluesofbestatinfora皿hlcpeptidaseB,1eucineaminopeptidaseand

mon](eybrainarylamidasecaエ 皿otbeexplainedatpresent,butperhapsreflect

thedifferencesi皿enzymeorinsubstrateused.Afreea皿inogro叩and

CO-N日bondarepresentinbothpuromycinandbestatinmolecules.Sim直1ar

inhibitionsbysomepq)tides(Tal)1eIII〕suggestthatthefreea皿inogroup

andCO-NHbondareperhapsessentialfortheinteractionoftheenzymewith

purolnycinandbestatin.

ThdTesultspresentedinTableIyshowthattheenzymehydrolyzesdi-,

tri-andoligopeptides.Thesepropertiesaredistinctfromthoseofratbrain

andbovinebrainaryla皿idases(1,3).Thesealylamidaseshavebeenreported

tobeinactivetowardL。1eucy1-91ycineandI・-1eucy1-91ycy1-91ycine.These

differencesmayreflectdifferencesinspeciesorinassaymethodused.The

methodusedinthisstudy,1・-aminoacidoxidasemethod,isverysensitive
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towardL-aminoacidsandtheblankabsorbanceofpeptideisverylow(17).

Uhdertheconditionsused,theenzymepreferentiallyhydrolyzedthepeptides

suchase副 くephaliエ 壌andMet-Lys-brad)4(ininwhichpossessaneutralamino

acidattheN-te曲1positions.Theenz)mealsohydrolyzedangiotensin

IandIIofwhichtheN-terminalaminoacidisanacidica皿inoacid(aspartic

acid).Ontheotherhand,theenz)meonlyslightlyhydrolyzedI・ys-bradykinin.

Inthepreviouswork,basicaminoacidβ 一rロphthylamide(L-arginineβ 一naph-

thylamide)wasfoundtobehydrolyzedwitharelativelyhighrate

(63男oftherateofhydrolysisofL-alanineβ 一naphthylamide).This

discrepancymaybeduetothecorLformationintheN-terminalmoietyofLys-

bradykinin.Moredetailedstudieswillbenecessaryinthisregard.The

enzymedidnothydrolyzeTRHandI』H-RHwhichpossesspynolidonecarboxylyl

groupattheN-terminalpositions.Inaddition,syntheticIrpyrrolidony1

β一naphthyla皿idewasnothydrolyzedbytheenzyme.Theseresultssuggest

thattheenz)mecannotreleaseN-teminalp皿01idonecarboxylylgroup.

Thesephysiologicallyactivepeptides曲ichreguユatethereleaseofpeptide

homonesfr㎝adenoh)㌍ophysialcellsmaybedegradedbyotherenz)mes

suchaspyrrolidonylpeptidaseandabrainneutralendopeptidasereported

elsewhere(27,28).MIFwhichpossessesaprolineresidueattheN-terminal

positionwashydrolyzedbytheenzyme.Theresultcoincideswiththeresults

obtainedinthepreviousstudy,inwhichレprolineβ 一照phthylamidewasfomd

tobehydrolyzedatarateof19男ofthatofL-alallineβ 一naphthyla皿ide・

Simmonseta1.(29)havedescribedspecifica皿inopeptidasesforMIFinbovine

braintissue.TheseaminopeptidaseshavebeenreportedtohydrolyzeL-1eucy1-

91ycy1-91ycineandtobedifferentfrQmarylamidase。Inmonkeybraintissue,
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aminopeptidasewhichwasactivetσwardL-1eucy1-glycy1-glycineandwas

inactivetowardaryla血(ユasesUbstratewasalsofomd(}セyashi,M.,unpublished

result)。Thepurificationandcharacterizationsofthisa皿inopeptidase

arenowinprogress.ThepeptidessuchassubstancePandbradykinin載hich

possessaprolineresidueadjacenttotheN-termi1旧1residuewerenot

hydrolyzedbymon](eybrainarylamidase.Recently,Markseta1.(30)and

Benucketa1.(31)havereportedthatbradykininandsubstancePweredegraded

byaratbrainneutralendopeptidases.Theresistanceofthesepeptides

tσwardthehydrolysisbybrainarylamidasesuggestthatbrainarylamidase

doesnotparticipateintheinitialdeactivationofthesephysiologically

activepeptides.Thepurificationandcharacterizationoftheseendcpeptidases

remainstobedoneinthef廿ture.

TheresultsobtainedinK血determinationindicatethattheenz)mehas

highaffinityt㎝ardlongerp(ptides.Thesephen㎝ena皿ayreflectthe

effectsoftheC-terminalcaτboxylgrouporhighaffinitytowardnaturally一

㏄curringphysiologically-activepeptides.

Thehydrolysisofpeptidesbytheenzymewasalsocc皿petitivelyiエ 【hibited

bypur㎝ycinandbestatin.血addition,treatmentoftheenz)me甫th1血M

puromycinorbestatinresultedinccmpletelossofaminopeptidaseactivity

towardvari(兀Bphysiologicallyactivepeptides.Theseresultsshowthat

thesereagentsi1血ibitnotonlyaryla皿idaseactivitybutalsoaminopeptidase

activityoftheenzyme・

ThepHoptim㎜forI・-1eucy1-91ycy1-91ycinewasかH7。0而chwasthesame

asthatforarylamidasesubstrate.

Studiesonthehydrolysisproductsofvariouspeptidesindicatethat
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theenz)mehydrolyzespeptidesubstratesequenciallyfromtheN-teminal

position.Thisshowsthattheenzymeisanexopeptidase.Amongvarious

physiologicallyactivepeptides,noaminoacidswerereleasedfromTRH,

LH一 盟,sω)stancePandbradykinjnbytheenz抑e,而dlconfimtheresults

ofaminopeptidaseactivitiestowardthesepeptides(Table]V).Only

lysinewasreleasedfromLys-bradykini皿andmethionineandlysinewere

releasedfromMet-Lys-braの ㎞ 血 価esere㎝1ts血dicatet㎞tthemo瓜ey

brainarylamidasehaskinin-convertingactivity.Thepartiallypurified

rabbitbrainenzymewhichshowskinin-convertingactivityhasbeenreported

tohavearyla皿idaseactivityandhasbeencompetitivelyinhibitedby

puro皿ycin(9).Toclariftソ'theenzymaticidentityornonidentitybetwe㎝

皿onkeybrainarylamidaseandthisrabbitbrainenz)me,purificationof

ra1)bitbrainarylamidasewillbenecessary.Firstfivea皿inoacidswere

detectedinthehydrolysisproductsofangiotensinIandII.Abrasheta1.

C8〕havereportedsimilarfindings,inwhichangiotensinIIhasbeendegraded

bypigbrainarylamidasewhichhydrolyzebothbasicandneutrala皿inoacid

β一naphthylamides.TherolesofangiotensinIIinthecentralnervoussystem

thatareassociatedwithapressorresponse,drinkingbehaviorandrelease

ofantidiuretichormonehavebeenreviewedintheliterature(32).Theresults

ofthedegradationofthispeptidebybrainaryla皿idasesuggestthatthe

enzymehasanangiotensinaseactivityandparticipatesinthedegradation

ofthepeptideinbraintissues。

AIlaminoacidsweredetectedinthehydrolysisproductsofMet5-and

Leu5-enkephalin.En1(ephalinsarenow㎞ownasamorphin-1ikefactorornatural

peptidesthatreactwithopiatereceptor(33,34).Thesepeptideshavebeen
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fomdinonlyvertebratebrains(35)andalsofoundinmo孟eybrain(36,37〕.

Inratbrainh㎝ogenatesandratandhumanplasma,theenzy皿eswhich

releaseN-temir旧1t)Tosineresiduehavebeendescribed(38,39〕.These

enzymeshavenotwellbeencharacterizedyet.Thearylamidaseactivity

wasfomdtobefairlyevenlydistributedamongvariousregionsofmo慮ey

braintissuesincludingcerebralgraymatter,cerebralwhitematter,thalamus-

hypothala皿 ユs,amygdalaandcerebellarcortex(Hayashi,M.,mpぜblished

result〕.Activityofenkephalinhasbeenalsofoundinvariousregionsof

mnkeybrain,butthehighestactivityhasbeenfomdinthecaudatenucleus

(36〕.AIthoughthearylamidaseactivityinthecaudatenucleusofmon1(ey

brainwasnotdeter皿ined,theresultsinthisstudysuggestthatbrain

arylamidasemaybeoneoftheenzymesparticipatinginthedegradation

ofthesepeptides。

Fromtheaboveresults,itmaybee耳)ectedthatbrainarylamidase

participatesinthereleaseandthedegradationofsomephysiologically

activepeptidesandthatapPlicationofi工 血ibitorsaidsinclarifing

metabolis皿ofthesepeptidesinbraintissues.
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TABEI.S㎞
ma1γ
ofthepurificationforarylalnidasefr㎝

mor汰
eybrain.

Fract'on轡
n謹
31tイ

。
-2)講

島
1'111恥

・
}鑑
'・
n

30,000xgsupernatant4,066823.020
.21001

P7ecipitatesat40-70彩
(NH辱
)2Sα
1,829727.7写

9.8881.97

Firsthydroxylapatite80.8449.4556.25527
.5

DEAE-cellulose12.4312.6252138125

SephadexG-2004.8205.2427525212

Secondhydroxylapatite1.35129.5959316475



TABLEII.Aminoacidcσmpositionofmon1(eybrainaryla皿idase弓

AminoacidN㎞berofresiduepermolecule

ofproteill

Iγs53.7(54)

His18.6(19)

Arg36.6(37〕

Asp83.0〔83)

凸 。39.4b(39)

Ser46.2b〔46)

Glu104.1(104)

Pro42.1(42)

Gly56.0(56)

Ala67.9(68)

Cys/27.4(7)

Va164.5(65)

Met15.4(15)

11e39.4(39)

1.eu83.8(84)

TyT26.6(27)

Phe37.2(37)

Tゆ12.7c(13)

Tota1835

a-Thevalueswerecalculatedassumingthemolecularweightof

aryla皿idasetobe92,000・Exceptforthreonine,serine,and

tryptophan,eachvalueisanaverageofvaluesobtainedfor

threedifferentperiodsofhydrolysis.Thevaluesinparenthese

aren。are,ti皿t・ger、.bV。1u・ 、extrap。1。t。dt。 、er。t㎞ 。 。f

hyd・ ・1y・i・.cD・t・min・dbyth・m・th磁 ・fG・ ・dwina・dM・rt・n

(21〕.



TABI正iIII.EffectofVariouspeptidesonhydrolysis

ofL-alanineβ 一naphthylamidebytheenzyme.Theenzyme

(0.1μg)waspreviouslyincubatedwithvariouspeptides

at370Cfor15minandresidualenz)meactivitywas

determinedusingI・-alanineβ 一naphthyla皿ideasasubstrate.

Peptides(0.251函M)Inhibition(男)

Lys一 王3radykinin76

AngiotensinI70

SUbstanceP60

Bra(‡ ゾ1(il血48

Met5-Er口(ephalin40

Leu5-En】(ephalin14

1・-pherツ1aユany1。sarcosine5

carbobenzoxy。1・-phenylalally1-tyrosineO

L-1eucy1-glycy1-glycine,L-1eucy1-

glycine,L-alany1-alany1-ala皿ine,O

L-alany1-alanine,LH-RH,TRH



TABIE]V.Amomtsofaロ 壮noacidsreleasedfromvariouspeptides

bytheenzymeand㎞valuesforpeptides.Thereactionswere

carriedoutundertheconditi㎝sdescribedintheExper㎞ental

sectionusingO・5gl」goftheenz)me.L-Aminoacidoxidaseassay

wasemployedforthemeasur㎝entofL-a皿inoacids.L-Leucine

wasusedasastandaτda皿inoacid.

歌1bstrateleucineequivalent㎞

(nmoles)(幽)

L-1eucy1-glycine19625

L-1eu(y1-glycy1-glycine115217

Met5-Enkephalin137167

Leu5-En1(ephalin130161

Me殉s-Braの ㎞ 血10425

MIF29_

Angiotensin'124-

AngiotensinII2342

Lys-Bradyk血1inl一

跳 盟 ・鋤bs伽ceP・ ・ 一



TABLEV.Su㎜aryofhydrolysisofphysiologicallyactivepeptidesby

mo亘keybrai皿aryla皿idase.Arrowsindicatethepeptidebondsthatare

cleavedbytheenzyme.

SUbstrateandhydrolyzedsite

く 　 　 ち

M。t5一 蝕 。p}温・in駐 一G3-G3-P黛 一M。t

123辱

L。u5一臥 。ph。・inT舞 一G3-G3-P倉.馳u

123晦5
戸 ヤ 傷 戸ヤ 傷1一 ヤ

A【1giotensinIAsp-Arg-Va1-TyT-11e-His-Pro-Phe-His一 五eu

123辱5

.1「 ヤ 傷1「 セ1「}「 ヤA
ngiotens皿IIAsp。Arg-Va1-TyT-11e-His-Pro-Phe

12

貸 貸

MIFPro-Leu-Gly-NH2

12

M。t一 琢s-Bradyki皿inM誌 一L露 一A。g-P。 。-P。 。-G・y.翫e一 飴 。-P。 。-Phe一 血9㍉
Lys-Bradykini皿Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg



1、egendofFigure

Fig.lChromatographyofmon](eybrainarylamidaseonasecondhydroxylapatite

co1㎜.肪eenz獅efractionobtainedfr㎝theS印hadexG-200co1㎜

wasappliedtoaco1㎜ofhydro可1apatite(1.2x14㎝ 〕.皿e

adsorbedproteinswereelutedincreasingtheconcentrationof

phosphatelinearlyfromO.01toO.4M(pH6.5).Eachfraction

was5m1.

O,Absorbanceat280nm;●,enzymeactivity;一 ・一,phosphate

concentration.

Fig.2Discelectrophoresisofthepurifiedenzyme.Thefil旧1enzyme

preparation(6。5μ9)wasplacedonacolumnof7.5男polyacrylamide

ge1,pH8.9.TheproteinwasstainedwithCo㎝assiebrilliandblue.

ThearrowindicatesthepositionofBrσmophenolblue.

Fig.3Effectsofsulfhydrylc卿omdsontheactivityoftheenzyme.血zyme

preparationwhichwasnotdialyzedwasta](enas100宅active.

●,β 一Mercaptoethano1;O,dithiothreito1.

Fig.4EEfectsofte㎎)eratureontheactivityoftheenzyme・Enz)mewhich

hadbeentreatedat370Cfor15minwastakenas100男active.

Fig.5A)Effectofbestatinontheactivityoftheenzyme.Enzymewhich

hadhotbeentreatedwithbestatinwastakenas100留active.

B)Ihhibitionoftheenz)meactivitybybestatin・TheI(ivaluewas

determinedbythemethodofDixon〔24)。Theconcentrationof1-alanine

β一naphthylamidewereO.251hM(●),0.1n1M(O),andO.051hM〔 △).

Fig.6EffectofpHonthehydrolysisofL-1eucy1-91ycy1-91ycinebythe

enzyme.TheenzymeactivitywasmeasuredinO.lMpotassiumphosphate

buffer,usingO。5gPgoftheenzyme.Themaximalactivitywastaken

as100岩.
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