
バイオサイエンス研究科　博士論文要旨

（主芸導霊官）　生体高分子構造鞘座（箱鴫敏雄鰯）

氏名　　　岸　忠明　　　　提出　平成13年1月9日

StruCturalandBiochemicalStudiesofNeurppsm，aSerineProtease

題目Ⅰ筈完㌫晋筈≡慧芸器詣芸㌫警器r
構造学的、生化学的研究）

要旨

ExtraallularSerineproteaseneuropslnisexpressedintheforebrainlimbicareaOf

adultbrainandisimplicatedinsynapticplasticity．Inthepresentstudy，（1）I

CharaCterized a crystalstruCture Ofneuropsinand（2）Iidentified apossible

endogenousinhibitorspeCificforneuropsln加viw．

First，reCOmbinantneurOPSinwasproducedusingaba00loviruSeXPre＄Sionsystem

andwaspurified・Twocrystalforms wereobtainedbyahanglng－dropvapor－

diffusionm血odwithpolyethyleneglycolげEG）・CrystalformIbelongstotriclimic

spacegrouppIwithmitcelldimensionsa＝97．16Å，b＝97．12Å，C＝46．75Åand

α＝99．170，β＝99．770，γ＝117．350・Thereweresixmoleculesinthecrystallographic

asy皿tricmit．CrystalformⅡalsobelongstotriclinicspaagroupPlbuthasmit

ceudimensionsa＝38．40Å，b＝55．16Å，C＝65．37Åandα＝95．380，β＝89．98O，γ＝

110．460．Intensitydatato3．1ÅresolutionforformIandto2．1ÅforformIIwere

collected．The2．1－ÅcrystalstruCtureOfneuropsinprovidesthethree－dimensional

View ofoneoftheserineproteaseshigh1yexpressedinthenervoussystem，and

revealsaserineproteasefo1dthatexhibitschimericfbaturesbetwecntrypsinand

newegrow血fhctor（NGF）－Y；ameHiberofthekauikrein細山1y・Netmpsinpossesses

anNlglycosylated．．kallikreinloop一一butformssixdisulndebondscorrespondingto

thoseoftrypsin．Theorderedkallikreinloqpprqjectsprolinetowardtheactivesiteto

restrictsmallerre畠iduesorprohneattheP2positionofs止bstrates．TheloopF，Which

ParticipatesinformingtheS3／S4sites，issimi1artOtryPSinratherthanNGF－Y・The

umqueconformationsoftheloopsGandHformanSIpocketspeCificforboth

arglnlneandlysine・ThesecharacteristicloopstruCtureSformlngthesubstrate－

bindingsitesuggestthenovelsubstratespecificity・
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Second，aneurOPSlninhibitorwasdetectedasanSDS－Stablecomplexwith

recombinantneurOPSIninextractsofthehippocampusandcerebralcortexinadult

mouse・Afterthepurification（a3・3xlO2－fbldpurincationandayieldofl．5％），

P印tidesequencesweredeteminedbyaminoacidsequenclngandmassspectrometry，

revealingthatendogenous serineproteinaseinhibitor3（SPI3）contributedtothe

formationoftheSDS－StablecomplexwithrecombinantneurOPSln・Additionofthe

reco血binantSPI3，PreParedwithaPichiapastoiisexpressionsystem，tOreCOmbinant

neuropslnreSultedinanSDS－Stablecomplexandthecomplexformationfo1lowed

bimolecularkineticswithanaSSOCiationrateconstant（転）of3．4士0．22Ⅹ106M．1s．1and

adissociationconstant（Ri）ofO・8nM，ShowingthatSPI3wasaslow，tightbinding

inhibitorofneuropsin・Furthermore，insituhybridizationhistochemistryshowedthat

SPI3mRNAwasexpressedinthelimbicsystem，Withthemostintensehybridization

SlgnalsinpyramidalneuronsintheCAl－3sub鮎1dsofthehippocappus，aSWaS

neuropsinmRNA・ThefindingindicatesthatSPI3maylnaCtivateneuropsintocontrol

theactivitylevelofnewopsininadultbrain．

ThesestruCturalandbiochemicalstudiesofneuropslnanditsspecincinhibitor

PrOVidethecluestoelucidatethemechamismofmemoryfom旭tionandtodrug－design

intreatrnentofpathologicalcondi也onssuchas印il印Sy．
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SUMMARY

ExtracellularSerineproteaseneuropslnisexpressedintheforebrainlimbicareaof

adultbrainandisimphcatedinsynaptic plasticity・Inthepresent study，（l）I

CharacterizedacrystalstruCtureOfneuropsinand（2）Iidentinedapossibleendogenous

inhibitorspecincforneuropslninvivo・

First，reCOIhbinantneurOPSlnWaSPrOducedusmgabaculoviruSeXPreSSionsystem

andwaspurified・Twocrystalbrmswereobtainedbyahangmg－dropvapor－diffusion

rrKthodwithpolyethyleneglycol（PEG）・CrystalfbrmIbelongstotriclinicspacegroup

PIwithunitceudimensionsa＝97・16A・b＝97・12A，C＝46・75Åandα＝99．17ミβ＝

99・77ミγ＝117・35ミ　Tbereweresixmoleculesinthecrystauographicasymmetricunit．

CrystalfbrmIIalsobelongstotriclinicspacegroupPlbuthasunitcelld血ensionsa＝

38・40A，あ＝55・16A，C＝65・37Å狐dα＝95・38㌔β＝89・98ミ†＝110・据　h血叫

datato3・1AresolutionfbrfbrmIandto2・1AfbrformⅡwereco山ected．The2．1－A

CryStalstruCtureOfneuropslnPrOVidesthethree－dimensionalview ofoneoftheserine

PrOteaSeShighlyexpressedinthenervOuSSyStem，andrevealsaserineproteasefo1dthat

exhibitschim：ricfbaturesbetweentrypsinandnervegrOWthfactor（NGF）－γ，amemberof

thekal1ikreinf由血1y・Neuropsln POSSeSSeSanN－glycosylated‖kalkeinloopf－but

formssixdisu脆debondscorrespondingtothoseoftrypsin・Theorderedkal1ikreinloop

PrqeCtSPrOlinetowardtheactivesitetorestrictsmauerresiduesorprolineattheP2

POSitionofsubstrates・TheloopF，WhichpartlCIPateSinforrmngtheS3／S4sites，is

S血ilartOtryPSinratherthanNGF－γ・TheuniqueconfbrmationsoftheloopsGandH

formanSIpocketspecificforboth arglnineandlyslne・ThesecharaCteristicloop

StruCtureSfbmingthesubstrate－bindingsitesuggestthenovelsubstratespecificity・

Second，aneurOPSlninhibitor was detectedasanSDS－Stable complex with

recombinantneurOPSminextractsofthehippocampusandcerebralcortexinadultmouse．

Afterthepurincation（a3・3xlO2－fbldpurincadonandayieldofl・5％），PePtide
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SequenCeSWeredeterminedbyminoacidsequencingandmassspectrometry，reVealing

thatendogenousserineproteinaseinhibitor3（SPI3）contributedtothefbrmationofthe

SDS－StablecomplexwithrecombinantneurOPSln・AdditionoftherecombinantSPI3，

PreParedwithaPichiapafわTisexpressionsystem，tOreCOmbinantneurOPSlnreSultedin

anSDS－Stablecomplexandthecomplexfbrmationfbuowedbimolecularkineticswithan

associahonrateconstant（kぉs）of3・4±0・22xlO6MIs－1andadissociadonconstant（Ki）

OfO・8n叫showingthatSPI3was aslow，tightbindinginhibitorofneuropsin．

Furthermore，わsitu hybridization histochemistry showed that SPI3mRNA was

expressedinthelimbicsystem，Withthemostintensehybridizationslgnalsinpyrmidal

neuronsintheCAl－3subneldsofthehippocamPuS，aSWaSneurOPSinmRNA．The

血dingindicatesthatSPI3mayinactivateneuropsintocontroltheactivity1evelof

neuropslninadultbrain．

恥esestruCturalandbiochemicalstudies ofneuropslnandits specincinhibitor

PrOVidethecluestoelucidatethemechanismofmemoryfbrmationandtodrug－designin

treatmentofpathologicalconditionssuchasepilepsy・
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1．INTRODUCTION

Extracellularproteolysisexertedbys∝retOrySerineproteaseshasbeenimplicated

inneuraldevelopment，Plasticity，and dqgenerationandregenerationinthe nervOuS

SyStem（ShiosakaandYbshida，2000）・NeuropsinisaneXtraCenularserineprotease

ClonedfromamousehippocampalcompleInentarymA（CDNA）library（ChenetaL，

1995）andhasbeendemonstratedtobeengagedinacdvityーdependentplasticitychangeSin

neurons・Neuropsinm：SSenger RNA（mRNA）andprotein1evelsincreasedinthe

hippocampusafbrkindled－Seizuresandinjecdonofandbodyagamstneuropsin1edto

retardadon of甲ilepticusinmice（aal）e et al・．・1996；Momota et aL，1998）．

Furthermore，aPPlicationofrecombinantneuropslninducedanincreaseintheamplitude

Ofthetet2mic－Stimulation－induced early－Phaselong－termPOtentiation（E－LTP）inthe

Schafftrconateralpathwayofthemousehippocampus（KomietaL，2000）．Ithasbeen

estimatedthatneuropsininvoIvesneuralplasticitybymeanSOfinteractionswithspecific

Substratesorinhibitors．

PreviousstudieshaveshownthatneuropsinhasproteolyticactivityagainsttheC－

terminusofarginineorlysineandexhibitsthehighestsensitivitytoatripeptidesubstrate

Preferredfbrthrombin（ShimizuetaL，1998）・Todate，manyStruCtureS Ofserine

PrOteaSeShavebeende血nedtoclarifythemechanismsoftheirenzymaticactionsand

unlqueSPeCificities・StruCturalknowledgeofneuropsmmightshowimportantsitesfor

itsenzymaticactivityandprovidecluesfbrsearchingitsspecincsubstrateswhichare

IdentificadonofspecincinhibitorsforneuropslnisalsoimportanttOanalyze

enzymaticactivityofneuropsinb”ivo・Generauy，SerineproteasesareCOntrOlledby

SpeCincinhibitorsasserpins（PotempaetaL，1994）anditislikelythatneuropsinarealso

COntrOlledbyitsspex：ificinhibitorわvivo・Todetectwhenandwhereaspecificinhibitor

regulatesproteolyticactivityofneuropsininbrainmightprovidecluestothebiological

activityofneuropsininv
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Inthesestudies，neurOPSlnWaS CryStalhandanalyzedits ternary StruCture．

Moreover，Serineproteinaseinhibitor3（SPI3）wasidentinedasaspecincinhibitorfor

neuropslnintheadultmousebrain・Knowledgeofthesestudiesprovidescluestothe

biologicalactivityofneuropsinandisalsoimport2LnttOdesignofdrugSthatmightbe

usefu1intreatrrKntOfpathologicalconditionssuchasepilepsy・
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2・CRYSTAL STRUCTURE OFNEUROPSIN



2・1．MATERIALS AND METHODS

P和お吉乃且甲柁∫∫わ乃αJdP〟J所cα血乃

Preproneuropsmwas over－eXPreSSedusmgabaculoviruS eXPreSSion system，

BaculoGoldTranSfbctionKit（PharMingen，USA），Withhighnveinsectcells・High

nveins∝tCeⅡsweregrownat27℃inaTNM－FHmedium（Hink，1970；Table2－1－1）

COntaininglO％heat一inacdvatedfttalcalfserum（BoehringerMhnnheim，Germany）toa

densityof7xlO6ceusr75－Cm2dssuecultureflask・TheseceusatadensityoflxlO6

Cells血1inserum－freemdium（Table2－1－2），Sf－900IISFM（LifbT∝hnologies，Inc．，

USA），Wereinftctedwiththerecombinant baculoviruS COntaininganAuわg′甲ha

CdgbmicanuclearpolyhedrosisviruS（血NPV）genome，Whichcarriesageneencoding

PrePrOneurOPSin（ShimizuetaL，1998）・Theinftctedceuswereculturedbr3・5daysat

27℃・NeuropslnWaSPurinedbytwocolurrmchromatographicsteps・Theculture

mediumcontainingneuropslnWaSdialyzedagalnStlOmMN－2－Hydroxyethylpiperazine－

N’－ethaneSulfbnicacid（HEPES）bufftr（pH7・4）at4℃for4days・Thedialyzed

rnediumwas apphed ontoananion exchangeCOlurrm，RESOURCES（bet6mi；

A∬妃rShamPhamiaBiotech，UK），equilibratedpreviouslywith10mMHEPESbu晩r

（PH7・4）・Proteinswereelutedwithan100milinearNaClgradientfrom50to250mM．

Fractionscontainingneuropsmwereelutedat～50mMNaCl・Then，thesefractions

WereaPPliedontoaHq）arincolurrm，HiTrapHeparin（bet5mi；AmershamPharTrWia

Biot∝h，UK），equ山bratedpreviouslywith10mMHEPESbu脆r（pH7．4）．Proteins

Wereeluted witha90milinearNaClgradientfrom200to500mM．Fractions

COntainingneuropsinwereelutedat～280mMNaCl・Approximately8mgofpurified

neuropslnWaSObtainedfromal・3litter－Culturemdium・Forcrystal1izationstudies，the

PrOteinwasconcentratedto24・5mg血1inasoludoncontaining5mMHEPESbufftr（pH

7・4）and100mMNaClusingacentrifugalconcentrator，CentriconlO（Amicon，USA）．

Ateverystq，theproteinwasmonitoredbyreducing12・5％sodiumdodecylsulfate

POlyacrylamidegelelectrophoresis（SDS－PAGE；Laemm且1970）andgelswerestained

2－1－1



Withsilverorcoomassiebrnliantblue（CBB）R－250（Figure2－l－1）．

Cヮ∫ぬ〝ねαfわ乃

Neuropsm was crys也此捉d by ahanglng drop vapor diffusion method at4℃

（McPherson，1976）・Screeningofinitialconditionsforcrystal1izationwas curriedout

byasparsematrixapproach，CrystalScreenI，II（HamptonResearch，USA；JanCariket

aL，1991andCudenyetaL，1994）．Usingpolyethyleneglycol（PEG）8000，40000r

1500，CryStalswereobtainedinvariousconditionswithawiderangeOfpHftom5・6to

8・5at4℃・Rod－likecrystals（CryStalfbrmⅠ）ofneuropsinweregrownfromhanging

dropsthatwerem血ewith0・6L1lof17mg血11proteinsolutionmixedwith0・6匹lof

reservoirsolution，COntaining20％（Wル）PEG8000and50mMpotassiumphosphate

（Table2－1－3）・Crystalsappearedafter4daysanddevelopedtoannalsizeofaboutO．1

mmxO・1mmXO・3mmOVeraPeriodoftwoweeks（Figure2－1－2a）．Plate－1ikecrystals

（CryStalformII）werealsogrownh’Om5山hangingdropscontaining8．3mg／mlprotein

With50mMHEPESbuffbr（PH7・0），25mMpotassiumphosphate，andlO％PEG8000，

againstlmlofreservOirsolution containing25％PEG8000（Table2－1－3）．Needle

CryStalsappearedhstandthenplate一址ecrystalsbegantOgrOWtOa丘nalsizeofabout

O・05mmXO・1mmXO・4mmoveraperiodof3weeks（Figure2－1－2b）．

血加αJわcわ0乃

X－raydi放actiondataofcrystalfbrmIwerecouectedat4℃withanirnagmg－Plate

areadetector，R－AXISⅣ（Rigaku，Japan），uSing Cu－Kαradiation（九＝1．54178A）

generatedbyarotatinganOdegenerator，FR－C（Rigaku，Japan），OPeratingat50kVand

60mA ThefocusskeoftheX－raybeamWaS100匹mandthebeamWaSfbcuseduslng

adouble－fbcusingmirror（Char1es Supper，USA）・Thedis伽Cefromacrystaltoan

imaglngPlatewaslOOrrm・Thedataof1800rotationwerecouectedatarateof20per

30minforeachimage・htensitieswereevaluatedwiththeprogramPROCESS（鮎gaku，

2一ト2



Japan；Higashi，1990）・Eachintensity，I（hk〃，WaSeValuatedfromtheimqgingplates

andtranSfbrmedtothearIVhtudeofstruCturefactor，F（hk〃，Whereh，k，andlarethe

recIPrOCal1aaicepolntS・Thecrystalsbelongtothetrichicsystem・SPaCegrOuPPl，

Withtheunitce山dimensions，a＝97・16A，b＝97・12Åc＝46．75Åandα＝99．170，β＝

99・770，†＝117・350（Table2－1－4）・Intensitydatato3．1Åresolutionwasc。Ilectedwith

aco叩1etmessof89％andanRⅧ喝eOf6・7％（Table2－1－4）・TYlereliabilityofdata，

Rmerge，isde丘nedby，

∑∑l小放り一〈坤瑚
＿　舶JJ

軋叩
∑∑招叫
址J f

×100，

WhereIi（hkL）isthei－thmeasurementand＜I（hk”＞isthemeanOftheH雌urementS．

ThetypicalvalueofRmnelSunderlO％・Anestin血onofthenumberofmoleculesper

unitcell，Z，CanbemadebyaVふⅤaluewhichistheratiooftheunitcellvolumeandthe

molecularweight・（Matthews，1968）・TheVmvalueisgivenby，

㌦＝裟，

WhereValIisthevolumeoftheunitceⅡand叫isthemolecularweightoftheprotein．

Vmvaluesusuauyrangebetweenl・7and3・5Å3肋・AssurrmgsixneuropslnmOlecules

intheasymmetricunltgivesaVmof2・5Å3′Da TYleSOIventcontentofthecrystal，Vs。Iv，

iscalculated丘omVmvaluesby，

Ⅴヰか00，
andthisschemegaveaYs。l，Of51％・TYleSelf－rOtationfunctionswerecalculatedwith

theprogramPOLAR肝NintheCCP4package（CouaboradveComputationalPrqject

Number4，1994）・Self－rOtationfunctionanalysesofthesedatarevealedastrongpeak

（83％oftheoriginpeak）r甲reSentinganoncrystallographicthree－fbldaxislyingalongc－

axisinthesectionK＝1200（Figure2－ト3a），thoughonlyweakpeaks（32－40％ofthe

Originpeaks）werefbundinthesectionl（＝1800（Figure2－1－3b）．Theseresultsindicate
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thattheasyrrmtricumitcontainstwotrimericneuropslnmOleculesthatarerelatedbya

threx，－fo1daxis，thoughtwo－fbldsyrrme仕ybetweentwotrirrwicneuropsinmoleculesis

ratherpoor．

X－raydiffractiondataofcrystalfbrmⅡwereco11ectedat4℃withanimaglng－Plate

areadetector，R－AXISIIc（Rigaku，Japan），uSinggraphitemonochrondized Cu－Kα

radiationgeneratedbyarotatinganOdegenerator，RU－300H（Rigaku，Japan），OPeratingat

40kVandlOOmA・ThefbcussizeoftheX－raybeamWaS300匹mandthedis

fromacrystaltoan血喝1ngPlatewaslOOmm．Thedataof1800rotationwerecollected

atarateof2・50per30mhfbreachimage・Intensitieswereevaluatedwiththeprogram

PROCESS．X－raydiffractiondatawerealsocoⅡectedat4℃attheBL－18B bearnhe

StationofthePhotonFactory，Tsukuba・ThedatawererecordeduslnglAradiation，

With200匹mCO山m臆dbeam，On200rrmx400rrminugingplates肝ttii，Japan）witha

Weissenbergcamera・TheⅢmcassetteheldoneimagmgplatethathadacrystal－tO－nlm

distmceof429・78mm・Oscillationsofo）OflO・00wereusedwithaspeedof2γsec．

Thecoup血gconstantforslidingthecassette，0）a，WaS2to2．5Tmm．Atotalof24

Weissenbergphotographsweretaken，eaChwithaneXPOSuretimeof150secandan

OVerlapofoofO・5ミ　Duringdatacollection，thecrystalwasslidealongtherotation

SPindletoshifttheirradiationpolntOnthecrystal・nlenlmimageswerereadbya

readersystem，BAS2000（Fttji，Japan），fbrproductionofdigitizeddata．Intensities

WereeValuatedwiththeprogramDENZO（αwinowski，1993）・TTleCryStalsbelongto

thetric血icsystem・SPaCegrOuPPl，Withtheunitce11dimensionsa＝38．40A，b＝55．16

A・C＝65・37Åandα＝95・38ミβ＝89・98ミ†＝110・460（Table2－1－4）・htensitydatato

2・1Åresolutionwasco山ectedwithacompletenessof93％andan私印Of6・0％（Table

2－1－4）・Assumingtwoneuropsinmol∝ulesintheasymmetricunitgiveaVmof2．5

Å3nDaandaVs。1vOf53％・Self－rOtadonfunctionanalysesofthesedatarevealedstrong

Peaks（75％oftheoriginpeaks）representinganon－CryStauOgraPhictwo－fbldaxislying

alonga－aXis（Figure2－1－4）．
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Cross－rOtationfunctionanalysesbetweencrystalformIandIIwerealsocalcul

WiththeprogramPOLARRFN，butgaveno slgnincantpeak・Itis unclearWhy

neuropsinformed atrirr妃rincrystalfbrmIand adimerincrystalformII．No

biochemicalevidencewas obtainedfbreitherthetriMicor dimericforminsolution

（Figure2－1－5）．

ルおm血αJ∫gヴ〟g乃Cf乃gαdO物0∫∝C如才滋おA乃α如才∫

FiveN－temhalsequenclngfbrthecrystalMneuropslnWaSCamiedoutuslnga

PrOteinsequencer system，Mode1476A（Applied Biosystems，Inc．，USA）and

COrreSPOndedtotheputative sequencbforthe active－typeneuropsin（Figure2－l－6）．

NeuropsinhasaputativeglycosylationsiteatAsn950fthekallikreinloop・Am独ix－

assistedlaser desorption＾onization time－Of－mght（MARDI－TOF）mass spectrum

（PerSeptiveBiosystems，Inc・，USA）indicateditsheterogeneousglycosylation（Figure2－

1－7）・Two－dirrmsionalhighpressureliquidchromatography（HPLC）mappingrevealed

thattheN－glycanSCOntained89％paucirrmnosidicstruCtureSWithandwithoutattached

fucose residue（S）attheinnermost N－aCety1glucosamine（GIcNAc）residues but the

glycosylation patterneXhibited high heterogeneityas fbund on many glycoproteins

肝igure2－1－8）．

地雨わgw肋肋わc〟血r尺甲J∝〝柁β乃g励めod

TYleelectrondensityP（xyz）ofthecrystaliscalculatedwithstruCturefactors，F（h

β㈲＝譲与享岬わ叫＋輌，

F（放り＝ダ（肋財α（叫，

and，
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l押切2＝頼嗣），

Wherex，y，andzarerelativecoordinatesintherealspaceunitce11，andh，k，andlarethe

reciprocal1atticepoints・TbeX－raydifffactionexperimentsgiveonlytheintensities，I（h

kl），yieldingtotheamplitudesofstruCturefhctors，Fthkl）．Toobtaintheelectron

density，thephaseanglesofstruCturefactors，α（hkl），areneeded．Thereareseveral

techniquestoobtainproteincrystalphasesuslngheavyatomisomorphousreplacement

method，anOmalousscatterlngmethod，OrmOlecularrePlacementmethod．TYlemOlecular

replaam3ntmdhodcanbeappliedifthestruCtureOftheproteinorhomologousproteins

WaSalready established・Without phaseangles of struCture factors，the Patterson

funcdon，P（u v w），Canbe calculated by Fourier surrmation withintensities as

坤叫＝請1瑚姉os［2方（ゐ〟＋紬w）】，

Whereu，V，andwarerelativecoordinatesinthePauersoncen，Whichhas dimensions

identicaltotherealcell・ThePattersonfunctioncanalternativelybewrittenas，

P（u）＝Jp（Ⅹわ（Ⅹ＋u）dv・

Ths equationmeanSthatthePattersonfunctionw止1havealargevalueonlyifthe

POSitionsxandx＋ubothrepresentatomicpositions，thatis whenuisaninteratomic

VeCtOr・TYlePattersonfunction，therefbre，rePreSentS amaPOftheinteratomicvectors

including self－VeCtOrS at the orlgm・If a realunit ce山contains N atoms，the

COrreSPOndingPattersonmap w山showN（N－1）peaksarOundthe origin．Alarge

numberofNsuchasproteinsglVetOOrr皿yPeakstointerpret，SOitisimpossibleto

determinethe whole struCturefromthe Pattersonfunctioninpractice・However，

mol∝uleshavingas血ilarShapeshowsimi1arPattersonmapsandtheknownprotein

molecularstruCturefromitscrystamnearrangem，ntCanbetranSftrredtothecrystalofthe

PrOteinfbrwhichthestruCtureisnotyetknownbyBttingthePattersonfunctionstogether・

nlisisthemolecularr甲1aceⅡ妃ntmethodandinvoIvestwosteps‥7VtationandtTmShdion
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（RossmannandBlow，1962）．Atnrstrotation，matrix［C］is neededtodetermineto

maxjmizeanOVerlapfunctionR（C）de缶nedas，

尺（C）＝Jp（u）た血l（［C］u）du・

P（u）isthePattersonfunctionofunknownstruCture，Pnw。d（［C］u）isthemodelPatterson

function，Pm，del（u），rOtatedbymatrix［C］，andUisthevolumeinthePattersonmapwhere

theself－Patterson peaksarelocated・Inthenextstep，tranSlationvector，m，Canbe

determinedtomamian0theroverlapfunctionち（m），atranSlationfunction（Crowther

andBlow，1967；Crowther，1972），de丘nedas，

ち（m）＝†㌦ビ′（u）た。e′（m，u）血・

Itresultsinpeakscorrespondingtoal1possibleintermolecularVeCtOrSintheunknown

StruCture・TYLemOdelstruCtureCOntainsthesamenumberofmoleculesastheunknown

CryStalstruCturehasinitsunitcell・P．r。。el（m，u）iscross－Pattersonfunctionbetweenthe

aumoleculesexistingintheumitcen・㌔。d（u）iscreatedfromthemodelstruCtureby

rotationrnatriⅩ【C］，andmisthepositionvectorofoneofthemoleculesexistinginthe

umit ce11・Thepositions ofthe other moleculesare Calculated by crystauographic

SymmetryOperationstom．

Reliabilityofthesolutionsinthemolecularreplaamentmethodarejudgedby

CalculatinganR－factor，R，andthecorrelationcoemcient，α，de缶nedas，

∑＝‰ト叱kll
尺＝姐

た＝

妄転l

妄捌モα′cl

妄lた′cl2’

×100，
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妄（lたゎ∫ト田）（転卜訂）

享＋ニー㌻二享＋iニー「．二

×100．

Bothschemesgavetheagreementindexbetw既nCalculatedstruCturefactors，Ftdc，and

ObservedstruCturefactors，FLbs・TheR－factorincludesascalefactorkfbrtheintensities，

butnotforthecorrelationcoemcient，Whichisscalinginsensitive．Sothecorrelation

COefficienthasanadvantageOVertheR－factor・Inthere負nement，theR－factorhastobe

mininhzedandthecorrelationcoefBcienthastobemaximized．

ThestruCturalanalysiswascarriedoutuslngtheintensitiesdatafbrcrystalfbrmII．

TheinitialphaseswerecalculatedbythemolecularrePlacementmethodwiththeprogram

AMoRe（Navaza・1994）usingapolyalaninemodelbasedonthestruCtureOfbovineβ－

trypsin（ChambersandStroud，1979；TheProteinDataBank（PDB）code：4PTP，The

ResearchCollaboratoryfbrStruCturalBioinformatics（RCSB）；htq，：仇′WW．rCSb．org4，dbn，

Withwhichneuropsinshares38％sequenceidentity．Asumm訂yOfthesolutionsof

rotationandtranslationfunctionwiththeprogramAMoReareglVeninTable2－1－5and2－

1－6．

肋（おJβ〟f〟～乃gα撤プ尺¢乃e椚g乃r

Rigidbodyre鮎errmtofthesearChmodelwereperform，dwiththeprogramX－

PLOR（Br血ger，1992）・Thisre血ementistheprocessofre血ingthepositionsofrigid

groupsofatomsagamsttheobservedamPlitudesandisoftendoneasafirsts坤1na

re血ementprocedureafterthemolecularr甲1acementprocedurehasglVenStartingvalues

fbrthepositionandorientationofthemodel・Theproteinmodelwasdividedintotwoor

fburgroupsandeachgroupwasrefinedwiththesixparameterS，threerotationsandthree

tranSlations，aCCOrdingtotheR－factorsandthecorrelationcoemcientsdescribedabove．

Fonowedbyrigid bodyre血ements，SOIventflatteningAlistogrammatChingwith the

PrOgramDM（CowtanandMain，1996）werealsoperfbrmed・SoIventflatteningis
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basedontheassumptlOnthatastruCturefactorfromcrystalisasummationofthosefrom

PrOteinandsoIventreglOn，

乾坤′＝㌦血＋戦。ルビ〃′，

andonecangetimprovedFcrystdbyre血ingnotonlyFproteinbutalsoFs。】ve。t・Inthe

highlyre血edproteincrystalstruCtureS，itisknownthattheelectrondensitymapofthe

SOIventreglOnisratherflatcomparedtoproteinreglOn・ExceptarOundtheprotein，the

SOIventhasdynamicnatureanditstime－aVeragedelectrondensityhasalow constult

Value・Iftheproteinregioncanbeidentined，therestdensityshouldbesettoalow

COnStmtValue・AftersoIventflattening，amPhtudesandphases fbranew struCture

factorarecalculatedusingtheFouriertranSfbrmOfdensityandthenewelectrondensity

mapIS Calculated withtheseimproved phaseangles・In this study，the molecular

envelopearOundtheproteinwas de血edbyvisualinspectionfromthepreliminary

electrondensitymapusingthemodelphases・HistogrammatChingisanothermethod

Whichmodifiestheelectrondensitymq），andbasedontheempiricalfactthatelectron

densitymapsofwell－re蝕edproteinshaves血ilarhistogramStOeaChotherwhenthey

havethesameresolutionrangeands血1arsoIventcontents・Tomakethehistograrn，the

gridpointsoftheel∝trOndensitymaparegrOuPedbytheirdensitysizesintothesame

intervalrangeSandthenumberinthesamerangeiscounted・Theobtainedhistogramis

nttedontotheidealhistogramWhichiscalculatedunderthesamereSOlutionrangeand

SOIventcontent・Thismodifiedelectrondensityisputbacktothegridpoints，andnew

StruCturefactorsareCalculated・SixreglOnSOfinsertionsanddeletionswereinspected

Ontheresulting2F。－Fcmap，Whichwas generatedwiththeprogram0（JonesetaL，

1991）・2F。－Fcmapisthecalculatedelectrondensityusing2吼bsl－JFtdclasFourier

COefhcients，Writtenas，

β㈲＝請触伸雄叫＋輌α′仁】，

Whereαcdcarethephaseanglescalculatedfbrthemodel・Thismapcanberegardedas

thesumoftheelectrondensityofthemodelandofexcessiveelectrondensitiesatnormal
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heightandprovidesinformationsfortheunknownstruCtureSWhicharenotincludedor

areWrOnglnthemodel・Residuesinthesereg10nSWerealsoinspectedontheiromit

maps・Chtmapis2F。－Fcmapcalculated widlamOdelwhichisexcluded doubtful

reg10nSandintroducedslightrandomshiftstoreducemodelbias．

ThestruCtureWaSbuiltandre血edthroughsimulatedannealingcycleswiththe

PrOgram0andX－PLOR，reSPeCtively・SimulatedannealingmethodisuslngmOlecular

dynamicsteclmique，inwhichthedynamicbehaviorofasystemofparticlesissimulated．

ThissimulationyieldstoanenSembleofstruCtureSthatisenergetica11yallowedforglVen

temperatureand pressure・The energy of the struCtureS distributefo1lowed by

BoIzmann－slaw，WhichstatesthatthenumberofstruCtureSWithapotentialenergyepotlS

PrOPOrtionaltoexp［－E，。押。7l，Wherek。isBoltzrrNn－sconstaJltandTistheabsolute

temperahre・Thepotentialenergydependsontherelativepositionsoftheatomsandis

Calculatedonthebasisofknownpotemialenergyfunctions・Amoleculardynamics

Calculationonamoleculestarts widlaSSlgnlng tOtheatoms velocities derivedfrom a

Mhxwe1loandistributionatanaPPrOPrlatetemPerature・Attimet＝0，theatoInSareina

Startingconnguradonthathasapotentialenergyち。tfortheentiremolecule．伽each

atomiatpositionri，andmassmi，tWOfbrceswhicharecalculatedbasedonthederivative

OfthepotentialenergyandNewtonianmechamicswillbeequal，

－ち。′／り＝∽f（d2イdf2）・

AfterashorttimestepAt，uSuauyinthelO－15secrange，theprocessisrepeatedwiththe

atomsinthenewpositions，andthiscycleisrepeateduntuち。treaChestotheminimum，

usual1yafterlO3－104times・Actualfuncdontobeminim血disthetotalenergyofthe

SyStem，Q，WhichincludesacrystauographicdiscrepancytermEkmyasapseudoenergy

andapotentialenergyち。tfortheentiremoleculecalculatedbothasaboveandbelow，

e＝ち叩＋ち。′，

Where，
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ち叩＝Wズ叩∑（転卜鴫たけ2，
址J

and，

ち。t＝EL。nd＋EL。ndangle＋El。rSi。n＋範hed，al＋Ela。。erWaa．s＋E：．ect，。Sb。c．

WxraylSaWeightingfactorwhichcontroIstherelativecontributionofthepotentialenergy

andX－rayPSeudoenergy，andischoseaccordingtobalanCebetweenthe負nalr．m．s．

deviationsduetoち。taloneandthoseduetoEkm，aloneafterperfbrrmngshortmolecular

dynamicssimulationswithoneenergyalone・ち。tincludesthepotentialenergleSOf

bondstretching，EL。nd，bondanglebending，EL。n。wg．e，tOrSionpotentials，卑。血，Vander

Waalsinteractions，Elan。e，Waals，andelectrostaticpotentials，E：．ect，。S血c．

TworeglOnSWerePOOrlydennedintheresultingmap・Oneisattheloopresidues，

Arg74andAsp75，andtheotherisatthethrecC－terminalresidues．Theseresidueshave

uninterpretabledensitiesimplyingcoInPlexdisorder・nleCurrentStruCtureCOntains450

aminoacidresidues，2sugars，and194waters．TTleR－factoris18．6％（afreeR－factor

Of22・7％；B祀nger，1996）fbral1reflectionsto2．1Åresolution．Thereisn。reSiduein

disallowedregionasdehedintheprogramPROCHECK（Laskowski，1993），but89．4％

residuesinthemost favorablereglOnSandlO．6％residuesinthe additionalallowed

regions（Figure2－ト10）．The丘nalre丘nementstatisticareshowninTable2＿l＿7．
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Table2・1・1TNM・FH MediumwithlO％FetalCalfSerum

Grace’sInsectCellMediumPowder

Yeastlate

LactoalbuminHydrate

GentamyCinSulfate

D．W．

46．3g

3．3g

3．3g

50mg

A句ustpH6・2andmeasureuptolliter．

Addto

Heat一inactivatedFetalCalfSerum 100ml

Thismediumwassterilizedusinga丘1ter（0．22い′m）andstoredat4℃．

Thismediumwasheatedat27℃justbefbreuse．
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Table2－1・2　Serum－f（ee Medium

Sf－900IISFMPowder

Sf－900ⅡSupplement

NaHCO3

GentamycinSulf如e

D．W．

38．1g

O．8ml

O．35g

50mg

A句ustpH6・2andmeasureuptolliter．

Thismediumwassterilizedusinga丘1ter（0．22pm）andstoredat4℃．
Thismediumwasheatedat27℃justbefbreuse．
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舶∴∴－きエフ＿才宣1－で∴

eur什pSlll

Figure2・l－1PurificationofNeuropsin PurifiedneuropslnWaSSubjectedto
reducing12・5％SDS－PAGEandstainedwithCBBR－250・
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Table2・1－3Crystallization Conditions ofNeuropsln Crystals

CrystalFromI

Drop（1．2叶1）

Protein Neuropsln　　　　　8・3mghnl

Bufftr HEPES（PH7．4）　　25ITM

Sdt KH2PO4

Precipitant PEG8000

ReservOir（0．5mi）

Salt KH2PO4

Preclpltant PEG8000

CrystalFromII

Drop（5匹1）

Protein　　　Neuropsln

25IdⅥ

10％（W／v）

50ITM

25％（W／v）

8・3m由一11

Bufftr HEPES（pH7．0）　　50mM

Sdt KH2PO4

PrecIPltant PEG8000

ReseⅣOir（1ml）

PrecIPltant PEG8000

25Ⅰ畑止

10％（W／v）

25％（W／v）

Temperatureis4℃．
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a

b

Figure2・1・2Cryst山s orNeⅥm匹in‘ちRod一比ep叩S也k（αγSt出払mI）of
neuropsln b，Aplate－1ikecrystal（CryStalformII）ofneuropsln
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Table2－1・4CrystalDataandI）ataCollectionStatisticsofNeuropsinCrystals

CrystalFormI

伽ぬJ肋ぬ

CrystalSystem

SpaceGroup

UnitCellDimensions

Z

Vm

Vs。Iv

ヱ）αぬCb〟gcガ0乃∫ねょお〟c∫

Resolution

尺。叩

NumberofMeasuredRenections

NumberofIndependentReflections

Completeness

Mean＜ⅣG（Ⅰ）＞

CrystalFormII

OγぬJβαぬ

CrystalSystem

SpaceGroup

UmitCellDimensions

Z

Vm

V如，

かαねCb〃ecガβ乃ふわJ血〟c∫

Resolution

尺．。叩

NumberofMeasuredRenections

NumberofIndependentReflections

Completeness

Mean＜〟G（Ⅰ）＞

Triclinic

Pl

α＝97．16A　　α＝99．170

あ＝97・12A　β＝99．770

C＝46・75A　†＝117．350

6

2．5AⅥ）a

51％

3．1Å

6．7％（13．4％）り

37，416

25，348

89ウら（76％）り

12．0（5．0）1）

Triclinic

Pl

α＝38．40A　　α＝95．380

あ＝55・16A　β＝89．980

C＝65・37A　†＝110．460

2

2．6A3／Da

53％

2．1Å

6．0％（19．8％）2）

69，767

24，944

90％（67％）2）

8．5（3．1）2）

1）outershellisfrom3．1to3．2A　2）outershe11isfrom2．1to2．2A．

2－1－17



a

＼b

十C●xa
90．0

＠　　　　　　　　－00．0
朗虻　rotn

8eごtion kapp8＝　120

1加．0

b

a

0．0」ト　l肘．0　　　0

ロ

ー

P

＼b
まC●xa

享きミ

〆

D

ウ

一郎．0
馴正一rotn
8ecti⊂〉nk8pp8；180
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a

Figure2－l－3StereographicProjectionoftheSelf・rOtationFuncti。n f。r

Neuropsln CrystalFormIhtegrationradiusinPattersonspaceis17Aanddataam

includedffom15to3・0Å　contourmgstartsatthe2GlevelandtheintervalisIG．a，
ThesectionTC＝12000ftheself－rOtadonfunction・Apeakato＝19・4ミ¢＝－122．70

COrreSPOndstothenoncrystallographicthrec－fbldaxisalongthec－aXis．b，ThesectionTC

＝18000ftheself－rOtationfunction・Thr既Peaksato＝76・1ミ¢＝18・7ミ0）＝71・8，¢＝

80・13ando＝88・6ミ¢＝140・lOcorrespondtothenoncrystauographictwo－fbldaxes

PerPendiculartOthec－aXis・Thesepeaksaremarkedbycrosses．
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＼b
よC●xa

180．0
a

O・0■ト

－80．0

朗心rotn

Figure2・1－4StereographicProjectionoftheSections7C：1800theSelf＿

rotationFunctionforNeun｝PSinCrystalFomIITwopeaksato＝90ミ¢＝00

ando）＝90ミ¢＝1800correspondtothenon？ryStauOgrq）hictwo－fbldaxISPerPendicular

totheα－aXis・IntegrationradiusandcontounnglevelarethesameaSinFigure2－1－3．
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0．3
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1　23
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4　5
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Y＝－0．1643xlnX＋1．9192

●

0
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」仙

2，，178

Molecular Weight

斗

Neurop引n

Figure2－l・5MolecularWeightDeteminationofNeuropslninSolution
a，AnelutionpatternOfneuropsinbygelmb・ahon・TYlemOlecularweightofneuropsln
insolution（10mMHEPESpH7・4，150mMNaCl）wasdeterminedusingage用1tration
COlumn，Superdex75HRlO／30（Vt：24mi；AmshamPharrrWiaBiotech，UK）andnve
md∝ularweightmarkers，Whichincludebluedextran2000（hq：＞2x106fbrchecking
VOidvolume，℃：7・10ml；arrOWNo・1），albumin（叫67，000，Ve：8・80mi；arrOWNo．2），
OValbumin（叫43，000，℃‥9・65mi；arrOWNo・3），Chymo打ypsinogenA（叫25，000，Ve：
11・63mi；arrOWNo・4），andribonucleaseA（h4：13，700，℃‥12・95mi；arrOWNo．5）．
FlowrateofthebufftrisO・5mi血nandchartSPeedisIcm血1．b，Plotsofmolecular
markers・ThemolecularWeightofneuropsinwasestimatedbyplo血gtheKav（＝V；
Vo～－Ⅵ）ona calibrationcurve（Kav vs・mOlecularWeight）withthem訂kers．The
Obtainedmolecularweightfbrneuropsin（Ve‥1l・02mi，Ka，‥0・23）insolution was

estimatedal）Out29，178，Whichshowsthatneuropslnisamonomerinsolution．
（continued）
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Figure　2・1・6　An N・teminalSequence of Crystal1ized Neuropsin
Nepropsinwasdegradedusin写theEdman’smethodandelutedwithanHPLC・Each

amlnO aCid peakis shownuslng Onelettersymbol．Redletters show the estimated

還苛慧l畳逢1
identicalto the N－terminalsequenceofthe active－typeneurOPSin
y19－Lys2り．
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Figure2・1・7AnMADLDI・TOFMass SpectrumOfNeuropsln Neuropsln
had heterogeneous mass spectrum tO be estimated about叫26，609．4because of
heterogeneousglycosylation・
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Manαヽ

Fucα‘

Ma叫1cN窓慧C簑％，

Fucα‘

ManP4GIcNAcβ4GIcNAc

（40．4）

Ma皿αヽ

Mamα3′a坤仙NAcβ4GIcNAc（2．1）

Gl。NA。β2Mamα3ル坤岨cNAc囲cNAc（2．0）

Mamαヽ　　　　Fucα戸

旭n卿cN笠慧C簑，

Ma皿α6ヽ　　　　Fucα戸

Man担GIcNAcβ4GIcNAc

Mamα3′　　　　　（21．2）

GldNAcβ2M血α6＼　　　Fucα戸

Ma皿α3′an匹1cNAc匹kNAc（1．，）

〝a皿αヽ　　　　Fucα戸

Manα3　　　M加圃GIcNAcβ4？1cNAc
Fucα3（10．‘）

Manα＼

Manαヽ
Manα3′

Ma皿α3グm卿cNAcβ仙NAc（4．2）

Manαへ

Mamα＼

旭nα2Manα3′a叫馳NAcβ4G蛸Ac（2．‘）

M加戒Mamα6＼

Manα3′anαヽ
Manc。Manα，PanP4GIcNAcβ4GIcNAc（0．4）

M血αへ

Manαヽ
M血α3′

旭mα2Ma皿α2Manα3′am卿cNAcβ仙NAc（0．4）

Ma山戒Manα6＼

Ma皿αヽ
Manα3′

旭nα2Manα2Mamα3′a叫G蛸Ac匹k仙（0．7）

M加戒Manα6＼

Manαヽ
M血戒Manα6′

Manα2Manα2Manα3′an卿cN叫岨cNAc

Figure2－1・8EstimatedStruCtureS OfOligosaccharides Obtained from

Neuropsln Expressedin High FiveInsect Cells・Fourteentypes of
OhgosaccharideswereseparatedbyanHPLCuslngStandardtwo－dimensionalsugar
mappingtechmique・Eachnumericalvalueinparenthesisshowsthereladvequantity．
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Figure2－1・9TheDefinitionoftheEulerianAngles Adirectionofamolecule
isshownusingthreeangles，theEulerianangles（α，β，and†）．
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Table2・1－5TheSolutions ofRotationFunctionfbrCrystalFormII

α　　　　β　　　　γ　　　α

1　213．97

2　145．91

3　　　6．81

4　353．47

5　163．65

6　196．39

7　339．46

8　　20．81

74．98　　　46．29

104．98　　226．22

109．46　　323．72

70．28　　143．50

108．86　　270．35

70．94　　　90．24

141．34　　152．81

39．32　　333．50

9　196．76　　　27．31　　86．44

10　163．07　152．44　　266．48

26．80

26．80

18．80

18．40

18．20

18．00

17．70

17．20

17．20

mebesttensolutionsareshown・Thesesolutionswerecalculatedwiththeprogram
AMbRewithintegrationradius＝25Åanddataincluded丘om15to6．OA．C。r，elad。n

COefncients（Cc）ofthelstand2ndsolutionsareremarkal）1ylarge・α，β，and†are
ShowntheEulerianangles（SeeFigure2－ト9）．

2－1－26



Table2－l・6TheSolutions ofTranslationFunctionfbrCrystalFormII

α　　　β　　　γ　　　X y z　　α　　尺

1145．91

2　145．91

3　145．91

4　145．91

5　213．97

6　145．91

7　145．91

8　145．91

9　145．91

10　145．91

104．98　　226．22

104．98　　226．22

104．98　　226．22

104．98　　226．22

74．98　　46．29

104．98　　226．22

104．98　　226．22

104．98　　226．22

104．98　　226．22

104．98　　226．22

0．6482　0．2987　0．5734　52．0　43．3

0．0745　　0．1525　　0．5559

0．7188　　0．4700　　0．1084

0．8745　　0．2490　0．0753

0．5761　0．5300　　0．1872

0．3713　　0．2448　　0．0764

0．1923　　0．3911　0．5890

0．3412　0．6713　　0．3250

0．4312　0．8630　0．1825

0．6863　0．8957　0．3416

38．1　47．3

36．3　　49．2

36．2　　49．2

36．2　　48．1

36．1　49．5

35．9　　48．4

35．7　　49．4

35．6　　49．8

35．6　　48．3

Therelativepositionof2ndneuropslnWaSCalculatedonconditionthatthelstsolution

fbrrotationfunction（SeeTable2－1－5）is駄ed・α，β，andγ禦ShowntheEulerian
angles（SeeFigure2－1－9）・X，y，andzareshowntherelativeposltlOnaSSumingthateach
Sidelengthinthe umitcellisl・Correlationcoefncient（Cc）ofthebest solutionis
remarkablylargeandR－factor（R）ofthatisremarkablysmall．
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Figure2・1－10TheRamachandranPlotofaNeuropsinModelThetorsion

anglesabouttheCα－Nbond（¢）andtheCα｛bond（V）ofeachofitsaminoacldresidue

are plotted・nis plot showsthatthis modelis appropnate because89・4％of the
residueswithoutglycineandprolineareinthemostfavouredregions（OrangeareaS）at
二、l＼、
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TabIe2－1・7RefinementStatistics ofCrystalFormII

ResolutionRange

NuniberofUsedReflections

Totd

WorkingSet

TestSet（5％ofTotal）

Numberof

Residues

ProteinAtoms

SugarS

SugarAtoms

Waters

MeanBFactor

尺

尺什比1）

r．m．s．Deviations

BondLengths

BondAngles

DihedralAngles

△0

∞－2．1A

69，767

66，279

3，488

450

3，408

2

28

194

31．1

18．6％

22．7％

0．009A

l．4940

26．0650

1．3190

1）FreeR－factor，R触，isdennedas

‰ビ

∑‖な卜鴫たIJ
眈J⊂r

∑転l
×100，

Wherehkl⊂TmeanSal1reflectionsbelonglngtOteStSetTofunlquereflections
（B畑nger，1996）・
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2・2．RESULTS

仇β和才J∫加C勧化

Neuropsinconsists of fburteenβ－Strands（designated asβ1－β14）thatare

extensivelytwisted，tWOα－helices（designatedascxlandα2），andoneshort31。－helix

（designatedas31。）・Eachsevenβ－StrandsformSanantipara11elβ－barreldomainfo1dedin

aβ－Sandwichwithacleftwherethecatalytictriad（Asp57，His102，andSer195）islocated

（Figure2－2－1and2－2－2）・T山s overal1struCtureis homologous to those ofthe

Chymotrypsin一typeserineproteases（fandySloftheendopeptidases；Bamttetal．，1998），

Whichshareanidenticalcatalyticmechanism，butamOngWhichthesubstratespecincityis

Varied・　Mzmy　known struCtureS Of these proteases are strongly conserved，

demonstratingthattheirvarietyis causedfromevoIveddiversityinthe struCtureS Of

Surfaceloopsthat surround the substrate－binding site（Peronaand Craik，1997）．

Becausetheloopsofneuropsin，Whichconsistofeightprominentloops（designatedasA－

HinFigure2－2－1），areCOnSerVedintheirrelativepositionswithresp∝ttOtheactivesite，

generalthemesfbrtheirindividualfunctionscanbederived．

OneofthecharacteristicftaturesofneuropsmistheN－glycosylatedloopDthat

COrreSPOnds to the so－Cal1ed‖kauikreinloop一■・Tbisloop，havinganAsn－X－Ser

SequenCe，istypicalformembersofthekal1ikreinfamilythatcontainsnervegrowthfactor

（NGF）－γ，Whichexhibitsrelativelyhigh（46％）sequenceidentitytoneuropsin（Figure2－

2－3）・Neuropsin，however，fbrms sixdisulndebondscorrespondingtothoseofβ－

trypsinwithanadditionaldisulndebond（SS3betweenCys128andCys232inFigure2－2－

1）thatismissinginmembersofthek此einfami1y・Largedifftrencesexistintheloop

reglOnSSurrOundingthesubstrate－bindingsite，Whereasthecorereg10nCOntainsonly

minorvariations・Excludingtheinsertionalanddeletionalresidues，themain－Chainatorru

OfneuropsinsuperimposeonthecorrespondingatomsofbovinepanCreaticβ－tryPSin

（PDBcode‥4PTP；ChambersandStroud，1979），mOuSeSubmaxinaryglandNGF－γin7S

NGF（PDBcode：1SGF；Baxetd，1997），anα2β2YiCOmPlexofNGF，andporcine

2－2－1

ー＿



PanCreatickanikreinA（PDBcode：2P麒A；BodeetaL，1983）withr．m．s．deviations of

l・26，1・43，andl・84A，reSPeCtively（Table2－2－1）・Thegeom如yofthecatalytic

ishighlysimi1artOthoseoftheserineproteaseswithr・m・S・deviationsinarangeOfO．2－

0・24A（Figure2－2－4）・TheatomiccoordinatesandstruCturefactorsfbrneuropsinhave

beendepositedintheRCSB（PDBcode：1NPM）．

風上舅ね

EnzyrrKaSSayuSingseveral4－methylcoumaryl－7－amide（MCA）orp－nitroanuide

Q，NA）derivativesofoligopeptides（Shimizuetal・，1998）hasshownthatneuropsinhasa

StrOngtendencytocleavepeptidebondsatC－terminaltoarglmneOrlysine・Thisprlmary

SPeCificityisweuinterpretedbythestruCtureOftheSIpocket，adeepcylindricalpocket

thatisformedbythetwoloops，GandH，andpunctuatedatitsbasebythesidechainof

Asp】89・However，neurOPSln haslargeconformationalchangeSOftheloopG with

maximumdisplacementsof4．8－5．8ÅcomparedwiththoseofNGF－γ，kallikrein，andβ－

trypsin（Figure2－2－5and2－2－6）・TheconfbmutionalchangeSinneuropsinseemtobe

CauSedbytheone－reSidue（Gly186B）deletionintheloopG．Inaddition，theloopHof

neuropsinalsodisplayslargedispl虻ementSfromtheseproteasesbecausetheloopHis

heavilyinteractedwiththeloopGinautheproteases（ChanlbersandStroud，1979；Bode

etaL，1983；Baxetd，1997）・ItisnoteworthythattheloopHofβ－tryPSinhasaone－

residuedeletionofthecis－PrOline，Pro219，thatisconservedinneuropslnandthekallikrein

fami1ycontainingNGF－†（Bodeetal・，1983；BaxetaL，1997）．「misdeletioninducesa

largerdisplacementofneuropsintheloopHfromβ－tryPSin（4・3A）thanfromNGF－γ（3．4

A）orkallikrein（3・2A）・Interestingly，thePIspeCificityofneuropsinforarginineis

COmParablewiththatforlysine・TYhsisinsharpcontrasttoNGF－γ，kal1ikrein，andβ－

trypsin，inwhichasignincantPreftrenceforarginineexists・Amngkeyresiduesofthe

SIpocket，Gly2260fneuropsinhasrelativelylargedisplacements丘omNGF－γ（0．7A）

and kallikrein（1・2Å）・Alternahvely，Sef170fneuropsinhas a reladvelylarge

2－2－2



displacementfromP－tryPSin（1・3A）・ComparedwithNGF－γ，thechanges ofthe

neuropsinloopstruCtureSreSultinpositionaldisplacements（0・4－0・8A）ofAsp189，nr）90，

andHis217，WhichhavebeenreportedtofbrmhydrogenbondstothePlarginine（血g118）

OfNGF－βin7SNGF－γ（BaxetaL，1997）・Theselocaldifftrencesmayberesponsible

fortheuniquePIspecincityofneuropsin・Likeotherserineproteases，Which are

activatedbycleavageofthepeptidebondbetweenArg15andIle16，neurOPSlntuCksthe

newlyfbrmedaminogroupofIle16intothepockettofbrmmultiplehydrogenbondswith

them血nchainsoftheloopEandtofbrmanionpalrWithAspZ940ftheloopG・

皮bg肱作加エ0叩

Tbekalhinloop ofneuropslndifftrs radicauyfromthoseofNGF－γand

kaukrein・Inthesemembersofthekanikreinfami1y，theloopwas cleavedintothe

highlymob山enickedchains（BodeetaL，1983；Baxetd，1997）・Incontrast，theloop

Ofneuropslnispackedintoanorderedandrelativelycompactconformationwithoutany

nickedsite‥neurOPSinhasnoarginineorlysineresidueintheloop・R∝entlydetermined

CryStalstruCtureOfmouseglandularkal1ikrein－13（PDBcode：1Aα；Tirnm，1997）shows

anOrderedkal1ikreinloop，butnoconfb汀血ionalsirndaritywiththeloopofneuropsin．

Itseemsun址elythattheN－glycanboundtoAsn95participatesdirectlyinthesubstrate

bindingbecausetheGIcNAcresidueandtheresidualdensityareOrientedawayfromthe

activesiteasinme血bersofthekallik血nfamLy（Figure2－2－7and2－2－8）．

∫2∫～Je

Thekallikreinloop ofneuropsln OVerhangS tOWardthe active sitecleftwith a

PrOminentPro95Dresidue，Whichsuggestsitsroleinsubstratebinding・Interestmgly，

SuPerPOSitionofneuropsinonporcinepanCreaticβ－叫PSincomplexwithsoybeantrypsin

inhibitor（STT）（PDBcode：1AVW；SongandSuh，1998）revealedstericclashesbetween

thekallikreinloopofneuropsinandthetwoSTIloopsfacingtowardneuropsin（Figure2－
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2－9）・ThswasborneOutbybiochemicalexperimentsinwhichhighmolecularweight

inhibitors，SuChasSTIorα－antitrypsin，Werefbundtohavelittleeffbctontheneuropsin

activity，WhereaslowmolecularWeightinhibitors，SuChasleupeptin，markedlyinhibited

theactivity（ShimkuetL＊，1998）・Theoverhangingk姐ikreinloopformsanarrOW

POCket（theS2site）inwhichAsplO2ispositionedatthebaseandwouldrestrictthesizeof

thesidechainintheP2positionofsubstratepeptides．Tbisisconsistentwiththeresults

Ofapreviousenzym3aSSay（ShmizuetaL，1998），inwhichhighactividesofneuropsin

Were Observed fbr peptide substrates having smauer residues orprolineinthe P2

POSitions・IthasbeenweudemonstratedbythecrystalstruCtureOfthronibincomplex

WithD－Phe－Pro一血g－ChloromethylketonethattheloopBofthrombincompressestheS2

Sitewiththeinsertedresidues，Tyr60AandTrp60D，tOdeducetheP2sp∝漬cityofthe

enzymefbrproline（PDBcode：1ABJ；BodeetaL，1989）・Superpositionofneuropsin

OnthrombinshowsPro95DofneuropsinlocatedneatbyTyr60AandTrp60Dofthrombin，

butnocontactbetweenPro95Dandthepro血e residueofD－Phe－Pro一心gbound to

thronibin・WhichsuggeststhattheP2preftrencefbrprolinemaybemediatedbythe

ka11ikreinloopofneuropsln，insteadoftheloopBofthrombin，butratherweakerthan

thatofthrombin（Figure2－2－10）・PhenylalanineattheP2positionrem訂kablyreduces

theneuropsinactivity（Shimizuetal・，1998），Whichisoneofthem勾Ordifftrmcesfrom

ka11ikreinandNGF－γ．

鼠んり∫～ね

MoststrikingisthestruCtureOftheloopFthatissimi1artOthatofP一叫PSinrath

thanNGF－γandkauikrein，WheresignificantCOnfbrmationalchangeSOftheloopFfrom

neuropsinoccurwithlargedisplacerrmts，5・2and6A，reSPeCtively，aCCOmPaniedby

moverr肥れtS Ofhelixαl（Figure2－2－5and2－2－6）．TheLoop Fis oneofthe main

elementsformgtheS3／S4site・ItisnotablethatthisloophasTyr172，Whichforms

hydrogenbondswiththem血IChainsoftheloopHandwhichisconservedinβ－hypsin
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butisreplacedbyhistidineinNGF－γandkallikrein．T山sresiduehasbeenelucidatedto

beoneofthedistaldeterminantreSiduesfbrthesubstratespecificity（HedstrometaL，

1994）・Moreover，Gly174，Whichisconservedinneuropsinandβ－tryPSin，isoneofthe

keyresiduesfortheloopFstruCturebecausethisresidueisaneSSentialcomponentofthe

type－IIreverseturn，Tyr－Pro－Gly－Lys・Itshouldbepointedoutthatthedisulfidebond

SS3，Whichis conservedinβ一tryPSinasalready mentioned，may COntributetothe

COnformahonalresemblanceoftheloopFwiththatofβ－tryPSinthroughcontactswiththe

Strandβ13thatassociatedwiththeC－terminalβ－StrandoftheloopF，β11．

ItisremarkablehattheabovedifftrencesintheloopFm叩alsobecorrelatedwith

theconformationaldifftrencesinthekalhkreinloops・InNGFNγandkanikrein，the

highlymob止ekal1ikreinloopsheavilyinteractwiththeloopFalthoughthekauikreinloop

OfneuropsinhasnodirectinteractionwiththeloopF，aSitdoeswiththeloopDofβ－

trypsin・Oneoftheinterestingconsequencesoftheseconfbm血ionalchara血汀isticsin

theloopDandFisthattheS3／S4siteofneuropsiniss血ilartOthatofβ－tryPSinr

thanNGF－γ・ThearomaticrlngSOfTrp215，Tyr172，andHis99provideashallowbutwide

hydrophobicd甲reSSionfbrtheS3／S4siteasinβ－＆ypsinandcouldexplainthehigh

activitiesofneuropslnObservedfbrsynthetictripeptidesubstrateshavinghydrophobic

residuesintheP3position・Mbreover，inneuropsln，Lys1750ftheloopFisprqjected

towardtheS3／S4site（Fig2－2－5，WhereasLys1750fNGF－γispr句ectedawayfrom血e

S3／S4site・ItisinterestingthatLys175mayplayaroleintheP3／P4interactionwiththe

Substrates・Actual1y，OneOfthecleavagesitesofnbronectin（ShimizuetaL，1998），Which

isaneXtraCenularmatrixproteinexhibitingstrongproteolydcsensitivityforneuropsin，

hadtheN一血nalsequenceofAsp－Val－Arg，WhoseacidicresidueattheP3positionm叩

interactwithLys175

2－2－5



し00P：－ごDA
：7

】

ヨ

l

l

l

L

貞

【

、、i／再■ロ
しし

■

臼　■■ SS

′／ニラ

・取‾－’．・覗

し、√ノ

l■

miノ

畠／ク

／，ノ

日臣′■　日　野□□　一口・。ロ

Lごこき：≡㌢′－ ．l

∈＿＿一＿＿昌■‾■明軒野
』

、し・■・、、・∴

Fig11re2・2・10verallStruCture Of Neuropsin（Ribbon Diagram）Seven－
Stranedβ－Sheets（thetopandbottomhalves）sandwicheswiththecatalytictriadatthecleft

Oftheβ一Sandwich・仙esurfaceloops（A－H）fomingthesubstra！e－bindingsiteare
COloredwith1d）els・Six disulfide bonds are shown by bridgesln White，andthe
disulfidebond（SS3），Whichisconservedinβ一打ypsinbutnotinkal1ikrein，WaSl弛eled．

空軍；意想ぎ還慧residue・．Thesidech無Ofthecataly9ctriad．iP
1もeloopDisthekallikreinloopthathasN－glyco

Sl－SPeClficpocket，Lys attheS3／4slte，Glu

andLeu40，andIle41attheSl，site，arealsoshownwithstickrepresentationswithone－
letter amino acidlabels・This diagram was drawn withthe programQUANTA
（MolecularSimulations，Inc．，USA）．
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Figure2・2・20vera11StruCtureOfNeuropsin（MolecularSurfaceDiagram）
ThisdiagramViewsfromnearlythesamedirectlOnOfFigure2－2－1．SurfaceelectrostatlC
POtemialswascalculatedandrenderedwiththeprogramGRASP（Nicho11setal・，1991；

negative．p？tentials areinredandpositivein blue）・TheSl－S4andSl’sites and
CharactenstlCSurfaceresiduesarelabeled．
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Figure2・2・3SecondaryStruCturalElementsandSequenceAlignmentof
NeuropslnandtheRelatedProteases）MouseSubmaxillaryGlandNGF－†，
Porcine Pancreatic Kallikrein A，andBovine Pancreaticβ・tryPSin．Tbe

SequentialnumberingofneuropsinisshoYnatthetop，andthechymotrypsinogenbased
numberingusedthroughoutthis paperlS atthe bottom・The secondary StruCtural

element（assignedwiththeprogramPROCHECK）ofneuropsinareShownatthetopwith

arrowsfbrβ－Strands（β1－β14），Cylindersforα－helices（α1，α2）anda31。－helix．The
loops（A－H）fbm血gthesubstrate－bindingsitearemarkedwithcoloredbarswithlabels．

Insertionalordeletionalsitesaremarkedbyheavyhnebox・ThedisulBde－bond－formlng
CySteinesareboxedandmarkedbylabels（SSl－SS6），Whichcorrespondtosixdisulfide一

票鉱謁禁恕k芝も；慧監禁も群雲詑1声慧怒rk霊ぎ芸篭貴志
aremarkedbyblackstarS・TheputahveN－glycosylationsequenceofAsn－X－Ser，Which
isconservedin汀妃mbersofthekal1ikreinfami1y，tWOCis－PrOlinesofneuropsln，Pro147

andPro219，andTyr172－Pro173－Gly】740ftheloopFareboxed・
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Table2・2・1Comparison betweentheMainChainofNeuropsln andThose
Of the OtherProteases

ComparedProtease r．m．s．Deviation（A）

NGF－†

β－tryPSin

K山1ikein

1．43

1．26

1．84

megeometricaldi脆rencesbetweenmainchainatorruofneuropslnandthoseofeach
PrOteaSeeXCePtdeletionandinsertionareShownwithr．m．s．deviations．Theser．m．s．
deviationswerecalculatedwiththeprogramLSQKAB．
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a

b

ComparedProtease r・m・S・Deviation（A）

NGF－γ

β－trypSin

Kallikrein

0．243

0．201

0．200

Figure2・2・4ComparisonbetweentheCatalyticTriadofNeuropslnand
ThoseoftheOtherProteases a，Thegeometricaldifferencesbetweenthecatalytic
biadofneuropslnandthatofeachproteaseareshownwithr・m・S・deviations・These
r．m．s．deviationswerecalculatedwiththeprogramLSQKAB・ne geOmetryOfthe

similartOthoseoftheserineproteaseswithr・m・S・
b，Thecatalytictriadsofneuropsin（red），NGF－Y皆

（blue），β－tryPSin（ye1low），andKallikrein（green）weresuperimposed・Thisdiagram
wasdrawnwiththeprogramQUANTA・
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Figtrre2－2－5ComparisonoftheSurfaceLoopsFormingtheSubstrate・
bindingSitebetweenNeuropsin（colored）andNGF－γ－NGF・Pin7SNGF

Complex（gray）・
（COntinued）
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meC√traCeOftheloopB，D，andF－HofneuropslnareCOloredasinFigure2－2－l
WithboththeN－andC－terminalresiduenumbersinblackandsuperimposedonthoseof

NGF－†Withtheboundsubstrate，theC－terminalAla‖6－nr‖7－Argl）80fNGF－β（green）．

慧言㌘霊悪意隻語，r諾芸…慧1慧盈慧曾認諾．ne畳号㌢慧
鮮怒窮芯鑑識霊。慧1らy霊麓監窓浣患監
This負gurewasdrawnwiththeprogramQUANTA．

2－2－13

■■－



l

■！

l

～iて七
＼＼． gO

60

1誌♂

LoopB

L

L

I

L

L

】

l

ほ十′

l．

1

2＋ィ

L

「

1

l

l

l

■i

－■

【

■！

■；

l

、

ト

こ、ヽ

∋二も
214

・観、．J
′′－，．、声

r

■′

】

f

／／‾‾‾‾‾岳ゝ＿

□
ミ∴：：1＝ノTiト

藍－、
一i、、さ‥‥モ∵ゝ

ヽヽ

165
l　　′／

＿．ノ

ノ　／

・・・・198

乳

Figure2・2・6CoTnParisonoftheSurfaceLoopsFormingtheSubstrate・
bindingSitebetweenNeuropsin（colored）an叫trypsin・1eupeptinComplex
（gray）・TheC√打弧eOftheloopB・D，andF－Hofneuropsi川eCOloreduinFigure
2－2，1withboththeN－andC－terminalresiduenuITbersinblackandsuperimposedon
hoseofβ－qPSinwiththeboundinhibitor，1eupeptin（green）（PDBcode‥1JRS；Kurinov

andHarrison，1996）・LabelsareaSinFigure2－2T5・
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ExcessIVeelectrondensltleSareneartheGIcNAcresidue・Thesedensidesareestimated

toderivefromnextsugar・ThisfigurewasdrawnWiththeprogram0・
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Figure2・2－8CrystalPackingofCrystalFormIIneartheN－glycosylated

DLoop・NeuropslnmOleculesareshownwiththeCα，traCe・Aunitcellisdrawnwith

redlines．Threeaxes（a，b，andc）andtheorigin（0）areShownwithyellowlabels・A
GIcNAcresiduewaspossessedthewhitemolecule（ontheorigin），Whichissurrounded
theothermolecules，is shownas purplestick・Theresidueprq］eCtS tOtheopposite

direction towardthe active site thatislargeSOIvent space，Which showsthat more

oligosaccharidecanaddtothisglycosylationsite・Thisfigurewasdrawnwiththe
programQUANTA・
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Figure2・2－9AModelofNeuropsinandSTIcomplex niscomplexmodel
wasmadeus1ngCOOrdlnateOfneuropslnandthatofSTIcomplexedwithporcine
pancreaticP－trypSin・mSngureSWeredrawnwiththeprogramQUANTA－a，仇erall
struCtureOfneur？PSin（COloredasinFigure2－2－1）andSTIけenow）complex・伽s

爵姦霞叢話憲慧釜憑禦還憲
crashesinthismodel．b，Astereodiagramofthestericcrashedsite・
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Figure2・2－10ComparisonoftheSurfaceLoopsFormingtheS2Site
between Neuropsin（COlored）and　α・thrombin－D・Phe・Pro－Arg・Chloro－

methylketonComplex（gray）・TheCα－UaCeSOftheloopsofneuropsin，COloredas

inFigure2－2－1，areSuperimposedonα－thrombincomplexedwithD－Phe－Pro－Arg，

chloromethylketon（green）・ThevanderWaalssurfaceeoftheinhibitorpeptideand
pro95DofneuropslnareShownwidldot－Surfacerepresent加nS・LabelsareasinFigure
2－2－5．ThisfigurewasdrawnwiththeprogramQUANTA・
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2・3．DISCUSSION

Atripeptidesubstratepreftrredforthrombin，t－butyloxycarbonyl（Boc）－Val－Pro－

Arg－MCA（PeptideInstitute，Inc・，Japan），has been fbund to exhibit the highest

SenSitivity fbrneuropsin to date（Sh血血u etal・，1998）・However，POOr StruCtural

homologybetweenneuropslnandthrombinisevidentfromthelarger・m・S・deviationof

2・7Afbr78idemicalresidues・Moreover，throInbincleaves Boc－Val－Pro－Arg－MCA

much faster（33－fbld）than Boc－Phe－Ser－Arg－MCA，Whichis one ofthe preftrred

Substrates ofβ－tryPSin，Whereasthe activities of neuropsinbr these substrates are

COmParable・Inaddition，thrombinalsoexhibitsasignincantPreftrencefbrarglnmeat

thePIposition，butnosuchprefbrencewasobservedfbrneuropsln，aSdescribedabove．

Theseresults，tOgetherwithstruCturaldifftrencesofseveralloops，Verifytheunlque

Substratespecificityofneuropsin，eVeniftheP2preftrencefbrprolineisanalogousto

thrombin．

ComparedwiththesubsitepreftrencesontheN－terminalsideofthescissilebond，

httleisknownal）OutSubsitepreftrencesontheC－terminalsideatpresent・However，a

ShauowbowlformedbyCys42，Ile41，andLeu400fβ一Strandβ3seemstoprovidea

hydrophobicSl－site（Figure2－2－2）・Theshapeofthesubstrate－bindingsurfaceandthe

Surfaceel∝trOStaticdistributionofneuropsindisplayseveraldifftrencesindetai1sfrom

Otherserineproteases・OneofthepronouncedcharacteristicsistherimoftheSIpocket，

Whereacidicresidues，Asp218andGlu149，eXPOSethesidechainstothesoIventreglOn・

Glu970fthekal1ikreinloopalsoisprqjectedfromthesurface・Tbesecharacterisdcsmay

berelatedtothesp∝incitythataredistinctfromthoseofotherproteases・Neuropsin

exhibitsweakproteolyticactivitiesagalnStgelatinandcollagenbute晩ctivelycleaves

nbronectin，aS already mentioned・By changlng　the extraauular　enVironrrmt，

neuropslnmayeXertitslimbicefftcts・

ItisaninterestingquestionwhetherneuropsincouldprocessNGF－βprecursorand

fbrm7SNGFcoI叩1exinsteadofNGF－†・In7SNGFcomplex，theactivesiteofNGF－

2－3－1
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γWaSOCCuPiedbytheC－terminalArgl180frnatureNGF－β，aSaCleavedproduct，With

extensiveinteractionsofthelargenickedkal1ikreinloopwiththeC－terminalreglOnSand

β－StrandofNGF－β・Dockingstudiessuggestthatneuropsinwouldlosemostofthese

interactionsalthoughthesmauerresidues，Thrl17andAla116，OfNGF－PcouldnttotheS2

andS3sitesofneuropsin・Inaddition，thesmal1cavityofNGF－γfbrAlal160fNGF－P

ismissmglnneurOPSln・Moreover，Lys】92，Whichislocatedattherimoftheactivesite

OfNGF－γandbrrruhydrogenbondstomainchaincarbonylsofThrl17andLys740f

NGF－β，isreplacedbyGln192inneuropsin．In7SNGFcomplex，tWOZincionwere

locatedattheinterfacebetweenNGF－βandNGF－γtOStabilizethecomplex（Baxetd，

1997）・ThiscoordinationisalsolostwhenNGF－γisreplacedbyneuropsinbecause

Zinc－COOrdinatedHis217andGlu222inNGF－γarerePlacedby Se㌔17andLys221in

neuropsm・Takentogether，theseresultssuggestthatneuropsmisincapableofforrmng

7SNGFcomplex，eVenifneuropsincouldprocessNGF－βprecursor．However，this

Willrequlrefurtherinvestigation．

Inaddidontoneuropsln，threeotherserineproteaseshavebeenreportedtobemore

highlyexpressedinthecentralnervOuSSyStemthaninmostperipheraltissues．These

includemyelencephalon specincprotease（MSP）（Scarisbrick etaL，1997），neurOSin

（Yzmashiro et aL，1997），and neurotrypsin（Gschwend et aL，1997）．MSPand

neurosinexhibit sequenceidentities to neuropsm of48and46％，reSPeCtively・

Neurotrypsin，Whichis a multidomainserine protease whose expressionis most

PrOmhentinthecerebralcortex，thehippocampus・andtheamygdala，hasaprotease

domain exhibiting33％sequenceidentitytoneuropsin・Sequencealignments with

neuropslnindicatethattheseproteaseswouldhavedi脆rentstruCtureSOfsu血celoops

SurrOundingthesubstrate－binding site・Remarkably，theloop Dofeitherofthesp

PrOteaSeShasnoN－glycosylationsiteandnoinsertedresidues．Thislackofakal1ikrein

loopwouldresultintheirP2specificitiesdiffbringfromthatofneuropsln・Moreover，

theloop G of MSPand ofneurosinhave no one－reSidue deletion，Which causes

2－3－2
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Slgmi丘cantStruCturalchangeSOftheloopsGandHfomungtheSIpocket・Altematively，

COmParedwithneuropsin，neurOtryPSinhasathree－reSidueinsertionintheloopGanda

One－reSidue deletionintheloop H．TTleSe difftrences would endow these other

PrOteaSeSWithsubstratespecincitiesdiffbrentfromthatofneuropsln・

Inconclusion，many aSPeCtS Ofneuropsln StruCtureandfunctionrevealthatthis

hippocampalserineproteasedisplayschimericstruCturalfbaturesofβ－tryPSinandNGF－γ

Withnovelsubstratespecincity・meSe鮎dingscouldgiveacluetothestruCture－based

drugdesignusefu1intreatmentofpathologicalconditionssuchasep止epsyandalsousefu1

inanalyzingtheprocessesofsynapticplasticity．
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3・IDENTIFICATION）PURIFICATION，AND

CHARACTERIZATION OFA SPECIFICINHIBITOR

FORNEUROPSIN



3・1．MATERIALS AND METHODS

アナ甲αmfわ〝qf〃と〟rqP∫わα′dJねAJl助∂dfg∫

R∝Ombinantneuropsinwas producedas pro－typeinculturedmdiumusing a

baculoviruS eXPreSSion system　and purined as described previously（See　2－1．

MATERL4LSANDMETH弧）・Thepro－typeneuropsinwasactivatedbytreatingat

37℃for50minwithlysylendop甲tidase（EC3・4・21・50；WakoPureChemicalIndustries，

Ltd・，Japan）coupled to Sepharose4B gel（AmershamPharmaCia Biotech，UK）．

Proteolytic activity　of the activated neuropsin　was detern血ed with a synthedc

Chromogenicsubstrate，Boc－Val－Pro－Arg－MCA（PeptideInstitute，Inc．，Japan）（Shi血zu

etaL，1998）・NeuropsincDNAandthemutBLntCDNAs（DS211VA，D206V，andC7S），

inthepEDIvectorcontainingthecytomegaloviruSenhanCerandchickenβ－aCtinprorrmter

（NiwaetaL，1991；Mi2nguChietaL，1996），WereCOnStruCted（Okaetd，inprq？aration）

andtranSftctedintoneuro2ace11s（InstitutefbrFerrrmtation，Japan）．Theamountof

recombinantneurOPSmandthemutantSinthecultured－SuPernatantWaSdeterminedbased

OnbandsdensitystainedusingaCBBG－250－basedproteinstainingreagent，GELCODE

CBB reagent（Pierce ChemicalCo・，USA），fo1lowedbylO％SDS－PAGE．Purified

recombinantneurOPSin仲aculo）wasusedasacontroloftheamOunt．Ratanti，neurOPSin

monoclonalantibodies（mAb），F12mAbandB5mAb，（仙ical＆BiologicalLaboratories

Co・，Ltd・，Japan）（Momota etaL，1998）and ratirrmnoglobulinG（IgG；ICN

Phauticals，Inc・，USA）coupledtoA路GelHzgel（Bio－RadLaboratories，USA）or

rabbitanti－neurOPSinpolyclonalantibody（PAb），＃11pAb，Were uSedforirrmno－

PreCipitationandafhitypurificationofspecificinhibitorsfbrneuropsinorforwes

blotanalysis，reSPeCtively・

眈fわJ∽舷椚げ肋〟∫eβ相加月b∽Ogg乃αお

ThehippocanlpuSandcerebralcortexweretookoutfromadultmice（10weeksold，

SIc：ddY，JapanSLC，Japan）andthetissuesweremixedandhomogenizedusinga
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Douncehomogenizerwith1miofice－COld20mMTris（hydroxymethyl）aminomethane

（Tris）一HClbufftr（pH7．4）containingO．15MNaClbrthetissuesrecoveredfromone

mouse・Afterincubationonicebr30minandcentrifugationatlO，000xgat4℃fbrlO

min，thesoluble丘■aCtionwasrecovered（0・15MNaCl－SOlublefraction）．Thesediment

WaSreSuSPendedwithanequalvolumeofice－COld20mMTris－HClbufftr（pH7．4）

COntaining2％t－OCty1phenoxy－POlyethoxyethanol（Triton X－100），homogenized，and

StOOdonicefor30min・AftercentrifugationatlO2，000xgat4℃forlOmm，a丘rst

Triton－SOlublefractionwasrecovered（nrstTriton－SOluble丘action）．TYle鮎stTriton－

insolubleresiduewaspelleted，reSuSPendedwithanequalvolumeofice－COld20mM

Tris－HClbufftr（pH7・4）containingl％TritonX－100，homogenized，andstoodonice

br30min・Afterfurthercentrifugationat208，000xgat4℃fbrlOmin，aSeCOnd

Triton－SOlublefraction was recovered（SeCOnd Triton－SOlublefraction）．The second

Triton－insolubleresiduewashomogenizedinanequalvolumeofice－COld20mM取is－

HClbuffbr（pH7・4）containing O・5M NaCl，incubated onice fbr30min，then

Centrifugedat383，000xgat4℃fbrlOmin・Final1y，thesupernatmtWaSreCOVeredas

acytoskeleton－richfracdon（TohyamaetaL，1994；ShimizuetaL，1998）．Theprotein

COntentSWeredeterminedwithbicinchoninicacid（BCA）proteinassayreagent（Pierce

ChemicalCo・，USA）andalbuminstandard（PierceChemicalCo．，USA）．

伽おCfわ乃qrP和おα∫e血ゐめ言わ柑βr脱〟r甲血

Eachfractionincluding3mgofproteinwasincubatedwith2LlgOfrecombinant

neuropsin（baculo）onicefbrlhourandrotatedinthepresenceofratIgG（morethan20

PgOfIgG／2Llgr∝OmbinantneurOPSin（baculo））coupledtoA亀－GelHzgelat4℃for

30minfbrthepurposeofpre－Cleanlng・肋rbriefcentrifugation，thesupernatantWaS

mixedwithF12mAb（morethan20pgofIgG）coupledtoA賂GelHzgelin20InMTtis－

HCl（PH7・5）bufftrcontainingO・15MNaClandrotatedat4℃for15hours．TYlegel

WaSWaShedwith20mMTris－HClbufftr（PH7．5）containingO．15MNaCl，mkedwith
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anequalvolumeof5xSDS－PAGEgelloadingbufftrcontainingO・3MTris－HCl（PH

6・8），10％sodiumdodecylsulfate（SDS），25％glycerol，0・025％bromophenolblue

（BPB），and100mMdithiothreitol（DTr）boiledfbr5min，andsuq∝tedto5－15％SDS－

PAGE（Laemm札1970）・1meproteins weretransftrredtopolyvinylidenedifluoride

（PVDF）membrane（Bio－RadLaboratories，USA）・AfterblockingwithO．1MTris－HCl

bufftr（PH7・5）containing O・15M NaCland O・1％polyoxyethylene（20）sorbitan

monolaurate（Tween20）（TIBS）with5％skimmi1kfbr30minatroomtemperature，the

rrKmbra眠SWerereaCtedwith＃11pAbandthenanti－rabbitIgGcoqugatedwithalkaline

Phosphatase（AP）（Bio－RadLaboratories，USA）inTTBSbufftrcontaining5％skimmi1k．

Thesecondaryantibodywas det∝ted byenhanCed chemduminescence，Irrmun－Star

Substrate（Bio－RadLaboratories，USA）・Afterdevelopment，thebandintensitieswere

evaluatedwiththeprogramQuantityOne（ToyoboCo．，Ltd．，Japan）

血血如削げ砧－た肋Co叩クJeズ

Triton－SOluble ftaction（430mg of protein）wasincubated withactivated

recombinantneurOPSin（baculo）onicefbrlhourandrotatedinthepresenceofratIgG

COuPledtoA抗－GelHzgelat4℃for30min・Afterbriefcentrifugation，thesupernatant

WaSmixedwithF12mAbcoupledtoA賂GelHzgel，rOtated，andwashedsequentiauy

based on the aboveimmunoprecIPltahon・The ratio of proteinwas activated

recombinant neurOPSin（baculo）：Triton－SOlublefractions：F12mAb＝1：7，600：10

（wt・血t・血t・）・TbeA賂GelHzgelwaspackedintoanopencolumn，SepacoIMini

（SeikagakuCorporation，Japan）・Thepackedgelwaswashedwith丘vebedvolumes。f

20rnMTris－HClbu蝕r（pH7・5）containingO．15MNaClandthenwashedwith丘vebed

VOlumesof20mMTris－HClbufftr（pH7．5）containingO．5MNaCl．ne65－kDa

COmPlexwaselutedwithO・2MGlycine－HClbuffbr（PH2．5）andthentheelutedsoluti。n

WaSneutralizedwith1MTris－HCl（PH8・0）．A鮎rdialysiswith2，000－fo1dvolume。f

20mMTris－HClbufftr（pH7・5）containingO．15MNaCl，0．5mMm，andlmM
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Phenylmethylsulfbnylfluoride（PMSF）at4℃for2・5hours，thesamplewasfreeze－dried

OVernight．

P甲rんお∫g曾〟g乃Cg加おmf闇血〝

Tbefreeze－driedsamplewasresuspendedwithdistinedwater，SubjectedtolO％

SDS－PAGE，andstainedwithCBBR－250・A65－kDabandwasexcised，anddigested

With3pg血1lofAchfVmObuterら，ticusproteaseI（API）（MasakietaL，1981；Kawasakiet

aL，1990）in50mMTris－HClbufftr（PH9・0）containinglmM ethylenediamine－

N，N，N’，N’－tetraaCeticacid（EUrA）andO・l％SDSat37℃ovemight．Thedigestswere

S印aratedusinganHPLC，mOde11100hquidchromatographysystem（Hewlett－Packard

Co・，USA）onaDEAE－5PW（lx20mm；Tosoh，Japan）andaCAPCELLPAKRP18（1

XlOOmm；Shiseido，Japan），Whichwerelinkedtandemly，WithalineargradientofO－

48％aαtOnitrilecontainingO．1％trifluoroaceticacid（TFA）fbr96min．Fractionated

PePtides were su切ected to proteinsequencingand rrws spectrometry as described

PreViously（Masutamietal．，1999）．

∫P〃αJd∧セ〟r呼∫g乃幻乃efわ∫

RecombinantSerineProteinaseInhibitor3（SPI3）waspreparedwiththePichid

PaStO血expressionsystem（SunetaL，1995a）・ToobtainanSDS－Stablecomplexof

recombinantSPI3andactivatedrecombinantneuropsin（baculo），200ngofrecombinant

SPI3wasaddedtolOOngofactivatedrecombinantneuropsin（baculo）andincubated

37℃　for　20　min・　Samples containing either recornl）inant SPI3　and activated

recombinantneurOPSin（baculo）alonewereincubatedinparal1el・Threeidenticals肌Iple

SetSWereSeParatedbyreducing12・5％SDS－PAGE・仇IeSetWaSS止ver－Stained，andthe

OthertwosetsweretranSftrredtonitrocellulosemembraneandimmunoblottedwitheither

＃11pAborrabbitanti－SPI3antibody・
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AIso，the association rate constant between reconibinant SPI3　and activated

recombinant neurOPSin（baculo）were determined．A constantamOunt Of activated

recombinantneurOPSin（baculo）（0．2nM）wasmixedwithdifftrentconcentrations of

recombinant SPI3and excess substrate（40mMBoc－Val－Pro－Arg－MCA）ina fhal

VOlumeof200plin20mMTris－HClbufftr（pH7．4）containing150rnMNaClandO．1％

PEG8000・Tbereactionsweremomitoredat37℃fbr2hourswithaspeCtrOfluorometer，

LS50B（Perkjn－ElrrKrCo・，USA）usinganeXCitation wavelengthof370nmandan

emission wavelengthof450nm・detem血ing residualactivityperiodicany・The

interactionsofre00mbinantSPI3withactivated recombinantneurOPSin（baculo）were

determinedwiththeprogresscurvemethodfbuowedbyslowbindinginhibitionkinetics

（MomisonandWalsh，1988）．

P＝V∫け
（vz－V∫）（1イためり

た′血

WherePistheconcentrationofproductattimet，k。bsistheapparentfirstorderrate

COnStmt，andvzandvsaretheimitialandsteady statevelocities，reSPeCtively・The

associationconstant（kass）wascalculatedusingthefb1lowingequation．

転∫＝屯あ∫（増）

［S］istheconcentrat10nOfsubstrateandKmistheMichaelis－Mbntenconstant・Kiis

essentiauyobtainedbytheGuy SalvesenandHideakiNagasemethod（Salvesenand

Nagase，1989）．
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VoIStheenzyme－Catalyzedhydrolysisrateintheabsenceofaninhibitor・VilSthe

inhibitedrate・ValuesweredeterminedfromDkonplots・Inthepresentstudy，Km，knt，

andkca（／KmofactivatedrecombinantneurOPSin（baculo）were123．6桝4．2s－），and

33980M・1s－），reSPeCtively・

血∫血勒あrfdgzαfわ乃げ∫P〃

Forpreparationofriboprobes，theSPI3targetsequencewasamPhfiedwithasmgle

CDNAsynthesizedh・OmthehippocampaltotalRNAbyoneroundofpolymerasechain

reaction（PCR）usingprimTS5一－CCAAAGmAAGCTGGAGGAGAん3・／5・－CTGAC＿

AGGAATACCCmGCTCA－3一（338basepairs（bp）：887－1224bp；Figure3－2－5），and

thePCRftagmentwassubclonedinpGEM－Teasyvector（Figure3－l－1；PromegaCo．，

USA）・［35s］」al）eled riboprobes were prepared according to the m2mufacturer・s

instruCtions（RocheDiagnostics，Germany）‥antisense，NcoI（TakaraShuzoCo．，Ltd．，

Japan）andSP6RNApolymerase（Roche以agnostics，Germany）；SenSe，SalⅠ（Takara

ShuzoCo・，ud・，Japan）andT7RNApolym灯aSe（RocheDiagnostics，GerrrNy）．1h

Situhybridizationhistochemis叫WaSPerfbrmedaspreviouslydescribed（Chenetd，

1995）・TodeterminebrainareaSlabeledwithSPI3andneuropsin（B41）（ChenetaL，

1995）riboprobes，14－Pmthickcoronalsectionswereslicedfromfreshfrozenbrains（8

Weeks SIc：ddY）on acryostatandthaw－mOunted onto slides coated with0．1％3＿

aminopropyltriethoxysilaneinacetone・Noslgnals weredetEX：tedonthea句acent

SeCtionsincubatedincontrolhybridizationmixturecontainingsenseprobe（Figure．3－2－

6b）．
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flori

lacZ 攣鞄
SP13（887／1224）

PGEM－TEa＄ySP13（887／1224）

3356bp

AmpR

EcoRI

Sacll
Notl

BstZl

至望；岩：
AatlI

Apal

T7promoter

重

Spel
EcoRI

Notl

BstZI

PstI

Sall

Ndel

SacI

BstXI

N＄iI

SP6promoter

Figure3－1－1A PlasmidⅣbp ofpGEM・T Easy SPI3（887／1224）This
Plasmid has a ffagment of SPI3gene（The GenBank肛CeSSion：MMU25844，The

NationalCenterfbrBiotechnologyInfbrmation（NCBI）；htpnwww．ncbi．nbn．nih．gov／
Genb仇kjGenbmlkOvefView・hbnl）from887to1224（338bp）inmultiplecloningsite
（MCS）・q）enboxesshowresTictionsitesnearMCS・An7PR，fIoTi，andkdshow
theβ－1aぬm鮎e（anampic山血resIStantgene）codingrpgion，theoriginofreplicahonofthe
丘kmentousphagefl，andtheα一PePtidecodingreglOnSOftheenzyn妃β－galactosidase，

respectively・
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3・2．RESULTS

加おCfわ乃q′〃と〟r（那よ和一あ～拙ブ～〝gf｝和おわ∫加伽c血∫

Iscreenedhrneuropsln－SPeCincinhibitorspresentinadultmousebrainb2Vivo．I

monitored whetherrecombinantneurOPSin（baculo），OriginatingfromthebaculoviruS

expression system，fbrmed SDS－Stable complexes withmolecules within　extracts

PreParedfromadultmousehippocamPlandcerebralcortices，inwhichneuropsinmRNA

isexpressedmostabundantly（ChenetaL，1995）・TYletissueswerehomogenizedand

fractionatedinto O・15　M NaCl－SOluble，Triton－SOluble（nrst　and second），and

CytOSkeleton－rich（0．5MNaCl－SOluble）ffactionsasdescribedin3－1．M477ZRL4LSAND

MmO仁げ・AsshowninFigure3－2－1a，the65－kDacomplex was detectedinal1

fractionswithbothactivatedandpro－typeneuropsin（baculo），Whilethe230－khcomplex

WaSde加tedintheO・15MNaClffactionwithactivatedrecombinantneurOPSin（baculo），

butnotwithpro－tyPereCOmbinantneurOPSin（baculo）・WhenalargeamOuntOfeach

fraction wasirrmnoprecipitatedwithanti－neurOPSlnantibodyandsuqatedtolO％

SDS－PAGEandwestemblotting（Figure3－2－1b），theendogenousbrainneuropsinand

65－kDacomplex werealsoexistedintheO・15MNaCl－and Triton－SOlublefraction，

respectively・Itsuggests thatthe65－kDacomplexisobtainedfromtheendogenous

neuropslnandthet∬getmOlecule．

ToinvestigatewhichresidueonneuropslnisrelatedtotheformationoftheSDS－

Stable65－kDaco叩1ex，IpreparedactivatedrecombinantneurOPSin（neuro2a）proteins，

WildtypeandthemutmtswithdisruPtionsofproteaseactivepocketwithoutproteolytic

activity；DS211VAandD206V，andofcysteineresidueswithproteolyticactivity；C7S

（Figure3－2－2a）・Tbe protease active pocket mutantS（DS211VAand D206V）of

activatedrecombinantneurOPSin（neuro2a）didnotformthe65－kDacomplex，Whilew濾d

typeandC7SmutantOfactivatedrecombinantneurOPSin（neuro2a）fbrmedthe65－kDa

COmPlex（Figure3－2－2b）・Itissuggestedthatthetargetmoleculeisaspecincinhibitor

throughtheactivepocketofneuropsln・
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P〟′所cα血乃α′d施〝′所cαfわ乃げ郎－たDαCO〝甲Jeズ

Triton－SOlubleftaction containingactivated recombinantneurOPSin仲aculo）was

appliedtoanF12mAbcoupledtoAffi－GelHzaffinitycoluInnandthe65－kDacomple

WaSelutedwithal・58xlO3－fbldpurincationandayieldof33．8％（Table3－2－1）．To

detemhethetargetmol∝ulebrmlng65－k肋complexbymicro－SequenCmg，theeluant

WaSfreeze－driedandsubjectedtolO％SDS－PAGE・ApartWaS，however，degraded

afbrbeingfr∝Ze－driedto a血alyieldofl・5％，andthe41－krhbandwas appeared

（Figure3－2－3）．

Purified65－kDacomplexwassuqectedtolO％SDS－PAGE，euhband（65－and

41－kDa）ongelwasdigestedwithAPI，andpePtidesequencesweredeterminedusinga

PrOteinsequencer・Peptidesequenclngidentinedtheinhibitortobeserineproteinase

inhibitor3（SPI3；TheProteinInfbrmation Resource（PIR）虻CeSSion：A57488，The

NationalBiomedicalResqarchFoundation（NBRF）；htq，nWWW－nb＄geofgetOWn．edu／

nbdhdex・hbnl；Figure3－2－4）fbr65－khcomplexandpeptidemasschromatography

COnfirmedthisidentincation・FiRy－SeVenperCentOfSPI3wassequencedCrable3－2－2）．

Inaddition，IscreenedanadultmousehippocamPalcDNAlibrarybyPCRwithprlrrm

basedonthepeptidesequenceobtainedfromthedegraded65一肋complex（41－kDa

SpeCies）whichresultedinamplincationoftheSPI3cDNA．Thus，itwasfoundtha［

addition ofrecoInbinantneurOPSlntO adultmousehippocamPalandcorticalextracts

resultedintheappearanCeOfSPI3－neurOPSin（65－kDa）complex．

聯cfげ∫Pβ0〝めどP和知坤cAc如～砂げ楠〟r甲血

IinvestigatedwhetherSPI3couldformanSDS－Stablecomplexwithactivated

recombinantneurOPSin仲aculo）orinhibitthepro短01ydcactivityofactivatedrecombinant

neuropsin（baculo）・IpurinedrecombinantSPI3withaPithklPaSわ7iT eXPreSSion

SyStem（Sunetd，1995b）・AdditionofrecombinantSPI3tor∝OmbinantneurOPSin

（baculo）resultedintheform血onofa65－krhcomplex，Whichwassuqectedtoreduction，
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boihg，and12・5％SDS－PAGE（Figure3－2－5）・Thecomplexwas recognized by

antibodies agalnStbothneuropslnandSPI3・Theassociationrateconstantkass，for

interaction ofactivated r∝OmbinantneurOPSin（baculo）withrecombinant SPI3，WaS

determined under pseudo nrst－Order conditions uslng the progress curve method

（MorrisonandWalsh，1987）・ThekassandKiforcomplexfbrmationwerecalcu1

3・4±0・22xlO6M二Is，landO．8nM，reSPeCtively（Figure3－2－6）．TYleSeWereWeu

Withintherangeforphysiologicallysigmi丘cantinteractions（Potempaetal．，1994）．

上βCαJねα虎b乃げ5ア〃血統eA血Jf肋〟∫eβ用わ

IestimatedwhetherneuropslnCOuldco－locali毘WithSPI3blVivo．Ithas becn

SuggeStedthatSPI3wasnotsecretedandhadanintrace11ularroleinmonocytesand

granulocytes（ScottetaL，1996；Scottetd，1999）・I，therefbre，investigatedwhether

areaSOfthebrainexpresslngneurOPSinmRNAalsoexpressedSPI3mRNAby

hybridizationhistochemistry（Figure3－2－7）・TheSPI3mRNAswereexpressedinmost

equivalentbrainareaswhichtheneuropsinmRNAswereexpressed・Inthehippocampal

forrnahon，SPI3mRNAswereexpressedintheCA3pyramidalneuronsverystrongly，in

theCAIpyramidalneuronsmoderately，andinthegranulece山softhedentategyruS

Weakly，Whne the CAl－3subnelds butnot thedentate gyruS eXPreSSed neuropsln

mRNAs（ChenetaL，1995）・Inthefrontalcortex，1abeledneuronsspreadtolayersV

moderatelyandIIandIVweakly，Whichhavesimi1arproⅢeswiththoseofneuropsln

（ChenetaL，1995）・Neuronsinthecingulatecortexwerealsohbeledmoderatelyand

theslgnalcontinuedposteriorlyintotheretrosplenialcortexandpresubiculumlikethatof

neuropsinmRNAsignals（ChenetaL，1995）・Theanteriorolfactorynuclei，medial

Sqtalnucleus，diagonalbands，andamygdaloidcomplexwerealsolabeledaswellas

Withneuropsinprobe（ChenetaL，1995）・However，inthebrebrain1imbicarea，the

lateralseptalnucleuswaslabeledwithneuropsinbutnotSPI3riboprobe・Incontrast，
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therewerece11spositivewithintenseSPI3mRNAsignalsinthethalamuS，hypothalamuS，

andchoroidplexus，thoughnoneuropsln－POSitiveslgnalswerefbundintheseareas．
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230kDa→

戯離。．5岬
E

65kDa－■■■■－

26kDa（r－NP）［
ー＿　二＝＝二　＿＿二▼

★■－■

卜PmNP
r－aCtNP

二二＿

－

－180kDa

■■－－70kDa

■■－33kDa

－　ta。t晶　＋

DTT－

．ぜ＼：ギニ；ヾミヾデモべ．ヂ㌔ト

94kD摺iiニ頭
67kDT　呵∴紺ケ・：1・路岨ampLex
43kDa→

30kDa－

L聖二′∵上
欄● ］EndogenousNP（280r25kDa）

Figure3・2－1Detection ofSDS－Stable Complexes withNeuropsinin
AdultMouseIIippocampaIand CortiealExtracts a，Thehippocampaland
corticaltissuesweretookoutandfractionatedintoaO・15MNaCl－SOlublefraction，first
Tritonrsolublefraction，SeCOndTriton－SOlubleffaction，2Lndcytoskeleton－richffaction（0・5

MNaCl－SOlublefraction）．Eachffact10n（3mgofprotein）wa5mixedwithpurified
activatedrecombinantneuropsin（baculo）（2ug），andimmunoprecIPitatedusingF12mAb

（20pg）coupledto郎ri竜elHzbeads・hnmunoprecipitatedsampleswer？Subjectedto
5－15％SDS－PAGE，fouowedbywesternblotwith＃11pAb・b，Eachfract10n（33mgof

protein）wasimmunoprpcipitatedusingB5mAb（450ug）coupledtoA軋GelHzbeads・
AquarterofeachprecIPltantWaSSut刀eCtedtolO％SDS－PAGE，fouowedbywestemblot
with＃11pAb・AsterlSksareshownastheendogenous65－kDacomplexes・nisfilm

wasover－eXPOSedrelativetoFigure3－2－1a・
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a

xlO‾1Unit／mg

Neuropsm W舶Ty匹　　3・7±0・O

mm O．0±0．O

DS211VA O．0±0．1

C7S l．6±0，8

三÷ニー＼二‡－・ご二＿そ
230－kDacomplex－・

（180kDa）

65J（Dacomplex［：一－
（70kDa）

卜NP　■■一－■－■－－

Figure3・2－2Formationof65－kDaComplexeswithNeuropsinMutants
a，ProteolyticacdvitiesofwudtypeneurOPSinamdthemutNltSWeremOnltOred・Che
hundrednMactivatedrecombinantneurOpSln（neuro2a）orthenlutantSWeremixedwith
50pMBoc－ValTPro－Arg－MCAin50mMTris－HClbuffercontainingO・1mghnlbovine

serprpalbumin岬SA）andO・02％NaN3，andincubated25CCforlho㌣・Proteolydc
actlVitiesare Sh。WnaS Unit仙moumin）山鳩（Cka etaL，inpreparat10n）・b，Each
activatedrecombinantneurOPSin（neuro2a）ormutant（0・6pg）wasmiedwithO・15M
NaCIs。1。blefracdon（l．5mgofprotein），imnunoprec桓itatedusingF12mAbcoupledto
A爪ぷelHzbeads，Sub）eCtedtoreducing10％SDS－PAGE（100InMDrn，andbllowed
bywesternblotwith＃11pAb・neSemutantSarenamedonthebasisofthenucleotide

sequenceofneuropsin（ChenetaL，1995）・jbrdingtonumberingofneuropsinamino

畿諾器篭糀葦，忠恕画報鐙策都農蒜鍔
Notethatno SDS－Stablecomplexes wereformed withtwo mutants（D206V and
DS211VA）whichweretreatedwith1ysylendopePtidasecoupledtoSepharose4Bgel・
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Table3－2・1SummaryofPurification of65・kDa Complex

Banddensity

Purincationstep Totalprotein Apphedr－aCtNP　65kDa／protein2）Total65kDa Recovery

けield）l）　　　けield）

l・Triton fraction　4・28xlO2mg

（1（泊％）

2・Tritonfraction　4・28xlO2　　5・60xlOIpg

＋r－aCtNP　　（100）　　　（100％）

3．Immunoafnnity　9．12xlO．2　　　2．03xlOl

（0．02）　　　（35．7）

4．Dialysis N．D．　　　　N．D．

1．0　　　　　　428．0　　　100．0％

1583．4　　　　144．5　　　　33．8

N．D．　　　　N．D．　　　N．D．

5・R襟Zeddd　　2・00xlO・2　　8・14xlO－Ⅰ　　　327．7　　　　6．6　　　l．5

（0．005）　　　（1．45）

SamPleateachstepwassuqectedtolO％SDS－PAGE，andwesternblotwith＃11pAb．
ThebanddensitieswereevaluatedwiththeprogramQu鱒tityOne．
1）Yieldofproteincontents

2）［densityof65－khineachstep／densityof65－kDainTriton－SOlublefraction］／mg
PrOtein

N．D．：nOtdetermined．
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Silver Western

∴二lこここ：

■65kDa

■41kDa

★卜NP

Figtlre3－2，3AffinityPurification．of65－kDaSDS－Stable Complex
Triton－SOlublefractionwasmixedwithachvatedrecombinantneuropsin（baculo），

subjectedtoaffinitypurincationwithF12mAbc？uPledtoAffi－GelHzbeads，and

followedbylO％SDS－PAGE・The25pgofprotelnWaSaPPhedtoLaneSOf’Triton＋

諾3．㌢雷管蒜悪霊芸怒n農霊‥濫ニ。窓猛慧g監禁
apphedtoLanesof”Eluant”・Thel・2ugofprotein，Whichwasdialyzed，丘eeze－dried・

andresuspendedwithdistiuedwater，WaSaPPhedtoalaneofuFreeze，Driedり・Arrow

headsshow65－kDacomplexprotein，andasterisksshowreconbinantneuropsln・Note
that65－kDaand41－kDabandsontheCBB－StainedgelweresubjectedtopeptideanalysIS・
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Table3－2・2MassSpectroscopy AnaIysisofthePeptides fromI）igested
65・kDa Complex

M．W．

Peak ObservedCalculated PredictedpePtide

41K－10

41K－20

41K－21

41K－35

41K－53

41K－64

41K－65

41K－68

41K－70

41K－74

41K－75

41K－78

41K－80

41K－85

41K－88

41K－91

65K－96

pooled－
65K2）

333．4　　333．4

1191．8　1191．44）

1191．0　1191．44）

1175．3　1175．4

1616．8　1617．8

1506．8　1506．7

1545．0　1544．8

1207．7　1208．4

1482．2　1481．74）

1256．9　1256．5

1203．1　1203．5

1466．0　1465．7

1204．1　1203．5

1954．5　1955．2

N．D．　3342．6

1340．7　1399．6

1935．3　1936．2

2467．9　　2467．8

N．D．　3342．6

1176．2　1175．4

1208．3　1208．4

1464．6　1465．7

1503．8　1506．7

1934．2　1936．2

1953．7　1955．2

2250．2　　2248．4

2467．3　　2467．8

3340．9　　3342．6

3736．7　　3736．1

VSK（19ト193）∋）
EHTREMPFK（182－190）

EHTREMPFK（182－190）

EHTREMPFK（182－190）

LEENYNMNDALYK（278－290）1）

GTrASQMAQノ札A⊥DK（47－61）
TCDLLASFKDSCLK（101－114）
F旺WTRLDK（255－263）

MDEEEVEVFLPK（26¢275）

QGLFLSKVVHK（310－320）

MmGEⅡ汀K（210－219）

MDEEEVEVFLPK（264－275）

mIGE『TK（210－219）
TGTQYLLRTANRLFGDK（84－100）

FYEAELEELDFQGATEESRQHmVAK（115－142）l）
mGmFCGRfSSP（366－378）
LGMTDAFGGRADFSGMSSK（29ト309）

EVLSPGTVNSDTSLVLVNAlYFK（150－172）

FYEAELEELDFQGATEESRQHNTWVAK（115－142）1）
EHTREMPFK（182－190）

FIEWTRLDK（255－263）

MDEEEVEVFLPK（264－275）

GTTASQMAQALALDK（47－61）
LGMTDAFGGRADFSGMSSK（291－309）

TGTQYLLRTANRLFGDK（84－100）

CSGNGGGDVHQGFQSLLTEVNK（62－83）

EVLSPGTVNSDTSLVLVNAm（150－172）
FYEAELEELDFQGATtESRQHひmAK（115－142）

GTrASQMAQALALDKCSGNGGGDVHQGFQSLLTEVK（47－83）

The65－and41－kDafragments（SeeFigure3－2－3）wereanalyzed．
1）Tbepeptidesof41K－53，41K－80，and65K－96weredirectlydeterminedbyN－
terminalsequenclng・

2）mgestedfragmentsof65－kDacomplex weresubjectedtomass spectroscopy

訂監禁spI3amin。aCidseq。en血Fig。，e3＿2＿．（，Wenthesis，
4）Metionineisoxidized．
N．D．：nOtdetected．

TheabovemolecularmaSSPredicted57％ofSPI3aminoacidsequence・
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ctcatctcttctctgcttgctaccagtccggaaatcgagEtatCtaggagaatCtagggCt

caccatcatggatcctctacaggaagcaaatggcacctttgccttaaatcttttgaaaat

M D P L Q E A N G T F A L N L L K I

actgggtgaagacagctcaaaaaatgtatttttgtcacccatgagcatatcctCagCCCt
L G E D S S K N V F L S P M S I S S A L

ggctatggtcttcatgggggcaaaaggaaccactgctagccagatggCtCaggCaCttgC
A M V F M G A K G T T A S O M A O A L A

tttggataaatgcagcggcaatggaggtggagatgtccaccagggcttccagtCCCttCt
L D K C S G N G G G D V H Q G F O S L L

caccgaagtgaacaaaactggcacacagtacttgctcagaacagccaacaggCtCttCgg
T E V N K T G T Q Y L L R T A N R L F G

ggataagacttgtgatcttttagCgtCtt
D K T C D L L A S

t taaagattcctgcctcaagttctatgaagC
F

18

38

58

78

98

K D S C L K F Y E A　118

agagttggaagagctggactttcagggtgctacagaggagtcccgacagCaCatCaaCaC
E L E E L D F O G A T E E S R O H I N T138

ctgggtagccaaaaagacagaagataaaatcaaagaggtgctg［ctccaggtaCagtgaa

w v A K K T E D K I K E V L S P G T V N158

ttctgatacatcgctagtccttgtgaat2CCatCtaCttCaaaggaaaCtgggagaagCa
S D T S L V L V N A I Y F K G N W E K Q178

gtttaacaaagagcataccagggagatgccattcaaagtcagCaagaatgaggagaaaCC
F N K E H T R E M P F K V S K N E E K P198

tgtgcaaatgatgtttaagaagtctacctttaagatgacctatattggagagatattCaC

V Q M M F K K S T F K M T Y IG E r F T　218

taagattctgttgcttccctatgtcagcagtgagctgaacatgatCatCatgCttCCaga
K I L L L P Y V S S E L N M II M L P D　238

tgagcacgttgaactgagtacagtggaaaaggaagtaacttacgagaaatttatagagtg
E H V E L S T V E K E V T Y E K F】　E W　258

gacaaggctggacaagatggacgaagaagaggtagaagtatttctcccaaagtttaagCt
T R L D K M D E E E V E V F L P K F K L　278

ggaggagaattacaacatgaacgatgccctctacaagttgggcatgactgatgCCtttgg
E E N Y N M N D A L Y K L G M T D A F G　298

cggcagggcagacttttctggaatgtcttccaagcaaggcttgtttctgtctaaggttgt
G R A D F S G M S S K O G L F L S K V V　318

gcataaggcctttgtggaggttaatgaggagggcacagaggctgcagctgctacagCtgg
H K A F V E V N E E G T l三　A A A A T A G　338

catgatgacggtgaggtgcatgagattcactccccgcttctgtgccgaccaccccttCCt
M M T V R C M R F T P R F C A D H P F L　358

tttcttcattcaccatgttaagaccaatggaattctgttctgtggccggttctcctctcc
F F I H H V K T N G L L F C G R F S S P　378

CtgagCaaagggtattCCtgtCagtctttgaCCCtCtCtCCatggtttBCtgtaaCCCaa

gtgaccttatccataagtgcaatggcaattatgaaataaagggCtttatggCaCCCC

（continued）
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Figure3・2－4Nucleotide and Amino Acid Sequence of SPI3cI）NA

NucleotideandaminoacidsequencesofSPI3cDNAareshownwithsmal1andcapital
1etters，reSPeCtively・Bluecapitallettersshowsequencespredictedbymassspectro－

SCOPyanalysis（SeeTable3－2－2）andredcapital1ettersareidentifiedby中CrO－amino－aCid
SequenClng・Boldsm仙1ettersshowtheprobesequenceusedfor加∫ltuhybridization
histochemistry（SeeFigure3－2－7）．
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27kDa－

SitverStain

ぎ　　　ぎ

ぎざぎざぎ

anti－NP（椚1pAb）　anti－SPL3pAb

Western B10t

Figure　3・2－5　Detection of SDS－Stable Complex of Reeombinant
Neuropsin and Recombinant SPI3　Activated recombinant neuropsinO）aCulo）
（100ng）andrecombinantSPI3（200ng）weremixed andincubated・¶1reemixed
samplesetsweresubiectedtoreducing12・5％SDS－PAGE・Onesetwassilver－SはⅠ一ed，

andtheothertwosetswerefo1lowedbywestembl加Witheitherantl－neurOPSin（＃11pAb）

OrrabbitantiLSPI3antibody．
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Figure3・2・6：Kinetic Analysis ofInhibitory Activity of SPI3against
Neuropsin．a，Theresidualactivitiesofactivatedr∝OmbinantneurOPSin（baculo）were
measureduslngaSubstrate（Boc－Val－Pro一心g－MCA）andwereplottedagainsttimeinthe

PreSenCeOfincreaslngCOnCentrationsofSPI3　b，Akassofreco血binantSPI3agamst

activatedrecombinantneurOPSin（baculo）wascalculatedusingobservedinhibitoryrate

禁紹2紆∑f禁琵蒜欝10nSOfr∝OmbinantSPI3，indicuingak鮎SOf3・4±0・22
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Figure3－2・7Distribution ofSP13and NeuropsinmRNAsin Adult
Mouse BrainInsitu hybridizatlOn hlStOChemistrywas carried outusing14匹m

coronals坤OnSand35s－1abeledSPI3riboprobes（neuropslnantisenseriboprobefora；
SPI3anhヲenSehboprobeforb，d，ande；SP13senseriboprobeforc）・Intense
hybrldizadonsignalswereobservedass山vergralnSunderdark－fieldiuuminahon・Note

thatnosignalwasobservedwithsenseprobe（b）・Eachwhitebarshows500けm・I－V，

1ayersofthefrontalcoIteX；AL，amygdaloidcomplex；Ao，anteriorolfactorynuclei；CAl－

3，SubfieldsCAl－30fAmn・shom；CC，COrPuSCallosum；Cg，Clngulatecortex，CP，
choroidplexusinlateralventricle；DG，dentategymS；Ent，entOrhlnalcortex；FR，frontal
cerebral　cortex；Hb，hdbenular nucleus；HDB，horizontal　diagonal　band；Hy，

hypothalamus；LV，1ateralventncle；MS，medialseptalnucleus；Th，thalamus；VDB，
verticaldiagonalband・
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3・3．DISCUSSION

Inthepresentstudy，IhaveobtainedevidencethatSPI3isaneuropsln－SPeCi丘c

inhibitorinadult brain：（i）purincation of an SDS－Stdble complex containingan

endogenousinhibitor withinbrainextracts，（揖）detectionofinhibitory activitiesfor

PrOteOlyticeffbctofrecombinantneurOPSin，and（iii）co－localizationofneuropsinwidlthe

inhibitorinthe hippocampus・Previous studies have shown that neuropsln has

modulatedE－uPdq）endentontheproteolyticactivity（KomietaL，2000）andthat

extracenulartargetsofneuropsinincludecomponentsoftheextrace11ularmatrix（ECM）

andthecelladhesionmoleculesuchasfibronectinandLl，butnotlaminin（ShimizuetaL，

1998；Nin0miyaetaL，inpreparation）．Therehas，however，beennoevidenceofh。W

theneuropsinactivitywasregulated・Thepresentidentincadonofaninhibitorproposea

hypothesisthatSPI3regulatestheproteolyticactivityofneuropsinfbrreaHangerrmtOf

ECMproteins，andasaresult，isimplicatedinsynapticmodincation・舶ditionany，

PePtidesequenceof230－kDacomplexwasalsodetermineduslngaPrOteinsequencer・

Peptidesequencingidentifiedtheinhibitortobemurinoglobulin1（MUGl；TheSWISS＿

PROTa∝eSSion：P28665，TheSwissInstituteofBioinformatics（SIB）andTheEuropean

BioinforrrdicsInstitute鱒BI）；htq，物asy・nhri・Ofg・ChApTVのfbr230－kDacomplexand

Pqtidemasschromatographyconnrmedthisidentification・TwentyーSeVenPerCentOf

MUGIwassequenced（datanotshown）・MUGIproteinalsolocahzedinneurons。f

thehippocamPuS（datanotshown），andMUGlmightregulatetheproteolyticactivityof

neuropslninthehippocampus．

Previous reportshave showedthatSPI3isthemouse homologueofhuman

PrOteinaseinhibitor6（PI－6）（SunetaL，1995わ，Whichpossessesinhibitoryactivities

againsttrypsin，thrombin，andplasminblVitTD（Sunetd，1995b）andagainstcathq）Sin

G（k鮎S＝6・8xlO6MJs－1）inmonocytesandgranulocytesわvivo（Sco仕，etd，1999）．

ThepresentstudyhasevaluatedthatSPI3wasapotentinhibitorsp∝incfbrneuropsln

（kぉs＝3・4xlO6MIs－1）inthenervOuSSyStem・Inbrain，neurOSerPinandproteasenexin
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1（PN－1）arePrOPOSedtobepotentinhibitorsoftissueplasminogenactivator（tPA；kぉs＝

1・5xlO5M‾1s，1）andthrombin（k鮎S＝6・OxlO5M二1s－1），reSPeCdvely（ScottetaL，1985；

OsterwalderetaL，1998）・Thek鮎SOfSPI3－neurOPSinwasgreaterthanthoseofPN＿ト

thromi）inandofneuroserpin－tPA，indicatingthatinhibitionofneuropsinbySPI30CCurS

morerapidlyandextensively・Itis，therefbre，SuggeStedthatinteractionbetweenSPI3

andneuropslnPOtentlyoccursわvivo．

TheSPI3Plresiduewhichinteractswithneuropslnremainstobeidentinedbutis

PredictedtobeArg343・PreviousstudyhasshownthatPI－6andSPI3bothutilizethePl

argininefbrinteracdonswithserineproteasespossessingtrypsin－1ikeactivity（SunetaL，

1995a；CoughhetaL，1993）andthatneuropsinwasatrypsin一址eserineprotease

ShowingproteolyticactivityagainsttheC－terminusofarginine（Shimi2netaL，1998）．

Moreover，mutageneSisanalysisofneuropslnShowedthatSPI3interactedspecificany

Withneuropsinactivesite（Figure3－2－2）・Itwas，therefbre，PredictedthatSPI3used

Arg353asthePlresiduefbrtheinteractionwithneuropsln・

Next，IdiscusspotendalrolesofSPI3intheregulationofneuropsinactivityin

brain・Thepresentstudyrevealedco－localizadonofSPI3andneuropsinmRNAsin

PyramidalneuronsintheCAl－3subneldsofthehippocarppus（Figure3－2－7），SuggeSting

thatSPI3wasalsoimphcatedinsynapticmodificationinthehippocamPuS・SPI3was

identinedasanintraceuularPrOteaSeinhibitorinthelymphocytesystem（ScottetaL，

1996），Whdeneuropsinisestimatedasanextracellularprotease・Inthepresentstudy，

SPI3wasdetectedina65一肋complexwithrecombinantneurOPSlnintheO．15MNaCl－

SOluble，Triton－SOluble，andcytoskeleton－richfr弧ions（Figure3－2－1），SuggeSting

SPI3bothlocahzedincytosolandassociatedwiththeorgane山emembraneSandthe

CytOSkeleton・Ontheotherhand，theendogenousbrainSPI3－neurOPSmCOmPlexwas

detectedonlyintheTtiton－SOlublefraction（Figure3－2－1b），Showingthatthecorpplex

accumulatedinthisfraction・Inaddition，PrO－typer∝OmbinantneurOPSinalsoformeda

65－kDacomplexwithendogenousspI3aswe山asacdvatedrecombinantneuropsm
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（Figure3－2－1a）・Previous studies suggested that neuropslnis activated afteritis

SeCreted（MomotaetaL，1998；ShimizuetaL，1998）．Therefbre，theseresultsindicate

thatSPI3interactswithpro－typeneuropsinbeforeitissecreted，OrWithactive－type

neuropslnafterinternalization・Itrenminstobedetermineddirectlywhenandwhere

SPI3regulatesproteolyticactivityofneuropsin・

Ithas recendybeenfoundthathum弧PI－6was apotentintr虻euularinhibitor

SPeCincforcathepsinGinmonocytesandgranulocytes（ScottetaL，1999）・Cathepsin

Gisoneoftheazurophilicgranulecytotoxins，Whichfunctionsintheeliminationof

bacterialandfungalpathogens，andnbronectinisraisedasoneoftheextracenulartargets

（McDonaldandKeuey，1980；BlondeauetaL，1993）・Additionany，reCent鮎dings

ShowthatcathepsinGactivatesapro－aPOPtOdcprotease，CaSPaSe－7，SuggeStingthatithas

thepotentialtoinduceapoptosisintrace11ular1y（2houandSalvesen，1997）．TYluS，the

hypothesishasbeenproposedthathurrmPI－6preventedcathepsinG－mediateddamage

inmonocytesandgranulocytes・伽theotherhand，inbrain，IproposethatSPI3，

mousehomologueofhumanPI－6，PreVentSneurOPSln－mediateddaJTngeinneurons．

Thereis evidencethatexcessives血ulahonofglutawr∝ePtOrSinduces alarge

increaseofintracenularCa2＋concentradon，1eadingtoneuronalce山death（Choi，1994；

Rothman・andOhey，1995；Segaletd，2000）・Ihaverecentlyfbundthatglutamate

StimulationinducessecretionofneuropsininhippocampalprimaryCultures（αa，etaL，

inpreparation）・Thus，OVer－Stimulationofther∝甲tOrSmightleadtosecretion of

excessiveneuropsmandfai1uretocontrolneuropsinbySPI3，reSultinglnneurOnalceu

death・舶didonauy，brainischemiainducedexpressionofSPI3mRNAinastrocytesof

thehippocampusat3daysaftertreatrrmt（NakayaetaL，1998）andthatoxidadvestress

inmousebraininducedatranSientincreaseofneuropsmmRNAinneurons ofthe

hippocampusat2hoursaftertreatment・Inthesepathologicalconditions，uP－regulation

OfSPI3expressionsmightprotectneuronsh・OmtheexαSSOfinternakedactive－type

neurOPSln・
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Insituhybridizationhistochemis町hasalsoshowedthatseveralareaSinbrain

expressedeitherSPI30rneurOPSinmRNAs，nOtboth肝igure3－2－7）・Thelateralseptal

nucleuswaslabeledwithneuropslnbutnotSPI3riboprobe・AsIpurified65－kDa

COmPlexfromthehippocamPalandcerebralcorticalextractsbutnotfromthatofthebasal

forebrain，itremainsunclearwhetherthereisotherspecincinhibitoragamstneuropslnin

thelateralseptalnucleus・SeveralareaSWerelabeledwithSPI3riboprobebutnotwith

neuropsm，WhichmightshowthatSPI3interactswith0therproteasespossesslnga

Substratespecincityresembleinneuropsin．

Final1y，thepresentstudyhasidentinednaturalneuropslninhibitor，SPI3，inadult

brain，SuggeStlngthatSPI3regulatesthephysiologicalrolendiatedbyneuropslnin

adultbrain．
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6．APPENDIX－RelatedWorldWideWaveSites．

乃ピア和おわ肋ぬβα乃たげββノ

PrOVidedbyTbeResearChCo11aboratoryfbrStruCturalBioinformatics（RCSB）

http：〟www・rCSb・Org／pdb／

PDBcode：

1ABJ：Humanα－thrombincomplexwithD－Phe－Pro－Arg－Chloromethylketone

lAO5：Mouseglandularkallikrein－13

1JRS：BovinepanCreaticβ－tryPSincomplexwithleupeptin
lNPM：Mousebrainneuropsln

lPPB：Porcinepancreaticβ－tryPSincomplexwithsoybeantrypsininhibitor
lSGF‥Mousesubmaxillarygland7SNGF

2PgA：PorcinepanCreatickal1ikrein

4P7P：Bovinepancreaticβ－tryPSin
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PrOVidedbymeNationalCenterfbrBioteclm0logyInformation（NCBI）

http：〟www・nCbi．nlm．nih．gov／Genbank／GenbankOverview．htmi

Accessioncode：

MU25844：Mouseserineproteinaseinhibitor3（SPI3）
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PrOVidedbyTheNationalBiomedicalResearchFoundation（NBRF）

http：〟www－nbrf・geOrgetOWn・edu／nbrf／index．htmi

Accessioncode：

A57488：Mouseserineproteinaseinhibitor3（SPI3）
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PrOVidedbyTheSwissInstituteofBioinformatics（SIB）andTheEuropean

BioinformaticsInstitute（EBI）

http：〟expasy・nhri・Org・Ch／sprot／

Accessioncode：

P28665：Mousemurinoglobulinl（MUGl）
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