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INTRODUCTION

Beingsessile，Plantsarefbrcedbynaturetoencounterseveralkinds

OfbiologlCalandenvironmentalstresses・Wbundingcausedbyanimalsand

SOmemechanicalstressesisobviouslyoneofthemqorstressesforplantS．

Whenplantsarewounded，thecellsa句acenttothewoundsiteareexposed

totheenvironmentandareverypronetoinfbctionbybacteria，fungi，and

ViruSeS・Inordertohealthewoundandpreventfunherdamage，Plantsarm

themselveswithvariousdeftnse－reSPOnSemeChanisms・Thesemechanisms

invoIvetheactionsofseveralkindsofproteinsthatfunctioninthewound

healingand／ordefhseprocesses・Theaccumulationsoftheseproteinsare

usuallyprecededbythe accumulationofthe correspondingmRNAs

indicatlngthattheexpressionofthegenesencodingtheseproteinsis

regulatedattranscrlPtlOnSteP・

The DNAsequences determinlng the timlng and thelevelof

transcrlPtlOnaregenericallyreferredtoas＝promoters＝・Whiletheminimal

（basal）1eveloftranSCriptioncanbesupportedbyabasaltranscription

machinery assembled on the core promoter elements，the enhanced

tranSCrlPtlOnaCtivityofageneinresponsestoenvirormentalfactors－in

thiscase，WOundsignals－requiresthespecincinteraction（s）between

regulatorytranscriptionfactor（transfactor）anditstargetrecognitionsite

（cLselement）onthepromoterregion・Therefore，theinteractionbetweenthe

WOund－reSPOnSivetransfactoranditstargetedcLselementisoneofthemost

impohantstepsthatcontrolthe＝on／offswitch”ofthedefhse－reSPOnSe

Inattemptstounderstandthemechanismsusedbyplantstoactivate

thetranscrlPtlOnOftheirdeftnsegenes，PrOmOterSOfseveralwound－

inducible genes were studied・Although some wound－reSPOnSive cLs

elementswereisolated（seeChapterI：LiteratureReview），thefunctional
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relationshipbetweentheseelementsandthehspecinctransfactorlnPlanta

remainsambiguous．

Wththeirabilitiestogenerateslngletoxygen，remOVehydrogen

PerOXide，andregulatebiosynthesis／degradationoflignln，Plantperoxidases

（EC・1・11・1・7）areamongtheproteinsthatplayimportantrolesinthe

WOund－healing and deftnse processes・Although the expression of

PerOXidasegenes鮎mseveralplantSPeCiesareknowntobeinducedby

WOunding，1ittleisknownaboutthemolecularmechanismsunderlyingthe

WOund－inducedexpressionofplantperoxidasegenes・Togalninsightinto

thismauer，WeSetOuraimtoisolateandcharacterizethewound－reSPOnSive

CLselementandt7mSfactorofap7TC2gene，Whichencodesawound－

induciblehorseradishperoxidase．
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CHAPTERI

LITERATURE REVIEW

SIGNALTRANSDUCTIONPATHWAYLEADINGTO
EXPRESSIONOFWOUNI）－RESPONSIVEGENES

Inresponsetomechanicalwounding，Plantsactivateasetofwound＿

healinganddefhseproteinsbyacomplexslgnalingnetworktriggeredby

WOundsignalsgeneratedlocallyatwoundsiteorsystemicallyatdistance．

Currently，SOmeCOmPOnentSinvoIvedinthetransductionofwoundsignals

inthisnetworkhavebeenidentinedintomato，POtatO，tObacco，and

ArabidQpsLs・Evidencesaccumulateduntilnowsuggestthattheslgnal－

transductionpathwaysleadingtothewound－inducedexpressionofdeftnse

genesintheseplantsaredifftrent．

Insolanaceaeplants（tomatoandpotato），01igosaccharides，SyStemin，

jasmonicacid（JA），abscisicacid（ABA），ethylene，andelectricsignalsare

thecomponentsofthecomplexslgnaltransductionpathwaysleadingtothe

expressionofgenesencodingproteinaseinhibitors（PIs）andothersystemic

WOundresponseproteins（SWRPs）（Bishopetal・，1984；Doaresetal．，1995；

0－Donnelletal・，1996；Pearceetal・，1991；Pena－Corteetal・，1995；Weiss

andBevan，1991；Wildonetal・，1992）・Botholigosaccharides（localsignal）

andsystemin（systemicsignal）producedinresponsetowoundingactivate

theoctadecanoidpathwayleadingtothesynthesisofJA，Whichintum

activatetheproduction／activationofthePIsandtheSWRPsintheplants

（Bergeyetal・，1996；Doaresetal・，1995；Howeetal・，1996）・Inaddition，

ethyleneamplifytheefftctofJAleadingtothemaximumlevelofwound

responses（0－Donnelletal・，1996）・Theseevidencessuggestthattomatoand
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tOmatouseauninedwound－Signalingpathway，WhichoperatethroughJAto

activatetheexpressionofthesamesetofgenesinbothlocalandsystemic

tissues・Howeveち0，Donelletal・（0・Dormelletal・，1998）arguedthatJA－

independentwound－Signalingpathwaymightalsoexistintomatobecuse

thisuninedwound－Signalingpathwaymodelfailstoexplainthefactthat

difftrentsetofproteinsareaccumulatedinlocalandsystemictissuesin

tOmatOPlants（DalkinandBowles，1989；Lightneretal・，1993）．Basedon

reCenteVidencesandareviewbyRyan（Ryan・2000），amOdelrepresenting

thewound－inducedexpressionofthepin2geneisshowninFigurel－1．

Similartopotatoandtomato，thepathwayleadingtotheexpressionof

defhsegenesintobacco－anOthermemberofthesolanaceaesubfamily－

isalsoregulatedbyethylene（Nikietal・，1998）andJA（Seoetal・，1995）．

Howeveuhereisnoevidencefortheexistenceofsysteminorotherpeptide
hormoneintobacco．

Incontrasttothesolanaceousplants，Rqjoelal・（1999）foundthat

JAandoligosaccharidesinArab城画thalianaantagonisticallytrlgger

difftrentwound－Signalingpathways，WhichinturnaCtivatediffbrentsetsof

genesinlocalandsystemictissues・Inlocaltissues，theyfoundthat

Oligosaccharidesinduce the expression ofa specinc set ofwound－

responsivegeneswhilerepresstheexpressionofseveralJAresponsive

genesthatareactivatedinthesystemictissues（Figurel－2）・Theyalso

reportedthatthisoligosaccharide－mediatedrepressionoftheJA－dependent

SlgnalingpathwaylSeXertedthroughtheproductionandtheperceptlOnOf

ethyleneinlocaltissues．

MECHANISMSUNDERLYINGTRANSCRIPTIONAL
REGULATIONOFWOUND－RESPONSIVEGENES

Str＄SS－induced metabolic changes are often caused by altered

PatternSOfgeneexpressionandthisisalsotrueinthecaseofwound－
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inducedmetabolicchangesinplants・Theaccumulationsofmqiorityofthe

PrOteinsthatfunctioninthewound－healingand／ordeftnseprocessesare

PreCeded by the accumulations ofthe corresponding mRNAs．This

Phenomenonindicatesthattheexpressionsofthegenesencodingthese

WOund－reSPOnSiveproteinsareregulatedattranscrlPtlOnSteP・Examplesof

thegenesthataretranSCrlPtiona11yactivatedunderwoundstressaretomato

tqpl／tq，2encodingperoxidase（Mohanetal・，1993），Arabi如sねmLl

encodingphenylalanineammonia－1yase（Ohletal・，1990），tObaccogmLl

encodingphenylalaninearrmonia－1yase（Fukasawa－Akadaetal・，1996），

tOmatOAFRencodingascotbatefree，radicalreductase（Grantzetal・，1995），

maizeCOMTencodingcaffticacidO－methyltransftrase（Capelladesetal．，

1996），POtatOPinlWencodingproteinaseinhibitor（Palmetal・，1990），and

tOmatOPin2encodingproteinaseinhibitor－2（StankovicandDavies，1996）．

SincetranscrlPtlOnalregulationofgeneexpressioninvoIvesinteraction

betweenspecincnucleart7mSfactoranditstargetcLselementonthe

COrreSPOndingpromoter，PrOmOterSOfseveralwound－reSPOnSivegeneswere

analyzed．

Asearlyasin1989，Siebertzelal・（1989）havestudiedapromoterof

aPOtatOWOund－induciblegene，Wunl，andreportedthatcねelementrequired

forthewound－inducedexpressionofwunlmightlocatedattheposition

between－571to－1022bpfromtranscrlPtlOnalstartsite；however，nOdetail

StudyhasbeendoneinordertospecifytlocationorsequenceofthecLs

element・In1990，aStudyofapromoterofArabi如sLsthalianaPALlgene

haslocatedthewound－reSPOnSivecLselementofthispromotertothe

POSitionbetween－290to－540bpfromthetransciptionstartsite（Ohletal．，

1990）・Again，theprecisepositionandthesequenceofthecLselementwere

notdescribed・In1994，Clarkeetal・rePOrtedthatpromoterofthewin6gene，

Whichencodesapoplarchitinase，COntainsregulatoryelementsthatare

responsivetowoundsignalsinheterologoushostsincetheexpressionof

Win6promoter：：β－glucu7midbse但U9chimericgenewasinc，eaSedin
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reSPOnSetOWOundinglocallyandsystemicallylntransgenictobaccoplantS

（Clarkeetal．，1994）．

Thehuntfortransfactorworkingasan＝onswitch＝fortheexpressionof

WOund－induciblegeneswasstartedin1990whenPalmetal・rePOrtedthe

interactionbetweennuclearprotein（s）fromwoundedtomatoleavesanda

lO－bpsequencewithinthepromoterreglOnOfthewound－induciblepotato

PrOteinaseinhibitorIIKbin－DK）geneandproposedthatthisbindingcould

regulatethewoundresponsivenessofthepin－ⅨpromoteLTheonlyreport

Onthefudingofawound－reSPOnSivetransfactorbetweenthen（1990）and

now（2001）isthereportonthe血dingthatinteractionbetweenatrans

factorinWRKYfamily（reviewedbyEulgemetal・，2000）anditstargeted

WlboxelementregulatestheexpressionofabarleyH化oxlgenein

responsetoJA（Rousteretal．，1997）．

Interestingly，theexpressionofseveraltranscrlPtionfactorsareregulated

bywoundstress，forexample，theexpressionofW7ZZ，Whichencodesa

tobaccotranscriptionfactorintheWRKYfami1y（Haraetal・，2000），the

expression of ethylene－reSPOnSive tranSCrlPtlOn factorsin

（Ftjimotoetal・，2000），theexpressionofPti4，Whichencodesatomato

transcriptionfactorthatbindtoethylene－reSPOnSiveelement（Tharaetal．，

1999），andtheexpressionofZPT2－2，Whichencodesapetuniazinc－hger

tranSCriptionfactor（vanDerKroletal・，1999）・Howeveりhereisnodirect

evidencefbrthefunctionofthesetranscrlPtionfactorsinthewound－induced

expressionoftheirtargetgenes・Infact・itisnotknownwhetherthetarget

genesofsomeofthesetranSCrlPtionfactorsaretranSCrlPtlOnallyactivated

bywoundstress・IsolationofthetargetedcLselementsofthesetransfactors

andcharacterizationofthewound－Signalingpathwaysleadingtotheir

eXPreSSionwillglVeuSabetterviewoftheslgnal－tranSductionpathway

leadingtothewound－inducedexpressionofdefbnsegenesinplants．
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WOUND一川DUCEDEXPRESSIONOFPLANT

Plantperoxidases（EC・l・11・1・7）areamOngtheproteinsworkingin

thewound－healingand／ordeftnseprocessesduetotheirabilitiestogenerate

Singletoxygen（Kanofbky，1988），remOVehydrogenperoxide（Bakeretal．，

2000），andregulateligninbiosynthesis／degradation（MaderandFBssl，1982；

Quirogaetal・，2000）・Althoughtheexpressionofperoxidasegenes丘om

SeVeralplantspeciesareknowntobeinducedbywounding（Cunisetal．，

1997；Hiragaetal■，2000；Huhetal・，1997；Ishigeetal・，1993；Itoetal．，

1994；Mohanetal・，1993；RobertsandKolattukudy，1989），1ittleisknow

aboutthemolecularmechanismunderlyingthewound－inducedexpression

Ofplantperoxidasegenes．
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genes（Ryan，2000）．
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Figurel－2・AmodelfbrwoundsignaltransductioninArabi勿フSね
thalian？・The putative roles ofendogenous oligosaccharides（OGA），
jasmontc apid（JA），andethylenein．theactivationofdefhse gene
eXPreSSlOnlnWOundedleafandsystemlCleafofArabi如sLfth。Ii。n。a，e
Shown・Arrowsindicatepositiveregulationandblmt－endedlineindicates
negativeregulation・Inthismodel，eXPreSSipnsofcholinekinase（CK）and
昭3areactivatedinwoundedleafExpresslOnSOfLml，JR2，andvegetative
StOrageprotein（V5P）are suppressedinwoundedleafbutactivatedin
SyStemicleaf（R句oetal．1999）．
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CHAPTERII

ISOLATIONOFAWOUND－RESPONSIVE

CISELEMENTOFprxC2PROMOTER

INTRODUCTION

Previously，Weisolatedaperoxidasegenenamedp7TC2（Ftdiyamaet

al・，1990）fromhorseradishandfoundthat，likemostoftheplantperoxidase

genes，thetranscrlPtionoftheppxC2geneisactivatedbywoundtreatment

（Figure2－1）（Kawaokaetal・，1994a）・Moreover，Wefoundthatpromoterof

thep7TC2generetainsitswound－reSPOnSiveactivityevenintobaccoplants

implyingtheexistenceofanalogousregulatorymechanismsinthe2plant

SPeCies（Figure2－2）・Tounderstandmolecularmechanismunderlyingthe

WOund－induced expression ofplantperoxidase genes，We Studied the

molecularmechanismsunderlyingthewoundresponsivenessofthep7TC2

PrOmOterindetail．

Asaresultfroma5，－deletionanalysIS，aPOSitivecねelementofthe

P7TC2promoterwaspreviouslyfbundatapositionbetween－296and－283

bp丘omtheinitiationsiteoftranslation（Kawaokaetal・，1994b）．Thiscね

elementcontainsaCACGTGsequence，WhichisacoremotifofGbox，a

COrrmOnCねelementinvoIvesinresponsestoenvironmentalstressessuchas

WOundingandUVlight（Staigeretal・，1989）・TheexistenceofaG－box

bindingproteininnuclearproteinextractedfromwoundedtobaccoleafwas

alsocon血medbygelshiRassay；andconsequently”DNAencodingaG－

boxbindingprotein，TFHP－1（gans－aCting互actorofBorseradish宣eroxidase

l），WaSisolated（Kawaokaetal・，1994b）・ThefunctionsofTFHP－1andG
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boxinthewoundresponsivenessofthep77C2promoteちhowever，remain

unclear・Inthischapter，reSultsfromfunherinternal－deletionanalysISOfthe

P77C？promoterinordertoidentifyawound－reSPOnSivecねelementofthe

P㍑C2promoterarereported．
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MATERIALSAND METHODS

PIasmidconstructions

ConstruCtionofchimericgeneswasperformedfbllowmgthemethod

OfManiatisetal・（Maniatisetal・，1982）・AlOOO－bp鮎gmentofthep77C2

PrOmOter（Figure2－3）wasinsertedinfrontoftheGUSreportergenein

PBIlOIplasmidandtheresultingplasmid（－1000p7TC2：‥GUginpBIlOl）

WaSuSedasatemplateforPCR－aSSistedconstruCtionsoftheconstruCtSuSed

inthetransformationsoftobaccoBY2protoplastsandtobaccoplantS．For

COnStruCtSuSedintransientexpressionassaylnPrOtOPlastsoftobaccoBY2

Cells（pG123：‥GUS，PG12：：GUS，PGl：：GUS，PG：‥GUS，PG13：：GUS，

PG3：‥GUS，andp3‥：GUS），theoligonucleotideprimersshowninFigure2－4

WereuSedtogeneratevariousPCRfragments，Whichwerereconstitutedinto

theinternal－deletionconstruCtSfo1lowmgthestepsshowninFigure2－5．The

P：‥GUS construCtWaS Obtainedbysequentialdigestion ofthe

PrOmOterWithexonucleaseIIIandmungbeannuclease（Kawaoka，1992）．

FortheconstruCtSuSedtotransformtObaccoplantS（E△G，△POR△PAL，

andr払L；Figure2－11），the－1000p7TC2：‥GUFinpBIlOIwasuseasa

templatefortheoligonucleotidepr皿erSShowninFigure2－6togenerate

VariousPCRfhgments，Whichwerereconstitutedtogenerateinternal－

deletionconstruCtSfo1lowlngthestepsshowninFigure2－7．Them払L

COnStruCtWaSgeneratedbyrecombinantPCRteclmiqueshowninFigure2－
8．

Tobaccosuspensionculbrecells，NicotianatobacumL・CVBright

Ⅵ1low2（BY2），WeregrowninamodinedliquidLinmaierandSkoog（LS）

mediumpH5・8（Nagataetal・，1981）・Thecellswerecultivatedinthis
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mediumat27OCinthedarkorbitalshaker（BR－3000，Taitec，Saitama，Japan）

at130rpm・Tomaintainthecells，2mlofa7－day－01dculturewas

transftrredtoa95－mlfreshLSmedium．

Tobaccoplants，NicotianalabacumL・CVPetitHavanaSR－1，Were

grownin25OCgreenhousewith16－hlightand8－hdarkcycle．

TransientexpressionassayintobaccoBY2protop）asts

AsuspensioncultureofNicotianatobacumL・CVBY2cellswas

grOWnat28OCfor4dinLSmediumcontainlngO・2mg／lof2，4－

dichlorophenoxyaceticacid，3％sucrose，100mg／lof〝γ0－inositol，andl

mg／lofthiamine－HCl，PH5・8（Nagata，1987）・Protoplastswerepreparedby

incubatingtheBY2cellswithO・1％PectolyaseY23（Seishin，Tokyo，Jqpan）

andl％CellulaseOnozukaRS（Yakult，Tokyo，Japan）inaO．4MmannitoI

SOlution（pH5・5）for2hat30。C・The3×106protoplastsweremixedwith20

PgOfplasmidDNAin1mlofelectroporationbufhr（5mMMES，70mM

KCl，0・3Mmannitol，PH5■8）・Theelectroporationwascarriedoutwithtwo

rectangularpulsesof200psat300VwithaO・1－Sintervalacrossao．4cm

Path，uSingtheElectroGeneTransftrSystem（Shimazu，Tokyo，Japan）．The

resultingprotoplastswereincubatedintheLSmediumcontainlngO・4M

mamitolfor24hat250Cindarkness・TheprotoplastswereharveStedand

theGUSactivityincrudeproteinextractedfromtheprotoplastswas
measured．

PJanttransformation

TbbaccoplantSWeretranSfbrmedwithAg7Vbacteriumtumqfbciens

EHAlO5usingleafdisktransfbrmationmethod（Rogersetal・，1986）．

TobaccoplantS tranSformedwiththeconstruCtSinpBI121plasmids

（Clontech，PaloAlto，CA，USA）wereselectedinMSmedium（Murashige
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andSkoog，1962）containinglOOpg／mlkanamycin・ThepresentoftheGUg

tranSgeneinalltransgenicplantswascon丘medbygenomicPCRuslng

PrlmerSthatamplifytheGUScodingreglOn．

RNAextraction：ATAmethod

Tobaccoleavesweregroundin1iquidnitrogenandextractedwithl

mlofAmextractionbufftr（50mMTris－HCLpH8・0，300mMNaCl，5

mMEDTA，2％w／vSDS，2％w／vNa－triisopropylnaphthalenesulfonate，2

mMaurintricarboxylicacid（ATA），and12・6mM2－merCaPtOethnol）．After

theadditionof140plof3MKCL，themixturewasincubatedonicefor15

min，andwascentrifugedat9，00Ogfor5minat4OC．TotalRNAwas

PreCIPltatedftomthesupematantbyadditionof440ploflOMLiCl，

incubationonicefor4h，andcentrifugationat12，000gfor20minat40C．

ThepelletoftotalRNAswasresuspendedin400plofsteri1edistilledwater

andwasextractedtwicewithlxvolumeofphenol‥Chloroform‥isoamyl

alcohol（25：24‥1）・0・1×volumeof5MNaCland2．5×volumeofabsolute

ethanoIwereaddedtotheaqueousphaseandtheRNAwasprecIPltatedby

Centrifugationat12，000gfbr20minat40C・Thepelletwaswashedwith

70％vルethanol，VaCuumdried，andresuspendedin30plofsteriledistilled

Caution：ATAisapotentialcarcinogenandRNAisolatedby

methodcannotbeusedintheexperimentsthatrequiredenzyme（including

Rnase）reaction．

NorthernbIotanaJysis

TotalRNA（20pg）isolatedbyÅ払methodwasfhctionatedona

l・5％agarose－16％fbrmaldehydegelandblottedontoanylonmembrane

（HybondN，AmershamPharmaciaBiotech，Bucks，UK）using20×SSC
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bu晩r（3MNaCl，0・3MC6H5Na307・2H20，PH7・0）astransftrsolution．

Afteruvcross－1inking，themembranewashybridizedovemightat430C

With32p－1abeledprobeinChurchhybrid近ationbufftr（7％w／vSDS，0．5M

NaPO4，0・25MNaCl，1mMEDTA；ChurchandGilbert，1984）containing

l％w／vbovineserumalbumin（BSA）and50％vルformamide．The

membranewaswashedwithlxSSC－0・1％SDSbufftrat43。Candexposed

OVernightat－800CtoX－ray茄lmforautoradiograph．

AssayofGUSactiv吋

CrudeproteinswereextractedfromtobaccoBY2protoplastsor

tobaccoleavesusingGUSlysisbu飽r（50mMsodiumphosphatebu脆rpH

7・0，10mMEDTAandlOmM2－merCaPtOethan01）．Inthecaseoftobacco

BY2protoplasts，theprotoplastswereharveStedfromthemediumby

Centrifugationat3，000rpmfor5minat40C・Theprotoplastpelletwas

dissoIvedinGUSlysisbu脆randsonicatedonice・Inthecaseoftobacco

leaves，theleavesweregroundto血epowderinliquidnitrogenandthe

CrudeproteinwasextractedwithGUSlysisbu脆r・Aftercentrifugationat

lO，000rpmfbrlOminat40C，GUSactivityinthesupematant（crude

SOluble－PrOteinextract）wasmeasuredbynuorescenceassaymethodusing

4－methyl－umbelliftrylglucuromideasasubstrate（Jefftrsonetal・，1987）．

TheGUSactivitywasdescribedasnmolofmethyl－umbelliftroneper

minutepermgprotein・ProteinconcentrationwasquantinedbyBradfbrd

method（Bradford，1976）．

NucJearPrOteinextraction

Nuclearproteinswereextracted丘omhealthyandwoundedtobacco

leaves byStaigermethod（Staigeretal・，1989）・Tobaccoleaveswere

homogenizedinNibufftr（25mMMES，0・25Msucrose，5mMEDTA，10
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mMKCl，0・5mMDTT，0・5mMPMSF）containingO・3％vルNP－40andO．5

mM spermidine・The mixture was re－homogenized with polytron

homoglnizerandmtratedthroughMIRAcloth・Themtratewascentrifuged

at5，000gfbrlOminat40CandthepelletwaswashedoncewithNibuffbr

COntainlngO・3％v／vNP－40andtwicewithNibufftLThepelletwas

dissoIvedin3×volumeofNEbufftr（25mMHEPES，5％vルglycerol，0．1

mMEDTA，420mMKCl，0・5mMDTT，0・5mMPMSF，1pMleupeptln，1

PMpepstatin）andtheresultingmixturewassonicatedandincubatedonice

fbr45min・Aftertheincubation，themixturewascentrifugeat42，500rpm

for45minat40Candthesupematantwasdialyzedat4OCovemightin

dialysisbuffbr（25mMHEPESpH7■8，20％v／vglycerol，0・1mMEDTA，

50mM KCl，14mM2－merCaPtOethan01）・Proteinconcentration was

quantinedbyBradfordmethod（Bradford，1976）・Thenuclearprotein

extractwasstockedat－200C．

Woundtreatment

Fornuclearproteinextraction，1eavesofgreenhouse－grOWntObacco

Plantswerecutbyscissorsandsoakedin50mMsodiumphosphatebufftr

（pH7・0）for4hat250Cundercontinuouslight・Fornorthemblotanalysis

andassayofGUSactivity，1eavesofgreenhouse，grOWntObaccoplantswere

Cutbysurgicalbladeintosmallpieces（～3rrm2）andnoatedon50mM

SOdiumphosphatebuffbr（pH7・0）at250Cundercontinuouslightfor120r

30h．

Gels血i魚assay

TheDNA－PrOteinbindingreactionwascarriedoutina20－Pl

reactionmixturecontainlng2ngofradio－1abeledDNAprobe，2pgof

nuclearproteinextract，andlpgofpoly（dI－dC）（PharmaciaBiotechBucks，
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UK）inbindingbufftr（10mMTris－HCIpH8・0，80mMHCl，0・016％NP40，

7・5％glycerol，andlmMDTT）・Thereactionmixtureswerepre－incubated

at230Cfor15min，mixedwithradio－1abeledDNAprobe，andincubatedat

230Cfor30min・Eachsamplewasappliedwithoutdyeontoa5％native

POlyacrylamidegelin0・5×TBEbu飽randthegelwas subjectedto

electrophoresisfor70minat15V／cmin0・5xTBEbufftLFollowmgthe

electrophoresis，thegelwasdriedandexposedovemighttoX－ray創mat－

800Cforautoradiograph・Forthecompetitivebindingassay，50ngorlOOng

Ofnon－labeledprobewasaddedtothereactionmixtureatthepre－incubation

SteP．
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RESULTS

Che）ementcontainingasequencesimi1artoPAL－boxandBox－P

COnSenSuSSequenCeSisrequiredfbractivityofpnC？promoterin

tobaccoprotopJasts

InsearchofanovelcLselementofthep7TC2promoter，further

functionalanalysisofthepromoterwasperformed・Previously，Wefound

thatacねelementcontainingG－boxconsensussequenceisnecessaryforthe

activityofp7TC2promoterirrespectiveofwoundstress（Kawaokaetal．，

1994b）；therefore，here，aSeriesofpromoterdeletionwasmadebetweenthe

GboxandtheCAATbox（Figure2－9）・Internaldeletionseriesofthep7TC2

PrOmOterfusedwiththeGUgreportergenewereintroducedintoprotoplasts

OftobaccoBY2cellsbyelectroporationandtheGUSactivityofcrude

PrOteinextractedfromtheprotoplastswasmeasuredafter24hofincubation．

Considering the stressimposedto the BY2cells by theprotoplast

PreParationandtheelectroporationprocesses，WeaSSumedthattheGUS

activitydetectedinthisexperimentrepresentsthelevelofGtLgevression

drivenbythep77C2promoterunderwoundcondition・Therelativevaluesof

theGUSactivltyObtainedfromeachconstruCtareSurrmarizedinFigure2－9．

As expected，highlevelofGUSactivitywasobtainedinprotoplasts

transfbrmedwiththeGUSreportergeneunderthecontroloftheintact

P7TC2promoter（pG123：：GUS）・Wefbundthatthedeletionofregion3

alone（pG12‥‥GUS）gaveasignincantdecreaseintheGUSactivity

COmParabletothatdetectedinthetripledeletionofreglOnSl，2，and3

（pG：‥GUS）・Moreover，theconstruCtWithadoubledeletionofregionsland

2，Whichresultedinthepresenceofregion3withtheG－box（pG3‥‥GUS），

gave high GUS activitycomparable to that ofthe positive control

（pG123：：GUS）construCt・Therefore，WeCOnCludethatanewpositivecLf
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elementofthep7TC2promoteちWhichfunctionsincombinationwiththe

PreviouslyfoundGbox，locateswithinreg10n3atapositionbetween－177

and－135bpfromthetranslationstartsite・ThesequenceofthiscLselement

isshowninFigure2－10（A）・Thissequencesharessomesimi1aritywiththe

COnSenSuSSequenceofPAL－boxandBox－Pelements，Whichareelicitor

responsivecLselementsfoundinthepromoterofaparsley（タetpvselinum

Cr如um）phenylalanineammonia－1yasegene（Logemametal．，1995；Lois

etal・，1989）（Figure2－10（B））・WtnamedthiscLs－elementpopfor旦AL－box

relatedcねelementgfp7TC2promoter．

PAL－boxrelatedcLselementofpfXC2promoter（POP）functionsasa

WOund－reSPOnSivecLselementin

InordertoinvestigatethefunctionalrelationshipbetweenthePOP

elementandthewound－inducedexpressionofthep7TC2gene，WeeXamined

WhetherdeletionofthePOPelementfromthep7TC＝promotercouldhinder

itswound－reSPOnSivepromoteractivity・SixkindsofpromoterconstruCtS

ShowninFigure2－11wereusedtodirecttheexpressionoftheGt＄reporter

geneintobaccoplantsandthetransgenictobaccoplantSWerenamedaRer

theconstruCtuSedtotransfbrmthem－inFconstruCt，theGUgreportergene

WaSPutunderthecontrolofanintactp7TC2promoteL Northemblot

analysISWaSusedtodeterminethelevelofGUSexpressioninhealthyand

WOundedleavesofthetransgenicplants・AsshowninFigure2－12，high

levelofwound－inducedexpressionoftheGtLSgenewasdetectedinF

Plants，butnotin△G，△POR△PAL，mPAL，andrPALplantS．Inconsistent

withtheexpressionlevel，highlevelofwound－inducedGUSactivitywas

detectedonlyinthecrudeproteinsextractedfromwoundedleavesoftheF

PlantS（Figure2－13）・TheseresultsindicatethatthePOPelementfunctions

aSaWOund－reSPOnSivecLselementofthep7TC2promoterlnPh7nta．
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Nuclearprotein（S）f（omtobaccoJeavesspeciLicaJlyinteractswithPOP

Tocon茄rmtheexistenceofnucleartransfactorbindingtothePOP

element，WePerformedgelshiftassaytoinvestigatetheinteractionbetween

nuclearproteinsextractedfromhealthyorwoundedtobaccoleavesandthe

POPelement（Figure2－14）・Inourassay，inordertocon負mthespecincity

OfDNAbindingactivity，nOn－1abeledprobeP（POPelement）andnon－

1abeledprobemP（POPelementwitha2－basesubstitutioninthePAL－box

region）werealsousedascompetitors・AsshowninFigure2－14，Wefound

thatnuclearproteinsfrombothhealthyandwoundedtobaccoleavescould

bindtothePOPelementinthisassaywithdifftrentbindingpaaernーthe

nuclearproteinsextracted丘omwoundedtobaccoleavesgavehigher

intensityoftheslow－mOVingshiftband，Whichrepresentsahigherorderof

COmPlexityoftheprotein（s）－DNAinteraction，Whilethenuclearprotein

extracted丘omhealthytobaccoleavesgavehigherintensityofthefast－

mOVmgShiftband，WhichrepresentsalowerorderofcomplexltyOfthe

PrOtein（s）－DNAinteraction・Howeveninbothcases，2shiftbandsobserved

intheabsenceQfthecompetitors（Figure2－14，1aneland6）werecompeted

OutWithanexcessamOuntOfnon－1abeledprobeP（Figure2－14，1ane2，3，5，

and6）butnotwiththenon－1abeledprobemP（Figure2－14，1ane4，5，9，and

lO）suggestingthatnuclearprotein（s）ofbothhealthyandwoundedtobacco

leavescouldbindtothePAL－boxreglOnOfthePOPelementinasequence

SPeCiBcmanner．
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DISCUSSION

UsingtransientexpressionofGtLgreportergeneunderthecontrolof

deletionseriesofp7TC2promoterintobaccoprotoplasts，anOVelpositive

CLselementofthep7TC？promoterwasidenti鮎d・ThiscLselementwas

foundatthepositionbetween－177and－134bpfromthetranslationstart

Siteofthep7XC2transcrlPtandhomologysearchrevealedthatthiscLs

elementcontainsasequencesimilartotheconsensussequenceofPAL－box

andBox－Pelements，Whichareelicitorresponsivecねelementsfoundinthe

PrOmOter region of a parsley（Pet7VSelblum CrtPum）phenylalaLine

arr皿Onia－1yasegene（Loisetal・，1989；Logemannetal・，1995）・Therefore，

WenamedthenewlylSOlatedcLselement＝里AL－boxrelatedcねelementof

P77C2promoter（POP）り・Bydeletionanalysisofthep77C2promoterin

Stably－tranSformedtobaccoplantS，WehaveshownthatdeletionofthePOP

elementfromthep7TC？promoterabolishedthewound－reSPOnSiveactivity

Ofthep7TC2promoterinplanta・Thesameresultwasobtainedwiththe

deletionoftheGboxandthedeletionhnutationofthePAL－boxreglOnOf

thePOPelement・TheseresultsindicatethattheGboxandthePOPelement

arenecessaryfbrthep77C2promotertodrivetheexpressionoftheGUg

rePOrtergeneinresponsetowoundstress；however，neithertheG－boxnor

thePOPelementaloneissufncienttoconftrthewound－inducedexpression

OftheGtLSreportergene・Therefore，WeCOnCludethattheGboxandthe

POPelementfunctioninconcerttocontroIwoundresponsivenessofthe

P7TC2promoterlnPlanta・ThisconclusionhasnotcomeasasurprlSeSince

evidencefbrtheinteractiveactivitybetweentheGboxandothercね

elementsexist：inafunctionalmodelforthetissue－SPeCincexpressionofa

mL2gene（Hattonelal・，1995），theGboxfunctioninconcertwithd騰rent

ACelementsofthemL2promotertodirectacomplexpatternOftissue－
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SPeCiBcexpressionofthemL2gene．

Theexistenceofnuclearprotein（s）thatbindinasequence－SPeCiBc

mannertothe払L－boxreglOnOfthePOPelementwasalsoconhedby

gelshiftassayuslngtheradio－1abeledPOPelementandnuclearproteins

extractedfromtobaccoleaves・Byuslnggelshiftassay，Sanchez－Serranoet

aL（1990）reportedthatnuclearproteinsextractedfrompotatoleavescould

SPeCiBc？11ybindtoaDNAsequenceonthepromoterofapotatowound－

inducibleproteinaseinhibitorIIgeneandthatmechanicalwoundingofthe

leavesgavenoe飴ctontheamountofspeciBcprotein－DNAcomplexes

formed・HoweveちreSultfromourgelshiftassayshowsthatthenuclear

PrOteinsextracted＆omwoundedtobaccoleavesgavehigherintensltyOfthe

Slow－mOVlngShiftband，WhichrepresentsahigherorderofcomplexltyOf

theprotein（s）－DNAinteraction，Whilethenuclearproteinextractedfrom

healthytobaccoleavesgavehigherintensltyOfthefast－mOVlngShi氏band，

Whichrepresentsalowerorderofcomplexityoftheprotein（S）一DNA

interaction・Thisresultimpliesthatseveralproteinsmightbeincorporatedto

theprotein－POPelementcomplexinresponsetowoundstress・Wtsuggest

thatsomeofthenuclearproteinsinthiscomplexconstitutivelybindtothe

POPelementbecausetheyareconstitutivelyproduced／activatedirrespective

Ofwoundstress，WhilesomeofthembindtothePOPelementonlyafter

PlantsareWOundedbecausetheyareproduced／activatedonlyafterplants

SenSeWOundsignals．

In1992，Hildmannet・aL reportedthatjasmonicacidstrongly

induces the mRNA accumulation of a1lof theisolated ABA－

responsive／wound－inducedgenesinpotatoleaves，andthatjasmonicacid

COuldbypasstheinitialrecognltlOneventsrequlrlngABAandtriggersthe

inductionoftheexpressionoftheABA－reSPOnSive／wound－inducedgenesin

ABA－de鮎ientplantS・Theyalsosuggestedtheroleofjasmonicacidasan

intermediateintheslgnalingpathwaythatleadsfromABAaccumulationin

response to wounding to the transcrlPtlOnalactivation ofthe wound＿
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induciblegenes・Methyljasmonate，amethylesterofjasmonicacid，

howeveちgaVe nO efftct on the wound－induced expression ofthe

Arabidps＆glutathione SLtransferase gene（McConn et al・，1997）．

Therefore，eVidences existlng thus far suggest that wound－induced

eXPreSSionofdeftnsegenesinplantscouldberegulatedthroughthemethyl

JaSmOnate－dependent or the methylJaSmOnate－independent pathways・

Interestlngly，aSShowninFigure2－15，aPartOfthePOPelementincluding

thePAL－boxreglOnitselfcontainsasequencesimilartothatofmethyl

jasmonateresponsiveelement（MeJA－RE）oftomatolipoxygenase（LOX）

gene（BeaudoinandRothstein，1997）・Moreover，theexpressionoflegume

PerOXidaseisogenes，5物x6aandSjpx6b，WereinducedattranscrlPtlOnlevel

bybothwoundstressandmethyljasmonatetreatment（Curtisetal・，1997）．

Therefore，Weareinterestedin血dingoutwhethertheexpressionofp77C2

geneisalsoinducedbymethyljasmonateandtheexperimenttotestthe

e脆ctofmethyljasmonateonthewoundresponsivenessofthep㍑C2

PrOmOterisinprogress・Fornow，thepathwaytowhichthewound－induced

expressionofp7TC2geneutilizesremainsunknown；however，itisobvious

thatisolationoftheprotein（s）bindingtothePOPelementwillbean

importantsteptohelpusunderstandthemechanismsthatcontrolthe

WOund－inducedexpressionofthep7TC2gene．
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Figure2－1・Wound－induced expression ofptTC2・TotalRNAs
derivedfrom healthy（O h）and wounded（2，8，and24h）1eaves of
horseradishwereprobedwithradio－1abeledexon40fpnC2gene・Same
blotwasreprobedwithradio－1abeledwheatribosomalDNAforloading
COntrOl（KawaokaeJdJ．1994）．
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Figure2－2・InductionofGUSactivitybywoundinglntranSgenic
tobaccoplantsharboringGUgreportergeneunderthecontrolofp7TC？
PrOmOter（C2），35Spromoter（35S），P7TClapromoter（Cla），andp77Clb
PrOmOter（Clb）・Datashownhere．representthemeanvalueofrelativeGUS

activityof5independenttransgenlCtObaccoplants（Kawaokaetal・1994）．
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ATGCATGATTACATTTAATGCAAATACATGAATTTATCTGCTTATTCAATATTCACTCTT

TTCCTTTCTCGACAATAACCATTGAGAAAAATCAATGTGCAATAAGTGCATCAACTTCGT

ATGAATATGTAAACAGTAAAATCTCTATAAATTAATAm・TrATAAATTATTAAACACTAT

ATGGTAATAAAATCTTCCAGATCCGATTCGAACTAGTGTAAAAATTAACAAAATTTAATA

AAATGATAAAATTATATTTTTTTTTGAAATTTCTAmAAATATATGGTCCTATTTAC

TCATAAGTTAATAATCACACATATATATAAGATAACATATTAATGTATGGTTTTAGTGT

TTTCTAAAAAAATAAATATTATTATAGTTCGTCTCTAAmででATTATATCAAATAATTA

TTATATTGTGTTCCAAACTAGTGAGTTGCAGTATCGCCTATAACTTCATTTCAAAGTAGA

TAACATTTTTTGTAAGTTTCCAALATTATGAATAT∝ATCATm■TCATTTTTATAATCTTA

TAGTTTATGATAGATCATAAATTTGAATTTATAATATATGTGTTTGCAAATTTGCATAAG

AAATTCATTAGTACCTTTTATTTATCGTGTAAATATmTTTIICTAAATATTAAATATTT

AAGTTGAAACTACAAATTTATAAAAATACAAATTGAAmTAAATGTATTCAAAGTACA

TAAAAGAAAAGATTCTATATTATAAAeAgggTATTCmAAATTTTAATCCAATTTGC

CGAAAGAAAACAGAAACTTTTA姐CCACTTTGTACAGAATrATTAAACACATTGTCGTAT

TATCTTCCACATGTAATAAGTCAGGTATTGGATAAGAGTATATTTATACACCACTTGAGT

ACAAATATCTq追豊払ATTCACAAAAAGTAA姐GCCGCCGAGCTTCCTTTTTTGCT呈出呈

AAAGGATTTGTTAAGACGAAACTTTATTCACTCAACTTCAALACCTAACCAAAGAATTTTA

TCTTAGAGAGCAAAGAAAatg

－979

－919

－859

－799

－739

－679

－619

－559

－499

－439

－379

－319

－259

－199

－139

－79

－19

Figure2－3・Nucleotidesequenceofp7TC2promoter．The Gbox
（CACGTG）andtheputativeCAATandTATAsequencesareunderlined．

Lowercaselettersindicatethetranslationstartsiteofp7TC2gene．
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5－＞

1－＞　　　　　7－＞

PrxC2promoter

－1000bp　　く－2
＜－4

く－3

GUS

←6

NOS

Primerl．563TAGA哩工打十rTGTAAG・rTTCC－539
〃伽d‖

Prjmer2　－268ATTAAAATCTGCAGAATATCACGTG－292

Ps月

Primer3．218AATT⊆胆仏AGTGGT口AAAAG－242
尺醐

Primer4　－169cAATAC⊆工墜冬！訂ATTACATGTGGA－193
Psf】

Primer5　－142GAGTA釘GG些汀CTCCAATAATTCA－118
P甜

Primer6　394cGGTGA卿旦CACTmCCCGGC369
Sn∂BI

Primer7．186GTAATA⊆工旦CA旦GTATTGGATAAGAT162

Figure2－4・PCRprlmerSuSedinPCR－aSSistedconstruCtionofan

intemal－deletionseriesofp77C2promoterjoinedtoGUgreportergenefor
transient expression assayin protoplasts oftobacco BY2cells．The

approximateannealingpositionofthePCRprimers（arroYS）onthe－1kb
P7TC2promoter：‥GUStemplateandthesequenceoftheprlmerSareShown．

The designed restriction enzyme sites areindicated and underlined．

Numbersindicatethebasepositionrelativetothetranslationstartsite（＋1）
Oftheク㍑C2gene・
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Figure2－5．pCR－aS＄istdconstruCtionofaninternalJeletionseries

琵篭野菜濫発霹慧憲琵

祷茸’ 3，

Z旺Id

官
respectively・Each録agmentwasclonedintopCRIIplasmid．Asindicatedin

the diagram，触ents Dand E were trans鎚汀ed to SK－plasmidand
舟agments A，B，and C，Wereinsertedin駐皿t Of卸entDandthe
reconstituted hgments（AD，BD，andCD）were tranSferredto pBI221
Plasmid to generate pG：：GUS，PGl：：GUS，and pG12：：GUS construCtS，
respeCtively・Inthesameway，蝕gmentsA，B，andC，Wereinsertedinthnt
OfぬgmentEandthe reconstituted鮎gments（AE，BE，and CE）were
tranSferred to pBI221plasmid to generatepG3：：GUS，pG13＝：GUS，and

pG123：：GUSconstruCtS，reSPeCtively・Forp3；：GUSconstruCtthePstIand
ShaBIdigestedhgmentEwasdirectlyclonelntOPBI221plasmid．
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13→

－1000bp

15，17→

←11
←16，18

8－－＞　　　←9

←10
12→

GUS

←14
［垂］

Primer8　－560GATAACA7TfmGTAAGCTTCC－538
〃／nd＝

Primer9　－135TTGTACTCAAGTGGTGGATCCATATAC－161
β∂mHI

PrimerlO　－168ccAATACCTGACTGGATCCATGTG・191

β∂mHI

Primerll－124ATITAAAGAATATGGATCCTTATAATATA－153

Primer12　－147CACTTGAGTACAAATATCTC GGATCCTTC・119

Primer13　－310AAGATTCTATATTATAAA GGATCCATATTC－281

β∂m川

Primer14　394cGGTGATACGTACACTTITCCCGGCAAT367

5／1∂BI

Primer15　－150cACCACITGAGTGTAAATATCTCC－127

Primer16・127GGAGATAmACACTCAAGTGGTG－150

Primer17　5，－GATCAATCTGTCGACCTGCAG AAGCTTT－3・

Prjmer18　5，－GATCAAAGCTTCTGCAGGTCGACAGATT－3・

Figure2－6・PCR prlmerS uSedin PCR－aSSisted construCtion of

intemal－deletions？riesofp7TC2promoterJOinedtoGtLgreportergenefbr

functiopalanalysIS Of the p7TC2prpmoterin tobacco plants．The

qpproxlmatearmealingpositionoftheprlmerS（arrows）onthe－1kbp7TC2
PrOmOter‥‥GUStemplateandthesequenceoftheprlmerSareShown．The

designedrestrictionenzymesites、areindicatedandunderlined．Numbers

indicatethebasepositionrelativetothetranslationstartsiteofthep77C2
gene・InthesequenceofprlmerS15and16，the2－basesubstitutioninthe

PAL－boxreglOnisshowninboldfontwithunderline・Primers17and18are

randomsequences，WhichwereannealedandusedtosubstitutethePAL－box
reglOnOfthePOPelement．

－29－



←18
17－◆

←11
13－◆

GU＄

8→　　12→　←14

Pr加恰r8

Prlm8r89，1qandll
1←9，10

PCR

F叩帽ntSF，G，andH

〃細別‖

加州

F伯gmenblandJ

点訂mHl

棚

酬

川畑Ill

亡b〝Hl　朋川

川雨＝l　蝕l州　　　　　　　　SrⅦ訓

且nd18

1逐㊤
劇場Bl

P81221

良pRl

P馴221

如Rl

芸諾■

〃棚l　且州　　　　　　　　如8l

〃州‖l

ど加l
㊤
MI

P馴121

Flgure2－7．PCR－aSSistedconstruCtionofintemalJeletionseriesof

PT7C2promoterjoinedtoGUSreportergeneforfunctionalanalysisofthe

言；一芸認諾法慧簑霊宝語認慧£誌慧郡長慧昔
r甲p∝tively・FragmentI甲dJweregener墾dbyPCRusingforward

琵憲蓋璧憲完璧慧崇
reconstituted　卸ent was cloned　into pBI121
COmtmCt，卸e山G w鮎　Clon虎l止l血ont or
reconstituted　伽nt was clonedi
COnStruCt，正昭mentFwasclonedin舟ontof
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8→　　　　　　　く－－／＼－16

15

LeftPCR

凸

凸
5，

凸　　　　←14RightPCR

RemoveprJmerS

＆

Denature／Renature

＋

凸

3’

一一－－－－－－－＿＿＿＿＿＿＿●＿＿3，

5’

3，

3’extension

←14
3，－－…－－－一一一一一－－＿‖＿＿

凸　　pcR

Figure2－8・RecombinantPCRtechniqueusedinconstruCtionof

mPALconstruCt・TheFconstruCtinpBI121wasusedasatemplateforthe
“LeftPCR”andthe＝RightPCR＝uslngPrTmer8inpalrWithprlmer16，and

Prlmer15inpalrWithprlmer14，reSPeCtlVely・TheproductsofthesePCR

reactions，Whicharepartlyoverlapped（complementarytoe？Chothers）and
COntainthesamemutationintroducedintothePALboxreglOnOfthePOP
element，Weredenaturedandallowedtore－armealtogether．There－annealed

PrOductswithrecessive3，endswereextendedbyDNApolymeraseto

PrOducefragmentsthatarethesumoftheleftandtherightPCRproducts．
ThesefragmentswereusedastemplateforthesecondroundofPCRuslng
PrlmerS8and14・TheresultingPCRproductsweredigestedwithmndIII
andShaBIandwasintroducedintoaHindIIIandSnaBI－digestedpBI121
PlasmidtogeneratemPALconstruCt．
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（A）

・178

（B）

TCA6GTATTG6ATAAGAGTATA↑TTATACACCACTTGA6TACAAT

・148 ・13ユ

ー133

PAL－box怜gion
O†POP

PÅLbox

PAL・boxroがOn

Flgure2－10・（A）NucleotidesequenceofPOP．控AL竜oxrelatedcis
elementofRTXC2promoter）．ThePAL・boxhkereg10nisunderlined．P）
Nucleotide sequencealignments：PAL竜ox region ofPOPlげ．PALbox

COnSenSuS SequenCe and PAしbox reg10n OfPOPl岱．Box P consensus
SequeM・
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（A）

一529 ＋1

pαC2promoter GUS

F IGboxトー」＋POP

AG POP

APOP IGboxI

APAL l“願ト」匪垂

mpAL　　伽I mpAL

rpAL L Gboxトー1R卯血州

（B）

吋P‘¶∧00TmT人∧Q∧0丁▲T／＝＝＝＿

mPPJ＿　TCWT＾TTCH3AT入場∧OTAT：＿＿＿

Random TCAGGTATTGGATA＾GAGTATAW

Figure2－11．（A）ConstruCtSuSedfortobaccoplanttranSformation・F
construCt COntains anintact－529pYXC2promoter，and was used as a

positivecontrol・AG，APOP，APAL，mPAL，andrPALconstruCtCOntainthe
－529pTTC2promoterwithouttheGbox，WithoutthePOPelement，Without
thePAL－boxreglOn，With2－basesubstitutioninthePAL－boxreg10n，and
withrandomsequenceinplaceofthePALboxregion，reSpeCtively・（B）
NucleotidesequenceofthemPALandtheRandom舟agmentsinthemPAL
andthe rPALconstruCtS．Positionof2－base substitutioninthe PAL－box

reglOnisunderlined．
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GUS

PR．1b

rM

F　　　△G APOP　△PÅL mPAL rPAL

〔　　　　　　　　〔　　　　　　　　〔　　　　　　　　〔　　　　　　　　〔　　　　　　　　〔
012300123001230012300128001230

Fi卯托　2－12・加1e血n of POP elemmt el血血a鹿　WOu出

講慧怒欝霊慧㌫思念荒醍紹
APOP，APAL，mPALandrPAL）atO，12，and30ha鮎rwoundingY？re
probedwiththeradio－labeled蝕gmentoftheGUSgene・Asforpositive
control，Same叫twasre－PrObedwiththeradio－1abeled鮎gmentofthe3’

T宥恕慧慧よ㌫器霊慧悪霊㍊悪霊
ぉloadhgm止CO血rol・
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一っ）
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、

蓋　20

三15
たご

苛　10
1ロ

∽

召　5

0

F　　△G　　△POP　△PAL mpAL rPAL

Figure2－13・DeletionofPOPelementeliminateswound－induced

GUSactivitydetectedintrans芦enictobaccoplantstransformedwiththe

P7TC2promoter：‥GtLg chimerlC COnStruCt・The specinc GUS activity

（rmouminhgprotein）inleavesoftransgenictobaccoplants（F，△G，APOP，

△PAL，mPAL，andrPAL）wasdetectedatOand30haRerwounding．Error
barsindicatestandarddeviationfrommeanvalueofGUSactivitydetected
in3plantsofeachline．
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Protohl
UW W

P mP P mP

Compo¶tor　　＿｛｛＿｛｛

撃＆裟違呈
書　●！●　●●＊1

●●●　　・

＊2l■●●†
施

㌢

12　3　4　5　6　7　8　910

ProbePagcr17BTCAGGTÅ［GGATAAGAGTATATTTATACACCACTTGAGTACAA－135

ProbemP・17BTCAGGlmGGATAAGAGTATAl，TTATACACCACTTGAGTGTAA‾135

Figure2－14・SpeCinc．interactionbetweenPOPelementofpnC2患嘉誼
誌慧霊路ご芸還霊（慧霊霊t竃還霊
or25－α50－ぬはmo血exce∬Ofnoか1曲eldpmhP（1am2，3，7，弧d8）∝

競慧恩諾悪織綺毅墨n昔詣諸芸
悪霊聖霊‾監霊禁禁貴意ぎ慧蕊悪漂
forrestrictionenzyme（mndIII）digestionandboldlettersindicatethePAL－
boxreglOnOfthePOPelement・Positionofthe2－basesubstitutioninthe
PALbxregionis underlined・Asterisksindicate speci鮎DNA－prOtein
∽mplexes．
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．148　　　　　　　　　PAL・boxr叩On

M。J麺ニーPOP
Figure2－15・Nucleotide sequencealignment：PAL－boxreglOnOf

POP14S．COnSenSuSSequenCeOfmethyljasmonateresponsiveelement（MeJa
Re）．
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CHAPTERIII

ISOLATIONAND CHARACTERIZATION

OF ATRANSFACTORBINDING TO POP

ELEMENT

INTRODUCTION

SincethedatadescribedinChapterIIdemonstratethatthePOP

elementfunctionsasawound－reSPOnSivecLselementofthep7TC2promoteh

itispossiblethattobacconuclearprotein（s）bindingtothePOPelementin

gelshiftassaylSaWOund－reSPOnSivetransfactorthatconveyswound

Slgnalstothep71C2promoteLInthischapter，WerePOrttheisolationand

Characterizationofatobacconuclearproteinthatbindsspecincallytothe

払L－boxreglOnOfPOPelementandfunctionasawound－reSPOnSivetrans

hctor咋〆加舶．

MATERIALSAND METIIOI）S

RNAextraction：GTCmethod

For construCtion of tobacco cDNAlibraries，tOtalRNA was

extractedfromtobaccoleavesandstemswithguanidiniumthiocyanate

fbllowedbycentrifugationincesiumchloridesolution・Inbriettobacco

leaves orstemsweregroundto鮎epowderinliquidnitrogenand

transftrredto5×volumeofGTCsolution（4Mguanidiniumisothiocyanate，

0・5％sodiumlaurylsarcosinate，25mMsodiumacetate，aq3ustpHto7・Oby

NaOH，mterthroughaWhatmanNo・lmterpq）er，addβ－merCaPtOethan01

toannalconcentrationofO・14Mbefbreuse）・Afterthetissuepowderwas
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COnCentratlOnOfO・14Mbeforeuse）・Afterthetissuepowderwasmixed

thorough1ywiththesolution，themixturewascentrifugedatlO，000rpmfor

20minat4OC・Thesupematantwascollectedandthestepwasrepeated

OnCe・Thesupernatantfromthesecondroundofextractionwastransfbrred

tocentrifugetubecontainingCsCIsolution（5・7MCsCl，0・1MEDTA，

a4justpHto7・ObyNaOH，0・1％v／vdiethylpyrocarbonate（DEPC），mix

Well，allowtostandfor30minatroomtemperature，andautoclaveat12lOC

for40min）・ARercentrifugeat28，000rpmfor24hat20。C，theGTC

SOlutionwasremovedandthepelletwasdissoIvedinDEPCwater（0．1％

VNDEPCindistilledH20，mixwell，autOClaveat12lOCfbr40min）．The

SOlution was extracted twice with same volume of

Phenol：Chloroform：isoamylalcohol（25‥24：1）・0．25×volumeoflOMLiCI

WaSaddedtotheaqueousphaseandthesolutionwasincubatedonicefor90

min・Thesolutionwascentrifugeat15，000rpmfbr20minat40C．TheRNA

Pelletwaswashedwith70％ethanol，dried，anddissoIvedinDEPCwater

（0・1％diethylpyrocarbonateO．1％inwater）．

Caution‥Diethylpyrocarbonateissuspectedtobeacarcinogenand

Shouldbehandlewithcare．

SeJectionofpoJy（A）＋mRNA

TotalRNAwasmixedtothesamevolumeof2×loadingbuffbr（20

mMTtis，imMNaCl，10mMEDTA，aquStPHto7．4，autOClaveat12lOC

for40min）andthesolutionwasloadedontoan01igo（dT）－CellulosecoI

Pre－equilibratedwithlxloadingbuffhThecolumnwaswashedtwicewith

lxloadingbufftrandpoly（A）＋mRNAwaselutedfromthecolumnwith

elutionbu飴r（10mMTris，5mMEDTA，aqjustpHto7．4，autOClaveat

12lOCfor40min）・Thepoly（A）＋mRNAwasprecipitatedovemightat－

200Cin0・1×VOlumeof2MpotassiumacetatepH5・2，0．1×volumeof2M

NaCl，and2×volumeofabsoluteethanol・Poly（A）＋mRNAwaspelleted
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and2×volumeofabsoluteethanol・Poly（A）＋mRNAwaspelletedfromthis

SOlutionbycentrifugationat15，000rpmfor20minat40C・Thepelletwas

rinsewith70％ethanol，dried，anddissoIvedinDEPCwater（0・1％diethyl

PyrOCarbonateO・1％inwater）．

Caution‥Diethylpyrocarbonateissuspectedtobeacarcinogenand

Shouldbehandlewithcare

ConstructionandscreenlngOf入gtllexpressionlibrary

Poly（A）＋mRNAwasusedastemplateforcDNAssynthesis・Using

Oligo（dT）inpairwithrandomprimers，atObacco－1eafandatobacco－Stem

CDNAlibrarieswereconstruCtedin九gtllvectorbythemethoddescribedin

theusermanual（Stratagene，CA，USA）・Theamplinedtobaccoleafand

tobaccostemlibraries（eachcontainsapproximatelylxlO6independent

Clones）werescreenedbythemethoddescribedbySinghetal・（Singhetal．，

1988）withminormodincations・Approximately5×104pFUofhphagewas

CO－Culturedwith600plofalogphasecultureofE・COlihostcellsstrain

YlO90at370Cfor15min・Theco－Culturedsolutionwasmixedwith7．5ml

Of500Ctopagarose（NZYMwithO・7％wルagaroseinsteadofagar）andthe

mixturewasusedtooverlayanNZYMplate（perliter：10gNZamine，5g

NaCl，2gMgSO4・7H20，15agar）・After8hofincubationat420C，an

isopropylβ－D－thiogalactoside（IPTG）－Saturatednitrocellulose nlterwas

Placedonthesurfaceoftheplateandtheplatewasincubatedfor8hat

37OC・Afterabriefincubationat40Ctofacilitatetheremovalofthemteち

themterwastransftrredirrmediatelytoBLOTTObufftr（5％skimmilk，50

mMTrispH7・5，50mMNaCl，1mMEDTA，1mMDTT）andwasincubated

for60minat250Cwithgentleagltation・Themterwaswashedtwicewith

TNE－50bu飴r（10mMTrispH7・5，50mMNaCl，1mMEDTA，1mM

DTT）・Afterthewashes，thenlterwashybridizedwithadigoxigenin－1abeled
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tr皐ple repeat of5’－CCACTTGAGTAC－3’（PAL－boxregion ofthe POP

element）inTNE－50bu飴rcontaininglOpg／mlpoly（dI－dC）fbrlhat250C．

Thenlterwaswashed4timeswithTNEr50bufftr，dried，andsubjectedto

immunOlogicaldetectionuslnganti－digoxlglninantibodycoIVugatedto

alkalinephosphatase・ACDP－Starready－tO－uSeSOlution（RocheMolecular

Biochemicals，Germany）wasusedassubstrateandthemterwasexposeto

X－rayfilmatroomtemperaturefor25min・Plagues attheposition

COrreSPOndingtothepositiveslgnalsdetectedonthefilterwererecovered

andstoredinSMbu蝕r（200mMNaCl，10mMTris－HCLpH7．4，5mM

MgSO4，0・1％wルgelatin）Afterthesecondandthethirdroundofscreening，

TheinsertedDNAfragmentofapositivephagewasamplifiedbyPCR

usingforwardandreverseprimersofLgtllvectoLTheampliBedfragment

WaSSubclonedintopNoTA／T7vectorbyPCRCloner（5Prime，3PrimeInc．，

CO，USA）・Sequence analysis was performed using DyeDeoxyTM

TerminatorCycleSequencingKit（PerkinElmer，CA，USA）．

GenomicDNAextraction：CTABmethod

GenomicDNAwasisolatedfromtobaccoleavesbyCTABmethod．

Tobaccoleavesweregroundto丘nepowderin1iquidnitrogenandthe

POWderwasresuspendedin650C2×CTABbufftr（2％w／vCTAB，100mM

Tris－HCIpH8・0，20mMEDTA，1・4MNaCl，1％PVP）．Thesolutionwas

extractedtwicewith1×volumeofchloroform‥isoamylalcohol（24：1）．The

aqueousphasewasmixedwithO・1×VOlumeoflO％CTABsolution（10％

W／vCTAB，0・7MNaCl）andthesolutionmixturewasre－eXtraCtedwith

lxvolumeofchloroform：isoamylalcohol（24：1）・ToprecipitatetheDNA，

1×volumeofCTABprecipitationbufftr（1％w／vCTAB，50mMTris＿HCI

PH8・0，10mMEDTA）wasaddedtotheaqueousphase．Thesolutionwas

incubatedfbr30minat250Candwascentrifugedat2，800rpmfor20min

at250C・Thepelletwassuspendedinhigh－SaltTEbu晩r（10mMTris－HCl
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PH8・0，1mMEDTA，1MNaCl）andtheDNAwasprecipitatedwith

lxvolumeofisopropanol・Aftercentrifugationat2，800rpmfbr15minat

250C，theDNApelletwasdissoIvedinTEbufftrandtreatedwithDNase＿

freeRNaseApr10rtOSouthernblotanalysIS．

SouthernbJotanalysis

TwentypgoftobaccogenomicDNAwasdigestedwithrestriction

enzymes（EcoRVorDraI）andelectrophoretica11yseparatedthroughl％w／v

agarosegelinlxTAEbuf托r・TodenaturetheDNA，thegelwassoakedin

aciddenaturesolution（0・25MHCl）forlOminwithgentleagitation，rinsed

Withdistilledwater，andsoakedinbasicdenaturesolution（1・5MNaCl，0．5

MNaOH）fbr30minwithgentleagitation・Afterdenaturation，thegelwas

WaShedtwice，15mineach，Withneutralsolution（1・5MNaCl，0．5MTris－

HCIpH7・2，1mMEDTA）andwasrinsed3timeswithdistilledwater．The

DNAwasblottedovernightontoanylonmembrane（HybondN，Amersham

PharmaCiaBiotech，Bucks，UK）using20×SSCbufftr（3MNaCl，0．3M

C6H5Na307・2H20，PH7・0）astransfbrsolutionandtheDNAwascr。SS＿

1inked to the membrane by UVirradiation・Beforehybidization，the

membranewaspre－incubatedat650Cfor10mininDenhardtsolution

（freshlypreparefromlOOxstocksolution‥2％wルBSA，2％w／vFicol1400，

2％w／vPVf”1teredandstoredat－200C）containingdenaturedsalmon

SPermDNA・Themembranewashybridizedovemightat650CinDenhardt

hybridizationsolution（5×SSPE，5×Denhardtsolution，0・5％wルSDS，10％

SOdium dextransulfate）containing radio－1abeledfu11－1engthcDNA of

JWimlasprobe・Themembranewaswashat650CwithlxSSC－0．1％SDS

bufftrandexposedovemightat－80。CtoX－raymmforautoradiograph・
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NuclearlocalizationanaIysisofNtliml

Theopenreading鮎meofmlimlwasamPlinedbyPCRand

insertedintopTH－2plasmid（agi允fromDr・ⅥsuoNiwa，Universityof

Shizuoka，Japan）atposition5，andin－frametotheopenreadingframeof

SGFP（Niwaetal・，1999），WhichwasputunderthecontroloftheCaMV

35Spromoter・TheresultingconstruCtandthepTH2plasmidalonewere

introducedseparatelyintoonionepidermalcellsbyparticlebombardment．

ThebombardmentwasperformeduslngBIOLISTIC⑧pDS－1000／Heparticle

deliverysystem（Bio－Rad，Hercules，CA）・ThesizeofgoldparticleswasI

Pmindiameter，thedistancebetweentheonionscalyleafandthestopplng

SCreenWaS9cm，andthechamberwasevacuatedto28inchofmercury・The

GFPfluorescencewasvisualizedunderfluorescencemicroscopyandthe

POSitionofnucleiwasvisualizebyDAPIstaining・

ProductionandpuriGcationofrecombinantGST－fusionproteins

ForproductionofNtliml：：GSTfusionprotein，the600－bpBamHI

fhgmentofNilimlopenreading鮎皿eWaSinsertedintotheBamHIsiteof

PGEX－2TKplasmidin－frameattheendoftheopenreading丘ameOf

glutathion－S－tranSfbrase（GST）asshowninFigure3－1（A）・Forproduction

OfLIMl‥‥GSTfusionprotein，the282－bpBam＝I－EcoRIfragmentencoding

theLIMIproximalregion（aminoacidnumberl－88）wasampliBedbyPCR

uslngthefbrwardprlmer5’－CACGGATCCÅrGGCTTTTGCA－3，inpalrWith

thereverseprlmer5’－GACGAArTCGGGTTTCTGTGG－3・andtheamPlined

fhgmentwasinseれedin－frameintotheBamHI－EcoRIsiteofpGEX－4T－1

（AmershamPharmaciaBiotech，Bucks，UK）attheendoftheopenreading

frameofglutathion－S－tranSferase（GST）asshowninFigure3－1（B）．For

PrOduction of LIM2：：GSTfusion protein，the205－bp BamHI－EcoRI

鮎gmentencodingtheLIM2proximalregion（aminoacidnumberlO4－172）

WaS amPlined by PCR using the fbrward prlmer　5・－
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GGTGGATCCAGAGAGAAATGTTTTGG－3’in palr With the reverse

Primer5’－CGTTGCCCTTCTCCTTGATGA瓜TCG－3・and the amplined

fragmentwasinsertedintotheBamHトEcoRIsiteofpGEX－4T－1inthe

SameWayaSthe LIMlfhgment・Theresultingplasmidswereusedto

transfbrmedE・COlistrainDH5α・Theproductionofthefusionproteinswas

inducedbytheadditionofisopropylβ－D－thiogalactoside（IPTG）t。thennal

COnCentrationof2mMtothemid－logphasebacterialculture．TheGSTl

fusion proteins were puriBed by glutathione Sepharose⑧4B colurrm

（AmershamPharmaciaBiotech，Bucks，UK）andthe GSTpartswere

excisedbydigestionwiththrombinproteasefo1lowlngtheprocedureinuser

manual・ThefusionandthepuriBedproteinsweredenaturedatlOO。Cfor2

mininthesamevolumeof2×SDSsamplebufftr（0・125MTris－HCIpH6．8，

4％w／v SDS，20％glycerol，0・3Mβ－merCaPtOethan01，0．05％wル

Bromophenolblue）andsuqectedtoSDS－PAGEinlOto15％acrylamide

gel・Thegelwasrununderconstantcurrent（20－30mA）・Theproteinbands

WereStainedwithCoomassieBrilliantBlue（CBB）stainingsolution（50％

Vルmethanol，0・05％w／vCoomassiebri11iantblueR－250，10％vルacetic

acid）andwashedwithde－Stainingsolution（5％vルmethanol，7％v／vacetic

acid）．

Transienttrans－aCtivationassayintobaccoBY2protoplasts

ProtoplastsoftobaccosuspensioncultureBY2cellswereproduced

andtransformedasdescribedinChapterI（Materialsandmethods：Transient

expressionassayintobaccoBY2protoplasts）．ARerincubati。nintheLS

mediumcontainmgO・4Mmarmitolfor24hat25。Cindarkness，the

PrOtOPlastswereharveStedandtheGUS／LUCactivityinthecrudeproteins

extractedftomtheprotoplastsweremeasured・Proteinconcentrationwas

quantifiedbyBradfordmethod（Bradford，1967）．
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AssayofGUS／LUCactivity

The BY2protoplasts were harveSted倉om the medium by

Centrifugationat3，000rpmfbr5minat4OC■ThepelletwasdissoIvedin

GUS／LUClysisbufftr（0・1MKPO4，2mMEDTA，5％vルglycerol，20

mMDTT，PH7・8）andsonicatedonice・Thecrudeproteinextractwere

ObtainedbycentrifugationatlO，000rpmforlOminat40C．TheGUS

activitywasmeasuredasdescribedinChapterI（Materialsandmeth。ds：

AssayofGUSactivity）・LUCactivitywasmeasuredusingluciferaseassay

SyStem（PicaGene，ToyoInk，Tokyo）．

Planttransfbrmadon

TobaccoplantsweretransformedwithAgTVbacteriumtumqfbciens

EHAlO5byleafdisktransformationmethod（Rogersetal・，1986）．The

tobaccoplantsdoubletransfbrmedwiththeconstruCtSinpBI121and

PBIlOIHm2plasmidswereselectedinMSmediumcontaininglOOpg／ml

kanamyClnand20pg／mlhygromycln・ThepresentoftheGtLgtransgenein

alltransgenicplantswascon鮎medbygenomicPCRuslngPrlmerSthat

amplifytheGtLScodingregion．

Note：Forgelshiftassay，tranSient叩reSSionintobaccoprotoplasts，

assayofGUSactivity，Plantmaterial，RNAextractionbyAmmethod，

northemblotanalysIS，andwoundtreatment，SeeMaterialsandMethods，

ChapterII：Isolationofawound－reSPOnSivecねelementofthep7TC2

PrOmOter．

－46＿



RESULTS

TobacconuclearproteinbindingtoPAL－boxreg10nOfPOPelement

hasaunlqueStruCtureOftwoN－termina）LIMdomainsandoneC－

terminalacidicreglOn

ToisolatecDNAthatencodesanuclearproteinbindingtothePAL－

boxreglOnOfthePOPelement，South－WeSternSCreenlngWaSPerformed．In

thisscreenlng，adigoxlgenin－labeledtriplerepeatofthePAしboxreglOnOf

POP element was used as probe to screen入gtllexpressionlibraries

COnStruCtedwithmRNAsderivedfromleavesorstemsoftobaccoplantS．

FromapproximatelxlO6recombinantphagesoftobaccostemlibrary，One

POSitivecDNAclonewasisolated・A988－bpinsertofthiscDNAclonewas

amplifiedbyPCR，SubclonedintopNoTA／T7plasmid，andsequenced．The

insertwasfbundtoencodeaproteinof200amin0－aCidresidueswithan

expectedmolecularmassof24kDa（Figure3－2）．Thisproteincontains。ne

acidic reglOn and two double zinc一触ger domains ca11ed LIM domain

（Figure3－3）；thus，WenamedthisproteinNtliml・BysearchingGenBank

database，Wefbundthatthenucleotidesequenceofmlimlisverysimilarto

thatofM（AccessionNo・AFI87104，Baltzetal・，1996B），aPutative
transcrlPtlOnfactorrequiredfortheexpressionoflatepollengenesin

SunnOWer・ThededucedaminoacidsequenceoftheNtlimlproteinis

alignedtothatofHaPLIMIproteininFigure3－4・Thetwosequencesshare

55％identltyanda1loftheputativemetal－Chelatingresiduesareconserved．

ExpresslOnprOfi）eandcopynumberofJWLimlintobaccoplants

Organspecincityandwound－reSPOnSiveexpressionofthe〃iliml

geneintobaccoplantswasdeterminedbynorthernblotanalysISuSlngthe
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fu11－1engthcDNAof〃≠limlasprobe・AsshowninFigure3－8（A），the

刑JimlmRNAwasal，undantinstemandwaspresentedinadetectable

amountin1eafandroot．

To determine whether the expression of〟≠limlitselfis also

regulatedbywoundstress，WePerformednorthemblotanalysisuslngthe

fu11－1ength cDNAof〃ナIimltoprobetotalRNAextractedfromtobacco

leaveswoundedforO，12，and30h・AsshowninFigure3－8（B），the肋Iiml

transcriptsweredetectedevenatOh，Whichrepresenttheexpressionofthe

Nilimltranscriptinhealthy（unwounded）1eaf：andremainsalmoststable

thereafter・The result suggests thatNilimlis constitutively tranSCribed

irrespectiveofwoundstress．

CopynumberofgenesrelatedtoNilimlinthetobaccogenomewas

also determined by Southem blot analysis（Figure3－8（C））．Tobacco

genomicDNA（20pg／1ane）wasdigestedwithrestrictionenzymeSEcoRlor

DraIandhybridizedwithradio－1abeledfhgmentofthefu11－1ength勅Iiml

CDNA・PatternOfthebanddetectedinthisexperimentsuggeststhatfew

COPleSOfNilimlarepresentintobaccogenome・

NuclearlocalizationofNtliml

Tocon負rmnuClearlocalizationoftheNtlimlprotein，WeObserved

thesubce11ularlocalizationoftheNtliml‥‥GFPfusionproteinbytranSient

expressionassayofthe肋Iiml‥‥G押fusionconstruCtinonionepidermal

Cells・Using particle bombardment procedure，Weintroduced plasmids

expresslngtheNtliml：：GFPfusionproteinortheGFPproteinaloneinto

OnionepidermalcellsandGFPsignalswithinthecellswaschecked24h

aRertheintroduction・As showninFigure3－9，theNtliml：：GFPfusion

PrOtein was specincallylocalized to the nuclear compartment ofthe

transformedcellincontrasttotherandomsubcellularlocalizationofthe

COntrOIGFPprotein・ThisresultindicatesthatNtlimlisanuclearPrOtein．
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NtlimlisaPAL－boxbindingprotein

InordertodeterminewhethertheNtlimlproteindoesindeedbindto

thePAL－boxreglOnOfthePOPelement，WePrOducedtheNtlimlproteinin

E・COlias a GSl二fusionprotein・The GST‥‥Ntlimlfussionproteinwas

PurifiedandtheGSTpartwasexcisedbythrombinproteasedigestion．The

band ofthe puriBedNtlimlprotein（molecularmass＝24kDa）was

ObservedbySDS－PAGE（Figure3－10）．

ThePAL－boxbindingactivityofthepuri鮎dNtlimlproteinwas

testedbygelshiftassayusingtheradio－labeledPOPelement（probeP）as

PrObe・As shownin Figure3－11，the puriBed Ntlimlprotein bound

SPeCi丘callytothePAL－boxreglOnbecausetheshiftbanddetectedin1ane6

WaSCOmPetedoutwithcoldPOPelement（coldprobeP；1ane7）andcold

PALbox（coldprobesP；1ane9）butnotwithcoldPOPelementthatc。ntains

a2－base substitutioninits PAL－box region（coldprobe mP；1ane8）．

Interestingly，thecoldPALboxfailedtocompeteouttheshiftbandgivenby

thenuclearproteinextracted舟omwounded－tObaccoleavesandthemobility

OftheNtliml－POPcomplexwasdifftrentfromthatofthenuclearprotein－

POPcomplex・TheseresultsimplythatNtlimlproteinisonlyoneofa

numberofproteinsthatformanOligomericDNA－bindingcomplexonthe

POPelement．

LIMdomainsofNtlimlfunctionasDNAbindingdomain

AlthoughtheLIMdomainalmostalwaysfunctionsasaprotein－

dimerization domaininanimals，the Ntlimlprotein contains no other

functionaldomainthanthetwoLIMdomains；therefore，Wehavenoother

ChoicebuttospeculatethatLIMdomainscouldfunctionasDNAbinding

domainintheinteractionbetweentheNtlimlproteinandthePAL－box

reg10nOfthePOPelement・Inordertoprovethishypothesis，thesystemto
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PrOduceGST」fusionproteininE・COliwasusedagalntOPrOduceLIMland

LIM2proteins，WhicharethetrunCatedderivativescontainlngOnlythe

LIMldomainandtheLIM2domainoftheNtlimlprotein，reSPeCtively．The

LIMl：‥GSTandtheLIM2：：GSTfusionproteinswerepuri鮎dandtheGST

PartOftheproteinswasexcisedbythrombinproteasedigestion．Thebands

OfthepurinedLIMl（molecularmass＝11kDa）andthepurifiedLIM2

（molecularmass＝8kDa）proteinsweredetectedbySDS－PAGEassh。Wn

inFigure3－12・ThePAL－boxbindingactivityofthepuri鮎dLIMland

LIM2proteins was testedby gelshift assay uslng radio－1abeled POP

element（probeP）asprobe・AsshowninFigure3－10，bothpurinedLIMl

andLIM2proteinscouldbindtothePOPelementinthesamemannerasthe

PurifiedNtlimlindicatlngthatLIMdomainsofNtlimlproteinfunctionas

DNAbindingdomains．

Ntlimlhastrans－aCtivationactivityinvivo

TodeterminewhethertheNtlimlcouldfunctionasatranscrlPtion

factorinvivo，WeeXaminedtrans－aCtivationactivltyOftheNtlimlprotein

uslngtranSienttrans－aCtivationassaylnPrOtOPlastsoftobaccoBY2cells．In

this assay，the effbctor（35S：‥mlimlor35S：‥MimlzL4C），the reporter

Q，7TC2promoter：‥Gt明，andtheinternalcontrol（35S：：LUC）construCtS

WereintroducedsimultaneouslyintoprotoplastsoftobaccoBY2cells，and

after24hofincubation，theGUS几UCactivityinthecrudeproteins

extractedfromthe BY2protoplasts transformed withthe efEbctor，the

reporteちandtheinternalcontroIconstruCtS，WaSmeaSuredandreportedas

PerCentincreased丘omtheactivitydetectedinthecrudeproteinsextracted

fromtheBY2protoplaststransfbrmedwiththereporterandtheinternal

COntrOIconstruCtSWithoutthee銑ctorconstruCt・AsshowninFigure3－14，

introductionof35S：：mlimlefftctorgaveathree－fo1dincreaseintherelative

GUS／LUCactivitysuggestingthatNtlimlhastrans－aCtivationactivityin
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Vivo・Moreover，thetrans－aCtivationdomainofNtlimlwasmappedtothe

C－terminalacidicregion（aminoacids164－200）becauseasharpdecreasein

theGUS几UCactivitywasdetectedintheBY2protoplaststransformed

Withthe35S‥‥勅JimlAACe脆ctor・BycomputeranalysiswiththeGenetyx－

Winprogram（SoftwareDevelopment，Tokyo，Japan）theisoelectricpoint

（pI）ofthisC－teminalacidicregionis3・92，thoughthepIofthefu11－1ength

Ntlimlproteinis8．39．

NtlimlisatnnsfactorregulatingwoundresponsivenessofpfXC2

promoter

ThedatadescribedinChapterIIdemonstratedthatthePOPelement

isthewound－reSPOnSivecLselementofprxC？promoter；thus，itispossible

thattheNtliml，PrOVentObethetransfactorbindingtothePAL－boxreglOn

OfthePOPelement，COuldfunctionasatransfactorresponsibleforthe

WOund－inducibleactivityofthepfTC2prompter．Inordertocon蝕mthis

hypothesis，WeinvestigatedwhetherantisenseexpressionofNtlimlgiveany

ef托ct on the wound－induced expression ofthep7TC2promoter：：GUS

ChimericconstruCtintranSgenictobaccoplants・Transgenictobaccoplant

harboringthe35S：：antisenseNilimlconstruCtWeredoubletransformedwith

theFconstruCtb7TC2promoter‥：GtLS；Figure3－15（A））andthedouble＿

transformedtranSgenicplants（AFplants）withalowexpressionlevelof

Nilimlwere selected（Figure3－15（B））・As showninFigure3－16，the

WOund－inducedexpressionoftheGUSreportergenedetectedintheFplant

WaS StrOnglysuppressedintheAFplantS・Likewise，theincreasedGUS

activitydetectedinthecrudeproteinsextracted丘omwoundedleavesofthe

Fplantwasabsentinthecrudeproteinsextractedftomwoundedleavesof

theAFplantS（Figure3－17）・TheseresultsindicatethatNtlimlfuncti。nSaSa

transfactorthatconveyswoundsignalstothep7TC＝promoterlnPlanta．
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DISCUSSION

AcDNAcloneencodingaPAL－boxbindingfactorwasisolated丘om

atobaccostemcDNAlibraryuslngthePAL－boxreglOnOfthePOPelement

asprobe・TheinsertedcDNAfragmentofthiscloneencodesa200－amino

acidprotein，Ofwhichtheamino－aCidsequenceshares55％identitywith

thatoftheHaPLIMl（formerlyknownasSF30rPLIMl），atranSCription

factorrequiredfortheexpressionoflatepo11engenesinsunnower（Baltzet

al・，1996）・SimilartoPLIMl，theproteinencodedbythisclonec。ntains2

COnServed motifb called LIM domain；therefbre，We named this clone

Ntliml（GenBamkaccessionnumberABO23479）．Currently，Eliassonet。l

（2000）haveisolatedcDNAclonesthatencodeLIMproteinsfromseve，al

kindsoffloweringplants（seephylogenetictree，Figure3－5）・Amongthese

Clones，anNtWLIMIcDNAclone（GenBankaccessionnumberAF184109）

isolatedbyPCRofreverse－tranSCribedtobaccoleafpolyA＋RNAcontainsa

SequenCealmostidenticaltoourNtlimlcDNAclone（Figure3－6）．The

deducedaminoacidsequenceoftheNtWLIMIproteinisalsoverysimilar

to that ofNtlimlprotein（Figure3－7）・Thetwosequences share94％

identityandalloftheputativemetal－Chelatingresiduesareconserved．

LIMdomaincomposesof2zinc－hgersthatareJOinedbya2

amino－aCidlinker（Dawidetal・，1995）．ProteinswithLIMdomainarefound

inanimalsandplantsandaregroupedintoLIM－homeodomainproteln，

LIM－Onlyprotein，CytOSkeletonassociatedLIMprotein，LIM－GAP（GTPa云e

activatingprotein）protein，andLIMkinaseprotein（Dawidetal・，1995）．

TheNtlimlproteincontainstwoLIMdomains（LIMlandLIM2）without

anyotherputativedomaln；thus，Ntlimlisclassi鮎dasaLIM－Onlyprotein．

AlthoughLIMdomainbindszincionsandshowsstruCturalsimilaritytothe

DNA－bindingzinc血gersofGAm－1transcriptionfactor（Perez－AIvarado
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etal・，1994），SCientiBcevidenceshavefavoredtheroleoftheLIMd。main

inproteinl）rOteininteraction（Dawidetal・，1998；Feuersteinetal．，1994；

Sanchez－GarciaandRabbitts，1994）・However，areCentStudyofamouse

LIMproteinhic－5hasshownthateachofthefourLIMdomainsofhic－5

PrOteincouldbindtoDNAinadistinctivemanner（Nishiyaetal・，1998）．

OurresultsfromgelshiftassayshowthattheNtlimlproteinbindto

the PAL－boxreglOnOfthePOPelementinthe samemarmerasthatof

nuclearproteinsextracted丘omwoundedtobaccoleaves，Withonlyone

exceptlOn－WefoundthatthesPcompetitorfailedtocompetewiththe

radio－1abeledfu11－1engthPOPelementinbindingwiththetobacconuclear

factorsbutnotinbindingwiththepuriBedrecombinantNtlimlprotein．The

explanationforthisexceptioncouldbetheformationofaDNA－binding

PrOteincomplex・Protein（s）otherthanNtlimlpossiblybindstoanothe，

reglOnOfthePOPelementandbelittlesthee鮎ctofthesPcompetitor．The

Slowmobilityoftheprotein－DNAcomplexobservedingelshiftassaywith

nuclearproteinsextractedfromwoundedtobaccoleavesalsosupportsour

hypothesisthatanumberofproteinsformanoligomericDNA－binding

COmPlexonthePOPelement・Althoughtheresultfromgelshiftassay

indicatethatnuclearproteinsfromhealthyandwoundedtobaccoleaves

gavedifftrentpatternOfshiftbands，WeSti11notknowwhethertheNtlimlis

OneOftheproteinsthatbindconstitutivelytothePOPelementoroneof

thoseboundtothePOPelementonlyafterplantSareWOunded・WealsoglVe

thefirstreportonasequence－SPeCincDNA－bindingactivityofplantLIM

domain・Undertheconditionusedinourgelshiftassay，eaChofthe2LIM

domainsofNtlimlwasabletobindwithsequencespeciBcitytothePAL－

boxreglOnOfthePOPelement・Therefore，WeCOnCludethatNtlimlbindsto

thePOPelementthroughitsLIMdomains，Orinotherwords，LIMdomains

OfNtlimlfunctionasDNAbindingdomain．

However，We Should notru1e out the possibilitythat the LIM

domains ofNtlimlproteincouldalsofunction as protein－dimerization
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domain・Result丘omgelshiftassayindicatethatatotalDNAbinding

activitycouldbereachedinthepresenceofonlylofthe2LIMdomains；

thus，OneOftheLIMdomainsmightfunctionsasaDNA－bindingdomain

Whileanotheronefunctionsasaprotein－dimerizationdomain．Evidencefor

thefunctionofLIMdomainasaprotein－dimerizationdomaininaDNA－

bindingproteincomplexisalsoexist・ALIM－Onlyproteln，Lmo2，WaSfound

to be an obligatorycomponent ofanoligomericDNA－bindingprotein

COmPlex－thoughtheLmo2proteinitselfdoesnotbindtoDNA（Ⅵねdman

et al・，1997）・In this complex，the DNA－binding modules withinthe

Oligomeric complex are provided by an E47－TALland GATA－1

heterodimer，Which binds to a reglOn COVerlnganE－box sequence

（CANNTG）and aGAmsequence・The consensus ofthetargetDNA

SequenCeOfthisoligomericDNAbindingcomplexisE－box－P），－GAm．

Interestlngly，the POP element also contains GÅm sequence17bp

downstreamand15bpupstreamoftheE－boxsequenceglVmgthepatternOf

E－box一桝）17－GArA－P）一5－E－box・Nevertheless，theimportanceofthetwoE－

boxesandtheGATAsequencewithinthePOPelementisstillunclear．

By transient trans－aCtivation assayintobacco protoplasts，We

COnfirmed that the Ntlimlproteinfunctions as a transcrlPtlOn factor

activatlngtheexpressionofthep7TC2promoter‥：GUSreportergeneinvivo．

Adomainresponsibleforthetrans－aCtivationactivityoftheNtlimlprotein

WaSalsomappedtotheC－terminalacidicreglOn・Approximately24％ofthe

aminoacidsinthisregionareacidic（negativelycharged）andthepIofthis

reglOnis3・92・Nohomologytoanyknowntrans－aCtivationdomainswas

ObservedandnodistinctiveftaturesfoundinthisC－terminalacidicreglOn；

however，PlantstranscriptionfactorsincludingmaizeVPl（McCahyetal．，

1991）andDofl（YanagisawaandSheen，1998）haveacidicdomainthat

functionsasatrans－aCtivationdomainsupportlngthehypothesisthattheC－

terminalacidicdomainofNtlimlfunctionsasatrans－aCtivationdomain．
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Byfbllowmgthechangesinthelevelofwound－inducedexpression

OftheGUSreportergeneintransgenictobaccoplantSdoubletransformed

With the35S：：antisense〃≠limland thep7TC2promoter：：GUgchimeric

COnStruCtS，We COn丘medthattheNtlimlproteinfunctionsas awound－

responsivetransfactorlnPlanta・This丘ndinglSalsoinconsistentwiththe

dataobtainedfromtransgenicplantSharboringtheGUSreportergeneunder

thecontrolofthep7TC2promoterwithdeletionormutationinthePAL－box

reglOnOfthePOPelement・Therefore，WeCOnCludethatthePOPelement

and the Ntlimltrans factor workinconcert to controlthe wound＿

responsivenessofthep77C2promoterlnPldnta．

The results丘om northem blotanalysisindicate that〃≠limlis

COnStitutivelytranscribedregardlessofwoundingandsomeevidencesare

availal）le　for activation of the nuclear factor by post－tranSlational

modi丘cation，forexample，aCtivityofGBF－1，anArabidpsLsG－boxbinding

factor，isactivatedbyphosphorylation（Klimczaketal．，1992）；therefore，

POSt－tranSlationalmodincation，e・g・Phosphorylation，dephosphorylation，

1igandbinding，OrChangeOfpartner，mayreSPOnSiblefortheactivationof

theNtlimlprotein．

AlthoughtheresultfromtransientexpressionoftheNtliml：：GFP

fusionproteininonionepidermalcellsindicatesthattheNtlimlproteinis

localizedtonucleus，thequestionremainswhethertheNtlimlproteinis

COnStitutivelylocatedinside thenucleus ortranSientlytranslocatedfrom

CytOPlasmtothenucleusonlyafterplantssensesignals舟omwoundstress．
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GAATTCGCGGCCGTTCCAAAAACCAAGTGCTAACACAAAGAAAGGGAÅAGÅGCCACA姐G

ACCATTTTTGTTTTCTGTAAAACTTGCTCGTATATAGCCATGGCTTTTGCAGG九九CCACA

M　Å　F A G　℡　℡

CAGAAA∬GCATGGCA℡GTGACAAGACTGTCTATCTGGTTGACAAATmCTGCAGA℡AAC

Q R C M A C D R T V Y l V D X L　℡　A D y

AGAA℡Cm℡CA⊂AAAGC℡℡G℡ワ℡mGA℡GCCAでCAC℡GCAAGGGCAC℡G℡⊂丸軋GC℡℡GGC

R　ェ　Y H R A C F R C H H C R G　℡　V R　乙　G

AACTACAA℡TCCTTTGAGGG丸GTTCTATACTGTAGACCACACTTTGATCAGCTCTTCAAA

N Y N S F E G V L Y C R p H F D Q L F R

CAAACTG00TTTGGA℡A丸姐GCTTTG九九GGTACACCAAAAATTGTGAAGCCACAGAÅA

Q T G S　工・D R S F E G　ワ　P K　工　V R p Q R

CCCATTGACAGT闘CACAGGTAGCCA姐GTGACAAGCATGTTTGGTGG九九⊂A弧

P　工　D S E R P Q V A X V　で　S M F G G　℡　R

GAGAAATGTTTTGGCTGC仙CTGTCTACCCAACAGAAAAGGmTC貼CCAATGGC
ヱ　Ⅹ　C F G C R R　で　V Y p　ワ　E X V S A　Ⅳ　G

ACGCCATACCA℃姐GAGCTGCTTCCAATGCAGCCACGGAGGCTGTGn礼蹴GCCCTTCC

℡　p Y H X S C F C S H G G C V　ェ　S p S

AACTATACCGCACATGAGGGGCGCTmTATTGTAAACATCACCA℡ATTC眠TTWCAAG

N Y T A H E G R　工一　Y C X H E H　ェ　Q L　＝　R

GAGAAGGGCAACT℡AAGCAAGCTTGAGGGTGACCATGAAATGÅATTCCACG弧ACAACA

E X G I了　乙　S R L E G D H E14　N S　で　℡　℡　℡

GAAGTTACTGCAGAGTCATACACAGCCGACCAAGTTGATTGATCCT℡A℡CT℡mCCGC

E V　℡　A　王　S　ア　ワ　A D　（≧　V D

℡CAワGワA℡でACGm℡C℡GC℡G℡℡ÅGmG恥G姐でCGAAGGCG叩CAGCAGC℡℡CCÅ℡GÅ

ATG⊂ACTTGCCTTGCCC⊂AGCGTATGTTTTACTCTAATCTAGCTTC姐TTBLA℡TTGA℡GT

TGÅACTATATATTGTCTAGC℡TTTGTGTGTAGATTTTTGACCTTTGTTTGCTTGTGCT℡C

ACTワG℡A叩AワG℡GAA℡G℡℡GAA℡GAGA℡℡GAA忠良℡九九CAココGGmででGC℡G℡CCCAG℡GC

ATGCAAATCTTTGAGCGGCCGCGAATTC
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Figure3－2・Nucleotideanddeducedamino－aCidsequencesof劫Iiml．
For the deducedamino acid sequence，Underlinesindicate the2LIM

domains，redfontsindicat？thepotentialmetal－Chelatingresidues（CandH），

andbluefbntsindicateamlnOaCidintheC－terminalacidicreg10n・
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Figure3－3・（A）Graphic represenfation of the Ntlimlprotein
StruCture・PositionsofthetwpLIMdomalnS（LIMlandLIM2）andthe

Carboxyl－terminalacidic reglOn areindicated・（B）Double zinc－fing？r
StruCtureS Of LIMland LIM2domains ofNtliml．（C）LIM domaln
COnSenSuS．
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Figure3－4・Alignmentofdeducedaminoacidsequences：Ntlimlvs・
HaPLIMIproteins．Thetwosequencesshare55％identityandallofthe
putativemetal－ChelatlngreSiduesareconserved・
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47・52％

pLIM2　削げLt聖

ⅢPLl仙2

AIP」川眩

PLIMI

H■PL川M

65－82％

NtPLlul

Aボ〟ul11

N仰u糾1HaWu｝㌧／55＿60％

WLIMl

55－60％

AtWLl≠2

1柑〝LI恨

WLIM2

Figure3－5・PhylogeneticrelationshipsofplantLIMproteins・Four
groupsofLIMproteinsareshownhere，PLIMlandPLIM2groupsare
speCifical1yexpressedinpollenandWLIMlandWLIM2groups are
expressedinalmostallsporophytic tissues・Ha＝Helianthus a

（sun鮎wer），Nt＝NicotianaLabacum（tobacco），At＝ArabiLAps

（thalecress）・N叫モーsinperce血gebetweengr叩SShow伽rangeof
sequenceidentitleSObservedbetweentheproteinsinthegroups（Eliassonet
〃Jリ2000）．
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Figure3J・Alignmentofopenreading鮎mes‥N（］imlvs・NtW・

Thetwosequencesshare94％identity・
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Figure3－7・Alignmentofdeducedaminoacidsequences：Ntlimllげ・

NtWLIMlproteins．Thetwosequencesshare94％identityandallofthe
putativemetal－Chelatingresiduesareconserved・
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（A）

（B）

Nt＝ml

l．2kb

rRNA　■■■

N川ml

l．2kb

（C）
EcoRV Dral

6．9kb綴＝
4．6　■■・

012　30　hr　　　2・3　叡婦　2・2

rRNA　■コ■＝■＝コ

Figure3－8．（A）TissuespecincexpressionofNfliml・TotalRNAs
derivedh）mleaf（L），Stem（S），androot（R）oftobaccoplantswereprobed

withradio－1abeledcDNAfragmentofNlliml．（B）Nilimlisaconstltutively

expressedgene．TotalRNAs（10－20匹gnane）extractedfromtobaccoleaves
O－30hafterwoundingwereprobFdwithradio－labeledcDNAhgment？f
Nt］iml．（C）SouthernblotanalysISOftheNt／imlgene・TobaccogenomlC

DNA（20ugnane）wasdigestedwithrestrlCtionenzymeSEcoRVorDra）
and probedwith radio－1abeled cDNA鮎gment ofNtlimlunder hlgh
StrmgenCyCOndition・

－63一



Ntliml

GFP

GFP

GFP Superimpose Dapi

Figure3－9・NuclearlocalizationofNtliml：：GFPfusionprotelnP・
construCtSenCOdingtheNtliml‥：GFPfusionproteinandtheGFPproteln

wereintroducedintoonionepidermalcellsbyparticlebombardment・After
24hofincubation，SubcellularlocalizationsoftheNtliml：：GFPandthe

GFPproteinswerevisualizedunderfluores？enCemicroscope（AandD，
，eSPeCtlVely）．ThenucleusofeachcellwasvISualizedbyDAPIsta坤ng（C
andF）・B′isthesuperimp？SepictureofAandCandEisthesuperlmpOSe

plCtureOfDandF，reSPeCtlVely・
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M Ntliml GST

欄♯鍼誓七慧

97．4

66．3

42．4

30．0

20．1

14．4

－■■　－28kDa

Figure3－10・SDS－PAGEofNtlil－11（24kt）a）andGST（28kDa）
proteins・Mindicatesmolecularmassll－arkcrinkDa・
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Protein

Competitor

W

●　＿　P mPsP　－

■■　■■　　　　■■　▲

●＊　■■

●

Ntliml

P mP sP

■－●●

1　2　3　4　5　6　丁　8　9

probe Pagcr178TCAGGTATTGGATAAGAGTATATTTATACACCACTTGAGTACAAr135

probe mP　－178TCAGGTATTGGATAAGAGTATAITTATACACCACTTGAGTGTAAr135

probe sP　　　　　　　　　　　－157ATTTATACACCACTTGAGTACAAATr133

Figure3－11・NtlimlspecificallybindstoPALboxreglOnOfPOP
elementingelshi魚assayLBindingreactionscontain2ngofradio－1abeled

probeP（POPelement）and2匹gOfnuclearproteinextractedfromwounded
t。bac。01eaves（1anes2－5），Or500ngofpuri坑edNtliml（1anes6－9），inthe
absenceorinthepresenceof50fo1dmolarexcessofthecompetitorscold

probeP，COldprobemP（POPelementwith2－basesubstitutioninthePAL－
boxregion），OrCOldprobe苧P（PAL－boxregion）asindicated・Asterisks

indicatespecincDNA－prOtelnCOmPlexes・01igonucleotidesequencesof

probeP，prObemP，andprobesPareshown・Lowercaselettersindicate

additionalsequencefbrre？trictionenzyme（HindIII）digestion・Boldletters
indicatethePAL－boxreglOnandthepositionof2－basesubstitutioninthe

PAL－boxreg10nisunderlined・
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M LIMI LIM2　GST

97．4lこt－－

66．3l儀疇－

42．4　　¶■00■

30．Ol■■・・
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■■■■■事
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Figureモー12・SDS－PAGEofLIMl（11kDa），LIM2（8kDa），andGST
（28kDa）protelnS．MindicatesmolecularmassmarkerinkDa・
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protein Ntliml LIMI LIM2　　　GST
′一一・－－－・ヽ　r▲－－－－　　「　一人－－－－－　－－－一人－・－－

cornpetitor・PmP＄P・PmPsP－　PmPsP，PmPsP

●一●●●●●●●一●‾●‾●●

ぜ？主管f・ヂ・：：

12　3　4　5　6　7　8　910111213141516

probePagctmTCAGGTATTGGATAAGAGTATATTTATACACCACTTGAGTACAA・135

probemP・178TCAGGTATTGGATAAGAGTATATTTATACACCACTTGAGTGTAA・135

probesP　　　　　　　　　　・157ATTTATACACCACTTGAGTACAAAT・133

Figure3－13・NtlimlproteinsbindtoPALboxreglOnOfPOPelement
throughitsLIMdomainsingelshinassay・Eachreactioncontains2ngof
theradio－1abeledprobeP（POPelement）and500－600ngofNtliml（1anesl－

4），LIMl（lanFS5－8），LIM2（lanes9－12），OrGST（lanes13－16）proteins・The
bindingreactlOnSWereCarriedoutintheabsenceorinthepresenceof50
foldmolarexcessofcoldprobeP，PrObemP（POPelementwith2－base
substitutioninthePAL－boxregion），OrPrObesP（PAL－boxregion）チS

indicatedonthetopofeachlane・AsterisksindicatespeciBcDNArproteln
complexes・01igonucleotidesequencesofprobeP，PrObemP，andprobesP
are shown．Lower caseletters represent the additionalsequence fbr

resTictionenzyme（HindIlI）digestion・BoldletterindicatethePAL－br
reglOnandthepositionof2－basesubstitutioninthePAL－boxreglOnlS
underlined．
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Noe仔ector

35S：：〃伽す

35S：：〟伽†△AC

0　　100　　200　　300　400　　500

Re［ativeGUS／LUCActivjty（％）

Figure3－14・Ntlimlactivatesexpressionofp7TC2promoter：：GUS

reporterconstruCtintransientexpressionassaylnPrOtOPlasts oftobacco

BY2cells・Inthisassay，thep77C2promoter：‥GUSreporterconstruCt，the

35S：：LUC　internalcontroIconstruCt，．and the　35S：‥勅Iimlor the
35S：：劫IijnlAACe飽ctorconstruCtSWerelntrOducedtogetherintotheBY2
PrOtOPlastsand the GUS／LUC activltyin the protoplast extracts was
measured24h after theintroduction．Barsindicate standard error of3
independentexperiments．
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（A）

（B）

F　　　□rrC2

F　　　□lγC2

GUS　）Fptant＄

GUS

A5〃l〟mす

＄RI AFI AF2　AF3

）AFp・ants

Ntliml（1．2kb）

⊂コr∵t＝＝Ⅰ＝コいRNA

Figure3－15・（A）ConstruCtSuSedtotranSfbrmtobaccoplants・PfXC2

＝intactpfTC2promoter，GL岱＝OPenreadingframe（ORF）ofGUSreporter

gene，35S＝CauliflowermosaicvlruS35Spromoter，AsNfliml＝Antisense

sequenceofNtlimlORF（1kb）・（B）Doubl？tranSformedtobaccoplants（AF

plantS）havelowerlevelofNt］imlexpresslOnthanwildLtypetobaccoplant

（SRl）．TotalRNAsderivedfiomleavesofthewild－typetobaccoplant
（SRl）orthedoubletranSformedtobaccoplantS（AFl，AF3，＆AF4）were
probedwithradio－1abeledcDNAfragmentofNtliml（1・2kb）・Theamount
ofrRNAsstainedwithethidiumbromideisshownhereasloadingamount
control．
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FAFI AF2　　AF3
l一　　　　「　　　　　l　　　「

012　30　012　30　0　30　0　30 h

GUS

⊂＝⊂＝⊂：＝：⊂：：工＝王＝亡コEコ　rRNA

Figure3－16・Antisense expression ofNt／imleliminated wound－
inducedexpression ofthep7TC2promoter：：GUSchimeric construCtSin

transgenictobaccoplants・TotalRNAsderived什omleavesoftheFplantor
theAFplants（seeFigure3－15）atO，12，Or30haRerwoundingwereprobed
withradio－1abeledcDNA丘agmentofNtlimlLTheamountofrRNAsstained
withethidiumbromideisshownhereasloadingamountcontrol・
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Figure3－17・Antisense expression ofNilimleliminated wound－
inducedGUS activltydetectedintraりSgenictobaccoplantstransformed

Withthep77C2promoter‥‥GUgchimerlCCOnStruCt・SpecificGUSactlVlty

（nmol／min／mgprotein）inleavesofFplantsorAFplants（seeFigure3－15）
WaSmeaSuredatOand30hafterwounding・EITOrbarsindicatestandard

deviationfrommeanvalueofGUSactivltydetectedin3plantsofeachline．
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CONCLUSIONS

Giventhedataobtainedfromthepresentandthepreviouswork，We

PrOPOSeaWOrkingmodelforwound－inducedtranscrlPtlOnalregulationof

thep7TC2gene（FigureI）・Inthismodel，theGboxandthePOPelement

WOrkinconcerttocontrolthewound－inducedexpressionofthep7TC2gene

andtheNtliml，WhichbindsspecificallytothePAL－boxreglOnOfthePOP

element，functionsasatransfactorthatconveyswoundsignalstothep7TC2

PrOmOter．

Basedontheinformationpresentedhere，furtherstudycanbedone

inordertode鮎etheupstreamPathwayleadingtothiswound－reSPOnSive

transcrlPtlOnalregulation・Forexample，theuseofyeasttwo－hybridsystem

to screenfor proteinpartner（s）ofNtlimlmight help us血d other

COmPOnentSOftheoligomericPOP－elementbindingcomplex・Moreover，

Sinceatleast2tobaccoMAPkinases，WIPK（Seoetal．，1999）andSIPK

（ZhangandKlessig，1998），areaCtivatedinresponsetowoundstress，itis。f

OurinteresttoinvestlgatetherelationshipbetweentheMAPKcascadeand

thewound－reSPOnSivenessofthep7TC2promoter・Wtplantointroducethe

P7TC2promoter‥：GtLgchimericconstruCtintotranSgenicplantwithlow

levelofWLFKexpression（agiftfr9嬰．DL％koOhashi，Departmentof

Molecular Genetics，NationalInstitute of AgrobiologlCalResources，

Tsukuba，Japan）・Thed騰renceinthelevelofwound－inducedexpressionof

theGtLgreportergeneinthedoubletranSformedtobaccoplantSandinthe

tobaccoplantsslngle－tranSfbrmedwiththep7TC＝promoter：：GUgconstruCt

willbeobserved．
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FigureI・MolecularmeChanismunderlying the wound－induced

expressionofthepfTC2gene・
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