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Preface

This book represents　the proceeding ofinternational workshop

betweenJapan and France entitled”Molecular Biology of Muscular

Dystrophy’’heldin Tokyo，17「18January，1996．The antecedent of the

WOrkshop dates back to1995，When Robert G．Whalen and Hideo Sugita

Organized a small workshopin Paris．Progressinthefield ofmuscular

dystrophy has clearly been facilitated bytheinternational cooperation，

exchangeofideas andgeneroussharingofbiologicalreagents．Assuch，We

WOuldlike to acknOwledge ourindebtednessto Drs・WhalenandSugitafbr

Settingthese conkrencesin motion．All ofuslook fbrward tothe next

meetingtentativelyscheduledforFranceintheAutumnof1997．

ProgressinthefieldofmuscularqystrophyoverthepastseveralyearS

hasbeenimpressive，andthecontributionofJapanandFrancewasbecoming

biggerandbigger．Especial1y，the cloning ofthe sarcoglycangenesandthe

Subsequentidentificationofthe mutationsinsome ofthe patients oflimb－

girdle muscular　dystrophy has been done byJapanese and French

researchers．　This Bnding was high－lightedin　this meeting．　After
identincationofthe causativegeneofmusculardystrophy，mOStimportant

StePistoverifyunderlyingmechanismofmusclenecrosis，neVerthelessthe

CauSe Of muscle necrosis was deficiency of dystrophin，SarCOglycan，Or

lamininmolecule．

Onemoreimportantsubjectinthisfieldistodevelopgenetherapyfor

musculardystrophy．Inli飴－threateneddiseasesuchasDuchennemuscular

dystrophy，thereisnomorehopefultreatmentthangenetherapy．Inthis

meeting，SOme Ofthe challenglng aPprOaCh using．cel1－mediated transfbras

Wellas uslng directgene tranSftr，hasbeen proposed．Progress nextftw

yearShouldtelltheadvantageanddisadvantageOfgenetherapy．

WegratefullyacknOwledge ScienceandTechnologyAgency（STA）and

JapanInternationalScience and Technology Exchange Center（JISTEC）fbr

theirsponsorshipofthismeeting．

EijiroOZAWA

Orgamizer
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Thelocalization ofdystrophin－andits
associated proteins・Onthesarcolemmaof

mammalianstriated muscle cells

HarunOriIshikawa

DepartmentofAnatomy，GurmaUniversitySchoolofMedicine，
Maebashi，Gunma371，Japan

Abstract

In confbcallaser microscopy combined withindirectimmun0－

fluorescencewithamonoclonalanti－dystrophinantibody，dystrophinwasseento

belocalized alongthe sarCOlemmain anonunifbrmandeven discontinuous

PatterninnormalgulneaPlgSkeletalandcardiacmusclecells．Sectionscut

tangentialtothesarCOlemmashowedalattice－likeimageoflongitudinaland

tranSVerSeStriations・Thetransverse striationswere oftenregularly spaced

resemblingthesarCOmerePattern・AnintenseirrlmunO－fluorescencestaining

WaS Seen at themyotendinousJunCtionsinskeletalmuscle cells and at the

intercalateddiscsincardiacmusclecells・Thisstainingpatternsuggeststhat

dystrophinmayalsobelocalizedintheadherensJunCtionswheremyofibrils

attach・Whenmusclecellswerestainedwithbothanti－dystrophinandanti－β－

dystroglycan，thestainingpatternwascompletelyidenticalsuggestingthatboth

PrOteinSareCOlocalized alongthesarCOlemma・In contrast，thestalnlng Of

Vinculinwasnotwellsuperimposedonthatofdystrophin・

Toclarifytheexactrelationshipbetweenthesarcolemmaanddystrophin

andotherrelated proteinS，Crude sarCOlemmalvesicles werepreparedfrom

rabbitandratskeletalmusclesaccordingtothemethodsdescribedbyOhlendieck

etal・（1991）・When such crude sarCOlemmalvesicles were examined by

negativestainingandthinsection’electronmicroscopy，theywerefoundtobe

heterogeneousinpopulationvarylnglnSizeandshape・Amongthem，1arge
VeSiclesofirregularShq）eCOntainedfinefilamentOuSStruCtureSandvesicular

ffagments・SuchfilamentOuSStruCtureSfbrmednetworkswhichwereclosely

associatedwiththeinnersurfaceofthevesiclemembrane・Interestingly，the
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filamentOuS netWOrks were restricted to the membrane domains where

Particulatestructuresprqjectedffomtheouter surface．Gold－hbeledwheat

germagglutinin（WGA）seleとtivelyboundtosuchlargeVeSicles．Withsome

Otherfindings，thelargeVeSicleswereconsideredtobeofsarCOlemmalorlgm．

WhenthecrudesarCOlemmalvesiclesweremountedonagridandimmun010－

gically stained withanti－dystrophinantibody after brief Triton treatment，

immunOgOldparticleswerefoundonlyonthefilamentousnetwo止sbeneaththe

VeSicle membraneS・　Replica electron microscopy showed charaCteristic

granularStruCtureSOnmOStOflargevesicles．Theyseemedtocorrespondto

theparticulatestruCtureSPrqiectingfromtheoutersurfaceofvesiclesasseenin

thinsections．ExogenouslaminincouldbereconstitutedonthesarCOlemmal

VeSiclesincloseassociationwithsuchparticulatestruCtuI℃S，SuggeStingthatthey

mayrepresentdystroglycanCOmplexes．
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Dystrophin：localization andregulatory

reglOnS forexpression
●

TeruhisaMiikel，Mn，MiyatakeMl，叫YoshiokaKl，M工，ZhaoJl，
MD．，TamuraTl，Mn，KimuraSl，MD，OgawaMl，MnIkezawaMl，
MD．，NiikawaN2，MD．，JinnoY2，Mn，UchinoM戸，MnYamamuraK！，

MD．，AbeK！，MnSuzukiMl，Mn

lDepartmentofChildDevelopment，KumamotoUniversitySchoolof

Medicine，2DepartmentofHumanGenetics，NagasakiUmiversitySchoolof

Medicine，3DepartmentofNeurology，41nstituteofMolecularEmbryology

andGenetics，KumamOtOUniJersitySchoolofMedicinC，1－1－1Honjo，

KumamOtO860，Japan

Introduction

Althoughthegenethat，Whendefective，reSultsinDuchermemuscular

dystrophywasisolatedandcalleddystrophingene1－2），meChanism ofmuscle

degradationin this conditionis still obscure，because of the unkn0wn

PhysiologicalormechanicalfunctionofthegenetranSCript．Todeterminethe

localization andfunctional significanCe Of dystrophin，We Studied various

tissuesfromalmostentirebodyofcontrolandmdxmice，andcontrolrats，

uslng POlyclonalantibodies against dystrophin．We also studied human

musclebiopsyspeCはnenS．

Itiskn0wnthatthemuscletypepromoterisinvoIvedinexpressionof

thedystrophingeneinskeletal，Cardiacandsmoothmuscleaswellasinglial

Cells・ItisconceivablethatthemuscletypedystrophinpromotercontainSthe

differentregulatoryreglOnSfor skeletal，Cardiacandsmoothmuscleinvivo，

but the detailis not wellkn0wn．Withthis background we started to

investigatethemechanismofdevelopmentalandtissue－SPeCificregulation of

themuscletypedystrophingene，eSPeCiallypromoter reglOninmice，uSlng

tranSgenicmice．
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Materials andmethods

血皿瓜血血加血盟血山血中

Allthetissues ffommiceandrats，including thecerebrum，Cerebellum，

SPinalcord，eye，tOngue，nOSe，heart，lung，kidney，digestiveorganS，liver，SPleen，

muscle，SkinandbloodvesselswereobtainedimmediatelyafteraneStheticdeath．

IndirectimmunOfluorescenceandABCmethOdwereusedtostaincryostatsections

Ongelatinizedcoverslips．Ⅵkusedseveralkindsofdystrophinantibodies（Fig・1）・

nad堰く血cmfce

Wegeneratedtransgemicmicecarrylngthe900bpgenomicfragmentfrom

themuscletypedystrophinpromoterreglOn，fusedtothe codingreglOnOfthe

bacterial血cZgene（Fig．2）．InsertsfrompBluedyspromoter－hcZwereexcised

by Xhol－BamHl digestion，Purined with Gene Clean（BiolOl），and micro－

irtiectedinto400ftrtilizedmouseeggscollectedaftermating（Fig・3）・

Results

血m叩血血血血血血ゆ

WeobservedairrmunOhistoChemicaldystrophinreactioninsynq）ticreglOnS

SuCh as neuromuscularJunCtions，equatOrial reglOn Ofintrafusal fibers，myO－

tendinousJunCtions，OuterPlexiformlayer oftheretina，thetastebuds，PaPillary

layerofthedermis，taCtilenerveendipgsintheskinandneuronsinthebrain，aS

Wellas onthe surfacemembrane Ofske16tal，Cardiacand smoothmuscle fibers．

ThenYe．analyzedmRNAsfromtheretinaofmicewiththeuseofthereverse

tranSCriptionandfolymer．aSeChainreaction（RT－PCR）method・The5’sequences，

COrreSPOndingtothefirstexPn，■ofdystrophintran！Cripts（DT）intheretinawas

mainlythebraintype（Fig．q4），ふereasinth占3．regionofDTthatcorreq）Ondsto

the C－terminal domainof dystrophin，SOme additionalRT－PCR products were

detected．

Base戸qquenQeSinthreeofthemshowedhomologytoLtheseforpreYiopsly

reportedhumanbraintypedystrophin‾isofbrms（Fig．5）．
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伽卿fc∬血e
Nineteenindependent tranSgemic foundermicewereidentified，insix of

whichtheexpressionofhcZwasdetectedintherightheart・Fourteenofthe

nineteentranSgemiclinesproducedoffspring・Varioustissuesoftransgenicadult

mice were stainedwith X－galto detect血cZexpression・Six of the fburteen

tranSgenicmouselinesshowedJacZ鱒PreSSion onlyintherightheart（Fig・6）・

Thereportergeneexpressionwasdetectedfirstinthepresumptiverightatriaand

Ventricularmyocardiumoftheembryosat8．5dayspostcoitum・

Wecomparedthepromotersequencetothatofthepreviouslyreportedthe

humansequenceof850bpreglOnuPStreamfromthecapsite3）andreportedthe

mousesequenceof400bpupstreamffomthecapsite4）・Thehomologybetween

thehumanandmouse140bpreglOnSuPStreamfromtheimitiationcodonreaches

the93％・Upstreamfromthispoint，themouseandhumanSequenCeSlookmore

divergent（66．8％homology）．－Non－SPeCifipregion，ATAandGCbox，andmuscle

SPeCincreglOnS，CArGbox，areCOnServedinhumanandmouse・

Discussion

We observe・rather strongimmunOhistochemical　reactivityin－SynaPtic

reg10nS5－9）aswellasontheskeletal，Cardiacandsmoothmusclefibermembrane・

Itiswell・knownthat．－theseLSyn叩ticreglOnS，WhichdlOWedimmunOhistochemical

dystrophinreaction，－QOntain・abundant SynaPSeS and／or non－PyPlinated・nerVe

endings，aS a COrnmOn histologiCalcharaCteristics．With this background we

COnSider thatthelocalizationofdystrophininthesynapticreglOnSSuggeStSits

Physiologicalfunctionintheconductionsystemratherthanamechanicalone・In

1993，Pillers et al・10）reported abnormalelectroretinograminDuchermeand

Beckermusculardystrophypatients，thatismarkedlyreduced叩plitudeoftheb－

WaVeinthedark－adaptedstate・Theresultssuggestedthatthedystrophinhassome

functiontokeq，nOrmalfunctionintheretina・Recently，D－Sauzaetal・11）finally

reportedanovelisoformofdystrophin（Dp260）presentinthemouseretinaand

thatisrequiredfbrnormalfunctionintheretina・So，WeStilldonItknowthefu11

1engthbraintypedystrophinhasfunctionornot・

But，anyWayitisnotlikelythat dystrophinplays acriticalroleinthe

COnduction system，because there has been no report of叩parent retinal

al）nOrmalitiesinDMDpatients・Dystrophinmayplayadelicaterole，aCtifLgaS
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0nlyatriggerpropagatingcontractionwithinthecell・Dysfunctionlng Ofthe

COnductionsystemduetoadeftctindystrophinisstillanimportantfactorinthe

muscledegradationinDMD．AsfbrthevascularSyStem，nOSmOOthmusclecells

receivenerve endings，WhichareuSually severalmicrons awayfromthe cells・

ThissuggeststhatthevascularSyStemmaybeoneofthemostvulnerabletissuesto

adeftctindystrophinalthoughitplayaminorroleintheconductionsystemdue

toanatOmiCalcharaCteristics12）・Iwouldliketoemphasizethatweshouldnot

lgnOrethelocalizationandfunction ofdystrophinonthe smoothmusclelayer，

especiallyonthevascularSyStem．AsfbrthetranSgenicmice，byusmgtheE・COli

血cZreporter geneinstead oftheCAT assay，it hasbeenpossibleto fbllow

Visuallythetemporalandspatialexpressionofdystrophinbothduringembryonic

andpostnatalmouse development．TheLacZgenehas advantageOfvisualizing

expressioninspeci丘corganS．

Wefoundthatthe900bppromoterregionofmousemuscletypedystrophin

WaSaCtiveonlyintherightheart，i．e．notinskeletalsmoothorleftheartmuscle．

Onthe other hand，MuntOmietal・13）reported family cases withonly severe

Cardiomyopathy，i．e．no climiCalmuscle symptoms，dueto possible deletion the

muscletypedystrophinpromoter，butthecardiac－SPeCificreglOnOfthedystrophin

PrOmOter has not beenidentified to date．Our datainthis study may be

COnVemienttoexplainthecasesreportedbyMuntOmietal．

Theseresultssuggestthatseveraldelicatelydividedelementsfbr dystrophin

expressionexistinmuscletissues，SuChasleftheart，並eletalandsmoothmuscle

Cell．
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Fig・1　Antidystrophin antibodies

AffinityーPurined，region－SPeCincdystrophinantibodiesusedinthisstudy．kD＝kDa

p20　　　　　　　　　　【F　“CSDys2

≡芋≒三三芸三三‡妄
Dy53

Fig．2

MouseDystrophinPromoter－ねCZConstract

StruCtureOfdystrophinmuscletypepromoterlacZtransgene．

900bpPstI－HinCⅡfragmentderivedfromMousedystrophinpromoter

reglOnWaSfusedtothecodingreg10nOftheE．coli，lacZgene．
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Fig．3
Scheme oftheprocedure fbrproducing

transgenic mice
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Fig．4
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（a）：Ethidium bromide staining．（b）：Southem blots・

Reverse PCR productsin which the dystrophin first exon

WaS amPlified・

The first exon of dystrophin transCriptin the retina was

mainly the brain type・
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Fig．5

10・431＼▼／10，471
Human　　　　　　　5－　GGACAACATGGAAACGCCTGCCTCGTCCCCTCAGCTTTCACACGATGATA　3’

手書讐手書尊貴羊尊書書手書手★暮書手★書★★★書手★★尊書尊　　書薔■尊書★書尊書★尊書手書手書手書暮

Fragment　工工　　5’GGACAACATGGAAACGCCTGCCTCGTCCCCCCAGCTTTCACACGATGATA　3’

10，602＼▼／10・762
Hu皿an　　　　　　　5’cTCTCCTAATGAGAGCATGAATCTGCAAGCAGAATATGACCGTCTAAAGC　3’

尊書手書養手書書手尊書羊薔書手羊尊書着讐暮■貴書■奮書手★養貴書書手書手手書手　　書手　　書手　　鼻薔貴書

Fragment　工工工　5’CTCTCCTAATGAGAGCATGAATCTGCAAGCAGAATATGATCGCCTGAAGC　3’

10・431＼▼／10・762
Human　　　　　　　5，GGACAACATGGAAACGAATCTGCAAGCAGAATATGACCGTCTAAAGCAGC　3一

書暮■■暮■暮t★暮尊貴暮書手ttt手書暮書貴書尊書■暮■■手書尊書手書　　薔尊　　書★　　書手儀＝■暮書手

FragTnent　工V　　5－　GGACAACATGGAAACGAATCTGCAAGCAGAATATGACCGTCTAAAGCAGC　3－

11・222＼▼／11，255
Human　　　　　　　　5’cAACAACTCCTTCCCTAGTTCAAGAGGACACAATGTAGGAAGTCTTTTCC　3’

★■★■■★★鷺★★貴書書書手★書手番手讐書手手書手鼻尊書書手手書著書書手尊書書手尊　　書手書尊貴尊書

Fragment V工　　5’cAACAACTCCTTCCCTAGTTCAAGAGGACACAATGTAGGAAGCCTTTTCC　3■

FragmentsⅡandⅢshowthesensesequenceofthemousedystrophincDNA，and

血agmentsIVandVItheantisensesequence・Arrowheadsindicatebordersof

deletedsequences・Asterisksshowmatchedsequencestctweenthehumanand
themousecDNA．

Fig．6

ExpressionofthetranSgeneisseenonlyintherightventricleoItheneart・
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Modulationofsplicing ofintronby
modifyinganihtra－eXbn sequence
Whichis deletedffo甲thedystrophin
genein dystrophin Kobe

Masaf血血Matsuo

DivisionofGenetics，IntemationalCenterfbrMedicalResearch，

KobeUniversitySchoolofMedicine，Kdbe650，Japan

e－mail：matSuO＠iduna・kobe－u・aC．Jp

Together，DuchermeandBeckermusculardystrophies（DMDandBMD，

respectively）arethemostcommoninheritedmusculardisease．Theyare

CauSedbymutationinthedystrophingene，isthelargestkn0wnlmmangene（1）．

Dystrophin，alarge（427kD）cytoskeletalproteinlocalizedtothesarcolerrma，is

encodedbya14－kbRNAtranSCriptthatisprocessedfrom79exons（2）．

Resultsofarecentstudyconductedinourhboratoryhaveextendedthisgene

regionbymorethan500kbthroughtheidentificationofanewpromoter／exon

SequenCeuPStreamOfthekn0wn5－endofthegeneandexpandedthedystrophin

genetoarOund3，000kb（3）・Atleastsevenpromotersincludingourshave

beenidentifiedinthedystrophingene，andeachpromoterisexpressedina

tissue－Ordevelopment－SPeCificmamer，glVlngrisetomultipleisofbrmsof

dystrophin－（4）・Altemativesplicingofintronsfurtherincreasesthenumberof

dystrophinisoforms，eaCh ofwhichmayhaveaspecific，unlquefunction．

COnSideringthelargernumberofbothexonsandalternativesplicingsites，

SPlicingabnormalityrofdystrophinpre一血RNAissupposedtobemorecomplex．

InoneparticulardystrophingenemutationnameddystrophinKobe，Wefbund

thatexonskipplngduring甲licingwasinducedbythepresenceofintra－eXOn

deletionmutationinthegenome，althoughallbftheconsensussequenceskn0wn

toberequiredforsplicingwereunafftcted・TYLedeletionwasdetectedbyPCR

analysis，Whichtrevealed that the productamPlified from the exon19

encompassngreglOnfromtheDMDcasewassmallerthannOmal．Thisresult

SuggeStedthe presenceofranovel血tationふithintheamPlified reglOn．

Sequenceanalysisconfirmedthatthiswasthetasebyshowingthat52bpoutof
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88bpofexon19weredeletedfrom2to3bpupstreamfromthesplicedonorsite

（5）．nis52bpdeletionwasconsideredtoresultinaffameShiftmutationthat

wouldcauseDMD・ThedystrophintranSCriptofdystrophinKobewasthen

analyzedusingreverse－tranSCriptionPCR（RT－PCR）・Surprisingly enough，

theproductamPlinedfromthereglOnenCOmPaSSlngeXOn19wassmallerthan

predictedaccordingtotheresultsofthegenomicDNAanalysis・Sequence

analysisindicatedthatthewholeofexon19wasmisslngfro叩thedystrophin

cDNA，CauSlnganOut－Offramemutation・Inparticular，thisindicatedthatthe

deletionmutationwithinaneXOnSequenCeCOuldinduceasplicingerrorduring

maturationofmessengerRNA，eVenthoughtheknownconsenSuSSequenCeSat

the57and3－splicesitesofexon19weremaintained（6）・

Thesedatasuggestthatthedeletedsequenceofexon19mayfunctionasa

Cis－aCtingelementfbrexactsplicingfbrtheupstreamanddownStreamintrons・

Toinvestigatethispotentialroleofexon19，an血YitTOSPlicingsystemuslng

artificialdystrophinmRNAprecursors（pre－mRNAs）was established・Pre－

mM containing exon18，trunCatedintron18，andexon19was spliced
PreCisely血Ylttv，Whereassplicingofintron18wasalmostcompletelyabolished

Whenthewild－tyPeeXOn19wasreplacedbythedystrophinKobeexon19（7）・

Splicingofintron18wasnotfullyreactivatedwhendystrophinKobeexon19

WaSreStOred tonear1ynormallengthbyinserting other sequencesinto the

deletedsite．Theseresultssuggestthatthepresenceoftheexon19Sequence

whichismisslngindystrophinKobeismorecriticalforsplicingofintron18

thanthelengthoftheexon19sequence・CharaCteristically，theefficiencyof

SPlicingofthisintronseemedtocorrelatedwiththepresenceofapolypurine

trackwithinthedownstreameXOn19．Morerecently，SeVeralexonshaveben

ShowntOincludedpurine－richreglOnS，CalledexonrecognltlOnSequenCeSOr

ERSs，Whicharenecessaryforsplicingoftheupstreamintron（8）．ERSsare

likelytargetsfbrsplicingfactorsthatidentifyexonsequencesandpromotetheir
inclusioninthematuremRNA．

Thepossibilitythatoligonucleotidescouldbeusedasmodulatorsofgene

expression，andhenceaschemotherapeuticagents，iscurrentlyunderintense

investigation：The fnOdulation of splicing byantisense oligonucleotides has

recently attracted much attention（9，10）．Dominskiand Kole recently

describedanelegant eXPerimentin血ich aberrant SPlicinginduced by a

thalassemiamutationwascorrectedbyanantisense2．－0－methylribonucleotide
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（2’－0－MeRNA）（10）・Thispromptedustotestwhethersplicingofdystrophin

Pre－mRNAcould alsobemodulatedby anantisenseRNA asthefirst step

towardsevaluatingthepotentialtherapeuticuseofantisenseRNAtocorrect

aberrantSPlicingreactionsinpatientswithDMD・Anantisense31mer2一一0－

methylribonucleotidecomplementarytOthe5－halfofthedeletedsequencein

dystrophinKobeexon19inhibitedsplicingofwild－tyPePre－mRNAinadose－

andtime－dependentmannerinvitrosplicingsystem（7）．

Tosimulatedthisinhibitionin1ivingcells，theantisenseoligonucleotide

mixedwithLipofectAmine（GIBCOBRL）wasaddedtotheculturemediumof

EB－VirustranSformedlymPhoblastoidcells・ResultingdystrophintranSCript

WaSanalyzed by RT－neStedPCRand sequenclng・Theresultrevealedthat

SequenCe Of exon19disq）Peared from mRNA after a certain period of

incubationoflymphoblastoidcellswithantisenseoligonucleotide・Thisclearly

Showedthatexonskippingcanbeinducedbyantisenseoligonucleotide・

Thisfirst血vitTOeVidencethatdystrophinpre－mRNAsplicingcanbe

modulatedbyanantisense oligonucleotide raised the possibility of a new

therapeuticapproachfbrDMD・DMDwouldbetransfbrmedtomildBMDby

Changlng a frame－Shift mutation causlng DMDintoanin－ffame mutation

CharacteristicofBMDbymodifyingthedystrophinmRNAsplicing（11）．For

examPle，thesameantisenseoligonucleotidewillbeusedtotreataDMDcase

Witha242nucleotidedeletionofexon20（Fig．1）．Ifweareabletoinduce

exon19（88bp）skippinginvivo，thedystrophintranSCriptwilllackbothexons

19and20butthetranslationalreadingframeWillberestored．Asaresult，this

modulation of splicing should tranSfbrm DMDinto BMD・Thoughthis

StrategySeemStObeanalternativewaytoretardprogressionoftheclinical

SymptOmSOfDMD，mOreeXtenSivestudiesarerequiredbefbreclinicaltrialscan

begin；fbrexample，Weneedtoconfirmmodulationofsplicingbyantisense

Oligonucleotideinaninvivoexperiment．Weals6needtodevelopanefncient

methodtodeliverantisenseoligonucleotidestothenucleus．
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Fig・1TheoreticaluseofantisenseoligonucleotidefbrtreatmentofDMD・TheDMD

phenotypeOfthepatientwithanexon20deletionwouldbetransformedintoaBMD

phenotypebyinducingtheexclusionofexon19fromthematuredtranSCriptinthe

PreSenCeOfantisense2l－0－MeRNA・
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Characterization oftheInteraction

betweentheSchwannCellDystroglycan

ComplexandEndoneurialLaminin
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Introduction

Dystroglycanisencodedbyasinglegeneandcleavedintotwoproteins

α－　and　β－dystroglycan　by posttranSlational processing（Ibraghimov－

Beskrovnaya et a1．，1992）．In skeletal・muSCle，α－dystroglycan　With a

molecularmaSS Of156kDa binds the basallamina componentlaminin

（Ibraghimov－Beskrovnayaeta1．，1992；ErvastiandCampbell，1993），andβ－

dystroglycanbinds to cytoskeletal proteins dystrophin and utrophin（See

Ozawaeta1．，1995）．Lamininisaheterotrimermadeupofthreechainsof

Classesα，βandγ，andexistsin numerous trimericisofbrmsin different

tissues（SeeBurgesoneta1．，1994）．LamininαChainshaveglobulardomain

（G）repeatsattheC－terminus，andlaminin－1，COmPrisedoftheα1，β1and†l

Chains，bindstoα－dystroglycanViatheGrepeatsintheαlchain（Geeeta1．，

1993）・In peripheralnerve，laminin－2，COmPrised oftheα2，β1and†1

Chains，isexpressedintheendoneurium（LeivoandEngvall，1988；SaneSeta1．，

1990）・AIpha－dystroglycanwithamolecularmaSSOf120kDaisexpressed

SurrOundingperipheralnervefibers血viYOandbindsboth1aminin－1and2血

Vitro（Yamadaet a1．，1994）．Recently，1amininα2chainwas showntO be

deficientincongenitalmusculardystrophyand4Ymice，Whichhavemuscular

dystrophyandperipheraldysmyelination（Arahataeta1．，1993；Sunadaeta1．，

1994；Tomeeta1．，1994；Xueta1．，1994）．Furthermore，theexpressionof

laminininthebasallaminaisassociatedwithSchwarmcelldevelopment（Leivo

andEngvall，1988；ObremskiandBunge，1995）．These findingssuggest a

role fbr　theinteraction of dystroglycan　Withlamininin peripheral

myelinogenesis．Thegoalofourlaboratoryistoprovethishypothesis．As
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aninitialstep towardsthis goal，We have charaCterizedthe dystroglycan－

1aminininteractioninperipheralnerve（Yamadaeta1．，1996）．

Characterization ofthedystroglycan complexinperipheral

nerVe

TheresultsofcLSManalysisofrabbitsciaticnerveareShowninFigl．

ImmunOreaCtivities fbr　α－，β－dystroglycan　andlaminin－2　werelocalized

SurrOundingthe outermostlayer ofmyelindleathofnervefibers（Fig．1）．

Ontheotherhand，immunOreaCtivitiesforutrophinandDpl16，adystrophin

geneproductspecifictoperipheralnerve（Byerseta1．，1993），reSembledthat

for Schwann Cell marker S－100　and waslocalizedin the Schwam cell

CytOPlasm（Fig．1）．

Membrane－aSSOCiated cytoskeletaland peripheralmembrane PrOteinS，

butnotintegralmembrane PrOteins，areknOwn to be extracted from the

membraneSby alkalinetreatment（ErvastiandCamPbe11，1991）．Based on

this，WePerfbrmedakalineextractionofthecrudebovineperipheralnerve

membraneS・Alpha－dystroglycanof120kDawasextractedatpH11，WhileP－

dystroglycanOf43kDawasnotextractedatpHllor12（Fig．2）．Together

Withthefactthatα－dystroglycanCOrreq）Onds totheN－terminalhalfofthe

dystroglycan　PreCurSOr PrOtein containing the slgnal peptide but no

tranSmembranedomainandβ－dystroglycanCOrreSPOndstotheC－terminalhalf

COntainingatranSmembranedomain（Ibraghimov－Beskrovnayaeta1．，1992），

theseresultssuggestedthatperipheralnerveα一dystroglycanWaSaPeripheral

mernl）raheprotein，Whileperipheralnerveβ一dystroglycanWaS anintegral

membranePrOtein・Theextracellularmatrixproteinlamininα2chainof320

kDawaspartiallyextractedatpH11andalmostcompletelyextractedatpH12

（Fig・2），tOgether withtheβ1‾and†l chainS（not shown）．Dp116and

utrophin，Of116and395kDarespectively，WerebothextractedatpHll（Fig．

2），ingoodagreementwiththepredictionfromtheprimaryStruCturethatthey

arecytoskeletalproteinS（Bybrseta1．，1993；Tinsleyeta1．，1994）．

Weisolated，uSing WGAandlaminin affinitychromatogrq）hies，α一

dystroglycanandits associatedproteins fromthe digitonin extracts of the

CrudebovineperipheralnertemembraneS．Asexpected，1aminin－bindingα－

dystroglycanWaSisolatedbytheseprocedures、（Fig．3）．Beta－dystroglycan，

Whichdid not bindlamininin blot overlay，WFS alsoisolated（Fig・3），
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SuggeStingthatitwascomplexedwithα－dystroglycan．Ontheother hand，

Dp116andutrophinwerenotisolatedbytheseprocedures（Fig．3）．

Thedatapresentedhere，takentogether，indicatethat（1）α－dystroglycan

is　an　eXtraCellular　Peripheral membrane glycoprotein whichlinks　β－

dystroglycanin the Schwann Cell outer membrane Withlaminin－2inthe

endoneurialbasallamina，and（2）dystrophinhomologues，Dpl16andutrophin，

are CytOSkeletalproteins ofthe Schwarm cell cytoplasm（See Fig．7）．It

remainstobedeterminedifafractionofDp116andutrophinareCOmPlexed

WithP－dystroglycanbeneaththeSchwanncelloutermenibrane（SeeFig．7）．

CharaCterization ofcarbohydrate chains ofSchwann cellα－

dystroglycan

Weisolated，uSing WGAandlaminin affinitychromatographies，α－

dystroglycanffomthealkalineextractsofthecrudebovineperipheralnerve

membraneS・Wetesteditsreactivitywithmonoclonalantibodiesspecificfor

Carbohydrate chainS・　AIpha－dystroglycan was stainedintensely with

monoclonalantibodyanti－HNK－1，indicatingthatithad3－Sulfatedglucuronyl－

Substitutedoligosaccharide（Fig．4a）（Choueta1．，1986）．Ontheotherhand，

itwasnotstainedwithmonoclonalantibodiesagainstheparanSulfate，keratan

Sulfate，SialylTn，LewisX，SialylLewisX（Fig．4a）or sialylLewisA（not

Shown）．

Thelectin－binding－PrOPertiesofSchwanncellα－dystroglycanareShown

inFig・4b・Schwann Cell（X－dystroglycanWaS Stained positivewith WGA

Whichrecognizesclusterofsialicacidsand／orbisectingGIcNAc（Fig．4切，but

WaS nOt Stainedwith PHA－E4，alectin specific fbr bisecting GIcNAc（not

Shown），indicating thatit contained cluster of sialic acids．It was stained

POSitivewithboth肋ackjaamuL・et7SLsagglutinin（MAA），alectinspecificfor

Sialic acidlinkedα2－3to galactose，andpeanut agglutinin（PNA），alectin

SPeCific fbr unsubstituted Ser／Thr－linked disaccharide Galβ1－3GalNAc unit

（Fig・4b）・It was also stainedpositive withJacalinwhich also recognizes

Galβ1－3GalNAc（Fig．4叫．It was not stained with Sbmbucus nlvalik

agglutinin（SNA）whichrecognizessialicacidlinkedα2－6togalactose（Fig．

4帆　TheseresultsindicatethatSchwamcellα－dystroglycanissialylatedα2－

3togalaQtOSein0－glyans・SchwmIICellα－dystroglycanWaSStaineqpositive

withVVAJB4（Fig・4b），indicatingthatlitcontainednon－reducingterminalβ－
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GalNAc・It was stainedpositive with both ConAand Chlantbusnjvalik

agglutinin（GNA）（Fig．4b），indicatingthatit containedN－1inked mamose

residues．Itwasnotstainedwith上btuL・aStTamOnlumagglutinin（DSA）which

recogmizesGalβ1－4GIcNAcincomplexandhybridN－glycanS，in0－glycanS

and GIcNAcin0－glycanS（Fig．4b）．The results of staining with Con－A，

GNA，PHA－E4and DSA，When combined，SuggeSt thatthe N－glycan（S）of

SchwannCellα－dystroglycanCOuldbehigh－mannOSetyPe．SchwannCellα－

dystroglycanWaSnOtStainedwithlectinS・SPeCificfbrvarioustypesoffucose

residues，AAL，UEA－1（Fig．4b），LCAorLotus（notshown）．

Role ofcarbohydrate chains ofSchwann cellα－dystroglycanin

laminin binding

To seeif carbohydrate residues ofα－dystroglycanareinvoIvedin

lamininbinding，WeteSted，byblotoverlayassay，thebinding oflamininto

Schwann Cell　α－dystroglycan　treated with　deglycosylation enzymes．

Treatmentofα－dystroglycanWithbothA uL・ea血cjensneuraminidase（Fig．5）

and V choleTaeneuraminidase（not shown）greatlyreducedthe binding of

laminin．Treatmentwith0－glycosidase，tOgetherwithneuraminidase，didnot

havefurther efftcts on the binding oflaminin（Fig．5）．The binding of

lamiminwasnot afftctedby treatmentwithN－glycosidaseF，Chondroitinase

ABC，heparinase，heparitinase or keratanaSe（Fig．5）．When nitrocellulose

transfersofα－dystroglycanweretreatedwithneuraminidase，thebinding of

laminintoα－dystroglycan was reduced（Fig．6a）．Thepresence ofO．l M

Sialicacid，butnotO．lMGIcNAc，intheblotoverlaymediuminhibitedthe

bindingoflaminintoα－dystroglycan（Fig．6b）．Inhibitionoflaminin－binding

bysialicacidwasquantifiedbyELISA．Twoformsofsialicacid，N－aCetyl

andN－glycolylneuraminicacids，andcolominicacid，POlymerOfsialicacids，

inhibitedthebindingoflaminin（Fig．6C）．

Our findings suggest a role fbr sialylation ofα－dystroglycanin the

bindingoflamimin．The results thus farindicate thatα－dystroglycanis a

mucin－tyPeglycoproteininbrain（SmalheiserandKim，1995），Cardiacmuscle

（BranCaCCioet a1．，1995）andperipheralnerve（this study）．A mucin－1ike

motifis detectableinthe centralreg10n Ofα－dystroglycan，and，indeed，

Cardiacmuscleα－dystroglycanWaSShowntOCOnSistoftwoglobulardomains

connectedbyardd－Shapedsegment（BranCaCCioeta1．，1995），COnSistentwith
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thepredictionthatamucindomainisextendedintoarigidrod・Thedensely

ClusteredarrayOf0－glycanSinthemucindomainmaypresentterminalsialic

acidsinapolyvalentmannerfbrtheinteractionwithlaminin（Fig．7亘）．

Besidesα－dystroglycan，1aminin binds a variety of glycolipidsand

PrOteinS（seeKennedyeta1．，1983；Geeeta1．，1993）．Atpresent，itisunClear

if sialylationaloneis re甲OnSiblefor the binding ofα－dystroglycanWith

laminin，becauselaminin was suggested to recognlZe highly charged

Oligosaccharides on proteinsratherthanmonosaccharides（Kermedyet a1．，

1983）．Inthis respect，itis ofinterest to note that，SimilartO brainα－

dystroglycan（Smalheiserand Kim，1995），Schwann Cellα－dystroglycanis

HNK－1Positive・Furthermore，theHNK－1Carbohydrateepitope，foundina

number of neuralcell adhesion molecules，Playsimportant rOlesin cell

adhesionandhasbeenimplicatedinthebindingtolaminin（Ktinemundeta1．，

1988；Hall et a1．，1993）．It would bethusinteresting to seeifthis

Carbohydratestructureis alsoinvoIvedintheinteractionofα－dystroglycan

Withlaminin．
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ComponentsofDystrogTycanCompTexinPeripheraINerve

FIG．1．⊂LSMimmunofluorescent analysis ofrabbit sciatic

nerVe

Shownarethe cLSMimmunofluorescentimagesofrabbitsciatic nerve．Alpha－

dystroglycan（DGl），β－dystroglycan（DG2），lamininα2chain（M），lamininβl

chain（Bl），lamininαlchain（A），Ⅰわ116，utrOphin（UTR）andS－1∝）proteinwere

detectedby antibodies anti－FPD，43DAG／8D5，2G9，4ElO，11D5，VIA42　DRPl and

15E2E2，reSpeCtively．Bar，10llm．
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AlkaIineExtractionofPeripherilNeNeMdmbranes
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FIG．2．Alkaline extraction ofthe crudebovine peripheral
nerve membranes

120l110fthepHllextracts（firstlane），thepH12extractsofthepHllpellets
（SeCOndlane）andthepH12pellets（thirdlane）ofthecrudebovineperipheral
nerve membraneswereseparatedby3－12％SDS－PAGEandtransferred to
nitroCellulose membranes．Alpha－dystroglycan（α一DG），β－dystroglycan（β－DG），

lamininα2chain（Lamα2），Ppl16andutrophin（UTR）were detectedby

antibodiesIIH6，43DAG／8D5，2D9，DYS2andanti－DRP，reSpeCtively．The30kDa
banddetectedby43m妊ン8D5ispresumedtobeaproteolyticfragment orthe

unglycosylatedformofβ一dystroglycan．＿Molecular．weightstandards（Dax10－3）are

Shown ontheleft．
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ComponentsofPeripheraINerveDystrogIycanComplex
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FIG．3．Characterizationofperipheral nerveα－dystroglycan

andits associated proteins
Alpha－qyStrOglycan andits associatedproteinswereisolatedfromthe digitonin
extractsofthecrude bovine peripheralnerve membranesbyWGA andlaminin
affinitychromatographies．120llloftheEmeluatesofthelaminin－Sepharose
WereSeparatedby3－12％SI義一PAGEandtransferredtonitrocellulose membranes．

Alpha一句′StrOglycan（α－DG），β一郎／StrOglycan（P－DG），Ⅰや116andutrophin（UTR）

Were detectedby antibodiesIIH6，43mG／8D5，DYS2andanti－DRP，reSPeCtively．
Lam2（yLindicatestheidenticalnitrocellulosetransfer overlaidwithlaminin－2．

Heavily－glycosylatedα－dystroglycan was notidentifiedclearly onthe SIE gel

Stained with（ユ旧maSSie blue（CB）（Yamada et　al．，1994）．　Molecular weight

Standards（DaxlO13）areshownontheleft．
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MonocIonaIAntibodyReactivityofPeripheralNerve

a－DystrogTycan
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FIG．4．Characterization ofcarbohydrate Chains ofSChwann cell

α－dystroglycan

（a）AIpha－dystroglycan（3llg）wasseparatedby3－12％SI蔦－PAGE，tranSferredto
nitroCellulosemembranes，andthen reaCtedwithmonoClonalantibodies against
α－qyStrOglycan（ⅠIH6），Sialyl Th（STn），Lewis X（LeX），Sialyl Lewis X（SLeX），

heparan sulfate（HS），keratan sulfate（KS），OrmOnOClonalantiboqyanti－HNK－1．
（b）Theidenticalnitrocellulose transfers as shownin（a）were reactedwith

Variouslectins．Molecularweightstandards（DaxlO‾3）areshownontheleft．

－27－



J
も
t
ぷ
い
u
O
亡
き
○
霊
巴
d
（
？
O
t
X
d
邑
s
p
J
召
u
ヨ
S
J
鳥
芯
き
J
d
t
己
U
t
O
∑

．
S
已
コ
U
U
【
S
n
O
で
d
＞
吉
富
p
U
J
U
d
巴
巴
む
き
（
ヱ
u
－
u
き
○
霊
S
d
 
S
J
U
h
S
已
已
】
U
S
O
t
n
∃
U
U
O
J
J
召
t
e
召
已
U
p
芯
‘
ト
　
（
屯
）

ム旬

〉ゎ

梅

毎

か旬

も匂

わ恥

物象

％

物

上軸

里－＿＿…＿＿

＿＿＿＿＿＿＿＿＿＿　卓－＿＿＿＿…‖

1　　1

く凸　　　　　の
寸　　　　　N

28

u
巾
U
h
】
ぎ
」
l
S
h
凸
・
古
山
奉
読
タ
〓
野
蒜
丘
d
葛
d
－
○
の
む
モ
鼠
O
J
d
ぎ
壱
u
石
・
u
苛
む
」



．
宅
t
苫
J
u
O
已
＞
石
膏
巴
三
M
岳
X
占
）
s
p
」
召
已
ヨ
S
U
忠
芯
き
J
d
t
n
U
U
t
O
∑
．
（
t
g
邑
三
軍
H
）
N
J
O
（
－
告
邑
宅
－
）
l
占
召
召
雲

重
き
p
3
．
。
岳
亡
U
雲
p
已
d
、
S
呂
已
q
∈
賀
U
S
O
t
n
t
t
。
B
J
l
竃
O
J
p
巴
J
U
h
S
u
芸
．
凹
等
d
・
賃
S
式
l
l
M
ぶ
p
3
2
邑
。
S
S
d
き
（
望
M
）
u
d
U
と
野
と
S
合

も
p
雲
盲
。
リ
ム
的
占
．
。
S
層
雲
己
已
コ
呂
J
0
8
己
。
S
q
d
芸
J
 
u
＝
雇
主
d
壱
u
望
p
名
声
コ
⊆
芦
意
ず
雲
合
・
8
S
曇
り
筍
u
二
〇
J
l
已
O
U

．
（
】
E
U
望
。
S
昌
。
l
已
ぷ
J
。
ゴ
d
U
H
）
U
S
書
芸
－
氏
名
．
（
d
U
H
）
U
S
昌
て
已
芸
．
（
壱
喜
8
）
U
等
U
S
昌
宏
〇
七
u
〇
七
、
（
h
t
u
d
＋
J
ゴ
芸
）

U
S
召
琶
U
と
甲
O
p
u
d
霊
召
竃
召
已
n
呂
f
n
芸
）
U
S
d
ヨ
u
召
巴
n
呂
云
t
？
邑
h
U
S
召
登
り
怠
・
N
毒
き
p
雲
巴
；
窒
u
e
と
ぎ
J
J
S
合
・
月
d
t
く

ヨ
U
と
ぎ
J
〕
S
合
・
ピ
コ
。
U
 
d
d
d
芦
月
U
S
 
p
。
〕
d
【
ぉ
O
U
と
的
名
○
〕
点
月
日
d
〓
0
ぎ
竃
月
四
・
S
・
営
』

h
d
】
」
g
O
N
・
u
羞
∈
巾
」

旬

箸
％
㌔
転
句
旬
％

ゝ
何
て
g
O
T
u
羞
∈
巾
」

旬

箸
％
㌔
転
句
旬
％

一■－

1
m
N

t
N
卜

1
m
○
【

こ

・

・

／

　

　

〔

ご

．

t

ナ

．

～

　

．

－

　

　

▲

い

た

P

u
巾
呈
研
○
烏
合
き
ざ
」
芸
I
P
芯
丘
d
葛
d
P
U
l
q
■
h
s
O
呈
謬
凸
O
I
N
P
u
三
・
u
董
E
q
」
－
○
ぎ
苛
u
芯



BindingofLamjnintoPeripheralNerveα－Dystrog］ycan

Neuraminidase

a

，。9●｝　胃

が㌔ ．001　　　　．01　　　　　1

mM
1　　　　　　10　　　　　　100

FIG．6．（a）Efftct ofneuraminidase treatment onthebindingof
laminin toSchwann cellα－dystroglyCan

Alpha－（妙StrOglycan（3llg）wasseparatedby3－12％SⅨ－PAGEandtransferredto
nitroce11ulose membranes．The nitrocellulose transfers wereincubatedwithor

Withoutneuraminidase（＋and－，reSPeCtively），andthenoverlaidwithlaminin－1．

Molecularweightstandard（DaxlO■3）isshownontheleft．

（b）Efftct ofsialic acidonthebinding oflaminin toSchwann
Cellα－dystroglycan（blot overlay）

Alpha－（卸StrOglycan（311g）was separated by3－12％　S【万一PAGE，tranSferred to

nitroCellu10Semembranes，andthenoverlaidwithlaminin－1inthe presence of
O．l M sialic acid，0．1M GIcNAc orinthe absence of these sugars（Control）．
Molecularweight standard（Daxl0－3）isshownontheleft．

（C）Efftct ofsialic acidonthebindingoflaminln toSchwann

Cellα－dystroglycan（ELISA）

InthepresenceofvariousconcentrationsofN－aCetylneuraminicacid（NAcNA），

N－glycolylneuraminicacid（NGlyNA），COlominic acid，GIcNAc orNaQ，laminin－1
WaSincubatedwithα一句／StrOglycan（1llg）coatedonto microtiter wells．Bound

laminin－1was quantifiedby ELISA．Points arethe percentage comparedtothe
Valuesofthewellsincubatedin theabsenceofinhibitors．Pointsrepresentthe
mean of triplicate wellsin one experiment representative of three similar

experiments．
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FIG．7．Hypotheticalmodelofdystroglycan－laminin

interactioninperipheralnerve
（a），（b）Alpha－andP一句′StrOglycanarelocalizedin the Schwann cell outer

membrane，While Ppl16andutrophinarelocalizedintheSChwanncellcytoplasm．
（C）Alpha－dystroglycan（a），Whichisanextracellularperipheralmembrane
glycoprotein，linksβ－dystroglycan（b）intheSchwann celloutermembranewith

laminin－2intheendoneurialbasallamina．Themucindomainofα－dystroglycan

isextendedintoarigidrod．ClustersofsialicaCidresiduesinO－glycansofα－

dystroglycan arepresumedtobeinvolvedintheinteractionwiththeG－domainof
lamininα2chain．
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Dystrophin－aSSOCiated protein，SyntrOPhin（Al）

MikiharuYoshida†，AndrewH・Ahn‡，AtsushiSuzuki†，MaryDilysS．Anderson‡，ChrisA．

Feener‡，SaraSelig‡，YasukoHagiwara手，LouisM・Kunkel‡，andEgiroOzawa†

（†NationalInstituteofNeuroscience，‡BostonChildren▼sHospital）

Dystrophin，theproteinresponsibleforDuchenne′Beckermusculardystrophy，is

Purifiedasacomplexwithseveralproteinscalleddystrophin－aSSOCiatedproteins（DAPs）from

digitonin－SOlubilizedrabbitskeletalmusclel1，2］．AmongDAPs，theonewithamolecularmaSS

Ofabout60，000isnamedAlor59DAP・WehavepreviOuslyshownthatthisDAPisactuallya

heterogeneousgroupofproteinsconsistingofanacidic（α－Al）andadistinctbasic（β－Al）

COmPOnent【3］・HerewereportthecloningofacDNAfbrahumanbasicisoformOfAland

demonstratebycomparisonbetweenourresultsandothersthatthereareatleastthreeAIs（all

Ofwhichwillbehenceforthnamedsyntrophins），namelytwobasicones（βlandβ2）andone

Weaklyacidicone（α）・TheheterogeneousnaturesofAIwefbundarethusmostlyclarined．

dpNACわ〃玩gげβ－AJ

Alisseparatedintotripletbandsbyl－dimensionalSDS′PAGEofpurifiedrabbit

dystrophin－DAPcomplex【1，2］．Forcloningweatfirstdeterminedtheinternalaminoacid

SequenCeSOfthetripletbands，reSPeCtively（Tablel）［41・01igonucleotides fbrprobeswere

designedonthebasisofthesequenceNo・1（OrNo．4）andalibraryofhumanfttalmuscle

九gtlOcDNAwasscreenedbythem・Asinglepositiveclonewasplaque－Purified，Subcloned

intoEcoRI－CutBluescriptIISK（＋）vectorandsequenced．The2979－bpsequenceencodesa

Slnglelargeopenreadingframe，StartlngfromaninitiatorATGwithinthecontextofaKozak

COnSenSuS・Theclonehadnopoly（A）tailbutcontainedthesequencewhichseemstobethe

POlyadenylationslgnal・Thededucedproteiniscomposedof538aminoacidsandconsideredto

beacytoskeletalprotein，becausenoslgnalsequenceandnotransmembranesequencewere

hund・Thecalculatedmolecularmassof58kDaandthecalculatedpIof9・Oagreewellwiththe
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electrophoreticallydeterminedsizeandchargeofβ－All3］・Thededucedhumanaminoacid

sequencecontainsexactmatchestothesequencedpolypeptides1－50riginatedfromthetoptwo

bands（TableI），despitethefactthatthepartialpeptidesequenceswerederivedfromrabbit・On

thecontrary，thesequences6－1lwerenotfbundinthededucedsequence・

Tablel・PartialpolypeptidesequencesofAl

Sequence

Band No．　　　　Aminoacidse

Ala ⊥

　

2

　

3

　

4

　

5

　

6

　

7

　

8

　

9

　

0

　

⊥

⊥

　

⊥

ATPYVRRGSPVS

RDエーL工

RQ★KP★LVVL

Sameasl

S工SⅣQR★GVR

Sameas7

AR★VP工．RHAYVS★★★℡PSDP

L★AGTGAGAGG

工★SADGQD

LLLYGGLPQ℡L工Aで★L

LAA★℡★QLVDG

Tablel．TheDAPwasresoIvedintoatripletAla，一b，and－CbySDS／PAGEanddigestedwith

V8protease・ThepolypeptidesreleasedwerethenseparatedbyHPLCandmicrosequenced・An

asteriskmeanstheresidueatthatpositionwasnotdetermined・01igonucleotidesdesignedfbrthis

studyarereversetranslations ofsequence：5一一GCIACICCITAKGTIAARAARGG－3’・

PositionswithRweresynthesizedwithacombinationofbothdAanddGandthosewithaK

WereSynthesizedwithacombinationofdTanddG・

Duringthesequencingofthishumanβ－AIcDNA，thesequencesofothercandidateAl

genesinmouse，rabbit，andTbTPedobecameavailablel5，6］andarealignedwithoursequence・

Thesequences6－11，WhichareorlglnatedfromthebottombandexceptNo・6，Wereidenticalto

thededucedaminoacidsequenceofrabbitcandidate59DAP－1［6］andareclosetothatofmouse

SyntrOPhin－1［5］．Theseproteinsareconsideredtobeα－Al，becausetheircalculatedpIsboth
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are6・4・Interestingly，Werealizedmousesyntrophin－2［5］tobeabasicproteinbytheisoelectric

POintcalculatedbasedonitspartialpublishedsequence（pI＝9．4），butitdidnotmatchtoourβ－

Alasdescribedbelow．

AsthecDNAwasbeingsequenced，Weidenti丘edarelativewithinthehumanESTdata

base，a210－bpESTfromahumanmusclecDNAlibrary・Itsdeducedaminoacidsequencehad

48％identityatbesttothatofβ－Al．However，WefoundthattheESTisratherclosetothe

deducedmousesyntrophin－2sequence，becausetheaminoacididentityreachedto82％

betweenthem・WethusconsidereditmostprobablethattheESTisthehumanhomologueof

mousesyntrophin－2・UsingthisESTsequencee，Wehavenowclonedthehumanhomologueof

SyntrOPhin－2，Whichisdistinctfromβ－Al［7］・Wethuscopcludethatthereareatleastthree

AIs，tWObasicAIsandoneweaklyacidicAl．Sofar，SeVeralnameswereusedforthese

PrOteins・Toavoidconfusion，WeWillhereafterusesyntrophinasastandardnamefbrAIs・We

useβ1－andβ2－forthebasiconesandα－fbrtheacidiconetodiscriminatethose．β－AIwe

Clonedandsyntrophin－2arethusnamedβ1－andβ2－SyntrOPhins，reSPeCtively，Whileα－Al，

SyntrOPhin－1and59DAP－larenamedα－SyntrOPhin・

Wedeteminedthegenelocationsofhumansyntrophinsincludingα－SyntrOPhinwhich

WeClonedbytheuseofpublishedsequencesofmouseandrabbit0－SyntrOPhin［5，6］．They

Were8q23－24，16q23－24and20qll．2fbrβ1－，β2－andα－SyntrOPhins，reSPeCtivelyl7］．

血m〟仰あわrAJldかね好み〃什叩あわ∫

WehavenowknownthepresenceofP2－SyntrOPhinbymolecularcloning，butwehave

notdetectedityetontheproteinlevel．Usinganti－β1－SyntrOPhinantibodywhichweprepared

andtheotheranti－SyntrOPhinantibodiesprovidedbyProf・S・C・FroehnerofNorthCarolina

Universlty，WeeXaminedthedystrophin－DAPcomplexpurinedfromrabbitskeletalmuscleby

immunoblotanalysis［8］．Intheblotsseparatedbyl－dimensionalSDSIPAGE（Fig．1），the

antibodyagainst”β1’．reactswiththetoptwoofthetripletsbands，Whileantibodyagainst”α”

reacts withthebottomband・This resultwellagrees withthefactsthatthe sequenced

POlypeptidesderivedfromthetoptwobandsandthosefromthebottombandwerefbundinthe

deducedsequencesofhumanβ－Alandrabbit59DAP－1，reSPeCtively．Ontheotherhand，We
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繭

＄yntrOPhjns

Fig・l・ImmunoblotpattemSOfdystrophin－DAPcomplexwithvariousantibodies・Dystrophin－

DAPcomplexwasseparatedbyl－dimensionalSDS／PAGE・Fromtheleftlane，6．5，4，1．3，0．1，

andO・5LlgOfsamPleswereloaded・Anti－Pl－Synistheantibodyagainsthumanβ1－SyntrOPhin［8］．

Anti－α－andami－β2－Synsaretheantibodiesagainstsyntrophins．．α”and．．β2．T，reSPeCtively，Which

WerepreParedbasedonthemousesyntrophinsequencesl101・ab1351isthemonoclonalantibody

againstTbtPedo syntrophin［101．

foundthatthemonoclonalantibodyagainstTbTPedosyntrophin（ab1351）reactedwithallthe

tripletbands，althoughthebindingabilitytoα－SyntrOPhinwasmuchstrongerthanβ1－

SyntrOPhin・Webarelydetectedβ2－SyntrOPhinwithitsspecificantibody，Whenalargequantity

Ofsampleisloadedonthegel，SuggeStingthatβ2－isoformispresentinlessminorfractionthan

Others・TherefbreitisnaturalthatwefailedtodetecttheisofomOntheproteinlevelfbrmerly・

Severalbandswerestained，mOStOfwhichapparentlyoverlaptheothersyntrophinbands，but

itseemsthatthereisaslightdifftrencebetweenβ1－andβ2－SyntrOPhins．

Theblotsseparatedby2－dimensionalPAGEareshowninFig・2・Asexpectedfromthe

aboveresults，theantibodyagainst”βl”reactswiththebasicseriesofspots，Whileantibody
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basic urea－lEF acidic

α－SyntrOPhin

＋β1－SyntrOPhin

（ab1351）

α－SyntrOPhin

（antj－α－Syn）

β1－SyntrOPhin

（anti－β1－Syn）

β2－SyntrOPhin

（anti－β2－Syn）

Fig・2・Immunoblotpatternsofdystrophin－DAPcomplexseparatedby2－dimensionalPAGE

Withvariousantibodies・Fromthetoppanel，1，10，4and12LLgOfsampleswereloadedonthe

gels・Atthelstelectrofocuslng，Sampleswereloadedfromthebasicsideexceptthebottompanel，

inwhichβ2－SyntrOphinwasfocusedonlywhenthesamplewasloadedfromtheacidicside．

AntibodiesusedarethesameaSthoseinFig．1．
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