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AnuclearextractfromHeLacellswasfractionated  
by DEAE－Sepharose chromatography．The obtained  
fractiomswereassayed for bindingto a11RNA tran－  
scriptcarryingasplicesitesequenceof9－16nucleo－  
tidesbyafilterbimdingtechmique．TheUIRNA－rich  
Smal1nuclear ribonucleoprotein（snRNP）fractions，  
whicb sb．owed bimding aetivities払r botb．5′and3′  
SplicesiteRNAs，WereStudiedforthesequence＄peCi－  
ficityoftheirbinding．Resultsindicate that the Ul－  
richsnRNPftactioncanrecognizeboth5′and3′splic  
Sitesequences．TheUIRNP，Whichwashigh1ypurified  
fromthesnRNP fractions，boundto atlea＄t SOme5′  
Splicesitesequences，butnottoaconsensus3′splic  
Sitesequence．Therefbre，purifiedUIRNPcandirectly  

recogni2；ea5′splicesite，butnota3′splicesite．The  
bindingactivityforthe5′splicesiteswaslosteither  
bydigestionwithmicrococcalnucleaseorbydigestio  
ofthe5′endofUIRNAwithRNaseHandacomple－  
mentaryoligodeoxynucleotide，indicatingtheinvoIve－  
mentofUIRNA．InvoIvementofaproteinmoietyas  
Wellinthisbindingwassuggestedbythelossofbinding  
activityuponheatingat600C．Thebindingactivityto  
a3，splicesitesequencewasnotsensitivetodigestion  
bymicrococcalnucleaseandwasremovedbyprotein  
A－COupledanti－Smantibody．Thisactivitywasfound  
insucrosegradientftactionsofabout8S．   

lariatfbrmationseemto becoupled，andeveninthisstep  
both5′and3′splicesitesequencesarerequired（8，12）．   

Severalgroups proposedthat an snRNPl（smallnuclear  

ribonucleoproteincomplex，13）contributestomRNAsplicing  

（14，15）．Evidence now supports the view that，UIRNPis  

invoIvedintherecognitionofthe5′splicesite（16－18）．U2  

RNPisalsoinvoIvedinmRNAsplicingpossiblybyrecogniz－  
ingthebranch point region（18，19）．Additiona11y，U4／U6  

RNP，aS Wellas other factors are associated with mRNA  

SPlicing（20－24）．However，boththeinteractionamongthese  

factorsandthe role ofeach factorin the mRNA splicing  

remainunclear．   

Usinganlterbindingtechnique，WePreViouslyfoundthat  
aUl－richsnRNPfractionselectivelyboundtoboth5Jand3′  
SPlicesite sequencesin single－StrandedDNAorRNA（18）．  

Evidence允けtheselectivebindingwas3一弘Id．First，alteration  

OfconservedGTinthe5′splicesiteandAGinthe3′splice  
Siteofasingle－StrandedDNAreducedthebinding．Second，  

anRNAtranscriptofabout80nucleotidescarrylngaCOnSen－  

SuS SequenCeforasplicesite showedmuchhigherbinding  

thandidacontroIRNA．Third，thebindingassaywasdone  

inthepresenceofavastexcessofdenaturedDNAorRNA  

fromEscherichiacoli．Recently，WeuSedshorterRNA（32－37  

nucleotides）toimprovethespecincit．yofbindingandsurveyed  

thebindingactivitiesmore＄yStematically（25）．Inthisreport，  

Wedemonstratesequence－SpeCincbindingtothesplicesites  

byaUl－rich鼠nRNP丘action．Wealsopresentevidencefbr  

thenatureofthefhctorsthatrecognizethesequences，aSWell  

assomemechanismsfbrrecognition．  

EXPERIMENTAL PROCEDURES   

PrqparationpFanR〃A Carりノinga軸Iice Site Sequence－Oligo－  
deoxynucleotidesweresynthesi2：edonamode1380ADNAsynthesizer  
（AppliedBiosy＄temS，Inc．）．Theywerepuri丘edwith highpressure  
liquidchromatographyusingaC180rC8reVerSephasecolumn（Na－  
karaiChemicals，Ⅹyoto；SenshuSciences，Tokyo）．Anoligodeoxynu－  
Cleotideof21basescarryingasplicesitesequencewasannealedwith  
acomplementaryoligonucleotideof19bases．TheannealedDNAwas  
insertedintopSP64HindIII－AccIregion，andtheRNAtranscripts  
Werepreparedasdescribedpreviously（25）．   

PJ℃pαrα≠由花α乃d伽c才わ柁αよ血乃ガロ月壱且αCgJヱ肋c由αr助かⅥC£－  

PreparationofanuclearextractfromHeLace11s，itsfractionation，  
andthepuri且cationofUIRNPweredoneasdescribedpreviously  
（25，26）．ThepurifiedUIRNPffactionwasconcentratedbyaDEAE－  
Sepharosecolumn（0．8×2cm）fbl・thebindingassay．   
兄ⅣABindingAssqy－ThebindingactivityofanRNAtranseript  

WaSaSSayedusingthe且Iterbindingmethodasdescribedpreviously  
（25）andlOfmolof32p－labeledRNAinalOO－FLlreactionvolume．The  
reactionmiⅩtureWaS銀1teredthroughaMilliporeGSWPⅢterusing  

Mosteukaryoticpre－mRNAcontainintronswhichcanbe  

removedbyRNA splicing（1）．Severalreportssuggestthat  

thesequencearoundanexon－intronboundary（5′splicesite）  

andtheseqenCearOundanintron－eXOnboundary（3′splice  
Site）playチnlmpOrtantrOleinthisprocess（2－5）・Development  

Ofaninz）LtrOmRNAsplicingsystemhasledtotheidentin－  
Cationofanovelintermediate，knownaslariatRNA，Which  

containsabranchedstruCture（6－8）．Anothersignalsequence  

for mRNA splicing may reside around the branch point，  
althoughitisnothigh1yconserved（8－10）・Furthermore，享n  
aninuitrosplicingsystem，themRNAsplicingtakesplaceln  
twosteps．Thenrstiscleavageatthe5′splicesiteandlariat  

formation．Thesecondiscleavageatthe3′splicesitefb1lowed  

bytheligationoftwoexons（6，7，11）．The5′cleavageand   

＊ThisresearchwasaidedbygrantSffomtheMinistryofEduca－  
tion，Science，andCultureofJapan．Thecostsofpublicationofthis  
articleweredeffayedinpartbytbepaymentofpagecharges．This  
articlemusttherefbrebeherebymarked“adL，eT・tiseTnent”inaccord－  
ancewith18U．S．C．Section1734solelytoindicatethisfact．  

‡Presentaddress：Dept．ofBiology，FacultyofScience，Kyushu  
University，Hakozaki，Fukuoka－City812，Japan．  

11Towhomcorrespondenceshouldbeaddressed（presentaddress）：  
Dept．ofBiology，FacultyofScience，KyushuUniversity，Hakozaki，  
FukuoknーCity812，Japan．  

1Theabbreviationsusedare：SnRNP，Smal1nuclearribonucleopro－  
tein；RNP，ribonucleoprotein；SDS，SOdiumdodecylsulfate；Pipes，  
Pipera2：ine－NN′－bis（2－ethanesulfbnic acid）；EGTA，【ethylene－  
bis（0Ⅹyethylenenitrilo］tetraaceticacid．  
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a96－Wellmicro銀1trationmanifbld（IkedaRika，Inc．，Tokyo）．   
PrqpaT・ationqfan RNA CompLementar）・tO UL RMpAn EcoRI  

fragmentofabout130basepairswithaninternalsequenceofaUI  
RNAgene（27）wasin＄ertedintopSP65plasmidinreverseorienta－  
tion．ItwaslinealizedbyHindlIIandtranscribedwith SP6RNA  
POlymerase．TranscriptswerepurinedondenaturinggelfbrRNaLSe  
protectionassay．   

RNaseProtectionAssay－Themethodemployedi5basedonthat  
ofZinnetal．（28）．AUIRNPftactionwasfilteredasdescribedabove  
butwithoutadditionofanyRNA．TheretainedRNAwaselutedby  
incubatingthe銀1terwithO．2％SDSand5mMEDTAat800CfbrlO  
min．Theelutedmaterialwasphenol－eXtraCtedandethanoトprecipi－  
tated．AliquotsweredissoIvediz130plofhybridizationbuffer（80％  
formamide，40mM Pipes，pH6．4，400mM NaCl，1mM EDTA）  
COntainingalabeledRNAprobecomplementarytoUIRNA．The  
samples wereincubated at850C fbrlOmin and then at450C  
OVernight．Threehundredand航veploflOmM Tris－HCl，pH7．5，  
COntaining5mMEDTA，300mMNaCl，and40FLg／皿1RNaseAwas  
added，andthereactionmiⅩtureWaSincubatedfbr30minat300C．  
FiftypgofproteinaseKand20FLloflO％SDSwere added．The  
mixtureswerefurtherincubatedfor15minat300C，andtheRNA  
wasphenol－eXtraCted．AliquotsofRNAsamplesweremeasuredfor  
radioactivity，Separatedona7Murea，10％polyacrylamidegeland  
followedbyautoradiography．  

RESULTS   

Ⅳ比C由0古道eぶ印uerlCeざ呼班e属NA rrα那Crな）ね－TableI  

ShowsthesequencesoftheRNAtranscriptsusedherein．The  

5455－RNA carries one ofthe 9－nuCleotide consensus se－  

quences，gAG／GU8AGU，fbrthe5′spli。eSitepr。P。Sedby  
Mount（29）・TheconsensussequenceCAG／GUAAGUchosen  
hereisthemostprobableoneandissometimesfbundatthe  

actua15′splicejunctionsinthepre－mRNAssuchasmouse  
immunoglobulinforγ2bCJiChainandsilkmothchorion（29）．  

The sequence outside the9－nuCleotide consensusin5455－  
RNA was chosen either arbitrarily or for cloning to the 

HindIIIandAccIsitesas describedpreviously（25）．RNAs  

numberedas4142，5657，3940，Or5859have asinglebase  

SubstitutioninthestrictlyconservedGUorGimmediately  

tothe5′sideoftheGU．Ontheotherhand，1920－RNAcarries  

（冒）  

a16－nuCleotidesequencerepresentingtheconsensus   11N  

AG／Gfora3′splicesite（29）．WehavepreparedfourRNAs  

（2122，4950，4748，and4546）whichcarryamutationinthe31  

COnSenSuSSequenCeOf1920・TheremainingsixRNAscarrya  
14－16－nuCleotidesequencearoundthesplicesiteoftheSV40  
T／tantigengeneorhumanβ一globingene・ThereiaCCumu－  
1atedinfbrmationontheroleofthese＄PlicesiteslnmRNA  

Splicing（4，6，8，30－33），Whichisavailableforcomparison  

Withourbindingresults．Speci凸cally，SV40Tandtdonors  

areinterestingbecausetheyarealternativelyusedtoproduce  

TABLEI  

鮎q脈打Ceβ扉亡毎月〃A加那Crな）ね揖edか弛む玩di喝ざ£ゆ   

Sequences鎚ompSP64plasmidare shown by smallletters，andinserted sequencesby capitalletters．An  

underlineindicatesasplicesiteorrelatedsequence．Anucleotideshownbyahyphen（－）isthesameasinthe  
COnSenSu8RNA・♯foradonorsiteindicatesdi鮎rencefromthe9－nuCleotideconsensusshown．＊foranaCCeptOr  

indicatesdiffbrencefromtheconsensusofMount（29）・△Gfbradonorsiteshowsf士eeenergyincreasebypresumed  
base－PairingwithAUAC¢¢ACCUGatthe5′endofUIRNAascalculatedaccordingtoSalser（44）．  

RNA  Sequence  AG  

gaauaLCaagCuUCGAAACAGWCUcgacucuag  

事  

＝……－＝－－…・郡山AGU－‥－‥‥－‥  

■  

＝－t……‥‥ ‥－叩U‥＝‥＝・‥  
■  

……・‥＝‥－‥－C些岬払GU‥＝＝‥・＝・  

■  

・””……‥－‥ ・C鱒／GUAAGU……－”－・  

● ■●  

……‥－－＝ －ÅACUGAG／GUAUUU鱒……‥－  

■ ■  

＝－＝‥‥” －GCUCUAAG／GUAAAUAU－－‥＝－・・   

■■  

‥”・－”…‥ CUGGGCAG／GtTUGGU－－－・”－＝‥   

■事 ■  

－・…・‥‥・ ・ACUUCAGG／GUGAGUCU－‥‥‥‥  

‥q－‥－”－ －CUUUCUUCUUCCAG／GAU……‥・   

■  

……・‥－ －CtJUUCtJUCUUCCAU／G－……－－‥   

●  

‥＝・－・”＝ CUUUCUUCUUCCUG／G‥－・”・‥‥   

■暮  

－‥－・－＝・－ －CUUUCUUCUUCGAG／C・－‥‥－－‥－  

■●事■■  

＝…・・・－‥一GAJWCUUCCAG／G……－＝‥  

●  

‥‥－－”” －UUUCCCACCCtJUAG／G”－……・・  

■  

‥－－－・－－ ・‥UCUUCCUCCCACAG／C‥－－”L‥－－  

‥－－‥・・・－・UAGCAAGCUCCUAAU－…・・・‥・－・  

Donor site   

（37nucleotides）  
5455  Con5en5u5   

■  

4142  GU→GA   
●  

5657  GU一→CU   

■  

3940 GU --, GC 

■  

5859  CAG→CAU  

2760  SV40T・antigen  

4344  SV40T・antigen   

8061 Humanβ・globin工VS・1   

8162 Humanβ－globin工VS・2  

1920  Con5enSuS   

■  

2122 AG --,AUU 

■  

4950  AG→UG   

●●  

4748  CAGG→GAGC  

4546 11Pyr→5Pyr   

7273  Humanβ一名lobin工VS・1   

7475 Humanβ・globin工VS－2  

2451 （35nucleotides）  

－18．3kcal  

－13．5kcal  

－10．5kcal  

－13．5kcal  

－10．5kcal  

－10．8kcal  

－13．8kcal  

－11．1kcal  

－11．7kcal   

Acceptor s；ite  

（37nucleotides）  

Control  
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eitherT－mRNAort－mRNA（30，31）．   

UJ－rgCんぶ花月〃PダrαCf由柁Cα乃Correcめ′月ecqgr滋e∂′αnd3′  

軸IiceSiteSequences－AmongthesnRNPfractionsobtained  
byftactionationofaHeLace11nuclearextractonaI）EAE－  
Sepharose column，the highestbinding activities hr RNA  
carrylngaCOnSenSuS5′or3′splicesitesequencewerefbund  
inthefractionswiththehighestUIRNAconcentrations（25）．  

These丘actionscontainmuchloweramountsofU2，U4，U5，  

and U6RNAsand，therefbre，are Ca11ed Ul－rich snRNP  

fractions．Fig．1showsthebindingofincreasingamountsof  

thesefractionstoRNAscarryingvarioussequencesrelatedto  
a5′splicesite．Thehighestbindingactivitywasobserved  

With5455－RNA carrying the consFnSuS SequenCe CAG／  
GUAAGU．EveryRNAcarryingaslnglebasechangefrom  
theconsensus（thatis，5859，3940，4142，and5657）displayed  

adrasticallydecreasedactivityincomparisonwiththecon－  
sensusRNA．ThetwoRNAscarryinghumanβ一globindonor  

Sitesequences（8061，8162）showedactivitieswhichwerelower  

than that ofthe consensus，but higher than those ofthe  
mutatedRNAs．Inotherexperimentsusingdiffbrentbatches  
OfthesnRNPftaction，theSV40t－antigendonorsiteRNA  

（4344）showedahigh1evelofbindingactivity．Thislevelwas  

betweenthosebytheconsensusRNAandβ瑠lobinfirstdonor  
site RNA．In contrast，SV40T－antigen donor site RNA  

Showed activity aslow as that foundin RNAscarrying a  
mutationinUoftheinvariantGU（datanotshown）．Even  

thoughtheabsoluteamountofboundRNAchangeddepend－  
ingonthesnRNPpreparation，Saturationlevelbr5455－RNA  

being7－9fmol，andtheorderofthebindingactivitieswas  

consistent．   

Fig．2showsbindingactivitiesofthesameUl－richsnRNP  

fractiontotheRNAswhichcarryvarioussequencesrelated  
toa3′splicesite．EveryRNAcarrylnganalterationinthe  

conservedAGorpyrimidinestretch（2122，4950，and4546）  

exhibitedsigni伍cantlylowerbindingactivitythantheconsen－  

10   20   30   40   50  

DEAE Uトrich snRNP†raction（〃lJreaction）   

FIG．2．Bindingof3′splicesiteRNAstoaUl－rich＄nRNP  
fraction．ThesameUl－richsnRNPftactionasusedinFig．1was  
assayedfbrRNAbindingactivitiesasdescribedunder“Experimental  
Procedures．”TheRNAsusedaredescribedinTableI．H8qhuman  
β瑠lobin．   

SuS RNA（1920）．4748－RNA carrying a CAGG→GAGC  

alteration showed evenlower activity．In contrast，RNAs  

Carryinghumanβ一globin acceptorsite sequences（7475and  
7273）showedhigherbindingactivities than the consensus  
RNA．   

PrqpertiesqftheBindingActiuities－Fig．3showstheeffbct  

OfpretreatmentofaUl－richsnRNPfilaCtionwithmicrococcal  

nucleaseontheRNAbindingactivities．Thebindingactivity  

forRNAcarrylngtheconsensussequencefora5Jsplicesite  

WaSdrastica11yreduced，Whereasthatfbra3′splicesitewas  

not．DegradationoftheUIRNAwasmonitoredinthesame  

digests：inthedigestwithO．5FLgOfthenuclease，nOintactUI  

RNAbutamuchsmallerfaintRNAbandwasdetectedbygel  

electrophoresis（datano七shown）．InthedigestwithlI堵Of  

thenuclease，nORNAbandwasdetected．Whenthe5′endof  

UIRNAintheUl－rich snRNPf士ac七ionwasdiges七edwith  
RNaseHandacomplementaryoligodeoxynucleotide（Fig．4），  

thebindingactivitiesforthethreeRNAscarrylnga5′splice  
Sitewereabolished．AdditionofRNaseHalonedidnotchange  

bindingtotheconsensusRNA（datanotshown）．Asshown  

inFig．5，WhenaUl－richsnRNPfractionwaspretreatedwith  

protein A－boundanti－Sm antibody，bothbinding activities  

Weremarkedlyreduced．Toseewhetherthesebindingactivi－  

ties are associatedwiththe same factor，aUl－rich snRNP  

fractionwasfurtherf士actionatedbysedimentationthrougha  
SuCrOSegradientcontaining2mMMgCl2（Fig．6）．Thebinding  

activityfbra5′splicesiteRNAwasratherbroadlydistributed  
around12S，Whereasthatfbra3′splicesiteRNAwasfbund  

around8S．When the same materialwas sedimented after  
treatment withmicrococcalnuclease，little or no binding  

activityfor the5′splice site RNAwas foundthroughthe  
gradient，butthe8Sbindingpeakfbrthe3′splicesiteRNA  

didnotchangesigni丘cantly（datanotshown）．Theseresults  

indicatethatthefhctorbindingtoa5′splicesiteRNAisUI  
RNP（seealso nextsection），Whereasthatbindingto a3′   

10  20  30  40  50  

DEAE Uトrich snRNP†raction（〃l／帽aCtion）   

FIG．1．Bindingof5′splicesiteRNA＄tOaUl－richsnRNP  
fractionobtainedby DEAE－Sepharosechromatography．In－  
dicatedvolumeofaUl－richsnRNPffaction（499FtgOfprotein／ml）  
WaSuSedfbrtheRNAbindingassaydescribedunder“Experimental  
Procedures．”Thesequenceofthe RNAs are describedinTableI．  
ガβG，bumanβ－globin．  
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Mkro亡OCCalnucloaso（〃g／roaction）   

FIG．3．Effect ofmicrococcalnuclease digestion of a Ul－  
richsnRNPfractionontheRNAbindingactivities．AUl－rich  
snRNPfraction（28FLgOfprotein）wasincubatedwiththeindicated  
amountofmicrococcalnucleaseinalOO－〝1solution cont血ing50  
mM NH4Cland3mM CaC12inthe absence orpresence of9mM  
EGTAat300Cforlh．EGTAwasthenaddedtotheformerreactions．  
TheindicatedRNAwasaddedfbrbindingassayasdescribedunder  
以ExperimentalProcedures・乃Eachpointshowstheaverageofdupli－  
Catefiltrationresults．ss，Splicesite．  

0  20  40  

DEAE Uトrich snRNP fraction（JJl／rea亡tion）   

nG．5．Binding ofconsensus寧plice site RNA畠（A，5455－  
RNA；B，1920－RNA）toaUl－richsnRNPfractionafterre－  
movalofSmantigens．Normalhumanserum（〃那，×）orpurined  
anti－SmantibodyfromanSLEpatient（○，170FLgOfprotein）was  
reactedwith50lLlofproteinA－SepharoseCL－4Bin300FLIcontaining  
lO mM Tris－HCl，pH7．8，0．5M NaCl，and O．1％Nonidet P－40  
0Vernightonice．TheproteinA－Sepharosewaswashedthreetimes  
bythesamebuffer，threetimesinabuffbrcontaining20mMTris－  
HCl，pH7．8，15mM MgC12，and O．05％Nonidet P－40，and then  
incubatedwith80plofaUl－richsnRNP丘action（51FLgOfprotein）  
for60minonice．ProteinA－Sepharosewasremovedbycentrifuga－  
tion，andaliquots ofthe supernatant Were aSSayed fbr the RNA  
bindingactivity．0（TWne），Withoutanytreatment；欄（prot．A），treated  
WithproteinA－Sepharo＄ealone；△（controIR脇），bindingof2451－  
RNAtonontreatedsnRNPfraction．   

Chromatographyonheparin－agarOSeandblue－Sepharoseac－  
COrding to the method ofKinlaw et al．（26）．The binding  

activityfortheconsensus5′splicesiteRNAwasco－Puri鋭ed  
withUIRNPduringthepuri且cation．However，thebinding  

activityforthe3′consensussplicesite RNAwaLSgradually  
lost（17，25）．Fig．7showstheproteinsofthepurifiedUIRNP  

ftaction．Theyinclude the nine polypeptides ofmolecular  
Weigbts68，000，32，000（A），27，000（月），26，000（月′），18，000  

（C），12，000（D），10，000doublets（既F）and9，000（G），Which  
WerepreSumedtobeUIRNPcomponentsffomtheirmolec－  
ularweightsandtheirimmunoreactivitytoanti－Smoranti－  
RNPantibody（26，34）．TheUIRNPfractionalsocontained  

aproteinofabout肱50，000andsomeotherminorproteins  

WhoserelationshiptoUIRNPisnotclear．Thepurityofthe  

UIRNPwasestimatedtobearound80％．   

Fig．8showsthebindingactivitiesofthepurinedUIRNP  

fractionforthe5′splicesitesequences．Thatfractionshowed  

Signi丘cantbindingtotheRNAscarryingtheconsensus，SV40  

t－antigenandhumanβ－globinnrstdonorsitesequences．The  

OrderofbindingactivitiesfbrtheseRNAswasthesameas  

forthecrudeUIRNPfraction（seeFig．1andthetext）．In  

COntraSt，thebindingactivitiesfortheotherRNAswerenot  

Slgni丘cant．  

InvoIvementofaproteinmoietyinthebindingofUIRNP  

toa5′splicesitewassuggestedpreviously（16）．Inorderto  

testthis，WeStudiedtheef艶ctofpreheatingpuri丘edUIRNP   
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FIG．4．Effectofdige＄tionofthe5′endofUIRNAonthe  
binding activityfor5′革plice site RNAs．A Ul－rich snRNP  
fractionwasincubatedat565FLgOfprotein／mlwithout（A）orwith  
（B）30units／mlRNaseHinthepresenceoflOpg／mlofanoligo－  
deoxynucleotide AGCTTCAGGTAAGTAAT（OS－11，Ref・25）at  
308Cfbr60min．Thereactionalsocontained20mMTris－HCl，pH  
7．5，2mMMgC12，0．05％NonidetP－40，0．5mMdithiothreitol，50mM  
NH4Cl，and5pg／mieach chymostatin，pepStatin，andleupeptin・  
Afterdigestion，theoligodeoxynucleotidewasdigestedby30unit＄／  
miDNaseIat30OCfbr20mim TheRNAbindingactivitieswere  
assayedasdescribedunder“ExperimentalProcedures．”HPG，human  
β一globin，t－qg，t－antigen・   

splicesiteRNAisadiffbrentmoleculeorcomplexcarrying  
anSmantigen．   

乱r姉ed〔アJ属〃PCα相加co卯ねeα5′和才わeぶ正eβeqば眠e－  

TheUIRNPwaspuriRedfromUl－richsnRNP丘actionsby  
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FIG．8．BindingofthepurifiedUIRNPfraction（91pgof  
protein／ml）to5′splicesiteRNAs．RNAbindingactivitieswere  
asBayedasdescribedunder“ExperimentalProcedures．”The町TnboIs  
areindicatedinthis鎖gureorinFig．1．HβG，humanβ－globin，t－ag，t－  
antigen；T－ag，T－antigen．   

Fraction   
FIG．6．Sedimentation analy＄is of the binding factor for  

splicesiteRNA＄．200FLlofaUl－richsnRNPfねction（847FLgOf  
protein／mi）wascentrifugedthrough5mlofa5－20％sucro＄egradient  
containing20mMTris－HCl，PH7．5，50mMKCl，and2mMMgCl2in  
aBeckmanSW50．1rotorat39，000rpmand40C允〉rlOh．Aportion  
ofeachfractionwasusedfortheRNAbindingassaydescribedunder  
“ExperimentalProcedures．”A，bindingto5′splice site RNAs；B，  
bindingto3′splicesiteRNAs．ss，SPlicesite．   

92．5－  

67＿   

7  43－  
⊂）  

▼  

×25．7－  

L  

∑18．ムー   
14．3－   
12．3－  

6．5一  

－68K   

FIG．7．Analysisofprotein＄inapurifiedUIRNPfraction．  
Apuri且edUIRNPffaction（7pgofprotein）waselectrophoresedin  
a5－20％polyacrylamidegelcontainingO．1％SDSandvisualizedby  
Silverstain．TheletteT・StOtheT・由htoftheぬTWrefbrtotheUIRNP  
PrOteinspreviouslydescribed（26，34）．   

Onitsbindingactivityfbra5′splicesiteRNA（Fig．9）．Heating  

at60OCorahighertemperaturegreatlyreducedthatbinding  

activity．Anotherexperimentshowedthatthe50％inactiva－  

tiontemperaturewas55－56OC（datanotshown）．Sincethe  

nlterbinding assay requires aprotein moiety，theloss of  

bindingactivitycouldbeduetodissociationofalltheprotein  
COmPOnentSOfUIRNPftomUIRNA．However，Fig．10A  

Showsthatthisisnotthecase．Inthatexperiment，theUl  

FIG．9．EffectofheatingtheptlrifiedUIRNPfractionon  
thebindingactivityfor5′splicesiteRNAs．Thesamepuri氏ed  

UIRNPfraction（91pgofprotein／mi）washeatedattheindicated  
temperatureforlOminandcooledonice，andthebindingactivity  
fbrthe5′splicesiteRNAswasassayedat300Casdescribedunder  
‘‘ExperimentalProcedures．”t－ag，t－antigen．   

RNP treatedatvarious temperatures was且1tered and the  
mter－boundUIRNAwas measured．Sincethe且1ter－bound  

UIRNAwasnotreducedbyheating，atlea＄tSOmePrOtein  

COmPOnentOfUIRNPwasassociatedwithUIRNAafter  

heating・Thisresultalsoshowsthatatleastamajorpartof   
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FIG．10．A，retentionofUIRNAoftheheatedUIRNPfi・aCtiononthefilter．ThepurifiedUIRNPfraction  
（7．6ngofprotein）heatedattheindicatedtemperaturewas且1teredthroughaMilliporefilter，andthentheretained  
RNAwas extractedandanalyzedby RNase protectiona＄Saydescribedunder“ExperimentalProcedures．”B，  
accessibilityofthe5′endofUIRNAoftheUIRNPbyacomplementaryDNA．ThepurifiedUIRNP（91FLgOf  
protein／mi×10FLl，lanesa，b，andc）orthatheatedat600CfbrlOmin（lanesd，e，andF）wasincubatedinthe  
presenceorAbsenceoflOFLg／mlofoligodeoxynucleotideOS－11and50units／mlRNaseHat300Cfor45min．The  
RNAwasextractedandanalyzedon7Murea，10％polyacrylamidegelfo1lowedbysilverstain．LaneMindicates  
ratlivernuclearRNAaselectrophoreticmarker．  

UIRNAisintact．An experimentusing RNase H and an  
oligodeoxynucleotide（Fig・10B）indicatesthatthe5′endof  

UIRNA，Whichisessentialfbrthebindingactivity，isintact  

after heattreatment．ThelowerbandinlanefofFig．10B  

presumablyresultedfromcleavageinUIRNAreglOn23－30  
（UACCAUGA），Whichispartlyhomologoustothe5′endof  

Ulandmaybehybridizablewiththeoligonucleotide．These  
resultssuggestthatheatinactivationisdueto achangeOr  
lossofaproteincomponent・  

DISCUSSION   

rたeβe叩∽Ceざα几d肋c九α几ねmβ九uoJued£花兢e虎ec昭托よ出0几  

qfa5′軸IiceSite－TheUl－richsnRNPffactionboundto  
the RNAs carrying di鮎rent5′splice site sequences with  

difftrentafnnities（Fig．1andtext）．TheRNAswitheither  

t，he9－nuCleotide consensusSequenCe，the14－16－nuCleotide  

sequences fbr SV40t，Or thelmmanβ－globin donor sites  

showedhigherbindingthantheRNAswithamutationinone  
ofthe9nucleotides．Theseresu比sindicatethatthisUトrich  

snRNPfractioncanrecognizea5′splicesitesequence．The  

invariant GU（positions＋1，＋2）andGatposition－1aLre  
clearlyimportantforsuchrecognition，SinceamutaLtionof  
anyoneofthesebasesreducedthebindinggreatly（Fig・1）・  
The9nucleotidesofthe SV40andlmmanβTglobin donor  
sites diffbr丘om the consensus at－3，－2，＋3，＋4，Or＋5  

position（TableI），SuggeStingthatnucleotidesattheseposi－  

tionsmayalsobeimportant．The5－7nucleotidesoutsidethe  

9arealsonaturalintheRNAscarryingSV40andβ－globin  
donors，buttheircontributiontotherecognitionisnotclear  

ffom our study．Our resultsindicate thatthe9qnucleotide  

COnSenSuSSequenCeandthe14－16nucleotidesofthenatural  

donorsitestestedaresu餓cienttoactasspecificsequences  
fortheselectivebindingdetectedhere．   
Digestionofthe5′endofUIRNA（Fig．4）andbindingby  

apurinedUIRNPfhction（Fig．8）showthattheUIRNP  

itselfisthebindingfactor，atleastfbrtheconsensus，SV40t，  

andβ一globin丘rstdonorsitesequences．Thisvicwissupported  

bytheresultswithmicrococcalnucleasetreatmentofboth  

theUl－richsnRNPfraction（Fig．3andtextonFig．6A）and  

thepuri且ed UIRNP（data not shown），aSWellas bythe  

experimentwithanti－Smantibody（Fig．5A）．   

AlthoughthebindingfhctorfbrSV40Tandβ瑠lobinsecond  
donorsites，aSWe11asforthemutateddonorsitesmaybeUI  
RNP，Wedonothaveanyconclusiveevidenceforverincation．  

However，thereis some evidenceindicatinglnVOlvement of  

UIRNPintherecognitionof，OrSPlicingwith，theSV40T  

donorsite（30）andmuta七edorcrypticdonorsitesofhuman  
β－globin（35）．AlthoughFradinetal．（30）didnotdetectthe  

inhibitionoft－mRNAsplicinginXenqpusoocytesbyanti－  
bodiestoUlorothersnRNPs，OurreSults＄trOnglysuggest   
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responsiblefbrthesebindingactivitiesarelikelytobediffbr－  
entfromeachother．   
Recently，thesequencesoutsidethe16－nuCleotideacceptor  

sitesequencehavebeensuggestedtobeimportantinthe  
selection orutilization ofan acceptor site（42）・We have  
obtainedasimilarsuggestionf上OmCOmPuteranalysis（43）・  
Thenatureandroleofanoutsidesequenceintherecognition  
ofa3′splicesiteremaintobeelucidated．   

Acknowle砲TnentS－WethankDr．R．Mukaifbrsupplyinganti－Sm  
antibody，A．MayedaandH・Kitayamafbrsupplyingmaterialsand  
fordiscussion，andS．Ohshimafbrhelpinpreparingthemanuscript・  
WealsothankDr．S．Bannaifbrcriticalreadingofthemanuscript，  
andProf．Y．Watanabefbrencouragement．  

REFERENCES  

l．Breathnach，R．，andChambon，P．（1981）Annu．Reu・Biochem・  

50，349－383  
2．Monte11，C．，Fisher，E．F．，Caruthers，M．H．，and Berk，A・tJ・  

（1982）Ⅳα亡㍑re295，380－384  

3．Wieringa，B．，Meyer，F．，Reiser，J．，andWeissmann，C・（1983）  
〃αれげe301，38－43  

4．Treisman，R．，Orkin，S．H．，andManiatis，T．（1983）NatuT・e302，  
591－596  

5．Wieringa，B．，Hofbr，E．，andWeissmann，C．（1984）Cel137，915－  

925  
6．Ruskin，BリKrainer，A．R．，Maniatis，T．，andGreen，M．（1984）  

CeJJ38，317－331  
7．Padgett，R．A．，Konarskn，M．M．，Grabowski，P．J．，andSharp，  

P．A．（1985）ぶcよerlCe225，898－903  
8．Reed，R．，andManiatis，T．（1985）Cel141，95－105  
9．Ruskin，B．，Greene，J．M．，andGreen，M．R．（1985）Cel141，833－  

844  
10．Padgett，R．A．，Konarska，M．M．，Aebi，M．，Hornig，H．，Weiss－  

mann，C．，andSharp，P．A．（1985）Proc．Natl．Acad．Sci．U．S．  
A．82，8349－8353  

11．Grabowski，P．J．，Seiler，S．R．，andSharp，P．A．（1985）Cel142，  

345－353  
12．Frendewey，D．，andKeller，W．（1985）Cel142，355－367  
13．Busch，H．，Reddy，R．，Rothblum，L，andChoi，Y．C．（1982）Ann  

月eu．月わc九em．51，617－653  
14．Lerner，M．R．，Boyle，J．A．，Mount，S．MリWolin，S．L．，and  

Steitz，J．A．（1980）NatuT・e283，220－224  
15．Ohshima，Y．，Itoh，M．，0knda，N．，andMiyata，T．（1981）PT・OC．  

Ⅳα払Acαd．ぶcf．U∴鼠A．78，4471－4474  
16．Mount，S．M．，Petterson，Ⅰ．，Hinterberger，M．，Karmas，Aリand  

Steitz，J．A．（1983）CeJJ33，509－518  
17．Kramer，A．R．，Keller，W．，Appel，BリandLuhrmann，R．（1984）  

CeヱJ38，299－307  
18．Tatei，K．，Takemura，K．，Mayeda，A．，Fujiwara，Y．，Tanaka，H．，  

Ishihama，A．，andOhshima，Y．（1984）PT・OC．Natl．Acad．Sci．u  
鼠A．81，6281－6285  

19．Black，D．L．，Chabot，B．，andSteitz，J．A．（1985）Cel142，737－  
750  

20．Krainer，A．R．，andManiatis，T．（1985）Cel142，725－736  
21．Black，D．L．，andSteitz，J．A．（1986）Cel146，697－704  
22・Perkins，K・K・，Furneaux，H・M・，andHurwitz，J．（1986）PT・OC．  

Ⅳα払Acαd．ぶci．U∴鼠A．83，887－891  
23・Choi，Y・D・，Grabowski，P・JりSharp，P・A・，andDreyfuss，G．  

（1986）ぶcfe几Ce231，1534－1539  
24・Grabowski，P・，andSharp，P．A．（1986）Science233，1294q1298  
25．Mayeda，A．，Tatei，K．，Kitayama，H．，Takemura，K．，andOhshq  

ima，Y．（1986）Ⅳ㍑CJeわAci加点eぶ．14，3045－3057  
26・Kinlaw，C・S・，Robberson，B・LリandBerget，S．M．（1983）tLBiol．  

CJばm．258，718ト7189  
27・Watanabe－Nagasu，N・，Itoh，Y・，Tani，T・，0knno，K・，Koga，N．，  

Okada，N・，andOhshima，Y・（1983）NucleicAcidsRes．1l，  
1791－1801  

28・Zinn，K・，DiMai0，D・，andManiatis，T・（1983）Cel134，865－879  

29．Mount，S．M．（1982）ⅣucgeわAcよdざ月eぷ．10，459－472  
30・Fradin，A・・Jove，R・・Hemenway，C・，Keiser・H・D・，Manley，J・L．，  

andPrives，C．（1984）Cel137，927－936  
31・Noble，J・C・S・，Prives，C・，andManley，才．L．（1986）NucleicAcids  

月eざ．14，1219－1235  
32・Krainer，A・R・，Maniatis，T・，Ruskin，B・，andGreen，M．R．（1984）  

CeJg36，993－1005   

thatUIRNPrecognizestdonorsite・Thisapparentdiscrep－  
ancymayresultbecausealowerlevelofUIRNPissufncient  
fbrthebindingtotdonorsitebutnotfbrTdonorsite，Since  
theformer has a much higher afnnity for UIRNP・Our  
bindingassaywasdoneusinglXlO‾10MSubstrateRNAand  
lO－8～10．7MUIRNP．AssumingthatUIRNPbindstoa5′  
splicesiteRNAwithonetoonemolarratio，thedissociation  
constantofthebindingshouldbeintherangebetweenlO－8  
andlO－6M．TheconcentrationofUIRNPinaHeLace11  
nucleusisestimatedtobeintheorderof3×10－6MaSSuming  
thatitcontainslO6particlesofUIRNP（36）．Therefbre，UI  
RNPinuiuocouldbindsubstantiallytoalowa疏nitydonor  
sitesuchasSV40T．   
TheUIRNAcontainsaAClルACCUGsequencenearthe  

5′end，Whichiscomplementarytotheconsensusdonorse－  
quenceCAG／GUAAGU．ThisregioninUIRNPishybridiz－  
ablewithacomplementaryoligonucleotide（37）．Whenthe5′  
endofUIRNAinanuclearextractwasdigestedbyRNase  
H，thesplicingactivitywaslost（17，19，20）・Theseresults  
stronglysuggestthatthe5′endreglOnOfUIRNAisinvoIved  
inthebindingbetweenUIRNPanda5′splicesitebybase－  
palrlng・OurresultsinFig・4areconsistentwiththisview・  
However，WeSuggeStthatatleastsomeproteincomponentin  
UIRNPisalsoinvoIvedinthebinding．Thissuggestionis  
basedonthe払1lowingtwolinesofresults．First，Preheating  

ofpurinedUIRNPat600Cabolishedthebindingactivity  
（Fig．9）．Thisinactivationwasdueneithertodissociationof  
UIRNAfromtheproteincomponentsnortothelossof，Or  
accessibilityto，the5′ofUIRNA（Fig．10）．Second，thefree  
engyincrement（△G）frombase－pairingbetweenthe5′end  
reg10n OfUIRNA and5′splice site sequencesis notin  
parallelwiththebindingafnnitiesfbrUIRNP（TableIand  
Fig．1）．Thepresumedheat－SenSitiveproteincomponent（s）is  

likelytopossess，Orinfluence，SequenCe－SpeCincbindingabil－  

ity．Suchaproteincomponentcouldwraparoundbase－paired  
RNAdouble helix，aSinthe case of入phage cro repressor  

（38）．   
γ九e月山dよngAc加わ′かα3′軸比eぶ玩ぶequerlCe－Fig．2  

ShowsthattheUl－richsnRNPffactioncanrecognizea16－  
nucleotideacceptorsitesequence．TheinvariantPyrAGand  
thepyrimidineclusterwere showntobeimportantinthis  
recognition．Thisbindingwasnotreducedbypretreatment  
withmicrococcalnuclease（Fig．3），andtheinvoIvedfactoris  

diffbrentfromUIRNP（Fig．6，teXt，andRef．25）．Webelieve  

thatthis factorisinvoIvedin mRNAsplicingalthoughwe  
havenodirectevidencesofar．   

Two groups have recently reported a factor which can  
recognizea3Jsplicesiteinpre－mRNA．ThelOO－kDaprotein  

describedbyTazietal．（39）co－migrateswithU5RNPandis  

PreCipitatedbyaLmOnOClonalanti－Smantibodyonlyatalow  
M㌔＋concentration．The70－kDaproteindescribedbyGerke  

andSteitz（40）reactswithamonoclonalanti－Smantibody  
andis not retained by a DEAE column at a highMg2十  
concentration．ThatsnRNPcouldbeU5RNP（41）．Thefactor  

wehavedetectedreactswithpolyclonalanti－Smantibodies  
（Fig．5）andisretainedbyaDEAEcolumnatahigh（15mM）  

Mg2＋concentration．Therefbre，Ourfactorissimi1arto，and  

couldbethesameas，OneOfthosereportedbythetwogroups，  

although our factor shows a property apparently different 
丘omtheirs．   

Wepreviouslyfoundbindingactivityfortheconsensus3′  
splicesiteRNAintheDEAEflow－throughffactionaswell  
（25）．Thisbindingactivityshowedspeci丘cityfbrapyrimidine  

StretCh but not fbrinvariant PyrAG（data not shown），in  

COntraSttOtheactivityinthispaper．Therefbre，thefactors  



11674  月ec昭柁最0指呼5′∽dβ′軸gわeβ如ぶe叩e托Ceざ  

33・Dobkin，C・，andBank，A．（1985）］．Biol．Chem．260，16332嶋  
16337  

34・Hinterberger，M．，Pettersson，Ⅰ．，andSteitz，J．A．（1983）  
C加m．25乳2604－2613  

35・Chabot，B・，andSteitz，J，A．（1987）Mol．Cell．Biol．，inpress  
36・Weinberg，R．A．，andPenman，S．（1968））．Mol．Biol．38，289－  

304  
37・Rinke，J・，Appel，B．，B16cker，H，，Frank，R．，andLtihrmann，R．   

（1984）ⅣucJeわAc£血月eg．12，411ト4126  
38・Anderson，W．FりOhlendorf，D．H．，Takeda，Y．，andMatthews，  

B．W．（1981）Ⅳα餌re290，754－758  
39．Tazi，よ，Alibert，C．，Temsamani，J．，Reveillaud，Ⅰ．，Cathala，G．，  

Brunel，C．，andJeanteur，P．（1986）Cel147，755－766  
40．Gerke，Ⅴ．，andSteitz，J．A．（1986）Cel147，973－984  
41．Chabot，B．，Black，D．L．，LeMaster，D．MリandSteitz，J．A．（1985）  

βcねnce280，1344－1349  
42．Reed，R．，andManiatis，T．（1986）Cel146，681－690  
43．Ohshima，Y．，andGotoh，Y．（1987）］．Mol．Biol．195，247－259  
44．Salser，W．（1977）Cold軸ringHarborSiJTTP．Qumt．Biol．42，  

985－1002   


	0001.tif
	0002.tif
	0003.tif
	0004.tif
	0005.tif
	0006.tif
	0007.tif
	0008.tif
	0009.tif
	0010.tif

