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題目

AserineproteaseneuropslneXPreSSedinthehippocampusofadultmousebrainhasbeen

implicatedinsynaptlCPlasticlty・AlthoughtheexpressionofneuropslnmRNAachieved

to the peak at neonatalstage，however，it remained to be cleared whether neuropsln

particIPatein developmentalfunctionin centralnervous system・Toinvestlgate this

POSSibility，Iexaminedthelocalizationandfunctionofneuropslninprlmaryhippocampal

neuron・Alternatively，althoughcrystalstructure ofneuropsln PrOVidesthe clue tothe

biologlCalactivltyOfneuropsln，e・g・theactivltyOfsubstratehydrolysISandthesecretory

manner，thereis no evaluation experimentally・To address thisissue，Iperfbrmed the

mutationalanalysesofneuropsln．

First，it was revealed that endogenous neuropsln WaSlocalized extrace11ularlyin

neuronalcellbodies and theirneuritesinmouse hippocampalcultures・Furthermore，I

found that，in cultured mouse hippocampalneurons，reCOmbinant neuropsln enhanced

neurite prq】eCtionfrom soma after14hours ofculture and neuronalaggregation with

neurite fascicles at48hours・This suggests that neuropslnisinvoIvedin neurite

OutgrOWthandfasciculationduringthedevelopmentofthenervoussystem・
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Second，IdescribedtheexaminationoftheseveralstructuralftaturesofneuropslnWith

use ofsite directed mutagenesis onits activlty andregulated secretionfrom thecell．

Neuropsinis a member of the Sl（Clan SA）fami1y of serine proteases and forms

Characteristic surfaceloops surroundingthe substrate－binding site（JBioIChem1999，

274：4220－4224）・TheloopsincludethosestabilizedbysixdisulfidebondsoraloopC

（Gly69toGlu80）andanN－glycosylatedkallikreinloop（His91toIlelO3）notcontaining

a sitelinkedby adisulndebond．Little，however，is known about the roles ofthese

loops・Thus，thepresentstudyinvestlgatedwhethersurfaceloopstructuresofneuropsln

WereeSSentialfbrthegenerationofenzymaticactivltyand／orsecretionoftheenzymevia

a regulated secretory pathway・Among the six disulfidebonds，Only SSlinloop E

（Gly142toLeu155）andSS6inloopG（Ser185toGly197）werenecessaryR）rthe

CatalytlC efficiency of neuropsln．　DisruPtlOnS Ofloop C and the N－1inked

Oligosaccharide chain on the kallikreinloop afftcted the catalytic efficiency and P2－

SpeCincity，reSPeCtively・Alternatively，disruPtlOnS Ofloop C and the kallikreinloop

enhancedtheregulatedsecretion，While，therewasnoonedisruptlOnWhichinhibitedthe

SeCretion，indicatlngthattherewasnocriticallooprequiredfortheregulatedsecretion

amongloops surroundingthe substrate－binding site・Thepresentresultsprovidenew

informationonthestruCture－functionoffami1ySl（ClanSA）serineproteases．
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Introduction

SeveralserineproteaseshavebeenshowntoplaylmPOrtantrOlesinsynaptlC

plasticity（1－3）．Thesefunctionsaresuggestedtobemediatedbytheactivationof

specinc cellsurface receptors and the degradation of extracellular matrix（ECM）

proteins and celladhesion molecules（4，5）・Neuropsin mRNA was found to be

expressedinthefbrebrainlimbicareaandhasbeendemonstratedtobeengagedin

activity－dependent plasticity changesin neurons（6）・For example，i）injection of

antibodyagainstneuropsinsignificantlyamelioratedepileptogenesisinmice（7）；andii）

applicationofrecombinantactive－neurOPSinhadaregulatoryeffbctontheSchaffer－

collaterallong－termpOtentiation（IJP）inthemousehippocampus（2）・Furthermore，

theactivltyOfneuropslnisregulatedbyaspeCincinhibitor，Serineproteinaseinhibitor－3

（SPI3），in adult mouse brain（8）．While recent research has been directed at

understandingthephysiologlCalfunctionofneuropslnCOnCernlngSynaPtlCPlasticlty，

there have been ftw histochemicalanalyses showlng thelocalization ofneuropsln・

TherebreIattemptedtodetermineuslnglmmunOfluorescencehistochemistrywhether

endogenousneuropslnisexpressedinhippocampalneuronsand，ifso，itslocalization・

NeuropslnmRNAisexpressedinneuronsinthehippocampusofmousebrainfrom

embryonicday18totheadultstage（9）・Theexpressionatanearlystageimpliesan

alternativerolefbrneuropslninneuronaldevelopment，inadditiontosynaptlCPlasticlty

asdescribedabove．However，1ittleisknown aboutthesephenomena．Therefbre，I

observed the morphologlCalefftct of the application of recombinant neuropsln On

Culturedhippocampalneurons・

Neuropslnisasecretoryserineprotease・ThecrystalstruCtureOfneuropsinhas

aserineproteasefbldthatexhibitschimericftaturesoftrypslnandnervegrOWthfactor－

γ（NGF－γ），amemberofthekallikreinfamily（Fig・4A）（10），bothofwhichareapart

oftheSlfamily（clanSA）ofserineproteases（11）・AllSIserineproteasespossess
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two　β－barrelswithacatalyticHis57（Chymotrypslnnumber），AsplO2，andSer195locatedat

theinterfhceofthetwodomains（11）．Theseproteases，however，Showdiversityinthe

StruCtureS Of surfaceloops surrounding the substrate－binding site andit has been

PrOPOSed that this diversity controIs the specincity ofenzymatic activity（10，12－15）．

Fourtosixdisulfidebondsformwhichlikelyprovideadegreeofstructuralrigidityto

theloop structures（10，16，17）・Neuropsin possesses six disulfide bonds the same as

trypsln．Furthermore，neurOPSin fbrmS aloop C（Gly69to Glu80）and an N－

glycosylatedloopD（18），the”kallikreinloop－1（His91toIlelO3），nOtCOntainingasite

linkedbyadisulfidebond．TheloopCofneuropsinhasbeensuperimposedonthatof

trypsinandNGF－γ（10，19，20）．Ontheotherhand，thekallikreinloopispresentinall

members ofthe kallikrein family but not trypsln・However，the kallikreinloop of

neuropsindifftrsradicallyfromthatofNGF－γ　andofkallikrein（10，20）．Whilethe

loop ofmost members ofthe kallikrein familylS Cleavedinto highly mobile nicked

Chains，thatofneuropslnispackedwithoutanynickedsites．Thisthree－dimensional

ViewofneuropslnPrOVidestheopportunltytOeXaminethecorrelationbetweenstructure

and substrate specincity（10）anditis necessary to evaluate the correlation

experimenta11y．

MostfamilySl（clanSA）serineproteasesaresynthesizedasprecursorsandthen

enter the secretory pathway（11）．It has beenindicated that some are sorted to a

regulated secretory pathway（21－24）．For example，the secretion of trypslnOgen，

elastase，and cathepsin Gis clearly regulated（2l，22），Whileitis debatable whether

kallikreinissecretedinaregulatedmanner（25，26）．However，itisnotknownwhich

domainoftheseproteasesisinvoIvedinregulatedsecretion．Ontheotherhand，there

is physiologlCalevidence that neuropslnisinvoIvedin activlty－dependent synaptlC

plasticity（2，3，6，7）．However，itis still’notclearwhetherneuropsinis secretedin

responsetostimuli．Itis，thus，neCeSSarytOdeterminewhetherasecretagoguecauses

exocytotic releaseofneuropsln，andifso，Whichdomainofneuropslnisrequiredfor
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regulatedsecretlOn・

Inthiscontext，Site－directedremovalinvoIvingsixdisulfidebonds，aloopC，and

anN－glycosylatedkallikreinloopofneuropslnWaSCarriedoutandtheefftctsofthese

mutationsontheenzymaticactivltyandtheregulatedsecretionwereinvestlgated・
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MaterialsandMethod

Cellcultures

Primary hippocampalneurons were preparedfroml・5－day－01d mice according to a

PrOtOCOldescribedpreviously（27）・Thecellswereplatedatadensityof600cells／

mm20nO．02％poly－D－1ysine（BectonDickinsonLabware，Bedbrd，MA）－COatedglass

COVerSlipsinneurobasalmediumcontainingB27supplement（LiftTechnologies，Tokyo，

Japan）and O．5mM glutamine andculturedat370Cin a5％CO2incubator・The

Neuro2acellline（mouseneuroblastoma；InstitutefbrFermentation，Osaka，Japan）was

growninEagle’smedium（MEM；Nissui，Tokyo，Japan）supplementedwithl％non－

essentialaminoacids（NEAA）（LiftTechnologies，Tokyo，Japan）and10％fetalbovine

serum（FBS）at370Cin a5％CO2incubator．ThePC12cellline（agiftfromDr・

YasuhisaHukui，UniversityofTokyo，Japan）wasgrowninDMEM（LiftTechnologies）

SuPPlementedwith5％FBSand5％heat－inactivatedhorseserum（HS）at370Cina

lO％CO2incubator．

RTJPCR

Adultwholehippocampi（ddYmice，13weeksold；male）weredissectedonsilicone

（TbshibaSiliconeCo．，Ltd，Tokkyo，Japan）underastereoscopicmicroscope（SMZ－U，

Nikon，Tokoy，Japan）．TotalRNAwasisolatedbyone－StePPrOCedure（Chomczynski

andSacchi1987）usingTrizolreagent（LihTechnologies）from2－day－and7－day－Old

hippocampalprimary cultures（PN－2d and PN－7d）and from mouse hippocampi・

Briefly，tOtalRNA（stepdilutesO．1～100ng）wasreversetranscribedusing100units

MMLV reverse transcriptase（Lift Technologies），200ng random hexonucleotide

Primers（Takara Shuzo Co・，Ltd，Kyoto，Japan）and O・5mM dNTPs（Amersham

PharmaciaBiotech，Tokyo，Japan）inbuffersuppliedbythemanufacturerandareaction

VOlumeoflOい1at370Cforlh・ThecDNAsynthesizedfromthetotalRNAwas
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amplifiedfbr35cycles（940C；0・5min，550C；lmin，720C；1・5min）ina50－い1reaction

mixturecontainingnestedprimers（theoutsideprimerpairislistedfirst）：5’－CCTCTT

AGTTCCACCCTCTT13，／5，一TTCACGTAGTArAGTCCGAC－3’and5’－CTG

GAAGGTCGAGAGTGTAT13’／5’－GTTGGGTCTTCTAGTGTCAG－3’（0．2いM

finalconcentration），1．5mMofMgC12，0．2mMofdNTPsandTaqDNApolymerase

（1．25units；AmershamPharmaciaBiotech）inthebuffersuppliedwiththeenzymeina

DNAthermalcycler（Mode19600；Perkin－ElmerJapanApplied Biosystems，Chiba，

Japan）．ThesolutioncontainingcDNAproductswasmixedeithpicogreen（Molecular

Probes，Inc．，Eugene，OR，USA）andsubjectedtolO％PAGE・

ApplicationofrecombinantneuropsintoprlmaryneurOnS

RecombinantproneuropsinwaspreparedfromaBaculoviruSeXPreSSionsystem（28）

andthebufftrcontainlngPrOneurOPSlnWaSChangedtoaneurobasalmediumuslngan

EconopacklODG desalt－COlumn（Bio－Rad，Tokyo，Japan）・　We measured the

amidolytlC aCtivlty Of neuropsln With　50　mM Boc－Val－Pro－Arg－methylcoumarin

（PeptideInstitute，Inc．，Osaka，Japan）（28）・Oneunitwasdefinedasthatrequiredto

hydrolyzelいmOlofthesubstrateperminuteat370C・Therecombinantproneuropsln

hadlowpeptidolyticactivity（＜0・01U／mgprotein）・Aftertreatmentofproneuropsin

withlysylendopeptidase［EC3・4・2l・50］（WakoPureChemicalIndustries，Ltd・，Osaka，

Japan）conjugatedwithSepharose4B（AmershamPharmaciaBiotech，Tokyo，Japan）at

370C for50min，the activlty Ofactive－neurOPSln WaS2・6U／mgprotein・Primary

hippocampalneuronswereculturedinmediumcontainlngreCOmbinantneuropsln，in

whichtherewasdegradationofneitherproneuropslnnOraCtive－neurOPSln，foratleast

48hours．

MorphologicalanalysisofprlmaryneurOnS

At14，18，24hourcultures，Cellswereimmunostainedandtheimageswerecapturedby
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anAxioplan2（CarlZeiss，Tokyo，Japan）．Thenumberofcells，neuritis，andaggregates

WereCOuntedmanuallyina480x700いmSquarefieldperexperlment．

PlasmidConstruction

PEDl－NPwasconstructedasfbllows．A789－bpNcoI－XhoIfragmentofafull－1ength

neuropsincDNAwasamplifiedbasedonNPl－PBluescript（ⅠⅠ）KS＋（6）byPCRusingthe

fbllowingprimers：forward；5’一CGGGArArCACTCAGCATAArG－3’（T7primer）／

reverse；5■－GGACTCGAGTCAGTCCCTGTTGTCCATTGTCTl二3’（Primer－A；

COntainingastopcodonandXhoIsite），andintroducedintotheNcoI－XhoIsiteofpEDI

VeCtOr（4896－bp）（agiftfromDr．MahitoNakanishi，GeneDiscoveryResearchCenter，

AIST，Ibaragi，Japan），Whichcontainsthe cytomegalovirusenhancer，Chickenβ－aCtin

PrOmOter（29），andSV401atepolyAsignal（30），tOgeneratePEDl－NP

Point mutations wereintroducedinto afu11－Size neuropsln CDNA of pEDl－NP by

Oligonucleotide－directedmutagenesisuslngMutan－SuperExpressKmaccordingtothe

manufacturer’s protocol（TaKaRa，Siga，Japan）・The numeralsin the clone names

indicate the aminoacid numbercountedfrom the startcodon，Met．The followlng

PrlmerS Were uSed，and the nucleotides changed relative to the neuropsln CDNA

SequenCeareunderlined：C7S，5’－CCCCCACCCT∈TGCAArCCA－31；C39S，5’－

AGGTCGAGAGT∈TjVACCCCAC－31；C74S，5一－AGCCCACT∈CAAAAAACA

G－31；C108S，5■－GCATCCTT∈CTACAACAAC－3’；C145S，5■－CCAArCTGT∈TC

CCAAAGTTG GCCAGAAG－3’；C152S，5’－TTGGCCAGAAGT∈CATCATAT

CAG G－3．；C198S，5’－AGG GCATGGTCT∈TG CTG GCAGCA G－3’；C208S，5一－

TGACACGT∈CCAGGGTG－3．；C233S，5’－TCAGAC CCCT∈TGGGAAACCC

G－3．；C246S，5l－ACA CCAAAATCT∈CC GCT ACA CTACC－3’；Nl10A，5’－TCC

TTGCTACG∈CAACAGCAACCC－3’；D206V5’－TGGAGCTG工CACGTGCC－

3’；DS211VA，5’－TGGAGCTGACACGTGCCAGGGTG工CGCAGGAGGCCC－3’．

DeletionmutantsofA（S87－P94）andNllOS●A（Nl13－El15）werecreatedbyPCRwith
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NPl－PBluescript（II）KS＋（6）．PCR－fragments of250－bpofNcoI－EcoO65I：brward；

T7prlmer／reverse；5一－ATGGTCACCCAGACGCACG－3’，and509－bpofEcoO65I－

XhoI：fbrward；5’JIACTCCGTGCGTCTGGGTGA∈CATGAGCAGGAGArC

CAGGTGGC－3’／reverse；Prlmer－A，WereinsertedintotheNcoI－XhoIsiteofpEDlto

generateA（S87－P94）・PCR－fragmentsof328－bpofNcoI－NSPV：fbrward；T7primer／

reverse；5’－GTTCGAATAGCAAGGATGCTGGArAGA－3一，and446－bpofNSPV－

XhoI：forward；5’一TCTArC CAG CAr CCTTGC TATTCGAACAGC GAr CAC

AGTCACGArATAATG－3T／reverse；Prlmer－A，WereinsertedintotheNcoI－XhoIsite

OfpEDltogenerateNllOS●A（Nl13－E115）．pSlhGHvectorencodinghumangrowth

hormonewasdescribedpreviously（31）．

1什ansttction

Neuro2acellswereplatedatadensityofl．OXlO4／cm2（1．OXlO5cells／35mmdish）

inMEM，10％FCS，andl％NEAAonacoverslip（Matsunami，Osaka，Japan）coated

Withpoly－し1ysine（4いg／cm2；Sigma，St．Louis，MO）．After18hours，Cellswere

transfected withlいg OfpEDl－NP and the mutantsin OPTI－MEM－1％NEAAby

LipotbctAMINEPLUS（LiftTechnologies）・After3hours，themediumwasreplaced

Withfresh OPTI－MEM－1％NEAAcontaining N－2supplement（differentiation）（Life

l七chnologies）・Conditionedmedium（2mlper35mmdish）wasrecoveredafter36

hoursofculturefbrtheenzymeassay．PC12cellswereplatedatadensityofl．2XlO5

／cm2（l．2XlO6cells／35mmdish）inDMEM，5％FBS，and5％HSonadishcoated

Withpolyethylenimine（Sigma）・After18hours，Cellswereco－tranSftctedwithl．5LIg

OfpSIhGHandl・5いgOfpEDl－neurOPSinbyLipofbctAMINE2000（LiftTechnologies）．

After48hours，aSSaySOfhGHandneuropslnreleasewereperformed・

ImmunofLuorescence

Primary neurons were placed onice，treated with or without O．125％（W／v）
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PrOnaSe（Calbiochem，Darmstadt，Germany）for30min and reacted with rat anti－

neuropsin monoclonalantibody（B5mAb　20　mg／ml，Medialand Biological

Laboratories，Co・，Ltd・，Nagano，Japan）（7）in Dulbecco’s PBS containing O．7mM

CaC12andO．5mMMgC12［PBS（＋）］oniceforlh．Then，Cellswerefixedwith4％

Paraformaldehydein PBS（＋），reaCted with goat anti－ratIgG conjugated with FITC

（JacksonImmunoresearchLab・，Inc．，Ⅵ七stGrove，PA），permeabilizedwithO．2％Triton

X－100inPBS，andreactedwithrabbitpolyclonalantibodyagainstMAP2（32）（Sigma－

aldrich，Tokyo，Japan），aSOmatOdendriticproteinofneurons，andgoatanti－rabbitIgG

COnjugated with rhodamine（BiosourceInternational，Camarillo，CA）．　For the

morphologlCalanalysIS，Prlmary neurOnS Were fixed with4％paraformaldehydein

PBS（＋）and reacted with anti－MAP2　monoclonalantibody（MAB364，Chemicon

InternationalInc・，Temecula，CA）orwithSMI31（anti－PhosphorylatedneuronlamentH，

SternbergerMonoclonalsIncorporatedAIphaCentter，Baltimore，MD）andgoat anti－

mouseIgGconjugatedwithFITC（OregononTeknikaCorporation，Durham，NC）．

Neuro2acellsandPC12cellswerefixedwith4％parafbrmaldehydeinPBS（＋）

and reacted withthe fbllowlng antibodies：rabbit anti－neurOPSln POlyclonalantibody

（11pAb，20いg／ml）（8），ratanti－neurOPSinmonoclonalantibody（B5mAb，20いg／ml），

mouse anti－Grp78monoclonalantibody，（dilutedl：200，StressGen Biotechnologies

Corp・Victoria，BC，Canada）（33），rabbitantiserumagainstα－mannOSidaseII，aGolgi

enzyme，（1：1，000，agiftfromDr．KellyMoremen，UniversityofGeorgia，Athens，GA）

（34），andrabbitanti－ChromograninApolyclonalantibody（1：500，agiftfromDr．Seung

Hyun Yoo，KAIST，Korea）（35）as primary antibodies；and goat anti－rabbitIgG

CO可ugatedwithFITC（1：600，BiosourceInternational，Camari1lo，CA），gOatanti－ratIgG

CO可ugatedwithrhodamine（l：100，BiosourceInternational），andgoatanti－mOuSeIgG

CO再ugated with FITC（1‥600，BiosourceInternational）as secondary antibodies．

Double－1abeled immunofluorescence cytochemistry with anti－Grp78，antl－α－

mannosidaseII，and anti－Chromogranin A antibodies was used to observe the
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localizationofmutantandwild－tyPeneurOPSinontheER（33），Golgicomplex（34），and

largedensecorevesicles（36），reSPeCtively．

The coverslips containlngimmunostained cells were mountedin glyceroI

COntainingMowio14－88（Calbiochem－NovabiochemCorporation，SanDiego，CA）and

l，4－diazobicyclo－（2．2．2．）－OCtane（Sigma－aldrich）（37）andwere observedwithaLaser

SCanmicroscopeLSM510invert（CarlZeiss，Tokyo，Japan）．

QuantificationofMutantsandWild－TypeNeuropsininConditionedMedia

Mediaandcelllysatesweresu叫ectedtoSDS－PAGEuslnglO％acrylamidegel．

Theproteinsweretransferredtoapolyvinylidenedifluoride（PVDF）membrane（Bio－

Rad，Tokyo，Japan）・Themembranewasreactedwithrabbitanti－neurOPSinpolyclonal

antibody（11pAb），andthengoatanti－rabbitIgGco可ugatedwithalkalinephosphatase

（Bio－Rad）in5％skimmilkinO．1MTris－HCl，PH7．5，0．15MNaCl，andO．1％Tween20．

The secondary antibody was detected by enhanced chemiluminescence（Immun－Star

Substrate，Bio－Rad），fbllowedbyexposuretox－rayfilm．Theamountofmutantand

Wild－tyPe PrOtein was determined based on the band densities uslnglD－gelimage

analysis software（Quantity One software，PDI，Toyobo Co．，Ltd．，Osaka，Japan）（8）．

Recombinantneuropsin（Baculo），PurinedfromaBaculovirusexpressionsystem（28），

WaSuSedasacontroloftheamount．

ForcomparisonoftheactivltyOf11pAbtobindmutantsandwild－tyPeneurOPSln，

COnditioned medium derived from each transftctant wasimmunopreclpltated with

affigelHzbeads（Bio－Rad，Tokyo，Japan）conjugatedwithF12mAb（7），thebeadswere

Su句ected to reduclng SDS－PAGE，and the band denslty　stained uslng COlloidal

PrOPertiesofCoomassieG－250（Gelcodeblue；PIERCE，Rockfbrd，IL）wascompared

With the band denslty Obtained by western blottlng WithllpAb．There was no

difftrenceinthebanddensltyOfmutantsandwild－tyPeneurOPSinbywesternblottlng

WithllpAbperいgPrOteincontents．
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PreparationofActiveNeuropslnandAssayofAmidolyticActivity

The amidolytlC aCtivlty Of neuropsln WaS determined basica11y as described

PreViously（28）．Briefly，COnditionedmediaofNeuro2acellstransfectedwithmutants

andwildtypeneuropsinweretreatedwithlysylendopeptidase［EC3・4・21・50］（Wako

Pure ChemicalIndustries，Ltd．，Osaka，Japan）conjugated with Sepharose　4B

（AmershamPharmaciaBiotech，Tokyo，Japan）at370Cfbr15minandthentheamount

Ofmutantandwild－tyPe neurOPSlninthemediumwasdeterminedbasedontheband

density，fb1lowing reducing SDS－PAGE andimmunoblotting．To determine the

amidolyticactivity，12．5～200mMBoc－Val－Pro－Arg－4－methylcoumaryl－7－amide（MCA），

Pro－Phe－Arg－MCA，Boc－Phe－Ser－Arg－MCA，and Boc－Asp（Obzl）－Pro－Arg－MCA

（PeptideInstitute，Inc．，Osaka，Japan）weremixedwith50nMmutant and wild－type

neuropsinin96－Wellplates（CorningCoster，Tokyo，Japan）．Thereactionproceededat

250CfbrOto60minat3－minintervalsin50mMTris－HCl，PH8．0，0．1mg／mlBSA，

and O．02％NaN3and was monitored with a multi－Wellplate reader（CytofluorII，

PerSeptive Biosystems，Tokyo，Japan）．The kinetic parameters Rh and kcat were

ObtainedbylinearregressionanalysISOftheLineweaver－Burkplot．

Depolarization・inducedRelease

After48hoursofgenetransfbction，PC12cellswerewashedfourtimeswitha

lowK＋solution（140mMNaCl，4．7mMKCl，1．2mMKH2PO4，2．5mMCaC12，1．2

mM MgSO4，11mM glucose，and15mM HEPES－NaOH，PH7・4）・They were

incubatedfbr2minwiththelowK＋solutionandthenfbr2minwithahighK＋solution

（140mMNaCl，59．7mMKCl，1．2mMKH2PO4，2．5mMCaC12，1．2mMMgSO4，1l

mM glucose and15mM HEPES－NaOH，PH7．4），and each medium was recovered・

Celllysateswerehomogenizedin10mMHEPES－NaOH，PH7・4andO・2mMEDrm
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uslngaSOnlCatOr（Ultras．Homogenizer，VP－5S，TAITEC，Co．，Ltd．，Saitama，Japan）and

Centrifugedat17，500xgfbr5min，andthenthesupernatantWaSCOllected．Contents

Ofhuman growth hormone（hGH）were determinedusing a hGH ELISAkit（Roche

Molecular Biochemicals，Mannheim，Germany）（31）．　Mutants and wild－tyPe

neuropslnWereCOnCentratedbyacidprecIPltationwithincubationin6％trichloroacetic

acid，0．0125％deoxycholic acid，andlOOいg／mlgelatin onice forl．5hours and

Centrifugationat17，500xgfbr45min，andthentheircontentwasdeterminedbySDS－

PAGE fbllowed by westernblottlng WithllpAb．Secretion was expressed as a

PerCentageOftotalcellularhGH，Wild－typeneuropsin，andthemutants．
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Results

Roolofneuropsininculturedmousehit）DOCampalneurons

Endogenous neuropsln WaS distributed on the plasma membranein cultured

Wedetectedneuropsln mRNAinprlmary hippocampalcultures uslng aSemト

quantitativeRTIPCRsystem（38）and fbundtheexpressionleveltobe approximately

One－tenthofthatinadulthippocampus（Fig．1A），indicatingthepresenceofendogenous

neuropsln in prlmary hippocampal cultures．　Thus，immunofluorescence

histochemistry was perbrmed to determine the expression pattern of endogenous

neuropsln・As recombinant neuropslnis secretedininsect cells transfbcted with

neuropsin cDNA（28），We firstinvestigated whether endogenous neuropsin existed

extracellularlyin7day－01dhippocampalprlmaryCulturedcells．Cellmonolayerswere

reacted withrat anti－neurOPSln mOnOClonalantibodybefore the fixation described at

materials and methods．Neuropsln Slgnals were detected diffusely on neuronalcell

bodies and their neurites extrace11ularly，Whereas MAP2　slgnals werelocalized

intracellularly（Fig．1C），and22％of neuronalcellbodies among MAP2－POSitive

neurons expressed neuropsin extracellularly（Fig．1B）．To confirm the presence of

extracellular neuropsin，Cellmonolayers were treated with O．125％（W／v）pronase

（Calbiochem，Darmstadt，Germany）for30min onice before being fixed，and then

incubated with B5mAb and goat anti－ratIgG co叫ugated with FITC，reSultingln nO

remainingcellsurface－boundneuropsin（Fig．1B andD）．Inaddition，afterpronase－

treatment and fixation，Cellmonolayers werepermeabilized and then reacted with

B5mAb and goat anti－ratIgG co叫ugated with FITC．As shownin Fig．1E，

intracellular neuropsln Slgnals werelocalized as punctate granulesin neuronalcell

bodies and their neurites．Finally，Weindicated histologlCa11y that endogenous
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neuropslnWaSeXPreSSedandsecretedextrace11ularlyinneuronalcells・

RecombinantneuropslnmOdulatesneuriteoutgrowthandfasciculationofmouse

hippocampalneuronsinculture

Next，tO elucidate theinvoIvement of extracellular neuropslnin neural

development，We teSted how the application of recombinant neuropsln affected

hippocampalcultured neurons・We observed morphologlCalchanges of neurons

CulturedinmediumcontainlngaCtive－neurOPSinbyimmunofluorescencehistochemistry

described at materials and methods（Fig．2A－H）．We fbundtwo efftcts ofactive－

neuropsinonneuronaldevelopment：i）neuriteprqjectionandii）neuritefasciculation

and ce11aggregation．Fig．2A－C，first，Show representative fields at14hoursin

CulturescontainlngaCtive－neurOPSlnOrnOt．Thenumberofcellshavingneuriteswas

Slgnificantlyincreased when hippocampalneurons wereincubated with active－

neuropsin，butnotproneuropsin，at14and18hoursculture（Fig・3A）・In addition，

applicationof2．0いMactive－neurOPSlninducedanincreaseofl・7－foldintheaverage

numberofneuritespercellhavingneuritesat14hoursculture（Fig・3B）・Ontheother

hand，therewasnodifftrenceintheaveragelengthofthelongestneuritepercellhavlng

neurites at14to24hoursculture（Fig．3C）．Itwas suggestedthatactive－neurOPSin

enhancesneuriteprq）eCtionspecincally．Inaddition，theactivltyforneuriteprq］eCtion

Shownbyactive－neurOPSlnWaSattenuatedat24hoursculture・Theseresultsshowthat

active－neurOPSinfunctionsonlyveryearlylntheprocessofneuriteprq］eCtion・

Second，aPplication ofactive－neurOPSln enhancedce11aggregation andneurite

fasciculationat48hours（Fig．2E－H），Whichwassimilartotheresultobservedat7days

afterthe startofculturewithoutneuropsin（Fig．2D）．Statisticalanalysis confirmed

that the number ofaggregates on addition ofO．8and2．0いM active－neurOPSln WaS

increasedby6．1－and4．2－fold，reSPeCtively，Whiletherewasnodifferenceinthenumber

Of cells per square（Fig．3D and E）．These results suggest that active－neurOPSin
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facilitates neurite fasciculation and reduces the amount of time required for the

aggregationofneuronsandfasciculationofneurites・

Finally，thepresentstudy showsthatneuropslnPOSSeSSeS aCtivlty tOenhance

neuriteprq］eCtionandfasciculation，indicatlngthatextracellularendogenousneuropsln

isalsoinvoIvedinthesefunctionslocallyduringneuronaldevelopment・

RoleofLoopStructuresofNeuropsln

inActivit ofSerineProteaseandRe ulatedSecretion

ToinvestlgatetheroleofthesurfaceloopstructureofneuropslnlnenZymatlC

activityandsecretion，Site－directedmutagenesiswasemployedinloopC（Gly69to

Glu80），theN－glycosylatedkallikreinloop（His91toIlelO3），andsixdisulfidebonds（Fig・

4B）．Neuro2acellstransientlytransftctedwithmutantandwild－typeneuropSincDNA

were cultured for36hours・DisruptlOn Ofthe disulfide bonds SS2，SS4，and SS5

interruPtedthesecretionandcausedtheenzymestodistributeintheERbutnotthe

Golgicomplex（Fig．5）．Sincetheresultsshowqualitycontroloftheenzymes，they

wereuninfbrmativewithregardtotheenzymaticactivltyandsecretion・

ComparisonofEnzymaticActivitybetweenMutantandWild－tyPeNeuropsln

Twelvemutantsandthewild－tyPeneurOPSinhadlittleamidolytlCaCtivltyWithout

treatmentbylysylendopeptidase（28）・Tablelshowstheenzymaticactivitiesofthe

mutantsandwild－typedetectedaftertreatmentwithlysylendopeptidase・

First，the enzymatic activlty WaS eXamined with Boc－Val－Pro－Arg－MCA・

MutationsinAsp189（D206V；SIspecincpocket）andSer195（DS211VA；Catalytictriad）

1ackingaproteaseactivepocketresultedinlevelsofactivlty～200－and～800－bldless

than the wild－tyPe aS meaSuredby kcat／Km，reSpeCtively（Tablel，1ines3and4）・

15
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Alternatively，C208S（SS6）and C233S（SS6），had70～200－fbldless activitythan the

Wild－type（Tablel，1ines12and13），thekcatvaluesbeing～200－fbldlessthanandthe

Kmvaluesalmostthe sameasthewild一typevalues．DisruptionsofloopC［A（S87－

P94）］andofadisulfidebondSSl（C39S）causedhydrationofthesubstratetooccur22－

times more slowly than for the wild－tyPe（Tbblel，lines5andlO）．Bothloop C

［△（S87－P94）］and C39S（SSl）showed a decreasein kcat values andincreasein Km

values，indicatingthatloopC（Gly69toGlu80）andSSIwerenecessaryfbrcatalytic

efficiency．TheremainlngmutantSShowedlittlediffbrenceinactivltyOnBoc－Val－Pro－

Arg－MCA，relativetothewild－type．

Thethree－dimensionalview has revealedthatthe kallikreinloopofneuropsln

fbrms a narrow P2pocket（10）．To determinethe efftctofN－glycosylation ofthe

kallikreinloop on the P2－SPeCificity of neuropsln eXPerimentally，the activities of

NllOAand Nl10S・A（Nl13－El15）were examined with Pro－Phe－Arg－MCA・Almost

thesamecatalyticactivitywasfoundasthatofthewild－typeinkcat／Rh（Tablel，1ines

15－17）．However，thekcatvalueswerell－and4－tbldlessthanthatofthewild－tyPe；

andKmvalues were20－and7－bldlower，indicatlng enhancementofnonproductive

bindingofphenylalaninetotheS2siteofneuropsln．

ThecrystalstruCtureindicates thatLys1750floopFis prq】eCted towardthe

S3／S4site（10）andexperimentally，ahighlevelofactivityofwild－tyPe neurOPSinis

Observedfbrsynthetic trlPePtidesubstrateshavinghydrophobicandacidicresiduesat

theP3position（28）．SincethedisulfidebondSS3providesstructuralrigiditytoloopF

（Fig．4A），We determined the efftct of SS30n the P3－SPeCincity of neuropsin，by

examining the activity ofC145S and C246S（SS3）withBoc－Phe－Ser－Arg－MCAand

Boc－Asp（Obzl）－Pro－Arg－MCA．Therewasnoeffbctontheactivities（Tablel，1ines

18－20and23－25）．ItwassuggestedthatthedisulfidebondSS3hadnoeffectonthe

P3－SPeCificityofneuropsln．
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RegulatedSecretionofNeuropsln

Next，We eXamined whether wild－tyPe neurOPSin could be secretedin a

regulated manner・First，We deteminedthe amountofneuropsln SeCretedafter15

min ofexposure to high K’mediumin Neuro2a cells transftcted with wild－type

neuropslnCDNAtransiently・Theresultwas anincreaseintheamountbyl・2－fold

（P＜0．05，Student’st－teSt）relativetothatinlowK’medium（datanotshown）・This

showed thatNeuro2a cells secretedlowlevels ofneuropslnin a regulated manner・

However，the possibility remainedthatregulated secretion ofneuropsln OCCurredin

analternatecellline（39，40）．Therebre，WeneXtinvestigatedthe secretorymanner

of neuropsinin PC12cells co－tranSfected with human growth hormone（hGH）

and neuropsln CDNAs transiently・　hGH has been wellcharacterized as a

regulatedsecretoryprotein（41）andthepresentstudyalsoshowedthat，after2minof

exposuretohighK＋mediuminthepresenceofcalcium，thereleaseoftransfectedhGH

wassignificantlystimulated2．5－foldrelativetothatinlowK’medium（Fig・6A）・At

thesametime，WereVealedthatthereleaseoftransfectedneuropslnWaSSlgnificantly

stimulatedbyhighK＋medium3・4－foldandthestimulatedsecretionwasdependenton

thepresenceofcalcium（Fig．6B）・Furthermore，immunofluorescencecytochemistry

showed that neuropsln distributed as punctate struCtureSin the cytoplasm and

neurites ofPC12cells，CO－localized with chromogranin A（Fig．8Aarrows）・It has

been reported that chromogranin Ais a m叫Or COmPOnent Oflarge dense core

vesicleandplaysakeyroleinregulatedsecretorygranulebiogenesisinPC12cells

（36）．Thus，thepresentresultsarethefirstevidencethatneuropsinwassecretedin

aregulatedmanneraswe11ashGH・

ComparisonoftheRegulatedSecretionofMutantandWild・tyPeNeuropsln

To elucidate the roles ofeachloop ofneuropslnin the regulated secretion，

thesamereleaseassaysasemployedforthewild－tyPeWerePerfbrmedinPC12cells

transfected with mutant cDNAs（Fig．7）．　There was no one disruptlOn

whichinhibitedhighK＋－eVOkedrelease・Alternatively，highK＋－eVOkedreleasesof
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high K十－eVOked release・Alternatively，high K＋－eVOked releases ofthree mutants

invoIvingloop C［A（S87－P94）］andloop D containing an N－1inked oligosaccharide

Chain［Nl10AandNllOS●△（Nl13－El15）］were significantlyenhancedtol．6－，1．7－，

and2．0－fbldrelativethatofthewild－type（Fig．7stars）．Allmutantproteins，eXCePt

those with disrupted disulfide bonds SS2，SS4，and SS5，CO－localized with

ChromograninAincytoplasmandneuriteslikethewild－tyPe，SuggeStlngthat

no mutants were excl山dedfrom the regulated secretory pathway（Fig．8B－E）．We

COnClude that there was no surfaceloops essentialfor targetlng tO the regulated

SeCretOryPathwayamongloopsdisruptedinthepresentstudy．
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pre服n’damong一帖ka川k相加ramil〉－▲　加）厄clna軋Ⅲs訂（C桓－nO吟画山肌山肌），Aspl（児，

andSer195；loopstrtwtures，A－H（WhlteCharacters）；N－andC－terminaLs，NandC（black

characLcrs）；disundcbonds，SSトSS6・B．Schcmatic rcprcscnLationo［ncuropslnand the

CStablishcd mutatlOnS．Alnc u甲，Lhc N－glycosylat10nSLk（1argc］o［lippsymb（」），lⅥ’Orree

C押血旧（Smdlcl（博Cddmlc可a血扇x山血nJc－bn血，SSl－SSる，a∫eindicatd（WTⅧ・■i】か
t）T℃nCurO画n）・ThcERs．gnalscqucnccismarkcdwiLhhaLchedboxcL Thc〃umeYL7／sinne
cIonc namcsind［CatC thc arnlnOaCld numkrcountcd rrom the starLc（山（1n，MeL Toobta［n

mutanLsdi汀uPLcdLrt血proLcascacLLVe FXX・kct，AlaorVahvassubstltuted「orAsp189althc

Sl－SFufleP”kcL（D2O6V）and［（汀Asp191andSer）95inlhccaLal）雨ctnad（DS2‖VA）・A

dcIcLi（mOrScT72－Pro79a‖（叩CⅥ′㌣PCrrOrmCdEA（S那一円4）I・IntheN－gIycos）rlatcd
k山1ikrcinl00P，Asn95．Lhc gl）rCOSylatIOn Sitc，WaSChangcd oAla（NllOA）and the
amino acids Asnlo Glu97＼VCrC dcIcLcdin addiLion Lo substitulion or Asn95with Scr

［NllOS・A（N113－El15）】．Serwassubstltutedrorrreecysteineresidues（C7SandClO8S）and

rorC〉▼S22（SSl），C）’S錮（SS2），Cys128（SS3），Cys136（SS4），Cys182（SS5），Cyslリ1（SS6），

C〉▼S220（SS6），andCys232（SS3）todlSruptthed．suIr］debonds（C39S，C74S，C145S，C152S，

C198S，C208S，C233S，andC246S）．
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Fig．5・1JTLnunOCytOChemic＆lLocAliヱ8tionofmutantneurops】nintransientlytransfected

Neuro2aeells・C198S（SS5）eDNAll■LLStmnSientlヽ′lmnsLlecLed LoNeuro2ilandlhirL）■Siヽ

hoursalLterlTtlnSL■ection，Ce）1s＼l‘erePrOCeSSedrordoubleimmuno11uorescenぐell・■iLhtheiLnLl－

neuropsin（A，B）andLullia－mannOSidase11（Ar）orilnti－Grp78（Bl）anLitx山iesasdescnbed

under’’hpenmenLiIl汁LXeJuresr・NoLelhaLC198S（SS5）signalswerearresLedinERbuL

noIcdu㍊11∠edin Golg】COmpleヽ（m、VS）（Aand B）・1mages roreachm此IntSho、、■nu∫e

rEPreSenlali、・eOr3di汀erenle、匹rlmenLs・Bar＝2（）〃m・
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Thblel・Enzymaticactivityofmutantsandwi1d・tyPeOfneuropslninmediaof
transfbctedneuro2acells．

kcat［s－1］　　　　Rh［いM］　　kcat／Rhl［M－］s－1］

Neuropsin（Baculo）

WT

D206V

DS211VA

△（S87－P94）

NllOS●△（Nl13－El15）

NllOA

C7S

ClO8S

C39S（SSl）

C145S（SS3）

C208S（SS6）

C233S（SS6）

C246S（SS3）

Boc－＼ね1－Pro－Arg－MCA

68．8

100

0．141

0．0387

15．8

51．6

45．0

47．0

78．3

11．6

50．8

0．513

0．424

28．8

245

282

81．9

86．3

966

97．1

152

190

158

703

110

102

212

119

2．81xlO5

3．55xlO5

1．72xlO〕

4．48xlO2

1．64xlOヰ

5．32xlO5

2．96x105

2．48xlO5

4．95xlO5

1．65xlO4

4．60xlO5

5．03xlO〕

2．00xlOう

2．43xlO5

WT

NllOS●△（Nl13－El15）

NllOA

Pro－Phe－Arg－MCA

193

49．9

18．3

8360

1270

410

2．31xlO4

3．92xlO4

4．47xlO4

WT

C145S（SS3）

C246S（SS3）

NllOS●△（Nl13－El15）

NllOA

Boc－Phe－Ser－Arg－MCA

34．8

38．1

31．4

35．7

24．5

216

209

238

215

180

1．61xlO5

1．82xlO5

1．32xlO5

1．66xlO5

1．36xlO5

WT

C145S（SS3）

C246S（SS3）

Boc－Asp（ObzI）－Pro－Arg－MCA

31．3

33．1

22．7

316

309

287

9．92xlO4

1．07xlO5

7．90xlO4

FluorogenicsubstrateBoc－Ⅶ1－Pro－Arg－MCAwashydrolyzedin50mMTris－HCl，PH

8・0，0・1mg／mlBSA，and O・02％NaN3at250C・Representative values for three

independentNeuro2acelltransftctionexperimentswereglVenaSaVerageSOftriplicate

aSSayS・
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trans仙d PC12celLs．PC12cellswereco－tranSreCtedⅥル血pSIhGHandpEDトNP・ForLy

C）ghLhoursarLcr血rlSrCCt】（m，hGHandneurop引nrekiuSeSWeTCaSSayCdinciLhcrLowK＋（LK，

4・7mMKCl）orhlghK＋SOlutlOn（HK，59・7mMKC）），inthcprcscnccorabscrwor2・5mM

Ca2＋．Theamountso［rekasedhGHand眠urOPSln WereeXPreSSedasaperCentage OIthe

eellularcontent．ErrorbarsshowthestandarderrororthreeindependenteヽperlmentS．A，

HlghK＋dependenthGHrelease・Starsshowstat）StlCalsigni11canceagalnS（＋C鋸十／HKas

determined by one－Way ANOVA roILoIVed by a Bonrerroni／Dunn test ror multlPLe

COmParm肝（3，16）＝84287，P＜0・OO2］・B，HighK＋dependentI佗urOPSin（NP）release・

Stars showstatlSt】CalslgnlrlCanCeagalnSt＋Ca2・／HKasdetermlned bvone－WayANOVA

toHoⅥ・edbyaBonIerroni／DmtestrormultlPlecornpansons『（l，6）＝36A651，P＜0・（沿1］・At

the bottom，rePreSentat］、’e bandsoIrreuropslnareShown NeuropslninHKandLKmedla

andl／4volumesofce111ysates≠■ererunOnSDS－PAGEandwesternblottedwlthllpAb・
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10〝m．
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Discussion

RoolofneuropsininculturedmousehiDpOCampalneurons

HowthesecretedneuropslnWaSaSSOCiatedtothecellsurfhces

Inthis study，Itwasindicated thatendogenous neuropsln WaSlocatedoncell

Surfacein cultured hippocampalneurons，although there was no transmembrane－

SPanning region within the neuropsin structures（10）．Since thereis evidence that

neuropsinactstodegradeECMprotein，fibronectin（28），andthecelladhesionmolecule，

Ll，in vitlT）（Matsumoto－miyai，K・，et al．，in preparation），after secretion，the

extracellularperiplasmiclocalizationofneuropslnmightbeattributabletothebinding

OfneuropslntOCellsurfacemoleculesincludingLlandfibronectinboundtointegrln・

How the secreted neuropsln aCtSin neurite outgrowth，fasciculation and cel）

aggregation

Recently，it has been proposed that endogenous substrates for an active

neuropsin were the extracellular matrix molecule fibronectin（28，42）and the cell

adhesionmoleculeLl（Matsumoto－miyai，K・，etal．，inpreparation）．Previousreports

haveshownthatfibronectinpromotedoutgrowthofretinalneuronsandtheneuralIg

SuPerfamilymemberF11／contactin enhancedthe fibronectin－induced outgrowth（43）．

ItwasalreadyknownthatLlmediatesneuriteoutgrowth，adhesion，andfasciculation

during neuronaldevelopment（44，45）and as afunctionalmechanism，dynamin－

mediatedendocytosisofLlisnecessaryfbrMAPK－dependentneuriteoutgrowth（46）．

Alternatively，reCentStudieshaveprovidedevidencethatfragmentsoffibronectinand

LIcouldalsosupportcelladhesionandmigrationoftumorcells（47，48）．Notably，the

releaseofLlintumorcellsismediatedbyamemberoftheADAMmetalloproteinase

fami1y and the Llthatinteracts with neurocan can serve aS Substrate fbrintegrln－
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mediatedadhesionandmigration（47）．Inthehippocampus，neurOPSinmightplaya

roleintheproductionofsoluble Llinsteadofthe metalloproteinase・In addition，

PreViousstudyhasshownthatLlandfibronectinarefoundinallreglOnSOfthecentral

nervOuS SyStem（49），SuggeSting that addition ofrecombinant active－neurOPSin also

affbcts neocorticalcultured neurons as wellas hippocampalneurons・Finally，

neuropsln might modulate neurite outgrowth and fasciculation viafragmentation of

fibronectinandLlinthehippocampuswhereneuropslnisexpressed・

RoleofLooDStructuresofNeuropm

inActivit ofSerineProteaseandRe ulatedSecretion

Effbctsofmutationsonenzymaticactivityofneuropsln

The present study provides experimentalevidence that characteristic surface

loopsofneuropslnCOntrOlthespecificityofenzymaticactivlty・

I．MutationsafFbctingthePIspecificityofenzyme－　Asp189intheSl－SPeCific

pocket（D206V）andSer195inthecatalytictriad（DS211VA）werenecessaryforthe

catalyticefficiencyofneuropsin（Tablel）aswellastrypsin（14，50），anddisruptionof

thedisulfidebondSS6resultedinaremarkablereductionintheenzymaticactivltyOf

neuropsln・ThecrystalstructureofneuropslnShowsthatSS6providesstabilityinloop

G（Ser185to Gly197）（Fig．4A）（10）．And，it was elucidated experimentally that

disruptlOnOfSS6induceddisplacementofloopGandledtoachangeinthepositionof

Ser195，PartOfthecatalytlCtriad，reSultinglnadecreaseofenzymaticactivlty・Since

allSl（ClanSA）serineproteasespossessSS6，itwasproposedthattheroleofSS6was

commontoallthemembers．

ⅠⅠ．Mutations afFbcting association of enzyme with the C－terminalside of

substrate－　KnownstruCtureSOffamilySl（clanSA）serineproteasesindicatethata

loopstruCtureSimilartoloopE（Gly142toLeu155）ofneuropsin，Whichisstabilizedby
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thedisulfidebondSSl（Fig．4A）（10），isincontactwiththesubstrateontheC－terminal

Side（14）・Inaddition，loopC（Gly69toGlu80）ofneuropsinispositionedclosetoloop

E（10，19，20）・The effect ofloops C and E on catalytic efficiencyindicates that

interaction of the enzyme with the extended substrate generally helps to maintain

CatalytlC efficiency・On the other hand，a PreVious report has shown that theloop

StruCtureOftrypslnSimi1artoloopCofneuropslnCOntainsacalciumbindingsiteandis

invoIvedinautolysis，butnotenzymaticactivity（19，51）．Thus，thepossibilityremains

thattheeffectoftheloopCofneuropslnOnCatalyticefficiencylSSPeCincforneuropsln・

III・Mutations affbcting the P2speci坑city of enzyme－　The three－dimensional

ViewhasindicatedthatthekallikreinloopstruCture（His91toIlelO3）ofneuropsinafftcts

the S2site（Fig・4A）（10）．Inthe present study，itwasindeed shown thatN－1inked

OligosaccharidesonthekallikreinloopaffbctedthesizeoftheP2pocket・Additionally，

NllOAwasmoreefftctiveagainstP2－SPeCificitythanwasNl10A・A（Nl13－El15）．The

CryStalstruCtureindicatesthatGlu97isprq）eCtedfromthesurfacetotheSIpocket・

Thus，deletion ofonlyN－1inkedoligosaccharides mightalso afftctthe prqIeCtion of

Glu97，reSultingln anincrease ofnonproductive binding・Alternatively，Since the

kallikreinloop ofneuropsln difftrs radicallyfrom other members of the kallikrein

fami1yasalreadymentioned（10，20），thepresentefftctofN－1inkedoligosaccharideson

P2－SpeCificitymightbeonlyspeCincforneuropsln・

Effbctsofmutationsonregulatedsecretionofneuropsln

ThepresentresultsindicatedthatneuropslnWaSSeCretedinaregulatedmanner・

Aprevious study suggestedthataprosegmentcleavageeventat adibasic siteofan

aspartylprotease，PrOrenin，by proprotein convertasesisimplicatedin the regulated

secretionofrenih（52）．Alternatively，infamilySl（ClanSA）serineproteases，PreVious

StudieshaveindicatedthattheprosegmentofneithertrypslnOgennOrCathepslnGis

essentialfor sorting to the regulated secretory pathway（2l，24）．Therefbre，the
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possibilityhasremainedthatasiteotherthantheprosegmentisrelevantforsortlngln

theregulatedmanner・ThepresentstudylnVeStlgatedeffectsofdisrupt10nSinloop

structuresofneuropslnOntheregulatedsecretion，andshowedthatnoonecriticalloop

is required for the secretion・Among theloops，loop C and the N－1inked

oligosaccharide chain on the kallikreinloop，however，enhanced the secretion，

proposlnganylnVOIvementofthesesitesinthesecretion・

Concernlng SeVeralprohormone andproprotein convertases，the amphipathic

helicalsegments are essentialfor regulated secretion，disruptlOnS CauSlng a SeVere

reductioninthesecretion（53－58）．Regarding neuropsin，theonlycandidateforthe

amphipathichelicalloopamongthesurfaceloopsthatsurroundthesubstrate－binding

siteisloopE（10）．Inthepresentstudy，disruptionofloopE，however，CauSedno

reductioninregulatedsecretion，WhiletheefftctofthedisruptlOnOnCatalytlCefficiency

confirmsperturbationoftheloopEstructure・Ontheotherhand，thepresentstudy

indicated that disruptlOn Ofloop C caused a slgnificant enhancement ofregulated

secretion，Whilenoexperimentshaveshown，SOfar，disrupt10nStOanymOlelculesthat

cause anincreasein regulated secretion（21，53，54，57，58）・Loop C consists of

hydrophilic amino acids andis prqjected to the surface（10）and thefunctional

slgnificanceoftheincreasecouldnotbeenelucidatedinthepresentstudy・Thus，itis

firstnecessarytodeterminewhethertheincreaseiscommontootherSl（ClanSA）

Serineproteases・

Inaddition，Site－directedremovaloftheN－glycosylationsiteofneuropslnalso

enhancedtheregulatedsecretion・TheexperimentsonenzymaticactivltyCOnfirmed

thatN－1inkedoligosaccharidesprovidestructuralrigiditytothekallikreinloop，Which

determinesthesizeoftheP2pocket・Thus，Changesinthekallikreinloopstructure

causedbytheremovalofN－1inkedoligosaccharidesmightalsoinduceanenhancement

of secretion．On the other hand，PreVious reports have shown that approprlate

glycosylationofanumberofproteinsisimportantfbrproperexpressionandfunction，
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i・e・，Stability，foldinglntheER，traffickingtotheGolgicomplexandplasmamembrane，

andcatalyticactivity（59－67）・Itremains，therefore，POSSiblethatvariabilityamOng

sugarstruCtureSinthekallikreinloopaffectstheregulatedsecretiondirectly・

Finally，thepresentresultsprovidenewinformationonthestruCture－functionoffamily

Sl（ClanSA）serineproteases・
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