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NeuronalproteinNP25isaneuron-SPeCi丘cmemberofthecalponinfamilyproteins,Whichisknowntointeractwithactin.

ThesecondarystruCtureOfNP25ismainlycomposedofthehelicalsegmentsasmeasuredbyitscirculardichroism(CD)spectra,

andthethreedimensionalstruCtureOftheN-terminalhalfregion(27to134)isquitehomologoustothecalponinhomology
(CH)domainasinferredfromthehomologymodelingmethod.

TheactinsedimentationassayuslngthreedeletionmutantsofNP25intheC-terminalreglOnShowedthattheshortsequence

of153-160(RKAQQNRR)isveryimportantfortheinteractionwithactin,andtheC-temina127aminoacids(173-199)also

COntributed to some extent･The multiple sequence alignment revealed that the short actin-binding sequence of NP25

(RKAQQNRR)iswellconservedamongthesingleCHdomainproteins,butnotintheactinbindingdomain(ABD)proteins.

TheNP25sequencecanbealignedwiththemyosinsubfragmentlwithrelativelylowidentity(15.4%).RKAQQNRRsequence

CanbealsoalignedwiththeF-aCtinbindingregionofmyosinsubfragmentl(546q554),WhichfbrmStheflexiblehelix-loop-
helixmotifprqectlngtOtheinterfacebetweenF-aCtinandmyosin･ThelocalstruCtureOftheinteractionsiteofmyosinwithactin

issimilartOthatofthecorrespondingreglOnOfNP25,SuggeStlngthatNP25interactswithF-aCtinlikemyosin･
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INTRODロCTION

Thecalponinhomology(CH)domainisaproteinmod-

ule ofaboutlOO residuesthat was firstidentified at the N_

terminusofcalponin,anaCtin-bindingproteinplaylngamqOr

regulatoryroleinmusclecontraction･Threemqorgroupsof

CH-domain-COntainlngPrOteinshavebeenrecognizedonthe

basisofsequenceanalysis･Thenrstgroupcontainsproteins

WithasingleN-terminalCHdomain(1xCHproteins)includ-

1ngCalponin,SM22,NP25,andotherslgnalingproteins.The

SeCOndgroupcontainsthosewithtwoCHdomainsfbrm1ngF-

actin-bindingdomain(ABD)includingspectrins,dystrophin
and丘1amins.ThethirdcontainsthosewithtwoABDsintan-

dem constitutlng 4xCH domains such as 丘mbrin
and

plastinl･2)･

NP25isamemberofthe丘rstgroupofcalponinfamily

PrOteinsincludingSM22α,mP20andcalponin,anditisonly

ObservedinthehighlydifftrentiatedcentralnervOuSSyStem3)･

2005年12月9日受理

Thecalponinfami1yproteinsexceptNP25aremqOrCOmPO-

nentsofdifferentiatedsmoothmusclecellsandarereportedto

interactwithactin4､7).Inrats,NP25mRNAisdetectedinthe

brainandspinalcord,butnotintheliver,kidney,teStis,OVary,

intestine,uteruS,heart,OrSkeletalmuscle3).Thisdistribution

SuggeStSthatNP25isexpressedsolelyinthecentralnervOuS

SyStem･WhendiffbrentreglOnS Oftheratbrain were exam-

ined,NP25mRNAwasdistributedwidely,butnotuniform1y,

inthebrain,Withstrongslgnalsinthehippocampus,frontal

cortex,Cerebellum,andmidbrain3).Thiswideanddiffbrential

distributionofNP25inthebrainsuggeststhatitmayplayan

importantroleinthefunctionlngOfspeci丘cneuronalsystems.

AminoacidsequenceinfbrmationofratNP25suggests

thatthereisonecaseinkinaseIIphosphorylationsite(residue

number138-142),tWOPOSSibleproteinkinaseCphospho-

rylationsites(180-183,198-201)andoneATPbindingse-

quenceattheC-teminal(191-200),Accordingtothesecon-

darystruCturePrediction,COntentSOfα-helix,β-Sheetandran-



2

domstruCtureWere36,17and44%,reSPeCtively3)･However,

therehasnotbeenanyexperimentalevidenceofitsconforma-

tionnorofitsbiologlCalfunction.

RecentlywedemonstratedaninteractionofhumanNP25

with丘1amentousactin(F-aCtin)byusingacombinationof

COSedimentation assay andfluorescence resonance energy

tranSftr(FRET)8),andincreasedexpressionsduringneural
difftrentiation9).F_aCtinisinvoIvedinvarious cellularfunc_

tions,SuChasintracellulartrafBcking,Cellshape,COOrdinated

Cellmovement,anddifferentiationinresponsetovariousex-

tracellularSignalslO).Globularactin(G-aCtin)isinvoIvedin

Cellproliftration,WhereasF-aCtinisinvoIvedin stress丘ber

formationanddifferentiation.SincedynamicchangeSinactin

OrganizationincellsareCOnSideredtobecontrolledbyvarious

actin-bindingproteinsll),theactin-bindingcapacltyOfNP25

mightbeimplicatedintheregulationofthestress丘berfbrma-

tion orin the difftrentiation of neuralcells.It therefbre

SeemedofinteresttoinvestigatetheinteractionofNP25with

F-aCtintogainfurtherinsightsintothemechanismofNP25

function.

Therehaveasyetbeenno attemptstocharaCterizethe

three-dimensionalstructure of NP250rits F-aCtin binding

mechanism.Here we丘rstcharaCterizedits three-dimensional

StruCtureandinvestlgatedthemolecularmechanismbywhich

NP25bindstoactin,uSlngthecirculardichroism,thehomol-

OgymOdeling,theactinsedimentationassayandthemultiple

SequenCealignment.

MATERIALSANDMETHODS

dnⅣA抑畑加地馴吼叩血れ叫椚血加

cDNAconstruCtSOfwildtypeandthreemutantNP25s

(Figure3)werepcR-amPli丘edwithPyrobestDNApolym-

erase(TAKARA)andsubclonedintopCR4Blunt-TOPO.The

primersetsusedwereasfbllows;forwildtype:uPPer(5'-AG

GATCCCAGAGATGGCTAACAGGGGCCCG-3,)andlower

(5,-AGAATTCCTACATGATCTGCCTGGGCATCCC-3,);

fbrA174-199:uPPer(5,-AGGATCCCAGAGATGGCTAAC

AGGGGCCCG-3,)andlower(5,-AGTCGACGTTCTGTCC

CTGGCGA-3,);fbrA153-199:uPPer(5,一AGGATCCCAGA

GATGGCTAACAGGGGCCCG-3,)andlower(5,-ACACG

TGAAACCAGGATGGCTCTCC-3,).To construCt A153-

160fragment,thesmallfragmentofaminoacids161-199was

nrstpcR-amPli丘edusingtheprimersetsofupper(5'-ACCC

GGGTTTTCCGAGGAGCAGC-3,)andlower(5,-AGAATT

CCTACATGATCTGCCTGGGCATCCC-3,),thenligated

withthefragmentof△153-199.Theobtainedcloneswerese-

quencedandsubclonedintopGEX-3Xvector(Pharmacia)･
Using these construCtS,PrOteins

were bacterially expressed

andpuri丘edwithglutathionebeads,andthencleavedfromthe

GST-tagWithfactorXa･
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BindingofNP25toF-aCtinwasexamineduslngaSedi-

mentation assay essentia11y as described previously12,8)

Briefly,2FLgOfpuri丘edNP25proteinsofwildtypeanddele-

tionmutantswereincubatedfbrlOminatroomtemperature

withlOFLgOfactin(Sigma)in200FLeOfbufftrcontaining2

mMTris-HCl,PH7.4,0.2mMCaC12,0.2mMDTT,andO.5

mMATP.ActinpolymerizationwasinducedbyaddingKCl

(75mM)andMgC12(2mM)atroomtemperatureforlh,and

thesamPleswerecentrifugedatlOO,000gforlhat25℃.su-

PernatantSWereCarefu11yremovedandaliquotsofthesuper-

natantandthepelletswereanalyzed.Thesamplesweremixed

WithloadingbufferandanalyzedbySDS-PAGEonalO%

acrylamidegelandstainedwithCoomassiebri11iantblue.

CfⅣ〟血r成cゐ和由椚(α)

Allthe circular dichroism(CD)measurements were

made using an Aviv202stopped-flow circulardichroism

SPeCtrOmeter.Far-UVCDspectrawererecordedbetween180

and260nm,uSingal-nmSlitwidthandaO.1-CmPathlength

cellthermOStatedat20℃.Typically,CD signals werecol-

lectedfbrlOsecateachwavelength.Thermalunfbldingof

WildtypeNP25wasmonitoredbymeasunngtheCDsignalat

218nmcontaininglOOFLMofpuri丘edNP25in50mMphos-

phatebufftr(pH6.0)withlOOmMNa2SO4inatemperature

rangefrom5to85℃withaheatingrateofl℃/min.Secon-

darystruCtureWaSeStimatedusingtheprogram,k2d13)･

助椚〃わ餅肌〃dβ肋g(‡〝d∽〟坤わぶ叩〟g〝CgαJな〟椚β〝`

HomologymodelingwasconductedusingICM-3.Osoft-

ware(MoIsoftLLC,LaJolla,CA)14).proteinswithhomolo-

goussequenceswithNP25weresearChedintheProteinData

Bankdatabase.ThemostprobablestruCtureWaSgeneratedac-

COrdingtothealignmentroutineintheICM,andfina11ythe

energy-minimizedstruCtureWaSgenerated･TheICMprogram

hastheunlquelooppredictionroutineandtheidenti丘cation

routineofthestrainedpartsofthedesign,andpreviouslypre-

dicted confbrmation of the new7residuesloop exactly

matchedthecrystallographicdatawithinanerrorofO.5Å14).

Multiplesequencealignmentfbrcompanngtheactinbinding

SiteswasperformedusingCLUSTALW
enOme.

ip!)15).TheloopstruCtureOftheC-teminalhalfofNP25was

generatedbythesoftwareInsightII(MSI,Inc),andthesur-

facepotentialwascalculatedbyMOLMOL(http:〟www･mOl･

biol.ethz.ch/wuthrich/software/molmol/).

RESロLTS

5gc〃〝血ヴgか〟Cf〟rβ

Puri丘edwildtypeNP25was丘nallyconcentratedto40

FLmOlatpH7.0･TheobtainedCDspectrumisshownby●in

Fig.1.
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Fig･1CD speCtTum Of NP25(●)(100FLM,pH6.0,50mM

Phospbatebu能rwiIhl00mMNa2SO･-)▲Contentsofα-he臼x,β-

Sheetandrandomstructt]reWereCalculatedtobe27%,22%and

51%･reSpeeLive)y･Theore(ica11ygeneratedcuTVeWaSa.SOplotted

(0)usingtheprograt¶,比d▲:-■■.

Thespectrumapparentlyshows[heheliea]charactenstlCS

Withrelativelyhighhelicalconten[･Toquantifythecontents

Ofthesecondarystruc(Ure.WCuSed(hesoftwarek2d】3}.The

theoretlCallypredictedCDcurveisshownbyOinFig･1･Ob-

tainedcontentsoftheαJle)ix,βLSheetandrandomstructures

Were27%,22%and51%,reSPeCtively,WhichareessentiaIly

COnSistentwiththeTeSultsofdleSeCOndarystruCturePredic-

hon3･,

一打仙一丁〟ハ●･J山一･＼イげ州山一IJJHJJ

HomoIogymodelingofNP25wasconducteduslngthe

homologymodelingtoolinICM3.0‖〉.Althoughmorethan

10proteirlSWereinitia)1yselectedascandidatesinthehomol-

Ogy mOdeling proeedure･mOSt Ofthe generated struCtureS

WereCOmpOSedofrandomcoilorsmallsegmentsofP-Sheets,
andwereapparentlylnCOmpatib]ewiththeCD5peCtrumOf

NP25■Iiowever,amOngthecandidatesonlycalponin16:■arLd

myosinlT■havehigh heliea】content.1n fact,the NP25se-

quencewasquitehomologoustotheCHdomain(identity=

45.5%).ThethreedjmensionalstructureofNP25wasm｡d_

e)edaccordingtothe CH domain structure17′aIldthe tenta-

tivelygeneratedstruCtureWaSfurtheroptlmizedbytheeTlergy

minimization
procedureL The fina11y obtalned structurein-

CludesonlythereglOnCOrreSPOndingtotheaminoacidresi-

dues丘om27to134,theN-terminalhalf,anddoesnotinclude

血eC-teminalbalfofNP25,i.e.丘olⅥ135to199.

AsshowniTIFig･2a,lhefinalmodelstruCtureiscompact

andalsoglobular,COnSistingofacoreof4helixb11ndles(I.

m,lVandVT),WhichareconnectedbylongLoopswithtwo

shorthelicalstruCtureS(IlandV).Threeofthecorehelicesof

(IIl,IVandVI)forTTlatnPle-helixbundleinwhichhelicesIII

and Vlare approximately parallelwith helix rV.The N-

terminalhe]ix11iesperpendiculartohe]iceslIIandVlandthe

NP25 CHD

Fig.2(a)A stereoview orthe modcIstmctureofN陀5con-

S(ruetedbythehomologymodellingbasedoninformationonthe

SOlu(ionstruCtureOftheCHdomain▲6■.(b)surfaeeele吋一Ca)poten-

LialorNP25ca]culatedusingMOLMOL.Blueandredcolourslin-

dicatepositivea･ldnegativecharges,reSpeC(ively.(c)surfaceelecL

trtcalpotentialofCRdomainofcalpDnincalculatedbyMOLMOL.

BlueandredcolorsindicatepositiveandElega(ivecharges,reSpeCr

tive】y.

twoshorthelices(IIandV)arelocatedc)osetogelheratthe

NptcrminiofheliceslllandVI,reSpeCtive]y,A3川he】ixisalso

presentin山eloopbetweenhelicesTVandVLTheseconf.gu-

rationsofvarlOuSSegrrLentSarequlteCOmparabletothoseof

the CH domain determined by solution NMRlb〉.Thus,the

threedimensional鑓mctureoftheN-temina‖1a]fofNP25is

essentiallythesameasthatoftheCHdomaiII

TocomparethestructuralcharacterlSticsoftheNP-25N-

terrrunalhalfandtheCHdomalJl,WeCalculated血eirsurFace

potentiaJprof】】es･Although the gLobalshapeOfthe model

StruCtureOfNP25isqulteSimilartothatoftheCHdomainas

de5Cribedabove,themolecularsurfaccofNP25isalmostuni-

fomiyposltivelychargedasshowninFig.2b,andthisfeature

isquitedifferentthanthatoftheCHdomain,Whichhasbotfl

POSitiveandnegativecharges,aSShowninFig.2c.

ん血潮成附加舶用鮒叩

Three kinds of deletion mutantsin(heir Crteminal

hajveswereconstructed,aSillustratedinFig.3.

Usingthesemutants.theactinsedimentation
assaywas

performedtomapthebindingreglOnOfNP25withactin.As

ShowninFigL4,血ebandofwildtypeNP25(asshown*1)



Wild type

△153-160

△173-199

△153-199

1 199

1 152161 199

1 172

1 152

Fig.3 Schemeortheconslrucleddelelioれmut皿Is･△153-160.△

173-199and A153-199tack amino acid residues153-160,173-

199.and153199,reSpeCtively,Ofthewildtypesequence(Acc#

XMα〕2852),

FulI △153-160 △173-199 △153-199

S P S P S P S P

d-----

1

Fig.4 ProfileoftheactinsedimenlatlOnaSSayOnSDSrPAGEus-

ingalO%acrylamidegelstalned withCoomassie brillian(blue.

TheexpeetedsizesofNP25sofwildtype(*1)andvanousmu-

1ants,△153-160(*2),A173-199(*3)and△153-199(*4)

areindicated.Thebandofactinisindicatedas*0.S and Pirtdi-

Catethesupernatan(andthcpeILet,reSPeCtiveEy.

WaSObservedinthepelle(.indicatlngStrOl-ginteractionwith

actin.

ComparedwithwildLype,Weakbandsof△153-160(*

2)or△173-199(*3)wereobservedinthepellet,andalso

inthesupernatan(.whichindieated thatthesemutantscould

Stillbind to actin,though theirirlteraCtions were relativeJy

weak.Between these two mutants,A173-199bound more

s加ngly山弧△153-160.On血eotherband,△153-199(*

4)was observedonlyinthe supernatanL showingthatit

failedtoiIlteraCtWithactin.TheseI･eSultsindicate thattheinr

teractionsitewithactinexjstsbetween153-199.LoweraffinL

ityofA153-160thanA173~199mutanLsuggeststhatthese-

quencebetween153-160(RKA(〕QNRR)0｢NP25is血eI¶膵卜

JOrSiteofinteractionwithactin･

5か〟血rgq′助gC一如血血嗣画材加減血相血鋤断血

Arnino acid sequences ofNP25,aCtin birLding domaln

(ABD)proteins,andsingleCHdomainproteinswerecomL

paredusJr)gmultiplesequencealignments‖‖別･1ngeneral,Sin-

gleCHdomainproteinshave也echaracteristicsequencecor-

respondingtoresiduesfrom153to160inNP25sequence,aS

ShowninredcharactersinFig.5.

MP25

5】22

KIA畑120

日

叩2ロ

myophilin

NP25

S≠22

KIA仙120

hl

mp20

呵OPhjlin

NP25

馳22

KIAAO12【)

hl
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NP25
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Fig.5 MultiplesequencealignmentofNP25withsingleCHdo-

malnprOteins.NP25,SM22,KtAAO120,hlcalponin,皿p20and

myophilinareusedforLhealignmeElt.

This reg10ninc]udes arelatively high content ofposi-

tivelycbarge山esidneslysine(K)弧darginine(R)■On血巳

otherhand,aCtinbindingdomain(ABD)proteinsdonotpos-

SeSSSuChcharacterlSticTnOtifarourldtheircorrespondingre-

gions■

TogalnfurtherinsightintothestruCturalcharacteristics

oftheF-aCtinbindingregionofNP25(153to160),WeCOn-

ductedthehomologymodellinganalysisdowntomuchlower

simi1arlty(1essthan20%).wefoundthatLheNP25isals

homologouswiththeSldomalnOfmyosinbutwithlowiden-

tity(15.6%).Alignmentresul(SdisplayedinFig･6indicated

HP25
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Fig.6 SequencealigElmentOfNP25andmyosir)･Inthe(OPLine,

aminoacidsymbol,+,一and#hdicatetheidentical,pOSilively

Charged.negativety charged alld hydrophobic
feSidues,feSpeC-

tively.tTl血ebo(tom Line,redbarandgreenarlT･WindicaLelhe

helixandβsheet,reSPeCtively･NP25structureispredictedtobe

mainlyhelicaLMa】OrF-aCtinbindingsiteofNP25,RKAQQNRR

ismarkedwithasquare.Furthermore,thisreglOnispredictedtobe

homologoustomyosinSIDomain･
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TT･alnOfmyosin(ye)1ow)･GreyandredindicatethehelixaJtdloop,

rcspective]y･Super-mpOSitionofNP25andFLaCfinwasperfomed

usjnglCM-3･0･(b)Loca(ionorLLleF-aCtinbindingsi(einmyosin
(magenta)･ThisstruCtUremimicstheF-aC(inbindingrcgionofNP

25,reSidues153p160･ThecoITeSPOndirlgregionofmyosinSldo-

mainisLheresiduefrom516to551,WhichconstruCtStheac(ualac-

1inbiTldingsitc,LhatcorrespondstoLheC-terminaJpartofhelix-

Ioop｣-elixsLⅢCtu陀(helix丘om516to542,tOOpFrDm別3to546,

皿dhelixrrom547to558)･(c)s□血二ePOtentia】or也eloopre-

gion(546to5540rSl,WFPKATDTS)ofmyosincalculatedby
MOLMOL･B]ueandredcoloursindicate

positlVeand negat"e

Ch訂geS･陀SpeCtively･Lysjne別6fomsakjnkexhld血gtbeposi-

tivecharge【0血eacti=Sjぬ(d)SurfacepDtentia】or山eloopre-

gion(153to160,WFHRKAQQNト扉NP25calcula(edbyMOL-
MOLBlueandredcoIoursindieatcpositiveandnegativecharBeS,

respecIjvely･Arginine156丘,mSakinks血1Ⅰ血ytomyosinpro-

JeCl】れgthepositivech汀getO【heactinside.

也attheF-aCtlnbindingregionofNP25couldbeassignedto

theC-terminalpartofthehe]ix-1oop-heIixstruCture.

ThemodelstructureofNP25wascor[StruCtedbythehoL

mologymodelingbasedonthereportedstruCtureOfmyosin･

ThenlSuperlmpOSitior)OfNP25towholemyosinisdisplayed

inFig･7a,thoughsorr.eport10nSthatarenothomologousaJLe

disruptedinthemodel■ht∫iguingly,NP25corTeSpOndsasa

WhoIetotheSldomainofmyosin.

TheF-aCtinbindinきheIix-loop-helix･mOtifofmyosinis

displayedspecificallylnmagentainFig.7b,

Togetcloserinsightintotheactinbindingloop,WeCal-

CulatedthesurfacepotentialofthatlooplnmyOSin･Asshown

inFig･7c,thereg-Onprq】eCtlJlg■ntOtheactiniscomposedof

lysinc549wilhapositivecharge.Ontheotherhand.thecoト

respondingloopofNP25isalsocharacterlZedbyapositively

Chargedresidue,arginine153,aSShowninFig,7d.

DISCUSSION

TheN-LerrninalhalfofNP25isessen[ia11yhomologous

toCHdomainsofsingleCHdomainproteins,andiscompact

andalsoglobular,COnSistingofacoreof4helixbundJes(1､

111,ⅣandVJ)(seeFig,2a).Theyareconnectedbylong

loopswithtwoshorthelica]structtrres(IlandV).Threeof

thecorehelicesof(IIIJVandVl)formatriplerhelixbundle

inwhichheliceslⅢandVlareapproximatelyparal1eltohelix

IV･TheN-terminaIhelixIliesperpendiculartohelicesJlland

VlandthetwoshorthellCeS(IlandV)arelocatedeloseto-

getherattheN-teminiofhelicesTIIandVI.feSpeCtively■A

3】一一heuxisalsopresentintheloopbetweenhelicesIVandV,

InsplteOftheabovecomrr[OnStmCtllralfeaturesbetweenNP

25andsingleCHdomalnPrOteir.s,theirsurfacepotentlalsare

qulteCOntraStlVe,aSShowninFigs.2barld2c.Thesurfaceof

NP25isessentia]]ysurrotJndedbypositivecharges,Whilethe

CH domaln
Of calponin has bothpositive arld rlegative

ChargesLThischaracteristicfeatureofNP25mayprovidethe

StruCturalfoundationforLhedifEbrenceofbiologicalfunctions

betweenNP25andcalponins】バ'.

Ithas been argued thalmultiple CH domainsin ABD

proteinshavestrongF～aCtinbindingcapaeity､buttheCHdor

maJninslngleCHdomainproteinssuchascalponinisinsu任■-

CientforF-aCtinbinding5■1d■･Thus,SlngleCIidomainproteins

areconsideredtopossesstheactin-bindingsiteoutsideofthe

CHdomain･lnthepresentstudy,aCtinsedimentationassay

demonstratedthattheactin-bindingsiteofNP25loca†edbe-

tween153~199,eSpeCial1yatresidues153-160,Whichisdifu

ferentfrornthoseoftheCHdomainofthisprotein･Thecon-

SerVeddomalnSearChanalysISalsorevealedthepresenceofa

CalponinLlikerepeat(CLR)sequenceat174-1970fNP25as

We】1asthe NrterminalCH domain.TheCLRis a shortcon_

Servedsequenccconsistingof23aminoacids.whichis ob-

SerVediTltheC-terminalreglOnOfcalponinandSM22.FaTnily

membersofsi71gleCHdomalnPrOteinshavetandemrepeats

OfCLR,WhichregulatestabilizatlOnOfactinfilaJnentS20),Our

resultsofcosedimentationassayshowedstrongerinteraction

Ofthe153~160sequencewithF-aCtin,andweakassociation

Ofthe173r199sequencecorTeSPOndingto(heCLRwithF～

actinwasalsoobserved.

The153-160sequenceisnotablyconservedinslngleCH

domaiJlprOtein5Whenanalyzedusingthemultlplesequence

analysis･Thismotifischaracterizedbytryptophanandphenyr

lalanine followed by characteristJC pOSitively charged resj-

dues,SuChas]ysineorarginine(seeFigs.5,7c&d).As

ShowninFigs･7c&d,thjsloopformsakinkextrudingthe

residueswithpositivechargeontotheactinside,thusforTmng

theactin-bindingsiteLTheprecedingtryptophanmoie[ymay

WOrkasaswitch,SinceNP25aIsohasanATPbindingsiteat

theC-temjnatreglOn.

Tnthe homo]ogy
modelinganalys.s,thecorresponding

regionof血e153-160inNP25isassignedas血eresidue丘om

546to554inthemyosinsubfTagmen(Sl,Whichcons(itutes
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theactin-bindingsiteclari丘edbyx-rayCryStallography,Which

isshowninmagentainFig･7b･ThisreglOnCOrreSPOndstothe

C-teminalpartofhelix-loop-helixstruCture(helixfrom516

to542,loopfrom543to546,andhelixfrom547to558).
Thisreg10nalsochangesitsconfbrmationuponbindingwith

actin,WhilebindingofATPtoSldisruPtStheactin-binding

Siteandchangesitsconformationagain.Thus,thisreglOnis

quiteflexibleandactual1ythethreedimensionalstruCtureby

X-rayCryStallographycouldnothavebeendeteminedbythe

Ordinarymethod,butbythespecialcomputersimulationtech-

nlque17)･Theconfbrmationalflexibilitymaybeessentialin

thisreg10ninordertoconductthebiologlCalfunction,i･e･

bindingtotheF-aCtin.Althoughthephysiologicalfunctionof

NP25isnotyetclarified,theabove丘ndingswillhelptheun-

derstanding of the struCturalandlocalfunctionalftatures.

AIso,thistendencymaybesomewhatpersistentinothersin-

gleCHproteinssuchasSM22.
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単一カルポニンホモロジードメインタンパク質

NP25の構造機能解析
Neuronalprotein25(NP25)は,神経系に特異的な,アクチンと相互作用することが知られているカルポニンフアミ

リータンパク質の1つである｡円偏光二色性(CD)スペクトルで調べたNP25の2次構造はヘリックス構造が主であ

り,ホモロジーモデリングで調べたN末側(アミノ酸27から134)の3次構造は,カルポニンのカルポニンホモロジー

(CH)ドメインとよく似ている｡

3種類のC末側部分欠失変異体を用いたアクチン共沈法によって以下のことが明らかとなった｡すなわち,アミ

ノ酸153-160(REA(〕QNRR)の短い配列がアクチンとの相互作用に非常に重要であり,C末側27アミノ酸(173-199)

もある程度相互作用に関与している｡NP25の短いアクチン結合配列が,単一CHドメインタンパク質の間でよく保

存されているが,アクチン結合ドメイン(ABD)タンパク質の間ではそれほどではか-ことが多重配列アラインメ

ント法によって明らかとなった｡また,NP25はミオシンサブフラグメント1と低いながらもホモロジー(15.4%)

があり,REA(〕QNRR配列は,ミオシンサブフラグメント1のトアクチン結合領域(別6-5洪)と対応していること

が分かった｡ミオシンのF-アクチン結合領域(封6-554)は,トアクチンとミオシンの境界部に突出した柔軟な(折

れ曲がった)ヘリックスーループーヘリックス構造を形成している｡このようにミオシンのF-アクチン結合部位と,NP

25のF-アクチン結合部位の局所立体構造は類似しているため,NP25はミオシンのようにF-アクチンと相互作用して

いる可能性がある｡


