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INTRODUCTION

Therootsofal1vascularplantShaveattheirapICeSadistinctdssueknownasthecap・

Tberootcapcoverstherootapicalmeristemduringal1developmentalstagesofvascularplants

butisabsentinnonvascularplantSSuChasliverwortsandmosses・TberootcapISPrOPOSed

toperceivegravityandtoprotecttherootapicalmeristem（SieversandBraun，1996）．

Therootcapconsistsofseveralanatomical1ydistinctreglOnS・Tbemizeroot

（Fig・1）isgeneral1ydividedintothrecregions；thecalyptrogen，thecolumdlarootcap，andthe

lateralrootcap・ThecalyptrogenfacesthedistalendofthequleCentCenterOftherootapical

meristem・iscomposedofapproximatelyfburcenlayers，andserveSaSarOOtCaPmeristem・

Tbecolumellace11saregeneratedbypericlinalceudivisionfromthecenteralreglOnOfthe

Calyptrogen・Sedimentedlargeamyloplasts contaimingwelldevdopedstarchgranulesare

血araCterisdc ofthe columella ce11s・meSeanyloplastsfunction as statohthsin root

gravitrppism（SieversandBraun，1996）・Thelateralrootc叩SurrOundsthecolumenarootcap．

Inmaizerootwithclosed－typeconstruCdon，dlelateralcapcensoriginateffomcalyptrogen

（Barlow，1996）・However，in ATdhiQpsLsめ伽roots，Which haveanOPen－tyPe

COnStruCdon，thereisnodiscreteboundarybetwecntherootproperandthecap，andthelateral

rootcapcensarederived丘omthesameinidalsastheroot甲idermalcdls（Dolanetal．，1993）．

Thelateralrootcapcellsarerichinthehypertrophieddictyosomecistemaethatfbrm1arge

S∝retOryVeSicles（Monenhaueretal・，1961）・ThesecistemaearePrOPOSedtorenectthe

massivesecredonofmucilagefromthelateralrootcapmtotherhizosphere，becansetheveside

COntmtWaSObservedtobedepositedbetwecntheplasmamembraneandtheoutertangendal

Wal1softhelateralcapcdlsandbecorrelatedbiochemicauyandphysiological1ywithmudlage

Whichadherestotheroottip（Morr6etal．，1967）．

Tberootmucnagetypical1ycoverstherootapex，isanOrPhousandunevengel，and

rangeSinthicknessffom50ymtolmm・ThemucuageissecretedlargelyftomdlerOOtCaP，

buttherootepidemisisalsocoveredbyathinⅢmofmucilagewhichishistochemical1y

dis血ctffomthecap－derivedmucilage（GreavesandD訂byshire，1972；Clarkeetal．，1979；
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ChapterI Amaizeglycine・richproteinissynthesizedinthelateralrootcap

amdaecⅦm山atesim仙emⅦCilage

肋ent characters of ce11s resultfrom distinct pattems of gene expression・

Therefbre，isolationofthegenesthatarespeCincal1yexpressedinonetypeofce11sbutnot

expressedin anothertypeofce11sis onegood approachtounderstandthediffdences of

Charactersbetw眈n tWOdistincttypes ofcds atthemole血ar1evd・This approachis

general1yknownasdiffdentialscree刀且ngandhasbeenimprovedbyseveralteclmiques，CINA

Subtra血）n（Kavathasetal・，1984，WangandBrown，1991），diffdemialdisplay（Liangetal．，

1992），Ormicroarray（Schenaetal・，1995，加sprez，1998）・Bycharacterizingdiff汝emial1y

expressedgenes，WeWOuldunderstandvariousreladonshipsbetwe孤diffbrentpatternsofgene

expressionanddis血ctcharactersofcells．

TbemostimportantprocessofdiffbrntialsceenmglSaPreParadonofpuredistinct

typesofcellswhichhaveonlylitdediffdentcharacters．Inaddi也on，CmAsubtractionisa

goodmethodfbranefftctiveisolation ofdiffdendal1y expressed genesatlowlevelffom

extremiysmanquantitiesof也ssues（W血g弧dBrown，1991）・TbeprimaryrootofZeαm呼S

isasuital）lematerialfbrthestudyoftherootcap・Tberootapexwithdosed－typeconstruCdon

issumciendylargetoallowcompleteremovalofcapormRNApurificahon・Inthischapter，I

describedleisoladonofthegenesthatareSPeCificanyorpredominandyexpressedinmizeroot

CaPbycmAsubtracdonanddifftrentialscreening・OnesuchgeneiszmGR摺（Z

g少C加e－TithpTVtein4）・Z椚GR摺isexpressedstronglyinthelateralrootcap，anditsgene

PrOductissecretedintoandaccumulatesinthemucilage・
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MATERIALSANI）METHODS

PlamtMaterial

Zeam呼SL・CV・Mdtwas suppliedbytheAsgrowSeedCompany（KalamaZOO，

USA）・Seedswereimbibedwithtapwaterfbr72hinthed訂kat300C．A托訂id）ibition，

Seedsweregeminatedonpapertowelssaturatedwithtapwaterfbrl－2dinthedarkat30。C．

Whenthepnmaryrootswere2－3cmlong，thecapandselectedportionsoftherootwere

removedbysurgicalkniftunderamagnifyingglass，andimmediatdyftozeninliquidnitrogen．

TbetipreglOnuSedinthisstudywasapicalthe5mmoftheroot，andincludedtherootapical

meristemandthewholerootcap・TbereglOnOftherootproperwasthereglOnbetwecnland

3cm丘omthedistalendoftheroot．

M扇zeplandetsweregrownunder18－hlighu6－hdarkor24－hdafkconditionsat300C

Onlayeredwetpapertowelsinplasticpots・

RNAIsoIation，CDNASynthesisIandSubtractiveHybridi2：ation

Poly（A）＋RNAwasextracteddirecdyftomtherootcapandtherootproperof

Primary roots usingrbTnabeads oligo（dT25）（mAL，Oslo，Norway）．Severalhundred

nanOgramSOfpoly（A）’RNAwereusedtoconstruCtdouble－StrandedcDNAusingacDNA

Synthesiskit（馳amcia）．

Subtrac丘vehybridizadon was doneessendany as describedbyⅥね皿gandBrown

（1991）andHashimotoetal・（1993）・Briefly，thedouble－Strandedd洲Aswerefragmentedby

AhLIandRsaI，andligatedtoaPCRlinker・CDNAftagmentsofO・2to2・Okbwereamplined

byPCR・TbecDNAffagments丘omtherootproperwerethenbiotinylatedwithPhotoprobe

biotin（VectorLaboratories，Burlingame，USA）andusedasthedriverDNA．

Chesubtractioncydeconsistedoffivesteps：hybridizationoftheexcessdriverDNA

tothetracerINAfromrootcapfbr20hat680C；remOValofnon－hybridizingdrivermAby

bindingtostr甲taVidinandextracdonwithorganicsoIvent；anOtherhybridizadonoftheexcess

driverENAtotheremaAnlngtraCerDNAonceagainfbr2hat680C；remOValofdriverDNAas
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above；and血al1yPCR－amPlincadonofthetracerDNA・Thissubtracdoncyclewasr甲eated

twiceto produce subtracted root－CaP CDNA丘agments・Subtracted rootTPrOPer CDNA

fragmentswerealsogeneratedinthesameWay，eXCqtthatcmAfhgmentsftomtherootcap

andtherootproperwererespectivelyusedasthedriverDNAandthetracerDNA．

ScreeAingofDiffbrentiallyExpressedcDNAs

Thesubtractedroot－Cq）CDNAftagmentsweredigestedwith＆oRIwhichcleavedthe

PCRlinker，andinsertedintothe月d痛usiteofpBluescriptIISK（－）（Stratagene）iThese

PlasmidswereintroducedintothebacterialstrainDH5αtOCOnStruCtarOOt－CapCDNAlibrary，

and386independentcoloniesweregrownovemightinIBmediu血COntaining50ygmLl

anPicininat370C・Fromeachculture，analiquotof50ylwasblottedinduphcateontoa

HybondN’membrane（Amersham）usingaFntrationM血ifbldSys鹿m（GIBCOBRI）．A鮎r

denaturadonandneutrahzation，theduplicatenlterswerehybridizedat420cfbr16hwitheither

a32p－1abeledsubtractedroot－CaPCDNAprobeora32p－hbelednon－Subtractedrootproper

CDNAprobe，inahybridizationbuffbrcontaining50％fbrmamide，10％dextranSulfate，1％

SDS，5xSSPE（1xSSPE：180mMNaCl，1mMEm，andlOmMNa2HPQ．，PH7．5），5Ⅹ

Denhardt’ssoludon（1xDe血ardt’ssolution：0．02％［w／v］BSA，0．02％［wル】Fico11，0．02％

【wル］polyvinylpyrrohdone），andlOOpgmLIsalmontes血＝DNA，andwashedat650cinO．lx

SSPEandO・1％SDS・Atotalof72posi也vecDNAcloneswhichhybridizedonlytotheroot－

CaPCDNAprobewereobtained．

Togroupthepositiveclones，the72recombinantbacterialculturescontainingpositive

d）NAcloneswereblo飴dontoaHybondN＋membrane，andprocessedasdescribedabove．

OnecDNAclonewhichhadhybridizedspecincal1yandstronglytotherootcap－CDNAprobe

WaSChosen，1abeledwith32p，andhybridizedtothemembrane・Posi丘vecloneswereregarded

鮎membersofthesamegrOuP・Next，an0therstronglyandspecifical1yhybridizingcmA

CloneotherthzLnthemenibersofthisgroupwaschosen，andprocessedasal）OVe・Atotalof

fburhybridizationswasdone，reSultinginfburindependentgroupsand29remanmgcDNA

Clones・Representativeclones ffomthefburgroupsandtheextra29cDNA clones were

Pardal1ysequencedbyDNAsequencer（mode1373A，Perkin－Bmer），uSingM13reverseand
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unlVerSalprlmerS・ThesequenceanalysisclassiLiedtherootcap－POSitivecDNAclonesinto23

grOupS・

SubtractedcDNAffagmentsffomrootcap，nOn－SubtractedcmAftagmentsffomroot

CaP，andnon－SubtractedcINAfragmentsffomrootproperwereblottedinamountsofO．05，

0・5，and5ygperslotontoaHybondN＋membrane，aSdescribedabove・Representadve

CDNA丘agmentsfromthe23groups wereusedasprobesfbrhybridizadon・Tend洲A

fragments hybridized tothe subtracted and non－Subtracted root－CaP d洲ApooIs orthe

SubtractedrootTCaPCDNApool，butnottotheroot－PrOPerd洲Apool，andwerehereafb

refhedtobeasrootcap－SPeCific・Tbeother13cloneseitherhybridizedtotherootTPrOPer

CDNApool，OrdidnothybridizetoanycDNApooIs・

AcmAlibraryOfmaizeprlmaryrOOt－tipreglOnffomwithinlrrmofthedistaltip

endwasmadein入ZAPII（Stratagene）（Mhtsuyamaetal．，unPublished）．Atotalof4Ⅹ106

recombinantSWereindependendyscrecnedwiththetenrootcap－SPeCificcINA丘agmentsas

PrObes・Hybridizadonandotherproceduresweredoneasdescribedabove・Posi丘veplaques

Wereidentifiedwiththreeofthetenrootcap－SPeCincprobes・Inthis血apter，Oned洲A

representng6phagecloneswasanalyzed・ThesepositiverecombinantPhageswereconverted

to pBluescript SK（－）plasmids by blVivo excision using dleⅡはnufacturer，s protocol

（Stratagene）・BothDNAstrandsofthelongestinsertofthe6clonesweresequenced．DNA

andpredictedaminoacidsequenceswereanalyzedwithGe皿eWo止ssoftware（IntelliGenetics，

CamPbell，CA）．

GenomicDNAHybridizationAnalysis

TotalgenomicDNAwasisolatedfrom3－day－01dedolatedmaizeseedlingsbyCTAB

extraction（Murrayand Tbompson，1980）・Genomic DNA（30pg）was digested widl

restrictionenzymeS，electrophoresedonal％agarosegel，andblo触dontoaHybondN＋

membrane・TbemembraneWaShybridized tothefu11－1engthzmGR摺cDNAprobe弧d

washedundertheconditionsdescribedabove．
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NorthernHybridi2＝ationandRT・PCRAnalysis

TotalRNAwasisolatedftomseveraltissues，includingroottip，rOOtPrOPer，yOung

leaffrom2－Week－01dplantS，andshootsfrom3－day－01dlight－grOWnandeti01atedplantS，uSlng

Phmol：ChlorofbrmeXtraCtionandLiCIprecipitadon（Mohnenetal．，1985）．Poly（刃＋RNA

WaSPurifiedftomtotalRNAusingαgotex－dT30Super（Roche）・Poly（A）＋RNA（1．5yg

Perlane）waselectrophoresedonal・2％fbrmaldehydeagarosegel，blouedontoaHybondN＋

membrane，andhybridized tothefu11－lengthzmGRβ4cDNAprobe underthe conditions

describedabove・Afterstrippingtheprobefromthemembranebyincubatingat67。Cina

buffbr con血nlng50％fbmide，10mMTris－HClandlOmMEm，PH8・0，the32p－

hbeledEM－Sα1fragmentofaubiquitincDNA（ChristensenandQuau，1989）washybridized

tothesamemembrane．

ForRT－PCRanalysis，tOtalRNAwasisolatedffomapproximatelylOOmgofroottip，

rootproper，Shootandeti01atedshootusingRNeasyPlantMimiKit（qAGEN），andusedto

COnStruCtfirst－StrandcDNAusingtheSUPERSCRIFrpreamPlincadonsystem（GIBCOBRI）．

PCR prlmerS for zmGRβ亭　were　5，－TrGTATCTCACAATGGCAGGC　and　5，＿

GCGTrGGAmCCAAGAACC（see Fig・2），弧d PCR primers fbr maizeα－tubuHnl

（Montoliu et　al．，1989）　were　5，－CTTGATCGCATCAGGAAGC　皿d　5，＿

TCAGCAGAGATGACTGGAGC・PCRamPlincadon was carried out fbr18cycles of

denaturadonat940Cfbrlmin，annealingat600Cfor30sec，andelongadonat720Cfbr2m血

Amp址edzmGRβ4丘agmentswereelectrophoresedonal・2％agarosegel，blo馳donto a

HybondN＋me血brane，弧dhybridizedtothefu11－1engthzmGR摺cDNAprobeasdescribed

above・Represen如iveamplinedmAffagmentswerepardal1ysequencedtoconfirmtheir

identity．

ImsittlIIybridi2：ationAnalysis

Mhizepnmaryroottipswerefixedin3％parafbrmaldehydeand2％glutaraldehydefbr

12hat40C・AfterdehydrationinagradedethanoIseriesandcleannglnagradedxyleneseries，

SamPleswereembeddedinwax（Histoprep580；WAKO，Osaka，Japan）andsecdonedatlOpm

byusingarotarymicrotome・ngOXigenin－1abeledamisenseandsenseRNAprobes were
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PreParedffoma3’－untranSlatedregionofzmGRE4（seeFig・2）usingaDIGRNALibelingKit

（BoehringerM加血eim）・SamPleswereincubatedwiththeRNAprobesat500Cfbr16h，

treatedwithRNaseA（2・5ygmLlinO・5MNaCl，10mMTris－HClandlmMEDTA，PH7．5）

at370Cfbr30min，andwashedwithseveralchangeSOf2xSSC（1ⅩSSC：150mMNaCland

15mMNa3C6H50，）andoncewith0・1ⅩSSCat500C・SignalsweredetectedbyDIGNucleic

AcidD地位onKit（BoehringerM血Ⅰ血eim）・Thecolorreacdonwas stoppedwith10mM

Tris－HClandlmMEDTA，PH8・0・Sectionswerepassedthroughanethan01series aJld

mountedfbrmicroscqpICObservation．

zmGRP4AntisertLm

AportionofthezmGRβ≠cDNAencodhgthecatboxyl－temhalaminoacidresidues

from132to192wassubclonedintothe放0ⅢsiteofpEr－32b（＋）（Novagen），Whichwould

thenexpressafusionproteinconsistingoftheN－terminalofthioredoxinandtheofC－terminal

ZmGRP4・T鮎splasmidwasintroducedintotheBL21（DE3）bacterialstrain（Novagen），and

theexpressionofthefusionproteinwasinducedbylmMisopropylB－DthiogalactopyranOSide

at370cfbr3hinIBmedium・Bacterialce11swereharvestedbycentrifugadon，SuSpendedin

50mMpotassiumphosphatebuffd，PH8・Ocontainingl％TritonX－100andlygmLl

lysozyme，incubatedat300Cfbr15min，andthenruPturedbythreecyclesof丘眈Zehhaw

treatmentandsonicationfbrlmin・Aftercentrifugationofthehomogenate，thefusionprotein

inthesupematantWaSSeParatedbypreparativeSDS－PAGEusingaPrepCdl（mode1491，BIC＞

RAIn Tbeeluate丘actionscontaimigthefusionproteinwereconcentratedwithaYM－10

membraneⅢter（Amicon）・Thebuff＆oftheconcentratedproteinsolutionwasexchangedby

usingaPD－10colurrn（Pharmacia）equilibratedwithbuff汝A（20mMTris－HClandlO％

glycerol，PH7・0）・Theal）OVeSOludonwasloadedontoaMono－QFPLCcolurrm（Pharmacia）

PreViouslyequubratedwithbufftrA，ZmdelutedwithalineargradientofKClftomOtoO．5M

inbufftrA・The丘actionscontainingthefusionproteinwereconcentratedwithaYM－10filter

aJlddesaltedusingaPD－10column・TbefusionproteinhadanapPrOXimatepurityof99．9％

asdeteminedbyCBB－StainingafterSDS－PAGE，andwasusedtoraiseantiseruminmice．

nereacdvityoftheantiserum againstzmGRP4was confirmed as fbnows．A
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BmnHI－SmdffagmentofthezmGRβ≠cDNAencodingthecarboxyl－terminalamino acid

residuesffom137to192wassubclonedintopGEX－2T（Ph訂m適a）・TheresultantPGEX－

2mGRP4plasmidorpGEX－2TwasintroducedintotheBI21（DB）bacterialstrain，andthe

expressionofeitherachimericproteinconsistingofzmGRP4andglutathioneS－tranSftrase

（GST），OrGSTalone，reSPeCdvdy，WaSinducedat370cfbr3hwith1mMisopropylB－B

thiogalactopyranOSide・ApproximatelylOOng oftotalproteinextracts二丘omthesebacterial

CenSWaSSeParatedona15％SDS－POlyacrylamidegelandtranSftrredtoanImmObilonPVDF

membrane（Milhpore）・ThemembraneWaSblockedatroomtemperatureinbuffbrB（100mM

Tris－HCland150mMNaCl，PH7・5）containing5％skimmi1k powderfbrlh．The

andserum WaS dnutedl：5000inbuffd B　andincubated widlthe membraneS at rOOm

temperaturefbrlh・AfterwashingtheantiserumSeVeral血neswidlbu鮎rBcontainingO・2％

Tween　20，the fbllowlng PrOCedures，including secondary antibody treatment　and

immunOdetection，WerePerfbrmedbyusinganECLPluskit（Amersham）accordingtothe

manufacturer’sinstruCdons・Thea血serumreaCtedstronglywiththefusionproteinconsisting

OfzmGRp4andGST，butnotwithGSTalone．

ImmtLnOhistochemicalAnalysis

Fixedsec也onswerepreparedas describedfbrinsituhybridizadon，andblockedat

roomtemperatureinbuffdBcontainingO．2％Twecn20and3％BSAfbrlh．Anti－ZmGRP4

SerumOrPre－imnemouseserumWaSdilutedl：300inblockingbuffd，Zuldinc

thesectionsatroomtemperaturefbrlh・Afterwashingtheprlmaryandbodyseveraldmesin

bufftrBcontainingO・2％Twe孤20，anti－mOuSeIgGcoqugatedwithalkalinephosphatase

（Kirkegaard＆PerrybboratoriesInc・，Gaithefburg，USA）wasdnutedl：1000inbuffbrB，and

incubatedwiththesectionsatroomterq）eraturefbrlh・Afterbrieflywashingtheslideswith

bufftrB，immunOdetectionwasperfbrmedasdescribedfbrinsituhybridizationanalysis・

ImmⅦnOblotAnalysis

Appro血鹿1ylOOmizerootdpswereftozenwith1iquidnitrogenandgroundtoa

血epowderwithapesde・ForsomesamPlepreparadons，rOOtmuCilagewasgentlywiped
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ftomtheroot亘pwithapapertowel・Thepulverizedrootcdlswereextractedwithbufftr（50

mMTris－HCl，3mMEDTA，3mMIm，and3mMphenylmethylsu肋nylfluoride），andthe

SusP孤Sionwascentrifugedat15，000Ⅹgfbr5min・ThesupematantWaSrefbrredtoasthe

SOlublefraction・Thepe11etwasresuspendedinsamPlebuffbr（125mMTris－HCl，PH6．8，

COntainingl％SDS），andusedastheinsoluble丘acdon・Atotalprotein丘actionwasprepared

by direcdy extractingthepulverized ce11s withsamplebuffd・Protein concentration was

deteminedusingtheBCAproteinassayreagent（PIERCE）．

Proteinpreparations（10ygperlane）weresq）aratedona15％SDS－POlyacrylamide

gel・Tberemzumng steps wereperfbrmedas describedal）OVe，既CePtthat3％BSAwas

Substitutedfbr5％skimmilkpowderintheblockingbufftr・

RESULTS

Isolationofamaizerootcap・SPeCificglycine－richproteincI）NA

TLerootcapandtherootproperaresharplydelineatedinhemizeprlmaryrOOt，

Whichhasaclosed－typeconstruCdon．Thsanatomicalfeatureisusedtofadlitateexcisionof

maizerootcaptissuesfromtherootproperusingasurgicalknifb（Barlow，1975）．Ico11ected

approximatelyfivehundredrootcaps，孤dextractedpoly（A）＋RNAdirecdyffomtherootcap

andalsoffomtherootproper・Tbed洲Asspecifical1ypresentintherootcapwereemiched

bysubtractingtherootTPrOPerCDNAfragmentpoolffomtherootTCaPCDNAfragmentpool（see

MaterialsandMtthods）・Subsequendy，thesubtractedroot－CaPCDNAfiagmentlibrarywas

duplicatedandhybridizedindependen也ywiththeal）OVerOOt－PrOPerd洲Affagmentpoolorthe

rootTCaPCDNA丘agmentpoolas probes・ThisdifftrentialscreenlngreCOVered72cDNA

ffagmentsthathybridizedspecincal1ytotheroot－CaPCDNAfragmentpool，andtheseclones

WereClassinedinto23groupsbycross－hybridizadonandpardalINAsequenclng・Fufther

Slot－blothybridizadonwiththeabovetwoprobesco血edthatlOcDNAgroupswerespecific

totherootcap・RepresentativecDNAfragmentsftomtheselOcloneswereusedasprobesto

SCreenamaizeroot－tipcDNAlibrary，andthreedis血ctcDNAcloneswereobtained．

Figure2showsthenucleotideanddeducedaminoacidsequencesofoneofthethree
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d洲Aclones・TbecDNAwas821－bplongandcontainedaJlOPenreading肋meencodinga

16・9－kDpolypePddeof192aminoacids・Thepredictedproteinhadahydrophobicputadve

Signalpeptidewithapotentialcleavagesitebetwecn22and23aminoacidresidues（vonHe軸e，

1985），andwasameniberofthece11wdlglycine－richproteins（GRPs；Showalter，1993）．We

hereafterrefbrtothisproteinasZeamLySglycine－richprotein4（zmGRP4）．zmGRP4，

excludingtheputativesignalpePtide，WaSrichinglycine（40％），Serine（19％），aSParagine（7％），

alanine（7％），aZldtyrosine（6％）・Th∋highcontentofGly，SerandAlaofzmGRP4is

COnSistentwiththegeneralcharacteristicsofglycine－richceuwal1proteins．
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Figtm5InsltuhybndzationanalysISOrZmGR四・bngltudlnalsect10n＄OfmampdmaryrcK＊tipwere

hybndizedwith弧tlSenSe（A，C，andD）orsense岬）dlgOXIBemn－1abelledzmGRP4－SpeCificprobes・Photographs

CandDwereenlargedfromtherectangk，SinA・AnamwshowstheendorzmGRP4expresslOnintheepidermlS，

whileasterihindicabslougheddcapceus．Co，COlumeua；LRC，lateralrootcap；Ep，ePldermu；；RAM，r∞t

ap血me血　Sdeba指in血ca妃1（氾〃m・

zmGRII4accⅦm山atesimr00tmⅦCilage

ApolyclonalantibodywasraisedagamstatrunCatedzmGRP4proteinthatcontained

aminoacidresidue＄132to192・Thiscarboxy－terTninalreglOnOfzmGRP4includesmio

acidstretchesoflowglycineabundanCeandisexpectedtobespecincforzmGRP4・The

closesthomologofzmGRP，enCOdedbyamaizeexpressedsequencetag（AFの1083），is58％

identicalinthisregion（datanotshown）・

ImmunohistochemicalanalysisusingthisantisemmshoweddlatZmGRP4ispresent

specifical1yinthemucnagethatcoverstheroottip（Fig・6A）・Apre－irrmernouseandseru

detected no signals（ng．6B）．Lenger exposure detected a relatively smallamount Of

zmGRP4i皿thelateralrootcapce11sげig・6C）・Aweaksignalwasalsoobservedinepidermal

ceusoftherootproperinthedistallcmoftheroottip（Fig・6D）・Thepresenceofmucilageat
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theperipheryoftherootepidemiswasnotappamntbecausethelayerofrootepidemal

mucilageisexpeCtedtobeverythinげOSter，1982）・
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Flgure6Immuno10Call誠ionofzmGRP4・I－Ongitudinalsecdonsofmanepnmaryrootdpwereincubatedwlth

anti＿ZmGRP4semm（A，C，andD）orpre－immuneserum＠）・Thelateralrootcq）regionaqacenttother00tprOPer

isshownwlthhlghermagnlficat10ninC・Whilethemotproperng10nlcmdlStaltothecapisshowninD・

Alkalin8－phosphatBLSereaCtionsweredonerorlhinAandB，andEor3hinCandD■　AsterisksindlCateSloughed－0汀

capcells・RC，rOOtCqP；RAM，rOOtaPICalmeristem；M・muC11age；RP，rOOtprOper；LRC，lateralrootcap；Cx，

cortex；Ep，ePlderml＆　ScalebarsindlC餌elOOym・

ヱmGRI14maybepost・t柑耶hthmamymodi爪ed

I皿Oblotanalysisusingthean喧－ZmGRP4serumreVealedthatzmGRP4existsin

th。maizerootasamqjorbandwithanaPParentmOlecularweightof36kD，andaminorband

withanaPPa皿tmOlecularweightof34kD，in血einsolubleftacdonwhichwasextractedwith

SDS一∞ntAngbuffer肝ig．7A）・Ektractionwith，TrisbufferwithoutSDSdidnotrecover

anyZmGRP4protein・The36－kDformWaSmuChmoredbundantintheroottipthaninthe

rootproper・Afewfaintbandsof27kDand25kDwerealsodetectedintheinsolublefracdon

fromroottip．SincethededucedmolecularweightofthematurezmGRP4is14・4kD，POSt－
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transladonalmod鮎血onsofzmGRP4inmai2X！rOOtareSuSPeCted．Mmualremovalofroot

皿1dlagefromtherootdpm如kedlyreducedtheabundanceofthe36－kDznGRP4in血¢

p画皿（F短・7B）・T鮎s血nglysⅥgg鰯b血鉱mGRP4誠闇皿肌血鹿＄血r00t咄

m血1ya5amOd抗d3ふkDpro血・
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m廟b血ぬn血

DISCUSSIOⅣ

zmGRP4isanewmemberorⅡl血GRP8

M孤yShl血rd00nW劇pm血wbi血hvep血vesi評血p甲也d鰯皿dno叫鮎

dom血血vob虎nr甲0血dhv町io咽pl弧b（Show血訂，1朔）．¶旭陀00皿w劇pro血訂e

血血bya叫由血ofa血如弧inoadもー印慮丘ves叩m00mO蝕，mda

叫bb∝Ome仙wi血h血¢C劇w姐・¶旭血r映画pl弧t00皿w仙pro血

d鮎S朗hdMkby血oxypぬ血ヶ血gけ00pm血（HmPs），prO血血p血叩S），弧d

GRPs．GRPcDNAshavc btmisolatcdfromsc、・eralplants、includingthmfbTT）Tmiz亡・

こmGRPisexpressedinthcepidermalcdlsorembryo，SCuteLlardssueandyoungt偵f、and

inducedby8bsdsic＆Cid、WaterStnSS，皿dwoundinginlt：aYeSIG6meヱetal・．1988）・Since

zmGRP does not haveanamino－tCrmimalsignAIpcpdde、it ma）r be a cyLOSOlic pro

Besidesb血grichingly血e，ZmGRPhasaputadveRNA－bindingmoぽ（G6znezetal・，1988）・

¶lぽdbre，ZmGRPandmGRP4bdongtod騰托nt錯bdass鮎α也eGRP叫．ⅡnGRP3
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（Goodmeieretal・，1998）hasanN－teminalsignalp甲ddebutshowsnosignificanthomology

tozmGRP4exceptabundantglycineresidues・TheexpressionofzmGR乃wasroot－SPeCific，

withthehighestexpressionlevelinthemeristemadcandelongationregions（Goodmeieretal．，

1998）・RNAblotanalysisofzmGRnindicatesthatzmGRnandzmGRβ≠areexpressedin

difftrentreglOnSOfthendzeroot・

ヱ椚GRタイexpressiomimtheroot

Tbeexpressionofcellwal1proteinsdependsonce11type，developmentalstage，and

StreSSreSPOnSeS（Showalter，1993）・ZmGRf4isstronglyexpressedhlateralrootcapand

Weaklyin root epidemis，but notin sloughed－Off cap cens（Fig．5）．　me

irmnohistochemicallocalizadon ofzmGRP4（Fig．6）stronglyindicatesthatzmGRP4is

SyndleSizedinlateralrootcapce11sandrootepidermalceus，andth孤SeCretedintothemucilage・

hteralrootcapcensdevelopconsiderablehypertrophiedgolgicisternaeandarethemainsiteof

mucilagesecredon・Maizerootepiderndα11s arealsor甲Ortedtocontainhypertrophied

dictyosomecistanaCandreleaserrmcnage（Clarkeetal・，1979；Foster，1982）．Detachedcap

Ce11s，however，havedictyosomesthatarenolongerhypertrophied（ClowesandJuniper，1968）．

T出sclosecorreladonbetweenzmGRE4expressionanddiffden也ationofseqetionmachinery

SuggeStSthatzmGRP4is s∝reted viahypertrophied golgicisternaeintothe mucnage・

Likewise，beanGRPl・8waslocalizedtodictyosomesofxylemparenchymacdls，andwas

SuggeStedtobeexportedintothewal1sofneighboringprotoxylemvessels（RyserandKe11er，

1992）．

Sloughed－0ffce11sdidnotexpresszmGRfL4，Whiletheoutermostcapperipherycens

didexpresszmGR摺（Fig・5C，D）・Anotableswitchingeneexpressionwasalsoreportedto

OCCuruPOnCaPbordercelldiffbrentiationinpea（Brighametal．，1995）．

ZmGRP4ispost－tranSlationa11ymodified

ManyCe11wal1proteins are modinedpostTtranSlational1y・For examPle，PrOline

residues of HRGPare enzymatical1y convertedinto hydroxyprolines，Which arethen

glycosylatedtovariousdegrees（Cassab，1998）・ZmGRP4m血1yexistedasa36－kDproteh，
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While也ededucedmolecularweightofmaturezmGRP4is14・4kDprotein・Thehighglyclne

COntmtin GRPsisknownto causeal）errantelectrophoreticmgradon onSDS gels．The

matureptGRPIproteinof25・6kD，WhenexpressedinE・COli，WaSdetectedasa23－kDprotein

bySDS－PAGEanalysis（Conditetal・，1990）・Likewise，WhenzmGRP4wasexpressedin

EcoliasaGST－fusionprotein，therecombinantfusionproteinwasdetectedapproximately2－

kDlargerthaneXPeCtedbySDS－PAGEanalysis（ourunpublishedresults）．However，this

aberrantmigradonalonedoesnotexplainthemorethan20－kDdiffbrencebetweentheexpected

andobservedsizeofzmGRf叫extracted丘ommaizeroottips．

Insolubihzadonofcenwal1proteinshasbeenobservedinvariousdevelopmentalor

StreSS－reSPOnSiveprocesses（Cassab，1998）・InsolubnizationofbeanGRPl．80CCurSduring

hypocoty1development（Ke11eretal・，1989）・Hydrogenperoxidegeneratedbyfungalelicitor－

Orglutathione－treatmentOfbeanOrSOybeance11scausesoxidativecross一触血g，therefbrethe

insolubnizadonofPRP（Bradleyetal・，1992）・Recoveryofisodityrosineafterhydrolysisof

CrOSS－1inked HRGP　indicates　that　the　tyrosine hydroxy groupsin HRGP　undergo

intermole001arcondensadon via H2q2（Fry，1986）・ZmGRP4contains a relatively high

PerCentageOftyrosineresidues・0裏dativecross－止血gbetween zmGRP4sthemsdves or

betweenzmGRP4andotherproteinsviatyrosineresiduesmightresultininsolubiLzadon弧d

hcreasedmolecularWeightofzmGRP4・ItshouldalsobenotedthatPRPsinsolubihzedby

H2qWerenOteXtraCtedeveninSDS－COntainingbuffer（Brissonetal．，1994），andpotential

CTOSS－1inkingofxylemGRPswiththearomaticresiduesofligminhasalsobeenproposed

（Showalter，1993；Cassab，1998）・Tbeabsenceofligninandpolyphenolicsinrootmucilage

SuggeStSdlatthecross－1inkingpartnersofHnGRP4maybeatleastpardydiffdentffomthose

Ofpreviouslyreportedcen－Wal1proteins・

Glycosyladonisacorrmonpost－tranSladonalmodificadonfbundinsecretedproteins・

Thereare，however，ftwreports onthepotendalglycosyladonofGRPs（Showalter，1993）．

Except10nSindudea30－kDGRPpurifiedffomsoybeanaleuronelayers，Whichwasreportedto

COntainappro血1y9％（w／w）sugars，includingmannOSe，arabinose，glucose，Ⅹylose，and

galactose（Matsuietal・，1995）・Purifiedsoybean GRPshowed abroad bandafter SDS－

PAGEs甲aradon，indicatingamicroheterogeneityinthesugarCOmPOnent（Matsuietal．，1995）．
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仇1theotherhand，2mGRP4extractedffommizeroothpsrmgratedasdiscretebandsonSDS－

PAGE（Fig・7）・Sincethe deduced zmGRP4amino acid sequencehas no can0micalN－

glycosylationsites，themodificadoncouldbeO－gly∞Syladonwithhomogeneoussugarside

Chains，ifzmGRp4weretobeglycosylated．

PossibleftlnCtionsofz叫GRP4intherootmucilage

Soilandsandsheathsusual1yclingtighdytotherootsofneld－grOWngraSSeS，S

mizeroot・Thesheathisthoughttobefbrmedbythebindingofsoilparticlesinmucnage

Originahgfromtheroot（VermeerandMcCuuy，1982；andtherefdencestherein）．Roothairs

areprobablynotprimari1y responsiblefbrtheadhesion ofsoilaggregates・Ⅳhcilage，SOil

Particles，Sloughed－Offrootcapcells，andsomesoilbacteriatogetherfbrmtherhizosphere，and

thechemicalandphysicalproperdesofthemucilageshouldbeverylmPOrtantindetmig
thenatureofthe血izosphere．

Rootmucnageiscomposedof99・9％water（GuinelandMcGu11y，1986）．nedry

massofmucnageconsistsmainlyofpolysaccharidesandpolyuromicacids（JonesandMorr6，

1967；FloydandOb止ogge，1970；Paulletal・1975）・Althoughproteinshavebe孤detectedin

maizemucilage（Chabound，1983），theirproperdesandpossibleroleshavesofhrattractedli血e

attendon・WehaveshownherethatzmGRP4isamucilageprotein・0血erwdl－Characterized

GRPsarelocahzedintheva＄CularSyStem，andinxyleminparti001ar（RyserandKeller，1992；

andtherefbrencestherein）．UltrastruCturallocalizadon，however，hasdemonstratedthatbean

GRPl・8islocahzedtounligninedprimarywal1sofprotoxylemcells，andacorreladonbetwe孤

GRPl・8depositionandlign抗cationwasevidendylackinginbeanhypocoty1s（Ryserand

Keuer，1992）・Anapparentposi仕vecorreladonofGRPdeposidonwithexpansivegrowth，

andaninversecorrelationwith1ignificadon，havebecnreportedfbrpetmiaptGRPl，Whichis

depositedatthecdlwal1／membraneinterface，ratherthanWithinthecellwal1（Condit，1993）．

TheseGRPsthusmayprovideelas也citytothestretchingwal1，OrSOmePrOteCdveenvironment

tocellsunderfHctionalstress・SomeGRPsequencesarepredictedtoadoptβ一Pleatedsheets

COmPOSedofvaryingnumbersofantiparal1elstrands；SuChastruCtureCOuldprovideelasticity

andtensilestrengthduringvasculardevelopment（Showalter，1993）．
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Thesonshea血adheringalongtheentirelengthoffield－grOWnmaizerootsismosdy

Permeated by mucilagewhichis histochemical1y sim血tothatproduced bytherootcap

（VermeCr孤dMcCulli，1982）・Anexperimentdesignedtomeasurethepenetradonresistance

Showedthatmaizerootsreceivemuchlessfhcdonalresistancethanmetalprobeswhengrowlng

intothesoil（BengoughandMbKenzie，1997）・Chefunction ofrootmucilage，WOrking

togetherwithsloughingrootcapcells，m叩beto decreasetheffictionalresistanceduring

growthinthesoil，andtoprotectgrowngrootsftomabrasionbysoilparticles・IfzmGRP4

hasphysicalpropertiessiH血artootherGRPs，itmayprovideelasticitytotherootmucilage，and

maycomplementotherrrmcilagecomponents（e・g・，POlysaccharidesandpech）fbralubric弧t

function．

ImgeamOuntSOffixedcarbonaresecretedintotherhizosphere丘omthesurfaceof

grassroots（Russe11，1977）・ThesecretedcafbonismosdyinthefbrmOfsugar，butawide

rangeofむIlinoacids，Organicacids，Vitamins弧daumisareeitherrdeasedffomtherootsor

Synthesizedbymicroorganismsintherootenvironment（BarYosef，1996）．Theseorgamic

COmPOundsmaysupportsurvivalandgrowthofdetachedcapcensandsonbacteria・Someof

thecompoundsevenm町beinvoIvedininteracdonsbetweenparticularplantgenOtyPeSandson

microorganisms・Secretedproteinsintherhizospheremayplaysindarroles・Inthisregard，

distributionofGRPsinrootrmcilagesofothermizegenotypesandotherplantSPeCies，and

thestabilityofzmGRp4intherhizosphereshouldbeinterestingtoexamineinthefuture．
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ChapterII Maizeproteins specifical1yexprtssedintheotltermOStCe11s of

rootcap

Rootcapce11sarecontinuouslypushedtowardtherootcapperipheryandhal1y

Slough0ffintotheexternalrootenvironment．Tbese detachedce11sarefbund atthe root

peripherary evenatsome distancefromthe rootcap（Vameer and McCuuy，1982），are

metabolical1y activeandhavemiquepattems ofgeneexpression（Brighametal．，1995）．

Severalfunctionsfbrthesloughed－OffcapcellsasarootTSOilintehcehavebeenproposed

（Hawes，1998）．

I＞namicmorphologicalchangesoccurintheperipheralrootcapce11sduringtheir

Sq）aradon丘omtherootcapproper・MooreandMcClelenindicatedthatthesloughing－0ffcap

Cellscontainigthemucnagebetwecnthecdlwal1andplasmalemrrndiffbrmorphological1yfrom

thesloughed－Offcapcdlscharacterizedbythehighlyvacuolatecells（MooreandMcClelen，

1983）・Recendy，theTdTend－hbeling（TUNEI）methodandtheDNAstainingwithHoechst

33342detectedasignificantlossof釧AaswellasffagmentedDNAintheoutermostoneto

threeceusofonionrootcap（W弧getal・，1996）・TLeTUNEしposidvestruCtureSinthecap

eventual1yfbrmedapoptodc－1ikebodies・Tberefbre，thesloughingrootcqpcellsmayundergo

PrOgrammedcelldeathastheirnormaldevdopmentalprocess，SuChashighvacuoladon・

IdescribeinthischapterthecharacterizadonoftworelatedmaizecDNAs，ZmRCPl

andzmRCP2（Zeamqys TVOt－Cq？PeT車heTy gene）・Tbesegenes are expressedin a ftw

OutermOStCe111ayersoftheperipheralrootcap・Theperipheralrootcapcellsarenamelythe

Sloghing－Offcapcellswhichmayundergoprograrmedce11death．
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MATERIALSANDMETHODS

RNAblotandReverseTranscription（RT）・PCRanalyses

TotalRNA（10tAg）wasseparatedbyelectrophoresisonl・2％fbrmaldehydeagarose

gel，andblottedontoaHybond－Nmembrane（Amsham）・Theblotswerehybridizedeith訂

WithradiolabeledZ加RCPlorZ椚RCZ？cDNAfhgments（丘om228to1235intheZ椚RCPl

d洲A，and丘om166to1318intheZhRCP2cmA）・Hybridizadonwasdoneasreported

（Hashimotoetal．1998）．

ForRT－PCRanalysis，tOtalRNAwasisolatedたomapproximatelylOOmgofroottip，

rootproper，Shootandeti01atedshootusingRNeasyPlantMi山Kit（gAGEN），andusedto

COnStruCtfirst－StrandcDNAusingtheSUPERSCRIPrpreamPlincationsystem（GIBCOBRI）．

PCR prlmerS Were　　5’－mCGTCAACAGCCTCAACG　　　and　　　5，－

AGACACACAACGATGGATCG fbr zmRCPl，5，－GGCAGGTTCACCATCAGGand　5，－

TGAATACCACAACCAGTGGC fbr zmR∽，and5，－CTTGATCGCATCAGGAAGCand

5’－TCAGCAGAGATGACTGGAGC fbrmaizeα一tubu肋1（Montoliu etal．，1989）．PCR

amplincadonwascarriedoutfbr18cyclesofdenaturationat94OCfbrlmin，annealingat600C

fbr30sec，ZLndelongadonat720Cfbr2min・AmpWedffagmentswereelectrophorasedona

l・2％agarOSegd，blottedonto aHybondN＋me血brane，andhybridizedtothefu11－1ength

ZmRCPl，ZmRCP2，and zmGRβ≠（Matsuyama et　al・，unPublished）cmA probes．

RepresentativeamPlifiedDNAfragmentswerepartiallysequencedtoconnrmtheiridendty．

RapidAmplificationof5，－CDNAEnds（5，・RACE）

TotalRNAwasisolated丘omqpproximately500mgofroottipusmgRNeasyPlant

MniKit（qAGEN），andpoly（A）’RNAwaspurifiedfromtotalRNAusinganmRNA

Purificadonkit（Phamia）・First－Strandd洲AofzmRCP2wassynthesizedffomlygof

POly（A）＋RNAusingazmRCP2－SPeCificprimer，5’－GGAAGTAGAAGGCGTTGCCG，Widla

5’－RACEsystem，VerSion2・0（GIBCOBRL）・AfterpurincationandTdTtailingofthecDNA，

dC－tai1ed cDNA wasamPlified by PCR uslng a neSted zmRCn－SPeCific pnmer，5，－
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GTCGGCGTAGCATGACTGG，and　anabridgedanChor prmer supplied bythe kit．

AmplifiedffagmentswereligatedintothepGE虻Tvector（Promeg4）．Aftertheseplasmids

WereintroducedintothebacterialstrainJMlO9，7indep組dentcloneswererandomiypickedup

andsequenced・

TdT・mediateddtJTPnickendlabeling（TUNEL）assay

Sec也onofmaizepnmaryrootb・PWaSmadeasdescribedabove．Proteasetreatment，

dUTP3，－endlabeling，andcolorreactionwith3，3，－diaminobenzidinetetrahydro血loridewere

doneusinganApoptosisinsitudetectionkit（Wako，Osaka）．A鮎rwashingwithdistined－

Waterandcounter－Staimingwith4，，6－diamidino－2－Phenylindoledihydrochloride，SeCtionwas

mountedin50％glycerolfbrmicroscopicobservation．

ElectrommlCrOSCOpy

Rootdpswerefixedwith5％glutaraldehydeinphosphatebuff汝（pH7．4）fbr8hat

4OC・Afterwashingwithwater，theyweredehydratedwithacetoneat40C，andembeddedin

Spurrresin・Polymerizadonoftheresinwas carriedoutat600C・Samplesweresectioned

Withanultramicrotome，UmCUTUCT（L巳CA）．Sectionswith70nmthickness were

ahchedonFomnvar－COated nickelglids．Thinsections were stainedwith1eadcitrateand

examinedunderanelectronmicroscope，HitachiH－7100．

RESULTS

ZmRCPlandzmRCP2aremembersofanovelproteinfamilyconservedinplants

Z∽RCPlandzmRCP2aretworelatedmaized）NAs，bothofwhichareeXPreSSed

SPeCincal1yintheperipheralonetothreece11softhemizerootcap・IisolatedzmRCP2cDNA

by a subtractive hybridization／di鮎rentialscreenlng，describedinthe previous chapter・

Z∽RCPIcDNAwasisolatedbymycoⅡeagueffomthesamemaizeroothpcDNAlibrarybya

tranSmembrane－domaintrappingscreeningstrategy（Matsuy狐1aetal．，unPublished）．Figure8

ShowsthenucleotideanddeducedanhoacidsequencesofzmR肌（Fig．8A）andzmRCP2
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（Fig・8B）・ZmRCPIcDNAwas1235－bplongandcontainedanOPenreadingframeencoding

a37・2－kDpolypeptideof342amino acids，WhilezmRCP2cmA was1318－bplong and

COntainedan0pen reading ffame enCOding a37・1－kD polypq）dde of349amino acids・

BecaAISeIcouldnotobtainthe鈷stmethionineofthededucedaminoacidsequenceofzmRCP2

byscrecIungthemaizeroottipcDNAlibraTy，the5’－endnucleo也desequenceofzmRCP2was

determinedby5’－RACE（seeMaterialandmethods）．
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日gure8　NucleotideanddeducedaminoacidsequenmofzmRCPl（A）arKIzmRCP2（B）・Thesequeno田betwecn
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AminoacidsequencesofzmRCPlandzmRCP2arehomologous・Comparisonof

thesesequenceswithsequencesinGenBankidentinedseveralhighlyhomologous sequences
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日gure9（A）Alignmentofdeducedamino

acidsequencesofzmRCPl，ZmRCP2，arkL

Otherrelatedproteins．Residuesarebxedto
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functionalcoTuervation（inshadedboxes；L，l，

V；A，S，G；F，Y；D，E；andH，K，R）．The
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OOm眉erVedCysresidues・鰐）HydroPhdbicity

PlotsofzmRCPl，ZmRCP2，andotherrelated

proteins・Theseplotsweregeneratedwith

GeneWorkssoftwareandthemethodofKyte

andDoolittle．
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ZmRCPlandzmRCP2arespecificallyexpressedintheperipheralreglOnOfroot

Cap

The3’－untranSlated reglOnS Of the cmAs　were used as probes fbrin situ

hybridizadonanalysis to study the detai1ed expressionpatterns ofzmRCP genesin maize

PmyrOOt．TheandsenseprobesdetectedclearexpressionofbothzmRCPlandzmRCP2

intheoutermostonetothreecensoftherootcap（Fig．12AandB）．Theoutermostcds of

lateralroot cap gave stronger hybridization signalsthanthe outermostcdls of columella．

Whenperipheralcapcdlshaddetachedffomrootcapandwereenibeddedinmucilage，1itde

ZmRCPRNAwasdetected（asterisksinFig・12AandB）・TLesenseprobesdidnotdetect

anyhybridizationsignals（notshown）．

TLecapcellsinwhichzmRCPlandzmRCP2wereexpressedappe訂tOOVerlapwith

thedyingcdlsinwhichnuclearDNAfhgmentadonwaspreviouslyreportedinomionrootcaps

（W弧getal・1996）・Todetect nuclearfhgmentadon加shuin maizerootcap，aTUNEL

methodwasusedtoend－hbeltheffec3’－OHgroupsof丘agmentedDNA．Thenucleiofthe

OutermOStOneOrtWOCdlswerestronglystainedwiththismethod（Fig．12C）．Wbno也ced

thatalayer ofone ortwocdls coveredwith blurredgraym血als甲aratedtheTUNEし

POSitiveoutermOStCells丘ominercapcdk（double－arrOWSinFig・12C）・Ths separ血g

middlecelllayercouldbeobserved，althoughless cle訂1y，inthetissuesecdonsfbrin situ

hybridizadon（doublea汀OWSinFig．12A），andintherootcapsectionsstainedwith4，，’6－

diamidino－2－Phenylindole dihydrochloride or with　potassiumiodide（data not shown）．

AnalysiswithtranSmissionelectronmicroscopyrevealedthatoutermOStOneOrtWOmizecap

Cdls（arrowheadinFig・12D）aredongatedandcontainlargevacuolesanddisorganizednudei

SurrOundedbyroughmembraneS・htactnucleoliarefrequendymisslnginthenucleiofcap

Peripheryce11s・TheseobservadonssuggestthatoutermOStCellsinmaizerootcapareinthe

PrOCeSSOfdevelopmentallyprogrammedcelldeath・
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Figure12Express10nOrZmRCPlandztnRCP2inthemtcappenpherycellsandthelrCharacteristics・AandB・
insitulocalizationofzmRCPl（A）andzmRCP2（B）transcnptsinlongltudinalsectionsofmamp血aryrootcap・

RAM，rCOtaPICalmenstem；COLcolumellarootcap；LRC・lateralrootcap；M・muCuage；EPI・ePl血mis・
Astensksshowsloughed・Ofrcappenpherycells・C，insitu血血onof押isinmampnmaryrCOtdp・
NudelWlthfragmentedINAwerestainedby血ngtheTUN乱method（amws）・D・trmSmlSS10nelectron
血cmoplCV拍〝do血∽t画p呵融in血託血血削t叩侮画ph血dlhdal喝e脚血
vacuoleCV）andanucleusordistortedshape（N）・BarSinA，B，andCindicate50JLm，WhueabarlnD5howslO

〃m・

DISClTSS10N

Z仇点C朗e叩reSSiomimtllepedphemlrootcap

駄pressionofzmRCP］andzmRCP2arehigh1ycen－SPeCinc；theonlycellsinwhich

weobservedtheirexpresslOnareOutermOStfewcellsofmaizerootcap・Thesecappe坤Iery

cduscorrespondwithPCIIcensaccordingtothemorphologicalclassificadonofMooreand

McClelen（1983）．PCHcensaccunmitemucilagebetweenceuwausaJldplasmamembrane・

aqejustbeingsloughedoffintomucuage・andappeartobedyingbyaprocessinvolving

fragmentadonofnuclearDNA（W鞘etal・1996，thisstudy）・Biochemicalpropertiesofcen

w劇h瓜田eSloug肋g－0打cdk5血ouldbemo血鮎dbfa血触劇sep弧血on加m血e叩
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PrOPer．Someofthedetachedcapcells（cal1edbordercens）remainmetal）01ical1yactivefbran

extendedperiod，andmayfuncdonasaroot－SOninterfa＃（Hawes1998）．Strikingsimi1arides

intheirproteinstruCtureandtheirgeneexpressionpatternsuggestthatzmRCPlandⅡnRCP2

havesimi1arfunction，POSSiblyinoneofthecellularprocessesdescribedabove．

ZmRCPsaremembersofnovelproteinfhmily

ZrnRCPland structural1y rdatedproteinsin0therplantS haveN－temhal

Signalpep也des・SincetheKeyteand Doolidealgorismdid notpredictapparent

tranSmembranedom血sintheseproteins，theymaybesecreted．Amemberofmaize

glycine一richproteinwithasignalsequence（zmGRp4）issynthesizedinlateralrootcap，

andefficiendy secretedintoand accurmlatesin rootmudlage（Matsuyamaetal．，

unpublished）・IfzmRCPsaresecreted，theym叩ammulab！inmucilageandmay

funcdonthere・The white spruCe PrOtein（Inl17）ofthe zmRCP fami1y was

SCre孤edfbmalate－embryogenesisd）NAlibrarybutitsexpressionspecificityhasnot

be孤rePOrted・SinceArabidopsishomologsofzniRCPsareidendfiedinexpressed

SequenCetagCOllec也onsandgenomicDNAsequences，theirexpressionpattemsare

yettobeknown．Toobtainfurtherinsightintothefunction（s）ofzmRCPs，itshould

behelpfultoanalyzece11－SpeCiBcexpressionpatternsofthesehomologousgenes．
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