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Changesintlleamountandlocalizationofhumanlibosomalproteinsduring
apoptosisweredeterminedWhentotallysatesofJurkatcellswhichhadbeeninduced
tounde1狸oapoptosisbydoxorubicinwereanalyzedbyWesternblotting,degradationof
threeribosomalproteins,Ｓ18,Ｌ５ａｎｄＬ１４,ｗａｓdetectedat48haftertlleinductionof
apoptosis、Decreasesinthealnountsofthesethreeribosomalproteinswelealso
observedwhenribosome-enrichedfractionswereexalnined、Thesechangeswele

partlyabolishedbytlleadditionofthepan-caspaｓｅｉ血ibitorz-VAD-fink，Moreover，
fbnnationofthe80Sribosomecolnplexappearedtobeinhibitedat48hafterapoptosis
induction・Ontlleotherhand,theextentofproteinsynthesis，assessedbymeasunng

３５

theincolporationof［Ｓ]MetmtobullKproteins,decreasedaseallyaslZhaftertlle
additionofdoxorubicin，Theseresultsindicatethatchangesintheamountof

ribosomalproteinsandtheoverallstrucmreofribosolne,occurinapoptosingcellsafter
proteinsynthesisdeclines、Finallyうanalysesbyflowcytometrylinmunofluolescence，
andWesternblottingshowedthatsixribosomalproteinsS15,ＰＯ,Ｌ5,Ｌ6,Ｌ7,L36aand
L4I1wererelocalizedandexpressedatthecellsurfacedulingapoptoSis・Theabove
resultscollectivelyindicatetllatribosonlesarestructurallyaltelCdinapoptoticcells
fmlowinginactivationofproteinsynthesis．

mＴＲＯＤＵＣＴＩＯＮ

DegradationofcllrolnosomalDNAshouldresultinthecompletecessationof
geneexpressionincellsfateｄｔｏｄｉｅ、However,therateofproteinsynthesisdecreases
evenbeforechromosomalDNAisdegraded，suggestingtheplesenceofanactivｅ
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mechanislnofinhibitinggeneexpressionattllelevelofProteinsyntllesisinapoptotic
cells・Avarietyofproteinsandnucleicacidsareinvolvedinproteinsynthesis,andtlle
ribosomestandsattllecenteroftlletranslationallnachineryltisreasonabletoexpect

tllattlleinllibitionofproteinsyntllesisinapoptoticcellsistheconsequenceofsome
structurallnodificatiOn(s）ofthesemolecules．’、fact,the28SribosomalRNAand

translationalfactorshavebeenshowntoundergodegradationinapoptoticcells・mis，

howeveLnotclearwhetllertllesechangesleadtostructuralchangesofribosomesortlle
inllibitionofproteinsynthesis・

Incontrast,changesinribosomalproteinsappeartobemorecomplex・There

a]resolnereportedchangesofribosomalproteinsinapoptoticcells；POdegradesoris
structurallymodified,S1istranslocatedtotllemembranebleb，ａｎｄＳ１９ｉｓｃovalently
dimelizedandsecretedMoreover,tllelnodifiedS19servesasachemoattractant

specificformacrophages、Tllesefindingsindicatethatribosomalproteinsare
structurallymodifiedinapoptoticcellsandlnayacqlliretlleextra-IibosomalfUnction

However,thepreviousstudiesdealtwithonlyalilnitednumberofribosomalproteins，
andchangesintlleoverallstructureoftllelibosomeinapoptoticcellshavenotbeen
intensivelyexalninedHereIanalyzedtlleamount，stmctureandlocalizationof
riboSOInalproteinsinaPoptotichumanleukemiccellsusingpolyclonalantibodiesraised

againstpeptidesandsubunitscorrespondingtopartialaminoacidsequencesof79
humanribosomalprOteins．

ＲＥＳＵＬｒＳ
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1-1)DetectionofribosomalproteinsbyWesternblotting

lfirstdetenninedchangesintheamountoflibosomalproteinsduringapoptosis・
Seventy-ninekindsofrabbitantiseraweretestedfortlleirabilitytobindtonative

libosomalproteinｓｂｙＷｅｓｔｅｍｂｌotting・IWenty-eiglltantiseragavesignalsatthe
positionscorrespondingtotlleexpectedmolecularmassesofllsmallsubunitproteins：
Sa,S3a,Ｓ４Ｘ,Ｓ8,ｓ11,ｓ12,ｓ14,ｓ15,ｓ18,ＳＺ４ａｎｄＳ３０,andl71argesubunitproteins：
L5,L7,L7a,L8,L9,L13,L13a,L14,L15,L17,L18,LZ8,L31,L34L35a,L36aand

Ｌ39．Ithenexaminedchangesintheamountoftheseribosomalprotemsinapoptotic
cells．

1-2)DecreaseofS18,Ｌ5,andL14inapoptoticJuIkatcells

Whole-celllysateswerepreparedfromJurlKatcellsthathadbeenexposedto
doxombicinforvaliouslengtllsoftime,andsubjectedtoWesternblottingwiththeZ8
kindsofanti-Iibosolnalproteinantisera・Althoughmostribosomalprotemsdidnot
changeuponapoptosisinduction，threeantiseradetecteddecreaseanddegradation、
ThesignalofS18becamelessintenseindoxorubicin-treatedcells、Anti-L5and

anti-L14antiseradetectedsignalswitllfastermobilitytllatdisappeaIedintlleprese､ce
ofthecolrespondingantigenpeptides，indicatingthatthesesignalsweledelivedfrom
degradationproductsofeachribosolnalprotein．Thesechangeswitllthreeribosolnal

proteinsallbecameapparentaｔ４８ｈｏｒｌａｔｅｒａｆｔｅｒｔｈｅｉｎｄｕｃｔｉｏｎｏｆapoptosis、I
concludedtllattllleeribosolnalproteins，Ｓ１８，Ｌ５ａｎｄＬ１４,undergodegradationatlate
stagesofapoptosis．．
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1-3)Ribosomalproteindegradationduringcaspase-modiatedapoptosis
Inextaskediftheribosomalprotemdegradationoccunedduring

caspase-dependentapoptOSis・Julkatcellsweretreatedwithdoxorubicinintlle
presenceoftllepan-caspaseinhibitorz-VAD-fmk,andwhole-celllysateswereanalyzed
forribosolnalproteinsbyWesternblotting・Appearanceoftllepresumeddegradation
productsofL5andL14waslargelybtlloughnotcolnpletely§abolishedThedecrease
intlleintensityofintactS18wasonlymarginallyinhibitedbyz-VAD-fink，These
resultsindicatedtllatdegradationofthethreeribosolnalproteinsoccursinamanner

partlydependentontlleactionofcaspases.．

1-4)Absenceofthetlllcelibosomalproteinsintheribosolne
lnextexalninedwhetllertlleabovechangesareobservedinthelibosome

complex rｂｄｏｔｈｉｓ，ribosome-enrichfractionsweleplcparedfiDIn
doxorubicin-treatedJurkatcellsandanalyzedbyWesternblotting・Decreaseofthe

threeproteinswasalsoobservedintlleribosomefraction，However，tllepresunled
degradationproductsOfL5andL14werenotdetectable、Theseresultsindicatedthat
thetlⅡeeribosomalproteinsaredegradedanddissociatedfrolntheribosomecomplex．

1-5）DegradationoflibosomalproteinsinJulkatcellsundelgoingFas-mediated
apoptosis

Inextexaminediftheabovefindingsarerestrictedtocellsthatareundelgoing
doxorubicin-inducedapoptosis、Julkatcells，whichexpresstheapopotosisreceptor
Fas,wereincubatedwitllCH11，anagonisticanti-humanFasmonoclonalantibodybfor
variouslengthsoftiｍｅ,andwhole-celllysatesweleanalyzedfortheribosomalproteins
S18，Ｌ５，ａｎｄＬ１４Ifmndtllatallthetllreeribosomalproteinsdegradedin
CH11-treatedJulkatcellsinamannersimilartotllatobservedwitlldoxorubicm-treated

cells・Theseresultsindicatedtllatdegradationoflibosolnalproteinsdoesnotdepend
onthewayofapoptosisinCIuction，ｂｕｔｉｓａｐｈｅｎｏｍｅｎｏｎｃｏｍｍｏｎlyObservedduring
apoptosis．

2)肋伽陀加伽/１，mario"〃伽80SrjboSo伽ＣＯ叩ﾉどjwmが"g〃叩川iS

Absenceofthetllreeribosomalproteinsmightinfluencethestructuralintegrity
oflibosomes・Ｉｔｈｕｓｅｘａｍｉｎｅｄｔｈｅｆｍｎａｔｉｏｎｏｆｔｈｅｒibosomecomplexin
doxorubicin-treatedJurkatcells，Whenribosolne-enlichedfractionspreparedfiDm
doxorubicin-treatedJurkatcellswereseparatedinanagarose/Polyacrylamidecomposite

gelandanalyzedbyWesternblotting・Thesignalfrolntlle80ScomplexdecIeasedas
tlleculmreperiodwasprolongedwhereastllatfromthe40Sor60Ssubunitwasalmost
unchanged・TheseChangesbecameapparentat48hafterinductionofapoptosis，ａｎｄ
thisiswhentheribosomalproteins,Ｓ18,Ｌ５ａｎｄＬ１４,startedtodegrade・Theseresults
indicatedthatfbnnationoftlle80ScomplexwasinhibitedinapoptoticJulkatcells
simultaneouslywithdegradationofthetlⅡeeribosoInalproteins．

3)DecMzsej"伽加陀QﾌﾞＰｍ花加川伽sjs血mzgcWP川js
Inordertocorrelatetheabovefindingswithchangesintherateofprotein

synthesis,Jurkatcellsthathadbeentreatedwithdoxorubicinfbrvariouslengtllsoftilne
werepulse-1abeledwitllaradiolabeledaminoacid,andthealnomtoflabeledproteinｓ
ｗａｓdeteminedbySDS-polyacrylamidegelelectrophoresisandautoradiography
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SignalsderivedfromlabeledproteinsbecameundetectableZ4haftertheinductionof

apoptosis・Theseresultsindicatedthattheinhibitionofproteinsynthesisprecedesthe
structuralchangesofribosomes,thatis,degradationofthethleeribosomalproteinsand
disappearanceofthe80Sribosoｍｅcomplex．

4)Z)wzsjDMiD"〃肋川川ﾉp、花加ZMieM枕ceQﾌﾞ〃〃〃jcceﾉZF

SomeIibosomalproteinshavebeenshowntochangetlleirlocalizationduring
apoptosis：S1istransferredtotllemembranebleb,andS19issecretedfromcellsafter

covalentmodification・ItllereforeconductedtllreediffelCntexperimentstoexamine
whetheranyribosomalproteinsarepresentonthesulfaceofapoptoticJu1katcells．

4-1)Flowcytometry

lfirstconductedafIowcytolnetryanalysis・Theseventy-nineantiserawere
testediftlleyboundtoplasmaInembrane-penneabilizedJulkatcellsmoreintenselythan
tointactcellsinamannerinhibitablebythepreSenceofcorrespondingantigenpeptides．
'IWenty-eightantiserawereselectedincludingtlloserecognizinglOsmallsubunit
proteins:Ｓａ,Ｓ2,S4X,Ｓ11,ｓ14,ｓ15,ｓ18,Ｓ２４ＳＺ９ａｎｄＳ３０,andl81argesubunit
proteins:ＰＯ,Ｐ2,Ｌ3,Ｍ,Ｌ5,Ｌ6,Ｌ7,Ｌ10,Ｌ14,L23a,LZ9,L35a,Ｌ36,L36a,Ｌ37,Ｌ38,
L39andLﾑ１１．Julkatcellsthathadbeentreatedwithdoxorubicinwelesuhjectedto
flowcytometrywiththose28antiseratodeteminethesurfaceexpressionofribosomal
proteins・Sixantisera，thatrecognizeS15，ＰＯ，Ｌ５，Ｌ６，Ｌ３６ａａｎｄＬ４１，boundto
apoptoticcellsmoreefficientlytllantononnalcells，Thissuggeststhatthoselibosome
plotemsalepresentatthesurfaceofapoptoticJurlKatcells．

4-2)IInmunofluorescence

l[bfUrtherconfinnthesurfaceexpressionofribosomalproteinsinapoptotic
cells，immunofluolescenceanalyseswereadopted・Ofthesixantibodiespositivein
flowcytometrybfOurthatrecognizｅＰＯ,Ｌ５，L6andL36ashowedmoreintensebinding
tothesulfaceofapoptoticcellsthantononnalcells．

4-3)Westernblotting

FinallyゥproteinspresentonthesurfaceofJurkatcellswereisolatedand

analyzedbyWesternblottingwiththreeanti-ribosomalproteinantiserathatwereusable

fbrtllispurpose・JulkatcellswelCsulfacelabeledwitllbiotin,andtllelabeledproteins
wereaffinity・purifiedusingavidin-conjugatedlnagneticbeadsWhentheisolated

sulfaceproteinswereanalyzedwitllanti-S1５，－L５，and-L36aantisera，signals
colTespondingtoallthetllreeribosomalproteinsweredetectableonlyinthesulface
proteinspreparedfromapoptoticcells・Theseresultsindicatedthattllethreeribosomal

proteinsexistatthesmfaceofapoptoticJurkatcells、

TheresultsfromtheabovethreeexpelinJentsaccordedwitheachotherand
indicatedthatfivelargesubunitproteins，ＰＯ，Ｌ５，Ｌ６，Ｌ３６ａａｎｄＭ１，andonesmall

subunitprotein，S15arerelocatedandexpressedatthesulfaceofJurkatcells
unde埴oingdoxombicin-treatedapoptosis．

ＤＩＳＣＵＳＳＩＯＮ

lhereanalyzedchangesintheamountandlocalizationofeukaryoticribosomal
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proteinsduringapoptosis・TheanalysisbyWesternblottingof281ibosomalproteins
revealedtllattllreeoftllem，Ｓ18,Ｌ５ａｎｄＬ１４，underwentdegradationandwelc

dissociatedfromribosomesduringapoptosisinducedbytheanticancerdmg

doxorubicinoranagonisticanti-FasmonoclonalantibodybTheseresultssuggested
thatribosolneslackingparticularlibosolnalproteinsexistinapoptoticce11s・Moreover，
ＩｆＯｕｎｄｔｈａｔｔｈｅａｍｏｕｎｔｏｆｔｈｅ８０Ｓｒｉｂosomecomplexdecreasedinapoptoticcells、

Thesechangesshouldlnakeribosomesunfimctionalinproteinsynthesis・However，
tｈｅｙｄｏｎｏｔｓｅｅｍｔｏｂｅｔｈｅｍａ】orcauseoftlledecreasedrateofproteinsynthesisin
apoptoticcells，becauseproteinsynthesisdeclineｄｗｅｌｌｂｅｆｏｒｅｔｈｅｃｈａｎｇｅｓｉｎｔｌｌｅ
libosomalproteinsbecalnedetectable・Ispeculatetllatthedegradationofribosolnal
proteinsoccurstocompletelyinactivategeneexpressio、attllefinalstepintlleprocess
ofapoptosis，

Anotllerpossibleroleofthestructuralchangesofribosomesisregulationoftlle
extra-ribosomalfimctionoflibosolnalproteins，Ifbundthatsixlibosomalproteins

movedtothesulfaceofapoptoticcells、Ihypothesizethattheseproteinscaｎｂｅ
ｍarker(s)forrecognitionofapoptoticcellsbyphagocyticcells、Apoptoticcellsare
rapidlyandselectivelyeliminatedfromtheorganismbyphagocytosis，ａｎｄthisis
definedbyspecificrecognitionoftalgetcellsbyphagosytes、Phagocyticcellscould
recognizetheexternalizedribosomalproteinsandengulftheapoptoticcells、HoweveL
tllisisonlyahypotllesisandneedstobevelifiedbyfUrthersmdies．

学位論文審査結果の要旨

西田純氏から提出された学位論文について,上記５名の審査委員による査読の後に平成１４年２月４日に口

頭発表会が行われた。同日に最終の審査委員会が開かれ，審議の結果，以下のとおり判定した。

本論文は，アポトーシス過程におけるリボソームの変化について解析したものである。タンパク質合成で

中心的な役割を果たすリポソームタンパク質は，アポトーシスに伴って分解や局在性の変化を受ける例が報

告されている。しかし，これまでの研究ではごく一部のリボソームタンパク質でしか調べられておらず，ま

た細胞の種類に依存するケースも知られている｡本研究では７９種類のヒトリボソームタンパク質すべてにつ

いて網羅的に解析することを試みた。作製された７９種類のウサギ抗血清のうち，実際の解析に使用できたの

は２８種類であったが，このうち３種類でアポトーシスに伴う抗原リボソームタンパク質の分解を認めた。ま

た，これらの分解はリボソームからの遊離を引き起こし，８０Ｓリボソームの形成阻害に導くことが強く示唆

された。一方，フローサイトメトリー，および蛍光抗体法を用いて，アポトーシス細胞表層におけるリボソー

ムタンパク質の存在を調べ，６種類のリボソームタンパク質がアポトーシスの初期に細胞表面へ移行するこ

とを見出した。

本研究は，アポトーシスの過程で複数のリボソームタンパク質が構造と局在性の変化を受けることを明らか

にしたものであり，リボソームタンパク質の新しいリボソーム外機能を示唆したものと高く評価され，博士

（薬学）の学位に値すると判定した。
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