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INTRODUCTION

Tbealkaloidsareoneofthemostdiversegro叩SOfsecondary批tabohtesfoundin

hving orgmisⅡ旭and haveanamy Of struCture typeS・biosynthedc pathways，and

Phamacolqgicalacdvides・ItmaybeassumedthatplantSdevelqpedawidevarietyofsecondary

m虎血舶te＄duringhundredsofm址皿SOfyearSOfevoludonasameanSOfdefending

them戚ⅦSaganSthefbivores，microorganisms，ViruSeS・andotherplants・Amg

than50，000naturalproductstha（amknowntoday，0Ver12，000areahoi由イWiI血1998）．

TbbopanealkaloidsareagroupofstruCturauyrelatedsecondaryproductsthatpossessthe

azabicyclo［3・2・1］∝taneringsystem・W櫨over150trppazlealkaloidshavenowb∝狐

fromplantsorchemicauysynthesized（bunaSⅡ剋1988），andareusual1yfoundasesters

betwccnorganicacidswithei血訂3α－Or3β－hydfoxytropanederivatives．

Hyoscyamineandscqpolamineaqethetwomostcorrm叫aneauoidsfoundinthe

Solanaceae，WhichincludeAtTtPabeHaLhmand均′OSqamuSneer，andplantSCOntaining

thesea”oidshaveh光nuSedfortheirznedicinal・hauucinogemic，andpoisonousprqperties

n椚Ⅰ止1998）・Bothcoqoundsareisomedzedtotheracemicformsduringstorageor血ine

isoladon・恥racemicm血resofD－aJldL－hyoscy血eiscauedatropine，Ofwhichonly伽

L－hyoscyamineissynthesizedinplantsandphamacologicanyactive・Hyoscyamineand

SCOPOl血neareco叩titiveantagOmistsoftheactionsofacetylcholineandoth訂muSCarine

agomists，bothhaⅦSimi1arperipheral，ParaSymPatholytic properties，butthey di飽r

quandtadvelyin andrmscarimic acdonsandin action onthe cen血nervOuS SyStem．

Hyoscyanhe蝕tstimiatesandthendepressesthecentralnervOuSSyStem・Scppol血e

tendstobeⅡ旧托CentralnervOuSSyStem－depressant卵euwinger1998）・Becau＄eSCOPOl血e

iszmpowerfu1thanhyoscy血e（Schu11erandWink1998），CurrendythereisalO－fo1d

highercomm併C血demandforscqpolamine，intheN－buthylbromideform，thanth駅isfor

hyoscyanheandaBqpinecombined．

叫panealkaloids，micotine・andpolyamines猥auSynthesizedfromputrescine

l），WhichisfomedbmeitheromithineorargiminemashinotoandYbmada1994）．

・1＿
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FigwelBios叩蝕血pa血waysof叫e心血由血血0血e・Om刀忙，
0mithinedec鵬oxylase；AigDC・argiminedec鵬0Ⅹylase；PMT，PutreSCineN一

皿ethyltranSferase；SPDS，」Spemidinesynthase；TR・frppino批reductase；H6H，
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PutrescineNJmethyltransftrase（PMT；EC2・1・1・53）catalyヱeStheS－adenosylmethionine

（SAM）－dependen川」methylationofputrescineatthenrstcommittedstepinthebiosynthetic

Pathwaysoftropanealkaloidsandnicotine（Figure2，Hibietal・1992），Whilespermidine

Synthase（SPDS；EC2・5・1・16）transftrstheaminopropylgroupofdecarboxylatedSAMto

PutreSCine，PrOducingspermidineinthepolyaminebiosyntheticpathway（Hashimotoetal．

1998b）・Thebiosyntheticpathwaybranchesofftotropanealkaloidsandmicodnepathwaysat

l－methyl－Al－PyrrOhniumcadon・Asa鮎alproductinthebiosyntheticpathwayofbopane

alkaloid，SCOPOlamine，a6，7－ePOXideofhyoscyamine・isformedfromhyoscyaminevia6B－

hydroxyhyoscyamine胆gures2and3）・Hyo＄Cyamine6B－hydroxylase（H6H；ECl・14．11．11）

belongstothe2－0ⅩOglutarate－dependentdioxygenases（HashimotoetaL1986），andcatalyzes
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Figtlre2Biosynthesisofpolyaminesandplantalkaloidsderivedftomputrescine．
Spemidineissynthesized＆omputrescinebySPDSwhichrequlreSdcSAMasaco－

factor，WhereasinseveralplantsPMTtransfersthemethylmoietyofSAMto
PutreSCineinthebiosymthesisofmico血eandtropanealkaloids・Spemidineisfurther
metabolizedtospeminebyspeminesynthase・Thegroupstransftrredffomtheco＿

factorstoputrescineareshaded．
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tWO・COnSeCmiⅦOXidadon reactions：the hydroxylation of hyoscyamine to　6B－

hydroxyhyoscyamine，andtheepoxidadonof6B－hydroxyhyoscyaminetoscppolamine

3，H鮎鮎m鵬0α血1993）．

鼠等蔓HSどN′CH3h幽恕ヤ寓i。g6H
N′CH3

0う

Figtwe3Biosynthedcpathwayfromhyoscyaminetoscopol血ne．

OH

G

htibna珊乃，Whichencodeaprocinwithdis血tsequencesindaritytoplantand

anidSPDSs・PrbbablyoriginatedhmSPDSsduringdiversiBCationoftheSolam

恥s血obαd・19勒199恥A血叩鈷如托Of肋∽m爪is鮎〃咄

tandemrepeatarrWCOnSistingofdi蝕ntnudersofaconsetvedll血oacideleⅡ肋Lnds

rqParraywasfotmdinanhddnaPMTssofhrstudiedbutisabsentinauSPDSsinthe

database・Moreover，itcantmmoved丘omtdb批OPMTwithout曲ctingtheenzymic

PrOpertymashimotoetd・1998a）・SouthernhybridizadonanalyshindicatedthatthegenoⅡ妃S

OfA・beHa加∽andH廟rdonotcontahsequenceshomologoustothetan血rqpea也

foundin馳，thzTuPMTs（Hashimotoetd・1998a）・Mcotinehasaninsecdciddacdvitywhich

may加onaspartofade知seresponseoftobaccoagainstinsectattackWoudand

Baldwin1997），Whereassuchprotecdveacdvityagainstinsecbhasnotbeenfoundheither

hyoscyanheorscqpolamine・Tdbacco翔Tisuprpgulatedbyja弧micacid伽anishietd．

1998）anddownzegulatedbyaumi働id机994）・Whether棚T5invoIvedintrppane

血1didbiosyntheshaJ？Sinddyregulatedbyplanthormones誌anqpenquestion．

Lt6Hd削Awasfirstisolated鮎mLb・OSqyamus吻ど＝皿dwasusedtodem朋血ぬ

・4．



thatH6HniRNAisabun血tinculturedrootsandpresentinplantrOOtS，butabsentinstems

andleavesofH．niger（M血sudaetal・1991）・brmnohistochemicalanalysisusinga

monoclonalamibodyagainstH6Hproteinfurtherindicatedthat＝6Hislocahzedspeci丘cal1yto

thepericycleofrootsofvariousscopolamine－prOducingplants（＝ashimotoetaL・1991）・The

5・－uPStreamregionoftheH・nigerH6Hgene（HnH6H）wasfoundtodriveexpressionofa

downstreamGUSreportergeneinthepericyclecellsoftranSgemichairyroots丘omH・niger

andA．be肋血棚，howeverthecriticalcis－aCtingelementsrequiredforthiscen－SPeCific

expressionhaveyettobeidentified（Kanegaeetal・1994）・

A．beLladonnaO7igure4A）belongstothesubtribeLyciinaeofthetribeSolaneaeOfthe

solanaceaefamily，aCCOrdingtotheclassificationofWe恍Stein・MostmembersoftheLyciinae，

whichincludes14genera，PrOduceakaloidsofthehyoscyaminetypeO：vans1979）・In

contrast，LL癖rbelongstothesubtribeHyoscyaminaaeofthesametribeSolaneae・PrOduce

alkaloidsofthescopolaminetype・AnmembersofthetribeCestreae，Whichincludes19genera・

FigtLre4nlustratedareAtTPPabelLadonna・mduTPPlandet（A）anddifferentstages
（1－4）initsflowerdeveloprpent（B）・（C）RegenerahOnOfkanarPyCineresistantShoots
fromA．be肋わnnaleafsect10nSa鮎rinoculationofAgrobacterlumtum¢cieTLS・

．5・
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donotproduceany叫anedk血oid，and〃むotidna，OneOfthegemofddstribe，PrOduces

mico血easan血kaloid・Bew也eregeneradonoffertileplantsfromtissuecultureiswh

eiLSierforA・beLkzLbnna（Rgure4C）than0thertrqpaneakaloid十prOducingplantS（e．g．且

n吻1），A・be肋hasbeenusedfortheproductionofsom鵬chybrids四年両andSimola

1991）andtranSgemicplantSW加hherbicide－reSistanCe（S血oetaL1992）orwithirnproved

ahoidco叩0血ionげ血etaL1992）・TostudythemdecularreguladonofgenesinvoIvedin

SeCOndary血0lism，itiso鮎ni叩Ortanもandsometirnescritical，tOuSeahomologous

SyStemforexper血飢血analysis，Wherebytheexpressionofclonedgene＄isstudiedin鮎saJW

Plant叩eCies如mwhich血etargetgeneswereisolated・Totakeadvantageofitsfhcilegenetic

mamipulation，Idecidedtogtudytheregu如ionof盛k血oidbiosynthedcgenesinAbeubdbw．

Inthisreport，IfocusedonLWandH6HgenesofA．be肋わnTZaatthe血standlast

COmmitdstginthebiosyntheticpathwayofscopolamine．IisolatedtwoAb珊rcDPusand

AbMgeneandAbH6Hgene，andexaEheddleirdssue一印eCificexpre＄Sionpattemsbyin

Situhybridization，irmohistochemistryandpromoter：：GUS tranSgeWanalyses・Ⅰthen

CO叩批d鮎geneexpressionofAbLWTandAbH6Hwithtbbaao用Tand足癖rH6H

W姐御b00払印ed丘軸血d血mo血血卿1嘘om

MATERIALS AND METⅡODS

P18ntm8teriak

A叫Pabe肋血和ⅦL・，勒OSCyamuS叫㌍rL．andmcodmaぬ加椚L．cv．SRla陀

鱒aintaindinour坤oratoqforstudiesona地頭oidbio＄ynthesis，beinggrowninagreenhouse．

ShootPaddsand鱒血胱1994）androotPashimotoetd．1986）culturesweregrownaS

呵0血．

Genomic DNA blots

・‘．



TotalgenbmicDNAwasisokdbmtheleawsofNぬ払撤m CV．SRl，A

benhdbTmaandHn如r，aSdescdbed田ibietd・1994），and20pgofgenomicDNAwas

digestedwithresbicdonenzymeSandelectrpphoresedthroughO・8％agarose・Thegelwas

denatuted・neutralized・andblottedontoHybond－Nnylonmembrane（Arrmham）bystandard

画s（S血br00kgJd．1989）．

Tbeblotted血mewashybridizedwithaAdl－1ength〃靴77cDNAprobe

radiolabeledwith［α－32p］dCTP（random画rmlabelingkicTak狼）in50％formamide，2

XSSC・10％dextrznsul触，1％SDS，andl00p・gmi－1sonicatedsahmnspemDNAat420C

for16h・andthenwashedthree血購with1xSSC，1％SDSat420Cforlh，0．5xSSC，1％

SD紬55℃知1b，皿dO・1xSSC・1％SD紬65℃知1b・¶蛤m血mewass坤画Of

也巳iniddprbbehO・1xSSC●andO・1％SDSatl00℃untnnosignalwasdetected，aJld

SubsequendyrehybridizedwiththefonowhgprdbespeCiacforthetandem呵匹atWhichwas

l仙おぬ0Ve・職印加D仙蝕餅肌tW娘血血clu混血Ⅳ■血血叩叫myw鮎

嘩byPCR，Clonedinto西EMJT（Promega），andexcisedasaBamH肋RIfragmenL

TbePCRprndureusedathemocycler囲e19600；Perkin－Elmer），tWOPrimers（5・－
TGAAAATGGAmCCATATCTACC－3・azld5・－GCG岨n℃一丁AGTCGGAGmCCCAG－

3’；unde血旭SdenoteBamHIand助RIsites・reSPeCtively），aZldan7Plibadcnfor3mhat

940C，fonowedby15cycksofl血at940C，1mhat550C，andlminat720C，andhal1ya

lO－mhincdbadmat720C・SubsequentprKeduresweredoneasdescribedabove，eXCePtthat

thehybridized血waswashedonlyoncewith1ⅩSSC，1％SDSat42OCforlh．

ConstruCtionand＄CreeAingofcDNA旭dgenomicDNAlibr＆ries

T血RNAwasisolatedbmculturedrootsofA・be肋血椚αandHn如rasreported

（K弧egaCetd・1994），蝕皿Whichpoly（刃＋RNAswerepurifiedbyusinganmRNA

Purific血kh（馳肌地軸卜血NAlibrmiswereconstruCtedbyusingaZN⊥CDNASynthesis

Eit（Shtagene）andaninvitTVPaCkagingkit血hlm（Nippongene，Toyama，Japan）．

ScrmigofthecmhbrarieswasperAx7nedaccordingtoSambrooketd．（1989）withso胱

m旭丘cadms・D噌馳此Plaque鎚ters田ybond－N＋；Anmhap）we托hybridizedwith

tdbacco珊TcD甑師bietd・1994）probelabeledbyusingaRandomPrimr

・7．



馳Crakara）in50％fomide，2xSSC，10％dextransulfhte，1％SDSamdO・1mgd・1

SalmonspermDNAat420Cfor14h・WashingwasperfmiinO．1ⅩSSCandO．1％SDSat

650C・Afterasecondroundofscreemng・CDNAinsertswereexcised如vitTV加mposi鵬

PhageclonesaspBluesc和tSE：plasmids．

駄nomicD甑wasprepared如mleafdssueofA・be肋血nabyCnUexbud皿

（Muz7yandTho叩On1980），andAutherpurifiedbyCsC胞Brultrarcentrifugadon．PuriGed

DNAwasdigestedwithSdu3AI，地onated（9－23kb）onNaClgradients，andthendohedinto

theXhoIsiteof入FixE（Sbatagene）・ScreemingofanA・助genomicD仙1ibrarywas

performedasdescribed加vebyusingtheAdl－1eqgthAbfM”dⅨAasaprobe・neH

極rH6HcD粘即a6udaeTaL1991）wa5uSedasthehybridizadonprotc・neSCreening

WaSdoneasdescribedabove，eXCePtforduphcacplaque51ters（GeneScrecnPlus；NEN）were

hybridizedin50％formamide，6ⅩSSC・5xDenhardtlssoludon・0・5％SDSa皿dO・叫如1

SalmongemDNA・Afterasecondroundofscrecmng・genOmicD甑ins醜frompoddve

PhageclonesweresubclonedintopBluescriptⅡSK－（Smtagene）・沌sted－deledoncloneswere

made（Sanibrooket血1989），andD甑sequencesweredbtainedbyusingABI跡A

SequenCerS（373Aand377A）．

RNAb）othybridi祖tion

TbtalRNA（10pg）holated如mseverddssuesofm鉱胱A・助wassqparated

byelec叫OreSkonl・2％fomddehyde？garOSegelandblot6edontoaHybond－Nm助血加

（Amerslm）・Theblotwash｝bridi2edwitha：＝p－hbeled3・regionofeitherA蜘77c

（310セlong）orA撤乃cDNA（34叫long）皿血如拙C皿鵬昭鮎蜘血Ⅶ．

WasPgwas画din2xSSCandO・1％SDSd650Cfor3hThese3・－regionfragmen也

WereObtainedbyPCRanqdiBc血oftheAbZWTcmAs蝕皿there甲感Ⅶpladds，

fouowedbyremovalofavectorsequencebyXhoIdigesdonandagarosegelsqparadon．恥

PCRp血蛾usedweretheM13M4prizwCr軸）andthePMT2Fprimer（5・－

G鮎CCmG舶mc），Whichwasdesignedbasedon鹿conservednucleodde

SequenOeSbetweenA抑cD恥andAbm22cDNA・Theblotwasalsohybridizedwitha

：：p－1abeledco血gregionofAbH6H（270－bplong），WhichwasobtainedbyRT－PCR

・＄．



弧Pl姐cad皿Of血etotalmisolatedfromA・beDbLhmrootwithH6H－FandH6H－R

P血ne指（SeCbelow），underthesameCOnditionsasdescribedabove．

AbLt6H（入8）andAbvd16H（入14），WhichhadbecnclonedintopBluescriptⅡSK－

（S地場ene），aSWenaSA・肋genomicDNA，WereuSedasthetemplacesfbrPCR．

PCR（伽rznalcyclermode19600；Perkin－E血er）wasdoneusingtwoH6Hl甲∝ificprizw

田6H－F：5一－CACmGGCrCATGGTTGTCA－3・andH6H－R：5・－CCATCATAGTGTCCTC＿

CTGATCC－31），andthefonowingprotccol‥嘩Cadonfor3血at94OC，fonowedby30

qclesoflmhat940C，1minat550C・andl・5mhat720C，and血allyalOminincubadon

馳st－Strandcmwassynthesi雄dfromtotalRNAisolated如mseveraltissuesofA．

be肋血byusingacD恥synthesiskit汀akara）andtheohgoJCr）primerprovided．Atl

Wreek血rsubculture，Culturedrootsweret陀創始dwith00r20pM耽thyljasmonatefor4hand

Subsequendyhamested・Thebst－StrandcD仙（50ng）wasanpliAedusingtwo

P血ers（鋤PiF：5一－ATTmATCTCCCACTTGGandAbP－R：5・－TCTmG口GGACC＿

AATAGq）ortwoH路＄peCiAcpriⅡ耶（H6H－FandH6H－R）・PCRwasdoneasdescribed

above，eXCePtfor35cyclesoflmhat940C，lminat550C，andlmhat720C．Tbe

叫姐cad皿PrOductswithH6LLspeci丘cprilmrSWeredigestedwith助mHI，fonowedby

elecbpphmisonal・2％agarosegel・Tbgelwassubsequentlydenatured，neutrahzedand

blottedmtoaHybond－Nm血（Am耶hap）bystandardprocedures（SambrooketaL

1989）・Theblottedm血washybridizedwithradio－1abeled且吻ぞrH6HcDNA．As

quantiBcad00COntrOIs，AbMTlandAbfMT2cDNAswerealsoamPliBedindifftrent

COnCen血onco＝ibinations（SeeFigtm9B）・Tbe弧phficadonproductsweredigestedwith

IandbPvuⅡandsdbsequendyelectrpphoresedona2％agarosegel・ApardalA．be肋ゐnna

SPDScDNAwasalsobbtainedbyRT－PCRaccordingtoHashimotoetd・（1998b）．

Tbgene－SPeCibprimers，5R－Hl（5I－GAAAGAGACCAAAATCTTGACAAGC－3・），

・，．



5R－H2（5’－G些ATWGAACAACAACAAGG－3・），and5R－H3（5・－
AG些GAACATCATmCTGCCC－3一）・WeredesignedbasedontheDNAsequenceof

AbH6H（underlinesdenoterestrictionsitesfor肋RI，SbcI，andSpeLre？PeCtively）．First－

StrandcD甑wassynthe＄izedasdescribedabovewiththe5R－Hl匹皿er，andtaikdwith

POlyademinesbytenninaldeoxymCleo叫1tranSferaseCr血）．Tbebst，。。nd。fPCRwas

perfordwithaSbcITXbaI→k椚HIJCr）17priw（5I一口GAmCTAGAGGATCC＿

TnTnT日管FITnT－3り・aSbcI灘aITBamHIa4apter（5・一口GAG∝CTAGAGG＿

ATCC－3’）andthe5R－H2p血u・Amp肋血productswerepuriiiedwithaC加m濫血Spin

400colu皿（Clontech）andusedasthe叫forasccondroundofPCR，Whichwas

画dwiththeSbcI－XbaITBamHIadapterandthe5R－H3primer・AnqdiBcadpnproducts
WereClondintopBluescnptⅡSK－betwecntheBamHIand勘eIsites・TheD恥sequem

fromtenclonesweredete血ed．

血si血hybridiヱation

血血帥血加皿WaS dome批血g to伽鹿1987）wi血s。胱

modiBcadons・TwoprlmerS，5l－AA昼些茎AGT00AAmGG舶m－3・and5・＿

TTgAGGCAAGTmGTTGAAGC－31（undedirLeSdenoterestric血sitesfor助RI

and鞄nLre＄PeCdvely）weredesignedtoaHqdifypartOfthethirdAbH6Hexon・A210bp

amp肋adonproductwasclomibetweenthekoRIand卑nIdtesofpBluescriptⅡSK・in

WhichtheSbcIsitehadbeenchangedtoanEtoRIsite・恥画血dwasdigestedwitheithw

助RIorA甲718Ibm血血goxyge血址坤弧蝕脱OrS鮎eRNApmb血g鮎D氾一

R粕1abehgkit昭∝hringer）・Culturedroobin血erapidgrowingphase（3to4daysaRer

tranSfertoafh，S”quidm誠um）andflowerswere色感for2to3hinaniceddsolud皿Of

3％（叫）paraformaldehyde，10％（Vk）glutaraldehydeand33血Mphoghatebu肋（PH7．4），

fonowedbydehydradoninanethanoIseriesandaxylezkSeries・bhydrated叫esw耽

enibedded血nstoprep580（WakohreC血hdus扇es，Osaka，Japan），andstoreduntn

uSeat40C・Samplesweresecti皿edatathickne＄SOflOpm・andmountedontoglassshdes．

A肋dewa3ungandhydradon，SeCdonsweretreatedwithO・05NHClforlOmin，WaShedwith

2xSSPEfor5血andthenwithDEPC－trea（edwaterfor5血，fo山owedbyPbteinaseK

・11I＿



（2pBhnl）treatⅡ肥Iltat370Cfor30mh・Tbesec也皿SWe托thendehydratedandvacuumJried．

RNAprobeswerehybridizedwiththesecdonsatal佗00dnutioninhybridizationsoludon

任加kl－994）at450Cfor16to20h・Theshdeswerethen血sedwith2xSSPEandbufEbrA

（0・5MNaCl，10mMTris－HCl，PH7・5，1mMEDTA），andthentreatedwithRNaseA（l－2pghnl

inbuffbrA）at370Cfor30min・Excessprobewasremovedbythreeadditionalwashesin2Ⅹ

SSPEandtb耽WaShes血0・2xSSPEat500C，for20mineach・Sec也onswerethenbl∝kedat

rOOmtemPeratLmwith1％寧lockingreagentPIGNucleicAddD血也皿Kit，Boehringer）in

bu飴rl（100血MTris－HCl，PH7・5，150niMNaCl），andwith3％BSAinbuffbr2（bu触・1

PlusO・3％T血nX－100），fonowedbya2hincdbdonindhtedakalinephoq）hatase－

C両u師姐叫犯1血皿（1：刀00hbu肋2c00血gl竿BSA）．駄昭Sandb叫

COQjugatewasremovedby也職WaShesinbu飴r2，andthreewashesinbu飴rl，for15mh

each・Fbrflow訂SeCtio鮎，l％BSAwasincludedinbu飴r2dmingwashing・Shdesw駅then

dnsedo批withl％BSAinbu飴r2andtwiceinbu飴r3（1∝加MTris二HCl，PH9．5，1

NaCl，50EiMMgCu）・Colorsweredevelqpedforlto2daysinbufEbr3containingO・34mghnl

nitrbblue鳳血msaltsandO・175m離山5－brom山一Chlo恥3－indoylphosphatetoluiditm

SalL T7），reaC也onwasstoppedwithabu飴rcontaininglOmMThs－HCl（PH8．0）andlmM

EDTA Sectionswerepassedthroughethanolandxyleneseries，andmountedin払Ikitt（0．

Kindler，Germany）．

ImⅧOh詣todlem誌try

Flowertissueswere鮎edandsectionedasdescribedforinsituhybridizadon．The

l叫mfloweqsecdons，血rdewaxingwithxyleuandhydradon，W駅bl∝kedwith1％BSA

inbu飴r2・andincub如dwithan也－H6H郡n∝lonalandbodym仙5mashimotoetaL1991）at

2・5pghdinbufFtr2c皿hiningl％BSAatrcK）m嘩rahreforlh．Sectio鮎W駅WaShed

fourtimwithbufEbr2for15mineach・andbeatedwith3％BSAinbu飴r2forlh．仙

Phosphat睨ヾOqjugatedgoatanti－mOuSeIgG（H＋L）（Ejrkegaard＆PerryLaboratorieshc．）

WaSaPPliedatal：30W血山血mtothesections・Tberestoftheproceduresweredoneas

describedfbrinsituhybridizadon・eXCePtthatcolordevelqpmntwasstopped血r4h．As

negativecontrol，thepmiaryandbodym仙5wasomitted＆omthecorrespondingsoludon．

・11．



ConstruCtionofthepromoter；…GUSfusionvectorsadphnttr＆nSEbrnation

The肋dⅢsite（from－2to■4）inthe5一－flankingregionofAb珊Tl（九1clone），

WhichhadbecnsubclonedinpBCSK・（Stratagene），WaSChangedtoaBamHIsiteby助dIII

digesdon，軋ing－inbyaXlenow鮎gmenLBamHI－1inker山gation，andselfligadon．

resultantPlasmidwascutwithXhoL剋edinbyaKlenowfrapent湖dthendigestedwith

BamHItogenerateanAbEM77fragmentcontaininga1373－bpupstreanregion如mthe5・－

endofthelongestAb脚d洲A（designed鱒AbP－1373）・TbeAbP－13乃卸ntwas

introducedbetweenthe助RVand劫鯛IsitesofpBluesc＊tⅡSK・・TheAbP－748軸nt

andtheAm－295fragmentwere血1adydbtainedbyusing鮎BsLXIandBamqIsitesand

theBboRIandBamHIsites・reSpeCdvely，eXCqtfortheaddid皿Ofastqpofbhntendingafter・

β朗ⅩⅠ血g感皿血也eA好一〃β蝕騨批ntC職加C血吋ex皿d飽光代都政氾d‖阿E肘A

POlymerase・Theseshorter5・－uPStreamfragrbntSWemalsointroducedbetweenthe助RV

andBamHIsitesofpBluescriptⅡSK－・Subsequendy，AbP－13乃，AbP－748，andAbP－295

ふemsubclonedbetweenthe肋dⅢandBamHIsitesinpBIlOl（Clontcch，Figtm13F）．

ne5■－flankingregionofAbH吼whichwassubclonedintopBluescriptⅡSK－，WaS

isolacdasa5dITAccIfragmentspamingfrom－671to＋103bpreladvetotbtranscripdon

imidadonsite，andintroducedbetweentheAccIandBamHIsitesofpBluescriptⅡSK－abr

linkerhgation・Subsequendy・theSuI－BamHIfragmtwasclonedintopB＝01，digested

WithBamHI，andthen丘ued－intomakeanin－hfusionwiththeGUSqpenreading丘批

恥托如血gb血町Ⅴ∝触W駅血S如血輌血桝血町g靴音S血

15834andAg血助力㈹加鱒戚仰St血u弘柵by由c叫皿卵顧αd．1瑚）．

Leafdisctransfomionw叩血medaccordingto肋egaeetd・（1994）・Transgemichaiq

rOOtSWereS地forkanaqcinTreSis伽Ce（250mgl・J）andsdbculturedonsohdculttm

血iumevery4weeks・ThsgemicA・beHbdbmaand凡bzbezwplan也W駅regenerated

fromleafdhcsandgrowninagreenhotweaccordingtoMathha皿dhchee（1994）．

Ⅱ誌血bemieda叫由of晦1眠urOmi血e（郁S）expression

・12＿



nst∝hemicalstaimingforGUSacdvitywasperformedaccordingtoJe飴rsonetd．

（1987）withsomemodifications・PlanttissuesweresoakedinasoludoncomposedoflmM5－

bromo4｛hloro－3－indolyl－B・D－glucuromide（X－Gluc），50mMK－Phosphatebu飴r（pH7．0），

0・1％（Vk）Tween20，20％（VN）methan01，and5mMdithiothreitolat370Cforperiodsranging

如m4htoovemight・A肋staiming，SanPlesweretreatedwithchlorallactqphenol＠eeckman

aJldEng血1994）tocnhanCetissuetranSParenCy．

hanothersetofexpermts・rOOtCrOSSSeCdonsof80pm－thicknesswereprqared

WithaDTK1500micmshw（DohanEM，Kyoto，Japan）・Sectionswemstainedinasolution

血gO・1mMX－Gluc，200皿MNa十pbo印加鹿bu蝕r（pH7・0），0・1％（血）m加Ⅹ100，

0・1血MKT触cyamideandO・1血MK－fbrruyamide．

・13．



RESULTS

1・Mol血r嘲正雄rge血郎

Tamkmrep飽也訂e8b鋸血山勘○叩α那∫抽dAf叩α附さ

侮棚r押eWh胱CD仙Ⅷ画1ydo血血m肋ぬmm朗吟

地対地血m御伽虎d・1粥嶋）由嘘m如h胱鮎〃据劇相加r画地ば

鵬喝坤甲蝕w胱画1yn鵬血ふⅣ一触血偶d州別m印加摘．19叫，do把

画ed瓜畑地鮎叩血細山yの血ofaD甑卿33如1明地

餌0ぬ11血0ぬ由w姐a00nS瑚OfNGHQNmHQ伽8）・Tov慮申w触

a地坪戚加町紘血囲血鮎川丁卿戚0肋p血射坤血肋da脚0血c

地tぱ勒∫印画r・血野馳机Ⅶ仰OSol地画h和也con血醐

for鮎biogqdheshofqaneahoids；H血toetd・1994）andtob批0，SuCCeSSivelywith
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伽fuu－1ength肋TcDNAprbbeandtheN－temialprbbegeciAcfortherppeatarray・h

tdbacco，fiveEh＞RI，fivemhdⅢand丘ⅦRinIgenomicfragmentshybridizedtothefun－

1engthprbbe節gure5A），WhereasthesamereStrictionfragmentsalsohybddi2dtothe卿

SPeCificprobe（mgure5B）・T鮎sindicatesthatthetobaccogenoⅡ蛤COntainsfive書相加

msequ孤CeS，蹴bwi血也e托阿a汀叩．

Upto也耽and丘vefrag胱ntS，reSpeCtively，hybridizedtothefu11－lengthprbbewhen

HnzgerandA・be助成柑∽genOmeSW胱digestedwithBamHI・Eh，RI，肋dⅢ，and卑nI

mgtm5A）・Noneoftheserestricdonffagments，however，hybridizedtotherepeat－？peCific

PrObe・WhichonlygavesmearSOntheblot・Thus，H吻grandAbeDbdbpmagenozmshave

甜7Trdaledsequences・butthese棚Thomologuesdonotcontain鮎tandemrepeatsfoundin
肋r

Ⅰ紬1atio血a皿d血鮮血d¢r血偵om収用r姐dざ抑ぶdDNAs

Sc耽nmgOfa揮m血叫3xlO一血卸m血血Clones如mac山山陀dm。td》払

libraryofA・beHadbnnawithatobaccomTcDNAprobezesultedineightP材TcDNAclones

節gure6）・Tbeightclomeswereclassinedintotwogroupsaccordingtqresbictionenp

digesdonandnucleoddesequencing・SixclonescontainedtheAbWcDNんandtwo

rem血gclonescontainedtheAbEMT2cDNA・ThelongestAbZM27cm（A摘clorLe）was

1305－bplongandemcodedAbPMTlof336aminoacids肝igure7A）・Whereasthelongest

AbZWI2cDNA（Ab3clone）was1294－bplongandenc∝如AbPhmof340血oadds

（苗gu托7B）．

Fromaculturedrootd洲AhbraryofHn＆oneEMTcDNA（助PMT）andtwo

SPDScDN心胆ashimotoetd・1998b）wereisolated師gtm6）．TbeLtmd洲Awas

1350－bplongande耶OdedHhPMTof338弧inoacids胆gure7C）．The助SPmlcDNA

WaS1231－bplongandencodedHnSPDSlof315孔minoacids伊i即re7D），andtheLthSZnS2

CDNAwas1281－bplongandencoded馳SPDS20f308aminoacids（mgtm7E）．

TodetemhewhetherA・be肋ゐ花ⅦhaveanyspDSgene，IclonedoneRT－PCR

軸a＝qdiBedfromA・benbLkmleaftotalRNA，inwhichAbEMTRNAwasabsent（See

below・Figure9C），WithSPDS－SpeCificprimersdesignatedbyHashimotoetd・（1998b）．Tbis

・15．



Ab珊n
（1305bp）

★Ab8

Ab4

Ab6

Abl

Ab5

Ab12

Ab肌
（1劫4bp）

★Ab3

Ab2

ATG

1　69

TGA

lO79　　　1305

ATG

120

TAA

1042　　　　1294

肋卿　　　ATG TGA
（1おObp）

1　124

★HnlO

Hn4

Hn3

Hn12

仙癌円裕†

（1幻1bp）

（1・1305）

（1・1303）

（1・1296）

（1・1248）

（1・1239）

（2・1259）

（1・129句

（11小1274）

1140　　　1350

（1－1324）

（62－1324）

（67・1340）

（5：柑・柑50）

ATG

153

★Hnl

肋5Pβ曳2

（1281bp）

★Hn5

TGA

1000　　　1231

ATG

1　89

TGA

1010　　　　　1281

（1－123り

FigtLre6Classincadonof棚財ThomologuecDNAsclonesisolatedfromroot
CD恥肋血e祀A・物㈲clones）独ほ廟r任hclones）．餌d血郎
aboveeachcDNAclonsaredesignatedasAbW，AbZW7＝，助PMT；助SZVSl
皿d助∬∂㍊・Nu血耶Ofnudeo地s叩e脱血sα加dm血鮎d掛仏
StruCtureSandbesidethe瓜NAclones，arefrome血5・－endofthelongestcDNA
血esboⅦW地鮎血sk S加仏m）血呵汀払orm）codons批曲oSbown．

・16．



A

」k梱℡
uiモモ′・巾◆叶●■＿・　小■モモ●t●◆●●・

緬血豆　　8

68

仰　1：追
加［二E V　Ⅳ　H N N　¢　S　℡　℡　R　ェ　＝1R　Ⅳ　G S　エ　　j紗那叩血血1払
C N G D V N　¢　Ⅳ　S H　℡　ヱ　Ⅹ　Ⅹ　工　王　Ⅳ　Ⅹ　ム　Ⅴ　　〟

℡m∝m　2亜m
E C　℡　N S　＝　Ⅹ　p G W F S　玉　F　5　A　工IW p G　　の
嘲℡Q脚亡 3鴨

方　A r S L X　エ　王R　も　L F Q G X　5　D Y Q　ロ　　即
日ロロロ　　止　自由ロ　　ロ伽訂

Ⅴ　撼　L F　ヱ　さ　Å　℡Y G X V LつP　工．8・¢．A：：Q

C皿《把℡∝蜘
368

ユの

4：祖

Ⅹ　℡　E　Ⅳ　¢　G　ア　P Y　℡　王　H　エ　Ⅴ　月　乙　P　も　O S　　ユ∬
励肥∝ご 蜘　4籠
エ　p S p X X V L　＝　エ　G G G　ェ　G F　℡　L F　ヱ　ユ〃

珊乃℃卿由血　5亜
V　5　R Y p　℡　エ　D℡　＝　D　工　Ⅴヱ　エ　D D V V V　ユの

∝；蹴⊂亡ロI正銘M　6鳩咽℡m
D V　5　R X Y F p Y　工一　A A　¢ア　D D P R V　℡　ユ即叩＝　6係
L　＝　エ　¢　D　¢　Å　A　ア　Ⅴ　Ⅹ　A A Q p G Y Y D A　2の

728

エ　エ　V D S　5　D p　＝　G p A X D　工．F　ヱ　R　王・ア　2J打

つ門叩諷偽正　788
ア　ヱ　A V A X A　エ・R　コF（；8　V V C　℡　Q A E　5　2〟封印卿　与亜
＝　W－L Elは　∬：L　エ】【Q　コ　エ　AⅣ　C R Q V F X
m間℡疋⊂mC

2の
タ腸

¢　5　VⅣY A W　℡　℡　V p　－r・Y】P　つP G V　エ　O Y　ヱ即M馳 9鴎
瀾【二L C S　℡　ヱ　G p E V　∬：F：R玉l王　Ⅴ　Ⅳ　S　＝　D　3〟

間肝10遷
Ⅹ】Dlr　≦；圭　V R S＝K G】，ムI仁F Yl汀　S　工〉　エ　H：。泊

Ⅹ　A A F　エ　ム　P S F A R D　工．V E F

晰℡巴ロこG血
中軸m
A別口ロ　ロ　ロ

C

10缶

3二光

n亜

12t冶

Ⅷ12舘
13（方

瓜　　3
瑚乱　　63

間＝11B
H E V　＝　S　Ⅳ　H　Ⅳ　Ⅳ　¢　S　℡　℡　R　＝　エ　L X　Ⅳ　G　」抑ぷロ叩　2重
5　＝　C　Ⅳ　G N V　Ⅳ　G　Ⅳ　5　∬　5　N　王　Ⅹ　℡　E　Ⅳ　Ⅹ　　4ロ

303

乙　V E C T N　5　ェ　Ⅹ　p G W F S　王　F S　Å　乙　W　　成l

363

p G E A f’S　ム　Ⅹ　エ　E X L　ふ　F Q G X　5　D Y　　即

4力

Q D V　班　L F　王　5　A　℡　Y　¢　Ⅹ　V L　℡　L D G A　　ユの

弧C汀　4む
＝　O H　℡　玉　村　G　¢　F P Y　℡　£　X　＝　Ⅴ　苫　コL　王Il．＋ユ必

Qmq諷扇面面m　543
G S　＝　p　5　P X X V L　工　＝　G G G　工　G F　℡　L　　ユdβ耶応‘の
才　ヱ　V　5　R Y　5　℡　エ　苫　Ⅹ　工　D　工　Ⅴ　ヱ　＝　D D V　　ユの間m　6Q
V　工　D V S R X Y F p Y I A A G F D D p R　　ユ釦

馳⊂Ⅳ　7；B仙i
Ⅴ　℡　L　エ　V G D G A A F V X A A Q p G Y Y　2の

D A　エ　＝　V D S S D p　エ　G P A X D L F　ヱ　R　　2j抑

∝蜘昆だ℡

噸＝∝ロ∝訂孤独
T N　ヱ　F G　⊂　エ　R p G W F S　五

和⊂取口□　□□　ロ田　口G　□□
G　王：A　王r　5】し　Ⅹ　工　ヱ

G醐

1，9

F S Q L W p　　‘C

m　25，
Ⅹ　むIJr Q（；Ⅹ　古】D Y q仁＋amQ嘲町　31，

D V X L　ア　∑　5　A℡　Y G　Ⅸ　V L　でエ　ロ　G A　エ　ユ∝q卿疋∝叩訂　37，
QI‡℡　EⅣ　G G　アp Y　℡　王　Ⅹエ　V H L p乙　¢　ユ滋野m血走　4罪
5　エ　p S p R X Vlエ　＝　G G¢　ェ　G F　℡　L F　ユ麒

《職諷
ヱ　Ⅴ　ア　R Y p　℡　エヱ】Ⅳ　コ【工）】Ⅴ　ヱ：【Ⅰ）劃　Ⅴ　Ⅴ　ユ鑑G鱒Ⅶm　559
芸品㌫㌫孟競品諾
℡　L V L G D G A A F V　Ⅸ　A A Q A　¢　Y Y D　2∝

三缶㌣㌢晋㌣㌍晋警謂等警苧…芸叩卿　73，
F F E A V A X Aム　R P O　¢ⅤV C　℡　Q A　ヱ　2銘甲鱒　79，
5　工　甲乙H H X　エエ　Ⅹ　Q　エ　エDⅣC R Q V　甘　2α甲鱒　8労
糧孟㍊孟忘言霊
Y最【Ll＝　5∴℡】【G】P Q V p】，R】Ⅳ　王　V N p　ェ　j∝鱒払m　9乃
D R X　℡　5　E　ェ　R5　Ⅹ　G p L X F Y∬　き　D　ェ　j∬

℡馳鼻　4労

◆寸　　　●●■l●ナ†●　●車t　小　　ぐ・

H R A　Å　F　エ1p　5　F　▲　R
1の，

Ⅳ　L X　玉　S E　ム　D j〟叩Ⅶ拓10，，
琵…芸；
A船舶嵐仙　　　　　　　　　　　　　　　　　　　12，4

叩由　52
謂管掌票㌣謂警㌍常習苧汽警等守李1芸
℡間諷Ⅵ拓C嘲1ワ2
S　5　V L p G W F　5　E　エ　S p L W p G E AI‡　麒血血卿
鎧轟孟㌫2芸
F O S S　℡　Y G R V L Vも　D G V　エ　QI一℡　E　　鑑職Ⅱ諷晦　352
R D E C A Y Q　三光　工　℡　H L p L C S　ェ　p　Ⅳ　ユαe正鱒　4追
p X X Vム　Ⅴ　＝（；G・G：D（；G V　ム　R　ヱ　V S R　ユぷ
C画已Ⅷ亡m唱忙℡蝕日払

7記　　c嘲払
8錮

p F F　ヱ　A V　℡■】に・A：工一　R　コP（；G V V C T Q A　2〟叩，の
王　S　エ　V L　苫　斑　汀　L　ェ　Ⅹ　Q　＝　エ　A　Ⅳ　C R Q V　2戯卿，由
ア】【（；5　V　Ⅳ　Y A W　℡　℡　V p　℡　Y p　℡　¢　Ⅴ　＝　　2即q晦1∝B
¢　Y　ガ　ム　C S　で　ヱ　¢　P E V　Ⅳ】F】【Il王　Ⅴ　Ⅳ　S jの間1083
ェ　D X D　℡　℡　ヱ　Ⅴ　Ⅹ　S X O p l R　ア　Y　Ⅳ　S D j．拓A恥耶Ⅱ凰1鮎B
エ　H R A A F　エ　1p S F A RI）L V E F．　　　j．茶棚il口噸121氾

繭　　　　制帽m門和芯121B
1323

13訂

472

H　5　5V E O　＝　D＝　C E　＝　D X H V V　ヱV A　ユ麒鱒　532
Ⅹ：E】F】，王I工　V A V¢　Y‡D p R V N　乙　H　＝　ユ庇

…よ孟孟㌫忘＝竺VpAG℡YDAVエVl皇喜

㌶轟孟㌫誌晶子芸
エ　A RÅも　R P G G V V S　℡Q A E S　エW　工．　且孤

m
H　髭【H　コ［エ　コE E　＝V A　Ⅳ　C R Q

7■72

賀軍票苧㌣㌘㌍苧汽響謂等篭警苧…冨
鱒∝型m払肛恥此＝　8詑

蕪≡幸葉書毒手善幸……
苦誓G㌣㌘警寄㌍収m甲1m2jエ5

撃…≡…
叩仏祖地肌貼狼　　　　　　　　1231



E

C靴 ∝間∝⊂m　：B
℡伽℡屯嘲ロ和　田

間出現℡m伽旺1心
Hヱ　ヱ00ⅣⅣ王S A Y　エ　S S　エ　L p G W F　∬

■lぐ　◆　巨　●　●弐■ハ川山亡

S】E】：S＋p：Ll
i血豆由∝相場屈忙M迦m

Fl⊃（；Ⅹ：S．DI

G℡嘘：Ⅰ℡由1瓦T臼田ロ　ロⅧ　目

V l V　も】）G V

●

p

［コロ

Q
口□ロ

エ

ロG　　ロロ⊂面豆i慧恥m　20】
G　ヱ　A H Sエ　R V　ヱ　Ⅹ　エ　L　　∬

口□　翫Qrm亡m℡石仏好G　2¢
N V V V F Q　5　5　℡　Y G X　　の

uコ鋸卿払　323
QI仁℡】E‡已D　王　C A Y Q】≡　　即耶卿虻仏祖C

H　エ　てr　貰　L】P　ム　C　5F　＝　Pl
m　3B

P X R V　乙　Ⅴ　エ　G　ユ∞

琵琶軍琵琶軍謂讐警汽∝㌍喪密‡芸肥m柑鱒品℡訂肛℡5の

撃喜寿菜章≡室薫≒喜
ユ4∂

5匂
ユの

□□□□□　□口辺日日田口　ロロ　ロロロm訊問　6石

越孟孟益鳥忘諾
A Q】㌢Lア】E X曹f∵F‡王　VA R A L C P G　2∬㌘禦㌫諒相
葉宗蕪を言芸
芸孟避孟孟㍊憲孟孟孟品言霊
F X∴Ⅳp：【NlエD A D D　5だ廿R℡R G p　2卯

¶拗叩∝切間柑難1諾
嚢饗宴

F

〒職A日日G　ロロロ　ロ　ロロロロロ山　口。 ℡m伽G
ア　Q G X W D Y QⅣV H V　アQ　5　5　℡　Y G X
砺咄亡正諷0随　口□。。。。。ロコ。。ロ
Ⅴ】し1：1】D G VエQ＝L　℡∵‡王トD王・C A Y Q五A叩町制⊂
H　エ　℡　Ⅹ

mm⊂℡∝咄L】P　も・C　5　エ　p】Ⅳ：P欝：景　V　エlV　＝　G

¢O D G¢V L】R－　V5R H S S V玉　Qエ　D
Ⅲ嚢皿訂噸牡和訳芯
エ　C　王　＝　D・】【：比　Ⅴ　エ

嘲
p V S　コK qIF　コF　王I封　V A

胞n皿諷閻q＝ロ　　ロロ田　口　ロロ間　口　□田。

ェ　G Y EI）p R V X L

㌫㌫誌ふ㌫℡Y｛DAVIVDSSDpIG去
A Q　玉L F E X p F F　王　S V A R A工IR p Q

甲！軍P鱒血血血元
G V V C　℡　Q A E S　ェ　W二L】首】は　王王】エ　R

Fjgure7N∝leoddesequencesanditsdeduced血oacidsequencesof珊r
SPDScDNAs・AbZMI7㈱andAbEM22＠），and助翔T（C），助SPDSl
弧d助∬り㍊（軌w甲血加出血mmotd》仏肋血鮎OfA．肋皿d

and

の
且
Of

Of

む追∬Ⅲ加0一汗（放1998b）・ⅥSi喝托Ⅴ耶か出血地肌如mA．

nW・画Vely節gure6）・AbSPDSd洲AのwasampliBedwithapair
degenerabPCRprmersdesiginedbasedontheconservedaminoacidsequencesSPDSs恥出m d

60

j拓

120

1虻

1∝）

l冗

2亜

∝

300

ユ∝

3‘0

ユ部

420

ユ4〔

4∞
ユ銘
5封

AbSPDScD仙fragmentwas534－bplongandencodedpardalAbSPDSof178血oacids

節gure7F）・Ali卯妃ntanalyshofAbSPDSwithcorre甲氾ding血noaddseqtwncesrof

OtherPMTsandSPDSsindcatedthdAbSPDSsigniBcan吋bdongedtotheSPDS触山y

ratherthanthePhqr蝕劇y（datanotshown）．

TbeexpectedmolecularWeightsofAbPMTl，AbPMT2，andHnPMTwerean37kDa．

nemolecularweightoffWpuriBedfh）mCulturedrootsofLhTVStTmOniLmWaSeStimab：d

tobe36肋bySDS－PAGE（ⅥTaltoneTd・1994）・AbWIwas82％idemicalinaminoacid

SequencetoAbPhqr2and95％idemicaltoHnPMT・A抑d湘AwasalsoⅡ批Sidarin
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N貯MTshowsthetandemrgeatsfoundinmcodhwPMTsPashimotoetd．1998a）．
Ab，A叫搾beDbdbnvza；H叫B）oscyarnusn＆r；Nt，mCOtib7ahzbezcm；Ns，N．
叩Et，eStTis．hdicatedaboⅥさd妃AbPMTIseqtmcebyasterisksaretheaminoacid

POSidons也釦areidendcalinthefourPMTsshownand也耽NsPMTsPashimoto
d．1998a）aswenasthosethatareidendcalin也e也耽SPDSsshownandotherfour

SPDSs Pashimotoヂd・1998b）but difEbrent between PMTs and SPDSs．
StruCturanySimilarazwacidsaregroupedasfouow＄：D，E；R，H，K；A，I，L，M，F，

P，W，V；andN，C，Q，G，S，T，Y．
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印汀andplantSPDSs・PMTsarelongerthanSPDSs，NJtemhalextensimsinPMTsbeing
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PMTsandamOngSPDSsbutdifFtrbetweenPMTsandSPDSs・hthesecons耶edaminoacid
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PWsshownand血聡N5yZlゼStrLfPMTs（Hashimotoe（d・19984）aswe皿asthosetha（
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WOuldckmodytheampliBedfragmtfromAbMTlmRNAinb128－band177－bp

鮎gmenb，咄kPvuⅡwouldd画叫A拙T2Jerived軸卯nt血127－bpand178－bp

血gmt岬gtmlOA）・WhenthereversetranSCrip也derivedfromthetotalRNAofcultured

A・beHbLkwmdroohwere嘩edwiththeprirrMSet”Singlebandof．305bpwasdbtained

師gurelOC，1aneR）・AscalibradoncontroIs，knownamounbofAbZWTZandAbZWT2
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CleavedbyC肋Idigestion（datanotshown）・Whenculturedrootsweretreatedwith20LJM

Ⅱ蛤thyljasmonatefor4h，m宮elblotanalysisindic如dthatAb脚RNAlevelwasn。t

Sigmi負cantlyafFbcted肝igure9BlaneSCRJMJ－andCRJM＋）．

Ⅰ帥1atbn ofAあ棚rJge皿Omic clomes

A鮎汀SCreemingappro血1y4Ⅹ105independentclonesfromtheA．be肋ゐ乃Ⅶ

genomichbrarywiththeAbZWucDNAprobe，tWOindependentAbLWTclon鮎Wemisolated．

鮎stricd皿enZymdigestionandSouthernhybridizationanalysisshowedthattheseclone＄aZe

OVerl叩dandderivedfromoneAb棚Tgene肝igurell）・nenuCleoddesequenceofa5．9－

kbSbcI－SbcIfragmntofthe入2clonewasde瞼m血edandfoundtocorrespondtoth！

AbtWTZgene師gure12）・AbEM77consistedofnineexonssq）aratedbyeightintrons，and

theih＄PhcesiteswereconsistentwiththeiCOm批Ⅲ印hcesitesfoundino血訂Phmt

田山eyetd・1988）・Exonslthrough9were246bp，77bp，123bp・105bp，73坤，72bp，

196bp・130bpand258bpin1ength・reSpeCtively・Theywemseparatedbyintrmslthrough8

Whichwere675bp，242bp，107bp，121bp，106匝，333bp，1329bpand79坤inlength，

respecdvely・Co叩arisonwiththrecN sylvestrisEMTgenes（肋fM乃；Hashimotoetd．

1998a）showedthatintron30fAbZWT7ismissingin肋棚乃，butthenuhand也e

POSitionofoth訂intronsa托idendcal・althoughtheirlengthandnuck血desequencesd騰r（data

notsbown）．

5I

入1

ÅTG

＄　　H H

TQA

口　n

□

目

1　　2　3●51T　　　　　0l

H SH H H　　　3．

：　　」

11血

FigurellStructureofAbMTZ・Twooverlappmghmbdaclone＄Cmmining

A以Ⅷの7剋恰血血闘鹿d玩lowtkA抑genes加地托・Nineexons猥Sbown血

笠拾遺農諾意志筑；雲箭器認諾蒜謂弧dTGA，
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慧㍊ミ也慧慧認認諾慧監禁悪霊謬還£f笠譜
endofAbWcmcloneswasatbitrari1ydubbedas＋1．Theverdcal血esat－
1373げhoI），－748（βsiXI），and－295（EboRI）indicatethe5・endoftheAbEMTZ
uPStreamreglOnSfusedtranSCripdonauytotheGUSreportergene・ApresuHd
TATAboxisalsoboxed．

Expres5iom ofAあ棚rJ

Since丘veofthesix＾bPmcDNAcloneshadthesarw5－ends，thistemial

guamidinewasazbitrari1ydesignedas＋1（刑gure12），the1373－bp5・一uPStreamregionfromthe

adenosineat－1asAbP－1373，andsoforth・AfterAbP－1373，AbP－748，andAbP－295hadbecn

tranSCripdonal1yfusedtotheGUSreportergeneinapBIlOIplanttranSfomdonvector

（Figure13F），thesetranSgeneSWerein血ucedviaAgTVbacLe血ThizpgenesintoA．

あg肋・Of正妃55■b如00tClon鮎m也血gtb舶クー∫∫乃ごごG∽加msgene，23clones

ShoweddistinctGUSstaining・hsuchGUS－pOSidveroots，afewceulayersinthevascular

Cylinderwerestainedblu岬gure13AandB）・Crosssectionsshowedthatthepericycleceus

WereSpeCi丘cal1ystained（Figure13E）・Insituhybridizadondetectedpericycle－SrXdfic

eXPreSSionofAbMI7inA・be肋ゐⅧ1ateralroots（datanotshown），buttheAbZWT7signal

・25．
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［竪琴］AbP・柑乃ごJGUS

［型蔓］AbP一瑚J：GUS

［室率］AbP■2鰍ごGUS

許諾濫紆認諾琵慧ヲ窪£差豊怒鑑識■A諾
748：：GUS（C），OrAbP－295：：GUSP）tranSgeneS・（AtoD）Whole－mOuntStaining・
TheboxedregioninAwasenhgedinB・鱒）Cross－SeCtionofA・BafSinA・C・
andDindicatelmm，WhilebarsinB andEshowlOOpm．PC，penCyCle；EN，
endodermis；CO，COrteX．（円AbPMT15’Jeletedpromoter：：GUSfusionconstruCtS・

RestrictionsitesusedtomakethedeletionclonesareindicatedbyB（BstXI），E

（肋RI），H（ガ玩dI叩，S（5αCり，弧dX（Ⅹゐ0Ⅰ）・
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Wa5VeryWeakcomparedto也eH6Hsignal・Whichwasalsol地inthe・Pericycleceus（See

below）・hsome，butnotau，GUS－POSidveclones，GUSacdvitywas曲odetectedattheroot

m血stemThisGUSstainingattheroot鱒pwasvariableanonghairyrodclonesa皿dznaynot

rqpresenttheachlal1∝ahzahofAbW mRNA，aSWaS叩r鱒dforsindarabemmt

expressionsoftheH6Hpromoterattheroot鱒p（Ⅹ批gaeeEd・1994，Seebelow）．A．

beubdwmahairyrwclonescontaimigtheAbP－748：：GtLStranSgene田gure13C）ortheAbP－

295：：GtLStranSgene呼igtlre13D）alsoshowedthes弧eGUSst血inginafewceulayersin

thevascularCylinderastheAbP－1373：：GUStransgene・ThestrengthoftheAbZW77pro

however，aPpearedto血c闇einaccordancewiththeprogressive5TtrunCad皿，Since180utOf

53andloutof35tralugemichairyrootclones，reSPeCdvelycontainingtheAbP－748：：GtLS

tranSgeneandtheAbP－295：：GtLStranSgene・ShowedcleqGUSstaining・Ⅶenthesehairy

rootcloneswerecultuzdinthem誠tmcontainingei伽rO・50r5pMindok＞3－buqricacidfor

lhorinthem誠tncontaining2，200r200pM耽thyljasmonatefor16h，nOSigniGcant

quamitadveorquautadvechaqeinGUSstainingwasobserved（data鵬Shown）．RT－PCR

analysisconhdthatexpressionofendogenousAbEMTgenesinthetranSgenichairyroots

WaSnOtSigpiRcantlyafEbctedbytheseplan（bomnes（datanotshown）．

IntranSgemicA・beHahmaplants・30utOf151ines，20utOf17血es，and200tOf24

1ines・rePCtively containing AbP－13乃：：GtLS，AbP－748：：GtLS，and AbP－295：：GtLS

transgenes，ShoweddetectablebutveryweakGUSexpress10ninthestdereg10nOftheroot，but

thele舐stemandflowerdidnotexpressGUSatanydetbctablelevd（datanotshown）．h

COnClusion・the295－bp5一－uPStreamreglOnOfA抑usedinthisstudywassufficientfor伽

pericycle－SpeCiBcexpressioninA．be肋血糊．

・27．
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2・MoleⅢ1aranaけSisぱ那ggenes

I＄01atjonanddlaraCteri2ationofAbH6H

A触screeningapproxihately4Ⅹ106indqpendentclones鮎mtheA．be肋あma

genomichbrarywiththeHn郡rLt6HcDNAprbbe，Sixposidvecloneswereisolated．nese

ClmeswereclassiBedintotwogroupsaccordingtorestricdonenzymedigesdonandSouthem

hybridizad皿analysis節gure14）・hthefirstgroup，入5and入8clonesc皿tainedapordonof

theAbH6HgenewhichcoverstheentirecDNAっequence・Incontrast，aufourClonesinthe

SeC皿dgroup（入10・Lll・入12andL14）rqresemingtheAbvdI6Hgenelackedthe5一－flanking

regionandweretrunCated鉱a血1arposition・nisgenomicregionmightbehyperSenSidveto

eitherphydcalforceorSbu3Aldigesdon，thusrepresentingahighlyvuherablesitefor

CkavagedminggenomiclibraryconstruCdon．

Thenucleoddesequenceofa4・3kb肋tITXhoIAbH6Hfragmentcloned＆omthe九8

ClonewasdeterTnined節gure15，aCCeSSionnumberABO17153）・AbH6Hisorganizedinto

fourcxms呵aratedby血間introns，andthehtronsphcesiteswereconsistentwiththe

COnSenSuSSPhcesitesfoundinotherplantgenesmanlelandSchuler1988）・Exonslthrough4

Were186bp，278bp，319bpand248bpinlength，reSPeCdvely・Tbeywereseparatedby

intronslthrough3whichwere618bp・756bpand625bpinlength，reSPeCtively．

ComparismwiththeH廟rLn5Hgene（LhH6B）showedthatthelengthandnudeotide

SequenCeSOftheintronsdifFtr，buttheirnuniberandposidonsamidentical・Mo陀OVer，the

deducedminoaddsequenceofAbH6Hwas91％idemicaltothatofhH6H（datanot

Tb血p血imi血皿Sitewasdetemhedby5・－R4CE節gure15）・Analyshof

tenindppendentclonesshowedthatAveclonesenddatadenine（＋1），W旭eAveotherclones

endedatvariousposidonsdownstream（叫鴫＋37，両9and＋91）・Tbeconsensusforthe

residuesa句acenttothetranSCripdoninidadonsiteofplantgeneS（CTq汀CA，from－3to

Joshi1987）sugges臨thattheademineindicatedinFigure15isthetranSCripdoninitiadonsite．A

PutadveTATAbox（叫wasfoundat－33to－27・Twoperfectrepea血gⅧ血

CmATTAAn）werepresentfrom－582to－573andfrom－541toT532・ApotendalMyb－
・2さ．



bindiqgsite汀AACm）wasbc臆dinreverseorientahat－207to＿201．
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九10

入12

入8

九14

＝

Figtlre14L弧血血clonescontainingtwoA・be肋ゐ閥B6Hjdatedsequences．
Thereg10nSWhichhybridizedtothe助Lt6Hcmprbbeareshowninblackboxes．
Thel血daclonesweqeclassi鮎dhtotwogroups・AbH6HandAb卿

Restrictionsitesa托indicatedbyB（BamHI），E（品煎∬高菰，芯芯薪蒜．
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theGUSreportergene・nePreSumdTmboxisalsoboxed．
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nel・6－kbnucleotidesequenceofthe入14clonerepresemingAb岬甜wasdek：nmied

mgure16，aCCeSSionnuniberABO17154）・Tusclonestartedatapositioncorrespondingtothe

firstintronofAbH6Hiandlackedaputadveupstream鮎texon・Thel・6－kbsequencedregion

OfAb卿wassindartotheAbH6Hsequence，andcanbeorganizedintotwoputadⅧeXOnS

（exon2andexon3）二intemptedbyaputadveintron（intron2，Figure17）．Themcleodde

SequenCeSOfthep血iveexms2and30fAbvd16Hwere77％and94％idendcal，

re甲∝tively，tOthecorrespondingexonsofAbZ16H（datanotshown）．Thededuced弧inoacid
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H6H－F、、
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、、145：125　′′′

eXPeCtedRT－PCRproduct

Xb

岬 ト
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70bp
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H6H－F、、、

1180bp
K
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OXPeCtedRT・PCRproduct
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SequenCeOfthis画minAbvd16Hwas86％iden也caltothecorrespondingpar［ofAbH6H

（datanotshown）・hcontrast，thenucleotidesequenceofputadveintron2waslesssirnnarto

thatofintron2如mAbH6H（53％identity）・Theomissionof42nucleotidesfromtheputadve

exon20fAbvd16Hwoddresultinthedeledonof14弧inoacidresidues如m鮎

COrreSPOndingH6Hprotein（fromLeulO5toGlul18inAbH6H，Figtm16）・Moreover，an

anhoacidcodoncomspondingtoGly179inAbH6Hmgurc16）isastopcodon（TGA）in

Ab師且Thus，Ab岬甜wouldencdeanonfumional，trunCa（edH6Hproteinifthegene

We托bhexp托SSed．

Todetemine血eexpressionofAbH6Hand4bvd16HinculturedA・beLhzLhmroots，

fr？卯eI舶Ofpotemi1Lt6HcDNAscorrespondingtoexons2and30fAbH6HandAbvdI6H

WereanqdiaedbyRT－PCRmgure17）・TheAbH6HcDNAwasexpectedtobe27P－bplong

andcleavableinto125句Pand145－bp軸評旭nbataBamHIsite・WhereastheAby

CDNA，ifpresenちWOuldalsobe270－bplongyetpossessnoBamHIsite．WbnA．benbLkma・

genomicD恥was嘩byPCR，tWOfragmtsofappromidyl・0－kbandl．2－kb，
re寧匹CtivelycorrespondingtoAbMandAb岬6玖weredbtained問gure17B）．RT－PCR

anqdifieda270－bpfragmtfromculturedrootRNA・A触digesdonwithBamHI，thii

fragmtwasco叩鹿1yck，aVedinto125bpand145bp＆agments・Theseresultsindicate触

AbH6His叩托SSedinculturedA・be肋血r00tS，butAb卿isnot・Tbkentpgetherwith

itspresum由non－funcdonalORF，Abvd16Hmustbeapseudogene．

AbH6Hisexpressed・intherootpericycleandthebpetum

Todmiewh血rAbPH6HisexpressedinorganSOtherthantheroot，RNAgelblot

andRT－PCRanalysesw耶doneinvariousorganSOfA・be肋血na・Norhernanalysis

indicated地AbH6HRNAispresentinintactlateralrootandcultuzdroot，butthe

hybridizadonsignalwasnotfoundinthem血root，St弧，1eaLorflower（軸駅18A）．

EqressionofAb抑invariousorganSWaSStudiedbyRT－PCRanalysismgure18B）．

Expectedamp通cadonproductsof270－bpwereobtainedhRNAsofcultuzdroot，血tact

root・andanther如mA・beLhzLkmna・1髄瀧DNA軸卯entSW耶COnhdtobederived如m

AbH6HRNAbydigestionwithBamHI（datanotshown）・AbLt6Hwasnotexpressedinstem，

・33．



1咄画山，pe軋皿d画也引払W血c血眠dr∞bw靴底融通血却PM皿叫1

jasztmnatefbr4h，RNAgdbbtanalysisindicatedthatAbLWRNAlevelwaLSn。t

Sigdacandy伽d伽18A加esCRJMJ－andCM＋）．

A

B

刑糾rel

蝕〉mtO山

師祉d

CR

MIILR　＄t＿　L F　仙仙

田口〟β〃

（1．さkb）

WT　Åさ（ÅbHj71：：GU＄）

MCRR＄t L A PiPoSo Q M

一触膵〝

（270bp）

望環
Stem；L：1飽膵flower；Ckcdturedrootwithtzeatzdofm地yljasJZmate叩l）
併W細別t地雨（M・）・田）T血RMwas血加d血皿雨u朝ec血戚

蒜霊夢拙忠霊笥監禁苛呈蒜㌫莞怒
C札C血m元；札加；Sヒ弛m；L，1咄ん咄玖p姐；恥画馳画
G，辞n（Ⅲ血DNA（neg血ⅦCOn叫．

Tnsituhybddizationwasusedtolocalizethecenty匹Sinwhich＾bJ16Hisexprcssed

伽19）・知鮎Ⅸ畑Sa叩1e勘001加d一助Of且吻W胱曲ohd血d如氾Se血y

expressahigherl亡VelofH6HRNAintheroot（肋IegaeetaL1994：，・Longitudinalandcross

＄血ばc血且励r地軸1姐，B）血wd血湘ⅢmW貼d飴C血0叫

h画C画e地・No軸w鮎Ob紙Ⅳ如＝皿bぬ血r∝tp血0血，W址血d叫丘皿

画地蜘也両軸匹鹿・他面地n鮮血ゆmp血血n
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stainedmorestronglythanotherpericyclece11s・TheH6Hsignalinpericyclecellswasmuch

suongerinthedifferentiationzone，Wherexylemvesselsarefbrmedandlateralrootsdevelop，

thaninthedevelopmentallyyoungerregionincludingtheelongationzone（datanotshown）・
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Figure19LocalizationofAbH6HRNAandprotein・（A－D）Insituhybridizat10n・
Longitudinal（A）andcross（B）sectionsofHpnigerculturedroots，andlongitudinal
sectionsofA．belladonnaculturedroots（C）andyoungflowerbud（D）were

hybridizedwithanAbH6Hantisenseprobe・（E－F）Immunohistochemistry・
LongitudinalsectionsofA・belladonnaflowerbudwereprobedwithananti－H6H
monoclonalantibody・BarsinAtoD，andFindicatelOOum，WhileabarinEshows
lmm．AN，anther；AW，antherwall；EN・endodemis；FI，filament；LRP，1ateralroot
pnmordia；OV，OVary；PC，pericycle；PE，petal；PM，POllenmothercells；SE・Sepal；
TA，tapetum；andXV，Xylemvessel・
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LengitudinaisecdonsofculturedA・beLhzLhmroots showedthatpericyclec曲were

mo血融1ystained師gure19C）・TbesignalswereweakerthanthosefoundinLLn＆roots．

TherootapicesofH吻grandA・be肋′∽gaVeabrowmishbackgroundcolorwithboth

andsenseandsgnseprobes，andnoclearLI6Hsignalswereobservedinthhregi皿（肋not

Sbown）．

hsituhybridizadonanalysisofyoungflowerbuds（appro血ぬ1ylcmlong，Figtm

3B－1）ofA・beauhmnarevealedthatAbZt6HniRNAiscleadypresentintapetumandpduen

mothercensmgure19D）・hmohistuhemicalanalysis・uSingⅡ伽OClonalantibodym鵬5，

WhichrecognizesAbH6Hprotein（触himotoetaL1991），ShowedthatH6Hproteinpresents

intapettmdssuesandpouenmothercensofyoungflowerbudsatthesamdevd叩ntalstage

asinFigure19D（mgure19E，F）・Inoldernowerbudsjustbeforeqpeming（appro血ぬ1y3cm

long，Flgure4B－3）・theirmnologicalstainingwass山1foundinmaturepo皿engrains，butnot

intapetumdssues伽anotshown）・Nosigmi負cantSignalswereobsewedinthenowercen

tyPe＄0therthantaPettmandpouen・eitherbyindtuhybridiz血orirmnohht∝鮎mistry・

AnAbH6H5l・uPStreamreg10nmOmitorstheendogenotlSAbH6Hexpressionin
tr孔耶gemic tiざ和e5

A5’－uPStreamregion（－671bpfromthetranscriptionalstar（Site）ofAbH6Hwas

江anSladonal1yfusedtotheGUSreportergeneinthepBIlOIplan！tranSfomionvector（See

herialandMethods）・ThisAbLL671：：G乙了けanSgeneWaSintroducedviaAgTVbwTium

ThkpgenesintothreesolanaCeOuSSPeCies；A・beLLbLha，H極randNLabw，andthe

reSul血gtransgemichairyrootcloneswereanalyzedforGUS叩reSSionpatterns師gure20）．

Ofthe36AbeLhuhmnahairyrootclonesstudied・13clonesshowedad血ctGUSstaiming・

hsuchGUS－POSidveroots・afewcd＝ayersinthevascularcylinderweTeStainedbluein

Pat血，andintezdigitatedwithnon－Staimingregions師卯e20A）・h加StOfthenon－Staimig

regionswhichwereflankedbyGUSstainedceus，1aterdrootprimordiawereenprging

（arrowheadsinFigure20）・Crosssecdonsshowedthatthepericydecensaqacenttothexylem

POleswerespeCiballystained伊igure20D）・SoⅡ妃hairyrootclone＄ShowednoGUS－Staiming

intherootapexandintheelongahonzone（e・g・Figure20A），Whneothersshowedblue－Staining

・3石．



B†††＝！！旦†

華‘‾－て．藍‾－l

・　　　　l・

－‾　ぅ圭

一ぎ

■　∫い　－・－－－

ÅN　　∵

F′／ノノ
TÅ

pE

賠十ニOV

／
0∪

ェーL÷丁‾　－－㌧乳ヨ■

ビ1、

靡

う二．j千

＼
ヽ＿ジー＼し

才÷く、毛

ゝ

一

＼J

r一、二　う

こ、うミi、’こ

⊥し

惑ざ
！！之一

モ軋q

こここ‡1

■・こご

P

′二

しr

吏．箋；

‘も1

ニ≠□日誌
、口

一一　日‾、

し　壬

冬　l．＿

∵＿＿：ト¢　　－ノ、

。E⊇‾□

F∴＿

－、さEP

■■■∴
≠－

1‾等　　　　　：二く＿－－

ご．j野∴ヨ
蓼、一1・γ

＋ヾ
＿＿＿＿＿＿＿＿＿二二＝⊆；す

、．J

牢零′、、川
・・・－■・

FigtLre20GUSexpressionintransgenichairyrootsandtranSgenicplants・XJluc
StainingoftranSgemichairyrootscont中nhgtheAbH－671：：GUStransgene，OfAtrqpa
belladonruz（AandD），Hyoscyamusクlぎer（BandE），andNicotianaku，aCumSRl（C
andF）．（AtoC）Wh01e－mOuntStalnlng．（DtoF）Crosssections・GUSreporter
expressionintapetum（G）andpollengrains（H）inamatureflowerbudofa
transgenicA．belladonnaplantcontainingtheAbHJ71：：GUStransgene・BarsinA
toC，andGindicatelmm，WhilebarsinDtoF，andHshowlOOpm．CX，COrteX；
EP，ePidemis；OU，0vule・Forotherabbreviations，SeeFigure19・AmowsinA－C
hdica短1a他用lro朗pmdk
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Whichextendedintothepencycleoftheelongadonzone，aZldintotherootapex・Ofthe35足

癖rhairyrootclonescontainingtheAbH－671：：GtLStransgene，28c血esshoweddbvi。uS

GUSstaining，Which，withregardtothece山－SpeCiBcstainingpattem，WaSbasicany鮎sameaS

thatobservedinA・beLkuhwzarootsmgure20B）・GUSexpressionwasgenerauystrongerin

Hn＆rutsthaninA・be肋血朋rOOtS・Pericyclecdlsotherthanthoseneighboringxylem

POlesweresometimesstainedinLLnberroots（Figure20E）・htranSgemictdbaccohairyroots，

20clones（mtof43clonesex弧ined）showeddetectableGUSexpression・GUSstaining，

however，WaSnOtreStdctedtothepericycle；SOme・butnotau，CenSinco坤Xandepidemis

WereCleadystained・alongwithceusinthepericycleandrootapex呼igure20C，F）．h

COnClusion，the5．－uPStreamreglOnOfAbZI6Husedinthisstudywassufncientforthe

pericycle－SPeCificexpressioninA・be肋あ柑∽andH廟r，butthisce山一SrKXificregulabnwas

SeⅧ陀1yco叩mmisedintobacco．　　　　　　　　　　　　　　　　．

TranSgemicA・beHbLhplantSCOntainhgtbAbLL67）：：GtLStransgenewereobtained

byleafdisctzusfo血皿WithA・坤おnsuA4404・MatuEePkLntrOOtSShowed

neghgibleGUSstaiming・Tbeaerialp鴫exceptforflowers，OftranSgenicplantSdidnotshow

anyGt：Ssmininglhqpenedmanmflowers，tapetum（Figure20G）andponengrains節gure

20H）expressedGUSacdvity・Itshouldbenotedthatthemattmponenpqpuladonconsistedof

POnengminsofnogainingandbluestaiming，intheapproximateradoofl：l．

DISCUSSION

棚ramd那茸ge皿eS血gh【bed厄pIicated

AtTTPbe肋ゐTZrEabeloTgStOthesubtribeLyciinaeoftheSoIan批aefhmi1y，aCCOrding

tOtheclassiAcadonofWttbtein・MostmnibersoftheLyc血ae，Whichinclu血14genera，

PrOduceakaloidsofthehyoscyaminetype作vanS1979）・Eadierex触ivephytuhemical

reSearChonA・beLhz血nahasshownthatthisspeCiescontainshyoscyamineastheprincipal

ahoidthroughouttheentireplanもandsm血1am0unbofscopolamineinyoungplanb

・3＄．



（H血nnetaL1986，H鵬omeand馳an1993）・Thepresenceofscopolmine，althoughata

lowleveLsuggeststhatA・be肋血ⅦShouldhawanH6Hgenewhichisresponsibleforthe

tWO－StePCOnⅦrSionofhyoscyaminetoscqpolamine田ashimotoetaL1993）．Sm

Ofscqpolaminewhichaccmla鹿dindh5Plantm町reSulthmlowkvelexpressionoftheH6H

gene・an〟bralessefficientH6Henzyme・Inthisstudy，IhaveshownthatA．beubhdo郎

indeedcontaina旭onalLt6Hgene，AbLt6Hiwhichencodesaproteinhighlyhomologousto

theHn如rH6H弧inoacidsequence・Ab卿wasalsodeteminedasananOtherLt6Hl

rdatedgene・hterestingly・besideshavingseveraldeleteriousmutadonsintheputadveORF，

Ab岬甜isnotexpressedataninA・beDhh・ThusAb嘩ガappearStObeanon一

触cdomipseudo－gene・TheregionsinAb卿thatcorrespondtoexons are］mα陀

homologoustoAbLt6HdLanthecorTeSPOndingintronregions，indicatingapotemialsequenceof

evoludonaryeⅦtS：initialgeneduphcadon，Subsequentsequencedivergencewithtwo

加血血g¢meS，読蝕卸元ぬ血川血血w旭m血鮎A堰酷叩ynOn一

TkgeneduplicadoneventinA・beLhzdbwisnotreshctedtotkLt6Hgene，but

aPpelLrStObewidespread：inA・be肋加，therearetwocloselyrelatedgenesforPMT，the

bstenpintb加paneaboidpathway節gure8），andatleasttwoofthegenomicregions

intowhichthreecqpiesofa35S：：Lt6Htransgenewereintegrad（Yune（aL1992）have

addidonalhigh1yhomologousregionsatunhnked止血（K・叫ibqyashiandT・Hashimoto，

unpubhshedresults）・Thisappazmtgenome－widegenedqpkationisbest叩1ainedifI

POStulatethatthechromosoⅡ蛤nuhberwasdoubled如mtheanCe＄tOrOfA・be肋ゐ耽，Which

m野hawateBaploidnature・TheA・belhzdoYZTWChromosomenuniber（n＝36）doesnot

COntradictthishypothe＄is・Tbe旭egenedcbusformationandefficientregeneradoncapacity

fromdssueculttmm由A・肋amodelm戯cinalplantforthestudyofqaneahoid

biosynthesis鞘毎皿dSinda1991），butthewide甲read昭tmCeOfgeneduphcadon呵

hindergeneisoladonandcharacterizad皿inthisspeCiestosorrM：eXtent．

〝・鹿m扇mdrq姥8tmy誌mot鋸朋鱒町yhPMThmction

PMTcatalyzx＄the蝕tconmithdstqforthebiosynthesisofvariousakaloidsw

・3，．



OdginatebyN叫1血ofputrescine・Thus，血mayrqpresentapotentialregulatorypoint

WhichcontroIstheme触鵬・fluxintopolyaminesandputrescine－血血edaboids．Tbe

StruCtureSandhormonalregulatiqnofno血a書材rgenesinvoIvedinmico血biosynthesis

havebeenpreviously呵氾Ⅰ鹿d（Hibietd・1994，Hashimotoetd・1998a，hmishieid・1998）．

AnalogousstudiesarereportedhereforthePWsinvoIvedinqaneaJkaloidbiosynthesis．

沌cotineandtropaneakaloidsaresynthesizedinreLatedp血tpciesoftheSolaweae，but

th血ecologicalfunctionsareprobablydis血ct卿止1998）・Therefore，nOtOnly血山aridesbut

alsodifFbrencesbetweenPMTsinvoIvedinthesetwodifftrenttypeSOfahoids胱eXPeCted．

沌∂血TZaPMTshavetwonotablestruCturalfeattm‥N－teminaltandemrepeatsanda

remimigcatalydcdopainhighlysindartoSPDSs・TheN－ぬminal叩aBaredispensablefor

鮎enzyndcacdvityofPMT，andthemm血∝Ofrqpeatelem也is晦hlyvariableazmg

hLhnaPMTs（Hashlmotoetd・1998a）・AsthegenomicD甑blotprevimslysuggested

Pashimotoetd・1998a）andthemoleculucIQniqgofZWcLmsfromA．肋andH
n聯rinthisstu4ycleadyshowed，SuChtandemrqeatsmaybe甲eCifictothePMTsof也e

肋血nagenus・However，祉shouldbenotedthatalthoughA・be肋血糊and且廟rPMTs

lackcharacteristictandemrqeatsattheirN－temimi，theydocontainNJenninalextensihsof

20－30aminoacidresidueswhicharenotpresentinthestruCbranyrdatedSPDSs，and鮎

eXtenSionsinAbPMTlandfhPMTazehydrophnic・鮎aZethoseinmto加PMTs．TbeseN－

temhalreglOnSinPMTs叩bejustrelicsofenzy耽eVOludon，Or也血possib

mightbesoughtintheputadvephysicalinteracdonwith0therenzymeSinaJkaloidpathways．

PMT盲probablyorigimated什omSPD鮎

TbeoveraupnnuLryStruCtureOfA・beLhuhmandH吻erPMTsishighlysimi1artO

thatofvariousSPDSs，aSinthecaseofNkodarzaPMTs（nbietd・1994，Hashimotoe（d．

1998b）・Wtpreviouslypointedoutthatllaminoacidresiduesazestricdyconserveda＝q

SPDSsequencesbutd騰rentin年tbbaccofMTsequence（Hashimotoetd・1998b）．Atotalof

7PMTaminoacidsequencesisnowavadablefromA・be肋ゐ耽・H吻er，NsylvestTis，and

Nh2bacm・WhenthesePMTsequencesarecoznparedwithauavad此SPDSsequences，7

armioacidresiduesarefoundtobestricdycpnservedamOngWsandamongspDSs，
・40．



di蝕血g・however・betweenPMTsandSPDSs：也睨areAsnlO4・GlylO5，αylO6，ne134，

Phe139，Tyr144・andIle147inAbPMTl・TheseresiduesinPAqrsandthecorresponding

residuesin SPDSs may difEbrendatethe sekdvebinding ofthe co－fhctw（SAM or

decafbqxylatedS叫andthetranSferredmoietyfromtheco－fhctor（methylgroup or
血n叩ylgmup）．

Trop弧ea比abi由a托prO血cdat伽r00tperieyele旭dtr抽Slo蝕鹿d打omr00触

baerialpar由比川l唱h仙exylem

PMTenzymaCdvityhasbeendetectedintherooLbutnotintheleatstem，flower，Or

CulturedceusofthzECtrPP批alkaloid－PrOducingspeCies：A・be肋あ〝∽，H鴫er，and血如

StTmOnium（H弛ietd・1992）・mgelblotandRT－PCRanalyse＄mgure9）oftheAbZMT

expressionhaveconBnnedtherootasthem血organofEMTexpression・andthusasapnmary

Siteofalkaloidbiosynthesis田ashimotoandYmi1992）・RT－PCR叫血如onofthe

AbZWTld仙bmthestemRNAofA・be肋血朋indicatesthat鮎mo血stepssionof

PWinthestemm叩havebeenmissedinpreviousstudies，requlnngfutureco血oninthe

SaZuaSWe11asino鮎rplantspeCleS・TbeAb珊77promoten：GUStransgeneexpresslOnin

A・beLuuhmnahairyrootssuggestedthatAbLWTlisexpressedinthepericyclecensintheroot

師gure13）・TYbePericycleispresentin鮎cen血cy肋derofdevelqpⅡ胤tauyyoungroots

withoutsecondarygrow也，SuChasyounglateralrootsandculturedrootsqahn1990）・托gher

血n血ceofAbtM27mRNAinthelateralrcN）tthaninthem血川∞t（円gure9B）m叩reflect

thispericycle－SPeCi丘cexpression．

hsituhybridizadon師gure19）andpromoteranalysis胆gure20）showedthatAbH6H

isexpressedinpencyclece皿sa4jacenttoxylempolesinyoungrOOtS．Wbalsonoted

matureplantrOOtSCOntainedconsiderablylessAbH6HniRNAthanCulturedroots（Ⅹ血旭gaeet

dL1994）・andshowedneghgibkGUSstaimingin＝hrootsofAbH1671：：GtLStrans

PlantS・AbLt6H叩托SSioninyoungrOOtSreflectsthemo血鹿IyhighscqpAnminecontentof

youngA．如肋加pl弧臨．

ThelocauEedexpre＄SionofAbLt6HandAbPMTlinpardcularpericyclecensindicates

thatscppolamineissynthesizedm血yinthesecells・Sincethe血standthelastenzyminthe
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biosymtheticpathwayofscopolaminearenowfoundtobeexpressedinthepencycle，Other

enzymesinthispathwaymaywellbelocalizedthere・SincetropanearkaloidsaJetranSlocated

fromrootstoaerialpartsthroughthexylem（Luckner1990），alkaloidssynthesizedincellsnext

tothexylempoleshouldbeefncientlytransportedintothetransIocationstream（Figure21）・

ThepenCyCle－SpeCificexpressionofH6Hhasalsobeendemonstratedin勒OSCyamuSand

β触れ元扇αnX丑（H鮎鮎m飢OgJ正1991，K餌場g紀eJd・1994）・

B　＿．腰
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口
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♂
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【】
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一田田口コロにP

●epidemk
⊂〉co此X

・∈｝endodem由
W血c舶pa山肌S血匹

●匹dcycle
Opmtoxykm
●met弧ylem
Ophloemandcambium

Figure21ModeloftheproductionandtranSlocationoftropanealkaloidsinA・
belladofma．TropanealkakoidsaremainlyproducedintheperlCyClecellsand
tranSlocatedtotheprotoxylemcens（B，Whiteamws）ofthelateralroots（A，red），and
thentranslocatedtothestem，leaf，andflowerorganSthroughthexylemstream（A，
blue…uTOWS）．
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hw ex匹e∬ion o一郎gg蝕eimA・如肋ゐ朋〃r00也may be b∝a鮎e Of

di蝕reJICeS Oftranshctorsamongthehostplants

h th，PreVious study oftheH吻grH6Hpromoterin tranSgemicroots，an

肋H6H：：GUStranSgeneWaSSPeCificallyexpressedinpericyclece山sofHn＆erandA．

beHbLkmna，butnotintbbaccopericycleceus（K批g眈etaL1994）・GUS叩re＄Sionlevelsof

血相弧群那W胱如ngerh且吻〝00臨也m血A・如肋ゐ棚r鵬・麺血山地s血y，I

dbservedbasicanythesazECGUS叩reSSionpattemsintranSgemicrootsofthethzeeplant

SPeCiesusingtheAbH6H！：GtLStransgene肝igtm20）・Theseresultssuggestthattdbaccoroots

加kacdticalcenularfactor（S）rdahgtotheacdvadonhppressionof肋Lt6HandAbLt6H

PrOⅡ眈rregions・Tklow叩reSSionlevelofendogenousAbH6HinA・be肋血m町nOt

bearesultofaprppenyOfitspromoter（e・g・d）SenCeOfenhanCerSequenCeS）・lt呵becaused

byalowlevdortheine鮎entpr卿iesofaregulatoryfactor（S）whichdrivesexpressiom

through血eLt6Hpromoterl加eastsomeofsuchputadve触－aCtingfhctorsazeex匹tedto

be甲∝ifictothegenesforscopol血nebiosynthesis，飢dthereforetothespeCies血produce

Thecis・＆Cdng e）ement（S）hrthepericycJe expression maybetooIooseIy

COn＄erVed，Or di鮎rent cis・e）enents】鳳叩be used to drive expression of

舶暮oid・Symtbe由gene＄h仙eperi叩1e

Sidarpericyck＞SpeCiAc叩托SSionpahernsdriⅦnbythe5，－uPStreamsequezhuOf

助H6HandAbH6Hsuggestthatsomeofthecb－aCtingelemenbrequiredfortheceu－！peCific

regmid皿maybesharedbythetwopromoters・Thepromoterregi皿827－bpupstream如mthe

traJnCipdmalstamsiteof肋Lt6Hwaspreviouslyusedtodemonstratepericycle－SPeCiAc

eXPreSSion（Ⅹ皿egaeet‘止1994）・This助Lt6Hpromoterregionalsoexpressedthe

downstreamGt：Sgeneinpo山engrainsfromatraJugemicA・beLhzdbTZTZaPlant（H・叫iyaand

KSuzuki・unPublhhedresulh）・This－827bppromoterregionincludesanAmcbregion

（馳喝舵etaL1994），WhichisnotpresentintheAbH6Hpromoter・Acom匹ter－aSSisted

COnTParisonbctwecnthetwoLt6Hpro加terSreVealsonlyonesignihdyconservedregion．

職sequenceAT叫℃Ju∝TA口inAbH6H（from－70bpto47bp；Single
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underlinedinFigure15）isverysidartothesequenceATA叫
in助H6H（from－126bpto－103bp），andthecoresequenceGmA血reverseorientad皿

（undedined）hasbeenrqorbdasth拍anSCriptionfactorGT－1bindingsite（benetaL1988），

alsoknownasaGTelemt・GTelezmnbandth血binding触wsdulabcentype－SpeCinc

tranSCripdonNiuainetaL1996）・ne52β6boxinthepo山en－PCi丘cpromoteroftoⅡ加LAT

52isaGTdernentandmaybindameniberoftheGT－1fhmi1y桝etaL1995）．Further，a
PLACEdatabaseseamh（HigoetaL1998）identibdTAACTGm鵬inboththe助H6H

PrOmOter（from－657bpto－652bpand加m－77bpto－72b）andtheAbLt6Hpromoter（in

reVerSeOrientadon，from－207bpto－202bp；doubleundedined血Figtm15）．TheTん邸

mifconform5tOaPOCmialbindingsiteforso胱鮎R3rMYBproteins（RoⅡ肌etaL1998）．

Althoughasynthedcpromoterconsistingofatriznerofthis馳Mコロm祀fusedtothe46

CaMV35STATA－boxdidnotdriw鹿瀬血eexpressionofadownstreamGUSgeneinA．

be肋あⅧtranSgemichaizyroots（unpublishedresulb），COmbinahonsofaconservedmotifzLnd

adivergentparherelem餌mightbeusedfortheceu－typePCiBcanddeⅦ1qpnentdcontmlof

匝t卿m血S，aS呵鵬抽nuck掴nCO血相otosyn旭c辞meS動地叫1996）．

S血ce也e5，－叩加弧噂OnSO用廟r皿dA・あ肋あ閥雅鱒eS皿dof

A鋸財〃au血涙exp托SSionof也edow咄弧叩GUS釦鮎卿叫ec曲血

SCqPOlamineTPrOducinghairyroots，D甑sequencescmservedamgthethreepromotersw耶

alsosearchedbycomputer・Although・aftwreladvdyshodD甑sequencesazeconserd

betweentheH6HpromotemofH極randA・beh・thesedem加持notfoundinthe

AbZWTIpromoter（dabnotshown）・Thecb－aC血gekmt（抽rthepericyck・eXPreSSion

呵beboloosdyconservedbbedetectedbyc叩uterSearChordifhntぬdemenbznay

beusedtodriveexpressionofalkaloid－Synthesisgenesinthepmcycle・

nereg山地m of tropane alkaloid bi05y血sisis di飴r如m nieo血e

Mechamical1eafwoundingofN小estrhresul岱inthesyscmicincreaseofjasmic

aCid血therootandtheconcomitantincreaseofmic血synthesisinthemot＠aldwinetd．

1994，Zh姐gandBaldwin1997）・hc托aSed血血eaccumiadoninwoundedplan也呵
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fumionaspartofthede知seresponse・Exogenousapplicadonof叫1jasmぬalso

inducesWexpressioninNsylvestrisplantsPaldwinetd・1994）andtdb批OCenCulttm

（血姐血血h打d・1998）・hductionofbiosyntheticgenesbyjasmomicacidorderivadvesofthe

OCtadecanoicpathwayhasalsobecnreportedforseveralotherplantakaloids（仇mdlachetd．

1992，Blechertetd・1995）・However，SindartreatrmtofA・be肋あ仰∽hairyrootswith

叫jaszrMnatedidnotincrease鹿AbEMTandAbH6HRNAlevelsortheexpressionofthe

Aあ脚promoter・Akhoughtheecologicalfumionsofhyoscyamineandscopol血nearenot

yetknown，thesetrppaneakaloidsmaynotfuncdonasdefensecom匹undsinproducingplantS，

astheirsynthesism町nOtreSPOndtowoundingsignalsaswithjasmicacid．

Whtis－pO＄曲1e血皿鵬ono一方柑h伽malerepro血d如ti5和eS？

Amwasalsoexpressedintapettmandponenmo肋ceus胆guzes19and20）．

H6flproteincouldbedetectdimohistochemical1y血m加代POuengrains（datanot

Shown）・Possible加cdonsofH6Hinthesemderqroductivetissuesareamatterofdebate．

Foritsenzydccdalysis，H6Hrequire＄hyoscy血neandtheco－factcm，dioxygen，femus

ion，2qoxoglutarate，andascotbatePashimotoetaL1986）・Itisnotkn0wnWhe肋substrate

andco－fhctorsazepresentintapetLmandpdencens・althoughIdetectedhyo”amine

m血托POnengrmisandinthewholeanther也ssuesmtzelandWink1993，unPub止shed

results）・Ifscqpol血eisindeedproducedinthem如reproducdvecells，itmayhavesome

elusiverole（S）intheprpperfumioningofthesereproducdveceus・FlavonoIs，aSPeCi丘c

Subclassofflavomids，amrquiredford漁cientponengraingemhadon，andthusareessendal

for仙m血fedtyinm血即oe（aL1992）andpetmia叩strae（aL1994），butnotin

A鵬idqpsis＠ufbuliset威1996）・SuchspeCies－SPeCificfuncdonsmightalsobediscoverd

forothersubclassesofsecondaqmetabohtes・Altemively，SCqPOl血nem町SerVeaSa

Chemicalde飴nseco叩mndandmaydetwbeeshmfeedingonnectarandpouen伽tzeland

W元血1993）．
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Summary

Hyoscyanheandscqpol血earethetwomostcorrmonQaneakaloidsfotndinthe

Solanaceae，Whichinclude4坤abeHdLhmandLb70SCyamuS頑勒andplan也COntaining

theseakaloidshavebeenusedforth血medicinal，hal1ucinogemic，aAdpoisonousprqperdes．

PutrescineN－methyltransferase（叩caLdyzestheS－adenosylmethionineJependentN－

methyladonofputrescine訳thehtcomm血stepinthebiosynthedcpathwaysoftrppane

alkaloids・Hyoscyamine6B－hydroxylase（H6H）isthelastenzymeinthebiosynthesispathway

Ofscqpol血neandconvertshyoscyaminetoscopolamie．

恥cD馳enco血喝PMTwe托血血蝕mA・励細見乃画地se

PMTs，however，lackedtheN－terminaltandemrepeatauayspreviouslyfoundin馳鹿

町s・TwocD仙，A抑弧d肋昭フ，弧do批脚血ccloⅢ丘OfA抑w耽

isolated如mA・beDbdbma・A棚ワ叫twasmchⅡmabtndant血therootofA．

助成靴血w鮎A耽馳CdpL恥5・一鮎血血g噛皿Of也eA腑卿W鮎

fusedtotheB－glucumidase（Gt：S）rprkrgeneandtrzmsferzd（OA．beLhzLhm．

nstochemicalanalysisshowedthdGUS由egressed中畑cdb，inrootpericyclecensand

thdthe295－bp5・－uPStreamreglOnWaSSufficientfor卿CyCle－？peCibexpzmion．

TheAbH6HgeneforH6Hwa5isolahdfbmA・beLhzLh・nisplantdsopossessed

arehtedsequence，AbvH6Ltwhichappe訂StObeanon一触onalpseudo－gene．AbLt6H

tranSCriptwasdetectedhcdturedroot，血verootandanther・bu一皿otinstem・leatpisdl，petal，

andsqaldssues・InsibhybridizadominmohistKhemisbyand卿咄r：‥GUStransgene

analysisshowedthatAbH6Hkexpressedqpificauyinrootpericychcens，andintapetLmand

POnenm血cens・A671－bp5・一叩StreiLmngion如mAbLt6Hwassufficiedforpencyck－

準CiGcexp托SSion血haiTrOObofA・beLhz血andH両町Whichbothproduce

SCOPOl血e・Butthsce山一鱒i丘cngdationwassevenlycomprmisedinbbaccohairy

rOOtS・Whichdonotproducescopolamine．

Theloc血dexpressionofAbLt6HandAbMT7inpardcularperiqdecensindicates

thdscqpolamineissynthesizedm叫血thesecens・Sincethehtandthela”enzym血the

・4石．



biosynthedcpathwayofscopolanhearenowfoundtobeexpressedinthepencycle，Other

enzymesinthispathwaymaywellbelocahzedthere・Sinceuppane鉱山oidsaletranSlocated

bmrootstoaerialpartsthroughthexylem・akaloidssynthesizedincensnexttothexylempole

ShouldbeefficiendytranSPOrtedintothetranSl∝ationstream・TreatrrmtofA．be肋Lkwzaroots

withmethyljasmnatedidnotup－regulatetheexpressionofAbfWandAbH6Hgenes．The

reguladonoftropaneahoidbiosynthesisisdiscussedandcomparedwiththatofmicotine

biosyn也鮎is．
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