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CaffeineisknowntohaveinhibitoryeffectsonCa2+・inducedcontractioninsmooth

muscle,andpossiblemechanismsmaycontributetheinhibitoryeffects.Recently,itwas

f()undacaffeineeffectondirectinhibitionofmyosin・actininteractioninsmoothmuscle .

Toclarifywhetherdirectinhibitionofmyosin-actininteractionofcaffeinetobe

dependentontheregulationofmyosinlightchainphosphorylation ,inthepresentstudy,

theauthorexaminedcaffeineeffectsonski皿ed(cellmembranepermeabilized)smooth

musclecontraction.At10mM,caffeinesigni丘cantlysuppressedCa2+induced

contraction,whichwasdependentonmyosinlightchainphosphorylation.Ontheother

hand,caffeinedidnotaffect15.5mMMg2+inducedcontraction,whichwasindependent

ofmyosinlightchainphosphorylation.Thepresentresultssuggestthatcaffeineinhibits

actin・myosininteractionofsmoothmusclethrougheitherinhibitionofmyosinlight

chainkinaseactiVityoraccelerationofmyosinphosphataseactivity.

Keywords:caffeine,Ca2+-inducedcontraction,myosin・actininteraction,myosinlight

chainphosphorylation.

カ フ ェ イ ン に は 平 滑 筋 にCaイ オ ン の 抑 制 が あ る こ と が 知 られ て い る 。 様 々 な機 構 が こ の 抑 制 に

関 与 して い る 。 最 近 、 カ フ ェ イ ン は 平 滑 筋 の ミオ シ ン ア ク チ ン 相 互 作 用 を 直 接 的 に 抑 制 す る こ と



が明らかになった。本研究では、細胞膜を破壊 したスキン ド盲腸紐標本を用いて、カフェインの

平滑筋アクチン・ミオシン相互作用の抑制が、 ミオシン軽鎖 リン酸化の抑制によるものなのかを

検討 した。10mMの カェインは ミオシン軽鎖 リン酸化に依存するCaイ オン活1生化収縮張力を

抑制 したか。一方、カフェインはミオシン軽鎖 リン酸化に依存 しない15.5nMMgイ オンに

よる収縮張力を抑制 しない。以上から、カフェインはミオシン軽鎖 リン酸化酵素の活性阻害、も

しくは ミオシンボスファターゼの活性を促進することで ミオシン軽鎖 リン酸化 レベル を低下 さ

せることで、平滑筋 ミオシンアクチン相互作用を抑制 し、平滑筋収縮を抑制することが示唆 され

た。

キーワー ド:カ フェイン、Ca2+活性化収縮、 ミオシン ーアクチン相互作用、 ミオシン軽鎖 リン酸

化



Abstract

Caf〔leineisknowntohaveinhibitoryeffectsonCa2+-inducedcontractioninsmooth

muscle,andpossiblemechanismsmaycontributetheinhibitoryeffects.Recently,itwas

foundacaffeineeffectondirectinhibitionofmyosin-actininteractioninsmoothmuscle.

Toclarifywhetherdirectinhibitionofmyosin-actininteractionofcaf断netobe

dependentontheregulationofmyosinhghtchainphosphorylation,inthepresentstudy,

theauthorexaminedcaffeineeffectsonskinned(cellmembranepermeabilized)smooth

musclecontraction.At10mM,caffeinesignificantlysuppressedCa2+induced

contraction,whichwasdependentonmyosinlightchainphosphorylation.Ontheother

hand,caffeinedidnotaffect15.5mMMg2+inducedcontraction,whichwasindependent

ofmyosinlightchainphosphorylation.Thepresentresultssuggestthatcaffeineinhibits

actin-myosininteractionofsmoothmusclethrougheitherinhibitionofmyosinlight

chainkinaseactivityoraccelerationofmyosinphosphataseactivity.

Keywords:caffeine,Ca2+・inducedcontraction,myosin・actininteraction,myosinlight

chainphosphorylation.
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要旨

カフェインには平滑筋にCaイ オンの抑制があることが知 られている。様々な機構がこの抑制に

関与 している。最近、カフェインは平滑筋のミオシンアクチン相互作用を直接的に抑制すること

が明らかになった。本研究では、細胞膜を破壊 したスキン ド盲腸紐標本 を用いて、カフェインの

平滑筋アクチン・ミオシン相互作用の抑制が、 ミオシン軽鎖 リン酸化の抑制によるものなのかを

検討 した。10mMの カェインはミオシン軽鎖 リン酸化に依存するCaイ オン活性化収縮張力を

抑制 した。一方、カフェインは ミオシン軽鎖 リン酸化に依存 しない15.5mhMgイ オンによ

る収縮張力を抑制 しない。以上か ら、カフェインはミオシン軽鎖 リン酸化酵素の活性阻害、もし

くはミオシンボスファターゼの活性を促進することで ミオシン軽鎖 リン酸化 レベルを低下させ

ることで、平滑筋 ミオシンアクチン相互作用を抑制 し、平滑筋収縮を抑制することが示唆された。

キv・一・・ワー ド:カ フェイン、Ca2+活性化収縮、 ミオシン ーアクチン相互作用、 ミオシン軽鎖 リン酸

化
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Introduction

Smoothmusclecontractionisdependentonphosphorylationoftheregulatorylight

chainofmyosin,whichresultsinanincreaseinmyosinATPaseactivityandcross-bridge

cyclingwithactin1).

Smoothmusclecontractioniscausedbytheslidingofmyosinandactin丘laments.

Theenergyf()rthistohappenisprovidedbythehydrolysisofATP.Movementofthe

丘lamentsovereachotherhappenswhentheglobularheadsprotruding丘ommyosin

filamentsattachandinteractwithactin丘lamentstoformcrossbridges.Theprocessof

interactionbetweenmyosinandactiniscalledcrossbridgecycling.Unlikecardiacand

skeletalmuscle,smoothmusclecontractionisinitiatedbyacalcium・regulated

phosphorylationofmyosinlightchain1).

Consideringthekeyroleoffreecalciumion(Ca2+)insmoothmusclecontraction,

manyfactorsareinvolvedinconcentrationofCa2+increase1).Oneofthemisreleaseof

Ca2+fromthesarcoplasmicreticulum.Therefbre,anintracellularcalciumchannel

calledryanodinereceptor(RyR)isoftenapplied.Whereas,caffeine,recognizedasakind

ofmethylxanthine,atmillimolarconcentrationsincreasetheCa2+sensitivityoftheRyR

suchthattheybecomeactivatedatbasal【Ca2+]iinsmoothmuscle2).Forthisreason,

caffeineisusedtostudyexcitation-contractioncouphnginsmoothmuscle.

Additionally,caf〔bineactsontheotherseveralmechanismsinvolveinsmoothmuscle
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contraction,suchasadenosinereceptor.Recently,Tazzeo3)andcolleaguesreportedthat

caffeinedirectlyinterferedactinmyosininteractionresultingininhibitingsmooth

musclecontraction.However,itisstinunclearthatwhetherthecaffeineeffectson

actin-myosininteractioninvolvemyosinlight・chainphosphorylation.Toclarifythe

mechanisms,theeffectsofcaffeineonmyosinlightchainphosphorylation・dependent

and-independentcontractionweretested.

MaterialsandMethods

AllanimalexperimentswereperformedatTokyoMetropolitanUniversityArakawa

Campus.Animalexperimentalproceduresconformedtothe"GuidelinesfbrProper

ConductofAnimalExperiments"approvedbytheScienceCouncilofJapan,andwere

ca皿iedoutundertherulesandregulationsofresearchethicscommitteeofTokyo

MetropolitanUniversity.且artleymaleguineapigsweighingabout250gm,werekilled

byintraperitonealadministrationofpentobarbitalsodium(Somnopentyl,K

yoritsuseiyaku,Tbkyo),thenthetaeniacecumwereremoved.Theskinning(cell

membranepermeabilization)procedurewasdescribedelsewhere4)6).Inshort,the

taeniacecumweretreatedwith100microMbeta-escin(Sigma,St.Loious,MO,USA)

and100microMionophoreA23187(Sigma)for30min.Nexttheskinnedmuscle

preparationswerekeptintherelaxingsolution(describedbelow)with50%glycerolat

・15℃
.
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Measurementsofmechanicalresponsesusingskinnedpreparation

Ineachexperiment,thesmoothmusclepreparationswereusedfromasmaU

musclelayerstrip(0.2・0.3mmwideand3-4mmlong)bycuttingoffthetaeniacecum .

Thenthepreparationwasattachedtoapairoftungstenwireswithsilkthread

mono丘laments,andconnectedtoafbrcetransducer(UI、A・10GR ,Minebea,Tokyo)to

convertmechanicalstressintoelectricalsignal.Afterthesignalamplified(AM32AZ,

Uniplus,Tbkyo),thesignalwasdigitalizedwithananalogdigitalconverter

(PowerLab2126;ADInstrumentsJapan,Tbkyo)andrecordedthecontinuouschangeina

computersofしware(】labchartv.7,ADInstrumentsJapan,Tokyo).Inordertochangethe

solutionquickly,wechooseabul)bleplatesystemwithsixwells(0.135mleach)5)8) .

Experimentaltemperaturewaskeptat30℃topreventdeteriorationofthe

preparation7).

Theskinnedpreparationwasfirstly丘xedinrelaxingsolution.Afterthepassive

tensionreachedasteadylevel(restingtension,～10p.N),thepreparationwasimmersed

in10'5・oMCa2+toreachthemaximalCa2+-inducedcontraction(controlgroup).When

theactivetensionmaintainedinasteadylevel,thepreparationwasremovedtothe

relaxingsolutionagain.Subsequentlythemusclestripwasreactivatedinvarious

concentrationsof10'5・oMCa2+or15.5mMMg2+intheabsenceorpresenceofcaffeine

(testgr・ups).
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Solutionandchemical

Arむi丘cialintracellularsolutionsforskinnedpreparationswerepreparedaccording

tothemethodof且oriuti8).Therelaxingsolutionwasmadewith115mMK

(methanesul{bnate),1.2mMMg(methanesulphonate)2,1.35mMNa2ATP(Sigma),20

mMcreatinephosphate(NacalaiTesque),and10mMethylene

glycolbis・(2・aminoethyl)・tetraaceticacid(EGTA)(WiakoPureChemicals,Osaka).10'5・oM

Ca2+solutionswerepreparedbymixingtherelaxingsolutionthatcontained10mM

EGTAand9.64mMCa(methanesufonate)2(TbkyoKasei).Andwhenelicitthemaximal

contraction,1pMcalmodulin(WakoPureChemicals)wasalsoneeded.Allsolutions,

containedO.85mMfreeMg2+,1.OmMMgATP(8,40).Mg2+andMgATPconcentrations

werechosenbasedonthosemeasuredintheintact・taeniacecum9).TbkeeptheMgATP

supplysufliciently,concentrationsofcreatinephosphate(20mM)werechosenabout10

timeshigherthanthatintheintacttaeniacecumpreparations.Theapparent

dissociationconstantofCa2+-EGTAwasassumedtobe10`6・4M.15.5mMMg2+MgCTP

solutions,whichwereusedfbrmyosinlightchainphosphorylaion・indepenent

contraction,contained15.5mM,1.OmMMgCTP(1.4mMtotalNa2CTP;Sigma),20mM

creatinephosphate,and10mMEGTA,sinceMgCTPisapoorsubstrate{brseveral

kinasereactionsincludingmyosinhghtchainphosphorylationhutstronglyactivates

myosinATPaselo)11).CaffeinewaspurchasedfromWiako.AUotherchemicalswere
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reagentgrade.

DataanalysiSofthemechanicalproperties

Thedevelopedtensionlevelsofthetestcontractionofskinnedpreparationswere

expressedas:relativetension=(anobservedtensionofthetestcontraction-thebasal

tension)1(theMaximalofthecontrolcontraction-thebasaltension)

Tbestimatecaffeineconcentrationfbrhalfmaximaleffectoftheactivetension

(ED50),datawerefittedtoamodi丘edH丑lequationwiththeprogramkaleidaGraph

(v.4.aJ,且ulinks,Tbkyo)usingtheLevenberg・Marquardtalgorithm5):

Relativetension=Fmin+(Fo・Fmin)×[caffeine]n1([caffeine]50n+[caffbine】n),whereFo,

Fminand[caffeine]50denotearelativetensionlevelofthetestcontractionintheabsence

ofcaffeine,themaximallysuppressed'relativetensionlevelofthetestcontractionby

caffeine,andcaffeineconcentrationforhalfmaximalinhibitionoftherelativetension,

respectively.The且i■coef丘cient(n)isameasureoftheslope.

StatisticalAnalysiS

Resultsarepresentedasthemean土standarderror(SEM).Statisticalhypotheses

onthedifferencesbetweenmeansweretestedwithStudent'st・testfbrpairedsamples

unlessnotedotherwise.ThenullhypotheseswererejectedwhenPwaslessthanO.05.

Results

EffectsofcaffeineontheCa2+・inducedcontractionofskinnedpreparations.Figure
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1representstypicaltensiontracesofthe6・escintaeniacecumskinnedpreparations

丘omguineapig.Whenapreparationwasactivatedwith10'5MCa2+andlpM

calmoduhn,activetensiongraduallyincreasedandreachedasustainedlevelaround5

min.Inthepresenceof10mMcaffeine,thedevelopedtensionlevelwasclearlylower

thanthatintheabsenceofcaffeine.Figure2showsthecaffeineeffectsonthe

relationshipbetweenCa2+concentrationandtheactivetension.At10mM

concentrationofcaffeinepartiallyandsignificantlyreducedtheCa2+-inducedtension

development.TheestimatedED50valueforinhibitionofFmaxwas5.12±0.78mM.
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Figure1:typicaltensiontracesofCa2+-inducedcontractionofskinnedtaenia

cecumfromguineapig.Caffeineat1011Msuppressedthecontraction(30.0±

1.0℃).
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Figure2:effectsofcaffeineonthe10μMCa2+inducedcontraction.Datawere

且ttedtothemodl血edHilequation(straightline).Valuesaremeans±SEMof6-7

experiments.Asteriskindicatesthesignificantdifferenceoftheactivefbrce

comparedwiththatofcontrol,wherePvaluesarelessthanO.05.30.0±1.0℃.

EffectsOfeaffe血eontheinghM92+一 血ducedeontraetionOfskizznedpreρarations

Figure3presentstypicaltensiontracesofhighMg2+-inducedcontractionof

skinnedtaeniacecumfromguineapig.PharmacologicalconcentrationsofMg2+are

knowntoinducefbrcedevelopmentwithoutchangingthephosphorylationlevelof

myosinlightchain.15.5mMMg2+initiatedanincreaseinthetensionintheshort

time-course7).Figure4showstheeffectsofca」 旺feineontheMg2+concentration・relative

tensionrelationship.Caffeineat10mMorlowerdidnotsigni丘cantlyaffectthe15mM

Mg2+inducedcontractiefbrce.

9



0.5

0.4

30

20

O
O
」
O
」

O
>
一斜
①
一Φ
一」

0.1

0

_6一 圏 一■『■一昌一'一__一 一一 ロ

　 　 　

一 ≒轟r-♂ ♂一欄'一
_」 ■隔9・8

● ・ 一.一 ノ陽

_一'

　 ぜ

'_ノ ー

'ノ 「
・～

『

・OmMcaffeine

・10mMcaffeine

0 50 100 150200

Time(sec)

250 300

Figure3:typicaltensiontracesofhighMg2+-inducedcontractionofskinnedtaenia

cecumfromguineapig.Thepreparationswereimmersedin15 .5mMMg2+withO

mMand10mMcaffeine.
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means ±SEMof6-7experiments.30.0±1.0℃

Discussion

Inthepresentstudy,theauthorfbundthatin6・escinskinnedtrachealsmooth

musclepreparationsfromguineapig,caffeineat10mMsigni丘cantlysuppressedthe

Ca2+・calmoduhninducedactivetensiondevelopment.However,when15.5mMMg2+

wasapphed,resultingintensiondevelopmentindependentofmyosinlightchain

phosphorylation,caffeinedidnotaffectthetensiondevelopment.Theseresultssuggest

thatcaffeineinhibitsmyosin・actininteractioninsmoothmusclethroughdecreasein

myosinhghtchainphosphorylationlevel.Inapreviousstudy,Tazzeoetal3)showsthat

caffeinedirectlyinducedactin丘lamentdepolimerizationanddisorganizationcausing

inhibitionofsmoothmusclecontraction.Ifso,15.5mMMg2+・induced,myosinlight

chainphosphorylationindependent,contractionshouldbeinhibited.There」fore,in

taeniacecum,thismechanismseemsnottocontributecaf【bineinducedmyosin・actin

lnteractlon.

Thesigni丘cantinhibitoryeffectofcaffeineonCa2+-inducedcontractionsmooth

musclehashighhghtedtheimportanceofmyosinlightchainphosphorylation.Whenthe

lightchainsarephosphorylated,myosinbecomesactiveandwillallowcontractionto

occur.Theenzymethatphosphorylatesthelightchainiscalledmyosinlightchain

kinase,whichonlyworkswhenthemuscleisstimulatedtocontract.Electronicorland
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pharmacologicalstimulationwillincreasetheintracellularconcentrationofcalcium

ionswhichbindtoamoleculecalledcalmodulin,thenCa-calmoduhncomplexactivates

myosinlightchainkinase1)2).Ontheotherhand,phosphorylatedmyosinis

dephosphorylatedwithmyosinphosphatase,aproteinphosphatase1,andinducing

dissociationofmyosin-actini).Inthepresentstudy,Ca2+・concentrationinthe

preparationwaswellkeptandsarcoplasmicreticulum,aCastoreinsmoothmuscle,

wasdestroyedwithA231874),caffeineeffectsonCa2+regulationmustbeneglected.Also

cellmembraneofthepreparationswasdestroyedwith6・escin4),cellmembranereceptor

coupledmechanismssuchascaffeineeffectsonadenosinereceptorshouldalsobe

eliminated.Caffeineisknowntoactphosphodiesterase12),andmayinhibitsmooth

musclecontractionviamyosinphosphataseactivationthroughinhibitionof

phosphodiesteraseactivity3).Therefbre,inthepresentknowledge,caffeineeffectson

inhil)itionofCa2+inducedcontractionintheskinnedtaeniacecuminthepresent

experimentalconditionseemstobeduetotheaccelerationofmyosinphosphatase

activity.Furtherstudiesarenecessarytoclarifytheeffectsofcaffeineonmyosin

phosphataseactivityonski皿edteaeniacecum.
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