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ABSTRACT   

CellsofDicO）OSteliLmldiscoidbumbecomesexuallymatureundersubmergedand   

darkconditions，andfusewithoppositematln針tyPeCe11stofbrmzygoteglantCells，   

Which gather surrounding ce11s and凸nally developinto dormant structures called   

macrocysts・Inthepresentstudy，Ifbundthatthemultinuclearfusedcellsfbrmedduring   

thisprocess丘equentlyunderwentcytokinesisdrivenbyrandomlocalmovements．The   

SPlitce11swerecapableofre－fusion，andrepeatedcytokinesis・Theseradicalbehaviors   

COntinued untilthe extensive cellaggregation started around the glant Cells．Thus，   

gametefusionandinitiationofzygotedevelopmentdonotcoincideinthematlngOfD・   

discoicibum．Analysesby confbcalmicroscopyand nowcytometryindicatedthatthe   

CeSSation oftherandommovementfbllowedpronuclearfusion，andthatmicrotubule   

Organizingcenters（MTOCs），abundantinthefused cells atthebeginningっgradually   

decreasedandonlyoneofthemremainedwithinthedevelopedmacrocyst．Someofthe   

genesknowntocontroIcellmovement，SuChasgq＠andrasS，increasedshortlybefbre   

thecessationofrepeatedfusion－CytOkinesisandinitiationofphagocytosis・Theseresults   

SuggeSt that the sequentialmolecular events are necessaryln D・discoidbum a氏er   

gametefusiontoestablishanewindividualityofzygotes・  
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mTRODUCTION   

Fertilizationisthecentraleventofsexualreproduction，Wheresequentialcellular   

PrOCeSSeS SuCh as gamete encounterlng，CellrecognltlOn andfusion，and pronuclear   

fusiontakeplace，and負nallyembryonicdevelopmentistriggeredtoconstruCtaneW   

individual．Forexample，howeversperm－borneOOCyte－aCtivatingfhctor（S）inthemouse   

hasbeenshowedtoberesponsiblefbrtriggeringzygotefbrmation（Perryetal．，1999），   

theinterplaybetweenfヒrtilizingspermandeggfactorsthatinitiateoocyteactivationis   

Sti11unclear．Itisthoughttodi餌・Culttoanalyzethatofmammalssinceitiscomplicated．  

Soilamoeba，DicO）OSteliL［mdiscoidbum prolifbratesasaunicellularamoebainits   

Vegetative state．Many ftatures of these amoebic cells resemble animals both   

morphologlCally and biochemically．Unlike higher animalcells，however，they are   

haploidandtherefbreamenabletogeneticmanlPulation，aSWellastocellbiologlCaland   

molecularbiologlCalanalyzes．D．discoidbumhasthesefbaturesthatmakeitespecia11y   

wellsuited to modelfbr studies offundamentalmechanisms ofhigher animals．，In   

Particular，theresearchinactincytoskeletonhascontributedtoageneralunderstanding   

ofstruCtureandfunctionofcytoskeletalproteins（Noegeletal．，1995）．Furthermore，the   

DicO）OSte］ium mhcA－Cells have proven extremely usefu1fbrinvestigating the role   

PlayedbymyosinIIinvariuscellfunctions（Mansteinetal・，1989）・  

D．discoidbLHn nOrmally fもeds on bacteria and prolifbrates by mitosis・リpon   

starvation，however，ahundredthousandcellsgather，mOVeaSamulticellularslug，and   

伽allyculminateina打uitingbodycomposedofasporemassandastalktoraiseit（Fig・   

1，1eA）．Whenthe habitat environmentis submerged and dark，andwater－SenSitive  
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SPOreSbeinguseless，CellsofD・dscoidbL／minitiateasexuaiprocesscalledmacrocyst   

fbrmation（BlaskovicsandRaper，1957；NickersonandRaper，1973）（Fig．1，right）．In   

thisprocess，theysexuallymaturateandRISeWithapproprlatematlngtyPeCellstofbrm   

ZygOteglantCells，WhichgatherthesurroundingcellsbycAMp－mediatedchemotaxis，   

Phagocytosethem fbrnutrition，and貢nally developinto macrocysts（0’Day；1979；   

Szabo et al・，1982）・The mating systemin D・discoi滋umis polymorphic，having   

heterothallic（Erdos et al．コ1973），homothallic，and bisexualstrains（Robson and   

Wi11iams，1980）．The offgpring analysis revealedlow魚・equenCies ofrecornbinants，   

SuggeStingpoorlycontrolledmeioticrecombination（WallaceandRaper，1979）．Thus，   

macrocyst fbrmationin this organism represents prototypICfeatures ofthe sexual   

reproductionsystemandisusefu1fbranalyzlngltSbasicaspects．Moreover，theplant   

hormone ethyleneinduces macrocyst fbrmation，While cAMP repressesit（Amagai，   

1992），Whichwas丘rst demonstratedin arelated homothallic species，DicO｝OSielium   

〃プ£JCO和～鹿∫（Amagai，1989）．  

RecentstudiesonmacrocystfbrmationhaveoftenbeendedicatedtotheanalysISOf   

gameteinteractions．SeveralcellsurfaceproteinsinvoIvedinthegameteinteractions   

havebeenidentinedinD・discoidbLml．Forexample，aCellsurface proteln，gP70，is   

PreSumed to functionin mating type recognition（UruShihara et al．，1988）・A   

light－inducedinhibitoryprotein（s）was suggestedbyHabataetal．（1991），DEl，GG6，   

andHH9antigenshavealsobeenimplicatedinsexualcellfusion（Aibaetal．，1992）・   

However，thefnolecularbasisofzygotedevelopmentremainselusive，largelyduetothe   

lack of approprlate eXPerimentalsystems・In the present study，Ianalyzed the   

POSトfusion processes of macrocyst fbrmation uslng the synchronous development   

SyStem・  
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MATERIALSANDMETIIODS  

5わノ血？∫α〃dcヱ／肋／柁CO〃dが0那  

HeterothallicstrainsofD・discoidkum，KAX3andV12，WereuSedthroughoutthe   

experiments．Theywere oppositematlngtyPeStrains and cellfusion occursbetween   

them．Thestrainsweremaintainedasstock飢1itingbodiesonnutrientSMagarplatesin   

association withKlebsielkrae7VgeneS aS afbod source．KAX3and their derivatives   

WerealsogrowninHL5medium（CocucciandSussman，1970）containingstreptomycin   

Sulfate（50トLg／ml）withorwithoutG418（10トLg／ml）．TransfbrmantsofV12weregrown   

WithconcentratedKaervgenesonBSS（Seebelow）agarplatescontaining20トLg／mlof   

G418．  

助∬乙Jα／（お1ノg／甲〃紹〝′  

Toobtainsexuallymaturefusioncompetentcells（FC－Cells），grOWth－PhasecelIson   

SM agarplateswerecollectedandculturedinBonner’s salt solution（Bonner，1947）   

（BSS）containingconcentratedK．ae7・■OgeneSOnagyratOryShakerfbr15hat220cin   

darkness．At the end ofthe culture period，the bacteriawere removed by repeated   

centrifugationincoldBSS，andthecellswereresuspendedinBSSandkeptat40cuntil   

use・Toinitiatethesexualdevelopment，equalnumbersofFC－CellsofKAX3andV12，   

ortheirtransfbrmants，Weremixedandplacedinaglassbottomdish（IWAKI，Japan）at  

adensltyOf2×105cells／cm2，andthenincubatedat220c・Whenapproprlate，aglass  

coversliporaplasticPetridish（BIO－BⅨ，Japan）wasusedinplaceofaglassbottom   

dish，Without affbctlng the developmentaltime－COurSe・Anassay fbr ce王lfusionin  
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SuSPenSionwasconductedasnrstdescribedbySagaetal（1983）．  

eヱJα乃ど沼Cα血刀げce〃乃70砧少  

Cellmotility was determined uslng a time－1apse recording of digitalDIC  

（Diffbrentialinterfbrencecontrast）ima革eSWithanLSM510invertedmicroscope（Zeiss，  

Germany）equippedwitha40×1．OPlan－Apochromato切ective．Cellcentroidswere   

markedandthemeancentroiddisplacementperunittimewasobtaineduslngthepublic   

domain so氏ware ScionImage Beta 4．02（http：／／www．scioncorp．com）．For each   

experiment，aPPrOXimately50cellsinrandomlyselectedneldsweremonitored，andthe   

datawerecollectedevery30secondsfbralOminuteperiod．  

肋cJ紺ア・血加血甥  

Cells on a glass coverslip were 且Ⅹed by the two－SteP PrOCedure uslng   

fbrmaldehyde andmethanol（Fukuiet al．，1987），andwashedinphosphatebu蝕red   

saline（140mMNaCl，2mMKCl，14mMNa2HPO4っ1．4mMKH2PO4，PH7・4）O？BS）   

containing O．05％Tween20．Theyweretreatedwithlmg／mlofRNaseA（Sigma，   

U．S．A．）inPBSfbrlhatroomtemperature，fbllowedbyincubationwithlOLLg／mlof   

propidiumiodide（PI）overnightat4℃・Fluorescenceimageswereobtainedusingan   

LSM510inverted microscope（Zeiss，Germany）equipped with a 63 ×1・4   

Plan－Apochromatobjective．  

βefe川面α如〃げcβ〟∫加  

MicroscopICCellimagesofrandomlychosen丘eldswereanalyzedtoobtainthe   

cellareauslngCarlZeissLSM510Physiology／TimeSeriessoftwareversion2・8・At  
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1eastlOOcellsweremeasuredfbreachsample．  

ダわ1すノqノた珊eりノ   

ApproximatelylxlO7cellswereharvested丘・Omtheculture，WaShedinBSSand   

Pelleted by centrifugation．Their nucleiwere prepared uslng a nuCleiextraction kit   

NモーPER（P正RCE，U．S．A．），reSuSPendedin400トLlofPBS containing200トLg／mlof   

RNaseAand50トLg／mlofPI，andthenanalyzedbyaFACScalibur（BectonDickinson，   

U．S．A．）using an excitation wavelength of488 nm．To ensure single－nuCleus   

measurement，thegatewassetuslngtheFL2－AandFL2－Wparametersofthedoublet   

discriminationmodule．Atleast20，000nucleiwerecountedfbreachsample．  

Ge〃e7Ⅵ如〃げG押－γ一山みヱ′肋e甲J℃∬加gce地  

The construCttO eXpreSS GFP－†－tubulin（Asano et al．，2004）was agenerous gift   

丘om Dr．A．Nagasakiat the NationalInstitute ofAdvancedIndustrialScience and   

Technology，Japan．This constructwasintroducedinto KAX3ce11s by the standard   

PrOtOCOlofelectroporation（Howardetal．，1988）withslightmodincations．Cells（2×  

107）atgrowthphaseweremixedwiththeDNAinO．4mlofanelectroporationbufftr   

and pulsed with an electric pulser（Biotechnologies＆ExperimentalResearch，Inc．，   

U．S．A．）．TransfbrmationofV12cellswascarriedoutasfbllows．Growthphasece11son   

SMagarplateswereharveSted，WaShedthreetimesinBSStoremovebacteria，andlx  

lO7 cellswereinoculatedintoaplasticPetridish（ヰ＝9cm）containinglOmlofHL5   

mediumandincubatedfbr24hat22℃．Then，thece11swereharvestedandtheDNA   

WaSintroducedinthesamewayasfbrKAX3．A氏ertherecovery，thetransfbrmedV12   

Cellsweremixedwiththesuspensionofpre－grOWnKaeT■OgeneSinBSSandspreadon  
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aBSSagarplatecontainlnglOOトLg／mlofG418．Plaquesoftransfbrmantcloneswere   

Visiblea氏er5to7daysofculture．  

血椚ヱ′77q勒07℃∫Ce〃Cgわ7曙血g  

Todetectα－tubulininKAX3andV12，Ce11swere重xedasfbrnuclearstainlngand   

thenincubated withlOトLg／mlofFITC－COnJugated monoclonalanti－α－tubulinIgG   

（DMIA）（Sigma，U．S．A．）．FortransfbrmantsexpressingGFP－†－tubulin，the鎖Ⅹedcells   

Wereincubated withlOトLg／mlofmonoclonalanti－CL－tubulinIgG（Sigma，U．S．A．）   

fb1loyJedbyincubationwith50トLg／mlofTRITC－COnjugatedanti－mOuSeIgG（Sigma，   

uS．A．）．Allthe above antibodies were dilutedwith O．1％BSAin PBS，and the   

incubationwascarriedoutovemightat4℃．Theconfbcalnuorescenceimageswere   

ObtainedusinganLSM510invertedmicroscope（Zeiss，Germany）equippedwithlOOx   

l．45αPlan－Fluarobjective．  

尺凡4ク7・甲α7′・α如乃α乃かeαん〟777e月ⅣCR  

TotalcellularRNAwaspreparedusinganRNeasyMiniKit（QIAGEN，Germany），   

fbllowed by the treatment with anRNase－Free DNase Set（QIAGEN，Germany）to   

remove contaminatlng genOmic DNA．The且rst strand cDNA was synthesized by   

SuperscriptIIm（Invitrogen，U．S．A・）・ThetemplateconcentrationfbrPCRwasadjusted   

byamplincationusingtwoprimersetsfbrIG7（Hopperetal・，1993）andFC－AL23   

（Muramoto et al．，2003）．Real－time RTLPCRwas perfbrmed using an ABI7900HT   

SequenceDetectionSystem（AppliedBiosystems，U．S・A・）inalOけ1reactionvolume   

COntaining SYBR GreenPCRMasterMix（AppliedBiosystems，U．S．A・）・To ensure   

reproducibility，eXPreSSionratiosweredetermineduslngCDNAtemplatessynthesized  
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丘01ntWOindependentlylSOlatedRNAsamples  
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RE引ⅢJS  

Ce〃カーJ血刀α乃dαわ斤加∫メ∫加血eα7■少∫坤∫げ∫eズヱ′αJ鹿1′eJ甲椚e〃′  

The characteristicsteps ofsexualdevelopmentinthernatedincubation ofKAX3   

and V12are shownin Fig．2．When FC－Cells ofKAX3and V12were mixed and   

incubated on aglass bottorndish，they moved around andfusedimmediately upon   

COntaCt．Thus，1arge cellswithmultiple nucleiwere丘■equently observed a負erlhof   

incubation．Fromaround12h，thece11aggregationbecameremarkable，andlargecells   

COntainingmanyendocytesinthemwerevisibleinthecenterofaggregatesa氏er16hof   

incubation．The precysts werefbrmed at around24h．During theinitialperiods of   

SeXualdevelopment，Pairsofadjacentcellsconnectedbylongcytoplasmicbridgeswere   

noted（arrowheadinFig．2b）．Analysisbytime－1apsephotographyrevealedthatthey   

WereOnCefusedcellsnowintheprocessofcytokinesis（Fig．3）．Thefusedce11sdidnot   

behaveasanestablishedzygotebutlocallycontinuedtheirindependentmovementsin   

difftrentdirections．SometimestheseparatlngPOrtionswerepulledback，butmostlythe   

CytOPlasmicbridgesweretorn．Theresultantsplitcellswerecapableofre－fusion，and   

againundenventcytokinesis．Theseradicalbehaviorsofgametesceasedbefbre8hof   

incubation．AsshowninFig．4，thecellmotilitydecreasedduringthisperiod・Whenthe   

FC－CellsofKAX30rV12alonewereincubatedundersubmergedconditions，adecrease   

incellmotilitywasnotobserved．  

肋cねα7・・．ル∫わ乃血rメ喝伽∫eズ〟αJ滋1ノe／甲〃7e〃f  

Sincepronuclearfusionisanimportantstepfbllowlnggametefusion，Iinvestlgated  
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thenuclearbehaviorbyPIstaining（Fig．5A）．Starting缶・Omthepopulationofmostly   

mono－nuCleatedce11s，glantCellscontainlng30rmOrenuCleioccupiedaconsiderable   

倉actiona氏erlhofincubation．Astheincubationproceeded，however，thenumberof   

nucleiinthecellgraduallydecreased，andreturnedtotheorlglna11evelat8h，about   

lO％ofthecellsbeingdinucleatesandtherest，mOnOMnuCleates（Fig．5B）．Thecounting   

Ofthe nucleiinlater stages was difncult duetothe extensive cellaggregation，The   

Observeddecreaseinthenumberofnucleiinthecellwasmostprobablycausedbythe   

CytOkinesis described above，and not by nuclear digestion，because the cellsize   

distributionin the population decreasedwithincubation time（Fig．5C）．However，   

nuclearfusionalsoseemedtooccurasjudged舟omtheexistenceoflargernucleiat8h   

（arrowheads）．Itwasnotedthatasignincantfractionofthecellswereverysmallinsize  

（cellarea＜50トLm2）at8h．Todetectnuclearfusion，Iisolatednuclei＆omthecellsafter   

VariousincubationperiodsanddeterminedtheirDNAcontentsby幻owcytometry．As   

ShowninFig．6，anincreaseinthenumberofdiploidnucleiwasdetected丘om8h．Thus，   

COntinuouscytokinesisfbllowingtheinitialextensivecellfusionresultedinthegradual   

decreaseofnuclearnumbersinace11untilaround8h，Whennuclearfusion startedto   

OCCur．  

A須c′℃ね血／ゐOJ苫α〃たf乃gCe〃fe7′∫血′r加gf如∫e芳7ノα／虎1ノe／甲7アブ抑／  

Inconsiderationthatmicrotubulesandmicrotubuleorganizingcenters（MTOCs）are   

generally closelyassociatedwiththenuclearbehaviorduringcelldivisionaswellas   

fbrtilization，Imonitoredthe microtubuledistribution duringthe sexualdevelopment   

（Fig．7）．Thecounter－Stainingofα－tubulinandthenucleusrevealedthatthemicrotubule   

networkswereevenlydistributedinthecytoplasmofmultinuclearcellsatlhofsexual  
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development，WithanMTOC－1ikestruCturelocalizedclosetoeachnucleus（Fig．7A）．   

The cytoplasmic bridges described earlier contained thick bundles ofmicrotubules．   

When the cells expresslng GFP－†項加1in were used，locaiization of the green   

nuorescence coincided with the center ofthe microtubule aster，indicatlng thatthe   

MTOC－1ikestruCtureSdescribedabovewereactual1yMTOCs（Fig．7B）．Thenumberof   

MTOCsinthecellcorrespondedtothenumberofnuclei（Fig．7C）．Astheincubation   

PrOCeeded，MTOCs becamelocalized predominantiy at the position between two   

adjacentnuclei．Themicrotubulenetwork，Orlglna11yabundantandevenlydistributedin   

thecytoplasm，became払int and athickaccumulationattheperipheralregions was   

notedatthelaterstagesofsexualdevelopment．Inthemacrocysts，0nlyoneMTOCwas   

detectedinthecenter（Fig．7D），Whichwas connrmedby serialsections ofconfbcal   

microscopy，The peripheralreglOnS Ofmacrocysts were composed ofthe別aments   

StrOnglystainedbyanti－α一tubulinantibody．  

カブ甲アブCα如〃げCe／J椚0－ノe777e〃才わ∫βズヱ′α／虎1ノビア呼7ブ7e′77  

Toknowwhethertheradicalcellbehaviordescribedaboveisaregulatedprocessor   

merely a paral1elevent，Inrst examined the effbcts ofagents affbcting cytoskeletal   

COmPOnentS．AsshowninTablel，1atranculinA，aninhibitorofactinpolymerization，   

COmPletely suppressedthemacrocystfbrmationatconcentrations oflトMorhigher   

Whenaddedatorbefbre12hofdevelopment．Whenaddedlater，however，negligible   

SuPPreSSion was noted・Thus，aCtive cellmovement by the actin cytoskeletonis   

necessaryfbrcellfusion，CytOkinesis，andchemotaxistothegiantcells．Otheragents   

inhibiting actin polymerization were also tried but they had no e銑cts either on   

macrocyst formation or on cell motility. This was probably due to their poor 
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PermeabilitylntOthecellsjudgingfromthefactthatthetreatedcellsdidnotroundup．   

Thiabendazole，aninhibitoroftubulinpolymerization，likewisesuppressedmacrocyst   

fbrmationa‡50卜しMwhenaddedatorbefbre4hofdeve！opment．Theresultssuggest   

that microtubules play animportant role（s）during the period of cellfusion and   

CytOkinesis，butnotinthelaterpTOCeSSeS・Sincethecellfusionassayedinsuspension   

WaSnOtaffbctedbytheseagents（Table．1，rightmostcolumn），membranefusionitself   

SeemStObeindependentofactinandmicrotubules．  

Next，Ideterminedtheexpressionpatternsofgenesrelatedtocellmovementand   

CytOkinesisbyquantitativePCR（Table2andFig．8）．Amongthe15genesexamined，2   

脚andpTqfilinl）showed high（＞10fbld）and3（cortexillinI，gCPA，and rasS）   

Showed moderate（2－10fbld）increases．Anotherthree（dbQfI，IimB，taL4）showed   

SuPPreSSion．TheexpressionofABP－120，gqf8andrasSreachedamaximumataround   

16h，Whenthecellaggregationwasnearcompletionandphagocytosisstarted．  
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DISCtJSSION   

Although gametefusionis the criticalstep of sexualreproduction⊃ ZygOte   

developmentisnotitsimmediateconsequencebutrequlreSSequentialcellularprocesses・   

For example，1n mOSt mammals，the secondary division ofmeiosis completes a氏er   

egg－SPerm fusion and polar bodies are excluded prlOr tO ZygOte fbrmation．   

Chkrnリノdbmonasdegeneratesitsflagellabefbredevelopment（PanandSnell，2000），and   

Paramech・［mduplicatesmicronucleitoexchangethroughanarrowcytoplasmicbridge   

（Hiwatashiand Mikami，1989）．Those requirements fbr post－fusion processes   

apparentlydependontheextenttowhichthegametesarepreparedintheorganism．In   

thepresentstudy，Ifbundthatsexuallycompetentgamete－PhasecellsofDicり′OStelium，   

WhichwerecapableofinstantaneousfusiontofbrmmulticellularglantCells，rePeattheir   

SequenCeOffusionandcytokinesisfbrseveralhoursasifthefusionproductswerenot   

determinedfbrthenewindividualsofthenextgeneration．Furtherobservationrevealed   

thatwhenthischaossettled，atarOund8hofdevelopment，Ce11swereeithermono－Or   

bi－nuCleated，andthatnuclearfusionbegantotakeplacetherea允er．Thus，gametefusion   

alonedoesnottrlggerZygOtedevelopmentinD．discoidbum．  

TheabilityofFC－Cellsfbrimmediateandextensivecellfusionallowedmetodetect   

thecytokinesisoffusedce11sinthepresentstudy．AlthoughIexperimenta11yinduced   

thesexualmaturationofcellsandthenmixedthem，thiscanalsohappeninthe蔦eld．A   

sexuallymaturegrowlngPOPulationofonematingtypemayencounterthepopulation   

OfanothermatlngtyPe・Atthose丘・Ontends，aSimilarsituationinmy experimental   

SyStemisexpected，reSultinglnthefusionofmorethantwoparents・Therefbre，the  
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CytOkinesisofgiantcellsseemstobeanecessarysteptoa嘩ustthenumberofnucleito   

befusedinacell．ThestepsofsexualdevelopmentinD．discoidbumareschematica11y   

ShowninFig．9．  

IthasbeenpreviouslyreportedthatD・discoidbL／misdiffbrent丘omD．mucoroidbs   

inzygotefbrmation．Okadaetal．（1986）foundthatmultinucleatedzygoteswerefbrmed   

inD・discoidbum and that allofthenucleiinthosezygotesbutfbrthe diploid one   

disappearedat anearlystageofmacrocystfbrmation．Ontheotherhand，Cellfusion   

takesplaceonlybetweenthetwocellsinD．mLICO7りidbs，andnuclearfusionfb1lows   

（Amagai，1989）．ThepresentstudydemonstratedthatnuclearfusioninD．discoidbum   

OCCurredin the dinucleate cells，SuggeStlng the similarlty Ofthe process ofzygote   

fbrmationbetweenthetwospecies．Currently，Idonothavetheexactanswerfbrthe   

discrepancybetweenourresultsandthosebyOkadaetal．fbrzygotefbrmationinD．   

dscoidbL／m，butonepossibleexplanationistheirincubationofgiantcellsinsuspension   

tomeasurethenuclearDNAcontent．AnalysISOfthenucleusinthelaterstages，Which   

WaSnOtPOSSibleinthepresentstudy，mightdetectthecellscontainlngdiploidnucleias   

Wellashaploidones．Inthisconnection，thepossibilityofzygotefusioninlaterstages   

OfmacrocystfbrmationisaninterestlngqueStiontobeexaminedっbecauseitactually   

happensinPjv）SarumPOb）Cq，hah［m（Baileyetal．1987）・  

Thece11swithaverylowcytoplasmiccontentwerepresenta鮎rthecytokinesisof   

thegiantcellsceasedat8hofincubation（Figs．5Aand5C）．Thosece11shadprobably   

SuCCeededinbuddingout丘・Omthelargemultinuclearcellsbuthavefailedtocarrythe   

Originalamountofcytoplasmwiththem．Intheliterature，0’Day’sgroupdescribedsuch   

SmallcellsinamatedcultureofNC4（aparentalstrainofKAX3）andV12，andclaimed   

thatthosecells correspondedtothegametes丘‘OmthetimlngOftheirappearanceand  
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ZygOtedetection．Sincecellfusionoccursbetweenthecellsofnormalsize（Sagaetal．，   

1983），Idonotthinkitappropriatetocallthosesmallcellsasgametes．Thereasonthey   

didnotdetectthecytokinesisofgiantcellsisprobablythattherateofcell鮎sionwas   

lowintheirexperimentalsystem．  

Aboutthemechanismofcytokinesisofmultinucleatedcells，areCentrePOrtOnthe   

noveltypeofcytokinesisisworthtomention．Hibietal．（2004）describedthatwhen   

large，multinucleate，myOSinII－nu11ce11sofDicOノOSte］iLImWere allowedto adhereto   

Substrates，theyquicklyfbrmedmultipleleadingedgesandtorethemselvesintosmaller   

ffagments．ThisprocesswasnamedCytokinesisCっandTalinAwasshowntobecr－uCial   

fbrit．CytokinesisCissimilartothecytokinesisfbllowingcellfusiondescribedinthe   

PreSentStudyinthatitisindependentofce11cycleandthatitrequlreSCelladhesionto   

Substrateandactivecellmovements．Toanalyzethemechanismofcytokinesisduring   

SeXualdevelopment，uSeOfamyosinII－nu11andtalinA－nullmutantseemsinterestlng・  

Inthemultinucleatecellsingeneral，theastralmicrotubules丘omadjacentMTOCs   

OVerlapped andgenerated antトPara11elmicrotubulearrays．Theactionofmicrotubule   

motorshasbeensuggestedtobringMTOCandnucleustogetherasduringkaryogamy   

inS ce7，eVisiaeorapartasinDTt）SqPhikrsyncytialembryos．DuringthematlnginS．   

Ce7eVi．mie，thekinesinmotorKar3pisrequiredtobringthetwonucleitogetherprlOrtO   

nuclearfusion（Rose，1996）．Kar3p hasbeen suggestedto cross－bridge anti－Parallel   

microtubulesemanatlng舟omthetwo spindlepolebodiesandtomovetowardstheir   

minus－ends・InDrosqphikr syncytialembryos，thecentrosomes andtheir associated   

nucleihavebeenshowntomlgrate舟omthecenteroftheembryotothecortexatthe   

end ofdivisionprobably bythe actiondfaplus－end directed motoractlng Onthe   

anti－Parallelarrays（Foe and Alberts，1983）．In the present study，MTOCs evenly  
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distributedinthe cytoplasmin multinuclearfused cells atlhourbecamelocalized   

Predominantly at the position between two adjacent nuclei，SuggeStlng that zygote   

fbrmationinD．discoidkumwasdependentonMTOC－mediatednuclearpositioning．  

Thiabendazole had no e蝕cts on macrocyst fbrmation when added a氏er4h of   

development，SuggeStlngthatnuclearfusionnormallyoccurred．Thismaybesuggestlng   

thatnuclearfusionitselfisnotrequiredfbrmicrotubuleandkinesinbutotherproteins．   

Consistentwiththisidea，1nyeaSt，Kar5pisclusternearMTOCandrequiredfbrnuclear   

fusion（Beh et al．，1997）．InD・discoidbL”11SimilarproteinsinMTOC may also be   

invoIvedinnuclearfusion．UnlikematlngOfyeast，howeverinDicり）OSteliL［mthereare   

somenuclei丘・OmOPPOSitematlngtyPegameteinmultinucleatedcell・Istherenuclear   

Selectionoftwoparents？Moreover，Whichproteinsprovidemembranerecognitionand   

whichcatalyzethemembranes？Thereissues areverylntereStlngbut currentlyIam   

unabletoaddressthesepolntS．  

Sincethecellmotilitydidnotslgnincantlydecreaseduringtheincubationofthe   

KAX3ce11sorV12ce11saloneundersubmergedconditions，thecessationofmovement   

isevidentlyaresultofcellfusionandnotofcelldamage・Someofthegenesrelatedto   

cytoskeletalactivities showed aninterestlngincrease or decrease during sexual   

development．Forexample，theincreaseofrasSandgqfBmaybeimportantfbrthe   

cessationofce11movementandtheinitiationofphagocytosis，becausethesegeneshave   

beenreportedtobeinvoIvedinthepartialsuppressionofce11movementandenhanced   

phagocytosis（Chubb et al．，2000；Wilkins et all，2000）・To describe the zygote   

developmentintermsofgeneexpression，mOreCarefu1examinationisnecessary・For   

example，ZygOteandperipheralcellsshouldbeseparatedwhenpreparlngtheirRNAs，   

and non－mated cultures should be used as controIs．It should also be takeninto  
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considerationthat adif托rentialusageorregulationofgenes exists fbrasexualand   

sexualdevelopmentalprocesses．Infact，Muramotoetal．（2005）（recentlyidentineda   

newregulatorofthecAMpsignalingpathwayspeci貞ctosexualdevelopment・Among   

theestimated12，000genesinDicO｝OStelium（Glockneretal．，2002），SOmefractionsare   

aimedatmacrocystfbrmationinthisorganism．  

Finally，When FC－Cells of KAX3 and V12 were mixed at high denslty  

（approximatelylxlO6ce11s／cm2），maCrOCySt fbrmation was deftctive since  

multinucleatedce11sappeardifnculttodividebyprotruSiveactivitiesalongperiphery   

（datanotshown）．Thissuggestedthatcytokinesisfbllowingcellfusionisanimportant   

stepfbrsexualdevelopmentinD・discoi滋um・Thus，1tispossiblethattheimportant   

factorsfbrzygotefbrmationarefbundbyanalyzinggenesrelatedtocytokinesisandce11   

movement．Forthispurpose，COmbinationofindividualandmassanalyses（e・g・，DNA   

array，tWO－dimensonalelectrophoresis）ispowerfu1tool・Thiswil11eadtoafundamental   

understandingofthemechanismsinvoIvedinzygotefbrmation・  
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Figure4．Changeincellmotilityduringsexualdevelopment．   

ThemotilitylSeXPreSSedasthemovementofthecellcenteroverthecourseoflO   

min．Mated（KAX3andV12）andnon－mated（KAX3）incubationareshownbyblack   

andwhiteboxes，reSPeCtively．AtleastlOOcellsweremeasured．ThebarrepresentsSD．  

36   



Figure5・NuclearchangesintheglantCells・   

（A）Fluorescenceimages ofthecells stained withPIareshown．Thearrowhead   

indicatesalargenucleus．（B）Percentagesofcellscontainingnuclearnumbersindicated   

On the ordinate are shown，（C）Percentages ofce11swiththe areasindicated onthe   

Ordinateareshown．（D）Imageof8h（A）isshownatahighermagn漬cation．  
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Figure7・MicrotubuleandMTOCdistributionduringsexualdevelopment・   

FC－CellsofeitherKAX3andV12（A）orGFP－†－tubulinexpressingKAX3andV12   

（B，C，I））wereincubated．They were丘xed atindicated periods ofincubation and   

stainedfbrthevisualizationofnucleiandmicrotubules．A：NucleiwerestainedwithPI   

（red），and microtubules withFITC－CO再ugated anti－α－tubulin monoclonalantibodies   

（green）．B：Microtubuleswerestainedredbydoubleimmuno一点uorescence・Onlythe   

mergedimagesareshown・Y岳1lowdotspolntedbyarrowsindicateMTOC・C：Nuclei   

werestainedwithPI（red）to showcloseassociationofMTOC（greendots）．Onlythe   

mergedimagesareshown・D：ThesameasinBbut且Ⅹedat48h・Microtubulesinred   

（1eR），MTOCsin green（middle）and mergedimages（right）are shown・The arrow   

indicatesthepositionofMTOC．Thebarrepresents20トLm・  
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