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CHAPTERI

IntrodⅦCtiom

The鮎a血res ofth＝血loroplast

Chloroplastisoneofthemostdistinct飴aturesinplantCells・Thisorgamnepromotesvital

reacti皿Sfor plantS，SuCh as photosymthesis，Cad｝On触ation，amino acidsand sulfur

metabolism，lipidbiosynthesis，andmitratereduction・ThechloroplastcontainsitsowngenorrK

intheformOfdouble－StrandedcircularImmolecules．Thecompletenucleotidesequencesof

thegenomehavebecndeteminedinseveralspecies，SuChastbbacco（Shinozakietal・，1986），

liveⅣOrt（Ohyamaetal．，1986），rice（Hiratsukaetal・，1989），mai2X：Paieretal・，1995），and

αlbnlhzvubarib（Wakasugietal．，1997）・Thegreatm毎0rityofthegenorne，rePreSentingallof

themqicqlandplantsandalgaらVaryinsize如m120kbto200kb（MayGddetal・，1995；

SugitaandSugiura，1996；Sugiura，1992）・Tbesequencecontainsmorethan100functional

genesencodingrfNAsandtRNAs，aSWenaSChlorpplast－localizedproteins・Thelattercanbe

groupedintoproteinsinvoIvedinphotosynthesisand cad）On触ation，andthoseforthe

chloroplast gene expressionitselE such asribosomalproteins，tranSlation fhctors，and

tranSCriptionapparatuS・ThecomparisonofthechloroplastgenoⅡ旭SequenCeShowsprokary鵬c

飴atures．Forexample，thepromotershaveconsiderablesimi1aritytOtyPicalbacterialpromoters

oftheEgcheTithidcDliG700rBaci肋ssubtiliso43．putativechloroplastpromoters generany

containhex弧uCleotideresemblingbacterialsequences－10CrATAAT）and－35（TrGACA）

upstreamOfthetranSCriptionstartsite・Thechloroplastgenesalsosharethehomologywiththe

mclearSequenCeSforthebactedalα，β，β一subumits ofRNApolyⅡ旭raSeS・Simi1ady，the

reguladonfhctorfortranSCripdonishomologoustothebacterial0血ctαCranakaetal・，1996；

Troxleretal．，1994）．Moreov∝，aSObservedinbacterialgenes，SOmeChloroplastgenesare

orgmizedidopolycistromictranSCriptionunitsbothinhigherplantSandingremalgae・Aswen

asintranSCription，PrOkaryoticfeattmsarefoundinthechloroplasttranSlationmachinery・

chloroplastcontains70Sribosomes，COmPOSedof50Sand30Sribosomisdbunits，andfMbt－
initiabrtRNA．Inaddition，5’－termiJmSOfmRNAsisnotcapped，andDNAsequ孤CeOfthe

16STm，enCOding16SribosonalRNA，re＄e血blestothebacterialcounterPartPronetal・，

1982）．Theribosomebindingsite，OrShine－Dalgamosequence，isalsoidentifiableinsome

Chloroplast genes・h spite ofthese simi1arities，diffbreues00n befound between the

chlorpplastandbacteda・ForinstanCe，OneOfthecoreinthepromoter，the－35elementisnot

q～alwaysnecessary．AnadditionaltranSCriptionactivity，Whichisindependent打omtheco陀

promoter，mayalsoexist（Kapooretal・，1997）・Moreover，mRNAs鉦omchloroplastgeneslive

longerthanbacterialmRNAs，andevenribosome一触emRNAscanbe observed・Several

transcriptsaqealteredbyRNAedi血gtobe鮎ncdonalasmit∝h皿dorialmRNAs（HanSOnet

al．，1996）．Inadditiontothesedi脆rences，thechloroplastissemiautonomousandthegene
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expresslOnlSCOntrO11edbyproductsofnucleargenes（Rochaix，1992）・Theseevidenceimply

thatthechlorpplastmayhavedistinctfeaturesinitsgeneexpression・

α血叫血脚帥灯れ而血鵬描舶用mOdelsystemfbr仙est鵬yorthechloropla5t
gene expressiom

Ingeneral，thechloroplastgeneexpressionhasbecnex弧inedintbb拡CO，SPlnaCh，badey，

andagrecnalga，ahzndbmonasrYbzhaTmi・Amngthesespecies，C Teb7haTdiiigrows
reladvdyfastwithappro血1y5to6hoursforonegeneration，andcanbegrowneitherin
1iquidcultureorasindividualcolomiesonagarPlates（Harris，1985）・Tbisorgmismisa

micenularSOthatthehomologouscellpopuladoncanbedbtained・Thechlorpplastofthisalga

isanalogoustothoseofhigherplantS・Becauseofitsce11permeability，neWlysynthesized

tranSCriptsandproteinscanalsobelabeledinvivo四akeretal・，1984；Takahashietal．，1994）．

hadditicn，PhotosynthedcmutantSCanbem血血edinam誠umcontainingacedcacidasa

Cad）OnSOurCe・Furthemore，thechlorpplasttranSformation，byaparticlebombardment，has

beenestablishedonlyinCT7，b7haTmiPoyntonetal・，1988）exceptintbb誠CO（Svabetal．，

1990）・C・Teb2harmihasasinglechlorqplastwith1essthan100geno胱CPPiessothatthe

homoplasmicitycanbeachievedwitheaseinthetranSformation・Ontheotherhand，tbb批Ois

miti髄uandeiLChceucontainsatotalofappromidelylO，（X粕genomecopiesinlOO

Chloroplasts・m血ng鮎plantdi瓜culttodbtainthehomoplastmicstate脚igaandNixon，

1998）・BecauseoftheadvantageinthetranSformadonand也echaractersdescribedabove，C．

nb2haTduihasthecredentialsofagoodnmdelsystemforthestudyofthechlorpplastgem

expression．

Mutanb ofC rβ血鳥α〃招f

BothchloroplastandmclearmutantS・inwhichtheexpressionofchloroplast－enCOded

COmPOnentS OfphotosystemI・PhotosystemII，ATPsynthase，ribulose－1，5⊥bisphosphate

Cad）OXylasebxygenase（RuBisCO），OrdlePhotosymtheticelectrmbanspor（Chainisaltered，

haⅥさbeenisolatedinCTYb7haTdu（Rochaix，1992）・These皿tadonsa飴ctthegenes’for

tranSCripdon，thesplicingandstabilityofmRNA，andproteinsymthesis．Also，anuniberof

traJISforrwtsweregeneratedinwhichmtadonswereintroducedintothegenesofintemstby

thechloroplasttranSformadon・RomanalysesoftheseⅡmtantS，SeVeralcLs－dem孤也・and加刑ぽ－

actingfhctorshavebecndeteminedtoregulatethechloroplastgeneexpression・

Reporter孔nalys誌

Usingthepardclebombardmnt，atranSgeneCanbestabけintroducedintothechloroplast，

Whichmakesthe托pOrteranalysisavadable（Blowersetal．，1989）．InC TYb2haTdui，Ec。Ii．

genes uidAand aadA，enCOdingβ－glucmidue（GUS）（Jeffbrson etal．，1986）and

aminoglucosideadeninetranSferasePollingsheadandVapnek，1985），reSPeCdvely，havebem
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introducedtothechlorpplastasreporters（Choquetetal・，1998；SakamOtOetal・，1993）・Several

regulatorysequenceshavebecndeterminedbythefusionofafr郡旭ntfromgenmicsquence

anda托pO血rgene．

Tbe missiom o一也is shdy

AlthoughmutantSgaVeuShitfulresults，aninterruPtionoftheexpressioninthechloroplast

genewhichencode＄OneSubmitmaycauseatterruadonofother・Subumitsfromthe s釘ne

complexdescdbedasacontrolbytheepistasyofsynthesis（CESprKeSS）（Choquetetal・，

1998）．Inaddition，mtationsusu叫dis血bphotosynthesis，andsubsequently，agldbalgene

expressioninthechloroplastcouldbechanged・hsuchcase，themutntmaynotshowthe

actualgenefunction．

Anotherproblemfortheanalysisofthechloroplastgeneexpressionisthatmoststudieshave

focusedononlyoneortwo，butnotoneverylevelsoftheexpression・Chloroplastgenesare

regulatedatthekveloftranSCription，POSt－tranSCription，tranSlation，andpost－tranSlation（i・e・，

proteinmodi丘cadon），aSisthecaseforthegeneinprokaryotesoreukaryotes（Fig・l－1）・

BecausehowⅡmCheachlevelcontributestotheoverLangeneeXPreSSionorwhethereachlevel

influencestoothersisnotknown，eaChlevelshouldbeanalyzed，andweshouldunderstand也e

Chloroplastgeneexpressionasasequenceofeachprocess・

Here，theuidAreportergenewhichcontainsaportionofthechloroplastgenewasintroduced

intotheCl官加haTmichloroplastgenome・Becausethereportergeneisbelievednottodistutb

endogenousgenes，theanalysism叩reflecttheactualgeneexpressioninthechlorqplast・h

additiontothisadvantage，theexpressionofchbneric－uidAcanbemomitoredatthelevelof

tranSCription（tranSCription activity），POSt－tranSCription（accurmiadonand stabilityof the

tranSCript），andtranSladon（accum山ationofGUS protein）・In this thesis，Idescribe the

ChloroplastgeneexpressioninthefonowlngS；

（1）E脆ctsofthepromoterand5’－untranSlatedregiononthechloroplastgeneexpression・

（2）E飴ctsofthe5’｛Odingsequenceonthechloroplastgeneexpression・

（3）E飴ctoftranSladononmRNAstabihty・
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Figtml－1・Geneexpressioninthechloroplast（CP）・Thechloroplastcontainsitsowngenomeard

geneexpressionsystem・Thechloroplastgenes批regulatedateachleveloftranscription，POSt－

tranSCription・tranSladon・andpost－tranSlation・Eachlevelcontributestothegenee叩reSSion・How
eachlevelinfluencestoothersisnotknown．
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CHAPTERII

Efrbcts ofthe promoterand5I・untranSlated reg10n

on the chloroplast gene expressio

IntrodⅦCtion

伽eof也estepsregulatesthegeneexpressioninthechloroplastis tranSCription・Tbe

aligrm血Ofseque肛eSfromchloroplastputadⅦPrOmOterregionsinhigherplantSShowsthat

chloroplastgenescontainconsensusprokaryo也c－35CrrrGACA）and－10ぐrATAAT）elements・

However，the－35ekxnentisnotalwaysidendfiableinhigherplantS岬eldetal・，1995）・
Also，SeVengeneSineightchloroplastgenesc皿tainaTÅ仙Tm鵬finthe－10region，

whilesixgenesinthoseeightgeneslackthetypicalconserved－35derrmtin

肝ig．2－1）・Basedon鮎numberofdeletionanalysesinvitroandinvivo，mOStPrOmOtemOf

chloroplastgenessimplyrequl陀dle－10consensus・andinsomecases・theaddidonal－35

consensussequ仇Ce＠lowersetal・，1993；G血ssemandZurawski，1985）・Someupstream

sequenceofthecoreelerrmtsalsoenhan∝tranSCription・Inrice，thedeletionoftheupstreiLm

sequence，from－546to－100如mthetranSCriptionstartpoint，reSultedin4to5一folddecreiLSein

the仕皿SCriptionactivityofpsbDザSbCoperOn，enCOdingphotosystemⅡreactioncenterprotein

D2andchlorophy11a－bindingproteinCP43（Toetal・，1996）・Addidonaldeletionfrom－99to－

40showedfurther2－fo1d decreBLSe．Moreover，a downStreamOfthe consensus sequenc

appearStOenhanCetraJuCription・D血頭cmseriesoftheapBgene，enCOdingβsubmitofATP

synthse，Showed血edownStreamSequenCeS，uPtO＋55fbm鵬banSCriptionstart，Were

requiredforthebasalkveloftranSCriptioninC TYbzhaTmi（meinetal・・1992）・Achimic

reportergenecontaimingonlytheputadvepro血rsequ蝕CeOftheli，CL，enCOdingthelar

submitofR止BisCO，WaStranSCribedm汀ely15％asactiveけastheendogenous舶ge批

（E］einetal．，1994）．TheseresultsindicatethatthedownstreamOfthe－10consensusafftcts

血Cdp血m融頭肩身・

ThegeneexpressionisregulabdnotonlyattheleNeloftranSCription・butalsoatthelevelof

post－tranSCription．Tbe5’－untranS旭region（5’－UTR）playsanimportantrOleinpost－

banSCription，andoneofrolesistoregulatemRNAstability・hC TYiM，anei
nucleotide（nt）eleⅡ班ntatthe5一っndofthetranSCript蝕皿thepeLD，enCOdingⅣsubumitofth：

cyt∝hromeb！fcomplex，isnecessaryfor伽RNApr∝朗Singandstabihty加vivo（比ggset

al．，1997；Sakamotoetal．，1994；SakamOtOetal．，1994）・TheTbcL5’－UTRfusedtoareporter

genecouldrespondtolight，reSultinginthelight－induceddegradahonoftherbcL・niRNA

（Salvadoretal．，1993）．Inaddition，SeVeralnuclearmutantSOfCTebdzaWhawbecnisolated

that姐toaccuHdateindividualchloroplastmRNAs，despitchavingthew止d－typelevelsof

transcriptionrate匹OChaix，1992）・InoneofsuchmutantS，naC2－26，theBanSCriptfromthe
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PSbDwasunstableanddleaCCurrmladmofthetranscriptwasreduced（馳chkaetal．，1989）．

ThepsbD5，－UTRfusedtoarqortergeneaccumulatedthetranSCriptinthewild－typebutnotin

nac2－26，SuggeStingthegeneproductmutatedinn肛2－26interactswiththepsbD5，－UTRto

StabilizethemRNA（Nickelsenetal・，1994）・RomtheanalysisofthemutantF16，thepetD5，－

UTRappearedtointeractwithanuclearienCOdedfactorthatis necessaryforthe HiRNA

accumuladon（Drageretal・，1998）・hcaseofahigherplant，thetobaccoli，CL5，－UTRis

responsibleforstabihzingtheTbcL・mRNAinthedark（Shiinaetal．，1998）．

Moreover，SeVeralCIYb2haWimtantSinqmicatethe5，－UTRplaysaroleintranSlation．A

ChloroplastrmtpLI軸d34，doesnotsynthesi2X，thesubmitIIIofphotosystemⅡprotein，

encodedbythepsbCgene（Rochaixetal・・1989）・TheⅡⅢtationwasnuppedwithinthe5，－UT

OfthepsbCThedeletionanalysisshowedthata97ntregionl∝atedinthemiddleofthepsbC

5’－UTRisrequiredfortranSlationimitiation（Zergesetal・，1997）・Also，tWOregiomofthepeの

5’－UTRappearedtoactasposidveelementsfortranSlation（Sakamotoetal．，1994）．An血r

nuclearmutantSShowthatthetTmS－aC血gfhctcws，1∝atedonthelociTBCl，TBC2，andTBC3，

interacttothepsbC5’－UTR仔訂geSetal・，1997；ZbrgesandR∝haix，1994）．haddition，a

nuclearfactor，locatedonTABllocus・m野bindtothe5，－UTRofpsaB，enCOdinga

POlypeP也deofthephotosystemIzeacdoncenter，andinidateproteinsynthesis（StamPaCChiaet

al・，1997）・Simi1ady，amh血msetofsixchloroplast5，一UTR⊥bindingproteins（81，62，56，

47，38・and15kD4）wemobservedinance皿typeSOfC rebthaTdui，andtheseproteins

appea陀dtoregulatetranSlation（Hauseretal．，1996）．

hthischapter，Idescribetheinfluenceofthepromoterand5，－UrRtothegeneexpressionin

theCTYb2hardiiichloroplast・Usingtheu最A托pOrtergene，theeq｝reSSionwas既aminedatthe

levelsoftranSCription，POSt－tranSCription，andtranSlation・First，Chihwric－uidAgenes，eaCh

CarryingacodingsequenceoftheuidA，and3，・untranSlatedregion（3，－UTR）from血eTbcL，，

We托COnStruCted・Eachchin血cgenealsoconminedaputadvepromoterandafunlength5，－

tJTRoftheli，CL，PSbA，Orthea申AThepsbAand坤AencodesDIproteininphotosystemⅡ

andasubmitofATPsynthase・reSPeCtively・Thesethreegenesweresd∝血forseveral

reasons：（1）SequencesandtranSCriptionstartsiteswerealreadydeteminedforanthreegenes．

TheTbcLcontainsbothー35and－10elements，WhnethepsbAoraqdonlycontainsthe－10

ekm孤t呼ig・2－1）・（2）TheTbcL・andpsbAaremonocistmmic，Whilethe坤Abelongsinth！

POlycistromicmit・（3）TranSCriptionactivitiesofthethrecgenesweredetemied（Blowerset

al・・1990）・Amngtheeightgenes，theli，CLandpsbAwe托mOStaCtivdytranscribedexcppt

16SrRMencoding16SribosomalRNA・取anscriptionacdvitiesof鮎舶andpsbAwere

3l・2％and13・2％，relatiⅦtOtheacdvityofthe16SrR〃A．Ontheotherhand，therelahve

activityofthea申Awasonlyl．8％（Table2－1）．（4）ThesecandidateswerewenexaHhedatthe

levelofpost－tranSCription・ForexamPle，鮎1evdofthea担tranSCriptshowedcircadian

OSCilladon，Whnelevelsofthe舶andpsbAwereunchangedinthelightJarkcycle（Salvadcw

etal・，1993）・TheresultindicぬdthedifRmtm5Chamismformmaccumiadonsmayexist，
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andtheⅡ胱hamismwasdependingonthegene・BoththeTbcLandpsbAhanSCriptsarekn0wn

asthemostabundantmRNAsindleChloroplastsamOngmanySPeCies・（5）ProductstranSlated

fromtherbcL，andpsbAaretwom毎αPrOteinsinthechloroplast・Ontheotherhand，加vivo

pulsestudyshowedthat伽tranSladonacdvityofthe両班wassigmi負cantlyhigherthanthe

rよesof也e舶弧d卵姐（Dek匹1a加，1983）・

Chimicgenes，COntainingthesequencesoftheli，CL，PSbA，andthea申A，Wereintroduced

intothechloroplastgenomeofCreinhaTmibydleParticlebombar血批nt・Subsequently，Stable

chloroplasttranSformantSRG，PG，andAGwereacquired・RG，PG，OrAGh血ored也e

promoterand5，－UTR負旧mtheTbcL・・PSbA・Orthe坤A，reSPeCtively・Tben，theexpressionof

chimericgene＄intranSformantSWereemied・Resultsshowedthatpromotersand5，－tnRs

alonedidnot肛COuntfortheexpression ofendogenous genesinthechloroplast ofC・

柁加血肌蹴f．

－40　　　　　　－30　　　　　　－20

★　　　　　　　　　　　　★　　　　　　　　　　　　★

－10

★

1

atpB・　TCTAA AGAでGAGTAC AATGTT叩GG AATATTTAユ且TA阜7年TATTA A

a由　‾　CAATC AATTTATAAA TATAmATT ATTATGCTAT AATATAAATA．C

psaA TAAT・I・TGTAAACCAA TAAAAAATAT ATTTAワGGTA TAATATAACA T

p£ムD AAATG CでTAmでA

PSムA ATGTG CTAGGTAACT

PetA TGCAT GAACTATGCT

ェbcエ　　　　mで　AG叩T
ユ百方　r毘Ⅳ且　AAA乱丁　AAAAAでワTGA

AmTATm AT■ATAAGTTA TAAでAでTAAA T

AACG血GAT TTTTTGTGGT即u鼠TG T
TTATTTGCTA AAAAAAAGAT ATAATAでATG T

ATでTTでTm TCTAAATATA TAATATATTで　A

CAAAAAA丸姐TA脳TT AAA℡TAAAAA C

Figure2－l・Sequeqh3eSuPStreamOfthetranSCriptionimitiationsiteinchloroplastgenesofC・
TeinhaTm．Putative－10and－35moti鈷aretmdedined（Ⅲeinetal．，1992）．

Table2－1．RelativeactivityoftranscriptionfbreachchloroplastgenePlowersetal・，1990）・

genea）　　　　　　　relativetranSCriptionrate（％）

m

卵姐

Jカcエ

ク∫αβ

α担

α申β

柳
甲JJ∂

100．0

13．2

31．2

1．3

1．8

4．3

3．0

4．9

a）rTnrePreSentS16SrR〃Agene・ThcEゆand′pL16bothencodetranSladonalapp肌tuS・
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Matαials amd Me仙ods

Strain and cdture conditions

CTeb7haTmWnd－type137c，dbtainedfromDr・M・Goldschmidトαm旧nt（Univ耶ityof

Geneva），andtranSformantSWeregrOwnina職sacetatephosphatem虚血m（TAP）orams－

m血m如m叫血叫M）（鮎chaixetal・・1988）undwcontinuo那light（1，000lx）at280C．ATbcL

disruPtantDEVLwasgrowninaTAPm誠uminthedark・Wheren∝eSSary，鮎m威umWere

SOlidiBedwith2％agarandsupplementedwithspectinomycin・C劇swenharvestedat2×106

CenShnlfo1lowmggrowthinaliquidm誠umforal1RNAisolationsandpmteinisolatio鮎

exc甲tihvivolabelingstudy・

DNA comstrutts

RecombinantDNAplasmidswerep托paredbyconvemionalproCedures（Sambrooketal．，

1989）．BacterialhostwasEcoliDH5α．

Toabohshthe勘hIsite，PlasmidvectorpUC19wasdigestedwithSphI，皿ed－inwi

DNApolywase，andligabdtodbtainplasmidpUC19dS・A3・9kb＆oRJJamHfragunt

如mplasmidR15Pronetal，1982）containingtheCTYb2haTmrbcLandpsaBgeneswas

insertedintoBkoRITBamHdigestedpUC19dStoobtainplasmidpUCEBmg．2－3A）．Al．9

kb助oRVTSWfragrrmtcontainingtheaadAexpressioncassette（Goldschmidt

1991）wasinsertedintopUCEBpadal1ydigestedwith坤αItodbtainplasmidpUCEBaadA．

TheaadAgeneconftrs叫nascensresistanttospectino＝VCin・Todeletethepordon
OftheTbcLcodingsequence，励oRV－αIdigestedpUC随aadAwas皿ed－inwMIKknow

fragmentfo1lowingbyligation，reSultingtheplasmidpUCEBdtbcL節g．2－3A）．

Thecodingsequenceofdleβ－glucumidasegene（uidA）wasamP撼edbythepolym

Chainreaction岬CR）usingprimersGUS5andGUS3（Table2－2）andplasmidpBIlOl

（Je晩rsonetal・，1986）asatemplate・AqliBedfragmentwasinsertedintopT7BlueT－Vector

脚ovagen）toobtainplasmidpT7GUS・Al・8kbNtoI－S＞hIAagmentfromthepT7GUSwas

insertedintotheNtoI－SphIdigested押CEBaadAtodbtainplasmidpUCEBGUS．The舵0I

SitecontainsthetranSlationinitiationsiteoftheuidAgene．

ForthePCRamplificahofa5，－SequenCeCOntaimingthepromoterand5，－UTRhmthe

rbcL，PSbA，anda如genes・WholegenoⅡ旭WaSisolatedfromC・reb2haTddiwnd－type137c

匹ochaixetal・，1988）andusedasatemplate・PCRpriMPairswereRBCL5andRBCL3for

the5，一拍cL，PSBA5andPSBA3forthe5，1SbA・andATPA5andAmforthe5，Ta

respeCtively（Table2－2）・These5，－SequenCeSWereSubclonedintopT7BlueT－Vector，and

excisedwithC伽ⅠandNtoI・AO・37kb5，－Ti，CL・，0・25kb5，1SbA，andaO・58kb5，Ta申AaI－

NtbIfrqgmtswereintroducedintoαⅠ耽0IdigestedpUCEBGUS・RBSultingplasmids

PGfbcL，PGpsbA，andpGaq｝Acarrythe Ti，CL－uidA，PSbA－uidA，andthe a匪uiLL4，
respectively（Fig・2－3B）・Co叩aringwiththedatabase，the5，－SequenCeSShowedseveral

8



nucleotidesubstitutions．ThesesubstitutionswerereconBrmedbyindependentPCRproducts・

OursequenceSWereregisteredinDDBJ，EMBLandGenBanknucleotidesequencedatabase

withfbllowlng誠CeSSionnumbers；ABO16252forthe5，－rbcL，ABO16253forthe5，TPSbA，and

ABO16254forthe5，－a申A，reSPeCtively・

FortheanalysisofaspeCificchloroplastmRNA，thecodingsequencesofthechloroplast

geneswemamPlinedbyPCR・Primrpauswere16S5and16S3foraO・5kbfragmentofthe

16S脚仏，PFandPRforal．5kbcodingsequenceoftheli，CL，PSBA5andPSBA30fora

O．3kbexonlofthepsbA，andATPAC5andATPAC3foral・4kbfragmentofthe昭A（Table

2－2）．E血PCRproductwassubclonedintotheplasmidvectorpUC19・鮎sultingplasmids

weredesignatedpUC16S，PUCfbcL，PUCpsbA，andpUCatpA，reSpeCtively・Al・8－kbPsiI－

BamHI肋grnentfrompT7GUSwasclonedintopUC19tocreateplasmidpUCGUS・W址托

necessary，Plasmids were digested withrestriction enzymeS aS PrObesforthe血RNA

hybdd奴血on・

Chloroplast transfbrm＆tions

Todbtaindleli，CL，disruptionmutantDEVL，CnbzhaWiwild－typeCenSWerePlatedonto

theTAP－agarm血mcontaininglOOpghnlspeCtinomycinatadensityofapproximatelylx

107ce皿snOⅡ皿Petriplate．Goldpardcles（¢1ph）coatedwiththeplasmidpUCEBdtbcL

weredeliveredintoαhuqydbmoTh2SCenSuSlngaBio－RadPDSlOOOHeBiolisticgunat1100

p・S・i・A触rincdbatinginthedarkforoneweek，thetranSformantCOlomiesweresubculturedon

TAP－SPeChomyclnPlatesandthehomoplasmicstatewasrepeatedlyconarmedbyPCR・

TodbtaintranSformantSharboringthechimeric－uidA，thenonphotosymthe也crnutantDEVL

ceuswe托PlatedontotheM－agarm血matadensityofapproximatelylxlO7censnoⅡm

petriplate・Then，gOldparticles coぬdwithplasmids whichcarrychimeric－uidAs were

deliveredintoIⅡⅣL cells（Fig．2－2）．A鮎rincubation underthelightfor two weeks，

photosyntheticgrowlngtranS叫tsweresubculturedonMplates・αihwlic－uidAinsertions
andthehomoplasmicityoftranSformantSWereCOn血md血rnolessthanthreeconsecutive

Cultures．

PCR

Twenty－AvecyclesofamPliBcadonwereperfomdina托rkin－Elmerthermalcycler・Tbe

弧叩1通cadoncyclewasprogra＝unedwith1m血ofdenaturingat950C，2mhofamealingat

550C，and2minofextensionat720C．TheamPli丘edproductswereanalyzedbyelec叫horesis

hal％agams¢gel・

Prepara伽no一也ecmdeextract血ⅦmC・〝加鳥α棚icel15

Ce11sgrownintheTAPorMmediumWereharvestedbycehtrifugadcnat2，000×gforlO

mh at40C．伽pellet was resuspendedinl．3　miof GUSlysis bu飴r［50rrM

9



NaH？04Pa2HPO4（pH7・0）・10mME恥andlOmM2－m肌叩tOethan01］，fo1lowedby

SOnicadon・Thelysatewascentrifugedat100，000×gforlhrat40C，andthesupernatantWaS

usedforthesubsequentexpenⅡ旭ntS．

GUS assay5

Theflu皿Ce aSSay Of GUS activity was perfomd with4－methylunibdliferyl
glucuromideasasubstrate（Je飴rsonetal．，1986）．GUSactivitywasdescribedasnanOmOles。f

m叫1unibeniferoneperminutepermgOfprotein．

West訂n弧aly由ofGUSproteim

Proteinsweres甲aratedbySDS－POlyacrylamidegelelec叫k聡Sis（SDS－PAGE）witha

7・5％acrylamidegelBae血m軋1970），andelectroblottedtoHybond－Pme血rane（jhham）．

血m11ndblo血ngwassuqectedwiththerabbitpolyclonalantibodyraisedagamStEcoliGUS

PrOtein即01ecularPrbbe，弘一5790）andagoatanti血bitIgG山賊hephosphatasecoI如gate，

fo1lowingthem血山托m弧血＝nomega）・ProteinwasrMSuredbytheCoomassieblue

dye－bindingⅡ妃thod＠radford，1976）．

RNAi50lation

Fornorthemanalysis，CenSWerelysedbyextensive鮮血dingwithapeSdeandamortarinlO

miof50mMTris－HClbu勉・（pH8・0）containing300mMNaCl，5血M恥2亘Maurin
tricatboxylicacid，2％SDS・2％Na－triispprppyhaphtalene sulfonate，and12．8二mM2一

肌甲tOethan01inliquidnitrogen・Thel・4miof3MKCIwasaddedtothehomogenab，and

StOredonicefor15min・Aftercentrifugadonat2，000×gfor20mhat40C，7．3mioflOM

LiCIwereaddedtothesupematantandstoredonicefor2hr．hsohbilized RNAwas

PreCipitatedbycentrifugationat30，000×gfor25mhat40C，dissoIvedin4miofwater，and

thenextractedwithphenolkhloroform（24：1）弧dchloroformtoremoveproteinsinthem

SOlution・ThetotalcehlarRNAwaspredpitatedwithethan01anddissoIvedin50plofwater．

For加γivohbelingstudy，tOtalRNAwasextractedfromthecenwithFastRNAkit－RED（BIO

lOl），fo1lowingthem血m弧u山exceptforexbactingwithphenol，Phenolkhloroform
（24：1），弧dwi也cblom払m

N肝仙αm amalys誌

hdividualstepsoftheprocedurewerefonow由essentiauyasalreadydescribed（Sambrook

etal・・1989）・TbtalRNA（5pg）wasseparatedinal・5％agarOSehmddehydegel，and

tranSfmiontoHybond－N＋me血rane（AmrshanO・Forhybridization，Imfragmentsas

genespecincprobeswereremoved紬Ⅵ加rs（de氾ibcdabovp）withzesbic也onenzyⅡ蛤S，

fo1lowingbygdpurincadQn・andwerel仙with［α｝2p］dCTPandusingBcaBestlabeling

kitCrakara）・Prehybridiiadonandhybridizationw胱perfomdinChurchhybridizadonbu蝕r

10



？

at65OC（C山肌handGubert，1984）．A鮎rthehybridization，the別terwaswashedwith2×

SSCfor5minatroomtemperature，followedbyseve血washesat650C・Thenthemterwas

exposedtoaX呵filmwithaninbnsifyingscreenat－800C・Forthedeterminationofthesignal

intensity，thefilterwasexposedtoanimagingplate（戸車PhotoFilm），andsignalswere

quantinedbyabio－imaginganalyzerBAS2∝旧（F頑PhotoFilm）・

血γfγ〃RNAlabelhg

Cre加hamgrownintheTAPm血masapreculture，WaSinoculatedto300mioflow－

phosphateTAPmhinwhichphosphatecorM3en出血onwasreducedfromlmMtoO・05

mM・CensweregrowntOaboutlxlO6ceushnlsuchthatanceusweregrownforthree

generadonsinthemdiunCenswerethenharVeStedbycentrifugationat3，00×gfor5minat

40Candsuspendedinfh，ShTAPⅡ蛤diumCOntainingnophosphateataceⅡdensityof2×107

censhl．A鮎rtheadditionof32p－Orthophosphate（ICN，indnuteHCl）atacomtrationof2

nM（175kBqhd），CenSWe托incubatedwithvigorousshakingforlOmhor20min・To

terminatethepulse，SamPlesweretranSftrredtoacentrifugetubecontaining2voluⅡ郎Ofice－

coldTAPmediurn・Censwerepe11etedbycentrifugadonat3，000×gfor3minat40C，fm2X，nin

liquidmitrogen，andstoredat－800CpnortotheRNAextraction・A止stepswerecarriedout

within5mhfromtheendofthepulse．

Ⅱybridizationanalysisof32p・Labeled RNA

PlasmidDNAs，PUCGUS，PUCtbcL，PUCpsbA，PUCatpA，PUC16S，and pUC19（1

Pg／slot）wereappliedtoZhprbbeGTm血brawPio－Rad）withBio－DotSFMicro別tration

Appara血S＠io－Rad），followingthe manufhctLm manual，and covalendylinked tothe

meⅡ血皿eby exposuretoUVlight・Prehybridizationwas carriedoutforlhrand total

radioactiveRNA（10pg）wasappliedontotheme血braneandhybrididonwasperformedfor

72hr如650C．
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Table2－2．01igonucleoddesusedinthiswork．

01igo：　　　　　　Sequence（5fto3一）

GUS5

GUS3

GUS3R

㍑CL5

RBCL3

PSBA5

PSBA3

ATPA5

ATPA3

16S5

16S3

PF

PR

PSBA30

ATPAC5

ATPAC3

PC6

AAD3

CAGTCCCCCATGGTACGTCCTGTAGAA

GCGGCATGCTでATTGTTTGCCTCCC

CCGCAGCAGGGAGGCAAACAA

GCACATCGATGGGTTTATAGGTATT

AACCATGGATATAAATAAATGTAAC

CGTCCTATATCGATACTCCGAAGGA

GCTGCCATGGGTTAATTTTTTTAAA

AATATCGATGACTTTATTAGAGGCAGTG

ATTGCCATGGAAAAGAAA．AALATAAATAA

ATCCATGGAGAGTTTGATCCTGGCTC

CCTCTGTATTACCGCGGCTGCTGGCA

TTATTTTAGGATCGTCAAAAGAAG

ATGCTATTCACATAAACATCATG

CAACCGATGTATAAACGGTTTTCAG

ATGGTAGATTTCGGTATCGTTTTCC

AGCAGCTTTAGCTTGAGATTTAAATTC

TCCTTATTGAGCCTGTATTTGCTC

GATCACTAAGGTAGTTGGCAAATAA

Result5

ThetransfbrmationofC・TeinhaTmiwithchimeTic－uidA genes

ForthechloroplasttranSformatioふ，Chbneric－uidAexpressionvectors，PGd）CL，PGpsbA，and

PGatpAwereconstruCted（Fig・2－3B）・Eachchbnerit－uhL4containstheuidAcodingsequence，

andthe3’－UTRoftheTbcL・EachpGtbcL，PGpsbA，andpGaQ｝Avectoralsoconsistsofthe

Putadvepromoter，andthefunlength5，－UTRoftheli，CL・PSbA，Orthe呼A，reSPeCtively．

abneric－uidAsweretranSCriptionalandtranSladonalfusions，andflankedbyfragmentsofthe

TbcLandpsaBgenesoastointroducechimicgenesintothechlorpplastgenomeby
homologousrecombination・Fonowlngbythepardclebonibardmtofexpressionvectorsto

theli，CLdisruPtion皿tantDEVL・tranSformantSWereSelectedbyphotosyntheticcompetency

forrestoradonoftheTbcL（Fig・2－l，alsoseeMamialsandMethods）・ThetranSformantS，

derivedfromthepGfbcL，PGpsbA，andthepGatpAweredesignatedRG，PG，andAG，

respectiⅦ1y・NodifRmcewasobservedinthegrowthbetwe孤thewild－typeand an
打anslbmants．
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Tbeαhtmydbmonas chlorpplast contains appro血dy70to80genome copleS・To
con丘mthehomoplasmicityofthechloroplastgenoⅡ蛤intranSformantS・fuulengthoftherbcL，

aadA，andtheuidAgeneswereampli鮎dbyPCRusingapairofprimersPⅣPR，AAD3／PC6，

andGUS3R伊C6，reSPeCtively（Figs．2－3and2－4）・WhenthepairPFmRwasused，al・5kb

打agmentcorrespondingtothelbcLwasamp臆edinthewild－typeandtranSformantSeXCePt

DEⅥJ．hRG，additional2．Okbaagmentwasobserved・AsshowninFig・2－3，thePF／PR

couldamealtothe5，－and3，－UTRofthechiTTWric－uidAinRG．InDEVL，al．9kbfragment

correspondingtotherbcL，disruPtedbytheaadAcassette，WaS detected・Whenthe palr

AAD3／PC6wasused，nODNAfragrnentswereampliAedinautranSformantS・Inaddition，the

tranSformantS Were SenSidveto spectinomycln・Theseresultsindicatedthatthechloroplast

genoⅡ妃OfthetranSformantS COntainedno aadAcassettes，andthe genomewasin the

homoplasmicstate・

atranSformationvector

型竪」＿＿＿＿＿＿＿＿＿＿＿＿＿l型＝＝＝L＿＿＿＿＿＿望竺些

l
†・わ（イー

CPgenOmeOftheli？CL，disruPtant（DEVL）

Cultureinlightcondition

gぞ〝ど 四郷

CPgenOmeOfatranSformant

Figure2－2・Homologousrecombinationofthechloroplastgenome・Homologousrecombinadon

leadstotheexcisionofthedisruPtedrbcLaJdtheintroductionofthefu111engthTbcL，Which

complementphotosynthesisforthetranSformant・TYletargetgeneisin血cedbetweentheTbcL・
and騨αβ．
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pUC19

埜関僻幣湖閣掛野廿里澤．
p＃評熊際勒章　puc19

5’冴眠nCeNc

pGrtxL L≡空空

〆如SbA　甘サ血い－一川劇

〆；a申A　陣・　血曙膚印

即　　－■・・一一・・一・・・・・．．

3’一UTR

S］

際物瑚

1、鞍■、第

一・‡．・蜃＿．ぢ

．．．．・・・・・・・－－一石a

冊解毒鵜帝搬 坤）築毎蛸櫻塞短　puc19

pUCEB仙L
耶a）Nc Sp　（坤）　　　　Ba
幽陛欒欄卵Se叫㈱　醜醐　puc19

賢
RG岬
PG脚
AG蜘

GU雪㌘望
mL－一茶梢弼
GU■S3R PR

†…／ノ1　　出藍盈盛

††ん′1　　紐毘汲芳

E 監 ■●■■・・・・・・・・ヨL．．．・・・・－ノ・’一B戎6

加m払mdchlomplast

E

酬讃棚
g¢nOⅡle

PF
■－

AAD3

（Hp）盛塾頭譲鱒購頭麺深

雪　但p）　　Ba暫

DEVLchlorqplastgenome

E　　　巴

幽際寺調匝叫脚

PR

事案義満礫乗務童顔

B㌔暫
＃妻七琵据．田敦隷書圭拙麓

wild－typeChloroplastgenome

Up　篭嵩昔′壬済滋述懐蔓諾輩苦塩

Figure2－3・PlasmidsforchlorqplasttraJWformadonandgenomeineachtranSformanL仏）GUS

expression plasmids，pOねcL，PGpsbA，and pGaq）A，and rdated plasmids，PUCEB and

PUCEBaa仏・aZeShown・TheuidAcodingseqtwnα（軋edboxes）wasplacedbetweenthe5，－

SequenCeOfthechloroplastgenes（0penboxes）andthe3，－regionoftherbcLgene（Stippledboxes，

1i，CL）・Eachplasmidcontains5，－1bcL（0・37kb）・5，1SbA（0・25kb），and5，－aqZA（0．58kb），

respeCdvely・Thechimeric－uidAgeneswereclonedintoaBkoⅢ－BamHchlomplastDNAfragment

（thickline）betweenthelbcLandpsaBgenes（COdingsequencesazeshownby血血boxes）．
PUC随drbcListherbcLdeletionplasmid・inwhichtheTbcLgenewasreplacedbyanaadAcassette

WhichconsistsoftheaQ2Apromoter・aadAcodingsequence，andtherbcL・3・－UTRPlasmidpUC19
is shownby athinline・P）PCR primersforconhadonofthe homoplasmicity of
tranSfomantS・LocationsanddirecdonsofprlmerSareindicatdbyamw血k・E，助oRJ；EV，
EcoRV；Ca，CLaI；Nc，NcoI；Sp，勘hI；Hp，呵閲Ⅰ；Ba，BamHI．
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Fi即此銅．Con血血休止血c坤genome00pぬh血血m血押
w耶弧dy訟d吋1％agmgdd坤由田山血血吋e血撼umbmmi血ぬi血8DNA
血押通地W打e釘npl拍dw地画皿肌dPα如伽〟最A（勅p血n耶押野dPR如
therbcL＠Landprimer＄AAD3andPC6fortheaad4（C）・bne＄lto5w耶dedvedfromthe

fo1lowingceus；Lan七1，CninhaTmwild－tyPe137c；1ane2・DEVL；lane3・RG；1aLk4，PG；血e

5，AG．L弧¢M鈷rM砂Idig軋
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T鮎accum血thnofGtJSprotdmhtram威br皿は血鮎

B∝aAWetheuidAwastranscriptional1yandtranSlational1yfusedtothepromoterand5，－UTR

Ofthe勅psbA・OrtheaQ，A・tranSfomdwerethoughttoproduceGUSfusionproteins．
Toexaminetheexpressionofthechiwric－uidAgeneineachtranSformant，Crudeextractswere

p托p脈d鮎m也e血Ⅹ0加画血叫y騨OWndk・Th叫prO血w粥S甲訂血坤a7．5％

acrylaHdeSDS－PAGEahdGUSproteinsweredetectedbywestemblothgwiththeanti－

GUS血y・放m由coms輌b鮎軸s血ば鮎GUSp血（朗虻叫W胱
ObservedinRGandAG，butnotinPGmg・2－5）・Severalnon－SpeCincsignalsweredetectedin

bo血t址w止d－ty匹独d胱h血GUS　弘也血飴h cm血　咄　加m

Photoauto加Phcal1ygrowntransfozdweqe・鮎oquand丘edCTabk，・2－3）・Theenzyme

acti血esinAGandRGwere130±6・6and16土55nmDuhlinhgprotein・reSPeCtively・The

acdvidesinPGandthewi1diypewerelessthanO・4nmouminhngprotein．Theresultofthe

e叩a血Ⅴ氾朋W鮎a画kw此血ew鮎ぬm弧山y曲げ短．2一刀．

WT RG PG AG

a b a b　　8　　b

GtJSproteh

n卯β2－5・W鵬m細山y曲が伽机血ex打払b・ho也血口座）血丘mdk伊州如血
相m血mw耶呵血d吋a7j％ゆ血おSD払払8払加dO∽pm血ぶW駅de鹿血叫
WeS始mblo血8C肋wi叫y匹137¢間mdⅣ0血匝tdo肥（a弧db）山賊b
血t匹G・PG，andAG）wer8andyzed・Asigna168kDainsizecomspondstoGUS
pro血m

neam血tiⅧげcゐ血g′わ・〟昆A tr弧沈dptshtr那戚加Ⅶ朋血

To蝕血如止血d騰陀n血批umu旭皿Of血ぬ〟最AmRNAs血飽血血ち

totalRNAwasextracted加mphotoautotrophical1ygrowncensandandyzedbynorthem

blo血g（鞄2－6；Tabk2－3）・血叩騨戚血血1y2・Okb叫狐画血餌皿鮎
rbcLhscripbnstartsite・WaShybridizedwiththeuidAprobeinRG．Also，a2．3kb

BanscripLaneX匹tedsizebmthe昭Atranscriptionstartsite，WaSObservedinAG．Tne

助p血ewasu混血弧ht血c血0」me血onof也ec肋ぬ一弘姐血Cdpt
inAGwasll－fbldhigherthantheaccumuladoninRG・Notranscript加mthechimeric－uidA
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wasdetectedinPG．Tberesultwasconsistentwiththeaccumiationoftheproteinineach

仕anSfbmt．

WT RG PG AG

〟誠A mRNA

16S rRNA

Figtm2－6．T址用∝umuladonofthechimeric－uidAmmineadhtranSformant・TotalRNA（5

Pg）extractedfromphdoautotrophical1ygrowncdlswasseparatedonal・5％fomddehyddhgarose

gel，trmSlbrredtoanylonmembrane，andhybridizedwithal・8kbNcoI一伽hIfragmentofthe

pT7GUSoraO・5kbBh，RI－mnLnIIfragmentofthepUC16SasaprobefortheuidAmRNAor
16SrRNA，reSPeCtively．

Transcriptionactivitiesofchimeric・uidAsin transbrm＆ntS

TodeterminetheIdadvetranSCrip也on activity ofthechimeric－uidA，tranSformantS Were

s叫ectedto加vivopulselabeling（Fig・2－7）・Thechimeric－uidAtranSCripdonactivityinAG

was44－fo1dhigherthantheactivityinRG・TbacdvityinPGwas3・2－foldhigherthanthe

activityinRG・TranSCrip也onactivityofthechimeric－uidAwasalmostcomparableto

ofendogenousa申AinAG・NosignincantChangeSWereObservedin仕mscriptionac也videsof

endogenousgenesamOngthetranSformantS・
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WT RG PG AG

10　20　10　20　10　20　10　ヱ0（mh）
［　　　　　［　　　　　　［　　l　　「　　　　　［　　　　　　［　　　　　　［　　　　　　［

〝舶A

（昭班

J・わ（、・ん

ク∫あA

16SrRNA

pUC19

Fi卯e2－7・叫1血両d伽c肋即お一政弘g㈹h即b血軋伽wild一昨e

認諾認諾・エ思晋蒜隷器
hybddizedtoimmobihzcdspccihDNA・PUCGUSwasaprobeforthechibJ血－uidAmRNA．

PUCaqLAIPUαkLandpUCpsbAwerefbrendogenousaqh4・rbcL・andpsbJlm紺As・pUC16S
W鮎血16Srm鮎純i血con血触山dpUC”w出血an印加econ血Ⅰ．

Tabk2－3・Gmeex匹Siomぱ也¢C加ゎ一政弘加悦Ch血

WT RG PG AG

GUSspecばkadiv吋a）0・邦±0．016．5士5．5　0．35±0．1130±6．6

票悪霊慧，　0・把　1　0・佗　7．88

慧芸慧慧AC）N皿の　1　N．m ll

慧㌫慧票旭e）　　1　3．16　拙

血エ　　ク∫あA　　α申A

慧欝　　　　1　0・4か　0．058
a）仙w駅卯Wm山鹿Mm血mMe弧仕氾）扉th慨i輌画．b）R¢1正作
呵dGUSpro血nb血adv毎hRG．c）Rd虹鵬弧Ou机Of血c肋血－〟揖AmRNA
b鮎munthRG・のN・D・；畑地血e）鮎1a血e叫mac血tyぱ他力c助c－
〟旭b伽叫血RO・りRd油化叫血咄den輌ge消b鮎血上
げ且bk乙1）．
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Discussion

OnIy the promoter and5I・tJTR　are nOt Su餓cient br thefu11transcription

activity．

Thechimeric－uidAs，COn細山ngPutativepromotersand5’－UTRsoftherbcL，PSbA，andthe

a画，didnotreflecttheendogenous geneexpression，eSPeCiallyinthe陀1atiⅦaCtivityof

tranSCription．htranSformanti，thea如5’－SequenCePrOmOtedthehighesttranSCriptionactivity

forthechimeric－uidA，followedbythepsbAsequence，thenthelbcLsequence（Fig．2－7，Table

2－3）．However，theTbcLismostactivelytranSCribedexceptthe16SrR〃Aamongendogenous

genes（Td）1e2－1）．InRGandPG，tranSCriptiona血vitiesofthechbneTic－uidAtoactivitiesof

endogenousgeneswemdrastical1yreduced・Theresultsimplicatethatdleelemtotherthan也e

PrOmぬand5，－UTR，Prbbablyapartofthecodingsequence，enhanCeSthetranscription

activityoftheTbcL，OrPSbA．A58bp軸toftherbcL，WenWithinthecodingsequence，
appearedtobeessendalforthetranSCriptionactivityoftheendogenousTbcL（UweXlein，a

perSOnalcomicadon）．SuchtranSCriptionenhanMSintheTilCLandpsbAmayallowthecen
to amlatethelargestmRNApooIs ofbothgenes・Compared to my results withC．

TY肋Tmi，theli，CLcorepromoterissufficienttodbtainthewnd－typetranSCriptionacdvity
tdbaao（Shiinaetal．，1998）．ThetranSCriptionmachineryinCreihhaTduimightbedi飴rentto

theⅡはChineryinhigherplantS．Ontheotherhand，thedifFbrenceintranSCriptionbetwecnthe

chihwTic－uidAinAGandendogenousa如gerLeWaSnOtSigmi負cant・Incaseofthea申A，the

tranSCription activitym町Simply require the promot8r・Sti11，the result providesan0th

SPeCdation．Whneanpromotersequencesinthea申A，TbcL，andthepsbA havecoⅡm

PrOkaryotic飴atu托S，the5’－UTRofthea申Adiffbrsinsi雄・Thea申A5’－UTRcontains424bp，

W鮎1etheTbcL5’－UTRis92bpandpsbA5’一UTRis90bp・Therefore，thea如5’－UTRm野

COntainanenhanCerSequenCefortranscrip也on．Tbedeldionanalysisofthe5’－UTR would

COn血mthishypothesis・

The coding sequence＆馳cts the mRNA stability・

hthisstudy，traZuCriptionactivitiesdidnotalw町Sreflect也eaccudado鮎OfthechbneTit－

uidAtranSCript・hPG，thetranSCriptionactivityofthepsbA－uidAwasapproxinubly3－fold

higherthandleaCtivityof也eTi，CL－uidAin RG（Fig・2－7andTable2－3）・In RG，也8

accumi如ionofthechihwric－uidAtranSCriptwaswendbserved・Nevertheless，nOaCCurrmlation

Ofthechbneric－ui＆tranSCriptwasdetectedinPG（Fig．2－6）．Theresultsindicatethatthe5’－

UTRisnotsu餓cientforthemRNAstabi批yinthepsbA－uidA．AlongwiththeenhanCeⅡ妃ntOf

thetranSCriptionactivity，thecodingsequenceofthepsbAm叩StabilizeitstranSCript・
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CHAPTERIII

E蝕cts o一也e codimg sequence

On the血loroplast geme expressiom

Introduction

In ChapterII，rdadⅧtranSC＊ption activities ofchbneTic－uidAsin RGand PG w∝e

drasdcallyreducedfromacdvitie＄Ofendogenousgenes・Tberesultsuggeststhatonlythe

PrOmOterand5，一UTRarenotsu伍cientfortranSCripdonacdvityofthechlorpplastgene・

Moreover，也etrans血ptionactivityofthechbrzeric－uidAwasdobserved，butthe血RNA

皿1ad皿WaSnOtdetectBdinPG，SuggeStingthatonlythepromoterand5・－UTR虻托nOt

SufficientformRNAstabihtyaswellasfortranSCriptionacdvity・TheseresultsiEPlythat

PreSumablythecodingsequence，inadditiontothepromoterand5，－UTR，mightberequiredfor

thechlorpplastgeneexpression・hfhct・thefusionofthe舶codingsequencewiththeuiLL4
genewastranSCribedatthesamerateaS也肥endogenousTbcLgene（Ⅲeinetal．，1994）．

Howev∝，thechbnelic－u最AwastranSCriptionalbutnon－tranSladonalfusioninthisexpermt・

TheuidAtranSladonalfusionwithdlePeLDsequencepredictedthattramladonafRdsthe

niRNAaccumiation，PreSum血1ythroughchangingitsstability（SakamOtO etal．，1993）．

Therefore，itispossible thatthe tranSlationalfusion shows d厳刑tresultwiththe non－

tranSlationalfusioninthegeneexpression・

hthischapter，Iexaminedtheefftctsofthecodingsequenceonthegeneexpression，and

COn血m由theinfluenceoftheli，CLcodingsequencewiththechbneric－uidAtranSladonal1fusion

geneontheexpression・First・thetranSformanthad）0ringtheuidAfusedtothesequencesfrom

theTbcL・PSbA，Orthea如WaSObtained・EachsequenceincludE＄theproⅡ10ter，5，－UTR，and

theportionofthecodingsequencefromtheendogenousgene・Then，dleChbnerit－uhL4gene

expressioninthetranSformantWaSdbservedattheleveloftranSCripdon，POSt－tranSCription，and

tranSlation・Theanalysisshowedthatthe＞COdingsequencesofthehdandpsbA，butnotofthe

a申A，enhancedpromoteracdvitie＄・TtLereSultalsosuggestedthatthecodingsequenceofthe

PSbAincreasesmRNAstability．Moreover，tWOa申A－derivedtranSformantSShowedthatthe

accumiationoftheGUSproteincontradictedtotheac00miad皿OfthetranSCript・

Matda15and Method5

Strain amdⅢ1ture comditions

Creb2haTmiwild－type137candtranSformantSWeregrOwninTAPorMm誠uminthelight

Orinthedad’at280C・Wherenecessary，the胱diumWereSOlidi丘edwith2％agarand
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supplemtedwithspeCtinomycln・αmsgrownto2×106censhnlinaliquidm血mwere

harvestedforal1RNAandproteinisolationsexceptfortheinvivoRNAlabelingstudy・

DNA eon＄tr甘C也

肋0Ⅱ血inantDNAplasmidswerep托paredbyconven也onalprocedures・Bacteridhostwas

且c〃JiDH5α．

ForPCRamplificationsofthepromoter，5’－UTR，andN－tem血alportionoftheTi，CL，Whole

genomewasisolatedfromC．Teinharmwild－tyPe137cfora叫ate・PCRprimerpairswere
RBCL5andRBCLl12fora402bp丘agmentcontainingasequencewhichencodesN－

7aminoacids，RBCL5andRBCL124fora414bpfragmentcontaimingasequencewhich

encodesN－temhal11aminoacids，andRBCL5andRBCL172for’a462bpfragmt

COntainingasequencewhichencodesN－temhal27aminoacids（Table3－1）・AⅡfragments

COntaintheTbcLpromoterand5，－UTR・Tbesefragnw we陀SubclonedintopT7BlueT－

Vector，andexcisedwithC肋ⅠandNcoI．TbC肋IrNtoIfragrrmtswereintroduCedintoCuI－

Nと0IdigestedpUCEBGUS・bsulting plasmids were de＄ignated pRGF7，PRGFll，and

PRGF27，reSPeCtively．Asw畑asthefragrmtofli，CL，a軸騨n孤tC皿tainingthepsbA

PrOmOter，5，－UrR，andsequencewhichencodesN－ternhal29aminoacidsofDIproteinwas

amPlinedwithaprimerpairs PSBA5andPSBA29（Table3－1）・AO・3kb卸ntwas
SubclonedintopT7BlueT－Vector，andexcisedwithαⅠandNtoI・TheCMrNtoI丘喝Ⅱ蛤nt

WaSintroducedintoC払Ir舵0IdigestedpUCEBGUS，reSultingtheplasmidpPGF29．

Foranaq2A derivative，al．8kb NtoI一郎hIfragment ofpT7GUS（Chapter H）was

introducedintoNtoI一郎hIdigestedpUCEBaadA（ChapterⅡ）・Theresulting plasmid was

designatedpAGF25inwhich血合a如SequenCeenCOdes N－tenninal25amino acids ofα

SubmitofATPsymthasewasfusedwiththeuiLL4gene．

A∬ay O一也e¢鳥f椚β〟ぐ－〟idA geme expression

hdividualstepsoftheprocedureweredoneasdescribedinChapterII．

Table3－1．01igonucleoddesusedinthiswork．

01igo：　　　Sequ8nCe（5’b3り

RBCL5

RBCLl12

RBCL124

RBCL172

PSBA5

PSBA29

GCACATCGATGGGTTTATAGGTATT

TGCCATGGTTTCTGTTTGTGGAACCAT

GACCATGGCACCTGCTTTAGTTTCでG

GTCCATGGGTGTGTAGTATGTTAAACG

CGTCCTATATCGATACTCCGAAGGA

GACTTTTGGCAAATAGGTACCCAAC
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Results

TransbrmantsharboringtheportionsoftherbcLcodingsequence

Toinvestigatethee飴ctoftheli，CLcodingsequenceonthechihwric－uidAgeneexpression，

tranSformantSRG，RG印，RGFll，andRGF27weredbtained（Fig．3－1）．A皿transfom皿tS

haverbcLuidAtranSCriptionalandtranslationalfusiongenes・RGhatborsthechiheTic－uidAin

WhichdnuidAwasfusedtoonlythepromoterand5，一UTRfrom鮎1i，CLgene（alsosec

Chapterq・RGF7，RGFllorRGF27camis也echimeTic－uhL4consistsofthe5，－SequenCe

andaportionoftheTbcLcodingsequence・bhfragrwntoftheTbcLc血gsequence
COrreSPOndstotheN－teminal7，11，Or27弧inoacidresiduesof也eRdisCOlargesubmit

forRGF7，RGFll，OrRGF27，reSPeCtively・

RG TilCL5’－SequenCe uidA＋　rbcL3，－UTR

RGF7　蕗止5’－SequenCe椚田腰l打出紘一■■　婚止3，－UTR

（＋7amimoacids）

RGFllrbcL15’－SequenC㌻鰹椚閉■】血出→－　TbcL3，－UTR

（＋11amimoadds）

RGF27IrbcL5’一SequenCe

・、、　（＋27aminoacids）

■－ヽ

ヽ－－■

蕗cエ

〟撼A」手　痛止3，－UTR

■一－－■－－■－

－■一一－

＿■
一一●
■一
■■■

■■■

ク∫αβ

CPgenOmeintranSformantS

Figure3－1・All仕弧SformantShavehcL－uidAtrzmscriptionaland血鳩1adonalfusiongenes．RG

h鵬orstkcゐ加政一〟最Ahw鮎cb血…最Awas血血toomly血epmmo短r甜d5しm（5し
SequenCe）打omtheTbcLgene（SeeChapteqⅡ）．RGF7，RGFllorRGF27carries血echimeTic＿uidA

COnSistsofthepromoter・5，－UTR・andapordonoftheTbcLcodingsequence・駄血軸gmentofthe
TbcLcodingsequencecorre甲OndstotheN－termina17，11，Or27amino acidresiduesofthe

RuBisCOlargeSubumitforRGF7，RGFll，OrRGF27，reSpeCtively・
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Geneexpressionortber如ん〝昆A h tra鮎伽man触

TranSCription activhesinRG，RGF7，RGF11，andRG陀7weqedeterminedbyihvivo

pulselabeling（Fig・3－2andTable3－2）・ReladvetranSCriptionactivityofthechihwric－u最Ato

血eendogenousTbcLIWere16・7％，17・5％，28・2％forRG，RGF7，andRGFll，reSpeCtively・

Thechimeric－uidAbanscription肛tivityinRG陀7wasrestoredto75・5％oftheactivityof

endogenousrbcLgene・NosignificantChangeSWereObservedintranSCriptionactividesof

endogenousTbcLamOngthetransformts・

RG RG耶　　　　　RGFll RGF27

10　　20　　10　　20　　10　　　20　　10　　20　（mh）

［　　　　　　　　［　　　　　　　　［　　　　　　　　［　　　　　　　　［　　　　　　　　［　　　　　　　　［　　　　　　　　［

〟最A

Jめ（：エ

pUCl，

Figure3－2・Thnscriptionactivityofthechimeric－JLidAgeneineachtransformant・Thsformants
（RG，RGF7，RGFll，andRCm7）growninthePhosPhdeJqpletedmediumwerelabeledinvivo
forlO or20minwith32pdophosphate，ad32p－1abeled totalRNA was hybridized to
immObihzedspeciBcDNんpUCGUSwasaprobeforthechimeric－uidAmRNA，PUCrbcLwas知

endogenousTbcLmRNんandplasmidpUC19wasforanegativecontrol・

Table3－2．RelativetranscriptionactivityofthechimerLc－LLidAgeneineachtransformant．

RG RGF7　　RGFll RGF27

琵箭訝血　16・717・5　28・2　75・5
a）Reladve chimerLc－JLidA tranSCripdon activityin ach transformant tOthe zLCdvityOf

endogmo心血・

In northemanalysis，difFbrendal　accⅦmladons of chimeTic－uidA tranSCripts among

tranSforrwts were observed　呼ig．3－3）．TranSCripts　from each chinM：ric gene wen

approximately2・Okbinsizebuteuhshowedasmandi脆rence・COrreSPOndingthedi触氾tial

lengthofthefusionoftheTbcLcodingsequence・ThebanSCriptwas mostaccumdated

RGF27whichh如borsthelongestfragmentoftherbcLcodingsequence．Accum山atiomin

RG，RGF7，andRGFllwere12．3％，17．3％，and41．5％reladvetotheaccuHdationinthe
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RGF㌘汀めk3－3）．¶厄mRNA拡00m山山ons wa5dosdy00血b血e血Ⅷ

叫皿血vi也郎hh戯vidu山血心．

WT RG RGF7　　RGFll RGF27

a b a b a b a b

mR．NA

Figurc3－3・neaCCumulahoftheTbcLWmRNAineach血mLTotalRNA（5pg）
血加皿WダOWm曲w鮎画ml．5％嘲髄g吐出血痕邪由b
nyl00m¢mbrane．andhybridizedwithal．さkb此βⅠ一柳血gmentofthepT7GUS．C ninhanbii

W止d－押137c弧d帥0坤n血ntdom鮎（ちb）ぱ純血血mtw耶坤

T曲k㌻3．Rda也Ⅶmtぱe仙払mmm血山onin郁b血

RG RGF7　　RGm RGm7

わ

rel血ⅧmRNAmt（％）12．3　　17．3　　41．5　　100

且）Rel且tJVCJLLd4EiRNALnOunlin88ChLraJISform且nttOLheaJ710untinRGF27．

Theaccumladonsoftheproteinswereanalyzedbywestemblottingsincethefusionproteins

hadnoGUSactivity肝ig・34）・BandscorrespondingtothemolecularsizeoftheGUSprotein

（鵬kDa）we托ObseⅣdh姐血m払，b山血b弧d血owdasm劇血肋間C8血si訟，

COnSistentwiththedifFtrentsizeofthefusionprotein・Consideringthesizeofeachpro

lowerbandsobservedinRGF7，RGFll，andRG円7werenonspeciLicproteins．4sisthecaLSe

forthebanscript，theGUSproteinwasmostaccumul如由inRGm7．TheaccunmlationsinRG，

RGF7，皿dRGFllwe托16．2％，20．8％，and29．5％肋ぬ也em血血onhRGF27

げ鵬k34）．

24



WT RG RGF7　RGml RGF27

GUS

Fi辞m3イ・W血肌山y由ばα血○加也・地（31呟）血知力舟omTAP一騨用m比uS
We托卸町a7」5％画血SD‰PAG8抑dGUS・p血血川闇沌触鵬b w鮎鹿m
blot也ng．

T血kM．Rd各色ⅧmntdGUSprobin弧血血

RG RGF7　　RGm RGm7

欝冴OfOUS16・2　犯8　汐・51叩
a）Rd瓜加代周皿旧utぱGUSp血h血e血tb血8mthRGm7．

Tra刀戚恥rMbh肝bori皿gapOrtionoftbeタgあAor坤A印ding叩n胱

To血也eぬ也Ofc血hgs叩enCeSOf血e卯ムA皿dα申A，鮎W劇鮎鮎批

正血山鹿PG弧dm知一也叩∫あA，∝AG弧dAq陀5ぬ＝鮎＝呼Awe陀d心血d

岬ig．3－5，alsoseeChapterII）．PGorAGh如bo指thechbneric－〃idAinwhichtheuidA was

fusedonlyto鮎promoterand5’－UTRof也叩SbAor咄，reSPeCdvely．hPGF29，the

PrOmOter・5’一UTR，andaportionofthepsbAcodingsequencewhichcorrespondstotheN一

血al29血oacidresiduesoftheDIprotein，WerefusedwiththBuidA．InAGF25，the
血rお－〟最Acon払hsapo血げ也e頑血00血唱S叩enCe，・CO汀eSpOnd血gb血eN一血

25amhoacidresidue＄OfATPsynthaseαSubmit・Tbsechimeric・仙aretheBanscripdonal

andtranslationalfusiongenes，aSisthecasefortheTbcLW
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PG 即納5’－SequenCe　　〝最A→■　蕗止3，－m

PGF29lpsbA5’－SequenCe Elコ■■uidA－－■■lrbcL3，－UTR

（＋2，amhoaddsofDlprotein）

AG α担5’－SequenCe　　〟誠A－－■■　蕗止3，－m

AGF25L a申A5’－SequenCe EEZ J uidA→■Jli？CL3，－UTR

－－1・・・・・・・・（＋25aminoacidsofATPsynthaseαSubmit）．．1・・・・ll・・・・・・’

■■－■－●－－－一一－●　　　　　■■－一■■■■●－■●一■●一

拍止
ヽ－

■　■

クぶ細

CPgenOmeintranSformantS

Figure3－5・職msformantShadmingtranSCriptionalandtransladonalfusionofthepsbA－uidAα

a如，uidAgenes・PGorAGcarrie＄thechimeTic－uidAinwhichtheuidAwasfusedtoonIythe

PrOmOterand5’－UTRβ’－SequenCe）fromthepsbAora如gene，reS匹（通vdy（SeeChaptern．

PGF29camiesthechimeTic－uidAcontainingofthepromoter，5，－UTR，andaportionofthepsbA

COdingsequencewhichcorrespondstotheN－teminal29aminoacidresiducsofDIprotein・AGF25

Carrie＄thechimeTic－uiLL4contaimingofthepromoter，5，－UYrR，andaportionoftheaQzAcoding

SeqtWnCeWhichcorrespondstotheN－terminal25aminoacidresiduesofATPsynthaseαSubmit．

Geneexpre∬ionぱthセクタあA一助はA j血tra鮎伽rM触

TranSCriptionacdvityof也叩SbA－uidAwasobseⅣedinPG，and8・3％oftheacdvityof

endogenouspsbAgene（Rg・3－6，Table3－5）・InPGF29，thetranscriptionactivityofthepsbA－

uidAwasfeStOredto70・8％oftheendogenouspsbAtranSCriptionactivity・Sm姐difEbreno田

Weredbservedinsignalintensides6fintemalcontroIswiththea如andpsbAprobesbe硫en

pGF29andPG・N由血1ess，relativetranSCriptionactivitiesoftheendogenouspsbAand‘呼止

genehadnochangebetweentranSformantS．Therefore，IconcludedthattotalRNAamOuntS

appliedtothehybridiidonweredi飴rent・¶lereSultshowedthat血e60dingsequenceof鮎

PSbA，aSWellastheTbcL，enhanCedtranSCriptionactivity．
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PG PGF29

10　　20　　10　　20　（mh）
l ll ll ll l

〝撼A

轡
pUC19

ク∫あA

刑即陀3竜・坤ac心房tyo一也¢C肋Jお－血班ge批h飽Ch血旭血
（pGandPGF29）growninthephosphde・dqhtedm血mw耶1dbekdinvivo払r100r20min

WithnP－0血ophosphb，and32pJabeledtotdRNAwashybridizedtoiznnobiuzedspecificDFu
PUCGUSwasaprobeforthechinuTTic一血舶mRNA，pUCatpAandpUq血Awe抒fbrniRNAs

丘omendoge80uS叫ulandpsbA，reSPeCtively・PlasmidpUC19wasaprobeLbranegatiYeCOntrOl．

Tabk㌻5．ReladⅦ呵が也¢加ゎ－〟旭h組血血

融血触感画m血㌦（％）　8j　　　　70．8

a）Rel血ⅦC肋好政一〟最A坤a血Y舟山血e血b血e呵d印dogⅢ0舶

J，∫山l・
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Innorthemanalysis・thebanscriptwithapproximately2・OkbinsizewasobservedinPGF29

師g・3－7）・Ontheotherhand，thechbneTic一血加transcriptaccundadonwasnotdetectedin
PG．

AG pG PGm，

a b

mRNA

Fi卯托㌻7・nem山鵬（mぱ鮎伽ね－血払mRNA払出血血To血RNA（5
畑比血伽mT亜一卯Ⅶ曲w舶画軸81．5％輌g吐血1S加
ゎany血m印Ibrme・肌d吋b撼雄dw姐81・8肋肋クⅠ一柳Ⅰ鮎印加ば鮎pT7GUS．Pq血
t耶坤ntdo旭ばP肝（ちb）w駅a血y血AOw貼画払a画叩00血

GUS甲∝摘ca血血鮎hPG陀9w拡㈹ヱ±122嘲pro血，W血脈鮎m叫
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押也mぱ鮎叫血co血gs叩e皿00畔垣・3一礼0山加0也群山mも鮎s他山y－5触1飢dof血

mRNAinAGmwasapproximately4－fbldlowerthaninAG節g・3－9andFig・3－11B）．
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intheenzymeaCdvi也eswasconsistentwiththeresultofthewestemanalysis（鞄3－10），
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Discussion

CodiAgSequenCeSOfther・bcLandpsbAenhance the promoter＆Ctivity．

ThetranSCriptionactivityofthechiheric－u最A，WaS75・5％oftheacdvityofendogenous

TbcLgeneinRGm7．Ontheotherhand，theactivitywasonly16．7％，17．5％，and28．2％of

thetranSCriptionactivityoftheendogenousTbcLinRG，RGF7andRGFll，reSpeCtively（Fig．

3－2andTable3－2）・Theresultssuggestdlatthe舶codingsequenceenhanCeStheactivityof

theTbcLpromoter，andtheportionofthecodingsequencewhichcorrespondstotheN－血al
27血o acidresidue＄is血stsu伍cientforthis enhanCeⅡ蛤nt．TbeaccuHmlations of the

Chimeric－uidAmRNAandGUSproteinwereco叫〉arabletothoseofthetranSCriptionactivities

in anthe TbcLruidA derived tranSformts・The result ofbanSCription activitiesin

tranSfomantsweqeconsistentwiththeprev10uSdbservadonthattheTbcLcodingsequencewas

SuPPOSedtobee＄SenhalforthefullactivityoftherbcLIPrOmOter，althoughuntranSladonalgene

hadbecnusedinthe experiment（Kkin etal・，1994）・Now the enhanCingfragrrmtis

detemhedasa58bpstretch（UweKlein，aPerSOnalcomication）．
hthechloroplastgenes，nOtOnlytheTbcLbutalsothepsbAcodingsequenceenhanCedthe

PrOmOteraCtivityPg・3－6andTable3－5）・TranSCriptionactivityofthechbneric－uidAobserved

inPGwas8・3％reladⅦtOtheactivityofendogenouspsbAgene・hPGF29，tranSCription

acdvityofthechbneric－uidAwasrestoredto70・8％oftheendogenouspsbA bansc＊tion

activity・Tberesultsuggeststhat也eportionofthecodi喝SequenCeWhichcorrespondstothe

N－terminal29むninoacidresiduesisindispenSableforthefu11promoteractivityinthepsbA・On

theotherhand，inAG，thetranSCriptionactivityofthechimeric－uidAwhichd∝SnOtCOntainthe

a如COdingsequenceexhibitedalmostcomparabletotheendogenousaQ2Ag竺e呼ig・3－8）・The
activityinAGm5hadnosigmi丘cantdifEbrencetotheactivityinAG．hcaseofthea如，the

COdingsequencedidnotenhanCethepromoteracdvityandappeNS tObenotessentialfor

transcription・AsdescribedinChapterⅡ，itispossiblethatthe5’－UTRoftheaqzAenhanCeSthe

basalpromoterac也vity・Diffbrentiale触oftheTbcL・，PSbA，andthea如COdingsequence＄

OntranSCriptionsuggestthatthedifFtrentialtranSCriptionregulationsexistinthechloroplast

genOⅡ1e・

Th㌢Ⅱ肥ChanismoftheenhanCerrmtOfthepromoteractivityisnotknown，thoughIpresume

fouowlngmOdels・Tbecodingsequencem叩ChangetheconfomdonofthepromoterreglOn

andenhanCethefo皿戒ionofBanSCripdonimidationcomplex（Fig・3－12A）・Anotherpossibnity

isthatdleCOdingsequencem叩enhanαtheelongadonofbansc＊tion岬ig．3－12B）．The

COnformationchangeOrtheenhanCendoftheelongadonmaybeprom鵬出bythecoding

SequenCeitselforthesomefhctorwhichbindstothecodingsequence・Amu以ionintheC．

ね血血Ⅳ戚扉nucleugenomereduced血ebanSCriptionactivityoftheTbcL gene（Hongand

Spreitzer，1998）．kispossiblethatthemutadonismappedonthegeneforthefactor，Which

bindstothe舶codingsequenceandenhaJh3e＄thepromoteractivity．
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Figure3－12・Hypotheticalmechamismsforthe enhanCedof的nseription．（A）Thecodng

SeqtmCemayChangetheconformationofthepromoterreglOn and enhanCetheformation of

transcripdonimi血tion c00nplex・四）ne coding seqtm may enhzmcethe elongadon of

tranicripdon・Thisconformationchangeαtheenhancementoftheelongadonmaybe卵mOtedby

thecodingsequenceitselforthesomefhctorwhichbindstothecodingsequence・

ThepsbA coding sequence a蝕cts mRNA stability・

In PG，血e banSCription acdvityof the ch加ric－uidA was observed．However no

abcumuladon ofthe chimeTicTu最A tranSCript was detected呼igs．3－6and3－7，also sec

discussionofChapterH）・Onthe other hand，PGF29showedthe higher chime正一uhL4

banSCriptionacdvitythaninPG，andindeed，theaccumiationofthechimeric－uidAtranSCript

WaSdbserved呼ig・3－7）・TheresultsuggeststhatthepsbAcodingsequenceenhanCeSboth

tranSCriptionandthemRNAstability・TheportionofthepsbAcodingsequencem叩Changethe

SeCOndarystruCtureOfthetranStriptandpreventthetranSCriptfromdegradation（mg．3－13）．Or，

theRNA－bindingproteinwhichbindstotheportionofthepsbAcodingsequencemaystabili2X：

thetranSCript，aSistheroleofthe5，－tnR
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Figure3－13・Hypothetical曲ctofthepsbA coding sequenceonthe chimeTic－uidA mRNA
Stability・nePSbAcodingseqtmαmayenhanCebothtranscripdonandmRNAstability・The

pordon ofthepsbA codingsequenαmayChangethesecondarystruCtureOfthetranscriptard

protectthetranSCriptfromdegradation・Or，theRNA－bindingproteinwhichbindstotheportionof

thepsbAcodingsequencemaystal）ilizethetranSCript・

AlthoughIcouldnotestim細＝加＝戯由toftheli，CL・COdingsequenceonmRNAstabilityin

myexperiments，PreviousreportsuggestedthattheportionoftheTbcLcodingsequencealso

stabilizethemRNA（Salvadoretal．，1993）・Thestabihzinge飴ctoftheTbcLandpsbAcoding

SequenCeS，alongwiththeroleoftranSCriptionenhanCement，m町allowthecentoobtainthe

twolargeStmRNApooIsinthechloroplast・

Incoordinationbetweenaccumulationsofthetranscriptandproteininthea申A・

〟fdA・barboring trams払rmants・

Comparmgwiththeresultoftheli，CL・－andpsbA－uidAderivatives，tranSformantSAG陀5and

AGwereexcepdonalintheamladonsofthetranSCriptandtheprotein・hAGF25andAG，

tranSCriptionacdvitiesshowedonlyasmandi飴rence（Fig・3－8）・However，theaccurrmlationof

thechihleric－uidAmminAGF25wasapproximately4－foldlowerthaninAG（Fig．3－11B）．

TheseresultssuggestthatmRNAstabnitiesinthetwotranSform弧tSaredi飴rent・Tbeweaker

SignalinAGF25thanthesignalinAGobservedinthechimeric－uidAtranSCripdon

assaymayhaNeCOmefromtheshorterhalf・hfeofthetranSCriptinAGF25・Ontheotherhand，

GUSproteinaaurrmladoninAGF25wasapproxin血1y4－fo1dhigherthaninAG（Fig・3－
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11A）・Twoexplanationsforthereasonofthese difFtrences areconceivable．Oneisthat a

POrtionoftheaqzACodingsequencemayhavechangedthesecondarystruCtureOfthechbneric－

uidAmRNAthatwouldinfluencethemRNAstability，andbrthecorrespondingpePtideofATP

SynthaseαSubmitwouldhaveafftctedthestabilityofthefusionprotein・Anotherpossibilityis

thatthetranSlationefficienciesforthechbnerit－u最AbetwecnAGF25andAGarediffbrent，and

thatbroughtdifEbrentialGUSproteinaccumiations・Inadditiontothe肋tontheprote

accumiadons，di餓mtialtranSlatione伍cienciesm町havechangedthemRNAstabilides

bothtranSformantS・reSultedindi蝕rentialmRN鳩＝虻Cum山ati0鮎・Aportionoftheaq2Acoding

SequenCem叩havecausedthedifEbrenceintranSCripdonactivity．An0therdi餓mceinAGF25

andAGistwonucleotide＄i＝unediatelyupstreamofthechbnerit－uidAimitiationcodon．hcase

OfAG，thetwonucleotidesweresubstitutedfromthewild－typeTTtoCC，tOgeneratethe

restrictionenzymeSitefortheconstruCtionthechimeric－uidA．Ontheotherhand，thetwo

nucleotideswereunChangedin也echbneTic－uidAforAGF25・Suchsdbstitutionmayhave

alteredthetranSladonefficiencyandbroughtthediffbrentialproteinaccumiahms．
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CⅡAmRIV

E批ct oftranslation on mRNA stability

Imtr“luetiom

The d）undance of chloroplast mRNAschangeSin代印OZLSe tO developm弧taland

environmentalsignals（Mu肋，1988）・Tbiscontrolisdeterminbdbytherabofeithersynthesis

Or degradation of mRNA・A nuh ofexpedmentsin higher plantS Showed thatthe
tranSCriptionrateofmanyplastidgeneschangeSdu血gthedevelopment，Ortblight一血止

period・ForexamPle・thetotalbanscripdonrateintheplastidchangedduringaleafdevelqp

inspin2LChPengetal・，1987）・htom加Of山it，tranSCriptionsofplastidphotosynthedcgenes

Wereincreaseddmingthemi由tandeadymigげiechunaandGmissem，1987）．Inbarl甲，

etiolatedseedhgsshowedthetransientinc陀aSeintheplastidgcnetranSCriptionwhenseedlings

WereShiftedintolight（Ⅲeinetal・，1988）・ThebanSCriptionofthepsbDTPSbCopeminbadey

WaSinducedbylight（Sextonetal・，1990）・TbeefEbctoflightonbanscriptionwasalso

examinedin・Cn血厄Tmi・ForinstanCe，buscripdonrate＄Ofseveralgeneswcm

di飴托ntdmpointsgrownundera12hrlighu12hrdarkcycle．A止ght＜ntrainedcircadian

rhytlmaccountSforthisosc山ation（Salvadoretal．，1993）．

AlthoughtranSCriptionratescertainlychangeinsomecases，thechangeis notalways

COrrelated withthefluctuadon of血e mRNA accumiadon・Dmingthelight－dependent

Chloroplastdevelqpm孤tandtheleafm血tioninspinach，themRNAsfromthelOspinach

geneswereaccumiatedatdifFbrentlevels，WhereastheirreladveratesoftranSCripdonhadno

m再OrChangeS（DengandGmissem，1987；Dengetal・，1987）・hCreb2haTm，thechangeSin

banSCriptionrate＄andthemmlevelsofvariousbanSCriptswereinOtParalklduringthelight

anddarkperiods（Salvadoretal・，1993）・Moreover，the experidin the spinachleaf
develqpm弧tShoweddlatthestabnityofthepsbAniRNAwasincreasedmorethan2－fo1d，

Whnethestal）ilityoftheTbcLniRNAdidnotchanged（E］affandGruissem，1991）．Theresult

WaSCOnSistenttod）edifEbren也al＝iRNAaccu＝dado鮎inthepsbAand舶during the

develqp皿孤tinspinachcotyledmsPengandGmisse叫1987）・Tbeseresultssuggestthatthe

difR，remialniRNAaccⅦm止adonisregulatedatthelevelofpost－tranSCrip也oninsoⅡ蛤eXtentS．

Thecon加lofthegeneexpressionbythelevelofpost－banscripdonm町haveanadvantagein

Whichce11scanreSPOndtothechangeOfexternalsignalsmorequicklytowardtranSladonthan

也e∞血01如也elevelof叫也on．

Thedi触ntialmRNAstabilityinthechloroplasthavebeensupposedtoberegulatedbyboth
Cis－elerrdonthemRNAandtTmS－aChgfactors（forreviews，Gm鹿semandSchuster，1993；

May丘eldetal・，1995；R∝haix，1996；SugitaandSugiura，1996）．Most tranSCripts：打om

Chloroplast g孤eS COntaininvertedrepeat（R）sequences attheir3，－UTRs．Rs haw dx：
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POtentialtoformthestem－loopsecondarystructure（GmissemandTonkyn，1993）．Inspiteof

thestruCturalsim止aritywithtranscriptiontem血at∝Sinprokaryotes，the3’－UTRs of the

ChlomplastmRNAsdonotserveaSefncientQanscdp血氾tem血atcws＠lowersetal．，1993；

Rottetal・，1996；StemandGmissem，1987）．恥3’－UTRratherplaysaroleinmRNAend

Pr∝eSSing・InCreb2haTmi，deletionsin血eaQ2B3’－UTRafRxdthemRNAstabihty（Stem

etal・，1991）・htroductionofdleqq2B3’一UTRidod旭Chloroplastgenomein血esense or

antisen錐0rientahshow早dthatboththenucleotidesequenceandsteⅡトl00PStruCtureOfthe

3一－UTRarehqxmfor3－qendprcKN！SSingandfortheaccum止血皿Ofthem如脈血RNAs

匹Ottetal・，1998）・hspinach，PrOgreSSivedekti0鮎withintheRoftheped）dimihedi

HiRNAstability加vitTV（Stαnetal．，1989）．R血gniRNAprectmorwasckavcdat
downstreamfromthe rnature termims byan孤donuckolytic ac也vity，fo1lowed byan

exonucleolydcpr∝eSSingina3’to5’direction，generahg3’qendscloseto也eIR（Hayeset

al・，1996）・MutationswithintheIRstruCtureOfthepsbAmRNAenhanCeditsmRNAstability

加vitTVand血oTgmelh，（Ada江述；andStern，1990）．Thes6reSultssuggestthat也83’－tmRis

CridcalformRNAstability・In addition，RNAJbindingproteins，inv血ginthe3’－UTR－

Pr眈incomplex，W駅analyzedintdb拡CO伴七etal．，1991）andspinach（Hayesetal．，1996；

SchusterandGmissem，1991）・htheabseueoftheseproteins，the3’一皿dprocessingwas

PreVentedandthemRNAwasdegraded．FiveRNA－bindingpⅨ鹿inswenisolatedintobaoc8，

WhichsharetwoconservedRNA－bindingdonudnsandpreferendal1ybindto U－Or G－rich

StretChesinRNAmokc山郎（uandSugiura，1990；YbandSugiura，1992）．A28kDaprotein

appeardtobeinvoIvedinthe3’ヰndprocessinginspinach（SchusterandGruissem，1991）．

Tbeproteihs，rangingfrom28kDato33kDaintdbaccoandthe28肋proteininspinach，

Wereal1deterdasnucle血proteins，implyingthatthestddtyofthechloroplast
mRNAisregulatedbynucleus・Togetherwiththem竜indingproteinasa伽achgfactor，

the3’－UTRm町aCtSaSaCisdernentandprotectmRNAs肋mnucleases，andevenactsas

rwgnidonsitefordegradation．Ⅵ鳩山ethe3，－UTRhasbeen’focusedinthemo或Studies，the5，－

tmRand5’－UTRbindingproteinalsoplayinTPOrtadrolesinthemmstability（ChapterII，

血仙c血）n）．

AlongwithUTRsandRNA－bindingproteins，e飴ctofpo吋adenyladononthe mm

Stabilityhasbecnfocusedrecendy．Polyadenylationhadbeath00ghttostabili2BtheHiRNA

andbedis血cdveineukaryロぬS（Ma山ey，1995）．Nevertheless，POlyadenylatepo】ym棚We托

isolatedboth丘omE coliandthechloroplast＠urkard，1974）．On the other hand，d）e

ehzninati皿Ofpolyadenylatepolymerzuse＄StabibedthesoⅡ蛤mRNAspeCie＄in且coli（0．Hara

etal・，1995）・Indecd，inE coli，mymRNAshavepoly（A）tans，rangingfromlOto50血

long（Cohen，1995）・Simi1arly，thepolyadenylatedpetDmRNAwasfoundinthechloroplastof

SPinach・PolyadenyladonappearedtopromotetheefficientdegradadonofprMSSedped）

mRNAbya3’to5’exoribonuclea5e（mdlaetal．，1996）．haddition，SeVeralpolyadenyladon

Siteswerefoundinthetodingsequenceandm血托endofthepsbAniRNA（usitskyetal．，
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1996）・Moreover，thepolyadenyladoninhibitorstabilizedthepsbAandrbcLtranSCriptsin也e

Chloroplastextractfromspinach匹isitskyetal・，1997）・These results suggestthat post－

transcriptionalpolyadenyladondestabilizesmRNAsinbacteriaandinthechloroplast・

TheregulationofmRNAstabilityinthechlorpplasthasbeeneluci血dasdescribedabove．

However，howorwhenmRNAsaredegradedremainsambiguous・Recently，tranSladonhas

b＃nfocusedinthedegradad皿Ⅱ胱hmism・Thegrowlngeviden∝SuggeStthattranSlationis

CridcaldmiantformRNAstabihtyinthechloroplast．For既amPle，C reb2haTmⅢutantS

deLbctiveintranSlad皿Showed也edifEtrentanmntOftheniRNAtothewnd－type（伽叩i

al・，1992；Kuchkaetal・，1989；Ⅹuetal・，1993）・hspinachleaves，thepolysoⅡ旭aSSe血bly

a蝕ctedthekinedcsofthepsbAandTb止mRNAdegradadon（ElaffandOmissem，1991）．

hthischapter，therelationshipbetwecntr弧SlationandmRNAstabilitywasexaminedbythe

uidAreporteranalysis．InCbapterH，theaccumiationofthechimeric－uidAinAGF25was

approx出払ぬ1y4－foldlowerthaninAG・On也econtrary，theGUS protein accumiadonin

AGF25wasapproxiEudy4一foldhigherthaninAG．Iproposedthatthemutadonofthetwo

nucleotidesinunediatelyupstreamOfthe chimeric－uidA startcodon as acandidatefor the

incoodinadonbetweenAGF25andAG・Here，Icon丘n批dthishypothesisbythesite－directed

mu也genesisandshowedthatthetranSlatione伍ciencyafFtctsthemm degradation・In

addition，half－hvesandtheaccumiadonofthechimeric－uidAtranSCriptwereincreasedinth占

PreSenCeOfatranSlationinhibitor・TheaccumulationsofmRNAsfromseveralendogenous

ChloroplastgeneswerealsoincreasedbythetranSlationinhibidon・Theseresultsuggestthat

tranSlationdestabnizesthechlorpplastmRNAs．

M血ttrial＄8md Method5

Strain and culture conditions

CreihhaTmiwild－type137cand扇msformtsweregrowninTAPorMⅡ近diumunderthe

lightorinthedarkat280C・Whennecessary，themdiumWereSOlidinedwith2％agarand

SuPPleme血dwithspectinomycin・Cd血wereharvestedatab00t2×106censhnlforanRNA

isoladonsandproteinisolationsexceptinvivolabelingstudies．

DNA constrⅦCtS

ReconibinantDNAplasmidswerepreparedbyconventi皿alprocedures．Bacterialhostwas

且c〃JfDH5α．

A2・4kbC肋Ⅰ一坤nI蝕嘔m弧t打ompGatpAwasclonedintopBluescriptIISK＋（Sbatagene）

tocreateplasmidpGAck・Al・9kbXhoImndⅢfragment加mpGaq）Awas clonedinto

PBluescriptⅡSE：tocreateplasmidpGA血UsingTranSforwSite－D血MutagenesisKit

（Clonetech），tWOnuCleotidessubstitutionwaspromotedtothepGA血withanOligonucl
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AGS2asthemutagenicp血r（T血Ie4－1），generahgplasmidpGASxh．AO．5kb肋Ⅰ－SnaBI

丘喝m皿tfrompGA知血wascIonedinto肋Ⅰ－SnaBIdigestedpGAcktocreatepGASck・A2・4

kbCldI一郎hIfragmtfrompGASckwasclonedintoC払Ⅰ一勒hIdigestedpGaq）A．bsulting

Plasmidwaspde＄ignatedpG叫AS．

ForthemRNAanalysis・thecodingsequencesof也echlorpplastgeneswenamPhBedby

PCRwithtotalDNAfromwi1d－typeCenSaStemPlab，・PCRprimerpairswenATPB5and

ATPB3fbral・5kbcodingsequenccof也£a申β，PETD5andPm3foraO・5kbofthepeLD，

TrUFA5andTUMforal・3kbofthetqFICrable4－1）．E血PCRproductwassubckmed

intotheplasmidvectorpUC19・ResultingplasmidsweredesignakdpUCatpB，PUCpetD，弧d

PUCtufA，reSPeCtively・Tbe plasmids pUC16S，PUC血cL，PUCpsbA，PUCatpA，and

PUCGUSweredescribedinChapterII．

Amalyskor仙e‘鋸椚βriぐ・〟fdA gene expres或on

hdividuals短psoftheprocedurewerefo1lowedessential＆鮎describedinCb叩terII．

Detmimation ofa血alト1i鮎o一也e mRNA

Forthe detemhadon ofthe mRNAhalf－life，tranSfom皿tCeuS Werelabekdwith32p－

Orthophosphatefor20min・Thelabeledcellswerewashed，reSuSPendedinahigh－Phosphate

（15mM）TWmediumatad弧Sityofabout2×107cellshnl．ThesuspenSionsweredividedand

incubatedonashakerunderthe止ghtwithorwithoutchloramPhenicol．SamPles（2mi）were

COllectedatdibrenttimpointsfromflasks，Centrifuged，andfrozeninhquidmitrogenp

theRNAextraction・A触rthehybridizationwithmRNAspecific probes，the丘1ters were

exposedtoaninugingplate（叫iPhoto由m），andthesignalswerequand丘edbyabio－huBing

analyzerBAS2000（F両iPhotoFilm）・Thedatawerepkdse血logarithmicanyandahalf－life

OftheHiRNAwascalculatedwithalinearregreSSionalgorithmfory＝aX＋b・

In鮎bition orprotei皿Sy山地朗誌

ChloramPhemicolata血alconcentradonof500pg血11wasaddedtotheceuculttmtoinhibit

PrOteinsynthesisinthechloroplast・Wherenecessary，CyCloheximideata丘nalconcenbdnof

lOpghnlwasaddedatthesametime．

Analysk o一助γ加proteimlabeling

CellsgrowninTAP皿胞血umtoabout2×106censhdwerewashedandresuspendedinno

Sul触TAPm血matadensityofaboutlxlO7censhnl．Cultureswereshakenfor2hrand

也eprotein synthesisinhibitorwas addedfor5min．Cens werelabeledwithcarriu＿鮎e

Na2［35s］SO4（ICN）for15血asdescribedpreviously（Takahashietal・，1994）・仙qudsof

Culttmwerecentrifugedandcellpelbswerefrozx，nat－800C・S血sequently，the

38



PrOteinswereseparatedbySDS－PAGEwitha15％acrylamidegel・Thegelwasexposedtoa

X－rayfumwithanintensifyingscrewat－800C・

Table4－1．01igonuc180tidesusedinthisw血

01igo：　　　　　　S叩enCe（5’to3－）

ATPB5

ATPB3

PETD5

PETD3

TUFA5

TU下A3

ATPS5

ATGCCTTGGGGCATATTAATTCC

TTAmAATGAAGCAGCTTTACTAATAG
ATGTCAGTTACTAAAAAACCTG

TTAGAATAAACCTAAAGTTAAAG

ATGTCACGTGCTAAGTTTGAACG

TTATTGAACAATATTAGTTACAACACC

ATTTTTTCTTTTTTATGGTACGTCCTGTAG

Res廿1ts

ThemutationsiJltheupstreamofthechimeT・ic－uidAinitiation codon．

InChapterⅢ，themRNAaccurnulationof也8Chihwric－uidAinAG陀5wasapproximately

4－fo1dlower thanin AG．Onthe contrary，GUS protein accumi皿in AGF25was

approxirnately4－fo1dhigherthaninAG・ThedifFtrenceinbanscription activitiesbetween

AG陀5andAGwasnotsigmificant・Themutationofthetwonucleo也desiHunediatelyupstream

Ofthechbneric－uiLL4imitiadoncodonm叩CauSe血8di飴rencesinthegeneexpressionbetwecn

AG陀5andAG（ChapterⅢ，Discussion）．

To co血mthis hypothesis，Site一血托C血mutagenesis was promoted to the nucleotide＄

hunediablyupstreamOfdleChiTrWric－uidAimidadoncodoninAG，Changing鉦omCCtoTT

whicha陀thesarrwasinAG陀5¢ig・4－1）・ThederivedtranSformantWaSdesignatedAGS．

TheonlydifEbreMbetwecnAGSandAGwasthistwonucleotidessubstitution．Asaresult，

thechbneric－u最A叫andproteinsproducedinthesetransformtsshouldbeidenhcal．
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5’－SequenCe

AG　　5’－d申A CC

3’－UTR

〟最A　－－■■　3’一拍止

AGF25　5’・α申A TT　田口臼田四日

（＋25amimoaci血）

AGS　　5’－α申A TT
●－■■

〟最A　→■．3’一拍止

〟最A　→■　3’一拍止

＿■

ク∫αβ
沌止　　－●

CpgenOmelntranSfbnnan也

Rg胱射・T血s血m短h血血gdi肋entc肋好′ね－以肋s・E血dぬ血捗肋co山血sa
putadYeprOmO知慮a5，－m鮎m鵬叫ん〟旭∝鵬mg呵uenCち狐d血3，－U¶R魚Ⅶm山鮎
血乙・AOF25血e5鮎pordonof血eα如CO血g判鳳α（胱α叩肋Ⅲ）．Twonucleoddes
immediatelyup＄treamOfthetraJ）SladoninitiadonsiteBLreCCinAG，OrTTinAGFandAGS．

Nos画負cantd騰胤CeWa50bseⅣed払出mscdpdon如血血esof血ec肋er古川融s

betweenAGSandAG（Fig・4T2，WiththeuidAprobe）．

WT AG AGF25　AGS

湘〟ぬ
α申A

pUC19

p∫旭

Figure4－2・ThnscripdonacdvityofthechimeTic－u助ineachtransfbmanLTotalRNA，1abele抽
VEvowith20minpulseof32p－Ord10Phosphate・WaShybddizedtonylonmterswith血mobihzed
PlasmidspUCGUS・PUCatpA，PUCpsbA・AplasmidpUC19wasaprobeforanegadYeCOntrol．

伽血eo也er血吐血emm賦mla血inAGSwaslowe沌皿hAG（鞄4－3），W地
GUSspeci負cac血ityinAGSwas5・9－fo1dhigherthaninAG（Table4－2）．
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WT AG AGF25　AGS

a b

mRNA

Fig胱小3・恥誠仇mlul血nぱ鵬c加わ－〟旭m附加蝕血血丁血R仙（5
帽）e止血仕皿M卵Ⅶ劇c山t肌W鮎hyb血戚w仙aljk♭Ⅳ“Ⅰ一柳Ⅰ鮎卯旭nt扉伽
PT7GUS・CTMwikLtype137c（W¶andbansformantsAG・AGF25・aAdtwo加桓血nt
don郎ばAGS（ちb）we化肌dy血

Tr叫叩叫伊豆・¢2）血伽批um混血ぱ伽c鋸職元一〟肋叫t伊i＆小
3）werecomp血bleinAGF25andAGS・AlthoughtheenzymeaCtivityinAGF25was2．2－fo1d

lowα也皿hAGS（Tabk4－2），血弧mm山血onof鮎叩血ex血吋west弧血ysis

appearedtoIxunChangCd騨g・4－4adTable4－3）・Apordonofasubu血ofATPsynthase

如sdb鵬GUSp血m叩喝血1y血肋en捉b鮎eⅢyme血Ⅴ吋，弧ObseⅣdh鮎

血L血仏せ弧Sぬmantsh叫皿嘲Ⅰ00n血血鵬t鮎蛍飴托nα。bs耶由

betweenAGF25andAGwasaLsocausedbythetwonucleoddessubsdtubnasinthecaBeOf

AGSandAG・Inthelaterexperiments，IconvaredAqF25withAG，insteadofAGSwithAG，

Tabk4－2・OUSs画c鋸厄Y舟山組止血

（慧慧諾霊410±加1100±100　2現氾士2氾

a）Ce鮎w胱卯Wm血血相m誠umM知性防圧ft血ind画面．

AG AGF25　　AGS

讐 GUSprobin

m騨m掴・Wesbm画isぱcm血○血鳳恥血¢X血t（1堰）伽m血e劇s卯Ⅶ血糊
m血mw即＝叩都政d叫7j％坤血氾㌻払喝血G∽pro血sw研い血底地dbW血uo血g．
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澤

Table4－3・RelativeamOtmtOfGUSproteinin

AG AGF25　　　AGS

謁還鍔　1・00　2・却　2・66
a）RelativeamountoftheGUSproteininthetranSformanttotheamOuntinAG．

SbbiuけOftbecゐf椚grね・血はA tra鮎Cripts加γ血．

hAGF25andAG，＆anStriptionacdvitiesofchimeTic－uidAsappearedtobeunChanged，

WhereasthedifR，remeintheaccu＝dadonofthemRNAswasapparent・Theresultsuggested

thatHiRNAstal）ilitiesinbothtranSformantSWeredifftrent．Todetemhethehalf＿止Ⅴ郎Ofthe

ChbneTic－uidAtransc亘ptsinAGF25andAG，thedecayofthemRNAswasme脱肛edin加vivo

Pulseandchaseexpenment・TberesultshowedthatthedecayofthemRNAinAGF25was

reladwlyfhsterthaninAd岬ig．4－5A）．Undermyexperimentalconditions，thechbnerit－uidA

transcriptwasdecayed扇thapProximatehalf・livesof37minand63mininAG陀5andAG，

respectively（mg・4－7，Table4A）・Thedecayrateof16S戊Nんasaninternalcontrol，aPpeared

tobeunChangedinbothtranSformantS・Asexpected，Stab山tiesofchbneric－uidAmmwere

difhrentbetwecnAG陀5andAG・ComparingwithAG，thesignaloflabeledtranSCriptin

AG陀5wasloweratOmin・thestartpointofthechaseexperlment・Sincethedecayratein

AGm5wasalmost2－fo1dfaster．thaninAG，theperiodbetwecnthetemhadonofthelabeland

beginningofthechasemaybelongenoughtocausethisreducdon．
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A

．CAp

B

＋M

AG

AGm5

AG

AGm5

0　10　ユ0　30　40　70　130　250（m叫）

、＋＋＋　＋ふ十＋　＋＋＋　　＋＋　十＋＋ふ＋＋＋＋ふ＋＋、｛ぺ

J応

J郎

J6∫

J郎

Fi酢此小5・血γ血p山維珊dd邪e弧dy由br山号亡舶朋‘政一〟最A血yh血To血

RNAwasldbeledwih20minpulseof32p－0池op輌andchasedfbrdi魚mt也mepointsin
theabsencc（ん－CAP）orprese4M＠：＋CAりOfchloraznphenicoLTotalRNAwashybddizdto

nylon鎚terswithimmobihEedplぉmidspUCGUSandpUC16S．

Eぽ∝t Ofthe tran血tioni止血抽ition onmRNA血ili吋．

¶おmu嘘on血y由sugg頭S血出血加地皿血弧gd細皿曲直om e銃cien叩，皿d

COnSequendy，血echihwric－uidA＝iRNAlevelwasdecreasedfasterinAGmcomparedtoAG．

げthehypothesisiscorrect，thenthetranSlabninhibidonshouldaffbctthemRNAdecay・

Tberefore，theefFbctofanOrganene－SPeCibtranslahinhibitoron niRNA stabuty was

坤Cu画001w鮎Cbm鮎鮎払出bi加血加地托m紅kめk画
Ⅳ叩Z・19乃）・仇1叫001血加W独5αS土地osomds血皿it皿dbl∝b画血
bondfbrmation・TusinhibitorespedallyefFbctsonthepePddylbansferasecenterofRNAT

boundribosomesandstal1selongahgribosome＄OntheniRNA（Vazquez，1979）．Fkst，tO

∝血血e血山b氾（mぱ匹〔虚血syn血e由，neWly syn也es血dp血w耽1仙w独

【∬s】SOむ毎加v加ゎ血el血g，山鹿由紀nCe打p民肌e止血0叫加血col．To触m也e

d山or叩1弧t加m地血即，伽印叩1血c血w那山止血血db c匹lohe血k．咽

thesynthesisofanappromintely50kDaproteinwasnotinhibitedbychloranvhmicoland

CyCloheximide，allothersignalsincludingtheonefortheRuBisCOlargesubunitwerenot
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detectedinthepresenceofchloramphemicol・Theresultshowedtheproteinsynthesisinthe

Chlomplastwasinhibitedbychloramphenicol（Fig．4－6）．

・CAP　＋CAP

LSU

Figure4－6・hhibitionofproteinsynthesisinthechloroplast・CcllsgrowJlinTAPmediumⅦ
叩ndedinnosulEateTAPmediumintheabsence（－CAP）aJ）dpresence（＋CAP）of
ChlmphenicolandlabeledwithcaJTi訂一丘眈【35s］SO4ifor15min・TtLetOtalcellproteinsw耶

鱒bySDS－PAGEwitha15％acrybm臆gelwhichwasexposedto＆Ⅹ－ray丘Im．LSU

Then，themRNAdecaywasanalyzedbythesameiWayaSdescribedinFigure4－5A，eXCePt

南山cblorampb血001in也echぉepe出血（Fig．4－5B）．nelaお1由mmlev由。f也£

Chimefic－uhL4inAGF25andAGwereincreasedateach血叩Oint・hdeed，themRNAlevek

WerealmostequivalentinbothtransfornantSinthepresenceoftheinhibitor．Thehalf－1ivesof

thetranscriptswere167m血and158minhAG陀5andAG，reSPeCtively但g．4－7，Table4－

4）・TheseresultssuggestthattransladonaLftctsmRNAstd，ility，andtransladonwasinvoIved

indi脆rendalmRNAstabilitiesbetwecnAGF25andAG．
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060　　　120　　　1＄0　　　240

偵me（mh）

Figure4－7．Decayofthcchimeric－uidAintransformantS・hbdedRNAswerechasedintheahsEnCe

（AGandAGRほ）orpresence仏GWandAGF25十CAp）ofchloramPhemicol（Rg．4－5）．Signal

intensitieswerequandfied，andplouedsemilogarithmical1y．Thedataweresubiectedto alineu

regressiona）gorithmfbry＝aX＋b・

Table4－4．Half・livesofchimeTic－uidAmRNA5．

AG AGF25　　AG＋CAP AGF25＋CAP

h跡地a）（mh）63　　37　　158　　　167

a）Half－1iveswencalculated伽mahnearregreSSionalgorithmfory＝aX＋b（Rg．4－7）．

The acctlmuhtion ofchimeT－ic・uidA transcriptsinthepresenceofthe translation

inbibitor．

Tbee飴ctoftransl如ioninhibi也onontheaccumulationofthechimeric－uidAmRNAwasalso

examined・TranSformantCenCulttmsweretreatedwithchloramPhemicbl，and sa＝甲1eswere

takenatthedi飴renttimepoints・Fig・4－8showed血eresult舟omnorthernanalysisofAGF25

andAG．InAGF25，血eaccundadonofthechbneric・uidAtranSCriptwasincreasedwithin5

m血aftertheinhibitiontreatment．A肋120mれtheaccuHmladoninAGF25rezh：hedatthe

m血mlevelandthelevelremainedtobeunChangedfor240mh（datanotshown）．The
resultsuggestthattranslationafEbctstheaccum地雨onofthemRNA・InAG，htdechangeWaS

ObservedandthemRNAaccudonat120mhwas coHPard）1e to the accumulationin
AGF25atthesameperiod・
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AGm5　　　　　　AG

O　520‘01加0　5　20‘01却（mh）

．・・、一．、．、、P姐mRNA

16SrRNA

円押¢棉E触tぱ血n血dmim肋摘仙皿加cゐ血液払mR仙批uⅡ丑山血（Ⅲ．C班
C血加閤（AQ円5む血AG）w耶ぬ血涙也劇0叫1，咄w椚鵬n址en如0血，5
mh∴犯mれ甜mれ牒血120血恥血R恥（5似吼血如m也e¢恥Ⅶ血y如吋

仙ea皿m血t血ortr細層Cripb加memd叩nO鮎ge胴h伽pr睨neeO＝加

恥蝕of鮎血血血血加地那加鮎弧Ⅷ血血ofm細心肋nendogen昭

血0叩1滅ge昭W鮎eX血d・心desc血dh鞄4阜AGFほ劇sw耽触血w地

d山or嘲血s弧pl郎W∽地肌如伽d此托血t血po血・No血肌弧叫由血owd

血血血血mh肋i血hc托睨d鮎批u血血nof叫丘弧鮎明通，鉱山£mm

鮎埴血血en∝血鮎don画皿鮎血路恥鞠4動伽加地er血も鮎

a∝um山血nd叫蝕m鮎明媚・匹め，印加，血加地叩阿山ob皿血咽頭
nese悔u】虚血血加地皿山地i血曲0血也伽批血of鹿In郡毎
蝕皿5eV併alendog仇0憬g蝕汎
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Fig∬e小9・脆c也Of仕肌Sl8血mi血ibidononb・弧虻d押杜omen血g餌Ou£Cblompla5tg¢neS．
TotalRNA（5pg），eXtraCtedfromAGFinFig・4－8washybridizedwiththccoding鮎gmentofthe
Jゆ，α申ん叫畑，クgめ，ク∫餌，md鵬血Lne坤Apmbby旭di犯1totwoban由；血ela喝訂
RNAcomspond＄b也e2・2kb‘I申4触m虹dpt（S山Yd叫柑93）．

Di5CuSSion

Two mllCleotidesimmモdia庇1y np5tr組m O【仙einitiation　仁山on　且恥ct　仙e

tramslation e爪cie皿Cy．

0nlythedi脆rencebetween AGS andAGis thenudeoddes substitudoninⅢ血iately

upstreamofthechimeric－uidAinidadoncodon：thenucleotidesareTTforAGSandCCfbrAG

（ng・4－1）・AsexpeCted，tranLSCripdonactiYitiesofthechimeTic－uidAsshowednosigni丘cant

ChangesbetweenAGSandAG（Fig．4－2）．Therefbre，Iconcludethatthetwonucleotides

Substitutiondoesnot曲ctthetrans叫ption・Ontheotherhand，thespeciBcacdvityofGUSin

AGSwaLS5・9－fbldhigherthan血8aCdvityofAG・Thesite血dⅡmtageneSisnearthe

血娘癒on∝do町Of血叩β班，en∝血gcy加bmmeJ，托Sultd血也ecb狐geOf加加nsl血on

efficiency（粗ggsetal・，1997）・Asequencecomparisonofthe37chlorpplastgenesinC．

柁肋弱fsuggests血如SeⅥ汀山nucl∝心血sn¢ighbo血gto血e血血〉nCOdons猥S加ngly

COnSeZ・Ved呼ig．4－10），Moreover，theinteractionbctweenthenucleotides atthe－1to－3
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POSition，reladvetotheimitiahoncodon，andthrecnucleotideswithinthe530loopofthe16S

TmhasbecnproposedinEcoli匹agunez－Otero，1993）・mRNA－rNAcross－1inkingstudies

Showedthatthe530loop・inteqzLCtStOthereg10nOfthetranSCriptneartheimidationcodon

（McCarhyandBrimacoHibe，1994）．Therefore，Iconcludedthatthesubsdtutionofthetw。

nucleotidesimnediatelyup＄treamOfthechbTWTic－uidAinitiadoncodonchangedthetranSladon

efnciency．

－12　　　　　　　　　　　　　＋1

VaSCularPlantS

C川南血加地

★　　　　　　　　　　　　　　　　　　　　　　　　★

G GG G a g a u c A U UA U GG C

a a a u u a u u A u U U A U G G C

Chihleric－uidAofAGS aa a uu a uu AutltlAUGGT

Cゐi如grfc－〟最AofAG a a a u u a u u A u C C A U G G T

Figure4－10・SequencesofchlqoplasttranSladoninitiadonregions．TTleSequenCeSOfthechimeTic－

uidAinAGandAGSwmcomparedtotheconsensussequencx，SOfthevascularPlantandofC．

TeihhaTdui（Stemetal・，1997）・Nucleotidesshowingastrongprefermceareincapital1etters，ad
AUGimitiadoncodonisunderlined・TwonucleotidesubstitutionsinthetranSformantSareShown

Translationdestabilizesthetranscriptinthechloroplast．

TheTnmaCCudadonofthechbnerit－uidAinAW25was4－fo1dlowerthaninAG（Fig．
4－3），andthewestemanalysisimp止edthattranSla血one伍cienciesinAGF25andAGappeared

tobedifEbrent（Fig・4－4），aSisthecaseinAGSandAG．TberesultsuggeststhattranSladon

Playsaroleinmmstability・Toconfirmthishypothesis，Idetemiedhalf－1ivesofchbneTic－

uiLL4tranSCriptsandex弧inedthee飴ctoftranSlationon＝iRNAstal）ility・ThemRNA∴h

AGF25wasdecayedapproximately2－fo1dfasterthanthetranSCriptinAG，Withhalf・livesof37

minand63mininAGF25andAG，re甲eCtively（Fig．4－5AandTable4－4）．HiRNAstabilities

WereCOnSistentwiththeaccumulationsofthetranSCripts・Ontheotherhand，inthepresenceof

ChloramPhemicol，half－1ivesofthetranSCriptswerecalculatedas167mhand158mininAG陀5

andAG，reSpeCtively肝ig・4－5BandTable4－4）・Lincomycin，an0thertranSladonelongation

inhibitor，alsodemonstratedasimi1are飴ct（datanotshown）・hChapterⅢ，an0therpossibility

thatm町CauSetheincoodinationintheaccurmladonsofnimandproteinsbetweenAGF25

andAGwasdiscussed・ApartOfthe昭Acodingsequenceperse，Orthechangeinthe

SeCOndarystruCtureOfthechihwric－u最Awouldhavethee飴ctonthemmstability・

Nevertheless，mRNAdegradationkineticsofbothAGF25andAGwerecomparablein

tranSladoninhibitionexpe血nt，SuggeStingthatthedifFtrentialniRNAstabnitiesaredepending
OntranSlation・Therefore，IassumethatthediffbrentialniRNAaccumiadonsinAG陀5and

AGwerenotcausedbythefusionofthe5，一COdingsequence，butcausedbythechangeOfthe
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tranSlationefficiency・Romtheseresults，IconcludedthattranSlationdestabilizedthechbneTic－

uidAtranSC亘ptinthechloroplast・

The transhtiotLinhibitionitseIfis the reason fbr theincrease of the mRNA

Stability．

I（ispossiblethattheefftctofthetranSladoninhibitiononmRNAstabilityandaccundah

WaSduetothedepletionofproteins，Whichdestabili2X，thechloroplastmRNAs，PreSum曲1y

RNases．Chloramphemicoldo郡nOtinhibittheproteinsynthesisinnucleus（Vazquez，1979），SO

thatthed甲IedonofthenucleN－factmshouldnotaccountforthechangeOfthemRNAstability

and accurnuladon．S山1，duringthechloramphemicoltreatm，nt，the synthesis ofunknown

Chloroplast一肌COdeddestabihzingproteinsmighthaveb∝ninhibited・Tbmoverofsuchproteins

mightafFbctHiRNAstability．However，theresponseofmmaccunmlationtothetranSladon
inhibitorwasobservedwithin5min畔ig・4－8）・Partakingofsuchextremelyshort－1ivedprotein

inthismRNAdegradadonishconceival）1e．Inaddition，ChloroplastgenoⅡ旧doesnotcontain

thesequencehomologoustothegenesforRNases・Therefore，theincreiLSeS Ofthe＝iRNA

Stabnityanditsaccum山adonwerenotduetotheproteinsdepletion，butduetosuchtranSladon

inhibitionitselL

Co・tranSlationalmRNA degradationin the chloroplast ofC r・einhaTm．

TheroleoftranSlationonmRNAstabilityhasbecndescribedfordecadesinprokaryotesand

eukaryotes・hE coli，antibioticssuchaschloramPhemicol，teBacycline，andpuromycin，an

inte血rethe polypePdde elongation，Changedthe stal）ihty oftotalmRNAsinthe ce11and

mRNAsfromindividualgenes（Petersen，1993）・TbeHiRNAdegradationisinidatedbyRNase

Ecleavage（CohenandMcDowd，1997）andtranSlationinhibitsthisdegradationbyprotecting

thebanSCript如m也eRNaseE（Braun，1998）・Also，thepolysomeassociadonregulatesthe

Stab揖tyofmRNAs丘omgenesfor P－1actazwandoutermembranePrOteinAinE coH

卵ilssonetal・，1987），andmRNAsformm此mβ一globuhandfbrtheyeastMATα1

げadierandJacdbson，1990）・heukaryotesandprokaryotes，tranSladonisgenerallythoughtto

Stabili2X！thetranSCripts・However，tranSlationseemstoratherdestal）ni2X！也eHiRNAinsoⅡ旭

CaSeS．ForexamPle，CyClohemide，aCytPPlasmictranslationelongadoninhibitor，blockedthe

degradadonof山blinmRNA（Gayetal・，1989；GongandBrandhorst，1988）．TtanSlation

inhibitimalsostabilizedhistonemRNA，andthebanSCriptsbmthec－〝ゆcandcjbsO．aird－

0鮎ngaetal・，1990；Limialetal・，1985；Stimacetal・，1984；VmsonandTreisman，1988）．A皿

thesemNAscarryinstabihtycisヰIements・Anu血roftheprewtranSladontemhadon

havealsobeenreportedtoincreaLSethemRNAjtabilidesCrheodorakisandCleveland，1996）．

EffbctoftranSladononmRNAstabilityhavealsobccnpredictedinthechloroplast・The

experirrdwithchlo叫emicolorhncomycinshowedthepolysomeassemblyafRdthe
kinedc of thepsbA or TbcL mRNA degradadonin spinachleaves．Theinhibitionalso
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demonstratedthetranSlationwascridcalforthediffbrentialttmoverofbothmRNAs（Ⅲaffand

Gruissem，1991）・InC TeinhaTdui，thenuclearrrmtantdefbctiⅦintranslationofthepsbDor

aq2Ashowedthebanscriptlevelofeachgenewas2to4－fo1doverthew止d－type

Prapieretal・，1992；Kuchkaetal・，1989）・TbechlorqplastnmtantCC2341，aSinglebasepair

deletioncausedaprematureterminationofthepsaB，enCOdingⅡsubmitofPSIprotein，

Showedthatdlelevelof也叩SaBmmwasincreasedappro血血1y2・5－foldrdadvetothe

Wild－typeCeu＠inghametal・，1991；Xuetal．，1993）．Tbsepreviousworksareconsistent

WithmyresultsthatshowedtranSladondestd）ilizedthetranSCripts・

Asdescribedabove，ⅡMtantSOfCrebdwTmihaveprovidedusthe血itfu1results．However，

theresultsaresomtirwsconfusing・Forexapple，inthenucleuorchlorqplastⅡmtationthat

PreVentSthetranSlationofthepsbC，themRNAstd）ilitywasnotchangedPochaixetal．，

1989）・ThepsbDmmbnscriptwasdestabilizedinthechlorpplastm血皿tFuD47，Which

COntainsa血蛤－ShiftmutadoninthepsbDgene（駄icksonetal．，1986），indicahg

tranSlationstabilizesthemRNA・Tbseresultssuggestthatthee飴ctsoftranSlationonmm

Stability揖℃dependhgonthegene＄・nisinplicatimis consistentwiththeresultof叩

northernanalysisinwhichthetranSlaticninhibidonafftcteddiffbrendytheaccundadonsofthe

mRNAfromendogenouschloroplastgenes．Or，di飴rentialresultsmighthavebeenaside

e飴ctofthemutation・TwomutantS，euhcontainsthemutahoneveninthesameChloroplast

gene，demonstratedthedifEbrentresult・Themutant18－7G，COntainhganonsensemut鵬on

Closetothe5，堰ndoftheTbcLgene，aDCu＝miatedanormal1evelofthetranSCript・Ontheother

hand，也emutant18－5B・COntainingthenonsensemu加ionin血e3，ヰnd，thetranSCriptwas

decreased（Spreitzeretal・，1985）・TbemutadonusuauyafR：CtSPhotosynthesisandmaychange

theover－al1geneexpressioninthechloroplast・

Themodel払rtheJneChanismofco・tranSIationalmRNAdegr＆dation．

Alongwiththepreviousresults，Ipresentthefo1lowlngmOdelsforco－tranSladonal

degradad皿：（1）R地osoⅡ旭SOrOtherpartsofthe加瓜SlationalapparatLWareaSSOCiatedwith

nucleases，OrWithfactors血虹recogni2eStheinstabilitydAmts．Degradahonisiniti

Whenthetranslationelongadonbegins．Bi∝hemicalapproachesaJt”eCeSSarytOCO血the

PreSenCeOfthenucleorydcptivityinthepolysoⅡ忙一boundmRNAfraction・ThedisruPdonof

transladoninidadon codon，CW the apphcah ofandbiotics whichinhibit the tranSladon

imitiation，WOuldbeh如fu1toehbαaぬtheroleofribosome＄．Tbishypothesism野nOteXPlain

thegenespeCiBcityforthedegrad鵬on（Fig．4－11A）．（2）Theribosomecamiesanuclewor

nuclease－aCtivadngproteinwhichrwgni2X＄themRNA3，－UTRandini也ate＄thedegradadon・If

theribosomefh11soffthemRNAbeforereachingthe3，－UTR，thenthemRNAisnotdegraded・

nishypothesiscanbeapplicabktothecasesofseveralmutantswhichcontainthepremature

transladontemhadon畔ig・4－11B）．（3）ApordonofpePtides，bandatedfぬmthemRNA，

bindstothe血ctorthatimidatesmRNAd6gradad皿畔ig．4－11C）．四）TtanSl
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secondarystruCtureOfthemRNA，WhichmakesthenucleiLSeaCCeSSibletothe mRNA．（5）

TranSl如ionloca丑捉StheRNAtoaorganenarregionwherethedegradationmachineryexists．（6）

RibosoⅡ旭Or血etranSladonalapparatuSremOVeStheprotein，Whichbindstothe3’－UTRand

PreVentthemRNAfromdegfadation・hEcoli，theribosoⅡ妃maSkslOto20nt丘omthestop

COdon（Braun，1998）．Tberefore，PrOvidingthattheproteinbindstotheHiRNAinnolessdlan

20ntdistanCefromtheUAAstopcodon，theribosomecanreiLChtheproteinbeforebeing

rek弧dfromthemmatthestopcodon．Thee也血nahonoftheseproteinsde＄tal）址捉Sthe

HiRNA肝ig．4－11D）．Anu血rofmutagenesis whichintroduce也estop codonsintothe

SeVeralloc如ionsonthecodingsequencemayletusco血mthishypothe＄is．
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Figure4－11・HypotheticalTT給Chanismsforthe co－traJIS18tionalde鮮血血on ofthe chloroplast

mRNんPackmanrqPreSentStheRNaseactivity・A・Ribosomes or a tranSladon apparatusis

associatedwithnucleases・B・Ribosomes carryanudeworanuclease－aCdvadngprotein that

recogrLmthemRNA3’－UTRC・ApordonofpeP也dcs，tZanSlatedfromthemm，bindstothe

fhctorthatinitiatesmRNAde鮮血on・D・nanSladonremovesproteins，bindingtothe3’－UTR

andprotectingtheHiRNAfromdegradadon・TbechangeofthemmsecondarystruCtureby
tranSlation，WdifFbrendalmRNAlocahzadonbytraASladonnayalsobethe托朋Onforthec＆

加msl壬血ond血画Om

E蝕cts of the tmtnsl＆tioninhibition di蝕r＆mOng Chloropl＆St geneS．

Effbctoftransladoninhibi也ononmRNAaccumiationswasdbservednotonlyintherepo

genebutalsointhe頑andt脚岬ig・4－9）・On the other hand，in other chloroplast
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endogenousgenes，SuChastheTbcL，，PSbA，PetD，andtheaqlB，也emRNAaccudadms

appearedtobeuna脆ctedbydletranSlationinhibition・Theresultm叩Simplysuggestthatthe

CO－tranSladonal血RNAdegradation】刀庇Chanismexists9nlyforsoⅡ妃OfchlofOPlastgenes・The

Cisdem孤tPayPlayaroleinthisgenespeciAcmmdegradadon・

Eventhoughthise叩1anationappearStObeapprppriate，an0therinterpretadonispossible・h

thechlorqplast，tranSCriptsmightbenakedorprotectedbyRNA－bindingproteins，Witha

monosoⅡ妃OrPOlysomes，andprocessedorunprocessed，re＄ultinginthetotal＝iRNAmixture．

Each BanSCript should actdifFbrentlyinthe gene expression，e？PeCial1y atthelevelof

tranSlation・ProvidingthatmostofthemRNAmoleculesdonotassociatewithpolysomes，the

PqPulationoftranSlatabletranSCriptsisquitesm仙reladvetothetotalam0untOftheHiRNA

mixture・hsuchcase，eVeniftheco－tranSlationaldegradationexists鱒rthemRNA，destabilized

niRNAmoleculeswouldbesmanenoughahdthechangeOfthe血RNA accunmiationis

Virtuanyindistinguishable・hfact，mOrethan80％ofthepsbAniRNAwerefoundinnon－

POlysom山RNAfracti皿inthechlorpplastofCTY加血‡Tm grOWnincon血uouslight（Cohen

etal・，1998）・Moreover，tranSlationefnciemiesof血emRNAsfromthea卵，1i，CL，andpsbA

aremuchlowerthan也eefficiencyforthe（呼止（叫ieretal．，1992）．Forsuchreasons，

decreasesofthesemRN心bytranSlationwouldbequitesm姐sothatthechangeSinthe

accumuladonswouldbevirtuanyunchanged・¶lerefore，址ispossiblethatdlee飴ctofthe

inhibitiononmRNAstal）ihtiesoftheTbcL，PSbA，Pe動and血い巧娼wouldbeobservedwhen

わvivo pulseand chase expemtis applied・In this scheme，CO－tranSladonal二mRNA

dqgradationmightbeageneralmechamismforthechloropla去t・Tusexplmadcnissupportedby

theresultsinFigs・4－7and4－8・血vivopulseandchaseexpenmtshowedthatthetranSladon

inhibitionwella脆ctdthechbneric－ukL4niRNAstabilityandincreaseditshalf－1ifeby2・5－fo1d

inAG（抗g・4－7）・Ontheconbary，themRNAaccu＝dadmwasobseⅣedtobeunaffbctedby

theinhibitioninthenorthemanalysis（mg．4－8）．Sincethechbnerit一成加mRNAwasless

ttanSlatedandmo托S血1einAGthaninAGF25，thedemofthemminAGshouldbe

reladvelysmal1・ThisstateofthemRNAmighthavebroughtthechangeintheaccumiad皿

indistinguishable．

ThehypothesissuggeststhatwehavetotakeintoaccmntofthestatesofthebanSCriptforthe

e飴ctoftranSladonon＝iRNAstability・T出sperspectiveshouldbeindispenSabletoundeqstand

thechlorodastgeneexpression，althoughfbwworkshaverespeCtedthisviewpoint，andnone

Oftheexanhad皿haveshownthereladonshipb血n也eproteinamOuntandtheniINA

accumulation・Also，m弧yWOrksrehed＝ninlyonnorthemanalysis・However，thequalityof

thebanSCriptcannOtbedis血guishedbynotthemanalysis，Whichonlyshowsthequantityof

thetranSCript・Hence・COmbinationanalysisofthepolysomeassembly，mRNAstabnity，the

accumiadonofthetranSCript，and血eproteinamOuntinseveralenvirmuntalconditions

WOuldprovideusthephysiologicalHWamingofco－tranSladonalniRNAdegradadon．
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CHAPTER V

ConclⅥ層iom

The＆nalysis ofthe chloropl＆St gene eXPreSSion．

Iexaminedthechloroplastgeneexpression，attheleⅦloftranSCription，POSt－banscription，

andtranSlation・TheuidAreporteranalysiswasprovedtobeusefu1tounderstandthegene

e叩reSSionasanenSe血bleofeachlevel・OutcoⅡ邸Werefo1lows：（1）Thesequenceonly

COntainstheputadvepromoterand5，一UTR did notalways reflectthe endogenous gene

expression patbm（Chapter H）・（2）Apordon of coding sequence of the TbcL affbcted

tranSCription，andaportionofcodingsequenceofthepsbAaffbctedtr弧SCriptionandmRNA

Stability（ChapterⅢ）・（3）TranSlationacceleratedthemRNAdegradation．（ChapterⅣ）・Inspite

Oftheachievemmtsinthisthesis，OneShouldusethereporteranalysiscarefu11y，Sincethe

reportergenedoesnotalwaysrepresent也eendogenousgeneexpression．ForinstanCe，the

COdingsequencesoftheTbcLandpsbAwererequiredforthetranSCrip也onactivityandniRNA

StabilityasshowninChapterⅡⅠ・haddition，in叩eXper血血talcondition，thechihwric－u最A

COntainingthepromoterand5’－UTRof也ea担didnotosci11ateitsmmlevelinthelight－

darkcycle，W鮎IethelevelfromtheendogenousaPgenewasfluctuated（datanotshown）．

Thecodingsequenc¢Orthe3’－UTRofthe（嘩2Am町COntrOlthisfluctuation．Infact，3，－UTR

and3’ヰndprwessingafftctedtheniRNAstabilityandtranSladonoftheaQBinC

匹Ottetal・，1998a；Rottetal・，1998b）・Therefore，dependingonthepurpose，theadditional

SequenCeisindispenSabletoreflecttheendogenousgeneexpression・Conversely speaking，

regulatoryelernentscanbedeterminedbythelossoffunctionanalysiswiththereportergene・

Alongwiththeobservationoftheendogenousgeneexpression，theintroductionoftheuidA

reportergenewouldhelpustounderstandthegeneexpressioninthechloroplast・

TbechloroplastgenesareexpressedthroughtheleveloftranSCrip也on，POSt－tranSCription，

tranSlation，andpost－tranSlation，aSisthecaseinprokaryotes oreukaryotes・Eachlevelis

Pr∝朗Sedinaprogressivereactionandeachlevelshouldactinconcertwithothersforthege批

expresslOn・Eadierlevels曲ctthelaterlevelsfortheexpresslOn．Eventhelaterlevelinfluences

theeadierstep・hChapterⅣ，theniRNAaccu＝Tuladondidnotcorrelatewiththeprotein

accu＝mlation，SuggeSting・thatthemmisdegradedbytranSladoninthechloroplast，and

tranSlationaffbctedtheeadierstep，POSt－tranSCription・Notonlyinthechloroplast，SeVeraldata

Show that one ofthelevels does not always reflectthe expression of rrucleu genes・

Nevertheless，mOStStudiesobserveonlyafewofthesesteps，uSuallythemmaccumiahm．
Forunderstandingofthegenee叩托SSion，WeShouldexむnineeachstepcarefuny，andconsider

theefbctsofeachstepontheexpressionrmco叩陀hensively・
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E批cts ofthecodingsequenceon transcription andmRNAstability・

hChapterII，the5，－SequenCeSfromtheli，CLandpsbAfusedwiththeuidAdidnotreflect

tranSCriptionactivitiesoftheendogenousg孤eS・hChapterIII，POrtionofcodingsequencesof

theTbcLandpsbAenhanCedtranscriptionactivitiesofthechimeric－uidAs・Theporhonofthe

PSbAcodingsequencewasalsodetemiedas astabilizingelementforthechimeric－uidA

tranSCript・Hence，thecodingsequencea脆ctsthechlprpplastgeneexpression，atleastin

banscriptionandpost－tranSCription・Ontheotherhand，aPOrtionoftheaq2Acodings閂uenCe

didnotafEbctthebnscripdonactivity・Thedi銀狐ntregulatiomm叩eXistinthechlorpplast

geneexpression，andtheregulationsmaybedependingonthegene・

Co・tranSlationalmRNA degradation．

IdescribedinChapterⅣthattranSladonde＄tabilized血＝戚肌Ainthechloroplast・Onthe

COntrary，tranSladonratherstabilizedthemRNAinEαli（e．g．，thehousekeepinggene甲0

0rhlCZiencoding15Sribosomalproteinorβ－galactosidase，reSpeCdvely）＠raunetal．，1998；

IostandDreyfus，1995）・Theseresultssuggestthatthemachineryitselfisdi比況血betwecnthe

ChlorqplastandE coli・Co－tranSladonalmRNA degradadon m叩be distincdveforthe

Chlorqplast・However，thechangeOfthe＝iRNAaccu＝dadonbythetranSl血oninhibidonwas

Observedinthe喀血andt解，butnotintherbcL，PSbA，a砂β，andthepeLD．Inaddition，

SeVeralmutantS demcnstrated that the mRN血from soⅡ旧Chlorpplast genes were even

increased by tranSlation・Tbese results suggestthat co－tranSladonalniRNA

m血smexistsonlyforsomeofthegenes，andthedi飴rentregulationscontrolindividual
gene＄・Therefore，thatmRNAsfromseveralgenesaqedegradedbytranSlationinEcolicannot

bedenied．

ⅠalsoreferredthatthetranSladoninhibitionincreasedthechbne庇－u最AmRNAstability，but

theinhibitionappearednotto曲ctthemmaccunndabnintheAGtranSfornant．Theresult

impliestheexpedmtalproblemofnorthemanalysisin which only thequantity ofthe

transcdptisobserved，butthequality ofthe transcript can notbe distinguished．h也e

Chloroplast，tranSCriptsexistintheseveralstates，andeuhbansc＊tshouldactdi飴rentlyinthe

geneexpression・Providingthatmostofthem睨mdeculesarenotinthepolysoⅡ旭－bound

fraction，buslatablewanscriptsshouldbequitesmanrdadⅦtOthetotalanMmI止OfmRNAs．

Consequendy，destabihedmRNAsbytranSladonwinbesm劇enoughsothatthechaqgeofthe

血RNAaccumiationisvirbanyindistinguishable・Consideringthishypothesis，thechangeSOf

mRNAstabnitie＄bytranSladoninhibitionfortheli・CL，PSbA，明媚，andthepetDmightbe

ObseⅣedby m vivo pulseand chase expermt・h this case，CO＝BanSladonalmRNA

degradad皿Canratherbeageneralmhanisminthechlorpplast・馳m喝State＄Ofthebanscript，

influencedbythepQlysomeassembly，andpromgthatm止ethemdeculefuncBonalshould

beconsideredtounderstandtheefftctoftranSlationonmRNAstability・
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Thechloroplastasamodelfbrtheunderstandingoftranslation mechanism．

ThemolecularPrmSOftranSladonhasnotbeendescdbedasaconceptualsense・Oneofthe

reasonisthenuⅡ旭rOuSfactorsexistinthiscomplicatedsystem．Also，Onehastoconsiderthe

肋tofhanscriptionandpost－tranSCriptiontotranSladonbwof也esequenceinthege

expression．Moreover，inthecase ofE coli，tranSCripts，aS坤S Of tranSlation，are
unStablewithhalf－livesofminute＄thatm血themanipuladonofdleeXPe血tdifncult．h

thissense，thechloroplastwillbeagood mddfor translationinprokaryotes becauseits

tranSCriptsarereladⅦlystablewiththe half－livesofhours，favorableforthe

mmipul壬山ons・

Inbacteria，tranSCriptionandtranSlationaresynchronized・Ontheotherhand，也echloroplast

COntainsthelargepopulationofribosoⅡ蛤－betranSCripts・Because ofsuch divergence，也e

COmParisonoftranSladonmachinerybetween也echloroplastandbacteriaalsosecmsattractive．

A modelfbr the chloroplast gene expression．

From叩dataandpreviousresults，Ipresurrw也echlorqplastgeneexpressionasfo1lows．

First，tranSCriptionofthegenesareenhanCedbytheenvironnwntalsignals，andinsomecases，

thecodingsequenceenhanCeStranSCriptionactivity・AportionofthetranSCriptsistranSlated

SOOnaftertranSCription，andothersgotothemRNApqpulationinwhichthetranSCriptsexistas

thepolysome一触fractionandinconTPetentfortranSlation，reSultingthem血reof也edi飴rent

State＄Ofthetranscripts・Tus＝iRNAmi血maycon扇butetothecellsinp陀paradonforthe

quick response to environⅡ妃ntalchangeS・A polysoⅡ蛤一触e psbA mRNAfraction was

血noprecipitatedbyantibodiesagaidtdbaccochlorpplastRNAbindingproteins（Sugitaand
Sugiura，1996），SuggeStingdlatthepolysome一伽托mRNAm叩bestabilizedbytheproteins

Withfo血ngastableRNA－PrOteincopplex・Inthisstage，aCOmPlicatedsignalnetworkmay

曲cttheHimstability・On捉theenviro皿tChaJlgeS（e・g．，ShiftingfromdadEtOlight），

dbosoⅡ妃SandtranSlationapparatusbindtothe5’qendofthehanSCriptthate裏stsinthemm

mixture・恥5’－UTRsequenceregulates血etranSlationefnciency（ChapterⅣ），PreSumably

COntrOll血gthisribosomalentry－ingeneral，thisstepistherate－1imitingintrazLSlation．Tbe5，一

UTRbindingproteinsmightalsoesco止thisribosomeassembly．Eventhe3’－UTRiscridcalfor

thisstep（Rottetal・，1998a），SuggeStingtheinterac也onbetwecnbothendsofthetranSCript．Tbe

PrOCeSSingofthe5’－UTRmaybeinidatedatthesむne血近PmickandMayfield，1998）．Tbis

SynChronizationm町betherewnwhychangeSin血eRuBisCOlargesubmitsynthesisin

respmsetolightlevelscoincidewiththechangeSinprccessingoftheTbcL5’－UTR（Shapira鱒

al．，1997）．A氏ertheribosomebindingandtheprocessing，thetranSCriptmayloseaportionof

the5，－UTRanditsbindingproteins・Sti11，thetranSCriptmaybestableinthisstagesinceitis

PrOteCtedbyribosomeitselforthetranSladonapparatus・WhenthesignalinitiatestranSlation

elongation－thisstepisalsocridcalfortranSladoninthechloroplast匹dboferetal．，1998），

ribosoⅡ旭and tranSladon apparattlS Slide onthetranSCript．Then，ribosomeand厩mdadon
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apparattlSm叩interruPttheassociationoftheUTRswithbindingproteinsthatprotect＝iRNA

fromdegradation・T鮎sinterruptioncantakeplaceatthe5，－UTR，COdingsequence，Orthe3，－

tnRA∝Ordingly，tranSlationm叩influence＝iRNAstability．A触tranSladon，也eproductis

mod通edtobefunctional・Anu血berofbiochemicalanalysisshowthisstepisalso血p此mt

andshouldbeconsideredforthecomprehensivemielofthechloroplastgeneexpression・
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