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Abstract

We identified cdf based on screening of the Arabidopsis cDNA library for functional suppressors of 
the AtBI-1 (a gene described to suppress the cell death induced by Bax gene expression in yeast). 
The cdf was located on Chr. V and was composed of 5 exons and 4 introns. It encodes a protein 
of 258 amino acid residues with a molecular weight of 28.8 kDa. The protein has 3 transmembrane 
domains in the C-terminal region. The cdf has one homologue, named cdf2, which was found in 
Arabidopsis. Like cdf, cdf2 also induced growth defect in yeast. The effect of the cell growth defect 
factor was somewhat lower than Bax. cdf could arrest the growth of yeast. Its localization to the nucleus 
was essential for the suppression of yeast cell proliferation. Morphological abnormality of intracellular 
network, which is a hallmark of AtBI-1, was attenuated by expression of cdf.
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Introduction

PCD,programmedcelldeath,playsacriticalrole

incontrollingthedevelopmentandlifeoforganisms

bytheremovalofcellsattheappropriatetime.Itis

alsoanimportantbiologicalprocessfortheelimination

ofunwantedcellssuchasthosewithpotentiallyharmful

genomicmutations,auto‐reactiveorvirallyinfected

cells(Fesik,2000).Inplants,thecharacteristicsofPCD

includethedevelopmentoftrachearycells,rootcap

cells,aerenchymaformation(Kawaietal.,1998),

tapetumcelldegradationtosustainpollendevelopment,

stomiumcelldeathforantherdehiscence,sexualorgan

formation,carpelsenescence,leafsenescence,and

responsestopathogens(PennellandCasolo,1997;

KawaiandUchimiya,2000;SendaandOgawa,2004).

Forexample,thehypersensitiveresponse(HR)induced

bycertainplantpathogensinvolvesPCDthatrestricts

thespreadofpathogensfrom theinfectionsite

(LacommeandCrus,1999;Greenberg,1996).The

mechanismsthatcontrolplant‐celldeath,however,are

notwellunderstood.Severalinvestigators have

suggestedparallelsbetweenPCDinplantsandapoptosis

inanimals(Wangetal.,1996;OrzäezandGranell,

1997;Tanakaetal.,1997).Caspase-likeproteolytic

activityhasbeendetectedintobaccotissuethatwas

developingtheHRfollowinginfectionwithatobacco

mosaicvirus(TMV)(PozoandLam,1998).Thecell

deathassociatedwiththeHRinseveralplantpathogen

systemshasmorphologicalsimilaritieswithanimal

apoptosis(MilttlerandLam,1996).Anover-expression

of human Bcl-XL and caspase-specific peptide



CurrentRearchonAgricultureandLifeSciences Vol.30-1

-2-

inhibitorscanabolishbacteria-inducedplantPCDand

conferstresstolerance(Mitsuharaetal.,1999).Coupled

withthisistherecentreportoftheabrogationofdisease

developmentinplantsexpressinganimalanti-apoptic

genes(Dickman,2001).LacommeandCruz(1999)

demonstratedbyusingaTMVvectorthattheexpression

ofBaxtriggeredcelldeathintobaccoleafcells,which

closelyresembledtheHRtoTMVintobaccoplants

carryingtheN gene.Recently,wasreportedthat

Bax-induced cell death can be biologically

down-regulatedbytheectopicallyexpressedanti‐

apoptoticproteinAtBI-1(BaxInhibitor-1)inplanta

(Kawai-Yamadaetal.,2001).Takentogether,these

reportssuggestthatcelldeathmechanismsinplants

andanimalsmaysharecommoncomponentsthatlead

tosimilarcellularevents.

ThebuddingyeastS.cerevisiaehasbeenemployed

extensivelyasamodelforgeneticanalysisofavariety

ofcomplexpathwaysandprocesses(Matsuyama,1999).

Aparticulartemperature‐sensitivemutantofcdc48at

the non-permissive temperature,exhibits nuclear

fragmentationandmembranebabblingreminiscentof

apoptosisseeninanimalcells(Madeoetal.,1997).

Althoughyeastcellslackcaspaseandthereforedonot

possessthesameapoptoticpathwayfoundinanimal

species,thesesimpleunicellulareukaryotescanbe

exploitedinawidevarietyofwaysforapoptosis

research.Utilizingtheyeastfunctionalscreening

system,thecurrentstudyattemptedtoisolatecelldeath

promotingfactorsthatoriginatedfromplantsandthe

activityofwhichcouldbesuppressedbyAtBI-1.After

successivescreeningoftheArabidopsiscDNAlibrary,

oneclonenamedcellgrowthdefectfactor(cdf)was

obtained.Inthispaper,wedescribecdf,anovelgrowth

suppressorlocatedinthemitochondriaofyeastcells.

ThemammalianBcl-2,asuppressorofBax-induced

lethalityinbothmammalianandyeastcells,also

inhibitedcdf-mediatedgrowthdefects.Onehomologue

ofcdf,namedcdf2,inducedayeastgrowthdefectin

amannersimilartocdf.Furthermore,cdfdidnotshow

anygrowthinhibitionintheBax-resistantyeastmutant.

Itwasfoundthatthecellularlocalizationofcdfinthis

mutantwasalsoinmitochondria.Theseresultssuggest

thefunctionalsimilarityofcdfandBaxinarresting

thegrowthofyeastcells.

MaterialsandMethods

Yeaststrains

Theyeaststrainusedinthecurrentstudywas

BF264-15Dau(MATaade1his2leu2-3,112trp1-laura3)

(Lew etal.,1991).Forgeneticanalysis,EGY48

(MAT_trp1 ura3 his3 leu2::plexAop6-LEU2)and

BRM1(MAT.trp1ura3his3leu2::plexAop6-LEU2),

Bax-resistantyeastmutantline,werealso used

(Matsuyamaetal.,1998).

Functionalscreeninginyeast

Ayeaststraincontaininggalactose-inducibleAtBI-1

wasobtainedbytransformationofpNMV4-AtBI,the

TRP1-markedAtBI-1intoaplasmidNMV4,towild

typeyeast(BF264-15Dau).Yeastwasmaintainedin

aSyntheticDropoutmedium lacking Triptophan

(SD-T).mRNAsisolatedfroma4-dayoldArabidopsis

cellsuspensionwereusedinsynthesizingcDNAswhich

werethenclonedintoapYX112vectorunderthecontrol

ofaTPI(triose-phosphateisomerase)promoter(Umeda

etal.,1998).Theobtained cDNA library was

transformed into yeast cells and cultured on

SD-galactose-T
-
-U
-
‐plates,in which AtBI-1 was

expressed.Colonies(about40,000)appearedafterbeing

culturedfor2days,whichwerethenpickedupand

transferredtoanSD-galactose-T
-
-U
-
‐agarosemedium.

Afterbeingculturedfor3dayscoloniesgrew on

galactosemedium,butnotontheglucosemediumthat

wasusedforfurtherscreening.Subsequently,these

cloneswereagainstreakedoneitherglucoseor

galactosemedium andculturedat30℃ for2days.

Finally,oneclonenamedcdfwasobtained.

Plasmidconstruction

ThecodingregionofcdfandBaxwereamplified



IdentificationoftheArabidopsisthalianacellgrowthdefectfactorsuppressingyeastcellproliferation

-3-

frompYX112-cdfandpYX112-Bax,respectively,by

PCRusingSphI-taggedoligo-nucleotideprimers:5'-end

(5'-GGCATGCGGATGGACGGGTCCGGGGAGCA

G-3')and3-endcomplementarystrand(5'-GGCATG

CTCAGCCCATCTTCTTCCAGAT-3')forcdfand5'-

end(5'-GGCATGCGGATGTCCTCGTCTCTTCTTC

TC-3')and3'-endcomplementarystrand(5'-GGCATG

CTTACTTGAGGAAAGTACAAGA-3')forBax.PCR

productswereclonedintoapGEM T-easyvector

(Promega)forsequencing.AfterdigestionwithSphI,

cdfandBaxfragmentswereclonedintoTRP1-marked

plasmidpTS909thatcontainstheyeastGAL1promoter.

AnotherplasmidpTS-cdf-GFPwasconstructedby

insertingtheGFPcodingregionbetweentheBamHI

andXbaIsitesofpTS909thatalreadycontaincdf.The

cdfhomologue,cdf2,wasisolatedbytheRT-PCR

(reverse transcription polymerase chain reaction)

method.Toamplifythecdf2genefromArabidopsis

totalmRNA,thefollowingprimersweredesignedfrom

theinformationoftheESTsequence(accessionnumber:

AY035099):5'-end(5'-GGCA TGCGGATGAATGC

GTCCGGCTTAACT-3')and 3'-end complementary

strand (5'-GGCATGCCTACCGGAGG TAACTCG

AAGC-3').Thereactionwaspreparedfrom10.0μgof

totalRNA samplesisolated from 10‐day old

Arabidopsisplants.TheconditionsforRT-PCRwere

onecycleat50℃ for30minandat94℃ for2min;

a30cycleat94℃ for30sec,at55℃ for30sec,and

at72℃ for1min30secusingaOneStepRT-PCR

kit(TaKaRa,Tokyo,Japan)withaTaKaRaPCR

ThermalCycler.Theexpressionplasmid,pTS-cdf2,was

constructedinawaysimilartothatofcdf.TheSphI

siteofpTS909wasusedforthefragmentinsertion.

Yeastgrowthassay

Yeastcellsweregrownfor2daysinYPDmedia

andthentransformedbythelithiumacetatemethodwith

plasmids(pTS-cdf,pTS-cdf-GFP,pTS-cdf2,pTS-Bax,

andpTSascontrol).Thetransformantswereplatedonto

aSD‐glucose‐T‐mediumandincubatedat30℃ for

2days.Thecloneswerethenstreakedontoboththe

SD-glucose-T
-
andSD-galactose-T

-
plates.Toanalyze

theeffectofAtBI-1,yeastlinescontainingpTS-cdfor

pTSwereco-transformedwithpYX112-AtBI.The

co-transformantswerethenstreakedontoSD-glucose-

T
-
-UandSD-galactose-T

-
-U
-
agarplates.Thegrowth

oftheyeastcellswasdeterminedbymeasuringtheOD

oftheyeastculturesolutionat660nm.Theyeastclones

wereinoculatedandculturedfor2daysinproper

selectionmediacontainingglucose,thenwashed,and

transferredtogalactosecontainingmediatoinducethe

expressionofcdfandcdf-GFP.TheOD660ofthecell

cultureusedasthestartingpointwasadjustedfrom

0.25to0.30.ThevaluepfOD660wasmeasuredagain

afterculturingfor20hrs.

Immunoblotanalysis

Yeastcellsculturedinglucose-containingmedium

toanOD600of~1.0werewashedthreetimesand

subjectedtoanadditional42hcultureineitherfresh

glucose-orgalactose-containingmedium.Yeastcells

collectedbyacentrifugationwereresuspendedina

buffercontaining8Murea,5%SDS,40mMTris-HCl

(pH6.8),0.1mMEDTA,0.4mg/mlBPB,and10µl/ml

2-mercaptoethanol.80% vol.ofacid‐washedglass

beads(425-600µm)(Sigma)wasaddedandthetubes

werevortexfor2minandthenboiled.Proteinsseparated

bySDS-15%polyacrylamidegelelectrophoresiswere

transferredontoapolyvinylidenefuoridemembrane

(Millipore,Bedford,MA,USA).Afterblockingwith

5%skimmilkinPBSat4℃forovernight,membranes

wereincubatedin5%skimmilkinTBST(50mM

Tris-HCl[pH7.5],150mM NaCland0.05%Triton

X-100)solutionwithapolyclonalantibodyforHA-tag

(UpstateBiotechnology),followedbya1:2000dilution

ofhorseradishHA-conjugatedanti-rabbitIgG(Amersham)

secondaryantibody.Detectionwasaccomplishedbyan

enhancedchemiluminescencemethod(Amersham)with

exposuretoX-rayfilm(Fuji).
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MicroscopicExamination

YeastcellsharboringpTS-cdf-GFPandGFPwere

culturedfor2daysinSD-glucose-T
-
andwere

transferredtoaviewgalactose-containingmediumto

inducegeneexpression.After2daysofgrowth,GFP

fluorescence was observed using a fluorescent

microscope(DMRD,Leica,Germany)ata488nm

excitationwavelength.Forelectronmicroscopicstudy,

samplepreparationandtreatmentwereessentiallyas

describedbyUedaetal(1996).Afterfixingofcells

byfreeze-substitution,frozencellsweretreatedwith

4%osmiumtetraoxide(OsO4)andembeddedinSpurr’s

resin.Serialsectionsstainedwithuranylacetateand

leadcitratewereobservedusingaZmodel2010electron

microscope(JEOL,Akishima-shi,Japan).

Results

YeastcellscontainingpNMV4-AtBIwereusedto

screenArabidopsis-originatedgenesthatcaninhibit

yeastgrowth.TheArabidopsiscDNA librarywas

ligatedintotheEcoRI/XhoIsiteofthepYX112vector.

ThepNMV4possessesagalactoseinduciblepromotor

(GAL1)whilepYX112containsaconstitutivepromoter

(TPI).Theclonescansurviveonagalactosemedium

butdiewhentheglucosemediumisisolated.These

clonesarethegenesthatinhibityeastgrowthandwhose

activityissuppressedbyAtBI-1.Inthefirstscreening,

yeasts co-transformed with pNMV4-AtBI and

pYX112-Arabidopsis cDNA were plated onto

SD-galactose-T-
-
U
-
agarplatesandthecolonieswere

replicatedtoplatescontainingaglucosemediumusing

afiltermembrane.Outof40,000colonies98clones

wereisolated.Inthesecondscreening,eachclonewas

streakedonebyonetoconfirmthefirstscreening.Thus,

finallyonecDNAthatcansuppressyeastgrowthwas

isolatedandnamedcdf.Anucleotidesequenceanalysis

of cdfindicatedthatthiscDNAcloneencodeda

functionallyunknownprotein958nucleotideslongand

encodesapolypeptideof258aminoacids(Fig.1A,

Fig.1C).ThecdfgeneislocatedonChr.Vandis

composedof5exons(Fig.1B).Ahomologysearch

indicatedthatonehomologueofcdf,namedcdf2

(accessionno.AY035099),existsintheArabidopsis

genome(Fig.1C).Thecdf2is834nucleotideslong

andencodesapolypeptideof278aminoacids.The

estimatedmolecularmassofcdfis28.8kDa(Fig.2C)

andthatofcdf2is31.6kDa(datanotshown).cdfand

cdf2haveanoverallhomologyof18.7%.Howeverin

themiddlepart(61-98aaofcdf)theyare71.2%

homologous(Fig.1C).Hydrophobicityanalysisindicated

thattheyhave3transmembranedomainsintheir

C-terminalregion(Fig.1D).cdfandcdf2arenovel

genesandinformationabouttheirfunctionhasnotbeen

previouslyreported.

Tostudythefunctionofcdf,plasmidconstructsof

pTS-cdf,pTS-cdf2,pTS-cdf-GFP,andpTS-Baxwere

made.SincethepTSvectorcontainsagalactose

inductivepromoterGAL1,theexpressionoftheinserted

genecanbeinducedontoagalactosecontaining

medium.Awildtypeyeaststrain(BF264-15Dau)was

transformedwiththesevectorsandwasfirstcultured

ontoSD-glucose-T-plates.Coloniesappearedafter2

daysofculturingandwerethenstreakedontothe

galactoseorglucoseagarmedium.Whiletheyeast

possessinganemptyvectorgrewwellonbothofthe

media,thecellspossessingpTS-cdf,pTS-cdf-GFP,or

pTS-BaxhardlygrewontheSD-galactosemedium(Fig.

2A)causedbythegeneexpression.TheBax-resistant

mutantofyeast(BMR1)wasgeneratedfromwildtype

strain(EGY48)byMatsuyamaetal.(1998).The

expressionofBaxinthismutantcouldnotinhibitthe

growthofyeastcells.AsshowninFigure2A,when

platedonthegalactose‐containingmedium,EGY48

cellstransformedwithpTS-cdforpTS-Baxdidnot

grow,whereasBRM1cellstransformedwiththesame

plasmidssurvivedandgrew.Thisindicatesthatthere

maybeafunctionalsimilaritybetweencdfandBax

protein.AlthoughnotasmarkedasBax,agrowthdefect

ofcdfontheyeastcellswasapparent.Thefusionof

GFPfluorescenttagtotheC-terminalofcdfdidnot

affectthefunctionofcdfintheyeast.Theeffectof

thecdfexpressiononyeastgrowthwasalsostudied
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Fig.1.Nucleotidesequenceandgenomestructureofcdf.

A:ThecdfcDNAis958nucleotideslong.B:ThegeneislocatedonChr.VinArabidopsisgenomeandcomposedof5exons.C:Multiplesequencealignmentofcdf
andcdf2.Thetwoproteinshaveanoverallhomologyof18.7%;whileinthemiddlepart(61‐98aaifcdf),asindicatedbyanarrow,theyare71.2% homologous.
D:Hydrophobicityofcdfandcdf2proteinsandtheirputativeproteinstructure.From thehydrophobicityanalysis,theproteinswereassumedtohave3transmembrane
domainsintheirC‐terminal.

bymeasuringtheOD660oftheyeastculturesolution.

YeastlinescontainingpTS-cdf,pTS-Baxandtheempty

vector (pTS) were cultured for two days in

SD-glucose-T
-
andthenwashedandculturedina

SD-galactosemedium.TheinitialOD660fortheselines

wasadjustedto0.25-0.30.Theyeastcellgrowthwas

determinedbymeasuringOD660after42hrsofgrowth

at30℃.WhiletheOD660valueoftheyeastline

possessingpTSreached1.697,thatoftheyeastlines

expressingcdfandBaxwere1.243and1.200(Fig.2B),
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Fig.2.Thegrowthdefectofyeastcellsexpressingcdfcomparedwiththatofcdf2andBax.

A:YeastcellsweretransformationwithpTS‐Bax,pTS‐cdf,pTS‐cdf2andpTSemptyvectorandplatedonSD‐glucoseagarmediumthatlackofTRP.After2
daysofincubation,thecolonieswerestreakedonbothglucoseandgalactosecontainingSDmedium.ExpressionofcdfcouldnotinhibitgrowthofBax‐resistantyeast
mutantline.Theresultshowsgrowthofyeastcells2daysafterstreak.cdfonyeast.B:GrowthdefectofyeastexpressingcdfshownbyOD660measurement.The3
yeastlineswereinoculatedinSD‐glucosemedium.After42hrsofshaking,yeastculturewerewashedandtransferredtoSD‐galactoseliquidmedium.TheOD660
ofthestartpointwasadjustedto0.25~0.30.Until42hrsevery6hrs,theOD660foreachlinewasmeasuredagain.C:Immunologicaldetectionofcdfproteininyeast.
D:ThecellularlocalizationofcdfinBF264‐15Dauwildtypeyeast.TheyeastlinespossessingpTS‐cdf‐GFP,pTS‐GFPandpTS‐cdfwereinoculatedinglucose
containingSDliquidmedium,culturedfor2daysofcultureandtransferredtoagalactosecontainingmediumtoinducethegeneexpression.Theobservationwasperformed
after8hrsofinductiveculture.TheGFPfluorescencewasexaminedata488nmexcitationwavelengthunderafluorescentmicroscope(DMFD,Leica,Wetzlar,Germany).
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respectively.Moreover,thecdfproteinwasdetected

asasinglepeptidebandofabout28.8kDainprotein

samplesfrom yeastcellsco‐transformedplasmid

(pTS-cdf)andgrownmediumwithSD-glucose-T
-
(Fig.

2C).Toinvestigatethecellularlocalizationofthecdf

proteininyeast,pTS-cdf-GFPandpTS-GFPwere

constructed.Aspreviouslydemonstrated,thefusionof

theC-terminalregionofcdftoGFPdidnotaffectits

function.YeastcellstransformedwithpTS-cdf-GFP

wereculturedfirstinaSD-glucose-T-liquidmedium

for2daysandthentransferredtoagalactosecontaining

medium.After8hrsofbeingcultured,thefluorescence

Fig.3.AnElectronMicroscopic(EM)analysisofcdf‐mediatedcelldeathinyeastcells.

BF264‐15DaucellscontainingpTS‐cdfandpYX112‐AtBI(b)orpXY112(a)werestreakedontoagalactoseagarmediumtoinducecdfexpression.After2days
culturing,cellmorphologywasanalyzedbyanEM.

2D).Tofurthercharacterizethecell-deathprocess

inducedbycdfinyeastcells,anelectronmicroscopic

ofcdf-GFPandGFP(control)wereobservedundera

microscopeusinga488nmexcitationwavelength(Fig.

(EM)analysiswascarriedout.Cellsharboringboth

pTS-cdfandpYX112orpTS-cdfandpYX112-AtBI

were observed after2 days ofgrowth on a

galactose-containingagarmedium.TheEManalysisof

yeastcellscontainingpTS-cdfandpYX112-AtBI

showedatypicalmorphologyofanormalS.cerevisiae

witharoundshapeandnormalsizewithahomogeneous

vacuole and nuclearregion and a numberof

mitochondria.Incontrast,cellscontainingpTS-cdfand

pYX112 developed a variety of morphological

abnormalities,suchasbrokencytosolicvacuolesand

anabnormallylargenumberofmitochondria,which

presumablyreflectedacontinuumofseverity(Fig.3).

Discussion

PCD isamajorprocessinanimalandplant

development.InadatabasesearchoftheS.cerevisiae

genome,noobvioushomologueofanycrucialregulator

ofmetazoanapoptosis[(membersoftheBax/Bcl-2
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family,caspases,apoptoticproteaseactivatingfactor-1

(Apaf-1)]were.However,ithasbeennotedthatyeast

cells,bothS.cerevisiaeandSchizosaccharomyces

pombe,canbekilledbytheexpressionofanumber

ofproapoptoticmammaliangenesforexample,Bax

(Satoetal.,1994;Hanadaetal.,1995;Greenhalf1996)

orp53(Bischoffetal.,1992;Nigroetal.,1992).

Recently,itwasobservedthattheS.cerevisiaecdc48

mutantas wellas cells over‐expressing Bax

coordinatelyexhibitphenotypemarkersofapoptosis,

chromatin condensation and fragmentation,DNA

breakage,theexpositionofphosphatidylserine,andthe

formationmini‐cellswhichapproximatesapoptotic

bodies.Thisindicatesthepresenceofabasicapoptotic

mechanisminyeast(Matsuyamaetal.,1999;Madeo

etal.,1999).ItisclearthatBax,Bak,orCED-4do

notsimplyactascytotoxicsubstancesinyeast,butseem

toactivatethesameorasimilarmechanism asin

metazoanorganisms.Theobservationofcelldeath

accompaniedbyapoptosis‐likefeaturesinyeast

suggests that apoptosis developed before the

evolutionaryseparationbetweenfungiandmetazoans.

Elementsofthepathwayconservedinyeastaswell

asanimalsshouldthereforebelongtoabasicbutarchaic

evolutionarymechanism.Yeastshouldbeusefulin

tracingtherootsofapoptosisandsolvingsomeofthe

complicationsandapparentcontradictionsthatare

inherentinvariousmodelsofapoptosis.

Manystudieshavedemonstratedthecommonalityof

thedeathmachineexistinginthewholemammalian,

plant,andyeastsystems.Thoughthefunctionofcdf

intheplantsystemhasnotbeenstudiedyet,andthe

mechanismofcdfintheresultingyeastgrowthdefect

shouldbeconveyedfurtherindetail,inthecurrentstudy

cdfcausedanimportantphenotypeonyeastandpossibly

couldbeconsideredtobeoneofthecandidatesfor

aplantPCDregulator.Sincescreeningfromthecallus

wasusedforscreeningcdf,itmaybepossibletoget

otherpositiveclonesforthedeathfactorifthecDNA

librarywasobtainedfromshouldthisbeotherorgans

oranotherorganofArabidopsis.Consideringthesimilar

functionofcdf2andcdf,thehighlyhomologousmiddle

partofthetwogenesmayserveasafunctionaldomain.

Thereisestimatedtobefunctionaldomaininthemiddle

partofthetwogenes.

TheBI-1genewasidentifiedbyundertakinga

functionalscreenfortheBaxsuppressorsinyeast.The

geneishighlyconservedthroughoutevolution.Itshares

anidentifiablesimilaritywiththeBcl-2familyof

proteinsoranyotherproteinsimplicatedinPCD.Thus,

BI-1representsanoveltypeofanapoptosismodulator.

However,BI-1doesnotinteractwithBaxdirectly,but

actsonanelementalreadypresentinyeast(Xuand

Reed,1998).BasedontheapparentscarcityofBI-1

inthemitochondrialmembranes,BI-1mightfunction

asadawn‐stream ofBax.AtBI-1istheplant

homologueofBI-1andtheexpressionoftheprotein

couldalsosuppressBax-inducedcelldeathinyeast

(Kawaietal.,1999).Moreover,ithasbeenreported

thattheplantanti‐apoptotic protein AtBI-1 is

biologicallyactiveinsuppressingthemammalianBax

inplanta(Kawai-Yamadaetal.,2001).Theexpression

ofAtBI-1hasalsobeenfoundtoberapidlyup-regulated

inplantsduringwoundingorpathogenchallenge

(SanchezandStephens,2000).

TheBcl-2familyproteinsarecentrallyinvolvedin

thecontrolofPCD,withsomeinhibiting(Bcl-2and

Bcl-XL)andotherspromoting(BaxandBak)apoptosis

(Reed,1994,Yangetal.,1997).TheabilityoftheBcl-2

familyproteinstoregulatecelllifeanddeathis

conservedacrossevolution.ThehumanBcl-2protein

canblockapoptoticcelldeathininsectcells(Alnemri

etal.,1992),andcanprotectsomemutantyeaststrains

fromdeathinducedbyoxidativeinjury(Kaneetal.,

1993).ThebiochemicalmechanismoftheBcl-2action

and itshomologuesarecontroversial.Sincethe

anti-apoptoticBcl-2proteinscanrescueyeastfrom

Bax/Bakinducedlethality,Bax-inducedcelldeathis

nota nonspecific toxic thatiscaused by an

over-expressionofaheterolog

ousprotein.Moreover,mutantsofBcl-2andBcl-XL

whichfailtoprotectinmammaliancellsareinactive

insuppressingBax-inducedcelldeathinyeast.

Duringtheprocessofidentificationofcdffromthe
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ArabidopsiscDNAlibraryasayeastgrowthdefect

factor,thefunctionofcdfwassuppressedbyAtBI-1

andlateritwasalsodetectedtohaveafunctional

interactionwithBcl-2.Theresultthatthefunctionof

cdfcan be suppressed by Bcl-2 indicatesthe

commonalityofthepathwayforcdfandtheBcl-2

family.AtBI-1,oneoftheidentifiedplantgenesthat

hasahighhomologywithBI-1,canplayavitalrole

instudyingplantPCD.TheinteractionofcdfandAtBI-1

inyeasthasopenedupthepossibilityoffurtherresearch

inidentifyingtheresponsiblegenesandtheprinciple

pathwayofPCDinplanta.

Mitochondriaareimplicatedinyeastcelldeaththat

isinduced by Bax overexpression.Bax targets

mitochondriainbothyeastandmammaliancells.The

deletionofthetrans‐membranedomainofBax,which

preventsBaxfrombeingtransportedtomitochondria,

rendersitincapableofbeinglethalinyeast,suggesting

thatthemitochondrialtargetingofBaxisbothnecessary

andsufficienttoinducecelldeathinyeast.The

expressionofBaxinyeastalsoinducescytochrome

crelease,aphenomenonobservedinmammaliancells

during apoptosisstimulation,suggesting thatthe

primaryaneffectofBaxonmitochondriamaybesimilar

inbothyeastandmammaliancells(Reed,1997).

Theexistenceofcdfinmitochondriasuggeststhat

thebiologicalchangeandlethalinfluencewhichBax

causesonyeast,dependingonitsspecificlocalization

atmitochondria,isalsoinvolvedincdf‐inducedyeast

celldeath.ThecdfandBaxgenesarecurrentlysupposed

tofollowasimilarprocessduringtheirinhibitionof

yeastgrowth.Althoughthereallocalizationofcdfin

plantcellshasnotbeendetected,itsmitochondrial

localizationintheyeastsystemhasmadecdfagood

candidatefortheBax-substitutingplantelementin

yeast.Untilnow,therehasn'tbeenanyfunctional

information about cdf in plant systems. The

identificationoftheroleofcdfinplantsandthefurther

investigationaboutitsfunctionalpathwayneedstobe

clarifiedwithmoreresearch.
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