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PART 工   

工S01a七土on and localiz冶七10n Of a cbicken  1三三aエーd  
＋＋ 土nblbi七orv℃rO七eln of Mg－aC七1va七ed skele七al  

OS土n AワPase   muscle actom  



工NTRODtTCで工0Ⅳ  

Regula七oTy meChanism of ver七ebr＞ate Sm00七h muscle   

COn七r，aC七ion has ex七ensively been s七udied foT：PeCent yeaTS，   

and 七wo 七ypes of Tegula七oTy SyS七em have been p工一OPOSed． One   

is a myosin－1inked sys七em such as discoveエーed・in mo11uscan   

muscle andi七 func七ions 七hrough 七he phosphoTyla七ion of myosin  

by a Ca＋十－dependen七kinase（BTemel，197山Mma＆R且egg，197S；  

Sobieszek＆BTemel，197舅 二沖eason9L旦主・，1976；Sobieszek＆  

Small，1977）． The othe‡－is an actin－1inked sys七em which   

SeemS 七o be analogous 七0 七he 七TOPOnin sys七emin skeletalmuscle  

in spi七e of 七he dissimilaTi七yin m01ecular｝iden七i七y（Carsten，  

1971；Sparrow＆Bockxmeeエー，1972；Ebasbl生旦主・，19巧；工七○＆  

Ho上土a，1976）．Reconcilia七ion of七hese 七wo pr＞OPOSals seemB   

to be ver＞y d，ifficul七 and no at七empt which rela七es the one   

七ype with 七he o七heT has beenI－ePOTted ye七．  

On 七he otheT hand，a Pエー○七ein oT PTO七ein complex analogous   

七○ 七TOPOnin of skeletalmuscle has been foundin slime m01d  

（Ka七○＆TonomuTa，197S），Pla七ele七（Cohen並生・，1973），bTain  

（Puszkin＆二Kochwa，197L）．ConsideTing 七hese r＞ePOT七S al七oge七heT，  

One Can SuPPOSe 七haセ セTOPOnin－1ike pTO七eins pla．y animpoェーセan七  

＋＋ r01ein cellmo七ility by Tegula七ing Caconcen七Ta七ionin  

Cy七oplasm． Foエー 七he rlegulation，atleasセ セwo 七ypes of Tegula七or＞y   

PTO七einslike 七TOPOnin ＝ and tTOPOnin Cin skele七almuscle   

aTe COnSider7ed 七o be neceBSaTyin any mo七ile sys七ems・   

HoweveT，七heTeis ra七her few repoTt On 七r＞OPOnin＝－1ike pTOt8in  
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＋＋ while evidences七o show七he pTeSenCe OfCa－bindingpTO七ein  

like 七roponin C have beenincTeaSing・  

We TePOr七in七he pTeSen七 papeエー tha七 aninhibitoTy  
＋＋ pTO七ein of Mg－aCtiva七ed ac七omyosinATPase（Mg＋＋－ATPase）  

COuld beis01a七ed fTOm fTOZen Chicken glZZard muscle． This   

PTO七ein was of glZZardrnyOfibTilaエー ○エー1gln and 七heinhibitoTy  
＋＋ ac比vl七y oで七bls pro七ein on喝－aC七iva七edrabbi七Skele七al  

muscle ac七omyosin ATPase could be relieved by an ad・di七ion   

Of skele七almuscle 七ropon土n C．  
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MAワER工A工」S AⅣD 机EでHODS  

坤草from cbicken如zzaエーd  

A cTudeinhibitoTy PTOtein was pTePaエーed by七he me七hod  

。f EbashiBi生・（1971）wi七h a slight modifica七ion（fIiTabayashi  

＆PeTTy，197LL）二仲om fTOZen OT unfr）OZen Chicken gizzaTd  

PuTChased diTeC七1y from a slaugh七eT house・ FTeSh unfrozen  

glZZard was also ob七ained fr＞Om七he chickens sacTificed jus七  

befoTe 七he exper）imen七a七ion・＝n七he finals七ep of prepaTation  

七he sa二mPle s01utionwas dialyzed agains七0・3mMNaHCOCOn一  
3  

七aining O・1mM CaC12and fr・eeZe－dTied・De七ailed七echniques  

foエー fur七ber｝puエー土flca七ion of一 七bls pエー○七ein wlllbe deseribed   

in the RESULTS sec七ion．  

aエーa七10n Ofl  1zzard m  Ofibエーils and 七hin filamen七S  

Chicken glZZaTd myofibrils and七hin filamen七s weTe   

PTePared－ aCCOTding 七○ 七he pr）oCedur＞e byI）riska＆Har＞七Shorne  

（1975）．  

aration of skele七al muscle  TO七eins fTOm Tabbi七s  

Ac七in and myosin weTe PTePaTed accoTding 七0七he me七hod・S  

descTibed by fIiTabayashi＆Hayashi（1970）and by Perpy（1955），  

TeSPeC七Lively，and s七oredin SO％glyceエー01aセ ー200c・Af七eT  
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TemOValof glycer＞01by cen七Tifuga七ion oT dialysis，aC七in  

and myosin weTe COmbined a七 a weigh七 r＞a七i0 0fl：LL七○rnake  

TeCOnS七i七u七ed．ac七omyosin which was usedfoT 七he measur＞ement  

＋＋ of＝Mg－A叩ase ac比vi七y・  

Chicken glZZard 七TOPOmyOSin and rabbi七 skeletaユmuscle ●   

七TOPOnin weTe Pr・ePaTed accoTding 七○ 七he pTOCed・uTeS based  

on七he me七hods of Bailey（19互8）and Ebahsi9i吐・（1971），  

TeSPeC七ively・ Troponin C was ob七ained by七he pTeParative  

elec七r70PhoTeSis using Srrmp oTlOITm－thick slab gels as  

descエーibed elsewher・e（Hirlabayashi＆PeTTy，197LL）・  

ATPase assa  

The Mg＋＋－ATPase ac七ivi七ywas d・eteTmined5min af七er  

incuba七ing七he TeaCtion med・ium a七 25Oc・The TeaCtion medium  

COn七ained LLOO－600pg of七he TeCOnS七i七u七ed Tabbi七 skele七al  

muscle ae七omyosin・2・5mMMgC12，2・SmM TTis（hydTOXymethyl）  

amlnome七bane（ワrls）ATP，and25mHで再s－HCl（pH：7．6）1n a  

七0七alv01ume of2ml．Ei七heTlmM e七hylene glyc01bis－（2－amino－  

e七hyl）七e七raace七ic acid（EGTA）。r O・05mⅢCaC12WaSincluded・  

＋♯ 
in七he med．⊥um七0七est Ca－SenSitivi七y・The r）eaCtionwas  

s七aエー七ed・by an add－i七ion of ATP and s七opped by mixing 七he  

med．1u皿Wi七blml15％ 七山cbloroace七土c ac土d．  
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Pro七eln血easuエーemen七s  

Pro七ein concen七Ta七ion was d・e七eTmined by 七he pTOCeduTe  

af七eT Lowry王立吐・1（19封）and by a micTO me七hod of N de七eTh  

mina七ion whichinvolved nessleTiza七ion（S七TauCh，1965）．  

Pr）ePar｝a七ive slab－tyPe electTOPhoresisinlOヲ孟（w／v）  

p01ya－Crylamide gelwas caTTied ou七 by using a con七inuouB  

buffeT Sy・Stem Of25mM Trlisフ 80nlM glycine，and8M ur＞ea，PH8．6  

（fIiTabayashi＆PerTy，19711）．ElectTOPho‡－eSisin the pTeSenC  

of O．1ヲ岩 sodium d．0decylsulfa七e（SDS）was perfoTmed b37’七he  

me七hod of WebeT＆ Osborn（1969）in O．1M sodium phospha七e   

buffer（pH 7．0）．  

Cbr・Oma七○  

Diethylaminoe七hyl（DEAE）pSephadex（A－50，PhaTmaCia）  

was equilibTa七ed．a七20Oc wi七h20mM Tris－HClbuffer（pH7・S）  

con七aining6M uTea and．1SrnM2－merCaPtOe七hanol，and packed  

in七o a glass c01umn（1．7cm x LL2cm）・CTud・einhibi七oTy Pr＞Otein  

（60mg－100mg）fTOm Chicken gizzaTd was applied七0七he colum  

and elu七ed・by alineaT gTadien七of O－0・6M KCl・Frac七ions  

（Lml）weTe COllec七ed a七 a flowコPa七e of16ml／h・The fr）aCtions  

were dialyzed agains七 dis七illed wa七er3 and・fTeeZe－dTied・・  
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Gel fil七ra七10n  

Gelfil七Tation on Sephadex G－100（Pharmacia）equili－   

bTa七ed wi七h 七he TTis－HClbuffer・aS uSed foェー DEAE－Sephadex  

was carTied ou七 a七 200c on a c01umn（2．Scm x75crn）in which  

Sephadex G－100 was packed・under七he gravi七y・Abou七15mg  

of frac七ion＝protein（Fig．3）in2mlof七he Tris－HClbuffeT   

was applied七○ 七he c01umn and・elu七ed a七 a flow Ta七e of12ml／h．   

山11frac七ions were c011ec七ed，and・七hose of pTO七ein peaks  

moni七ored by E280 meaSuTemen七（Fig・6）were p001ed・  

ical 七ecbni  工mmun010  

An七iseTa againsセ セheinhibi七or＞y PエーO七ein weTe PTePaTed   

in r＞abbi七s byinコeC七ing gelpleCeS COn七aining 七heinhibi七ory   

PTO七ein band・On SDS－elec七TOPhoresis・ By cuセセing ouセ セhe   

band mos七 of smallcon七amina七ion was r＞emOVed fTOm Peak ＝   

Pr）ePar＞a七ion af七eT Sephadex〔ト100 gelfil七ra七ion． ＝mmuno－   

diffusion七es七s wer＞e PeTformed as d－eSCTibed previously  

（HiTabayashi＆PeTr・y，197L）．Fluorescen七 an七ibody method  

（indir）eC七me七hod）was also carr＞ied ou七 by七he pr＞OCeduTe  

TePOT七ed pTeViously（HiェーabaLyaShi＆fIayashi，1971）．  
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REStmワS  

aェーa七10n O王、inblbl七op  ro七eln  

A pTO七ein frac七ion was pTePaTed fTOm frozen chicken  

gizzaTd accopd・ing七○七he proced・ure Of Ebashi長江皇主・（1971）  

for skele七almuscle 七roponin pTePaTation7 and her－eaf七eT  

this fr＞aC七ion shallbe ‥PefeTTed to as††cTudeinhibi七oTy  

proteinTT because ofi七sinhibitoTy aC七ivi七y on七he Mg＋＋－ATPase．  

Abou七 2Smg of the cTudeinhibi七ory pr＞○七ein was ob七ained fr・Om  

■ 100g of fTOZen glZZar＞d muscle，and TeVealed．七o con七ain one   

maJOr band，七hTee OT fouT minoT bands and severalminu七e   

bands on SDS－P01yacTylamide gelelec七TOPhoTeSis（Fig．1a）．  

This pTO七ein frac七ion was also prepar｝ed fr＞Om fTeSh unfr）OZen  

gizzaTd（Fig・2a）・I）iffeTenCe be七ween the elec七rophor＞etic  

PaセセeTnS Of 七wo pTO七ein fr＞aC七ions fIつOm fTOZen and unfrozen   

glZZaTds was no七 s0 0bvious・ Only七he densi七y of some minoI－  

bands was somewha七 diffeTen七・HoweveT7 七he effec七s of七hese  
＋十 pTO七ein fTaC七ions on七he activi七y ofMg－ATPase of Tabbi七  

Skele七almuscle weTe q．ui七e difTeTent（Fig．1b aLnd2b）．EveTy  

PrePaTation fTOm fTOZen glZZard showedエーemar・kableinhibi七oTy  

ac七ivi七y when2001鳩Of七he pTO七ein was added七o SOOTlg Of七he  

TeCOnS七i七u七ed ac七omyosin，While 七ha七 fr，Om unfTOZen f工一eSh  

gizzaエーd sbowed nolnbibl七○エーy aC七ivl七y・工七 ra七beエー aC七土va七ed  

七he ATPase aセ セha七 concen七Ta七ion．  

＝n oTder七oiden七ify七heinbibi七or）y COmPOnentin七he  
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PTePara七ionク fuT七heT fTaC七iona七ion of七he pエーePaTa七ion fr）Om  

fTOZen glZZaTd was carTied ou七 by c01umn ChTOma七ogエーaPhy on ■   

DEAE－Sephadex A－50．AllpTO七ein，absoTbed and non－absor7bed，  

was dividedin七0 6 fTaCtions as shownin Fig．3．MeasuTemen七  

of七heinhibi七oTy aC七ivi七y of七he six fractions on七he Mg十＋－  

ATPase revealed七ha七 fraLC七ionsland＝＝ had 七he ac七ivi七y，  

while fエーaC七ionsl＝＝，1V，Ⅴ，and Vlhad not（Fig．L）．  

On SDS－P01yacTylamide gelelec七TOPhoresis fr｝aC七ion＝   

was found 七o con七ain七wo main pエー0七ein bands of appaェーent  

m01ecular weigh七S Of互0，000 dal七ons and19，000 d・altons，and   

fTaC七ionl＝ one major pTO七ein band of 23，000 dal七ons and one   

minoT band of LLO，000 dal七ons，While four fTaCtions otheT七han  

fエーaC七ions ＝ andl＝ did no七 con七ain Lト0，000－dal七on p‡－0七ein   

（Fig．5）．When七he specificinhibi七oTy aC七ivi七y of fTaC七ions  

＝ and ＝10b七ainedin several七Tials of DEAE－Sephadex chTOma七○－   

graphy was examinedinエーela七ion七○ 七he con七en七s of．19，000－  

dal七on and L［0，000－d．al七on pTOteins，i七 has become cleaT七ha七   

theinhibitoTy aC七ivi七y of each fTaC七ion was pエーOPOr七ional   

七o the con七en七 of 七hela七ter pro七ein・ TheTefore∫ We COnCluded   

七ba七 し0，000－dal七on pro七ein was 七belnhlbl七or）y pエー0七eln・  

As the pur＞i七y of 七heinhibi七ory pTO七einin fTaC七ion＝  

was only30乳，fuエー七her・puTifica七ion was caTTied・Ou七 by gel  

filtぬ七ion on SephadexG－1003 and七he elu七ion profileis  

Shownin Fig．6a，WheTe 七wo peaks，＝ and＝1，Were SePaTa七ed   

incomple七ely． Con七en七 ofihhibi七ory pTO七einin peak］：was  

higheT七hanin peak＝＝ which con七ained con七amina七ions of  
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Smaller3－m01eculaT－Weigh七ma七erials・On七he aver＞ageタ abou七  

3mg ofinhibi七○エーy PTO七ein could be recoveTed fTOm七he peak＝  

WhenlOOg of fエーOZen Chicken glZZard muscle was used as a ●  

S七ar七ing ma七eTial．  

Effec七 of 七ro  Onin C and 七ro  OSln on 七he ac七1vl七  Of 七be  

inbibi七orI  ro七ein  

Theinhibition of七he Mg＋十－ATPase of Tabbi七skele七al  

muscle ac七omyosin by 七heinhibi七oTy PrO七ein was neu七ralized   

by an addi七ion of r，abbi七 skele七almuscle 七TOPOnin Cin七he  

Pr＞eSenCe Of O・05mM CaC12，bu七the七TOPOnin C exeTted no  

influence upon七heirihibi七ed ATPase ac七ivi七y undeT 七he pTeS－  

ence oflmM EGTA（Fig．7）．The skele七almuscle 七TOPOnin C  

Seemed七o be as effec七ive 七oinhibi七ory pro七ein from glZZaTd   

as 七0 七he 七TOPOnin ＝ fr＞Om Skele七almuscle，Wher・eaB the effec七   

Of七TOPOmyOSin on七heinhibi七oTy PTO七ein was differen七 fTOm   

七ha七 on skele七almuscle 七TOPOnin＝，七hatis，eVenin七he  

＋＋ absence of七ropomyosin七heinhibi七ion of t血e Mg－ATPase  

by七heinhibi七or7y PrO七ein was main七ained（Fig．8）．  

Local土za七ion oで 七be 土nblbl七or  ro七e土n 土n  土zza工｝d  

Localiza七ion of 七heinhibitor＞y PPO七ein was examined   

byirrmunologlCal七echniq．ues． The an七i－inhibi七or｝y PTO七ein   

Semm PTePaTed byinコeC七ing 七he polyacTylamide gelcon七aining  
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七heinhibi七oTy Pr｝0七ein af七eT elec七rophoTeSisin七o Tabbi七s  

WaS SPeCific foT七he an七igen and formed only one pTeCIPi七in ●   

1まnein an agaT diffusion七es七 by reac七ing wi七h七he cr）ud＿e  

inhibi七oTy PrO七ein befoTe C01umn（豆汀Oma七ogTaPhy（Fig．9）．  

Specifici七y of七he an七iserum wa・S a・1so demonstTa七ed by  

ano七ber me七hod as f0110WS．  

The crudeinhibi七ory pro七ein was elec七TOPhoTeSedin  

SDS－P01yacr－ylamide gel，and七he gelwas cu七 a七 every3mm  

fTOm the 七op 七○ 七he bo上土om・Each gelpleCe WaS Pu七in七he  

OTdeTin七o the peripheTalwellof an agaT Pla七e 七o reac七  

Wi七h七he antiseTum Cha・Tgedin the cen七ralwe11・Only七he  

gelpleCeS Of Nos・207 21and22）Which corTeSPOnded・七o the  

elec七TOPhore七ic posi七ion of theinhibi七ory pro七einlfor＞med  

a・COn七inuous precIPi七inline reacting wi七h 七he antiseTum  

（Flg．10）．  

Wi七h 七his an七iseTum 七he glZZard muscle 七issue was s七ained．  

by anindiTeC七 fluoTeSCent an七ibod・y method・The anti－inhibi七oTy  

PTO七ein serum absorbed wi七h 七he antigen was used as a con七T01．   

As shownin Fig．11，S七ained．area was r＞eS七Tic七ed 七○ 七he muscle   

七issue］uS七 under 七he connec七ive 七issue． A s七ained aTea   

SimilaT tO七his was als0 0bseエーVed with an七i－glZZard tTOPOmyOSin  

SeTum（Fig．12），七he specifici七y of which had been s七udied．  

ex七ens土velyin ou㌘1abora七ory（Hayasb土王立生・，1977）．  

＝n ord・eP tO make suTe 七ha上 土heinhibi七○‡－y PTO七einis  

One Of七he cons七i七uen七s of glZZaTd・myOfibr＞ils，七he antiser＞um  

WaS TeaCted－in an agaT Pla七e with myofib工一ils，na七uralac七omyosin  
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and・七hin filaments pTePaTed fTOm Chicken glZZardsland foTrned，   

r）eaC七ing wi七h a11these）a PTeCIPi七inline 七ota11yidentical   

Wi七h 七he one be七ween 七he an七iseTum and theinhibi七oTy Pr＞Otein．   

A 七ypICalexample，in which the TeaCtion of 七he an七iserum ●  

Wi七h 七he 七hin f－ilamen七Sis obseTVable，is shownin Fig．13．   

However）7 七he an七i8eTumWaS reaCted neithep with 七TOPOnin   

COmPOnen七s fTOm Tabbi七 Skele七almuscle noT With chicken glZZar   

七ropomyos土n・  
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D工SCVSSェ0Ⅳ  

十＋ Theihhibi七oTyPr）○七ein of the・Mg－ATPase was acciden－  

ta11y foundin 七he pTO七ein pr＞epaPa七ion fr＞Om Chicken glZZaエーd，   

Ob七ained by the pTOCeduTe for ob七aining 七he 七roponin from  

Skele七almuscle af七eT Ebashi長生旦主・（1971）・Af七eT SeVeTal  

七rials of ob七aining the pTOtein pエーePaエーa七ionsi七 was found   

七ha七 only 七hose fTOm frozen glZZaTd were ef’fective toinhibiセ  
＋＋ セhe Mg－ATPase・We could obtain apTePara七ionwi七hou七  

inhibi七oTy aC七ivity sirnilaIつ 七○ 七hose ob七ained．fTOrnunfTOZen   

glZZaTd・When a rrlixtur＞e Of frozen and unfTOZen glZZaTd muscles   

WaS uSed as 七he s七aT七ing ma七eTials・ This fac七 sugges七B   

that the activi七y of protease which diges七S 七he cons七ituen七   

Of sm00七h muscle myofibTils migh七 be ra七heT highin 七he   

unfTOZen muSCle ex七TaCt・ TheTefore，We decided 七o pTePaTe   

the pr）○七ein ppepara七ion from fTOZen glZZaTd puTChased fTOm   

a slaugh七er house・ ＝七is highly possible 七ha七 freezing 七he   

muscle 七issue might cause some de七eTioTa七ion ofi七s stTuC七uTal   

PTO七eins，bu七i七sinhibi七ory ac七ivi七y seemed，tO be keptintac七   

戸Ven When 七he 七issue was frozen．  

Thereisincreasing evid－enCe 七o show 七haセ セTOPOnin C  
＋＋ oT七TOPOninC－1ike pTO七einwi七h Ca－binding ability exis七s  

in many organs o七heT 七han skele七almuscle（W01ff＆Siegel，  

1972；Cohen雲上旦主・，1973；Child・eTS＆Siegel，1975；Kuo＆  

Cof－fee，1976）．However），SuCCeSSfullsola七10n Of豆oponln工   

OT 七TOPOnin ＝－1ike pro七ein fr＞Om nOn一日kele七almuscle 七issues  
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has no七 been TePOr七ed．ye七．MahendTan＆Ber＞1（1977）TePOr＞七ed   

七hat a componen七 supposed to be 七r）OPOnin ＝－1ike pTOtein was   

foundin elec七TOPhoTe七ic pa上土eTnS Of 七TOPOnin－1ike 二Frac七ion   

fTOm bovine br）ain cor七ex・ When 七he elec七TOPhor＞eSis of  

skeletalmuscle extTaC七is cond－uC七ed・in七he pTeSenCe Of Ca ＋＋  

七he complex of 七TOPOnin C and 七r）OPOninImlgPateS Wi七h abou七   

a half mobili七y of tha七 of 七he 七TOPOnin Cin七o an alkaline－   

urea p01yacTylamide gel・In o七heT WOr＞ds，七he Te七aTded posi七ion  

＋＋ of七he七TOPOnin Cin七he presence of Casugges七s七he e3tisセー  

ence of tr｝OPOnin ＝in the sample s01ution・ AccoTding 七0 七he  

TePOrt by Head宣五重主・（1977）tTOPOnin C－1ike proteinin  
＋＋ glZZaTdmuscle ex七TaCt mlgTatedin七he absence of Ca∫bu七  

notin 七he pTeSenCe． On 七he analogy of skele七almuscle   

ex七rac七，this behaviouT Of glZZaTd・七TOPOnin CNlike pTO七ein   

SuggeSted the exis七ence of a highly basic 七roponin＝－1ike   

PrlOteinlike 七heinhibi七oTy PTO七ein TePOT七edin七his papeT・  

We found 七roponin C－1ike and tTOPOninI－1ike pTO七eins   

in glZZaTd muscle．The bi010glCalfunction of 七heinhibi七or；y   

PTOteinin sm00七h rTluSCleis somewha七unceT七ain・Although  

七heinhibi七ion of七he Mg＋＋NATPase ac七ivi七y by七heinhibi七oTy  

PTO七ein could be relieved by skele七almuscle troponin C∫  

七he m01ar r＞a七i0 0f 七heinhibi七Ory PエーOtein七○ 七he tTOPOnin C   

for 七he effec七ive Telief7 Calcula七ed fr70m 七he TeSul七 of  

Fig．7，WaS VeTylowif compaTed with 七ha七 foT Skele七almuscle  

七roponln工 七○七roponin C（Per叩≦泣虫・，1973）・Tbe pro七eln  

does no七 need七ropomyosin for＞i七Sinhibi七oTy aC七ivi七y unlike  
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the case of skele七almuscle 七TOPOnin（Wilkinson旦五重主・，1972）．  

No cornPOnent COrTeSPOnding to 七he pTeSen七inhibitoTy PrO七ein  

in m01eculaT Weightis foundin七he 七TOPOnin oT 七roponin－1ike  

fTaCtion which has been repoT七ed七o be fully functionalin  

i七s regula七ion of七he ATPase act土vi七y（Ebashi至上吐・，1975）．  

The expeTimen七 wi七h an七i－inhibito工一y PTOtein seTum  

TeVealed animpoTtan七 facセ セha上 土heinhibi七ory pTOteinis  

localized on thin filamen七啓 andin 七he sm00七h muscle tissue   

in moTe OTless 七he same a・Tea aS 七ropomyosinis．Ifit had   

been found七o belocalized o七her｝Wise∫ foT eXamPlein rruclei，  

七he pTO七ein migh七 have been one of’七he ba・Sic pTO七einsin   

nuclei・ A basic pro七einin geneTalis known 七o have an  

inhibi七oTy′effec七on七he Mg＋＋－ATPase（Syska旦互生・，1976）・  
Localiza七ion of 七heinhibi七ory・PrOtein on 七hin filamen七s   

StrOngly sugges七s a possible T01e of 七he pTOteinin 七he   

Tegula七ion of sm00七h muscle con七rac七ion．  

＝n七his expeTimen七，TeCOnS七itu七ed rabbit skele七almuscle  

actomyosin was used as the ne文士ーbes七 al七eTna七ive 七o measuTe   

七heinhibi七oTy aC七ivi七y of 七he 七r・OPOnin－1ike prepara七ions   

fr・om fTOZen Chicken glZZaTd muscleタ because glZZaTd actomyosin  
十＋ ofno Ca－SenS土七1vl七ywas ra七her dlfficulセセo prepareln  

OuTlabora七oTy・ However，七his combination of he七eTOgeneOuS   

SOuTCe ma七eTials migh七 possiblylead to 七he false conclusion．   

A na七ur｝alcombina七ion qf glZZardinhibi七oTy PTO七ein，七roponin C－   

1ike p工一○七ein）aCtOmyOSin and七TOPOmyOSinis pTefeTable for＞   

七he fur七heTinves七iga七ion of 七he pTOteins by enzym010glCal  
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me七bods・  
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SU■mRY  

＋＋ 1・AninhibitoTyPTO七ein ofMg－aCtivated ac七omyosin  

ATPase from Tabbi七 Skeletalmuscle was prepaTed from fTOZen   

Chicken glZZaTd and・Pu工一ified by DEAE－Sephadex chromatogr＞aphy   

and gelf土1七ra七ion・  

2・ Theinhibi七ion by七his pro七ein was Telieved・by an addition   

Of skele七almuscle 七TOPOnin C and wasindepend・ent Of glZZaTd   

七ropomyosln．  

3． Localiza七ion of 七heinhibitoTy Pr＞○七einin glZZar・d muscle   

七issue and・glZZaTd一 七hin filamen七s was demons七Tated byirrmuno－   

his七010glCaltechniques andimmunodiffusion tes七s．  
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ヂART 工工   

Char）aC七eTization of 七he inhibi七oT  ro七eln  

and 七ro  On土n C－11ke  rotein from chicken  

g12iZaエーd   



工ⅣワRODUCT工0Ⅳ  

＝n七he previous sec七ion we TePOrted 七heis0la七ion and   

localiza七ion of 七he chicken glZZaTdinhibito叩Pr｝○七ein of  

the Mg＋＋－aC七iva七ed ac七omyosinATPase（Mg＋＋－ATPase）and  

Showed七ha上 土heinhibitory pTO七ein has an apparen七 m01eculaT  

weigh七of abou七LLO，000daltons andinhibi七s the Mg＋十－ATPase  

Of TeCOnS七i七u七ed ac七omyosin fr＞○rn r）abbit skele七almuscle  

＋＋ 
Tegardless of七he pTeSenCe Or absence of Ca，and tha七the  

inhibi七ion by七heinhibi七oTy PrO七einis har）dly poten七ia七ed   

by七r，OPOmyOSin and can be neu七Talized by七TOPOnin C fr＞Om  

skele七almusclein七he pTeSenCe Of Ca＋＋・Fur七her｝mOre，i七  

has been shown by using an an七iseTum againsセ セhe・inhibi七0‡つy  

PTO七ein七haセ セheinhibi七oTy PTO七ein exhibi七S Similarlocali－   

Za七ion七o tha七 of 七ropomyosinin chicken glZZaTd muscle．   

Thus 七heihhibi七or＞y PTO七ein haB 5imilaT CharacteTis七ics，if   

no七iden七ical，七○ 七hose of 七roponin ＝ fTOm Skele七almuBCle   

ln some respec七s．  

TheTe have been many TePOP七s on七he regula七or＞y mechanism  

Of con七r＞aC七ionin smoo七h muscle・EbashiBL迫・（1966）prepared  

na七ive 七TOPOmyOSin from chicken gizzard．muscle． They obseTVed   

七haセ セhe 七Tea七men七 of glZZar）d actornyOSin by 七TyPBin r7eSul七ed・  

in ab01ishmen七ofi七S SenSi七ivi七y七o Ca＋十and thaセセhe sen－  

Si七ivi七y was r＞eS七oTed by adding七he na七ive 七TOPOmyOSin・  

Cars七en（1971）s七udied on七he pェーePaTa七ion ofl七TOPOmyOSin－  

fTee 七TOPOnin f－rom u七er＞ine muscle． This pTO七ein showed a七  
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1east six band．s on elec七r＞OPhoTeSisin the pTeSenCe Of sodium  

dodecylsulfa七e（S］〕S）．The maコOT foup bands of pr－○七ein  

having m01eculaエーweigh七S Of appTOXirna七elylLL，500，26，000，  

払000，and5ら，000dal七ons・Ca＋＋－SenSi七土Ⅴ土七ywaB＋＝PeS七oped  

七o bo七h desensi七ized skele七aland u七eエーine ac七omyosinin七he  

pTeSenCe Of七he pTO七ein combined wi七h tTOPOmyOSin frorneitheT   

u七eTuS OT Skele七al muscle．  

DTiska＆HaT七Shorne（1975）studied on七he Tegula七oTy   

pTO七einsin glZZaTd ac七omyosin puTified by washing myofibTils  

with TTi七on X－100． They sugges七ed・七hat 七he ATPase ac七ivi七y   

Of glZZaTd aLC七omyosinis Tegula七ed・by a pr＞○七ein of 七he 七hin   

filamen七s with a subuni七 weigh七 of abou七130，000 dal七ons．  

Recen七1y，Mikawa BL吐・（1977）have TePOT七ed・七ha七 TTgizzaTd  

七TOPOninT†ob七ained・fTOm na七ive 七TOPOmyOSin3 having an appaTen七  

m01eculaエーWeigh七 of80，000 dal七ons，COuld fully sensi七ize  

七he desensi七ized ac七omyosin and 七r）OPOmyOSin alone had no   

SuCb an effec七．  

On七he o七heT ha＿nd＿，Bremel（197L）pTeSen七ed evidence   

Wbicb suppor七ed七be pエーeSenCe Of七be myos土n－1土nked r｝egula七○エーy  

SyS七emin sm00七h muscle・ He employed ac七in filamen七s wi七hout   

aセセachedエーegula七or＞y Pr70七eins 七o demons七Ta七e 七he pr）eSenCe Of   

a myosin－1inked Tegula七or＞y SyS七emin glZZard ac七omyosin・  

TheMg＋＋－ATPase showed一七he same sensitivi七y七o Ca＋＋in七he  

PTeSenCe OT absence of 七he added ac七in・ Since 七he ac七in   

filamen七s con七ained no Tegula七ory system七he sensi七ivi七y  

七o Ca＋＋mus七be cauβed by the myosin・  
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Veエーy TeCen七1y Small＆ Sobieszek（1977）have TePOT七ed   

from a seTies of experimen七s thaセ セhe 七r＞iggering of七he  
＋＋ in七eTaC七ion be七ween ac七in and myosinis media七ed via a Ca－  

depend－en七 phosphoTyla七ion of七he 20＞000 dal七on－1igh七 chain  

Of myosin whichisin七uTn dependent on a specific myosin－  

1igh七 chain kinaseタ and 七haセ セhe dephosphoTylation of 七he   

20）000 d－al七on－1igh七 chain of myosin br｝Ough七 about by a  

phospha七asein七he absence of Ca＋＋is associa七ed with the  

inhibi七ion oT Telaxa七ion of 七he ac七in－myOSinin七eTaC七ion．  

As descTibed above，SeVeralTePOT七s have sugges七ed七haセ   

セhere exis七s thick filamen七 Tegula七ioninvolving a direc七  
＋＋ ac七ion of Caonmyosin7Whereas o七heTS have found evidence  

foT a 七TOPOmyOSin一七TOPOnin－dependen七 Tegula七or＞y SyBtem having   

PTOPeT七ies difTeTent from 七ha七 foundin 七hin filamenセーTegula七ed   

Skele七almuscle・ At pTeSen七，七he Tegula七oTy SyStem Of smoo七h   

muscle con七TaC七ion has no七 been seセセ1ed．．  

On the o七heT hand・，by 七he elec七rophore七ic 七echnique  

PerTy並生・（1973）have demonstra七ed tha七 Skele七almuscle  
＋＋ 七TOPOnin＝foTmS a Ca－dependen七complexwi七h七TOPOninCJ  

Whichis stablein6M uTea・Head皇互生・（1977）have shown  

by 七he same 七echnique 七he presence of七TOPOnin C－1ike pTO七ein   

in chicken glZZaTd as wellasin Tabbi七 u七er，uS and cow caTO七id．  

＝n七he presen七 S七udy，We COmPaTed some pTOPeT七ies of   

七heirihibi七oTy PTO七ein wi七h七hose of七r＞OPOninlfTOm Skeletal   

muscle． ＝n addi七ion we confiエーmed七he preserice of七TOPOnin C－   

1ike pTOteinin七his 七issue as Head e七 al．did． The pro七ein  
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isola七ed by pTePaTative polyacTylamide gelelec七TOPhoTeSi  

WaS COmPar＞ed with skeletalmuscle 七roponin C enzyma七ically  

and・elec七r＞OPhore七ically？and七hein七er）aC七ion of七he 七TOPOnin C－  

1ike pr・○七ein wi七h七heinhibi七oTy Pエー0七ein wasinves七iga七ed・  
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MATER＝ALS ANI）METHO］〕S  

ara七ions of 七he inhibitor  ro七ei．n  rabb土七 skele七al  

OSln and 七ro  On土n C  muscle ac七in  

These were caTTied ou七 by七he same pTOCed．uTeS aS 七hose  

descTibedin PART ＝（Makioka＆Hirabayashi，in pr＞epaTa七ion）．  

ara七10n Of 七ro  Onin．工 and 七ro  Onin T fTOm Pabbit skele七al  

muscle  

Bo七h 七TOPOnin ＝ and 七TOPOnin T weTeis01a七ed fTOm七he   

tTOPOnin complex by pTePara七ive polyacrylamide gelelec七r）○－  

PhoTeSisin O．9M ace七ic acid buffeT（pH 3．2）containing  

8H uエーea．  

1zzaIつd ac七om  OSln  aエーa七土on ofI  

でbis was carried ou七 as descエー1bed by Dエーiska ＆Harl七日horゝne  

（1975）and＿desensi七iza七ion of na七uTalac七omyosin was conduc七ed  

as described by Spar・TOW・＆BockxmeeT（1972）．  

boエーeSIs  Elec七ro  

P01yacrylamid．e gelelec七TOPhoresis was caTr＞ied ou七   

undeT 七he same condi七ions as descTibed in PART ＝．  
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Muscle ex七TaC七 foT electTOPhoresis was prepaTed as   

follows． Frozen or＞ unfTOZen muSCle was excisedin abou七  

LL VOlof an8M uTea S01u七ion con七aining50mM2－meTCaP七oe七hanol・  

The suspension of 七he excised muscle was 七hen dialyzed for＞  

a七1eas七 LL hrlagainsセ セhe same solu七ion and cen七rifuged a七  

27，000Ⅹg foT 30min七o TemOVeins01uble material，and 七he  

Super〉na七an七 was used f10エー elec七ropboエーeSIs・ 工n o‡－de＝－ 七0 且eもecセ  

＋＋  セhe change of elec七TOPhoTe七ic pa上土eTn due to coexisting Ca  

ion，5mM e七hylene glyc01biB－（2－aminoe七hyl）七e七raacetic acid  

＋＋ （EGTA）was added七0七he sample solution foT Ca－free ex七TaCt  

and如CaC12WaS addedforCa＋＋－COntainingextrac七・When  

non－dissocia七ing condi七ions of pTOtein componen七S WePe r）equiTed  

the ur・ea waS r＞8Placed by互○％（Ⅴ／v）glyceTOl（Per・Tie＆PerTy，  

1970）．  

＝nteエーaCtion of’the inhibitor  ro七e土n wi七b F－aC七1n  

Theinhibi七oTy PrO七ein was mixed wi七h F－aC七inin a  

S01u七ion con七aining O・1MXCl，2mⅢMgC12and・10mMimidazole  

（pH7・○）and cen七Tifuged a七100，000Ⅹg foT2hr a七互Oc．The  

Pellets weTe SuSPendedin O・01M phospha七e buffer（pH7．0）  

COntaining Lト％SDS a．nd d．ialyzed agains七 the buffeT．The   

SuPeTna七an七s weエーe uSed・foT the de七eTmina七ion of pTO七ein・  
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● AワPase assayS for glZZaエーd ac七omv一OSln  

ATPase ac七ivi七y was measuTed byincuba七ing the ac七omyosin  

a七3SOc foT30mininlOmMMgC12，2・S畑TTis－ATP，and2SmM  

ワrls（pH7．ら）．  
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RESl几ワS  

（工） Com  of 七be lnblbi七○エー  arison of the inhibitor  ac七1vi七  

ro七ein w土七b 七ba七 of 七ro  Onin l fェーOm Skele七al muscle  

Theinhibi七oTy aC七ivi七y of theinhibi七ory pro七ein on  

七he Mg＋＋－ATPase of TeCOnS七i七u七ed ac七omyosin from Tabbi七  

skele七almuscle was higheT 七han七ha七 of 七roponin＝in the  

absence of七ropomyosin（Fig．1LL）．＝n七he pTeSenCe Of  

七TOPOmyOSin9 七he amoun七 of七heihhibi七oTy Pエー○七ein Tequire  

foT SO％inhibi七ion of 七he ATPase ac七ivi七y was almos七 equal  

to tha七 of七TOPOninI（Fig．1S）．Thus，七heinhibi七oTy  

ac七ivi七y of七heinhibi七ory pr＞0七ein was almos七independen七  

Of七ropomyosln・  

ro七ein 七o rabbi七 skele七al muscle  ofl七be 土nblbl七or  Blndin  

ac七1n  

＝七 has been es七ablished七haセ セTOPOnin＝ fTOm Skele七al  

muscle pTeVen七s七hein七erac七ion of ac七in wi七h myosin via a  

七TOPOninl－aC七inin七erac七ionタ Which d・eCTeaSeS七he Ta七e of  

hydrolysis of Mg－ATP（PerTy5泣虫・，1973）l Therefore，it  

isin七eres七ing七o compaTe theinteraction of七heinhibi七or＞y  

protein with F－aCtin witb that of七roponin＝・  

VaTious amoun七s（37一山Lnlg）of七heinhibi七ory pTO七ein  

weェーe mlxed wi七b万一－aC七1n（0．99mg）in a O．1M∴KCIs011ユセlon  
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and七heirihibi七oTy PTO七ein pTeCIPi七a七ed wi七h F－aC七in was   

analyzed by SDS－P01yacTylamide gelelec七pophoTeSis． The   

inhibi七oTy PTO七ein wi七hou七 F－aC七in was no七 pr7eCユPita七ed by ●  

七he cen七rlfuga七土on under 七be same condl七土on． As sbown ユn   

Fig．16，abou七 2m010f七heinhibi七or3y pヱつ○七ein wer＞e bound 七0  

7molof ac七in．On七he o七her hand，0．6m010f七TOPOninIfr＞Om   

Skeletalmuscle has been known 七o bind 七0 7m010f actin when  

no七TOPOmyOSinis pr＞eSent（Poセセer＞＆GeTgely，197L）．  

＋＋ 
－A叩ase of  Effec七 of the inhibitor  ro七ein on the M  

OSln fエーOm Cb土cken  desensitized actom  i2iZaエーd musele  

Na七uralac七omyosin was pTePaTed fTOm frozen chicken  

gizzaTd muscle by七he me七hod of L）Tiska＆HaI－tShoエーne（1975），  

＋＋ and七he Mg－ATPase was assayedin七he presence and absence  
＋＋ ＋十 

of Ca・As shownin Fig・17，七he Mg－ATPase ac七ivityin  

七he pTeSenCe Of 3mM EGTA was a七mos七 So％of the aLC七ivi七yin   

七he absence of EGTA．  

To desensi七ize 七he glZZaTd ac七omyosin七he pr＞OCeduTe   

descTibed by SparTOW＆ Bockxmeer foエー aT七eTialactomyosin  

（1972）was employed・However，七be二Mg＋＋－A叩ase ac七ivi七y of  

七he ac七omyosin pTePaTed by 七heiT PTOCeduTe WaS affected by  

changesin七he Ca＋＋concen七Ta七ion）i・e・1Ca＋＋－SenSi七ivity  

S七ill‡－emained． The effec七 of 七heirihibi七oTy Pr＞0七ein on七he  

Mg＋＋－ATPase ac七ivi七ywasinves七iga七edwi七h七his ac七omyosin9  

al七hough desensi七ized．incomple七ely．Fig．18 shows七haセセhe  
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＋＋ inhibi七oTyPTO七eininhibi七edtheMg－ATPase ac七ivity of  

glZZaPdac七omyosinin七he presence ofCa＋＋タbuセセha七a七  

mos七 50ヲ乙 of七he ATPase ac七ivityin七he absence of七heinhib－  

i七oTy PTO七ein wasinhibi七edin七he pTeSenCe Of the pr・○七ein・  

ro七ei．n  Onin C－1ike   Evidence foT 七he exis七ence of 七TO  （工工）  

izzard muscle  in cbicken  

Alkaline－uTea－P01yacTylamide gelelec七TOPhoTeSis was   

caTTied ouセ セo de七ecセ セTOPOnin C－1ike pro七einin chicken  

glZZard・The electrophore七ic paセセem of muscle extr・aC七from  

fTOZen Chicken gizzaTdin25mM TTis－80mH glycine buffer）  

（pH8．6）con七aining8M urea，WaS COmPared・in the presenc  

＋＋ ＋＋ 
and absence of Ca．＝n七he absence of Ca，七wo fas七  

moving bands could be detec七ed（Fig・19）・In七he pTeβenCe  

of Ca＋＋，七he fas七er band of七he七wo disappeaTed while七he  

slower remained．． This elec七rophor－e七ic paセセern 訂uggeS七ed  

七ha七 加oponin C－1ike pTO七ein formed a complex wi七h a ceT七ain  

pro七ein7 PTObably a七r・OPOninl－1ike pTO七einin七he presence  

of Ca＋＋タ Since undeT the same condi七ions skele七almuscle  

七TOPOnin C for＞med a complex wi七h skele七a・1muscle t昔OPOnin＝・  
＋＋  The disappeaTanCe Of七he fas七eTbandinthepTeSenCe OfCa  

was observed only when fTOZen glZZaエーd was used as ma・七eTial  

foT七he pTOtein pr）ePaエーa七ion・＝f fTeSh unfr＞OZen gizzar・d was  

used and＿the ex七r＞aC七was elec七TOPhoエーeSed・in七he same condi七ion  

as men七ioned aboveJ七he band paセセern was slgnifican七1y                                                                                                                                                                            ■  
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diffeTen七 fTOm 七ha七in 七he case of fTOZen muSCle ex七rac七  
＋＋ 

（Fig．20）・OnTemOValof Ca七he band of the七r｝OPOninC－  

1ike pro七ein was conspICuOuSly de七ec七able，and・it did no七  

＋＋ disappeaT COmPle七ely evenin the presence of Ca7and  

O七heT fas七eT mlgTa七ing bands 七han七ha七 of 七he tTOPOnin C－   

1ike pTO七ein wer，e found unlike 七he case wi七h fr70Zen muSCle   

ex七rac七．  

To confiエーm 七he exis七ence of the complex of 七TOPOnin C－   

1ike pTO七ein wi七h七r？OPOnin＝－1ike pTO七einin the pエーeSenCe  
＋＋ of Caタセwo－dimensionalgelelec七TOPhoTeSis was conducted  

by using七he same buffeT SyS七em as men七ioned above・AfteT  

muscle ex七r7aC七 of fTOZen Chicken glZZard was elec七rlOPhoTeSed・  
＋＋ 

in七he pTeSenCe Of Ca，七he slab gelwas cu七ver七ically  

andlaid on七he second slab gelhoTizon七ally，and 七he second・   

elec七ropbor）eSis was caエーri昏d ou七‘w土七b七be addl七10n Of a O・1H  

EGTA s01u七ion on七○ 七he 七op of 七he gels七Tips・ As shownin  
＋＋ 

Fig・21，When Cawas pTeSen七indimension one∫a fas七  

moving band（a，TTOW）appeared by the ad・dition of EG・TAin七he  

posi七ion coTTeSPOnding七○ 七he 七op of gelin七he firs七 elec七ro－   

pboresIs・  

On七he o七heT hand9 When EGTA was pr・eSen七in dimension  

oneタ any band corTeSPOnding七0七he tTOPOnin C－1ike pr＞0七ei  

did no七 appear｝in dimension七wo・FTOm七hese TeSul七Si七ca・n  

be said七haセ セhe tTOPOnin＝－1ike pTO七ein migh七 be of a  

stTOngly basic na七uTe，and thaセセhe complex stays a七 or・Close  

to七he oTlgln On P01yacTylamide gela・nd does no七mlgr7a七e  
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in七○ 七he gel・  

When ur＞ea WaS TePlaced withし0ヲ岩（Ⅴ／v）glycer＞01，in the  

＋＋ absence of Ca七he tTOPOnin C－1ike pTO七einmlgra七ed as a  

single band to七he anode moTe TaPidly七han any o七heT PTO七eins  

（Fig．22），and七he forma七ion of the complex was obsepvedin  

＋＋ 七he presence of Caasin七he case wi七h七he urea gel・  

UndeT 七he same condi七ions，七he 七TOPOnin C－1ike pro七ein could   

beis01ated by prepaTative p01yacTylamide gelel・eC七TOPhor＞eSis・  

The pro七ein obtained・mlgTa七ed as a single band andits  

apparen七m01eculaT Weigh七was calcula七ed七o be about15，SOO  

dal七ons on elec七TOPho‡－eSisin O・1M 50ditm phosphate buffeT  

（pH7．0）con七aining O・1％SDS（Fig・23）・  

＋＋ 
－A叩ase of  rotein on the M  onin C－1ike  Effec七 of 七be 七ro  

OSln  rabbi七 Skeletal muscle actom  

Toinves七iga七e 七he func七ionalchaTaC七eTis七ics of 七he   

tTOPOnin C－1ike pr＞○七eini七WaS 七ested whetheT 七he tTOPOnin C－   

1ike pTO七ein func七ionslike 七TOPOnin C fTOm Skele七almnユSCle   

in an ATPase assay sys七em withエーeCOnS七i七u七ed ac七omyosin fTOm  

r｝abbi七 skele七alrrmscle・In 七he presence of glZZaTd 七TOPOmyOSin   

and・Tabbiセ セTOPOninI七he 七roponin C－1ike pTO七ein was found   

七o func比onln a veエーy S土m土1ar manner 七○ 七ba七 of skele七al  

muscle 七roponin CJTelieving七heinhibi七ion by tTOPOnin＝ of  
十＋  七heMg＋＋－ATPase∫bo七hin七hepTeSenCe andabsence ofCa  

（Fig．2LL）．Relief of七heinhibi七ion was comple七ed when七he  
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m0laT ‥Pa七i0 0f 七he tTOPOnin C－1ike pro七ein七o tTOPOninI  

WaS abou七 3・ The tTOPOnin C－1ike pTO七ein alone had no effec七  
＋＋ ＋＋ 

on七he Mg－ATPase ei七heTin the presence oT absence ofCa．  

When tTOPOnin T was add・ed・tO 七he assay sys七em，七he  

＋＋ 七roponinC－1ike pro七ein couldno七confer Ca－SenSi七ivi七y  

On七he ATPase（Fig・2S）whiLe skele七almuscle tTOPOnin C  

COuld．  

arison of the electro  hoエーeセユc mobll土七  Of 七be 七ro  Onln C－  

ro七ein with 七ha七 Of skele七almuscle 七r＞○  1土ke  On土n C ln 七he  

resence oエー absence of uTea  

On alkaline－u‡－ea－POlyacエーylamid・e gelelectrophoTeSis  

a七pH8・67 七he electrophoTe七ic mobili七y of七he tTOPOnin C－  
＋＋ 

1ike pTOtein was sligh七Iy Teducedin七he absence of Ca。                                         jtlS七  

as 七hat of七TOPOnin C fpom Tabbi七 skele七alrTmSCle was（Fig．26）．  

On七he o七heT hand，by七he TePlacement of uTea by LLO％glyceT01  

in七he elec七r）OPhoTetic cond・itions）七he mobili七y of 七he  

troponin C－1ike p‡－0七ein was d‡－aS七ica11y changed depending  
＋＋ on七he concentrationof Ca：七he mobilitywas slgnifican七1y  
＋＋ Teducedin七he presence of Caunlike七heincTeaSeinmobili七y  

On七he ur）ea gel；Whereas skele七almuscle 七r＞OPOnin C mlgTa・七eid  

fas七eTin the presence of Ca＋＋七hanin七he absence of Ca＋＋  

（Flg．27）．  
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（工工Ⅰ） Com  1ex foエーma七土on of 七he 七ro  ro七ei＿n  Onln C－1ike   

Wi＿七b 七ro  Onln 工 ○エー 七ro  Onin T fTOm Skeletal rTmSCle  

A七pfI8・67in the absence of upea，七he tTOPOnin C－1ike  

pエー○七eln for－med a co工叩1ex wl七b 七roponln 工 from skele七aユ  

十＋ musclein七he pr＞eSenCe Of Ca（Fig・28）・On elec七rophorleSis  

七he complex moved with a mobili七y of abou七 30ヲ岩 of 七ha七 of   

七he 七TOPOnin C－1ike pro七ein・ The complex was no七 foTmed  
＋＋ in七he absence of Ca・In七he pTeSenCe OfuTea）七he complex  

WaS aLIso foTmed，bu七 which s七ayed aセ セhe oTlgln On P01y－   

acTylamide geland did no七 mlgTate Wi七h anin七ermedia七e   

mobili七y be七ween七hose of 七he 七wo pTO七eins unlike 七he case   

On七he gelwheTe uTea WaB absen七（Data weTe nO七 shown）．  

Likewise 七he 七r｝OPOnin C－1ike pエー0七ein formed a complex   

Wi七h 七TOPOnin T f’TOm Skele七almlSCle・ The complex moved   

moTe Slowly 七han七he corTIPlex of 七he 七rlOPOnin C－1ike pTO七ein  

and七TOPOninI，a＿nd七he mobili七y was abou七1Lト％of 七ha七 of  

the tpoponin C－1ike pTO七ein（Fig．29）．  

In七erac七ion of 七he ihhibi七○エー  ro七ein wi七b 七he 七ro  On土n C－  

11ke  ,rotein from chicken 1zzia‡－d muscle  

Wben a mix七uTe Of 七heinhibitoエーy PTO七ein and 七he 七TOPOnin C－   

1ike pTO七ein was electTOPhoTeSed on alkaline polyacr）ylamide  
十＋ 

gelin七he pTeSenCe Of CaJa band of七he c叩plexwas found，  

and the mobili七y was abou七11％ of七ha七 of the 七TOPOnin C－1ike  
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pTOtein alone（Fig・30）・Und・eT these conditions七heinhib－  

i七ory pTO七einin the absence of the tTOPOnin C－1ike pTO七ein   

did no七move toward，S 七he anode・ This s七TOngly sugges七S  

＋十 七haセセheinhibi七orypTOtein canform aCa－dependent comple  

Wi七h 七he tTOPOnin C－1ike pエーOtein as skele七almuscle 七TOPOninI   

does wi七h skele七alrmlSCle 七TOPOnin C．  

To s七udy 七he effec七 of 七he 七ropon土n C－11ke pr－0七eln on  

＋＋ 七heinhibi七ion of七he Mg－ATPase of TeCOnS七i七u七ed ac七omyosin  

fr）Om Tabbi七 Skele七almuscle by 七heinhibi七oTy PTO七eirl，七he  

＋＋ 七roponinC－1ike pro七einwas added七○七he Mg－ATPase assay  

SyStem COn七aining recons七i七u七ed ac七omyosin）glZZaTd 七TOPOmyOSin   

and＿七heinhibi七oTy PrO七ein． The result shownin Fig．31   

ind，ica七es 七haセ セhe 七TOPOnin C－1ike pTOtein can Telieve 七he   

inhibi七ionind・uCed・by七heihhibi七oTy PTO七ein，bo七hin 七he  

＋＋ 
presence and absence of Ca？in othep woTdsJthe relief  

＋十 
ls no七Ca－SenSi七1ve．  
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D工SCロSS工ON  

since七heinhibi七ion of the Mg＋＋⊥ATPase by七he chicken  

glZZardinhibi七ory pro七einis no七 afTec七ed・by七he pTeSenCe  

of 七ropomyosin）七he mechanism ofinhibi七ionrnight be quaLi－   

ta七ively diff）epent from七ha七in skele七almuscle where 七he  

ac七ivi七yis poten七ia七ed．by tTOPOmyOSin（Figs・1LL and19）・  

Theinhibi七OTy aCtivi七y of theinhibi七ory pエー○七ein can be  

distinguished fTOm七he non－SPeCificinhibi七oTy aCtivi七y of  

basic pro七eins such as salmineJlysozyme and cytochTOme C  

since 七heihhibi七ion of such basic pTOteinsis neutTalized  

by七he addition of tTOPOmyOSin（Syska≦土塁主・，1976）・  

Al七hough maximuminhibi七ionind・uCed・by七heinhibi七ory  

pro七einis sligh七Iylower七han七ha七by tTOPOninIin七he  

pTeSenCe Of glZZaTd・tr）OPOmyOSin）the amoun七of七heinhibi七or＞y  

pTO七ein r＞equiTed．foT50％inhibi七ionis almos七iden七icalwith  

七ba七 ofl七roponln工・  

Evidence has been shown七haセ セhe specificinhibi七ion  

of ac七omyosin ATPase by七roponinIoccurTS byin七eTaCting  

wi七h actin by PerTy王立皇主・・（1973）・As foT tTOPOnin＝ from  

rabbi七 skele七almlSCle）i七 has been shown七ha上 土he r）eglOn  

con七aining residues96－117has a specialaffini七y foT aC七in，  

andlsresponsible for七be出血土bl血yac比Ⅴ土七yon七be喝＋＋－  

ATPase of ac七OmyOSin（Syska王立生・，1976）・The experimen七S  

by ul七racen七Tifuga七ion cleaTlyindica七e thaセセheirlhibitoTy  

pro七eln blnds七o F－aC七in a七a ra七土00f2m01p紺7ac七in  
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monomer7S（Fig・16），and pTeSumably七hisin七eraction causes  

七heinhibi七ion of七he Mg＋＋－ATPase・  

The effect of 七heinhibi七ory pTOtein of chicken glZZaTd  
＋＋ oTlglnWaSinves七iga七昏・d・On the Mg－ATPase of reconsti七u七ed  

ac七omyosin from Tabbi七 skeletalmuscle・Itis necessa・Ty 七o   

examine whe七heエー 七heinhibitoTy PTO七ein shows 七heinhibi七oTy  
＋＋ ac七ivi七y on the Mg－ATPase of glZZaTd actomyosin・HoweveT＞  

＋＋ ca－SenSi七ivi七y of glZZaTd natuTalactomyosin we prepaTe  

was as high as 50％，and七he desensi七iza七ion of gizzaTd ac七○－  

myosin has no七 been successful（Fig・17）・Even wi七h such  

incompletely d・eSenSi七ized glZZaTd・aC七omyosin）i七 has become  
＋＋ cleaT七haセセheinhibi七oryproteininhibi七s七he Mg－ATPase  

of gizzard ac七omyosinin七he pTeSenCe Of Ca＋＋（Fig・18）・  

TheTefore theinhibi七ory pTO七ein seems 七o be essen七ially   

SimilaT 七o skele七almuscle troponinIin 七heiT abili七y 七o  
＋＋ inhibi上土he ac七omyosinMg－ATPase ac七ivi七yiTreSPeC七ive of  

ca＋＋concen七ration．FTOm the facセセha七tTOPOnin Cis r）equiTed  

to neu七Talize 七heirihibi七ion by skele七a．1mus，Cle 七roponin ＝，   

i七is very na七upal七o expecセ セhaセ セheinhibi七ory pエー○七ein  

might need a cer＞七ain pTO七ein coエーTeSPOnding七o skele七almuscle  

tTOPOnin C・In ord・eT tO d・e七ecセ セTOPOnin C or・tTOPOnin C－1ike  

protein，七he techniq．ue by PerTy5泣虫・（1973），Wi七h which  
＋＋ ca－dependen七tTOPOninI－tTOPOninC complexwas demonstra七ed・＄  

was employed．Head生旦主・（1977）have alTead・y demonstTa七ed  

the pTeSenCe Of tTOPOnin C－1ike pTO七einin many sm00七h muscles  

including chicken glZZaTd・Howevep）七hey have no七 d・e七ec七ed  
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七he opponen七 of七血e七roponin C－1ike pro七einli・e・，七r＞OPOnin＝－  

1ike pTO七ein・Since the tTOPOnin C－1ike pr）Oteins have been  

is01a七ed no七 Only fTOm muSCle tissues bu七 also from many  

OtheT nOn－mSCle 七issues such as bTain（Fine≦生吐・，1975），  

adrenalmedu11a（Kuo＆Coffee，1976）and platelet（Muszbek  

皇互生り1977），and successfulis01a七ion of troponlnエー11ke  

Pr）○七ein has no七 SO faT rePOTted－｝ 七roponin C－1ike pTO七ein   

SeemS tO be prepaTed moTe eaSily七han tpoponin＝－1ike protein．  

工n七he pr7eSent WOTk，We de七ec七ed the troponin C－1ike  

PTO七einin chicken gizzaTd（Fig．19）confipming七he TeSul七日  

Of Head王立旦主・（1977）．FuT七heTmOTe，We found七haセ セhe  

electrophoTetic paセセer－n Of glZZard muscle was slgnifican七1y  

diffeTent depending on whe七heT 七he muscle was frozen or＞  

unfTOZen（Figs．19and20）．The band corTeSPOnding七○ 七he  

七TOPOnin C－1ike pro七ein did・nO七 disappeaT COmPle七elyin七he  
＋十 presence of Cawhen七he pr＞Oteinwas ex七TaC七ed fTOmunfTOZen  

glZZaTd・muSCleJWhilei七 disappeaTed・COmPle七ely when七he   

PI－Otein was ex七TaC七ed from f－TOZen muSCle・ Probably七he complex   

Of tr＞OPOnin C－1ike pTOtein and・SOme basic pTOtein migh七 be  

uns七ablein8M urea due 七o the pr）eSenCe Of pTO七easein七he   

unfTOZen muSCle extTaC七，and the possibili七y tha七 some pr＞0七ein   

Wi七h same mobility as 七ha七 of 七he 七TOPOnin C－1ike pTO七ein   

is pr＞eSen七in 七he muscle ex七TaCtis not comple七ely excluded   

ye七・  

The TePlacemen七of ur＞eain the gelby互○％’glycer01  

PrOduced a slgnifican七 Changein七he electTOPhoTe七ic pa七ter＞n  
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of rTmSCle ex七rac七． Most of bands tended 七o become bTOadeT   

in七he presence of glycer01・The 七TOPOnin C－1ike protein  

moves wellin fTOn七 of the o七heT bands． The is0lation of   

七he puTe tTOPOnin C－1ike pI－○七ein was 七heエーefoTe PerfoTmed   

by p01yacrylamide gelelec七TOPhoTeSisin the presence of  

gly・Ceエー01土ns七ead of uエーea（Flg．22）．  

The pr＞○七ein thus ob七ainedWaS PTOVed 七o move as a single  

bandin SDS－P01yacr，ylamide gelwith a mobili七y corTeSPOnding  

七o an appaTen七m0lecular7Weigh七 oflS，500 dal七onB（Fig．23），  

Whichis smalleT 七han七hose of 七r＞OPOnin C fTOm Skele七almuscle  

（18，500）（ffar七shoTne＆Pyun，1971；Schaub＆PerTy，1971），  

tTOPOnin C－1ike pTO七eins from brain（17，000）（Fine旦互生・，  

1975），adrlenalmedulla（16，000）（Kuo＆Cof－fee，1976）and  

Pla七ele七（16，500）（班uszbek芝生旦i・，1977），bu七IaTger）than  

七hose of paTValbtmins fTOm VeエーセebTa七es（11，000－13，000）  

（Pech占re至上旦主・，1971；Capony望上吐・，197ら）・  

The combined・eVidence obtainedin enzymlC and elec七TO－   

PhoTe七ic s七udies sugges七s 七hat ouT 七TOPOnin C－1ike pTO七ein   

fコ？Om Chicken glZZaTdis similap 七○ 七r｝OPOnin C fTOrn Skele七al   

musclein severalchaエーaC七er）istics・ For－ eXamPle9its mobili七y  
＋＋ 

incTeaSeS On七he uTea gelby the ppesence of Ca（Fig．26），  

andit can form complexes wi七h 七TOPOnin＝ and 七TOPOnin T  

from skele七alrmscle（Figs・28and29），Which are Ca＋＋－de－  

Pendent＞ andit can Telieve 七heinhibition by 七roponinIon  
＋＋  七he Mg＋＋－ATPase bothin七he ppesence and absence of Ca  

（F土g．23）． 工n spl七e of七bese slmiユaェー1七1es，七be 七roponln C－  
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1ike pTOteinis different fTOm tTOPOnin C fTOm Skeletal   

musclein that the mobility of the pTO七ein on the glyceIつ01  

gelis significan七1yTeduced by an addi七ion of Ca＋＋（Fig・27），  
＋十 ＋＋ and＿七ha七i七does no七confeT Ca～SenSi七ivi七y on the Mgh  

ATPasein 七he pTeSenCe Of 七TOPOmyOSin，七TOPOnin＝ and・tTOPOnin T  

（Flg．25）．  

Sinceitis evid．ent 七haセ セheinhibi七ory pTO七ein can   

in七erac七wi七h 七he 七rqponin C－1ike pr）Otein of chicken glZZard）  
＋＋ forming the Ca－dependent complexJand七ha七the tTOPOnin C－  

1ike pTOtein and・七heinhibi七ory pro七ein ar－e CaPable of con－  

tT011ing七he Tabbi七recons七i七uted actomyosin ATPase ac七ivi七y，  

七heinhibitoTy PTO七ein weis01a七edis one of 七he mos七 pTObable  
＋＋ candida七e foT tTOPOnin＝－1ike pTO七einwhich contT01七heMg－  

ATPase activi七y of chicken glZZar・d ac七omyosinin c011aboTa七ion   

with七he 七roponin C－1ike pTO七ein・1f such be the case∫i七  

is expeG七ed七hat the complex，tTOPOnin C－1ike and t昔OPOninl－  

1ike pTO七eins5 may PaT七icIPa七ein七he Tegulation of sm00th  

muscle contraction．  
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SUⅡ凹ARY  

＋＋ 
1．Besides theinhibi七ory pro七ein ofMg－aCtiva七ed ac七omyosin  

ATPase fTOmI－abbi七 skeletalmuscle，a 七TOPOnin C－1ike protein   

WaS PTePaTed from fTOZen Chicken glZZaTd3 and 七he functional  

validi七y of 七he 七wo pTO七einsin the r・egula七ion of sm00七h  

muscle con七Ta．C七ion wasinves七igated by enzym0loglCaland   

electTOPhore七ic 七echniq．ues・  

2． The amoun七 of七belnhlbl七○ェーy pエー○七e土工lエーequ土red fop 50％  

十＋ inhibi七ion of七he Mg－aC七iva七ed ac七omyosin ATPase was almos七  

equal七o tha七 of tTOPOnin＝ from skele七almuscle・  

＋十 
3．Theinhibi七oTyPTO七ein couldinhibiセセhe MgM白C七iva七ed  

ATPase of par七ially desensi七ized glZZard ac七omyosinin七he  

presence of Ca＋十                                                    一  ●  

LL． Theinhibi七oTy PTO七ein bound七o F－aC七in fr｝Om Skele七al   

muscle a七 a physi010glCalcondi七ion4  

5． The chicken glZZar＞d 七r30POnin C－1ike protein ob七ained   

by prepaTa七ive p01yacTylamid・e gelelec七TOPhoTeβis had an  

apparen七m01eculaT Weigh七of15，500dal七ons・  

6． on alkaline－uTea gel，七he mobili七y of 七he 七r＞OPOnin C－  

＋＋ 1ikepro七einincTeaSed slightlyin七hepresence ofCaas  
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tha七 Of skele七almuscle tTOPOnin C did． On the o七her hand，   

七he mobility decTeaSed slgnifican七1y on alkaline－glyceT01  
＋＋ gelin七he pTeSenCe Of Caunlike七he case with skele七al  

muscle 七㌘OpOn土n C．  

7．The tTOPOnin C－1ike p㌘○七ein could foTm Ca＋＋－dependen七  

COmPlex wi七h troponin＝ oT 七TOPOnin T from skeletalmuscle・  

8． The tTOPOnin C－1ike pr＞○七ein could neutTalize 七heinhi－  

十＋ bi七ion by skele七almuscle七TOPOninIof七he Mg－aC七iva七ed  

actomyosin ATPase fTOm Ta・bbi七 skele七almuscleJbu七 could  
＋＋ not confep Ca－SenBi七ivi七y七○七he actomyosinin the pTeSenCe  

Of 七roponinIand 七TOPOnin T from skele七almuscle・  

＋＋ 9・The troponinC－1ike ppo七eincouldfoTm a Ca－dependent  

COmPlex wi七h 七heinhibi七oTy PrO七ein and could neu七Talize 七he  
＋＋ inhibi七ion by七heinhibi七opyppotein of the Mg－aC七iva七ed  

actomyosin ATPase fTOm Tabbi七 Skele七almuscle：PegaTdless of  
＋＋ the pTeSenCe OT absence of Ca・  
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EXPAⅣAワ工ON OF F工GIJRES  

Fig・1・ The cTud・einhibi七oTy PTOtein ppepar＞ed fr＞Om frozen   

Chlcken glZZaココd muscle・  

（a）Electrophoresisin7．5％（w／v）p01yacTylamide gelcon七aining  

O．1M sodium phospha七e buffeT（pH 7．0）and O．1％ sodium dodecyl  

sulfa七e．TheliO，000－dal七on pエーOtein bandisindicated by   

a．n aエーrOW． 0，Orilgln；十，anOde．   

（b）Effec七 of 七he cTud．einhibi七oTy PTO七ein fTOm Chicken gizzaTd  

muscle on the ac七ivi七y of Mg＋＋－aCtivated actomyosinATPase  

fTOm Tabbit skele七almuscle． ATPase assays weTe CaTPied・Out   

und．er＞ the s七andard condi七ions（see MATER＝ALS AND METHODS），   

With5801ユg Of TeCOnS七i七u七ed Tabbi七 ac七omyosinin the pTeSenCe  

of chicken gizzard．七TOPOmyOSin（72pg）．Ac七ivi七yis expTeBSed  

as a peTCen七age of 七ha七 ob七ainedin七he absence ofinhibi七or＞y  

PTO七ein and EGTA・●，＝n七he pTeSenCe Of O・OSmH CaC12；○，  

1n 七be pエーeSenCe Of－1mH EGでA．  

Fig．2． The cTud，e PrO七ein fr70rnfresh（no七 fTOZen）chicken   

glZZaエーd muscle．  

（a）ElectTOPhoTeSisin7．5％（w／v）p01yacTylamide gelc・On七aining  

O．1M sodium phospha七e buffeエー（pH7．0）and O．1％ sodium dodecyl  

sulfa七e．No七e 七he absence of LLO，000－d．al七on pr＞0七ein band   

（cf．Fig．1a）．  

（1〕）Effecヒ of 七he crude protein from fresh chicken gizヱard  
＋＋ muscle on地e ac損Ⅴま七y・ofMg－aC七1va七ed aざ瞥omyos土nAでPase  
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fTOm Tabbi七 Skele七alrnuSCle・ATPase assays weTe Car＞Tied  

out under七he s七andaTd condi七ions，With608Iユg Of reconstitu七ed  

Tabbi七 ac七○rnyOSinin the pTeSenCe Of chicken glZZaTd tTOPOrnyOSin  

（73Tlg）・Activityis expTeSSed as a per，Cen七age of七hat ob岬  

tained．in 七he absence of 七he cTude pTOtein and EG・TA・  

●，In tbe pTeSenCe Of O・05my［CaC12；○，in the pTeSenCe Of  

lmMEGTA．  

Fig．3． ChTOma七ogTaPhy of七he cTudeinhibi七OPy Pr70七ein  

on DEAE－Sephadex A－50．  

A sample（60mg）of crudeirihibi七○エーy’PrOヒein fpom fTOZen  

gizzaTd was applied・七o a c0lumn（1・7cm x LL2cm）of DEAE－  

Sephadex Ap50 equilibra七ed aga・ins七 20rTiM TTis－HClbufTeT  

（pH7．5）con七aining6M ur，ea andlSmM2MmeTCaP七oe七hanoL・  

Alinear＞gTadient of O－0・6M KCIwas applied after｝120mlof  

七he Tr＞is仙fIClbuffeT had been elu七ed． Ever＞y LLmleluate was   

c011ec七ed． Six fTaC七ions as shown on 七he upper par七 of 七he   

figuTe WeTe P001ed and used fo‡一 electTOPhoTe七ic analysis・  

Fig．互． Effec七 of fr＞aC七ions fエーOm DEAEpSephad－eX Chr｝C）ma七ogr－aPhy  

onMg＋＋－aCtiva七edATPase of TeCOnSti七u七edコ？abbi七actomyosin・  

ATPase assays weTe CaTried ou七under－七he s七andaT  

conditions，With仙8pg of TeCOnS七i七u七ed Tabbi七actomyosinin  

the pTeSenCe Of chicken gizzaTd七TOPOmyOSin（96Tlg）・Activi七y  

is expTeSSed as a per）Cen七age of tha七ob七ainedin七he absence  

of fr，aC七ions from七he chroma七ogr）aPhy and EGTA・ Closed・Symb01s，  
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in the pTeSenCe Of O・05mM CaCl。；OPen Symb01s，in七he pres－  
r＿  

ence oflmM：EGワA．   

（a）●，○，fracセユon工；▲，△，fェーaC七土onエエ；艶，口，でracセユon工Ⅴ．  

（b）●，○，frac七土on工工工；▲，△，frac七土on V；掬，ロ，frac七土on V工．  

Fig．5． S］〕S－P01yacTylamide gelelec七rophoTeSis of fTaC七ions   

from DEAE－Sephad・eX ChTOma七ogTaPhy・  

Elec七rophoエーeS土s was conduc七edln7．5％（w′／v）p01yac叩1amide  

gelcon七aining O．1M sodilm Phospha七e buffeT（pH 7．0）and  

O・1ヲ乙 sodium dodecylsulfate．The fエーaC七ion numbeTS COTTeSPOnd  

七○ 七hose 土n Fig・3・Purl七y of互0，000－dal七on pr－0七eln j＿n  

fエーaC七土on 工is abou七 30‰  

Fig．6． GelfiltTa七ion of fTaC七ion＝ on Sephadex G－100．  

Fr，aCtion＝（15mg of protein）from DEAE－Sephadex chTO－   

ma七og工場pby was dlss01ved土n20m封：でr1日－HClbuf－fer（pH7．5）  

COn七alningらH ur－ea and15mM二2－mlerCap七oe七harl01，and applled  

七o a c01umn（2．5cm x75cm）of Sephadex G－100 equllibra七ed  

agains上 土he buffeT． Each hmlelua七e was c011ec七ed．（a）and   

ヒhe peaks ＝ and ＝＝ weTe analyzed・by S工）S－POlyacr7ylamid－e gel  

elec七rophoェーeS土日（b）．  

Fig．7。 Effec七 of 七TOPOnin C fTOm Tabbi七 skeletalmuscle  

十＋ 
on七heinhibi七oTy S七a七e ofMg－aC七ivatedATPase ofr・eCOn・一  

s七i七u七ed r）abbi七 ac七omyosin by 七heinbibi七or＞y pr＞Otein．  

AてrPase a3日ays we＝le Ca＝－ried ou七 undeで七be s七andard  
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condl七10n・Sタ Wi七bら001ユg Of recons七比u七ed rabbl七ac七omyosln  

in七he pTeSenCe Of chicken gizzar＞d tropomyosin（73lユg）and  

theinhibi七ory pエー○七ein（18pg）．Activi七yis expr）eSSed・aS a  

peTCen七age of七hat ob七ainedin the absence of troponin C  

a．nd theinhibi七oTy Pr＞Otein．0，＝n七he pTeSenCe Of O．O5mM  

CaC12；○，1n七be ppesence oflmH E椚A・  

Fig．8． TpopomyosinMdependency of七heinhibi七or7y aCtivi七y  

o王’七hei】nhlbl七ory pエー0七eln・  

ATPa・Se aSSayS We‥Pe CaTried ou七 und・er 七he s七andard  

condi七ions，Wi七h1981ユg Of TeCOnS七i七u七ed rabbi七 ac七omyosin  

in七he pTeSenCe（●）oT absence（○）of chicken gizzard  

tTOPOmyOSin（7771g）．IncTeaSing amoun七s of七heinhibitoTy  

pTO七ein fr＞Om D互：AE－Sephadex（丑汀Oma七ogTaPhy were added・  

Ac七ivi七yis expr）eSSed as a per＞Cen七age of七ha七 obtainedin七he  

absence of theinbibi七ory pTO七ein・  

Fig・9・ Reac七ions of an七i－inhibi七oTy PTO七ein seTum Wi七h  

七heinhibi七oTy Pr＞○七einin an agaT diffusion七es七鐸  

an七i－＝P＞ Pabbi七 an七i－inbibi七or＞y PrO七ein serun；IP9 七heinhib－  

itor＞y PTO七ein pur・if．ied by gelfiltra七ion；C7 七he cr＞ude  

inhibi七oTy PPOtein・IP and C weTe Seq．uentially dilu七ed as  

shownin七he wells s七aT七ing fTOm COnCentr＞a七ion of120Tlg／ml  

andlmg／ml，reSpeC七ively・  

Fig・10・ Specifici七y of anti－inhibi七oTy PTO七ein seTum・  
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The cTud・einhibi七oTy Pr＞○七ein（1801ユg）f’TOm fTOZen gizzaTd  

was elec・tr？OPhoTeSedin SDS－7。ぢ％（w／v）polyacrylamide gel・  

The gelwas cu七into slices of 3min thickness and pu七in  

七he wells on七he agar pla七ein七he oTd－er）aSindica七ed on七he   

figure・ Only七he gels of’Nos・20）21and22have foTmed a  

pTeCIPi七inline TeaCting wi七h七he an七iseTurnin七he cen七Talwell・  

Fig・11・ FluoTeSCenCe micTOgTaPhs（〕f chicken glZZard muscle  

stained wi七h anti－ihhibi七ory pro七ein ser）um（a）and・With the  

antiserum abso；Pbed．wi七h七heinhibitoTy PTO七ein（b）・The bars  

lnseエー七edindユ（）a七e j」一Olユ・  

Fig。12・ Fluorescence micTOgTaPhs of chicken glZZar）d－muSCle  

s七ained wi七h an七i－gizzar＞d tTOPOmyOSin seTl肌（a）and wi七h七he  

an七iserum．absoTbed．wi七h七he七TOPOmyOSin（b）・The baIJSinser｝七ed   

lndlca七e互01ユ・  

Fig．13・ Reaction of anti－inhibi七oTy PTO七ein ser）umWi七h七he  

chlcken glZZard七bln filamen七日・  

（a）SDS－P01yacTylamid・e gelelectTOPh。reSis of chicken gizzaT  

七hin filaments usedin（b）．  

（b）＝mmunor｝eaCtion of an七i－inhibitoTy PTO七ein serum wi七h七he  

chicken glZ2：ard 七hin filamen七S・  

an七ip＝P9 an七i－ihhibi七oTy PTO七ein seTun；ab・anti－＝P，an七i－  

inhj－bitoTy PPO七ein semm absor）bed with七he an七igen；＝P，  

inhibi七oTy PPOtein；G－TFIChicken glZZar＞d七hin filamen七s・  
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Flg．1」ト  Compa＝－ison ofl七‡ほinblt止七○エーy aC兄Ⅴ］一七y of一七he  

inhibi七oTy Pr）○七ein wi七h七hat of ∈血ele七a・1muscle tr・OPOnin＝  

＋＋ on七he MgNaCtivatedATPase of T＆cons七i七u七e（ユTabbit ac七○－  

myosinin七he absen（ユe Of tTOPOmyOSin・  

ATPase ac七ivi七yis pr∋eSen七ed as a peエーCen七age of 七ha七   

ob七ainedin七he absence of 七heinhibi七oTy PTO七ein，rabbi七   

tr＞OPOninIand EGTA・Assays were carTied ou七under・七he  

s七andar）d conditions9 Wi七h LL06Tlg Of TeCOnS七itu七ed rabbi七  

ac七OmyOSin・Closed・SyTnb01s，in七he presence of O・05mM CaC12；  

open symb01s7in七he presence oflmM EGTA・●，○タ ＝nhibi七or・y  

pTO七ein；▲9 △タ tTOPOnin＝fTOm Tabbi七 Skeletalmus（つ1e・  

Fig．15． Compa．r＞ison of七heinhibi七oTy aC七ivi七y of七he  

inhibi七oTy PrO七ein witb七ha七 of skele七almuscle tTOPOninl  

on七he Mg＋＋－a・C七i・Va七ed ATPase of TeCOnSti七uted r）a－bbi七ac七0rnyOSin  

in the pTeSenCe Of七ropomyosin・  

ATPase activityis pTeSen七ed as a percentage of 七ha七  

ob七ainedin七he absence of 七heinhibi七○‡1y PTOtein，Tabbiセ  

セropor止n工 and玉：GでA・A8日ays were ca‡－ried ou七under七be  

s七andaTd condi七ions，Wi七h38h．71g Of TeCOnS七i七u七ed r＞abbi七  

ac七omyosln and91丁ユg Of如ZZard七ropomyosln・Closed symboIs，  

in七he pTeSen（さe Of O・05mM CaC12；OPen S叩b01s，in tbe pTeS－  

ence oflmM EG－TA● ●，OJ＝nhibi七oTy Pr＞○七ein；▲タ △，tr＞OPOniri＝  

fpom Tabbi七 Skele七almuscle．  
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Flg．1ら． 工n七eエーaC七10n Of七he 土‡血ib土七0エーy pエー○七eln wエセb F－aC机n   

froIrlSkele七al muscle．  

工nblヒ止七orっy ppo七ein（0．3mg／ml）was mlxed wl七h F－aC七1n  

（0．99mg／ml）in a solution containing O．1M KCl，10mMimidaz01e  

（pfI7・0）and2mMMgC12・After cen七r＞ifuga七10n a七100，000Ⅹg  

for2hr＞a七LLOc∫ 七he pelle七S Were七r＞ea・ted with SDS foT elec一  

七TOPhoTeSis as d・eSCribed undeT MATER＝ALS AND METHODS・   

（a）F－aC七in   

（b）F－aCtin＋inhibi七orv pro七ein   

（c）工nbibi七○エーy pエー0七eln  

Fig・17・Effec七of EGTA onthe Mg＋＋－aCtiva七edATPase of  

glZZar－d na七uralac七omyos土n・  

ATPase ac七ivi七yis pTeSen七ed as a per＞Cen七age of 七hat  

Ob七ainedin the pTeSenCe Of O・05mM CaC12・Assays weTe CaTTied  

Ou七in a solution of2・5mMATP・10mMMgC12and25mMTTis  

（pH7．6）containing99LLPg Of gizzaTd na七uTalac七omyosin・  

＋＋ 
Fig．18・Effec七of七heinhibi七orypTOtein on七be Mg－  

ac七iva七ed＿ATPase 〇f desensi七ized glZZar＞d ac七omyosin．  

ATPase ac七ivi七yis pTeSen七ed as a per＞cen七age of七ba・七  

ob七ainedin七he absence of 七heinhibi七or・y P工－○七ein and EGTA・  

Assays weTe CarTied out undeT七he same condi七ions as shown  

in Fig．17，Wi七hl．01mg of desensi七ized gizzar｝d ac七omyosin・  

●，＝n七he pr＞eSenCe Of O・0知劇CaC12；○，in the pTeSenCe Of  

lmH EGで且．  
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Fig．19． P01yacTylamid・e gelelecp七TOPhoresis of fTOZen・・   

◆ glZZaTd muscle ex七r＞aC七in七he pr）eSenCe OT absence of CaC1 
2・  

Muscle ex七TaC七 was pTePaPedin LトⅤ010f an8M uTea  

S01u七ion con七aining 50mM2－merlCa．PtOe七han01as describedin   

七he MATER＝ALS AND METHODS and abou七 0．1mlsample was applied  

On七he ge］－ and elec七r70Phoresis was car＞ried ou七inlC）％p01y－  

acTylamide gelcon七aining25mM Tr）is－80rnM glycine buffeT（pH  

8・6）and・8MuTea・5mM CaC12（a）oT5mM EG・TA（b）was added  

七○ 七be samlple s01u七ion． PエーeSumed七poponln C…1まke p‡つ○七ein   

isindica七ed by an arr）OW． 0，Opigln；＋，anOde．  

Fig．20． P01yacエーylamide gelelec七rophoTeSis of unfコ？OZen－  

glZZar）dmuscle ex七rac七in the pr＞eSenCe OT absence of CaC12・  

Condi七ions wer7e aS for，Fig．19． Unfrozen muscle ex七TaC七  

WaS electr）OPhoTeSedin the pTeSenCe Of5mM CaC12（a）oT  

5mM EGTA（b）in七he sample solu七ion．PTeSumed一七poponin C－   

1ike pr＞Oteinisindica七ed by an ar）TOW・ 0，OTigln；＋，anOde・  

Fig．21． Two－dimensionalgelelec七TOPhoresis of gizzapd   

muscle ex七ract．  

Muscle extTaC七 was mad．ein LトⅤ010f’an8M ur）ea SOlu七ion  

COn七a．ining 50m朗：2－meエーCaP七Oe七han0las describedin the MATERIALS  

AⅣDこMEワHOOS・5劇EGTA（a）or5畑CaC12（b）waB added七0  

七he sample s01u七ion・The fiTS七 elec七TOPhoTeSis was capTied   

Ou七 by applying abou七 0．1mlsample of muscle ex七r＞aC七 on七he  

lOヲ岩p01yacTylamide slab type gelcon七aining2SmM：Tr・isp80mM  

埴   



glycine buffeT（pH8．6）and，8M uTea．Each gelwas cu七  

VeT七ically andlaid on七he second．slab gelhoTizon七alLy，   

and七he second elec七TOPboTeSis undeT 七he same condi七ions was   

carrled ou七 wl七b 七be a（まdl七lon of a O．1刊：EGTAsolu七lon o：n七○   

七he 七op of 七he geユ・S七rips．  

Fig・22・ P01yacTylamide gelelec七r＞OPhoTeSis of glZZarid   

muscle ex七r＞aC七in 七he absence of ur）ea．  

Muscle extr・aC七 wasこmadein LトⅤ010f an e・M urea solu七ion   

con七aining 50mM2－rn．er7CaP七oe七hanolas descユ？ibedin七he5MATERIALS   

AND METHO工）S and abolユセ 0．1ml sample of muscle ext；raC七 was   

applied・On the gel・The e］－eCtr＞OPhoTeSis was caTTied ou七in  

lOヲ芸p01yacTylamide gelcon七aining25mM TTis－80mH glycine  

bufTer（pf［8・6）and）＋0％（Ⅴ／v）glyceT01・5mM CaC12（a）oT  

5mM EGTA（b）was added，七○ 七he samp］＿e SOlu七ion． PTeSumed  

七roponin C－1ike pTO七einisindica七ed by an a］？r）OW・010rigin；  

＋，anOd．e．  

Fig．23． Molecular＞Weight de七er＞mina七ion of＞Pur＞ified glZZa：Pd  

tTOPOnin C－1ike pr）○七ein by SDS－P01yacTyla・mide gelelectropho－   

reSIS．  

（a）ElectTOPhor3eSis was carr＞ied ou七in7・5％p01yacrylamide  

gelcon七aining O．1M sodlum phospha七e buffer｝（p王‡7・0）and  

O．1％SDS．0，Or＞igln；＋，anOde・3371g Of pTO七ein was applied   

On 七be gel．  

（b）Semilogari七hmic plo七 of molecular weigh七agains七mobili七y  

jト7   



f’oT PrlO七eins elec七r30PhoエーeSedin S％polyacTylamide gelcon七ain－  

1ng O・1Ⅲ sodlum pllO5pba七e buででe工1（pH17．0）and O．1ヲ乙SDS．  

1タ Bovine seTum albumin；2タ egg albumin；3）PePSin；LL？1ysozyme・  

Arrow土ndlca七es七be posl七10n Of glZZard七エーOpOnln C…11ke pr10七ein・  

Fig・2LL・ Effec七 of glZZaTd七TOPOnin Cplike pTOtein on七he  
＋＋ inhibi七ion of the Mg－aC七iva七ed－ATPase of TeCOnS七i七uted  

r7abbi七 actomyosin by skele七almuscle 七roponin＝．  

ATPase ac七ivityis presen七ed as a peTCen七age of 七ha七   

Ob七ainedin七he abBenCe Of r）abbiセ セTOPOninl，glZZaTd・trOPOnin C－  

1ike pro七ein and EGTA・ Assays wepe carTied ou七 undeT 七he   

Standard・COndi七ions，With39711g Of r）eCOnSti七u七ed Tabbit  

ac七omyosin9 81pg of gizzaTd七ropomyosin and33Tlg Of Tabbi七  

tr，OP（〕ninl・●，＝n the presence of O・OSmM CaC12；○，in七he  

pr）eSenCe Oflm．和 瓦GでA．  

Fig・2弓． Effec七 of glZZar？d七TOPOnin C－1ike pTO七ein on七he  

Mg＋＋蘭aC七iva七edATPase of TeCOnSti七u七ed Tabbi七ac七omyosin  

in 七be p工つeSen〔！e Of－ bo七h 七roponln工 and七ropon土n T fエーom   

Skele七al m．uscle．  

ATPase ac七ivi七yis pTeSen七ed as a peTCen七age of 七ha七   

Obtainedin七he absence of glZZar＞d・七poponin C－1ike pTO七ein，   

七roponin＝，tTOPOnin T and EGTA・ A8SayS We工1e caTTied ou七   

undeT the s七andaTd condi七ions，Wi七h 397†ユg Of TeCOnS七i七u七ed－  

Tabbit ac七omyosin，81pg of gizzard・七r＞OPOmyOSin，33pg of  

Tabbi七 tTOPOnin＝，arid LL71ユg Of r＞abbiセセr＞OPOnin T・●，1n七he  

互8   



PreSenCe Of O・05mM CaC12；○，in七he p‡一eSenCe OflmMEGTA・  

Fig。26． CompaTison of七he elec七TOPhoTe七ic mobili七y of   

glZZard 七TOPOnin CMlike pエー○七ein with tha七 of skele七almuscle   

七㌘叩Onユn Cln 七be pエーeSenCe O王さuエーea。  

Elec七r？OPhoTeSis was caTTied．0u七 undeT 七he same condi七ions   

as ヂ○エ1アユg．19． 0，0ユ？1gユn；＋，anOde．  

（a）9LLPg Of Tabbi上土TOPOnin C wi七h SmM CaC12  

（b）as（a）bu七w土七h5畑EGTAユnplace of CaC12  

（c）3371g Ofgizzard tTOPOninC榊Iike pTO七einwi七h SmMCaC12  

（d・）as（c）bu七wi七h5mM EGTAinplace of CaC12  

Fig・27・ CompaTison of 七he elec七rophor－e七ic mobili七y of   

glZZaTd七TOPOnin C－1ike pr一○七ein with 七ha七 of skele七almuscle   

tTOPOnin Cin 七he abBenCe Of ur，ea．  

Elec七ropboエーeSis was caココr土ed ol止 unde‡－ 七be Bame COn亡は七10nS   

as ror）yig．22． 0，0エーigln；＋，anOde．  

（a）100Tlg Of Tabbit tTOPOninC wi七h5mM CaC12  

（b）as（a）bu七w土七b5mH EGワAln place oでCaC12  

（c）33pg of gizzard・七roponin C－1ike pTO七einwi七h5mM CaC12  

（d・）as（c）bu七wi七h5mM EGTAinplace of CaC12  

Fig．28． complex forma七ion of glZZaTd．troponin C－1ike  

Pエー○七ein wi七h skele七almuscle tTOPOnin＝・  

Elec七TOPhoTeSis was carTied・Ou七un且er｝七he same condi七ions  

as foT Fig・22・The band of七he complexisind・1ca七ed・by  

互9   



an arTOW． 0タ OTigln；十，anOde．  

（a）与0丁ユg Of gizzaTd七TOPOnin Cqlike pro七ein＋50pg of rabbi上   

土roponln工＋如肌CaC12  

（b）as（a）bu七wi七h5mM EGTAinplace of CaC12  

Fig・2q・ Complex forma七ion of gizzaTd troponin C－1ike   

P］？0七ein wi七h skele七almuscle 七rlOPOnin T・  

Elec七r＞OPhor）eSis was car－Tied・Ou七 under七he same condi七ions   

as for Fig・22・ The band of 七he complexisindica七ed by   

● an arTOW。 0，OTigln；＋，anOde・  

（a）新中g of gizヱar7d tTOPOnin C－1ike pr・Otein＋SOpg of Tabbit   

七roponlnT＋敦肌CaC12  

（b）as（a）but wi七h5mM EGTAin place of CaC12  

Fig．30． Complex foTma七ion orf glZZaTd七TOPOnin C－1ike  

pro七ein wi七h七heinhibi七oTy PrO七ein・  

Elec七TOPhorleSis was caTried out undeT the same condi七ions  

aぎミ f⊂げylg巾 22・ ○タ 0Ⅰ－土gln；＋，anOde・  

（a）70Iユg Oflnb土bl七○エーy pエー○七ein  

（b）70†ユg。finhibi七oTy PrO七ein十23p・g Of gizzard七TOPOnin C－   

1ike pT。七ein＋5r蛸CaC12  

（c）as（b）bu七wi七h SmM EGTAin pla・Ce Of CaC12  

Fig．31． Ef・fec七of glZZar＞d七TOPOnin C－1ike pro七ein on the  

inhibi七ionby七heihhibi七oTyPTO七einon七heMg＋＋－aC七iva七ed  

Aワァase oflrecons七1七u七ed．rabbi七 ac七omyosln・  
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ATPase activi七yis pTeSe．nted as a peTCen七age of 七ha七   

Ob七ained．in 七he absence of thei血ibi七or＞y PTOtein，glZZaエーd＿   

tr？OPOnin C－1ike pエー○七ein and EGTA・ムBSayS WeTe CarTied out  

undeT七he s七andard condi七ions，Wi七h38LLlユg Of reconsti七u七ed  

Tabbi七ac七omyosin，91pg of gizzaTd tr）OPOmyOSin and53Tlg Of’  

inhibi七○叩PTO七ein・●，＝n the pTeSenCe Of O・OSmM CaC］・2；○，  
まn 七he pエーeSenCe O∫1mM EG‡－A．  
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