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題　目

MolecularMechanismofEarlyWoundResponseinTobacco
Plants

（タバコの傷害応答初期過程の分子機構）

植物は移動できか－ため、さまざまな環境ストレスに対して常に受け身であ
り、素早い対応をしなければならない。なかでも、昆虫や動物による食害や暴風
雨などの物理的作用によって起きる傷害は大きなストレスであり、放置すれば病
原菌感染や壊死の広がりにより個体の死にもつながる0このため、植物は傷害に
対する防御機構を発達させてきた0傷害応答は、細胞・組織・器官の修復・再
生、傷害のシグナル伝達、感染・食害に対する予防など、さまざまな遺伝子が関
与する複雑な系である0特に、被害を確実に認識し、一刻も早くその情報を全身
に伝達することが重要である。傷害シグナルはジャスモン酸合成を通じて、プロ
テアーゼインヒビター（PI）などの防御遺伝子の発現を誘導することがこれまでに明
らかになっている。しかし、ジャスモン酸合成に至る伝達経路の初期過程で働く
タンパク質や全身性シグナルなどはほとんど分かっていか－。本研究では、全体
としてこの傷害応答の初期過程で起きる現象を分子レベルで明らかにすることを
目的とした。

本研究の前半では、傷害応答の初期過程で発現が制御される遺伝子の単離を試
みた。そのために、まず、蛍光ディファレンシャルディスプレイ法による傷害応
答遺伝子のスクリーニング・クローニング系を確立した。次に、合計64回の独立
したPCRによる傷害応答遺伝子の探索により、8種類の傷害応答遺伝子のcDNA断
片を得た。このうちクローンA7に相応する転写産物は傷処理により数分以内に蓄
積し始め、30分後に極大となる一過的な蓄積パターンを示した。クローンA8、
C14、C20に対応する転写産物は傷処理後3時間から12時間の間に蓄積し始めた。
これらはいずれも防御関連の遺伝子をコードしていた。PI遺伝子は傷処理後24時
間から発現した。これらの傷害応答遺伝子は分・時間・日レベルでの段階的な制
御を受けていることがノザン解析によって明らかになった。
このスクリーニングによって、クローンA7以外にも分レベルで傷害に応答する
複数の遺伝子の存在が確認されたことから、本研究の後半ではこれらの遺伝子の
単離を行った0その結果、すでに単離したクローンA7以外に、クローンClO、
C15、6－1を得た。クローンA7とClOは、5一－RACE法によって全長cDNAを得た。A7
遺伝子産物は513アミノ酸からなるタンパク質をコードしており、C末端側にロイ
シンジッパードメインを持っていた。驚くべきことに、仝アミノ酸のうち70％以上
が、リジン（K）、グルタミン酸（E）、アスパラギン酸（D）から構成されていた。この
ことから、この遺伝子を互edと名付けた。相同性を示す遺伝子は報告されておら
ず、そのアミノ酸組成より、デヒドリン様の機能を持つのではないかと推定し
た06－1は、リン酸処理で誘導されるタバコのp山一Jと同一であることが分かった。
C相通伝子産物は356アミノ酸からなるタンパク質をコードしており、ロイシン
ジッパードメインとジンクフィンガードメインをもつことから、この遺伝子を
Wi2Z也ound一如ducedleu－Zipperzinc－nnger）と名付けた。アミノ酸配列の相同性検索
の結果より、オートムギのABF2やパセリのWRKY3などのよく保存された領域を
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持つ蛋白質群に属することが示された。そのアミノ酸配列中にはWRKYを含む約
60残基が保存されており、この部分がC2－＝2型のジンクフィンガードメインとなり
転写因子として働くことが推定されている。従ってWⅨZも転写因子であると考え
られたoGFPとの融合タンパク質をタマネギの表皮細胞で一過的に発現させる
と、融合タンパク質は核に局在した。ゲルシフトアッセイによって、ⅥZZはほと
んどのWRKYファミリーが結合するDNA配列のTTGAC（C／T）を認識し結合した。こ
の結合はキレート剤の添加によって阻害された。一過的発現実験によって、WIZZ
はタバコBY－2細胞内では転写活性化能を示さなかった○しかし、この認識配列は
多くの防御関連遺伝子の転写制御に関っていることから、WIZZは傷害応答遺伝子
の転写を制御していることが示唆された。

互edとw裏㍑の転写産物は健全な葉ではみられず、傷害により数分以内に蓄積し始
めることから、転写レベルでの制御が示唆される○そこで、両遺伝子のプロモー
ターの下流にレポ一夕一道伝子としてホタルルシフェラーゼ遺伝子をつなげたプ
ラスミドを作製し、タバコの葉で一過的に発現させた。約0．7kbの五edプロモーター
を導入した場合、レポ一夕ー活性が全く認められなかったことより、約0．7kbの領
域では転写に必要な部分を欠いていることが示唆された○　一方、約1．5kbのw滋プ
ロモーターを導入した場合、導入後3時間から6時間にかけてレポ一夕一括性は一
過的に上昇した0次に、約1・5kbから約0・2kbまで5凍端側からwjzzプロモーターの
長さを変えた場合、導入後5時間目のレポ一夕一括性は、プロモーターが短くなる
につれ低下した。このことから、プロモーター上に分散するエレメントが協調的
に働いていることが示唆された。

五edと山花の転写にかかわるシグナル伝達経路を明らかにするために、タバコ葉
の傷害時にさまざまな阻害剤や作動薬で前処理し、その影響を調べた0また、画才ー
比w画の転写も同時に調べ、非常に早く一過的に発現する遺伝子群がすべて同様
の制御を受けているのかどうかを調べた。互edと両㌶の転写産物は、多くの傷害応
答遺伝子の発現を誘導するメチルジャスモン酸、リノレン酸、アブシジン酸で処
理しても蓄積しなかった0五edとw滋の傷害による転写産物の蓄積は、シクロヘキ
シミド前処理では打ち消されなかったことから、新規の蛋白質の合成を必要とし
ないと考えられた。さらに、シクロヘキシミド処理のみで、これら4種類の遺伝子
すべての発現が誘導された0傷害によるw克z転写産物の蓄積は、スタウロスポリ
ン前処理では打ち消され、オカダ酸前処理で持続した。オカダ酸前処理による持
続効果はゆ五の場合にもみられ、蛋白質のリン酸化・脱リン酸化の関与が示唆さ
れた。これら4種類の遺伝子の傷害およびシクロへキシミドによる転写産物の蓄積
は、ジフユニレンヨードニウムクロリド前処理では打ち消されなかったことか
ら、NADPHオキシダーゼによる活性酸素種の産出とは関係ないと考えられた。キ
レ一夕ー、チャネルブロッカー、イオノフォア処理の実験から、カルシウムの流
入による発現の誘導も認められなかった0細胞膜に局在する＝十一ATPaseの阻害剤で
あるエリトロシンB前処理と活性化因子であるフシコクシン前処理は、傷害による
転写産物の蓄積を阻害しなかったが、その処理自体で転写産物の蓄積を誘導し、
細胞内のp＝の変化が関与していることが示唆された。さらに、プロピオン酸処理
による細胞内の酸性化によって4種類の遺伝子すべての発現が一過的に誘導され

これらの結果より、傷害応答の初期過程では、細胞内の酸性化や蛋白質のリン
酸化・脱リン酸化による制御が抽やw滋などの早く一過的に応答する遺伝子群の
発現に重要な役割を果たすことが明らかになった0そして、ⅥZZは転写因子とし
て下流の防御関連遺伝子の発現を誘導し、随Dは細胞内環境の維持・改善にかか
わると示唆された。本研究により、いまだ同定されていない傷害応答の全身性シ
グナルの同定に向けて大きな足がかりができ、新たな展開が期待できる。
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ABA

ATア

BAPTA

BLAST

cDNA

DMSO

DNA

dNTP

DPI

EDn
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GST

MES
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mRNA

ORF
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pI

poly（A）

PR
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RNA

RT
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TÅm－PCR
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2－（N－mOrPholino）ethanesulfbnicacid
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Introduction

Plantsarealwaysexposedtodiverseenvironmentalstresses，amOngWhichwounding

maybethemostcruCial■Tocopewithwoundingcausedbymechanicaliqury，Pathogen

attackanddamagefromherbivoresandinsects，Plantshavedevelopedrennedself－deftnse

SyStemSinwhichwoundsignalsarequicklytransmittedfromdamagedtissues（local）tothe

Wholeplant（SyStemic），allowingelaborationofadeftnsereaction■Overthepastftwdecades，

numerousstudieshavebeenperformedonthewoundresponsemechanism．Thesestudies

haveinvestigated slgnalcomponents andtheirinteractions，andtargetgenes andtheir

The chemicalnature of wound slgnals has beenintensively studied．Several

Substanceshavesofarbeenidentined，includingabscisicacid（ABA）（Pena－Cortesetal．，

1989；Hildmannetal・，1992），jasmonicacid（JA）（FarmerandRyan，1990），ethylene

（OtDonnelletal・，1996），thesmallpeptidesystemin（Pearceetal・，1991），01igosaccharides

（Bishopetal・，1981）andreactiveoxygenspecies（Bradleyetal・，1992）・Inaddition，Physical

Signalssuchashydraulicchange（BoariandMalone，1993）andelectriccurrents（Wildonet

al・，1992）havealsobeensuggestedtoplayapart．

Wound－reSPOnSive genes have alsobeen reported・Theirproducts have various

functions，including（i）hydrolysisofmicrobialcellwallcomponentsbyPR－2（β－1，3－

glucanase）andPR－3（Chitinase），（ii）phenylpropanoidsynthesisbyphenylalaninearrmonia－

1yaseandchalconesynthase，（i出）reinforcementoftheplantcellwallbyextensinand

Peroxidase，（iv）ethylenesynthesisbyl－aminocyclopropane－1－Carboxylate（ACC）synthase

andACCoxidase，and（v）interftrenceofdigestionofherbivoresbyproteinaseinhibitors

－3－
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（PIs）（GreenandRyan，1972；Mauchetal・，1988；HahlbrockandScheel，1989；Kende，H．，

1993；Showalter，A・M・，1993）・ExpressionofthePIgenes，inparticular，hasbeenwidelyused

asanindicatorofthewoundresponsepathway，althoughthetranscrlPtSbeglntOaCCumulate

SeVeralhourstoadayafterwounding・

Inrecentyears，therehasbeengrowlnglntereStinmoleculareventsoccurrlnglnVery

earlystagesofwoundresponse，Whichtriggerswholeseriesofdeftnsereactions，andseveral

immediate－ear1yresponsivegenesthatareinducedwithinanhourafterwoundinghavebeen

identified（Tablel）・TranscriptsofthetobaccomPKgeneencodingamitogen－aCtivated

PrOtein（M∬）kinasehomologbegintoaccumulateasearlyaslminafterwoundinginlocal

andsystemicleaves（Seoetal・，1995）・ExpressionofthetobaccoERF3andt。mat。TWl

genes encoding an ethylene－reSPOnSive transcrlPtlOn factor and a glucosyltransftrase，

respectively，isinducedwithin30minafterwounding（0・Donnelletal・，1998；Suzukietal．，

1998）・Suchimmediate－earlyresponsivegenesprovidevaluabletooIstounderstandsignal

transductioninearlywoundresponsepathways・Inaddition，COntributionofnovelgenes

encodingpolypeptideswithnostrongsimi1aritytoanyestablishedgeneproductshavebeen

reported・ArabidqpsisATHCORlgenetranscrlPtS areinducedbymethyljasmonateand

WOundingwithin30min（Benedettietal・，1998）．AlthoughthefunctionofATHCORIwitha

POtentialATP－／GTP－bindingsiteremainsunclear，thisnndingprovidedadditionalinsights

intomolecularmeChanismsofear1ywoundresponse・

一4－
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TabIel・Jmmediate－earlywound－reSPOnSivegenes

Gene　　　　　　円ant

研　　　　　一obacco

βC〟丁　　　β侶5SJ鎚〃叩∽

AMs Arabidopsis

LoxD tomato

〃M桐　　　　　　a他ぬ

AF72　　　　ArabidopsJS

AmCOF71　　ArabjdopsIS

ERF3　　　　　tobacco

7Wl tomato

AtCBLI Arabidopsis

Ca〃　　　　　　tomato

CMβP tomato

FeatLJre＄Of encoded poIypeptide Other jnducer＄　Referenc

MAPkjnase

CaJmodu［in

Unknown

lipoxygenase

MAPkinase

P450reductase

Unknown

transcriptionfactor

gJucosyItransferase

Ca（cineurinB－Jikeprotein

Calmodulin

ChIoroplastnlRNA－bindingprotein

SA：SaJicylicacid，MJ：methyIjasmonate，CHX：CyCJoheximide，LNA：Jino［enicacid

TMVinfection

touch

SyStemin，MJ

li9ht

COrOnatine，MJ

CHX

SA，Pathogen

drought，COld

SyStemin，MJ，LNA

flamlng

SeoetaJ．，1995

0hetaL，1996

Yangetal．，1997

日eitzetal．，1997

Bo9reetaし1997

MizutanjandOhta，1998

BenedettietaJ．，1998

SuzukietaJ．，1998

0■Done（letaJ．，1998

KudJaetaL，1999

BergeyandRyan，1999

Tocastfurtherlightontheear1ystageofthewoundresponse，Ihaveconducted

nuorescentdifftrentialdisplay（FDD）screeningin ordertoidentifyas manywound－

responsivegenes as possible（Figurel）・Inthis thesis，Idescribe（i）theisolation and

CharacterizationofwoundresponsivegenesbyFDDscreening，（ii）characterizationoftwo

novelimmediate－ear1ywound－reSPOnSivegenes，RmandW佗Z，Whichencodeahighly

hydrophilic protein and WRKY fami1y transcrlPtlOn factor with a zinc fingermotit

reSPeCtively，（iii）isolationandanalysisofpromotersofbothgenes，and（iv）analysesofthe

earlystageofthewoundresponseuslnglmmediate－ear1ywound－reSPOnSivegenesasthe

marker．
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ChapterI

ScreenlngOfEarlyWoundResponsiveGenesbyFDI）

Inordertounderstandthegeneralaspectsoftheearlystageofwoundresponse，itis

desirabletocatalogasmanyaspossibleofthegeneswhoseexpressionisinducedatvery

earlystage，andtodeteminetheirtemporalandspatialexpressionpatterns．Functional

interactionsamongtheirproductscanbethenhypothesized．

MATERIALSANDMETHOI）S

PIantandTreatments

Tobaccoplants（Nicotianatabacumcv・Xanthinc）weregrowninagreenhouseat230Cunder

a14h／10hlight／darkphotocycle・Woundingwasperfbrmedbycuttingthematureleavesof

2－mOnth－01dtobaccoplantsintopleCeSWithapalrOfscissors・Theresultingleaffragments

Werefloatedonwater・ThesampleswereharveStedatanappropnatetimepolnt，immediately

frozeninliquidnitrogenandstoredat－800C．

FluorescentDi蝕rentialDisplay

Thefluorescencedifftrentialdisplay（FDD）methodwasperformeddescribed（Itoetal．，

1994；ItoandSakaki，1996）withamodincation・TotalRNAwasisolatedfromtobaccoplants

grOWninacontrolledenvironmentalroomat23Cundercontinuouslightforaweek．Thenrst

－7－
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StrandcDNAwassynthesizedwithoneofthe3・－anChoredoligo（dT）primers（5・－GT）5VA－3・or

5’－GT15VC－3’；VisamixtureofA，CandG）・Thesecondstrandsynthesisandpolymerase

Chainreaction（FDD－PCR）wereperformedwithrhodamine－1abeled3・－anChoredprimers

（TaKaRaShuzo，Japan）andlO－merarbitraryprimers（OperonTeclm0logies，Inc・，USA）．The

reactionwascarriedoutwith940C3min，40OC5min，720C5min・fbllowedby25cyclesof

950C15sec，400C2min，720Clmin，and720C5minた）rannalextension．

Theresultingproductswerefractionatedonadenaturingpolyacrylamidegel・After

electrophoresis，fluorescentimagewasanalyzedonanFM－BIO（TaKaRaShuzo，Japan）．The

gelfractioncontainlngthecDNAfragmentsofinterestwasexcisedandsuspendedinTE

bufftr・ThecDNAfragments wereelutedbyboiling，PreCIPltatedwithethanolandre－

amplifiedbyPCRwiththesamepalrOfprlmerSaSuSedfbrthenrstamplincation．The

resultingproductwassubcloned．

Toeliminatefalsepositiveclones，CO－migrationtest（ItoandSakaki，1996）and

Southernanalysiswerecarriedout・TheclonedcDNAinsertsco－mlgratedatthesame

POSitionastheorlginalwound－reSPOnSiveproductswereprlmarilyselected・Thegelusedin

theco－mlgrationtestwass呵ectedtosemi－drygelblottlng，fbllowedbyhybridizationwith

theselectedcDNAprobe・ThecDNAcloneexhibitingthesamewound－reSPOnSivepatternaS

displayedinFDDwqsnnallyselectedandfurtheranalyzed．

RNAGe）BlotAnalysis

TotalRNAwasisolatedbytheATAmethod（Gonzalezetal・，1980），fractionatedon

fbrmaldehydel％gelandtransftrredtoanylonmembrane（Hybond－N，Amersham）．After

ー8－
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CrOSSlinkingbyUVirradiation，hybridizationwascarriedoutat420Cた〉r16hinasolution

COntainlng32p－1abelledcDNAprobe，1mMEDTA，0・5％SDS・50mMTris－HCIpH7・5，1x

Denhardt，s，3xSSC，50％fbrmamide，10％dextransulfate，0・1mghnldenaturedsalmon

SPerm DNA・The membrane was washed with O・5x SSC，0．1％SDS at650C and

autoradiographed・SignalwasalsovisualizedwithaFqixBAS－2000（FujiFilmCo．，Ltd，

Japan）・ThecDNAprobeswerelabeledbyrandomlabelingmethod（BcaBESTLabelingKit，

TaKaRa）・ThecDNAfbrmPKcDNAwasprovidedbyY．Ohashi．ThecDNAsfbrPI－Hand

actinwerepreparedinourlaboratory・

Themissing5■ends ofcDNAfragments were obtained using the5・－RACE（rapid

amplificationofcDNAends）systemaccordingtothemanufacturerfsinstruCtions（Marathon

CDNAAmplincationKit；Clontech）・TotalRNAwasisolatedfromtobaccoleavesharveSted

O・5，1，3and6haf［erwoundtreatment・Poly（A）＋RNAwasisolatedaccordingtothe

manufacturer’sinstruCtions（PolyATtractmRNAIsolationSystem；Promega）．Afterdouble－

StrandedcDNAsynthesis andadapterligation，PCRwasperformedwithgene－SPeCinc

PrlmerS aS fbllows：5一－GAGCAAGAGCAACACGGATACAAC－3f　for Al，5一一

CATTACTCCATCGTGTGCCTTCAGGTC－3・　　　fbr A7，　　　5・－

TTCCTGAAATGGCAGCAGCAAGTG－3，　　　fbr ClO，　　　5・一

CCACTTTGACCCCAATAAATGGCTCC－3・　　　fbr C13，　　　5・－

CATTGCTCGTCATATGTGCAACGTCC－3・fbrC20・TheRACEproductswererecovered

andsubclonedintoaclonlngVeCtOr．

ー9－
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SequenclngAnalysis

DNAsequencingwasperformedusingaDyeDeoxyTeminatorSequencingKit（ABI）anda

SequenCer（mode1373，ABI）・Sequences were analyzed using GeneWorks software

（IntelliGenetics）andcomparedinnon－redundantdatabasesbyusingtheBLASTprogram

（Altschuletal．，1990）．

RESULTS

ScreenlngOfWound－ResponsiveGenes

Toscreenandisolategenesthatareregulatedattheearlystageofwoundresponse，

fluorescence difftrentialdisplay（FDD）was adopted because ofits c。nVenience and

Suitability fbrmass screenlng・TotalRNA samples wereextractedfromtobaccoleaves

harVeStedO，15，45，90and180minutesafterwounding，andwereconvertedintocDNAs．

Usingtwofluorescence－1abeledanchoredprlmerSincombinationwith32arbitraryprlmerS，

64independentFDD－PCRswereperformed・TheFDD－PCRproductswereelectrophoretically

SeParatedandvisualizedbyanimageanalyzer・Fromthedi脆rencesindisplayedpatternS，28

CDNAfragmentswereinitiallyfbundtochangetheirlevelswithin3hafterwoundtreatment

（Figure2）・Amongthem，elevencDNAfragmentswerecloned，SequenCedandfurther

CharacterizedbyRNAgelblotanalysis（Figure3）・FulllengthcDNAsofnveclones（Al，A7，

ClO，C13andC20）wereobtainedby5・－RACE，andtheirsequencesweredetermined．Results

OfsequenceanalysesareSurrmarizedinTable2．
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Table2・C10neSidentifiedbyFDD

Clone Size of FDD

fragment（bp）

月7　　　　　　　195

月5　　　　　　　219b

〝Eロ囲乃　　　　　279

月β　　　　　　　227d

〝ほZ（CTqJ　　　　284

CT3　　　　　　　247

CT〃　　　　　　　286g

Cほ　　　　　　　227

C柑　　　　　　　708h

C20　　　　　　　408

P〃／一丁伸一り　　　　　607

Size ot cDNA clone

（bp）

1，974a

nd

l，778C

nd

l，2510

1，5401

nd

nd

nd

8441

nd

Encoded protein

（amino acid＄）

510

nd

513

nd

356

317

nd

nd

nd

205

nd

High¢St－Scored Homo一ogy

89％Jdentitywithrnyo－inosito，－1－Phosphate
Synthaseo＝眈c／囲助血町

NosignjficantsimiJarityfound

Nosi9nificants血舶坤〃0Und

85％Jdentitywithcysteine－richextensin－1ike

PrOteinofN．tabacumk

35％IdentitywithABF20foat

NosignificantsimiJarityfound

57％Identitywjthproteinaseinhibitor＝ofL．
e5C〟Je／1山爪m

Nosjgnncantsimila佃yfound

90％Jdendtywithch10rOP（astcarbonicanhydrase
Of〃．ね由c〟爪∩

44％Jdentitywith21kDproteinprecursorofM
ぶa〟帽0

1denticaltophosphate－inducedgene．fW－1，Of

叩Accessjonnumber：aAIABOO9881，bA5ABOO9882，CKEDABOO9883・dA8ABOO9884・eVtaZZABO28022，，c13ABOO9885，gC14

ABOO9886・hc19ABOO9887・Jc20ABOO9888，ju32511・kL13439・Jz484317mX94946，nL19255，OYl1553，PABO18441

nd：nOt determjned

PropertiesofClonedcDNAs

ThetranscrlPtleveloftheAIclonedecreaseduponwounding，butrecoveredtothe

basallevelat24hand48hafterwounding・Thenearlyfu11－1engthAIcDNAencodesa

PrOteinwith510aminqacidswhichhasahighsimi1aritytomyo－inositoll－Phosphate

Synthase（Figure4A）▲ThelevelofA5transcriptsgradua11ydecreasedwithin6hofwounding

andremainedatalowlevelthereafter．

A7，ClO，C15and6－1tranSCrlPtSbegantoaccumulateasearlyaslOminafter

WOundingandreachedamaximumlevelwithinlhanddecreased3hafterwounding・

一13－
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Becauseofitsearlytemporalresponsetowounding，A7andClOwerefurthercharacterized

inChapterII．

ThetranscrlPtlevelofA8，Whichencodesapeptidewithahighsimi1aritytotheC－

terminusofcysteine－richextensin－1ikeproteinsfromtobacco（Figure4B）（Wuetal・，1993），

graduallyincreasedlhafterwoundingandreachedamaximumlevelat36h．Thelevelof

C13transcrlPtSdecreasedlhafterwoundingandthengradua11ylnCreaSedthroughoutthe

Periodexamined・ThetranscrlPtlevelofC14，Whichencodesa44－amino－aCidproteinwith

highsimi1aritytoproteinaseinhibitorclassII（PI－Ⅱ）fromtomatoandtobacco（Figure4C）

（Balandinetal・，1995；Gadeaetal・，1996），increased3hafterwoundinganddeclined

thereaftertotheinitiallevel．

TranscriptsofC19，Whichencodesachloroplasticcarbonicanhydrase（CA）（Figure

4D）（accessionnumbersL19255andM94135）werenotdetectedinhealthyleaves，but

gradual1ylnCreaSedafterwounding・ThelevelofC20tranSCrlPtSincreased30minafter

WOundingandreachedamaximumlevelwithin12h・Thededucedaminoacidsequenceof

theC20transcriptshowedsomesimi1aritywith21kDaproteins（Figure4E）（accession

numbersX52395，Yl1553，X80342andL12245）．
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UsingtwoanchoredprlmerSincombinationwith32atbitraryprlmerS，WePerformed

64independentFDD－PCRs，bywhichapproximatelylOOindividualcDNAs，Whichare

Visualizedasslgnalbands，Wereanalyzedperlane・Throughthisscreenlng，28bandswere

fbundtoshowdiversewound－reSPOnSivepatternS，SuChasarapiddecreaseoratransient

increaseintranscrlPtaCCumulation・Assumlngthatatotalof15，000individualtranscrlPtSare

PreSentintheleaftissuesexamined，OVer450combinationsofprlmerSfbrFDD－PCRare

theoreticallynecessaryinordertoscreenalltheavailabletranscriptswith95％probability

underoursamplingconditions（ItoandSakaki，1996）・Sinceweobtained28positiveclones

from64independentFDD－PCRs，Whichwouldcovermorethan2，100individualtranscrlPtS，

itcanbeestimatedthatnearly200genesarediffbrentiallyexpressedinatobaccoleafwithin3

hafterwounding・ThisismuchhigherthanthenumberofgenessofarknowntobeinvoIved

inthewoundresponsemechanism，butaresponseofthismagnitudemaybenecessaryhr

Plantstocopewithwoundstress．

Theeightclonesfurthercharacterizedwerecategorizedintothreegroups：（i）genes

knowntobedeftnse－related（A8，ClO，C14andC20）；（ii）genessofarnotknowntobe

relatedtowounding（Al，C19and6－1）；and（ih）unidentifiedgenes（A5，A7，C13andC15）．

ThegeneproductsofthenrstgroupareapparentlyinvoIvedindeftnse，becauseextensinsare

We11knowntoreinforcecellwal1s，andproteinaseinhibitorscauseindigestioninherbivores

（Hilderetal・，1987；Johnsonetal・，1989；LagrimimiandRothstein，1987；Memelinketal．，

1993；MohanandKolattukudy，1990；Urwinetal・，1995）・Transcriptsof血bidqpsis
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homologsoftheC20genearereportedtobeinducedbystressessuchaspathogenattack（Yu

andAusubel，unPublished；Yang，etal．，1995）．

Genesinthesecondgroupofftranovelviewofthewoundresponsemechamism．

ThecDNAsequenceofAlhasahighsimi1aritytothatofthegeneencodingnD70－inositoll－

Phosphate（Ins－1P）synthase，Whichconvertsglucose6－PhosphateintoIns－1Pinthepathway

Ofinositolbiosynthesis・Ins－1P，eSSentialわrfbrmationofphospholipids，isthesubstratefbr

Synthesis ofplasma membrane phosphoinositides，Whichare alsoinvoIvedin slgnal

transductionassecondmessengers（GrossandBoss，1993）・GenesencodingIns－1Psynthase

havesofarbeenisolatedfromiceplant，CitruSandduckweed（SmartandFleming，1993；

Abu－AbiedandHolland，1994；Ishitanietal・，1996）・Transcriptlevelswereincreasedby

treatmentwithABAinduckweedandwithNaCliniceplant，andwereregulatedinadiurnal

fashioniniceplantandcitruS・TheseobservationstogetherwithourresultssuggestthatIns－

1PfunctionsinstressresponsebymodulatingltSleveldependingonexternalsignals・

ThecDNAsequenceof6－1isidenticalwiththatofthephosphate－inducedgene，

PHLl，fromtobacco（accessionnumberABO18441；Sanoetal・，1999）・TheP〃ト1transcripts

arerqpidlyinducedbyadditionofphosphateinphosphate－Starvedcells・ThepredictedPm－1

geneproductshowednoslgnincanthomologywithanythinglnthedatabase，indicatlngthat

PLW－1belongstoanovelclassofgenes・However，theN－teminalreglOnOfPHI－1hassome

homologywithATP－bindingsiteofplasmamembraneH＋－ATPasesoffunglandplants．

AlthoughPHTrlisnotanATPaseinoverallstruCture，PWlisthoughttohavesomerolein

Phosphorylation・TherqpidinductionofPLU－1uponwoundingisdiscussedinChapterIV・

ThecDNAsequenceofC19isidenticalwiththatofthechloroplasticcarbonic

一18一
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anhydrase（CA）genefromtobacco（accessionnumbersL19255andM94135）・Inanimalcells，

CAplaysacriticalroleinmaintenanceofhomeostasisbypHregulation，byCO2and＝CO3

transport，andbywaterandelectrolytebalance（SlyandHu，1995）・Inplants，however，itsrole

isnotnecessari1yclear・InC4Plants，CAwassuggestedtocouplewiththePEPCpathway，

WhichisrequiredfbrCO2nXation（Kurk句ianandGuern，1989）・WithinthechloroplastofC3

PlantS，CA was postulated tofunctionin bufftring the stromalenvironment by

hydration／dehydration reactions（Mqjeau and Coleman，1991）・Induction ofCA upon

WOundingsuggestsanewfunctionrelatedtomaintenanceofplantcellularhomeostasis．

Inthethirdgroup，tranSCrlPtlevelsoftheA5andC13clonesdecreasedonwounding，

SuggeStlngthatthewoundresponseoftheA5andC13genesisnotdirectbutratherindirect，

CauSedby，fbrexample，declineofmetabolicactivities．

ー19－

L



ChapterII

CharacterizationofImmediate－EarlyWound－ResponsiveGenes

TheaccumulationpatternsofA7andClOtranscrlPtSaredistinct，Showlngarapid

increasewithinaftwminutesafterwoundingfbllowedbyarapiddecreaselhlater．This

SuggeStSthattheA7andClOgeneproductsmayplaycriticalrolesintheearlystageof

WOundresponse・Tomakeclearfunctionsoftheseirrmediate－earlywound－reSPOnSivegene

PrOducts，bothgeneswerefurtherisolatedandcharacterized．

II－1High1yChargedProteinEncodedbyA7

MERIALSANDMETHODS

TobaccoplantsweregrownasdescribedinChapterI・Woundingwasperformedbycuttlng

matureleavesacrossthemidribwithapalrOfscissors・Thewoundedleafandupper

unwoundedleafwereharveStedatanaPPrOPnatetimepolnt，immediatelyfrozeninliquid

nitrogenandstoredat－800c．

CI）NACloning

Thealmostfu11－1engthcDNAwasamplinedbyRT－PCRwiththespecincprimers（5・一

－20一



GGATGCCTTGGAGAAAmAAAGGCACATTGACG－3・and5・－GACAGTGGAAGGGAAA

GGTATACACAACGACAG－3，）andcloned・Thenucleotidesequencewasdeterminedbythe

dideoxychainterminationmethod（ABIPRISMDyeTeminator）・EditingofDNAsequences

and amino acid sequences were carried out on a computer sof［ware（Gen6Works；

IntelliGenetics，CA），Withcomparisontonon－redundantdatabasesbytheBLASTprogramon

networkserverS（Altschuletal．，1990）．

RNAGelBlotAnalysis

RNAblotanalyseswereperformedasdescribedinChapterI・RNAblotcontaining40pg

RNAperlaneWaSSuqeCtedtohybridizationwith32p－1abeledcDNAprobe．

RESULTS

A7EncodesaHigh1yChargedProtein，KED

Anearlyfu11－1engthcDNAofA7wasobtainedanditsputativeaminoacidsequence

WaSdetermined（Figure5A，B）・Thededucedpolypeptidewasrichinlysine（K；34．7％），

glutamicacid（E；24・95％）？ndasparticacid（D；12・48％），Whichconstitutedupto70％of

totalaminoacids■TheA7genewasdesignatedasKED・Thisaminoacidcompositionmakes

theKEDgeneproductabighlychargedprotein・AhydropathyplotshowsthattheKED

POlypeptideisextremelyhydrophilicandisdividedintotworeglOnS：ahighlyhydrophilicN－

teminalregion（aminoacidsト372，PI＝5・40）andarelativelyhydrophobicC－terminalregion
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（amino acids373－513，PI＝9・33）（Figure5C）・Another distinct ftature ofthe KED

POlypeptideisthatacidicaminoacidsfbrmSmal1clusters，andsodobasicaminoacids．These

Clustersalternate（Figure5D）．

Southernhybridizationindicatedthatonecopy，OratmOSttWOCOPleS，Of忍E∂is

PreSentinthegenomeofNtabacum（datanotshown）・TheRmtranscriptswererapidly

accumulatedinwoundedleavesofNicotiana5ylvestris，Whichisoneoftheancestralspecies

OfNtabacum（datanotshown）・Thissuggeststhatatleastonecopyof忍E∂originatedfrom

〟叩ルビ∫frg∫．
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（A）

CCTTGGAG姐ATMGCA CATTGACGTG CGGACAAm TAGATAGGAA GGCAAAACTG

TTGTTGTTGC CAGGGGAGAA GTAAAGATGGAAAAGGAAAA GAAGAT鼠GAC ATGGAAGAAA

M E R E X K　工　D M E E X

AGCACGAAAA

H E X

AAGAGGAGTC

E E S

AGAAATACAA

K Y X

AGGAGGAGでC

E E S

AA姐GAAGAA

K X X

GGAAででGAAG

E I」　K

GGAGGAAACA

E E　で

GAAGGAAAAG

X E Iく

GGAGGAÅGAA

E E E

ACAでAAGACA

H X T

GAGAAAGAGA

E K E X

GAGGACGAGA

E D E X

AAAGAGAAAA

X E K X

ACCGAGGAAG

T E E E

GAでAでGAAAG

D M K E

AAAAGGACAA

X D X

AAGATGGTGC

D G A

AGGATAAAGA

D K E

AGAAGGATGA

K D D

AGAAAAAGGA

X X D

AGでAAAAAAT

V K N

AACAAAAAAT

で　Ⅹ　Ⅳ

AAAGAAAGAC

R K D

TGGAAAAGGG

G K G

TAAAGAGATG

X E M

ACGGGGAGCG

T G S E

GTAAAAGAAA

V X E X

AAGAGTAAAG

K S X E

AAGAAGGATA

K X D X

AAAGACAAGA

K D X S

GCAAACATGA GTCAGAAAAA GAAGACAGCAAAGAAATAGA GGAAGAGAAG GATGACGGAG

X H E S E X E D S K E I E E E X D D G E

AAGGGGAGAA GAAAGATAAA GAGAAGAAAC TCAAGAAGGG AAAGAAAGAC AGAAAGGAAA

G E K K D K E K K L K X G K K D R X E X

AAGAGAAGAA AGACAAGAGC ATAGAGGAGT CGAAGGAAGAAAAGGATGAT GATAAAGGGG

E K K D K S I E E S K E E K D D D K G E

AGAAGAAGGA TAAAGAGCAG AAAGACAAGAAGGAGAAAAA GAACAAGGAA GAGAAAGGCA

K K D K E Q K D K K E K K N K E E K G K

AGAGCAAAGG GGAATCAGAA GAAGAÅACCG AGGAAGAGAA GGATGATGAA AAAGGGAAAA

S X G E S E E E　で　E E E X D D E X G K　Ⅳ

ACAAGGAATC GGATGAAGAA GACGAGAGAC AGACAGAGGA AGAGGAGAAT GATGAAAAAG

X E S D E E D E R Q T E E E E N D E K G

GGGTGAAGAA GGATAAGGAG AAGAAAAACA AGGAAAAGAA AGAGAAAAAG GACAÅCG

V K K D K E K K N X E K K E R R D　Ⅳ　E R

AGAAAGATAA GAGCAAAGAG GAAACGGAGG AAGAGAAGGA TGATGAAAAA GGAGAGAAGA

K D K S K E E T E E E K D D E K G E K K

AGGATAAAGA GAAGAAATGC AAGAAGAATA AGAAAGAGAA AAAGGATAAA GAAACGAAAG

D X E X R C X K N K K E K X D X E T X D

60

120

180

240

300

360

420

480

540

600

660

720

7白0

840

900

ACAAGAGCAAAGAGGTGTCG GATGAAGAGGAAGAGAAAGA TGACGAAGAA GGGGAGAAGA lO20

K S K E V S D E E E E K D D E E G E K K

AGGAでAAAAAAAAGAAACAC AATAAGGATAAGAAAGAAAC AAAGGATAAA GAAAAGAAAT lO80

D K X X X H N K D K X E T・　Ⅹ　D X E K K Y

ACAAGAGCAA AGAGGAGTCA GAAGAAGAAG AでAAGAAAGA AACGGAGGAA GAGAALGGATG l140

K S K E E S E E E D K K E T E E E X D D

AでGAでGAAGA GGGTCAGAAGAALGG姐AAAGAGAAGAAAAA CAAGAAGGAT AAAAAAGAGA　1200

D E E G Q K K E K E K K N K K D K K E K

AAAAGGAでAA AGAAAAGAAA GTCAAGAGCAAAGAGGAGTC AGATGAAGAA GACAAGCAAG　1260

Ⅹ　D K E K X V K S X E E S D E E D X O D

ACAAGGTGAA TGAGGTTGAA GTCGCCACAA GAGAGATAAAAATTGAGGAT GACAAGAAAA　1320

Ⅹ　Ⅴ　Ⅳ　E V E V A　で　R E　エ　Ⅹ　＝　E D D K X　工

TATCGGACGG TGAAGCAGAC GAGAAAGGTAAAAGGAAGGA GAAAGGAAAA GACAGTAAAG　1380

S D G E A D E K G X R K E K G K D S K D

ATGAGAAACAAAAGGATG⊂AAAAAAGGACAAAGCTGAGAA GACGAGAAAA CTTGAGGACA　1440

AG；A誓誓GC㌘C≡GT㌘6G㌘…CC芸AG㌘G：AG㌘許荒CC㌘≡TGT：1500

C欝T…A篭AG㌘A荒CG≡A6C孟TG≡AG；C誓でA？A≡A6C≡貼SAT㌘㌘C：1560

三⊂C3T
GGT TGAGAGTCCTAAAGAGGCAGACCTGAAGGC ACACGATGGA GTAATGACTG　1620

V E S P K E A D L K A H D G V M T E

AACAGでGAGTAGmTATTTr TCAでAATAATGTTAGATGTT CTTATACTGT CGTTGTGTAT　1680

Q　★

ACCTTTCCCT TCCACTGTCAmAGAAATGTATTATCTITGTCTTAAでTA・AGTでAAAGTA　1740

AnGAGATGA TATACTTGCA mAAAAAAA AAAAAAAA

－23－
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町

Figt）re5・Sequencesandstructura沌aturesofthe儲かgeneproduct．

（A）DNAsequenceoftheREDcDNAalongwiththededucedaminoacidsequence．TTlenuCleicacidsare

PreSentedonthetoplineandthederivedone－letteraminoacidsequenceisshownbelow・Thestopcodonis

indicatedbyanastarisk・珊ecirclesindicatehydrophobicresiduesintheputativeleucinezIPpermOtif．珊e

accessionnumberisABOO9883・（B）AminoacidsequenceoftheRmgeneproduct．Thecirclesindicate

hydrophobicresiduesintheputativeleucinezippermotif（red）・Lysine，glutamicacid，andasparticacid

residuesarecoloredasgreen，PurPle，andblue，reSpeCtively・（C）Hydropathyp）otoftheKEDpolypeptide．

Hydropathyanalysiswasperformedusingawindowofnineaminoacids（KyteandDooJittle，1982）．（D）

DistributionofacidicandbasicaminoacidresiduesintheKEDpolypeptide・Acidic（AspandGlu）and

basic（LysandArg）residuesareindicatedbyverticalbarsaboveandbelowthecenterbox，reSpeCtively．

TherelativelyhydrophobicC－terminalregjon（aminoacids373－513）isindicatedbyalightgraybox．TYle

PutativeleucinezIPPermOtifisindicatedbyadarkgraybox・

－24一
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ImmediateandSystemicResponseofBmtoWounding

In response to wounding，SeVeralgenes have been shown to accumulate their

tranSCrlPtS nOt Onlylocally but also systemically・To examine whether or not互Eかis

SyStemica11yinduced，RNAwasextractedsimultaneOuSlybothfromwoundedleavesand

froma句acenthealthyunwoundedleaves，andRNAblothybridizationwasperformed（Figure

6）・TheresultsshowedthatぷE∂transcriptsaccumulatedintheupperunwoundedleavesin

respOnSetOWOunding・TheaccumulationpatternOfRmtranscrlPtSWaSSimi1arforboththe

localandsystemicresponses，althoughthetranscrlPtlevelwaslowerinthesystemic

Toinvestigatetheproteinlevelandcellularlocalizationof忍EDgeneproducts，the

antibodyagalnStKEDproteinwasplannedtopreparebyexpresslngthegeneinEcoli．

However，EcolicellscarrylngtheplasmidsfbroveトeXPreSSionofKEDfailedtogrow，

indicatlngKEDistoxicfbrbacteria．

－25－
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恥丘血丑山画血血om正成D叫血rⅦ叫
H血yl飽Y閤W耶W叩n血砂山血喝餌汀澗此mid動w姐ap血ば血¶旭WO血
（tocd’）祉dum叩unddu膵r（御地鵬cり1朗咽W胱h肌eS血虹鮎血di胡ぬ出血旭血鹿Ⅳ油．

AnRNA地元00血血血㌢㈹－gO細山RNA阿l批ⅥⅦS叫血bh画d血血nw独a坤＿
lak加d彪EDcDNAp血

AnalysisoftheAdlJengdlCDNAofA7reYealedthatitencodesa嘲ycharged

PrOtein・neA7genewasdesignatedasRED・Sincethe弧inoacidsK・EandDco叩血up

Lo70％oriLsgencproducl・TherczLrt”OneOrlhce］uslerSOfhydrophobieuTnjnoacidsLhaL肌

neeessiLryrbrpro（Cinn）1ding、叩geSlingthu（LhcK丘DpoJypeplideisunabletotbrTnafirm

tertiiLryStruetult・AlthoughascanhofproLcinseqLknCe血1abas亡SrCVea］dLhatnoゝimjhr

pmぬ血‖旭Ⅶb弧呵0血dso如・Ⅶi血脆d脚肌1p此血椎bip血蛤nuc血・坤血g

Si画（m）卿S（如拙血dれ1991）皿dap血涙1eu血e如阿mO鮒1∝血h

theC－temhalregion・D血ydrinちknownaslateembFyOgeneSisabundantO・EA）Dll加ily

pm血・椚e血Ⅱ旭1y吋血p地w地曲Ⅷ血ceぱch画む山匝弧inoぬd托Sid眠S
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（Close，T・J・，1997）・Theyarebelievedto amelioratetheeffbcts ofdroughtandlow－

temPeratureStreSSbyregulationofosmoticbalanceascompatiblesolutesandbystabilization

Ofmembraneandenzymes（Close，T・J・，1997）・Manydehydrinscontainputativebipartite

NTSsequenceandrepeatedK－richdomainswhichformamphipathicα－helix．Inviewof

thesesimi1aritiesbetweenKEDanddehydrins，itisconceivablethatKEDstabilizescellular

COmPOnentS，Whicharedamagedbywoundstress，throughelectrostaticandhydrophobic

interactions．
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II－2NewwnKYTranscriptionFactorEncodedbyClO

MATERIALSANDMETHOI）S

PlantandTreatments

TobaccoplantsweregrownasdescribedinChapterI・Woundingwasperformedbycuttlng

matureleavesacrossthemidribwithapalrOfscissors・Thewoundedleafandupper

unwoundedleafwereharveStedatanappropnatetimepolnt，immediatelyfrozeninliquid

nitrogenandstoredat－800c．

Tobaccosuspensioncultures（NtabacumL・CV・BrightYellow2）weremaintained

bysubcultureinMurashige－Skoogmediumwith30g几sucrose，0・37g几KH2PO4，1mg几

thiamine－hydrochloride and O・2mg几ノ2，4－dichlorophenoxyacetic acid，at23。c under

COntinuousdarkconditions，andcellsof7thdaysubcuhrewereemployedfortransactivation

analyses．

CI）NACloning

Thealmostfu11－1engthcDNAwasamplinedbyRT－PCRwiththespecincprimers（5・－

TACACCTGAAGAAGGATTmAAGC－3・and5T－GTTGGAAAACATTGAACAATTGTC－31）

andclonedintothepGEMTeasyvector（Promega），tOgivepGEM－ClOP．Thenucleotide

Sequencewasdeterminedbythedideoxychainteminationmethod（ABIPRISMDye

Teminator）・EditingofDNAsequencesandaminoacidsequenceswerecaJTiedoutona

一28－
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COmPuter（Gen6Works；IntelliGenetics，CA），Withcomparisontonon－redundantdatabasesby

theBLASTprogramonnetworkserverS（Altschuletal．，1990）．

PlasmidConstruction

PGEM－ClOPwasdigestedwithEcoRIandtheW花ZcDNAfragmentwassubclonedintothe

EcoRIsiteofthepGEX－4T－1expressionvector（Pharmacia）tocreatepGEXWIZZ，enCOding

theGSTWIZZprotein・E・COliDH5αCellscarrylngPGEXAT－lorpGEXWⅨZwere

CulturedinLBbrothandtreatedwithlmMIPTGfbrGSTorGST－WIZZproduction．The

harveStedcellsweredisruPtedbysonication，andcentrifuged・Clearlysateswereusedfbrgel

Shiftassays．

TheW花ZORF，SandwichedwithXbaI（upstreamofastartcodon）andBamHIOust

befbre astopcodon）sites，WaSCreatedbyPCR amplincation andverinedbydirect

SequenClng・ThisXbaI－BamHIfragmentwasinsertedintoXbaIandBamHIsitesofthepGFP－

2vector（PrOVidedbyN・－H・ChuaandP・Spielhoftr），reSultinginpWIZZ－GFP2，enCOding

WIZZfusedtotheNteminusofGFP．

Thepromoter－1essreporterplasmid（PL－LUC）wascreatedbytotaldeletionofthe

CauliflowermosaicviruS（CaMV）35SpromoterbydigestionwithHindIⅡ。fthe221＿1uc＋

Vector（PrOVidedbyK・Hiratsuka）consistingofthe35Spromoter，theluc旅rase（LUC）gene，

andthenosteminator・Togeneratethe－46－LUCplasmid，a35Sminimalpromoter，trunCated

tOPOSition－46，WaSamPlinedbyPCRwithincorporationofmndIIIandBg丑Isitesatthe5，

endandanNtoIsiteatthe3，end，reSPeCtively・TheresultingHindIⅡ－NtoIfragmentwas

insertedintoHindIⅡandNcoIsitesof221－1uc＋・ThreecopiesoftheBS65sequence（dePater

－29－
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etal・，1996）wereplacedintoHindIⅡandBg丑Isitesof－46－LUCtocreatethe3BS＿46＿LUC

Plasmid・Twoefftctorplasmids，35SWIZZand35S－anti⊥WIZZ，WereCOnStruCtedasfbllows；

theNbtIfragmentderivedfrompGEMJWIZZ（Seeabove）wasclonedintotheNbtIsite。f

PBlueScriptIISK（＋）（Stratagene）inbothorientations・ThentherespectiveXbaI－SacI

fragmentsweresubclonedintoXbaIandSacIsitesofthepBI221vector（Clontech）．

GelMobilityShi此Assay

Gelshiftassayswereperformedessentiallyasdescribedearlier（Kusanoetal・，1995）．The

MUsequenceisthemutatedderivativeofamotifI，WhichcontainsaG－box－relatedcore

SequenCe（Salinasetal・，1992）・TheBS65sequenceistheoptimalbindingsiteofthe

A7ⅥあidqpsisWRKYproteinZAPl（dePateretal・，1996）・TheASIsequenceistheas－1

elementfbundintheCaMV35Spromoter（Lametal．，1989）．Monomericd。uble＿St，and

PrObes（describedinFigurellA）werelal，eledwith［Y－32p］－ATPusingT4polynucleotide

kinase・ThelabeledDNAprobe（100fhol）wasmiedwithEcolicrudeextract（3いg

PrOteineach）andcompetitorsorEDTAasappropriateina15plofreactionsol。ti。n．Afte，

15－minincubationat300c，thesamplewassuqectedtoelectrophoresis．

ParticleBombardment

BY－2ce11swerespreadontoMSagarmediumandtheplateswerekeptincleanbenchto

evaporatetheliquidmedium・Inaddition，a3cmsquareonionscalyleaffragmentwasplaced

Onwet paperin aPetridish・Particlebombardment was performed accordingto the

manufacturer’sinstruCtions（PDS－1000，Bio－Rad），Withl・Opmdiametergoldparticlescoated
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Withplasmidsaccordingtothemanufacturer，sprotocol・Fortransactivationanalysis，an

appropriatesetofareporterplasmid（0・67pg）andanefftctorplasmid（0・67pg）was

bombardedwiththereftrencepRTL2－GUSvector（PrOVidedbyJ・Carrington）（0・33pg）

Carryingtwocopiesofthe35Spromoterandatranslationleaderenhancersequence（Restrepo

etal・，1990）・Theplatedcellsortheonionscalyleafwereplacedunderthestoppingscreenat

adistanceof6cmor9cmandbombardedtwicepersampleinavacuumof28inchesof

mercuryuslngaheliumpressureofl100psltOaCCeleratethemacrocarrier．Bombardedcells

andtheleafwerekeptinthedarkfbr16hat230cbefbreanalysIS・

TransactivationAssay

LuciftraseandGUSactivitiesweremeasureduslngaluciftraseassaysystem（PicaGene；

ToyoInk，Tokyo）andaGUSassaysystem（AURORAGUS；ICNPharmaceuticals，Inc．，CA）

Withaluminometer（LumatLB9507；EG＆GBerthold，Germany）．

RESULTS

ClOEncodesaⅥ取KYTranscriptionFactor，WIZ

Thenearlyfu11－1engthcDNAofClO，Obtainedby5，－RACEandfbllowlngRT－PCR，

Wasfbundtobel，251bpinsizeandtocontainanopenreadingframeenCOdingaprotein

With356aminoacidsinlengthwithapredictedrelativemolecularmassof39，082Da（Figure

7）・Withinthe5，untranslatedregion，tWOStOPCOdonsinffameexist，SuggeStingthatit

－31－



COntalnStheentirecodingreglOn・Theinftrredaminoacidsequencehastwocharacteristics；it

COntainsaconserveddomain，theso－CalledWRKYdomainafter（N）－WRKYGQK－（C）inthe

ParSleyWRKYsregion（Rushtonetal・，1996），initscentralregionandaheptadleucinerepeat

intheamino－temimalregion（Figure8A）・ThusthegenewasdesignatedasW詑Z（wound

inducedleucine－Zipperandzinc缶ngerprotein）・TheWRKYdomainissharedbySPFlfrom

SWeetPOtatO（IshiguroandNakamura1994），ABFsfromoat（Rushtonetal．，1995），WRKYs

fromparsley（Rushtonetal・，1996），ZAPlfromArαbidqpsis（dePateretal．，1996），and

tWRKYsfromtobacco（Wangetal・，1998）・TheseWRKYfami1yproteinsareclassinedinto

twogroups，aSlngledomaingroupandatwodomainone・WIZZ，ABF2andWRKY3proteins

belong to theformer，Whereas SPFl，ABFl，ZAPl，WRKYl，WRKY2，tWRKYland

tWRKY2areinthelatter（Figure8A）・TheWRKYdomaincontainsazinc一血germotif

COnSistlngOftwocysteinesandtwohistidines・AnaminoacidalignmentofWRKYdomains

amongWIZZ，ABF2andWRKY3ispresentedinFigure8B・TheABF2butnotWRKY3also

hasaleucine－ZIPPermOtifinthedistalreg10nClosetotheamino－teminus．Asshowninthe

SChematicillustration，WEZresemblesABF2instruCture（Figure8A）．

－32－



臣

」

ATTAATTACA CCTGAAGAAG GATTTTAAGC TTTTTGGATT TGTTGGAATT TTATTAAGAA

GAAATTAAAG CAATGGAATT CACAAGTTTG GTTGATACTT CCTTGGATTT GAGTTTTAGA

M E F　　で　S L V D　で　S L D L S F R

CCTCTTCCAG TTCTTGATAA AGTGCTGAAA CAAGAAGTTC AGAGTAATTT CACTGGATTG

P L P V L D K V L K Q E V Q S N F T G L

60

120

180

AGCAGAGACA ATATGCTGGT GAAAGATGAG GCAGGTGATT TGTTGGAGGA ACTGAACAGA　　240

S R D　Ⅳ　M L V K D E A G D L L E E L　Ⅳ　R

GTGAGCAGTG AAAACAAGAA ACTAACAGAG ATGCTCACAG TGGTGTGTGA AAATTACAAT　　300

V S S E N K K I・T E M L T V V C E N Y N

GCATTAAGAA ACCAACTAAT GGAGTATATG AACAACCAGA ATAATGGTGT AGTAGATGAT　　360

A L R N Q L M E Y M N N Q N N G V V D D

AGTGCTGGAT CAAGGAAAAG AÅAAGCTGAA AATATCTCCA ATCCCAACAA CAACAACAAC　　420

S A G S R K R K A E N I S N P　Ⅳ　Ⅳ　N　Ⅳ　Ⅳ

AACAAAAACA ACAACTTGGA TATTGTTTGT GGACGTTTAT CAGAAAGCAG TTCAAGTGAT　　480

N K N N N L D　＝　V C G R IJ S E S S S S D

GAAGAGTCTT GTTGCAAGAA ACCTAGAGAA GAGCACATAA AAACTAAGGT TTCTGTCGTT　　540

E E S C C K K P R E E H　＝　K　で　K V S V V

TCTATGAGGA CAGAAGCATC TGATACCTCT CTTATTGTAA AGGATGGTTA TCAATGGAGG　　600

S M R T E A S D T S L　＝　V K D G Y Q W R

AAATATGGTC AGAAAGTAAC TAGAGACAAT CCTTCTCCAA GAGCTTACTT CAGGTGCTCT　　660

g y G　¢　g V　ア　月　β　Ⅳ　P g　夕　月　A y　ア　月　◎　g

TTTGCTCCTG GCTGCCCCGT CAAGAAAAAG GTGCAAAGAA GCATAGAAGA TCAGTCAGTT　　720

ア　A P G　◎p v　ズ　ズ　ズ　Ⅴ　ロ　只　g　ヱ　β　β　¢　g V

GTGGTGGCAA CATATGAAGG AGAGCATAAC CATCCAGTAA ACCCTTCAAA ACCAGAGGCT　　780

V V A r y g G g　⑳Ⅳ　⑳　p v　Ⅳ　P S K P E A

GCTGCTGGTA CTGCTACTTC CACCGGCAGC CGTTTAAATG TGAGAACTAT TGGGGGTACT　　840

A A G T A T S　で　G S R L　Ⅳ　V R　で　工　　G G　で

ACAGCTTCAG TCCCTTGCTC TACCACTCTC AATTCATCAG GACCAACCAT TACTCTCGAT　　900

T A S V P C S T T L N S S G P T　＝　　T L D

CTTACTGAAC CTACAACAGT AGCAAAAGGC GATATCATGA AGATGAGTAG CAGTATTAGT　　960

L T E P T T V A K G D　＝　M K M S S S I S

CCTACAGGTG GCAGTAGCCA AAGAACAACA GAAGGTGATC ACTATAGTAG GCCAGAGTTT lO20

P T G G S S Q R T T E G D H Y S R P E F

CAACAGTTCT TGATAGAGCA AATGGCTTCT TCATTGACTA AAGATCCAAG TTTCAAAGCA lO80

Q Q F L　＝　E Q M A S S L T K D P S F K A

GCACTTGCTG CCGCCATTTC AGGAAAAATT CTCCAACATA ATAATCAAAC AAGTAGATGG l140

A L A A A　工　S G K　工　L Q H N N Q T S R W

TAAACAAAAG TCCTGCACAC CAGTCAATTT CTATTTATGG ATAGGCTAGA CAATTGTTCA　1200

ATGTTTTCCA ACATAGACTC ATTTGGAAAG TTCAGCAAAA AdA｝LAAAANAA A　　　　　1251

Figure7・DNAsequenceoftheWIZZcDNAalongwiththededucedaminoacidsequence．

nenucleicacidsarepresentedonthetoplineandthederivedone－letteraminoacidsequenceis

Shownbelow・neStOPCOdonisindicatedbyanastarisk・TTlehydrophobicresiduesintheputative
leucine zIPPermOtifaredouble－underlined・TheWRKY domainis showninItalics．Tbetwo

CySteinesandtwohistidinesinthezincnngermotifarecircled■7neonglnalClOcloneobtained

byFDDscreer11nglSunderlined・TTleaCCeSSionnumberofWIZZcDNAisABO28022．
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A8Fl

乙■PI

WRm

Wm

■二」　　twRKY2
100■■

●

帥鼠馳ⅦC仇Ⅳ山鮎血戚ⅥⅧ乙Z・
（A）SchemadcprcsenthofWEZ皿dotheqW7urYfhmilyproteins・¶㌍WluUd

shdd抑d血¢l血癖一画Ⅲ℃坤Ⅵ鹿b町野Iぬ81¢ngぬdo肝加血
resid眠S．（B）伽tぱW d血s触m WE乙A肌弧dW3・Ⅲendc出払d
s血山訂托S伽脈叫脚h b18慮肌d卵y，画▼dy・¶旭tWO Cy血狐d two
h肋知血ep血8小作加鮎g訂胱血吋S触・

叫amd卸威厳micA∝血戯on戚W花Z叫叩nWoundhg

W坤iⅦ叫批0鮎氾叫nd o山yl∝班y b血ako

SyS血山yⅥ氾nWO血g（S鮒成れ1鱒5）・To血血w地r他誌衰＝山0血ec猥e

Withthe WⅨZgene，RNAblotandysiswasperformedusingtotalRNAsprepared丘om
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woundedandunwoundedleaves呼igtqe9）．Wbnthe血11－1engthcDNAofVtq2Zwasusedas

pr血，如1餌t3肋n町S血d叫W耶de血血短如g加m血腫Ⅱ氾1∝血s血・

we consider that themiddl血Banscripts co耶S匹md to W72ZcDNA・Allofthem

dcmonstTaLedsystcmicinaddiliontoJocAlresponscsuponwounding・
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Nucle肝Localkationor仙eⅥ1ZZProtein

psoRTanalysis（NakaiandKanehisa1992）indicatedahigh1ikelihoodofnuclear

localizadonoftheWIZZprotein・TocoI瓜rmthis，WeCOnStruCtedacaulinowermosaicviruS

（CaMV）35S：：WIZZ－GFPgenefusionproductthatcouldbeusedintransientassays・After

biolisticbombardmentofonionepidemiswithaCaMV35S：：GFPcontroIconstruCt（PGFP－2），

GFPsignalswereobservedinboththecytoplasmandthenucleus（Haseloffetal・，1997）

（FigurelOA）・Incontrast，theWIZZ－GFPfusionproteinwasfoundexclusivelyinthenucleus，

indicatingthatⅥZZisanuclearfactor（FigurelOB）・

A

FigurelO・Nuele且rloeal血tionorWIヱZ・GFp鮎iomproteininonioneells・
（A）and（C）OnionepidermiscellstransfectedwithGFP－eXPreSSingplasmids－（B）and（D）Oruon
epldermicells transfectedwith WIZZ－GFP fusion protein－eXPreSSlng plasmids・Green
nuorescenceunderUVlightexcitabon［（A）and（B）］orcorrespondingviewsbydlfferendal

interferencecontrastt（C）狐d（D）］areShowninthesamemagmification・
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DNABindingSpecificityofWIZZ

SinceWRKYproteinshavebeenreportedtobindDNA，Weinvestlgatedwhether

WrZZdoessobyagelmobilitysh拍assayusinganEcolicrudeextractcontainingGST－

fusedWIZZ・AsusedinthepreviousreportonzAPl（dePateretal・，1996），threeprobes，

BS65，MUandASl，COntainlngtWOTGACsiteswithvarial）1eneighboringnucleotides，Were

Primari1ytested（FigurellA）・TheGSTJWIZZfusionproteinefncientlyboundtotheBS65

andtheIMUprobes，butnottoASl・BindingtoBS65andIMUwasdramaticallyreducedby

additionofEDTAorumibeledcorrespondingcompetitorprobes・WhenbothTGAC－COre

SequenCeSinBS65weremutated，thefusionproteinslostthebindingability，indicatingthe

COreTGACtobeimportant（FigurellB）・ThreeprobestestedhadtwoTGAC－COreSequenCeS，

butdifftredininterspaceandnankingregions・ToclarifytheDNAbindingspecincityof

WⅨZ，further gelmobilityshift assays were performed using modined probes．The

interspacebetweentwocoreTGACsiteswasvaried（BS65s4－BS65s8）．Theresultsshowed

thattheGST－WIZZproteinpreftrredtheBS65s5，BS65s6andBS65s8sequencesthanthe

BS65s4and BS65s7．When the twoTGACmotifk，CTGACGandATGACG，OftheASI

PrObewerechangedtoTTGACCandTTGACT，reSPeCtively，tOyieldtheASlmprobe，WIZZ

PrOteingainsthebindingactivitytotheASlmprobe（FigurellC）・Toexaminewhetherornot

bothTGACmotifgintheBS65probearerequiredforWIZZbinding，eaChcoresitewas

appropriatelymutated（toBS65tmandBS65mt）・Signalintensitiesfbreachbindingcomplex

WereconsiderablydecreasedincomparisonwiththeintactBS65case（FigurellD）・
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LackofTransactivationActivityofWIZZ

TotestthetranSaCtivationactivltyOfWIZZ，afusionconstruCtOftheGAL4DNA

bindingdomainandWIZZin－framewascreatedandintroducedintoyeastce11scarrylngtWO

reporterplasmidsconsistlngOftheGAIAbindingsequenceupstreamoflacZandHIS3genes・

NotransactivationactivityofⅥ円ZZwas detectedinthisyeastsystem（datanotshown）．

TransactivationactivityofWⅨZwasalsoaddressedusingtobaccoBY－2cellsasfbllows；

threereporterplasmids（PL－LUC，－46－LUC and3BS－46－LUC）andtwoeffbctorplasmids

（35S二WIZZand35S－antiJWIZZ）wereconstruCtedandtransftctedintotobaccosuspension

Culturecells（Figure12）・Co－tranSftctionofthe3BS－46－LUCreporterwiththeWIZZbinding

Sitesandthe35SlVⅨZefftctorplasmiddidnotshowWIZZtoactivategeneexpression・

Similarly，CO－tranSftctionwiththe35S－anti－WIZZefftctorplasmiddidnotafftctthereporter

activltyinthepresenceortheabsenceoftheWIZZbindingsites，indicatlngthatWIZZalone

CannOtaCtivategeneexpression．
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Figure12．TranSaCtivationanalysisofⅥZZinBY・2cells．

（A）Schematicrepresentationofreporterandeffectorplasmids，（B）Transcriptionalactivity．T71e
reporter and effector plasmids were bombardedinto BY－2cells with the reference vector t。

monitorthetransfbrmationefficiency・ReporteractivltylSnOrmalizedtotherefbrenceactivity・The

reporteractivitywiththe－46－LUCplasmidaloneissetas］・TTlreeindependentexperiments

WereCaJTiedout．Verticalbarsrepresent±SE（n＝3）．
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DISCUSSION

ThepresentFDDscrecnlngOfimmediateear1ywound－reSPOnSivegenesresultedin

isolationofageneencodinganewWRKYprotein，designatedasWIZZ・Severalgenesinthe

WRKYproteinfami1yhaverecentlybeenidentinedinpotato（IshiguroandNakamura1994），

Wildoat（Rushtonetalリ1995），ParSley（Rushtonetal・，1996），Arαbidqpsis（dePateretal．，

1996），andtobacco（Wangetal・，1998）・FurthermOre，dozensofsimi1argeneshavebeen

fbundinATubidqpsISgenOme・InthetobaccoplantS，atleastsevenWR方ygenesarePreSent

includingWTZZ，fiveearlierreportedhomologues（Wangetal：，1998；aCCeSSionABO22693，

ABO20590，ABO20023），andanOthermemberrespondingtoTMV－infectionthatwehave

recentlyisolated（unpublisheddata）．

TheWRKYproteinfami1yiscategorizedintotwogroupsbasedonthenumberof

WRKYdomains・TheWIZZproteinhasaslngleWRKYdomainasdoABF2fromwildoat

andⅥRKY3fromparSley，andaleucinezIPPermOtifintheaminoteminalreglOnlikeABF2．

However，itdoes notcontain thePVQrepeatSfbundinWRKY3．TheconservedWRKY

domainofWIZZisclosertothatofABF2thanWRKY3，SuggeStlngthattheWRKYsub－

fami1ywithaslngledomaincouldbesubclassinedonthebasisofcharacteristicmotifg，a

leucinezipperorPVQrepeatS．

RNAblotanalysiswithprobescontaimingtheconservedWRKYdomainshowedthat

atleastthreekindsoftranSCnPtSWerelocal1yandsystemicallyinducedbywounding・The

tranSCnPtSOflargesizewerenotdetectedbytheClOprobe，Whichlackedtheconserved

SequenceencodingtheWRKYdomin，SuggeStlngthattheywerederivedfromtheother
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memberoftheWRKYfami1y・Thesmall－SizedtranSCrlPtSmayCOrreSPOndtoderivativesof

the V〃ZZtranscrlPtbydegradationoralternativesplicing・Theirpatternsofaccumulation

WereVerySimi1ar，indicatlngCOntrOlbyacorrmonregulatorysystem・InparSleyce11s，tWO

TmKYtranscriptswererapidlyinducedbyelicitortreatment（Rushtonetal．，1996）．Among

them，thel柑KYlgenewasrecentlyreportedtobeexpressedinresponsenotonlytoelicitors

butalsotomechanicalstress（Gus－Mayeretal・，1998）・Furtherstudyshouldshedlightonthe

COntrOlofgeneexpressionduringtheearlystageofvariousdeftnseresponses，eSPeCially

SyStemicresponsestowounding・

ThegelmobilityshiftassaysshowedthatWIZZbindstobothBS65andIMUprobes

likeArαbidqpsisZAPl，andthatsuchbindinglSabolishedbymetal－ionchelatorEDTA．This

indicatesthatWIZZspecincallybindstoDNAdependingonbivalentcations，PrObablyof

Zinc・TheprobesemployedcontaintwocommonTGACcoresequences，mOdincationsof

Whichcompletelyinhibitedbindingactivlty・Alsothenumberofnucleotidesbetweentwo

COreTGACmotifggreatlyaffbctedbinding・Forexample，5，6and8spacernucleotidesconftr

equallyhighbinding，Whereas4and7didnot・However，WIZZdidnotbindASIprobe，

WhichalsocontainstwoTGACsiteswith8nucleotidespacer，SuggeStlngtheflankingreglOn

and／orthespacerlengthofthetwoTGACsitestobeimportantinrecognltlOnbyⅥZZ．

Indeed，WIZZ recovered binding activltytO the ASlm probe with modifiedflanking

nucleotidesoftheTGACsitesintheASIprobe・TheseobservationssuggestthatWⅨZbinds

SPeCificallytothesequencecontainingtwoTTGAC（T／C）motifgwithanappropriatespacing

atleast・ThisassumptlOnWellexplainsthebindingspecincityoftheWRKYfami1yproteins，

despltetheircommonTGACrecognitionsequence・AlthoughWIZZcouldbindtoprobeswith
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asingleTGACsite（BS65tmandBS65mt），thebindingactivitywassynergisticallyincreased

byfurtherTGACsitesnearby・Thisisconsistentwithobservationsthat，bythemutational

analysis ofparSley WRKYIpromoter，multipleW－Boxelements contaimingTTGAC（Crr）

motifgeneratedasynergisticefftctongeneexpression（Eulgemetal・，1999）．Thissuggests

thatprotein－PrOteininteraction，PrObablyhomologousdimerizationthroughtheleucinezIPPer

motifimay be criticalfbrbinding・Recently，a number ofstudies have polnted to the

importanceofprotein－PrOteininteractionsfbrtheWRKYfami1y・Intobaccoplants，DNA

binding activityinduced by TMV－infection（TDBA12）was abolished with a protein

dissociatingagent，SOdiumdeoxycholate（Yangetal・，1999）・Thebindingactivityofpotato

PBF－1，Whichis the DNAbinding factor fbrthe elicitorresponsive element ofPR－10a

PrOmOter，WaSinducedbyelicitorandwoundtreatmentandalsoprovedsensitivetosodium

deoxycholate（Despr6setal・，1995）・SincethiselementofthepromotercontainstwoTGAC

Sites，thePBF－1isassumedtobeamemberoftheWRKYfami1y・Moreover，DNAsequences

boundbyWRKYproteinfami1ymemberscontainmultipleTGACcoresites・Forexample，

BS65，theoptimalbindingsequencefbrZAPl，COntainstwoTGACsites（dePateretal．，

1996），andBox2，aCOnServedelementinthepromoterofα一amylasegenes，COntainsthree

TGACsitesrecognizedbyABFs（Rushtonetal．，1995）．

AmongputativeWRKYproteinfami1ymembers，ArabidqpsisZAPlandparsley

WRKYlarethecasesofar，inwhichtranscrlPtlOnalactivationwasdemonstratedinyeastand

Plantcells（dePateretal・，1996；Eulgemetal・，1999）・Inthepresentstudy，WIZZdidnot

transcrlPtlOnal1yactivatereportergenes，COnSistentwithalackofputativeactivationdomains，

Suchasaproline－richdomain・Thissuggeststhataco－aCtivator，Whichmayheterologously
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interact with WIZZ，is necessary fbr transcrlPtlOnalactivation・We could not，however，

eliminatethepossibilitythatWIZZmightbeactivatedbypost－tranSlationalmodi丘cation，

SincebothTDBA12andbindingactlVltyOfPBF－1wereaffbctedbyalkalinephosphatase

treatment，SuggeStlnglnVOIvementofproteinphosphorylation・

TGAC core motifwas orlglnallyidentined as an elicitor－reSPOnSive elementin

ParSleyPRl－1，aPR－10classgene（Meieretal・，1991）．Laterthissequencewasalsofbundin

theelicitor－reSPOnSiveelementofthemaizePRmsgene（Raventosetal．，1995）andinthe

tobaccobasicclassIchitinaseg9ne（FukudaandShinshi1994；Fukuda，Y．，1997），SOthatit

maybeconservedinbothdicotandmonocotplants・Furtheranalyseshaverevealedthatthis

SequenCeislocatedinthepromoterreglOnS Ofvariouswound－reSPOnSeaSSOCiatedgenes

encodingtobaccoosmotin（Nelsonetal・，1992），Chitinase（vanBuurenetal．，1992；Ohme－

Takagietal・，1998），basicβ－1，3－glucanases（Linthorstetal．，1990），PI－II（Balandinetal．，

1995）andbasicPR－1（Eyaletal・，1992）・Moreover，elicitor－andwound－reSPOnSiveregionsof

thetobaccoosmotingenecontaintwoTTGACCsequences（Raghothamaetal．，1993），and

DNAbindingactivitywasalsofbundtobeinducedbyTMV－inftction（Wangetal．，1998；

Yangetal・，1999）・Therefore，SuChabroadbutdenneddistributionoftheTGACsequence

SuggeStSthatitisacommoncis－aCtlngelementandthatWRKYfami1ymembersactastrans

factorsduringgeneraldeftnseresponses・Infact，tranSCrlPtaCCumulationofparsleyWRKYl

andDNAbindingactivityofpotatoPBF－1wereinducednotonlybyanelicitortreatmentbut

alsobymechanicalstimulation（Despr6setal・，1995；Gus－Mayeretal・，1998）・Understanding

COmPlexinteractions ofthe WRKY family should facilitate elucidation ofthe general

mechanismsunderlyingactivationofdeftnse－relatedgeneexpression・
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ChapterIII

PromoterAnalysesofKEDandⅥ7ZZ

InChapterII，IdescribedthatWIZZproteinplaysanimportantroleforregulationof

deftnse－relatedgenes－expression・Ontheotherhand，W佗ZitselfandRmarealsoexpected

toberegulatedattranscrlPtlOnallevelsincenotranscrlPtaCCumulationisdetectedinhealthy

tobaccoleaves・This raisesseveralquestions astothenatureofirrmediate－earlywound－

responsiveelement（S）andoftransractingfactor（S），andastowhethertheregulatorysystem

arecommon ornot・Toaddressthesequestions，deletionanalysesofbothKEDand W佗Z

PrOmOterSWerePerformedintransientlytransfbrmedtobaccoleaves．

A4jmRIALSANDMETHOI）S

PlantandTreatments

TobaccoplantsweregrownasdescribedinChapterI・Woundingwasperformedbycutting

matureleavesintopleCeSWithapalrOfscissors・Theresultingleaffragmentswerefloatedon

Water・ThesampleswereharveStedatanappropnatetimepolnt，immediatelyfrozeninliquid

nitrogenandstoredat－800C．

PromoterCloming

Thepromoterregionsofthe忍EDgeneandtheW佗ZgenewereisolatedbyTAIL－PCR（Yagi，
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M■，1999）・Threenestedprimersofeachgeneweresynthesized・AsetfbrtheRmgene

COnSisted of　5’一GCACCATCTTTCTCGTCCTCTGTTTCCTCCG－3’（ked－LA4），5一－

GTTrCCTCCGACTCCTCTTCGCTCCCCG－3一　　　（ked－LA3），　　　and　　　　5一－

TCTTTTCCTTTTCCATCTTTACTTCTCCCCTGGC－3’（ked－LAl）・AsetfbrtheWTZZgene

COnSisted of5’一CTTTCACCAGCATATTGTCTCTGCTCAATCCAGTG－3一（Wizz－LAl），5．－

GAATCCAAAAATCTCCACATACCAGCAC－37　　　（Wizz－LA3），　　and　　　5．－

AAGGAAGTATCAACCAAACTTGTGAATTCCATTGC－3’（Wizz－LA2）．These primers

COrreSPOndtothesequencesatthe5－endoftheKEDcDNAandthem2ZcDNArespectively・

Arbitrarydegenerateprimerwas5T－NGTCGASWGANAWGAA－3’（TPl）．Afterthreeround

PCR，TAIL－PCRproductswer？Clonedandthenucleotidesequencesweredetemined．

The W花Z promoter reglOn WaS amPlined by RT－PCR with　5・－

ATGGCTGGGGGGCAGCCAACTTTGACACC－3T（wizz－5－GSP2）and wizz－LAIprimer．

TheresultingproductswereclonedintothepGEMlleasyvector（Promega），tOgivepGEM－

Wア13．

Thenucleotidesequencesweredeteminedbythedideoxychainteminationmethod

（ABIPRISMDyeTeminator）・EditingofDNAsequenceswascarriedoutonacomputer

（GeneWorks；IntelliGenetics，CA）．Simi1arsequencesandfunctionalelementsweresearched

bytheBLASTprogran（Altschuletal・，1990）andbythePLACEdatabase（Higoetal．，1999）

OnnetWOrkserverSreSPeCtively．

PlasmidConstruttion

AseriesoftheKEDpromoterdeletions，SandwichedwithPstI（5－endofthegEDpromoter
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region）andNtoI（atastartcodon）sites，WereCreatedbyPCRamplincationwiththreesetsof

PrlmerS・Theseproducts wereclonedintopGEMlleasyvectororpBluescrlPtVeCtOrand

Verinedbysequenclng，reSultinglnPBS－KP－All，PBS－KP－B3，andpGEM－KP－Cl．

The5’untranslatedreglOnOftheW佗ZcDNAbetweenHindIIIsiteandastartcodon

WaSamPlinedbyPCRwithincorporationoftandemiylocatedNcoI（atastartcodon）and

BamHIsitesatthe3－end・TheresultingHindIII－BamHIfragmentwasinsertedintoHindIII

andBamHIsitesofpUC18vector，tOglVePUC－NB21・TheApaI－HindIIIfragmentofdeleted

PGEMJWア13andHindIII一卑nIfragmentofthepUC－NB21wereinsertedintoApaIand鞄nI

Sites ofthe pBlueScriptIISK（＋）（Stratagene），reSultingin pBSlVPNBlO．The W佗Z

PrOmOterdeletionswerecreatedbyenzymaticdigestionofpBSJWPNBlOwithExonuclease

IⅡ，reSultinglnPBSlVP－Ato－H．

ThePstI－NcoI丘agmentsofpBS－KP，PGEM，KPandpBSJWPwereinsertedintoPstI

andNcoIsitesof22l－1uc＋VeCtOr，reSultinglnPKP－LUC－Ato－Cwithpromotersizesof703，

373，and182bp，andpWP－LUC－Cto－Hwithpromotersizesof1494，1281，1115，926，273，

and177bp．

ParticleBombardment

A2・5cmsquaretobaccoleaffragmentwasplacedonwetpaperinaPetridish．Particle

bombardmentwasperformedaccordingtothemanufacturer，sinstruCtions（PDS－1000，Bio－

Rad），Withl・O pm diameter gold particles coated with plasmids according to the

manufacturer’sprotocol・Fortransientreporterassays，anaPPrOPnaterePOrterPlasmid（1．11

Pg）wasbombardedwiththereftrencepRTL2－GUSvector（0．56pg）（Restrepoetal．，1990）．
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Theleaffragments were placed under the stopplng SCreen at a distanCe Of6cm and

bombardedtwicepersampleinavacuumof28inchesofmercuryuslngaheliumpressureof

llOOpsltOaCCeleratethemacrocarrier・Bombardedleaffragmentswerewoundedbycuttlng

irrmediatelyafterbombardmentandkeptunderlightatroomtemperaturefbrqppropnatetime

intervals・Thetreatmentswereperformedwithin30min．

TransientReporterAssay

LuciftraseandGUS activitiesweremeasureduslngaluciftraseassaysystem（PicaGene；

ToyoInk，Tokyo）andaGUSassaysystem（AURORAGUS；ICNPharmaCeuticals，Inc．，CA）

withaluminometer（LumatLB9507；EG＆GBerthold，Germany）．

RESULTS

SequenceAnalysesof麒甜andⅥ7ZZpromoter

The忍E∂andW詑ZpromoterswereisolatedbyTAIL－PCR（Yagi，M．，1999）．Primer

extensionanalysISWaSPerformed，butthetranscrlPtlOnalstartpolntOftheW佗Zpromoter

COuldnotbedetemined・Accordingly，POSitionscorrespondingto5－endofeachcDNAwere

asslgnedprovisionallyasthetranscrlPtlOnalstartpolnt・

InthepromotersequencesofRm（718bp）andW花Z（1997bp），fiveconsensus

Sequencesranglngfrom12to9bplongwerefbundanddesignatedasWltoW5respectively・

Amongthem，WlandW2containedbindingsitesofDofandbZIPtypetranscrlPt10nfactors，
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respectively，Whiletheotherthreesequencesdidnotcontainanyknownmotifk・Droughtand

ABA－relatedelementswerefbundinbothpromoters．However，deftnse－relatedW－boxesand

－624boxeswerefbundonlyintheW佗Zpromotersequence（Rushtonetal．，1996；Lebeletal．，

1998）（Figures13，14，Table3）・Inaddition，theW花Zpromoterwasfoundtocontainaregion

Withexcept10nallyhighdegreeofsimi1aritytoreglOnSOfthepolygalacturonaseandchitinase

genesfromtobacco・This contained severalinvertedrepeats and directrepeats，and was

Showntobeaputativeremnantoftransposal）1eelements（Figure15）．

Tab暮e　3・Conservedsequencemotifsinthereg10nOftheKED andWZZZ promoter

Motjf ConsensL．S Sequence and po＄itjonin the Sequence and po＄itjonin the

＄eqLJenCe KED prornoter WIZZ promoter

WI AAAAAGAAAGAA

W2，A－Box AAATACGTAGT

W3　　　　　　TAATTTATATC

W4　　　　　　TGATTCATAT

W5　　　　　　TTATATCGT

W・Box TTGACCor’rTGACT

Myb TAACTG

Myc CACATG

ARF TGTCTC

SURE AATAGAAAA

－624Box ATATrCTT

LTRE CCGAAA，CCGAC

AAAAAGAAAGAA（－236）

AAATACGTAGT（－200）

TAATTTATATC（－441）

TGATTCATAT（－394）

TTATATCGT（－437）

CAGTrA（・655）

CATGTG（－398），CACATG（－56）

GAGACA（・330）

AAAAAGAAAGAA（・124）

AAATACGTAGT（一488）

GATATAAATTA（－977）

TGATTCATAT（－1126）

TTATATCGT（－969）

TTGACT（・1913），lTGACT（・633），

GGTCAA（－394），TrGACC（－268），

TTGACT（・262），AGTCAA（－245），

GGTCAA（・72）

TAACTG（－1305）

CATGTG（．1884），CACATG（－1411），

CATGTG（－1286）

AATAGAAAA（－1461）

AAGAATAT（－1086），ATATTCT（－918）

CCGAAA（－733），CCGAC（・228）

BindingsiteforDof

BindingsiteforbZIP

BindingsiteforWRKYprotejn

BindingsiteforATMYB2

Bindings往eforMYC（rd22BPl）

Bindings托eforARF（auxin

respon＄efactor）

SucroseResponsiveElement
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（A）

TAGTCGAGAG AGAAGAAAAC TGTAGTGAAG TGAGGCTTAT AAAGAACAAG AAATGCTGAA

AA止Amr南c AAGCTGAAAC AATAATGTGG CATGGGATAT AGAGGCGCAG GAAAAGGATA

TAAGAAAATG TTTCTTTGAA TGATATTTTT GGAATCAGGT TTACATAATA CTGATGGTTC

TTTTCTTCTC TGGGTATGTG TAAGTTACAG CTAGTTAATC CATATTGCCT CTTTACCATA

TTTTCATATG GTCGACTTCC CTTTGATATT TAGCTTTTAA TTTATATCGT GTTACAACTG

ATAATGACTC TGTTGCTTAC　ヒATGTdATTC ATATGGTAAT ACCAGAACAA AACTGCCAAT

GAATCTGCTG AACAAAACTG CCTTGTGAhA前転cTTTG TGGTTCATTA GGTTCTAATT

GCCTAGTGCC TACTCGACGT TAATCCGGAT TAGTTGG芯にG TGGTTTAGAT ACCGGATGTC

TAAFAAAGAA＠CT GCCTAGTGCC AGTCGACCAA塾c ATTTAGTTAT
CCTTGTTCTT TGCAACCTGT GAAAACATTA TTTGTCCTTC ATTGGTTTGA GAAAAATCTT

AAGTTGTTTG CCAGTCTTTT TACCATTATT dTTA叩r如cT TGTCTACCTA GTGCTTTCAT

T塵≡ヨAG AATTATAGAC TAATTGTTTT CTTAATTTTT TCATCTCCTT CTCAGATACC
CC

TTGGAGAAAT TAAAGGCACA TTGACGTGCG GACAATTTTA GATAGGAAGG CAAAACTGTT

uuggagaaau uaaaggCaCa uugaCgugCg gaCaauuuua gauaggaagg caaaacuguu

GTTGTTGCCA GGGGAGAAGT AAAGATGGAA AAGGAAAAGA

guuguugCCa ggggagaagu aaagauggaa aaggaaaaga

MetGlu LysGluLys＝

W3　　MYC W2　　　　　　　　TATAbox

W5　W4　　　ARF WI A－Box MYC

l■■■■川■■■　　　　　　　　■■■■　　　　　　　　　　－■－

ATG

（B）

MYB

＝＿．＿＿．．

イ18　　　　－655

－659

－599

－539

－479

－419

－359

－299

－239

－179

－119

－59

2

62

102

－437　－394　　－330　　　　　－236　－197

一小11－398　　　　　　　　　　　　　・200　　　　　　・87
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（C）

＋87

団

－703

図

ー373

園田

Figure13．厳正Dpromoter・

（A）DNAsequenceoftheKEDpromoterregion・negenOmicDNAsequenceispresentedonthe

toplineandthemRNAsequenceandthederivedthree－letteraminoacidsequenceareShown

below・Consensus sequencesin theKEDand WほZpromoterreg10nareunderlined．Theboxes

indicate proposedfunctionalelements・＠）Schematic overview ofputative cis－elements and

COnSenSuSSequenCeSinthe〟EDpromoter・（C）ConstruCtSOfdeletionmutantsfortransientassays．

Alightgrayboxindicatesthe5’untranslatedregion（1－86）・Ablackboxandadarkgraybox

indicatethecodingreglOnOfKEDandLUC，reSpeCtively・
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（A）

TATGGCTGGG GGGCAGCCAA CTTTGACACC TAGTTTACTG TTCATTTCAT TTCTGGCGTA　－1938

GAGACTAAAG TTAATCTCTC ATAC両AGTGGAAAAA AAAAAGACTT TG繭A　＿1878
AATACATTGA AATTTTTTTG GAATCTTAAT CTCAAGGTTC TTAATTAATT GAATTCCAAA　－1818

CATTTTGTCG TATTCAACTC CATAATTTCG ATGCAATTTG AATTTTCCTT ATCTAGAAAA　－1758

TGAAGTTATA CAATTTCAAC TTTTGTTGTT TTGGAAATGT TCAAACAATC TAGTTTTCCT　－1698

AACATCTTCT AGTTACAATC ATCTATTTTC TTGATTTAGT ATAATAATTT TGGACATGAA　－1638

ATAGGATGAA ATTAATTAAT TCGAAAGAAA CAGATGATTG TCTATTACGT GCAGACTAAT　－1578

TAAGAAGATT TTGGACTTCC CATTTTCAAA AAAACATGCA TTATTTTGTT CAAATATGTT　－1518

AGAATTAAAT ACATATTGGA CCTATCTGTT TATATCTAGT TCTATCAGTT TCTGC庵云≡ヨ　ー1458

国TACTA AGATAATATC CTTTCCTCCA ATAATGTCGT GGAATAbACA TdGAGACCCG　－1398
CGTGTTGGAC ACCTAAGTTT GTGAGCTGTG TGCGCGTATT TTCTTAATGC ACTTTAATAG　－1338

CTAATTCTAA TTCAATATCG GAAGACTTGG C如AACTdGTAAAGTTGCTG TkATG＊cc　－1278

AAGTGGTCAC GAGTTCGAGC CGCGAAAACA ACCTCTmCA GAAAアACAGG TTACCGGGCT　－1218

GGCCTTTTTA ATCCAATATT CAAGATTGAG GTGGCAAACG GGTAGGTCAG ATCGGATATG　－1158

AGCATATTGA AAACGGATAA ATTGTTCGAT CTGATTCATA TTTAATACAT ATAAAAAATG　－1098

AGTTAACCAA C ACTTCTTGAA AATGGAAAAT TCCTAATCTC CCAAATTTGA　－1038

GGAATCCTAA TTTTTCATTC TGAACGAAAA CGCTGTTCAA AATTCGAGTA TATTATACTT　　－978

GATAでAAATT－mTCCAACATjumTACTGGAGCAC TGGTGCTCCA ATCTCCGG姻　－918

hAmrrJccAG TACATTATAC TGGAAGTTCA TACACAGGTG TTG鎚GTTCCAGmTAAア姐　－858

GC了’GGAAGアア　CAアA7且CAGG　7－G⊂且CCGA了で　アCCAGT且mア　アAアACアGGAA CアワアCCGワ望ア　　ー798

アGCAGCAAAA rAG了’GGCrGア　ワアワアmアGA C7一丁アGC且AAC GC7，GGCアArア　アアワGAAアGAC　　－738

cAGTLrGAAA ACTGGCmGC CCGTGCTATT TTTACTCCTA ATTTGAGTCC TTGCAAATAT　－678

AAAAAGTTAA ATCCATTAGT TAAGTGAATA ATATGAATCC ATAdrTGACd TTTTTTTTAA　　－618

AAAAAAAATT CAACCTATTT TTAATAAATA ATATAGATGA ATAACTATTT TTTTAAAATC　　－558

CATTTCTGCT TTTCAGAATT CAGCACAGGT GAAATAATAA AAGATAGAGA TAACGTGGAA　　－498

AATGTTTGTA AAhACGdGT AACTTAATAT CAAACAAATA ATGCACTTTC CTATGGTGCT

GACATACCAA ATGATACAAC ACGAGCAAGT AGGTTGGCAA AT ACAAGACTCA

ATATTCAACT TGTATTATAT GCTATATATC CAAAATCTAG CACCCTTTTT AATTTTTCT

TTCTTTTATC CATATATACA TGTTTCTTTC TAGTTTCCCT AGGGTTGGC虹＿TGACd廿TGAd

臥GTGTAAAG AAh＄1CAdAA TATGATGGGEaTAAGG CAATTTAACT TACTTTATTG

AATATACATG TCCTACTGAA CCAACCACTT GTGTTACTAG TACCAATTTA ACAACTA

GTAAGCTGTT TAGAAAAAGA AAGAATGAAA AAATCCTATA

AACTTE壷阜AMATTCTTAGTA TTGTATTTAA GCCTCTATTT TCATTGTGCT TTCATCAGAT

TTGAGAATAA GTGTTAAATT AATTACACCT GAAGAAGGAT TTTAAGCTTT TTGGATTTGT

auu aauuaCaCCu gaag■aaggau uuuaagcuuu uuggauuugu

TGGAATTTTA TTAAGAAGAA ATTAAAGCAA TGGAATTCAC AAGTTTGGTT GATACTTCCT

uggaauuuua uuaagaagaa auuaaag■Caa uggaauuCaC aaguuugguu gauacuuccu

M etGluPheTh rSerLeuValAspThrSerL

－51一

－438

－378

－318

－258

－198

－138

－78

－18
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PromoterAnalysesbyI）eletionMutantsof厳君かand附ZZ

Ithas previously been reported fbrmtranSient reporterassays thatwound－induced WほZ

tranSCriptaccuⅡMlationisregulatedatthetranscriptionallevel（Yagi，M・，1999）・Tocon蔦rm

andextendthefindings，furthertransientreporterassayswereperR）rmedwith＆EDandWほZ

promoter－LUCconstruCtSandtwoor丘vedeletionconstruCtS，bombardedintotobaccoleaves

（Figures12C，13C）・

Time course analyses with thelongest construCtS Of each promoter showed

contrasting results・Reporteractivitiesfromthe703－bpKEDpromoter－LUCcould notbe

detected3to6hr afterbombardment．Onthe otherhand，those血■Om the1494－bp W佗Z

PrOmOter－LUCwereshowntoincreasetransientlyreachingamaxima11evelat4to5hrafter

bombardment（Figure16）．Transientreporteractivationreachingamaximalleve14hrafter

WOunding was also observedinleaves bombarded with a926－bp W佗Z promoter－LUC

COnStruCtfbllowedbyovernightincubation（datanotshown）・

＞■ヽ

たご
＞

苫
0
再

U
＝〉
＿J

q〉
＞■

：声
望
¢
【工

3

2

1

0

ロ〝亡βpromoter（べ70bp）

団＝〝ほZpromoter（・1494bp）

〃杉　彰業〃

z冥芽室崇

拝芸
才謝＋駁彷冴

欄　済
潤【萌
㈹榊　　　　■て

耗

Timeaf（erbombardment（hr）

6

Figure16・Timecourseanalysesof麒EpandWTZZpromoter・

Tobaccoleaffragments were bombarded either703－bp KED promoter－LUC or1494－bp VWZZ

promoter－LUC construCtwith a reftrence vector to monitor the transfbrmation efficiency・

Immediately after bombardment，theleaves were wounded by cutting・Severalindependent

experimentswerecarriedout・Verticalbarsrepresent±SE（n＝3to6）・
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To determine regulatory sequences that may controIwound－induced W詑Z

transcrlPtlOn，Six deletion construCtS Wereintroducedinto tobaccoleaves，and reporter

activitiesweremeasured5hrafterwounding（Figure17）・Thereporteractivitiesof1494－bp

through177－bpW詑Zpromoter－LUCconstruCtSWerereducedproportionallytotheirsize．

Simi1arresultswereobtainedwhentheseconstruCtSWereintroducedintotobaccoBY－2cells

afterincubationfbr16hr（datanotshown）・ThreedeletionconstruCtSOf＆EDpromoter－LUC

WereteSted，butnoactivitiesweredetected5hrafterwounding（Figure17）．

4
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0
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1ロKEDpromoter

団WIZZpromoter

0

㌔　ダ

陵 圏閻
♂　　ダダ㌔♂㌦　♂
PromoterLength

Figure17・Deletionanalysesof厳君βand附ZZpromoter．

TobaccoleaffragmentswerebombardedeitherthreeRmpromoter－LUCdeletionconstruCtSOr
Six附ZZpromoter－LUCdeIetionconstruCtWithareftrencevectortomonitorthetransfbrmation

efficiency・Ⅰmmediatelyafterbombardment，theleaveswerewoundedbycutting・Sampleswere

harveSted5hrafterwounding・Severalindependentexperimentswerecarriedout．Verticalbars

represent±SE（n＝3to6）．
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DISCUSSION

Todate，aCOnSiderablenumberofwound－reSPOnSivegenesandtheirpromotershave

beenidentinedandcharaCterized．Bymeansoftransientreporterassayandtransgenicplant

approaches，SeVeralelementsinthepromoterswerefbundtobecriticalfbrwound－reSPOnSeS・

TranscrlPtSOfmostofthesegenesaccumulatedseveralhourstodaysafterwoundingand

PrOmOter analysIS reSultedinidentincation ofsecondary slgnals，including，fbr example，

JaSmOnicacid，ratherthanwound－reSPOnSiveelementsthemselves・Inthissense，becauseof

theirquickresponse，W招ZandKEDserveaSbettermodelsystemsfbrelucidationofthe

mechanismsunderlyingwoundresponses・

Transientreporterassays oftheKED promoterrevealedthatthis reglOnWaS nOt

Sufficientfbrthewoundresponse．Incontrast，tranSientreporteractivationwasobservedwith

theⅥ々ZZpromoter，SuggeStinginclusionofwoundresponsiveelement（S）■Toelucidatethe

Cis－aCtingelementsimportantfbrwound－inducedtranscrlPtlOnalactivationofWTZZ，deletion

analysIS Ofthe WだZpromoter was carried out・However，the results showed no drastic

reductioninwoundresponsiveness・WhendifftrentsizedW花ZpromoterreglOnSOf1281－，

926－，and177－bpweretested，rePOrteraCtivltyWaSgreaterWiththeshorterpromotersize，

indicatlngthatW彫activationuponwoundinglSregulatedbycomplicatedmechanisms，With

theessentialelementsresidingwithinthe177－bppromoterreglOn．

Sequenceanalysesofbothpromotersshowedseveralconsensussequences（termed

WltoW5）andputativefunctionalelements・ThelongestconsensussequenceWIcontains

twoAAAGsequences，tOWhichDof－tyPetranSCrlPtlOnfactorscouldbind・Theseareunlque
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toplantsandarereportedtobeinvoIvedinexpressionofphotosyntheticandseed－SPeCific

genes（Vicente－Catb毎OSa et al・，1997；Yanagisawa and Sheen，1998）．In addition，Dof

transcrlPtlOnfactorswererecentlyreportedtobeinducedinresponsetowound－andelicitor－

treatmentandtoactastranscriptionalactivatorsinpea（Sekietal・，1999）．TheW2sequence

COntainsanACGTmotif，POSSiblyrecognizedbybZIP－tyPetranSCrlPtlOnfactors，Whichhave

beenfbundtoplaycriticalrolesindeftnsesignaling（Zhangetal・，1999）．Theothersequences，

W3，W4，andW5，Withnosimi1aritytoanyotherknownelements，remaintobeexplored・

BothpromoterreglOnSCOntainbinding sites fbrmyb－and myc－tyPetranSCrlPtlOn

factors，rePOrtedtocontributetoArabidqpsISrd22geneexpressionuponABA－anddroughト

response（Abeet al．，1997；Uraoet al・，1993）・Twolow－temPeraturereSPOnSiveelements

（LTRE）werefoundonlyintheW花Zpromoter・Thepresenceofthesemotifもmaysuggest

that麒EDand W詑Zareinducednotonlybywoundingbutalsobywater－StreSSCauSedby

droughtorlow－temPerature・This assumptlOnis supportedby an observation that KEDis

StruCtura11ysimi1artodehydrins，becauseofitsbiasedaminoacidcomposition，makingthem

hydrophilicpolypeptide・

W－boxes，Whicharefungalelicitor－reSPOnSiveelementsoftheparSleyPR－10class

gene andtherecognizedsequencesbyWIZZ，WerefbundonlyintheW佗Zpromoter・At

PreSent，theW－boxwiththeTGACcoresequenceistheonlycommOnelementfbundina

largesubsetofpathogen－reSPOnSivegenepromotersrecognizedbyaWRKYproteinfami1y

（Rushton and Somssich，1998；discussionin ChapterII－2）・Multiple TGAC containing

SequencesarefrequentlyrecognizedbyWRKYproteins，fbrexample，BS65byZAPl（de

Pateretal．，1996），andBox2byABFs（Rushtonetal．，1995）．ParsleyWRKYlbindstothree
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W－boxesinitsownpromoter，andthisisnecessary andsufncientfbrits gene activation，

SuggeStingautoregulation（Eulgemetal．，1999）．ThreeW－boxeswerealsofbundtobelocated

nearbyatpositions－268to－240intheW花Zpromoter，indicatlngaautOregulatorylooplike

thecaseofWRKYl．

The　ⅥワZZ promoter contains a reglOn homologous to a putative deftctive

transposableelementwithseveralinvertedanddirectrepeats・Simi1arreglOnSWerePreViously

fbundinthethirdintronofthepollen－SPeCincpolygalacturonasegene，intheupstreamreglOn

Oftheendochitinasegeneffomtobacco（TebbuttandLonsdale，1993），andinothertobacco

genesincludingthosefbrenoyl－ACPreductase（accessionnumberY13861），theubiquitin

extensionprotein（AJ223329），andtheATPaseβsubunit（U96498）．Transposableelements

arebelievedtohavecontributedtogenomeevolutionbychanglngStruCtureSandbyproviding

Cis－regulatoryelementsleadingtochangesinexpressionpatternsofgenes・Forexample，in

thepromoteroftheasparagusdeftnsegeneAoPRl，SeVeralreglOnShavebeenfbundtobe

Simi1artothesequenceofthelongteminalrepeatpromoteroftobaccoretrotransposon乃01，

WhichistranscriptlOnallyactivatedbyjasmonicacidtreatmentorwounding（Takedaetal．，

1998）・Thus，the presence of a defbctive transposable elementin WだZleads to the

SPeCulationthatitswound－reSPOnSivenessmayhaveresultedfromgeneticmodi丘cationby

transposableelements・
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ChapterIV

SignalTransductioninEarlyWoundResponse

TheKEDandW詑ZtranscrlPtSareraPidlyincreasedandtransientlyaccumulatedon

WOunding・Theseresponsesoccurnotonlylocallybutalsosystemically・Ofparticularinterest

isthatsystemicresponseoccursalmostsimultaneouslywithlocalresponse・Thisimpliesthat

thewoundsignalisirr皿ediatelytranSmittedfromtheiquredsitetothewholeplant・The

Simi1arity ofexpression patterns ofthesegenes suggests a common regulatory system・

Consequently，thequestionarisesastowhataretheslgnalsandcomponentsleadingtothe

activationofirrmediate－earlywound－reSPOnSivegenes・Toaddressthisquestion，Itestedthe

efftctofseveralchemicals，Whichareknowntoafftctexpressionofwound－reSPOnSivegenes，

OneXPreSSionoffburrq）idandtransientwound－reSPOnSivegenes（KED，W佗Z，mP肴and

P〃J－ノL

MERIALSANI）METHODS

PlantandTreatments

TobaccoplantsweregrownasdescribedinChapterI・Plantswerewoundedand／ortreatedby

Chemicals as describedin thelegend ofFigure18・The samples were harveSted at an

appropriatetimepoint，immediatelyfrozeninliquidnitrogenandstoredat－800C．

Thecompoundstestedweredilutedtotheir缶nalconcentrationfromlOO－OrlOOO－
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fbldconcentratedstocksolutionspreparedasfbllows：α一1in01enicacid（LNA）inwaterwith

O．1％Triton，PrOPionicacid（PA）（Na－Salt）andl，2－bis－（0－aminophenoxy）ethaneNNNINL

tetraacetic acid（BAPTA）in water，CyCloheximide（CHX）and staurosporine（STAU）in

DMSO（ffomSigma），methyljasmonate（MeJA）inN，Ndimethyl－fbrmamide，abscisicacid

（ABA）in ethanol（fromWako PureChemicalsIndustries，Ltd．），A23187in DMSO（from

RBI）andokadaicacidinDMSO（fromLiftTechnologies，Inc．）．

RNABlotAnalysis

RNAblotanalyseswereperformedasdescribedinChapterI・RNAblotcontainlng20pgtotal

RNAperlanewassubjectedtohybridizationwith32p－1abeledcDNAprobe．

RESULTS

RepeatedAccumulationof麒EβandⅥ甘ZZTranscriptsonSecondWounding

PharmaCOlogicalapproaches have proved to be usefu1fbr characterization of

COmPOnentSOfsignaltransductionpathwaysinbiologicalphenomena・Toapplythesame

StrategytOearlywoundsignahngpathwaylntObaccoplants，aSimpletwo－StePSyStemuSlng

leaffragmentswithpre－incubationinasolutioncontainingtestchemical（s）wasestablished．

Toinvestlgatetheeffbctsofincubationontheear1ywoundresponse，healthytobaccoleaves

Were Cutinto pieces andfloatedon abufftr solution（nrst step）．BothKED and WほZ

transcriptswererapidlyinducedwithinlhanddisappeared2hlater・Whentheseleafpieces

ー60－



㈹陀C山喝由n4b血r也e触wo血g（矧：0血＝鹿p），bo血叫喝ahm山a蛤d

Pgure18A）．Thesamecxperimentalsystemwasthenadopted鈷rfurheranalyses（Figure

18B）．

（A）

（8）

〝Eロ

WrZZ

So¢Ond

TheaftwfhTd　　　　－rhederBeCOndtreahent

剛ndIng nono WOund

010　き0　0012024010　引I¢0120別○
一目　出田　　　　　　　　　　‾一　戦　塁翫　‾■

十†＋＋

－4

＋∴十＋十＋＋十二千‡十ニノ＼＋√竿＋i十＋＋∴そ＋★十

・3．5　0
［＝＝二］

ll

10　訓I60120240

十十

㍗‰w。u仙g

■

tr倒tmOnt■ll

▼

WOund

血mb81軸mont

WOund■血ml引l押血¢ub一摘On

F帥1＆RNAb加地卸血d叫g粗e僕p血叩nW咄
（A）馳td鎚COmdwo山道血沈00ぷED肌dW花Zゆ・伊）5c血ill血d
ex画血1町5鹿m由一woⅧdh血Idm弧（l血血l他心也・Wdl叫1㈹dw鋸一
昨血pl鵬We托WO血吋叫hbpi∝郎W独8p血止血，弧dq血y
爪oat由008b曲r血（0カ5飽ME‰ⅩOHpH5・乃・A触r4血軸批Ond．血蛤nt
W揖画吋血閻W明弘餌low乱準餌a也dle打払W胱¢）woundd咽血（WOⅧ動（勘
伍mS飴汀db8bu蝕r紺1血oncon叫血emkal（S）（d糊鵬cd伽t）α（揖）p托－incubald
forO．5hr且ndwoundedagain（WOW山＋dlemicalpre一血cl血血m）．

・61－



輌ebMdん川A，姐dA8A

Oc也血c狐Oi由andabscisicacid（ABA）haNebe6nShowntobeinvoIvedininducdon

ぱ虻Ⅶ血wo皿d一画gen朗・TohYeS也g此Wb血rαn雨足ED弧dW花Z血匹

accuⅢ血也onsareiinducedbyjasnxmicacidmethylester帥JA），血olenicacid（LNA）or

ABA，RNAblot皿山y由wぴp血胆即re柑）・旭ば血emdw峨1扉

pi∝¢SW脈打皿Sぬm適ba旭r犯1血血00n血血gMdんLNんαABA4b血r也e触

wounding・EssentiiLlly，nOaCCumulationorKEDiJndlIⅦZLraJISCriptswasobserYCdl

T】nlO血一

廿血（mln

〟Eβ

W血
10　30　00120州
＋｝∵十＋十‡＋十÷＋

盲＋＋＋∵、

川■lA LNÅ A8A

10　さ○　¢01か糾0　10　80　00120帥　10　℡0　00120240

W控Z　　胃。．。。監議日田□・　田甲．頃遥騨
二二＿＿＿＿＿＿＿＿＿＿＿＿＿＿＿二

＝＝＝＝＿■上

■　　　　　　　　十十

記垢iii瀾量

岳日面臨

御1乳輌bM鵬LNA皿dA肌
馳td血印血廿田山Ⅳnt00艦EP射通W佗Z叫闘nl山山on．A免許4h‖瀧m仇¢伽st

wovnding，leafpi∝8SWerebusLbrrdtothcbubsoldoncontaining50pMmcthyljasmonate
岬A），測叫M蜘血加…血叩∬現川100pM止血戚d（ABA）・

R触bぱ跳ば旭S幽旭Eha関山d加hP輌

ToinvesLig皿Le WllethcT Or nOt　血，．LJl・O PrOlein　＄ynthcsjs and protcin

phosphoryl血onJdephosphoryhtionarcinYOIYedin凡EDandWtZZ血nscripla亡亡u－11uhdon

bywoundipg，thr6ekindofinhibitors・CyCloheximide（CHX）・StaurOSPOhe（STAU）and

okadaicacid（OKA），W∝euSedforpre－incdation・High－1evelsof血Cript血onof

bo血厳Ep組dW招Zぬr叩b4hw関山血cdbyCIIXは血nt山0肪0軸叩℃罰A）・

TranscriptaccuJnula也onofぷEDuponwoundingwasnotaffbctedbyeitherSTAUorOKA・

－62－



加ofWほZwa5血弧d血批d吋汀AU鉱山OK九画Ⅶ1y．E銀地OfOKA

treatmentOn脚1andmPK叩reSSionwerealsostudiedOqgure20B）・Wbund－inducibiuty

d蠍J叫批um血血nw鮎加地1鹿足ED・T旭ofW肝∬w鮎血弧Cdl此

WⅨ乙血c血痕onぱ血蠍J血W肝g叫w鮎血ohd批血＝叫C監一

打組tⅡ蛤ntdo批伽21B）．

（A）

WOUnd

J霊詣巾偏訂…00，加袖
佗p

l〝EZZ

軍　＝軍！

、＋＋十

日

（B）

Tlll檜dbr W血
廿血仰叫　■10血南

瓜Ep．

佗Z

WOund

■OKÅ

lO　き○¢0120240

■
■

胃

WOUnd

＋Ⅲ

10　80　印1加240

l

■■≡≡≡室

戸〝ん†

晰臍紆

A¢mⅣ

ノ災：‘×

キ＋　キ
十＋

■遷

刑部m仁加し血軌血写dC喝Smq皿dO臥他山皿叫g餌画叩n
WO仙劇叩

（勾玉触c鹿正cydo血止血・珊d坤P）恥扉obd血涙止A触3ふk
in血加m血e触w皿d如拙pi珊W的加地b伽bu触血con血hg
翔一Mcyd血血山血（00払1叫ぬ町画me（mⅥα0・1川0旭c戚d（0払）．A肋
血血α0・5血匹－inc嘲此加a血k押鍔W耶WO皿dd喝血．

ー63●



肋dsぱ皿PE・0感血託h鮎bitors

Theoxidativebursthasぬnrcporb，dtobeinvoIvedinsystemicwoundresponsesinⅡ血y

Plants（Orozco－CardenasandRyan・1999），andtobeinducedbyCHXtreatzMtinsoybean

CellsuspensioncultureCrenhakenandRubel，1998）・Toinvesdgatewhetherornotit

COntributestorapidtranscriptaccumulationoffourgenes，diphenyleneiodomiumchloride

PPI），aninhibitorofNADPHoxidB＄e（CrossandJones，1986；AuhadldMurphy，1995），WaS

usd肋pre血cub加血＝姻肋忙WOundhg問gu托21）・nereSultsshowednoobviouse飴ct

OntranSCriptaccum山adoninducedbywoundingorCHX－treahent．

（A）

〟ED

WEZZ

」門W・一

冊P片

AC乃Ⅳ

己

目＋白目表

（8）

躍p

仲買ZZ

月帥・†

冊P〝

AC門Ⅳ

．＿　　　　■

羞若妻弓

椚伊代21・E蜘OIDm仙血血叫g仇¢8中Ⅷionu騨mWO仙叫g旭丘CEX．

㈹飽随orDPIonwou血i血血m・A肋3・5血如ub血刀舟卸血e鮎twou血伽g，1¢ぴ
pieαSW耶肋n血－db血eb曲r紺地ionin鵬pn難nααab椰¢Of20pMdipbemyl¢ne
iodoniumchlodde（Ⅳl）・AhrfurtherO5－hrpTC－incvbadon，d］ef［oatedleaveswerBbWedor

u血朗止血w抽伽糀Ondwo皿dhg・弧db肌喀血0・5hr也飽氏訂．伊）E晩c也OfDmonCHX＿

加血血】n・A蝕r3・5一触加伽ぬ血m肋m血¢蝕two血g，l威pi胱SW駅加皿S飴汀由b也e

加戯訂即1鵬on山鹿p閣Ⅱ00αめ珊…f5叫MDPIぐ十ⅣⅠけ町【伽m加Ⅰり．・A肋細山訂0．5＿

kp掛bⅢb鵬（肌聞mplぢW耶輌血oruれ地雨血50■MCIⅨ，肌d血Ⅴ飴鵬1hrla吼

一64－



CalciumSignalingandImmediate・EarlyTranscriptAccumulationuponWounding

Recentworkonsystemin，Whichisan18－aminoacidpolypeptidefromtomatoplantsbelieved

toactasasystemicwoundsignal，ShowedthatittrlggerSanincreaseofintrace11ularcalcium

in tomato mesophyu cells and rapidly and tranSientlyinduces calmodulin（CaM）gene

expression（Moyen et al．，1998；Bergey and Ryan，1999）・These nndings suggest that

intracellularCalciumis a part ofsignaltransduction that contributes to the early wound

responsein tomato plants・To detemine the relationship between wound responses and

increase of intracellular　Calcium，the efftcts of calcium chelator l，2－bis－（0－

aminophenoxy）ethaneNNNINLtetraaceticacid（BAPTA），CalciumchannelblockerLa3＋，and

ionophoreA231870ntheirrmediate－ear1ywound－reSPOnSivegeneexpressionwereassessed．

ThetranscriptpatternSandlevelswerenotslgnincantlyafftctedbypre－incubationofBAPTA

andLa3＋（Figure22A，B）．Whenleafpiecesweretreatedincombinationwithionophoreand

BAPTA，aCCumulationoftranscriptswasnotobserved（Figure22C）．

一65－



（A）

11mo鵬r
廿鵬tl●鵬（叫

牒β

帽Z

抑†

l明P仔

AmⅣ

岬）

〝亡p

雪盲雪苫

≡ll慧二
肝〝さ二、、‾●、iご

■m

（q

叫　＋　＋　＋　十

A劫107　－　＋　＋　一

8APTA　－　一　十　＋

偲p

棚IZど

恥一越細
川炉∬

A¢刀〃

刑伊代乱C血輌姐d血叫g㈹叩10n叩皿叫
（刃E知徳d肌・A触r3封∬h血n血m触血丸WOmd軸一扉pi批SW既
出m舶b伽bu蝕r戚血onh鮎騨柵（卿Å）Ⅳ血ば5mM肌A蝕訂
触0ふ加p隕in咄鮎鮎a血l組Ⅴ鴨W駅WO00d由ag血．四）臨海ばbれ．A肋
3ふh地肌加m血触tw叫1均一pi礪W胱血b血ebu鹿r純血血細山‖血
p散氾n‘氾（正郎¢＝舶用由dlmML虻みA触血血α0．5血p紗h伽b廟鮎恥如由1別巻

W耽WO皿dd画mdw胱h㈹血0・5】Ⅱ血血弛血dwo血触H血血y
皿廿ea如血v郎W胱CO皿p摘出∝血1胆由l助力・（qB飴咄川h血血miono匝A触4血
hc血血n加m山号触t wo血あ18ぱ画w胱血b血モbu敵地h
00血bin8血nw地5mM（加qh部什MAか1椚＼如d5mMBÅm加伽岨鵬如咽W耶
h町VeS也dO．51汀血r血e船山触

馳由d’Ⅱ◆・Ån短馳血舶on皿dA地

鮎即血血氾Ofh加地渾血血p鱒匹dbk血Ⅵ｝1Ⅵ力h血鮎睨Sign山陽m血1y

bymodulahgplaLS皿memb一皿eH＋－ATPaseac也vityPobertsandBowies，1999；Schauer

弧d O血g，1卵9）・m巳　紺地呼　αr　打－A恥e　由i血biぬdl如　Ⅴ孤独吼

■此ydo血統ylc瑚亜柵加dゆ血B（迅），弧dk血吋

鮎ngd血礼蜘血呼C）（Micbd威弧d叫，19∬；皿u唱成れ19弊）．E伽ばEB

andFConeadywoundresponsewercte弛dwiththepre－incubahmethod・Transcript

坤雨也劇加rm血ge旭叩皿WOun血gw鮎血伽d問卯托封）．

How鞘r・腿doが血血伽叫1餅血＝ガぷ封）皿d珊」J如拙血匹－

ー（始＿



血Ⅲb血弧dtk鹿ばW花Z弧dW靴血2血p托血cub血m（R卯相賀A）．Su血

qanscriptaccundationfor度ED・WⅨ乙andW靴withE8treatmntwasah）Observedin

tob批OBY－2掟uS（dぬ血血剛）・冗血批曲ohc托由d伽叫1¢Ⅴ由ば亜加r

ge4WSwithin40m血TbeeffbctwassustainedodyfbrPLH－1banscriptaccudadon

かB）・¶鵬er弧1tss喝g頭血仙pHchmgem町p桓血血匹鵬mtr止血加

地悶dy叫誠C皿山鵬om

（A）

WOul一

丁l間血r　サ　　　＋随
W叫（m叫　10羽l飢1紛糾110抑001幻2劇

作）

ぽpl▼　一

ⅣEZZ

恥I

仰l‥′；・旬

ぎ

十＋★÷＋＋　÷＋←　十＋十＋　＋十

月C¶〃　■

Tl伽鵬l　　　　＋FC

WOWld

＋FC

叫（血）10加巨伽1紛糾○　†030001202側

紹Ep

WEZZ

抑I

晰

脚Ⅳ

＋†＊
＋∴√＋

■

■離顎葦者閣議指

十　＋

薫

畿
諾

蜘乱E蜘止血如拙加配止血正F・伽仙血m叫g餌
叩感on叩Ⅵ叫
（刃E触ば抑血B・四）馳鹿ば伽血・A鮎r3ふhhcub血m如m仇e血st
WOu皿血＆1扉pi∝怨W胱血b鮎b曲r血（mCO血m軸刃岬輌血B（B）
町1－M蜘血帆A鮎r肋0ふh軸伽鮎8血k帥鮎W駅WOu血以
▲gain．

－67＿



肋鹿ばC仰Ad地点tm

ToleS（Whcthcrcy10SOJiepHchangeitsclfinducestmJISCriplaeeumu血jonorimmdiale－earJy

responsivegews，effbctsoftheweakorgmicacid・PrOpionicacid（P勅WereeXad

卵gure24A）．TranscriptsofqqZZ，mPK．andPLH－）wereaccumla鹿d4hafbrtreatment・

Toinves丘gatetheeffbctsofm血calstre＄andrapidchangeofcytosoncpH，Plantswere

vacuum－t－eatedinlhcprcserLCeOrab＄CnCeOrPA｛Figureコ4B）・AlthoughvacuuminfiltruLion

itselfinducedtwo，SteP，鮎tandlate，banSCriptaccum山適onofal1testedgenes，P阜dbviously

血紆d仕anscdptlevd50f如gen鎚・

（A）

¶l¶■■lhl

叫帥叫

〝亡p

抑Ⅶ2

月W・I

机l炉紆

A¢¶Ⅳ

岬）

加血
廿●■mrlt（叫

血

W駕ZZ

恥†

研

一C刀Ⅳ

耶卯代封．恥也ば画鮎ad伽鰯（心血血叫ge胱叩戚t鳳・
（A）ZiBbct＄OfpropionicacidOh）・A免訂仙hcqbadon伽mthefirstwouding・k正pieaswere
血b血¢b曲r血Ⅲ両地5mMPん四）B触ばm虻h血地肌d拡idlo軸
A触抽hc止血丘om血¢触wom血各kぱpi胱SW耶血b血e肋狩1血onh
血ep闇¢nCe併8b脚CedlOll劇PA，皿dw耶S輌bYⅢn血肋也omCon加bwe托
劇画・

－68－



DISCUSSION

GeneralRemarks

Itis difncult to dissect the molecular processes ofearly stage wound responses

because ofthe complexityofthemultipleresponsesthatoccur simultaneously，including

leakageofelectrolytes，andcollapseofintracellularcompartmentation・Toourknowledge

therearenocompoundswhichelicitawoundresponseintobaccoplantS，SuChasfbrexample，

thesysteminusedinstudiesoftomatowoundresponsesandelicitorsfbrpathogenresponses・

Thisdisadvantagemakescellsuspensionculturesystemsunsuitablefbrwoundanalysis・In

Ordertospecifyearlywoundresponseinducingfactor（s），aSimpleexperimentalsystemfbr

tobaccoplantsadoptlngPharmacologlCalassays，inwhichexpressionoftheimmediate－early

WOund－reSPOnSivegenescouldbeeasilymonitored，WaSthereforeestablished・Thischapter

describestheresultsofsuchexperiments，CytOSOlicpHchangeandproteinphosphorylation

being fbund to play key rolesin the early wound response・This conclusion was also

SuPPOrted byfurtheranalyses with other compounds such aslactacystin thatinhibits

PrOteaSOme aCtivity，Orindomethacin thatinhibits activity of phospholipase A2　and

CyClooxygenase（Le6netal，1998；Itoetal，1999）・

OctadecanoidsandABA

Accumulation of RED and WほZ tranSCrlPtS WaS nOtinduced by MeJA orits

PreCurSOrLNA，Orby ABA，SO that direct mediation through octadecanoids or ABAis

unlikely・hATubidqpsis，SeVeralwound－reSPOnSivegenesidentinedbythedifftrentialdisplay
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methodhavebeenclassinedintoJA－dependentandJA－independentgroups（Titarenkoetal．，

1997）・Forexample，thecholinekinasegeneisrapidlyinducedbywoundingbutnotbyJAor

ABA・Intomatoplants，aWOund－andpathogen－reSPOnSivegene，7uil，isalsorapidlyinduced

bywoundingbutisindependentofethyleneandsalicylicacid・NeitherJAnorsystemin

induceTwilexpression（0’Donnelletal・，1998）・Theseobservationssuggestthatanovel

transductionpathwaywhichisdistinctfromJA－andABA－PathwaysmaybeinvoIvedin

irr皿ediate－ear1yactivationuponwounding・

E鮎ctsorCHX

ToinvestlgateWhetherornotdenovoproteinsynthesisisnecessaryfbrirrmediate－

earlytranscrlPtaCtivation，theefftctsoftheproteinsynthesisinhibitor，CHX，WereeXamined．

The results showed noinhibition ofKED and W花Z transcrlPt aCCumulation，Clear1y

indicatingthatnascentproteinsynthesisisnotrequiredfbractivationofeithergene・However，

CHXtreatmentaloneinducedandsustainedaccumulationoftranscrlptSOfallfburtested

genes・Sim舶r phenomenahavebeen observed with many genes，including mammalian

OnCOgeneSandearlyauxin－，Salicylicacid－andlowtemperature－reSPOnSivegenes（Hersclman，

1991；AbelandTheologis，1996；HorvathandChua，1996；BetberichandKusano，1997）．

Accumulation of transcripts，fbr ethylene－reSPOnSive transcription factors（ERFs）from

tobaccowasinducedbyeitherwoundingorCHXtreatment（Suzukietal．，1998）．Three

POSSible mechanisms fbr this CHX action were proposed：nrSt，direct activation of

transcrlPtlOnbyCHX；SeCOnd，indirectactivationoftranscrlPtlOnbecauseproductionofshort－

1ivedtranSCriptlOnalrepressorswasinhibited；andthird，enhancementofmRNAstabilitydue
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tosuppressedRNaseproduction（Koshibaetal・，1995）・

ProteinPhosphorylatioIl〝roteinDephosphorylation

Protein phosphorylationis one of the earliest responses of tobacco cells upon

WOunding（Seoetal．，1995；Usamietal・，1995）andtwomitogen－aCtivatedprotein（MAP）

kinases，WIPK（WOund－inducedproteinkinase）andSⅡ｝K（SA－inducedproteinkinase），have

been showntoberapidlyandtransiently activated（ZhangandKiessig，1998a，Seoetal．，

1999）・TMV－inftctioninduces bothWIPK and SIPK enzymatic activity，and alsol柑PK

transcript accumulation（Zhang and Klessig，1998b）・In tranSgenic tobacco plants

OVereXPreSSingthetomatoq二9resistance（R）gene，tWOPrOteinkinases，POSSiblyWIPKand

SIPK，Werefbundtoberapidlyactivatedinagene－fbr－genemannerWithin2to5minafter

applying pathogen－derived aviru1ence gene productAvr9（Romeis et al，1999）．This was

inhibitedbystaurosporine，butnotDPItreatment・FurthermOre，intheq二90VereXpreSSing

transgenic plants，WKtranscrlPt aCCumulation wasinduced by Avr9treatment．These

resultsindicatethatwoundsignalingandR／Avr－dependentsignalingareinterlinkedatthe

MAPkinasecascadeleadingtoWKtranscrlPtaCtivation．TheeffbctsofokadaicacidorDPI

On TWKtranscriptleveluponwoundingareinaccordwiththesereports・ThepatternOf

WⅨZtranscrlPt aCCumulationis simi1artothatofmP乾suggestlngthatbothgenesare

regulatedinacommonsystemduringtheearlywoundresponse・Phosphataseinhibitiondid

not afftct the transcrlPtlevels of two other genes，麒ED and Pm－1，indicating that

Phosphatase activityis not required fbr down－regulation of these genes to basallevel．

However，thenecessltyOfproteinkinaseactivltyfbrtheirwounding－inductionremainstobe
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explained．

OxidativeBurstandCalciumSignaling

ToinvestlgateWhetherornottheoxidativeburstandcalciumslgnalingareinvoIved

intheimmediate－earlytranscrlPtaCCumulation，theefftctsofseveralreagentswereexamined．

TheresultsshowedthattranscrlPtaCCumulationofallgenestestedwasnotmediatedbyeither

the oxidative burst produced by NADPH－OXidase or calciuminflux through the plasma

merribrane・Insoybeancells，mediumalkalinizationbyCHXtreatmentwasfbllowedbyDPI－

SenSitiveH202PrOduction，indicatingthatpHchangeisfasterthanoxidativeburst（Tenhaken

andRdbel，1998）・Itisknownthatvariationoftheconcentration，andlocalizationofcytosolic

Ca2＋isimportantfbrdifftrentialresponsestomanystimuliinanimalce11s（Berridgeetal．，

1998）・InplantCells，CytOSOlicCa2＋hasbeenreportedtobeelevatedinresponsetomany

environmentalstimulisuchasredlight，drought，tOuCh，COld，andelicitors．（Sandersetal．，

1999）．InvoIvementofCa2＋fromdifftrentsourcessuchasintracellularstoresinimmediate＿

earlytranscrlPtaCCumulationcannotberu1edout．

CytosolicpH

Inanimalsystems，CytOSOlicpHplaysanimportantroleincellularhomeostasis．For

example，CytOSOhcacidincationbygrowth－factorsresultsince11proliftration，immediate－

earlygeneexpression，andproteinphosphorylation（Isfortetal・，1993）．Intobaccoplants，

thereisincreaslngeVidencethatmodulationofcytosohcpHisinvoIvedintheearlystagesof

deftnseresponse・Alkalinizationofcellculturemediumisrapidly，tranSientlyandrepeatedly
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induced by oligogalacturonides，Which stimulate wound－reSPOnSive genes（Mathieu et al．，

1998；Spiroetal．，1998）．Rapidandprolongedmediumalkalinizationhasbeenobservedin

tobaccocellstreatedbyvariouselicitors（Bourqueetal・，1998；Zhangetal．，1998）．Elicitor

treatmentinducescytosolicacidincation，andalsodeftnse－relatedgeneexpression（Mathieu

etal，1996；Lapousetal，1998）・DroplnintracellularpHwasalsofbundtoactivateMAP

kinasesrapidlyandtransiently（TenaandRenaudin，1998）・Thecurrentexperimentsrevealed

thatcytosolicpHmodincationbyerythrosinB，fusicoccin，andproplOnicacidindeedinduced

immediate，earlytranscriptaccumulation，SuggeStlngthatthisisoneofthefactorsininduction

Ofearlywoundresponses．

The proton－PumP ATPase of the plant plasma membraneisinvoIvedin many

Physiologicalfunctions，includingtheuptakeandefnuxofionsandmetabolites，loosenlngOf

thecellwa11，StOmatamOVement，andintracellularpHregulation（MicheletandBoutry，1995；

Szeetal，1999）・TheactivityofH＋－ATPaseisinhibitedandactivatedbyerythrosinBand

fusicoccin，reSPeCtively．However，neitherofthesewasherefbundtoafftctwound－induced

transcriptaccumulationofthetestedgenes・TheseresultssuggestthatplasmamembraneH＋－

ATPaseisnotamqorfactorcontrollingtheear1ywoundresponse・

ProplOnic acidinduced cytosolic acidincation rapidly and strongly，Which

PreSumablywas sustainedforaprolongedtimeperiodbecauseofthehighconcentration

applied・ContinuouserythrosinBtreatmentmaygraduallyreducecytosolicpHandanumber

OfexperimentshavesuggestedthattheintensltyanddurationofpHchangecouldberelated

tothemodeoftranscrlPtaCCurrmlationofcertaingenes・Forexamples，raPidandtransientpH

Changewasinducedwithin2hrbyoligogalacturonides，Whilerapidandsustainedp＝change
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WaSObservedoverseveralhoursinelicitor－treatedcells（Mathieuetal．，1996；Mathieuetal．，

1998；Spiroetal．，1998；Bourqueetal，1998；Zhangetal．，1998）．Theseobservationsindicate

thatwoundingandsimi1arStimulationmightcauseaninitialrqpidpHchangethatmight

SWitchonthedeftnseresponseifmaintainedfbraextendedperiod・

FusicoccinwasrecentlyreportedtoincreasenotonlytranscrlPtSOfPR－geneSbutalso

thesalicylicacidlevelintomatocells（RobertandBowles，1999；SchallerandOecking，1999），

indicatlngthatotherefftctscausedbymodulationofH＋－ATPaseactivitymustbetakeninto

COnSideration・TranscrlPtS Of PWIwere orlgina11y reported to accumulate rqpidly on

phosphate treatment（Sano et al・，1999）．In a cellsuspension of Cbtharanthus

Phosphatesinducedtransient cytosolic acidincation（Sakanoet al・，1992），SuggeStingthat

PWlgeneexpressionmayberegulatedbyphosphateand／orprotonlevels・Itislikelythat

delayed accumulation of P掛1tranSCrlPtS byfusicoccin treatmentis due toincreased

Salicylicacidand／orphosphateproducedbyactivatedATPase．

Onthebasisofthepresentnndingsandtheliterature，IproposethatpHchangesin

thecellularmicroenvironment causedbywounding trlggerthe transcrlPtaCCumulation of

irrmediate－ear1y wound－reSPOnSivegenes．Todate，however，thereis no clearevidenceof

SuCh an association betweencytosolicpHchange andwounding・Itis to be hopedthat

experimentalevidencecanbeobtaineduslngtherecentlydevelopedcagedprotonfbrpH

modulationandfluorescentpHindicatorsfbrdirectmeasurementofcytosolicpH・
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ConcludingRemarks

Inordertounderstandmoleculareventsthattakeplaceduringtheearlystageof

WOund response，Iperformed fbllowing experiments・（1）Identincation ofearly wound－

responsivegenesbyFDDscreening；（2）Investigationoffunctionofimmediate－earlywound－

responsivegeneproducts；（3）Characterizationofpromotersofrepresentativetwogenes；（4）

PharmaCOloglCalanalysISOfsignalsandcomponentsinvoIvedintheirr皿ediate－earlywound

response・Inconsequence，SeVeralclueswereobtainedtogalnabetterunderstandingofthe

earlywoundresponse・（1）Nearly200genesaredifftrentia11yexpressedwithin3hrafter

WOunding；（2）Transcripts ofasetofgenes arerapidly andtransiently accumulated；（3）

Among them，A7and ClO encode a highly charged protein KED and a new WRKY

transcriptionfactorWIZZ，reSPeCtively；（4）WTZZisrapidlyandtransientlyactivatedatthe

transcriptionallevel；（5）Proteinphosphorylation／dephosphorylationandcytosolicpHchange

areinvoIvedintranscrlPtaCCumulationoftheimmediate－earlywoundresponsivegenes・

Taken together，Ipropose the fbllowlng hypotheticalmodel・Upon wounding，

CytOSOlicpHchangesquickly・ThispHchangeaCtivatestwoslgnalingpathways，M仏Pkinase

CaSCade and so faruncharacterizedone・Theselead toimmediate－early geneexpression

fo1lowe9bydeftnseresponseand／orwoundhealing（Figure25）・ArqpidcellularpHchangeis

assumedtobeoneoftheear1iestwound－Signalsandprobablyafftctsmembranepotential，

PrOVidingrapidsystemicsignal（S）・ThepHchangemayactivatesignaltransductionpathways，

Whichis either dependentorindependent on protein phosphorylation・The MAP kinase

CaSCade，includingWIPKandSIPK，is activatedandinduceW佗Zand mPKtranscript
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accumulation・ⅥZZbindsTTGAC（Crr）sequencefbundindeftnse－relatedgenepromoters

andmodulatestheirexpression・Severalhoursafterwounding，deftnseresponsesuchascell

Wallreinforcementandinterftrenceofdigestionbyherbivoresisdevelopedbyup－regulation

Ofmanydeftnse十relatedgenesincludingA8，C14，C20，andPI－H・Factor（S）inotherpathway，

Whichisnotmediatedbyproteinphosphorylation／dephosphorylation，isunknown．KEDand

PHI－1arepostulatedtobeinvoIvedince11ularhomeostasisandphosphorylation，reSPeCtively・

Althoughfurtherstudiesofuncharacterizedotherimmediate－earlywound－reSPOnSivegenes

Willprovidemoreinfbrmationaboutearlywoundresponse，CurrentStudyclearlyaddsanovel

infbrmationtothemolecularftatureofearlywoundresponseinhigherplants・
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