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AbstractUsingtlme-lapsevideomicroscopyand
immunofluorescence,wefoundthatthevectorof

saltatorymotionofsubcellularparcelsinthe
vegetalpoleregionOfmedakazygotesisparallel
to(1)microtubulesinthisregionofthezygoteand
(2)thefuturedorsoventralaxisoftheembryo.

Introduction

Atransienta汀ayOfparallelmicrotubulesatthe
vegetalpoleofamphibianzygotesplaysin
importantroleinestablishingthedorsoventralaxis
(Gerhartetal.,1989;HoulistonandElinson,

1992).TYleSemicrotubulesapparentlyserveas
trackswithwhichkinesin(Orkinesin-like)motors
interacttocausethecortextorotaterelativetothe

innermassofthezygote(Vincentetal.,1987;
ElinsonandRowning,1988;Houlistonand
Elinson,1991a;HoulistonandElinson,1992;

Houliston,1994).Thedirectionofthis"cortical

rotation"isnomallydeteminedbythespem
entrysite(ManesandBarbieri,1977),whichhas
beenproposedtobiastherotationinitially
(ElinsonandRowning,1988;Gerharteta1.,1989;
HoulistonandElinson,1991b).Therotationfoms

agraycrescentatasiteintheanimalhemisphere
and1800longitudefromthesperm entrysite;the
graycrescentmarksthedorsalsurfaceofthe
embryo.
Acorticalrotationhasnotbeenobservedin

teleosts,butatransienta汀ayOfparallelmicro-
tubulesdoesform atthevegetalpoleofmedaka

zygotes(Abrahametal.,1995).Inordertodeter-
minewhethertheorientationofthesemicrotubules

co汀eSpOndstothedorsoventralaxisinmedaka
embryos,Wemonitoredthesaltatorymotionof
subcellularparcelsinthethin,peripherallayerof
ooplasm inthevegetalpolereglOnOfmedaka
zygotes.Themotionofsuchparcelsisabsentfrom
medakazygotestreatedwithmicrotubulepoISOnS
suchasdemecolcine(Abrahametal.,1993;Webb

etal.,1995),andthemotioncanberegeneratedin

Co汀eSpOndenceshouldbeaddressedtoR.A.Ruck.

demecolcine-treatedzygotesbyi汀adiatingthem
withUVlight(360nm),whichphotolyzesdeme-
colcineandthusenablestubulintopolymerize
intomicrotubules(AronsonandInoui,1970;

Webbetal.,1995).Theseresultssuggestthatthe
movementoftheparcelsismediatedbymicro-
tubules.Inthepresentstudy,wefoundthat(1)the

vectorofsaltatorymotionofsubcellularparcelsat
thevegetalpoleofmedakazygotesisparallelto
theaxisofthemicrotubulesinthevegetala汀ay
and(2)thevectorofsaltatorymotionalong
microtubulesatthevegetalpolepolntSdirectly
fromthefutureventralsurfacetothefuturedorsal

surfaceoftheembryo.

MaterialsandMethods

Methodsfordissectinggonadsfrombreeding
medaka,preparlnggameteS,andfertilizingeggsin
vitrohavebeendescribedpreviously(Abrahamet

al.,1993).Gonads,gametes,andzygoteswere
preparedinabalancedsalinesolution(BSS:111
mMNaCl;5.37mMKCl;1.OmMCaC12;0.6mM
MgSO4;5mMHEPES,pH7.3).Formicroscopic
observation,thezygotesweretransferredtoa
microscopeslideonwhichacoverglasswassup-
portedbyfourpillarsofpetroleumjelly(Abraham
etal.,1993).Thezygoteswereorientedwiththeir
vegetalpoleuppemost,placedonthestageofa
phase-contrastmicroscope,andilluminatedwith
light(filteredthroughKG5andWratten58filters)

from aquartz-halogenlamp.Theimageswere
recordedviaaNewviconvideocameraandatime-

1apsevideocassetterecorder.Thesaltatorymotion
ofsubcellularparcelsinthethin,peripherallayer
ofooplasmwasanalyzedduringplaybackofthe
tapeatatime-framespeed-upof72-fold
(Abraham etal.,1993).Inordertodetermine

whetherthevectorofsaltatorymotionco汀elated
withtheorientationofmicrotubulesatthevegetal
pole,werecordedsaltatorymotioninzygotesuntil
T｡=0･50(T｡,nomalizedtime,inwhichthe
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Fig.I.Cytoplasmicoildropletsnearthevegetalpoleoflivlngandfixedzygotes.Thepattemofcytoplasmicoildropletsinanimage
madejustbeforefixingthezygote(A)wascomparedwiththatofafixedzygote(B)inordertoorientthezygoteonthestageofthe
microscopebeforeviewlngthemicrotubulesinthevegetalamy･Forexample,thesamethreeoildropletsinthetwoimagesofa
zygote(zygote#2inFig.3)aremarkedbyarrowheads.Scalebar,250pm.

elapsedtimebetweenfertilizationandthebegin-

ningofcytokinesisisI.0unit)andthenfixedthe

zygotesandpreparedthemforimmunolocalization

ofalpha-tubulin(Gard,1991;Abraham etal.,
1995).Justbeforefixingeachzygote,Wemadea
videoprlntOfitsvegetalpolereglOn,Which

containsnumerousoildroplets.Thisimagesubse-

quentlyenabledustoorientthefixedzygoteon

thestageofthemicroscopeJustbeforeviewlng

microtubules(Fig･lA,B)･Photographsandvideo

prlntSOfatleastsixmicroscopicfieldsofmicro-
tubulesweremade,andtheorientationofmicro-

tubulesineachwasmeasured(Fig.2).

Fig.2.VectororsaltatorymotionandtheparallelanyOf
microtubules.Thevector(a汀OW)ofsaltatorymotionhasbeen
superimposeduponanimageoftheparallelmicrotubulesinthe
vegetalarrayofazygote(zygote#2inFig･3)･Scalebar,10
〝m･

Inordertodeteminewhetherthevectorof

saltatorymotionco汀elatedwiththedorsoventral

axisoftheembryo,werecordedsaltatorymotion

untilTn= 10,thenreplacedtheBSSonthe

microscopeslidewith3% InstantOcean(Aquar-

ium Systems,Mentor,Ohio),andgrew the

embryosovernightat20〇･Thenextday,we

observedtheembryoswithastereomicroscope

andmarkedthedorsalmidline(themidlineofthe

embryonicshield).

Werecordedsaltatorymotionatthevegetal

poleof30zygotes,Comparedthevectorof

saltatorymotionwiththeorientationofparallel

microtubulesinthevegetalpolereglOnOf15

zygotes,andcomparedthevectorofsaltatory

motionwiththepositionofthedorsalmidlinein

eightzygotes.

Results

Thesaltatorymotionofparcelsatthevegetal

poleofzygoteshadnoapparentpreferredorienta-

tionuntilT｡=0･32±0･04(Ⅹ±S･D･,N =21
zygotes),whentheHtracksMoftheparcelsbecame

paralleltoeachother･Wefわundacloseagreement
betweentheaxisofthismotionandtheorientation

ofmicrotubulesinthevegetalpoleregion(Fig.2

and3),Withanaveragedifferenceofonly15.40
betweenthetwo(Z=15.2,p<0.000001).Ifthere
werenorelationshipbetweenthetwoparameters,

theerrorwouldberandomly(unifbmly)dis-
tributedbetweenOoand900withameanof45

degrees.
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Fig.3.Coincidenceoftheyectorofsaltatorymotionandthe
orientationofparallelmicrotubulesinthevegetalarray.The
vectorofsaltatorymotionineachzygote(+)wasnormalizedto
Oo,andthedifference(0)betweenthisvectorandtheorien-
tationofmicrotubulesinthevegetala汀ayWasplotted.Notethe
generallysmalldifferencesbetweenthetwoanglesand,also,
thegenerallysmallerrorbars,whichshowonestandard
deviationoneachsideofthemean.Thesmallerrorbarsreflect
theobseⅣationsthattheparcelsmovedparalleltoeachother
andthatthemicrotubuleswereorientedparalleltoeachother.

Thevectorofsaltatorymotionalsopolntedto

thedorsoventralaxisoftheembryo(Fig.4and5).

Thisresultishighlysignificant(p=0.00000518)
agalnStthenullhypothesisthatthee汀OrSWere

randomlydistributedbetween-180oand+1800.

Discussion

Severallinesofevidencesuggestthatthe

saltatorymotionweobservedinthepresentstudy

Fig.4.VectorofsaltatorymotionpolntStOthedorsalmidline.
Thevector(a汀OW)ofsaltatorymotioninthezygote(zygote#3
inFig.5)hasbeensuperimposeduponanimageoftheembryo
aftertheembryonicshieldhadformed.Thedorsalmidlineis
markedbyanarrowhead.Scalebar,250FLm.

involvesmicrotubules.First,themotionisabsent

from medakazygotestreatedwithmicrotubule

poisonssuchasdemecolcine(Abraham etal.,
1993;Webbetal.,1995).Second,themotioncan
beregeneratedindemecolcine-treatedzygotesby

i汀adiatingthem withUVlight(360nm),which

photolyzesdemecolcineandthusenablestubulin

topolymerizeintomicrotubules(Aronsonand
Inou6,1970;Webbetal.,1995).Third,Wehave
showninthepresentstudythattheaxisofsaltatO-

rymotioninthevegetalpolereglOnOfthezygote

coincideswiththeaxisoftheparallelmicrotubules

thereandthatthemotionoftheparcelsinthis

regionbecomesparallelataboutthesametime(T｡

=0.32±0.04)thattheparallela汀ayOfmicro-
tubulesforms(Tn30.25-0.30,Abrahametall,
1995).

Wealsofわundinthepresentstudythatboththe

orientationofmicrotubulesatthevegetalpoleof

thezygoteandtheaxisofsaltatorymotioncoト

relatedwiththedorsoventralaxisoftheembryo.

Thisco汀elationsuggeststhatthemechanismthat

establishesthedorsoventralaxisinteleostsmaybe

similartotheoneinamphibians.Althoughefforts
todescribeacorticalrotationinteleostslikethe

oneinamphibianshavebeenunsuccessful(Ho,
1992),primitivefishdoform acrescentatthe

marglnOnOneSideoftheanimalreglOn,glVlng

thezygoteabilaterallysymmetricalstructure

(Clavert,1962;GinsburgandDettlaff,1991;
Bolker,1993).However,evenifteleostsdonot

undergoacorticalrotation,developmentallyslg-
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Fig,5.Coincidenceofthevectorofsaltatorymotionandthe
dorsalmidline.Thedifferencebetweenthevectorofsaltatory
motionandtheangularpositionofthedorsalmidlineforeach
ofeightzygotesisshown.Notethesmalle汀Orbarsfわrthe
vectorofsaltatorymotion,whichrepresentonestandard
deviationoneachsideofthemean,andthegenerallysmall
differencesbetweenthetwovectors.
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nificantinfomationcouldmovealongtheparallel
microtubulesatthevegetalpole,whicharealso
presentatthevegetalpoleofzebrafishzygotes
(StrahleandJesuthasan,1993).Whetherthe

parcelsweobservedinthepresentstudycontain
suchinformation(Aingeretal.,1993)andwhether
moleculardistinctionscanbemadebetweenthe
futuredorsalvs.thefutureventralsurfaceofthe

embryoremaintobedetemined(Elinsonetal･,
1993;WilhelmandVale,1993;Johnston,1995).

Therelationshipbetweentheorientationofthe
a汀ayOfparallelmicrotubulesandthedorsoventral
axismayonlybeco汀elationalandnotcause-and-
effect,butitshouldbepossibletodistinguish
betweenthesetwoalternativesexperimentally.

Possibleapproachesincludeselectivelydisruptlng

thevegetala汀ayOfmicrotubuleswithshort-wave
(254nm)UV i汀adiation(ScharfandGerhart,

1983)orusingtheColcemid-UVmethodselec-
tivelytoregeneratemicrotubulesattheanimal
poleofthemedakazygotewhilepreventlngtheir
regenerationatthevegetalpole(Aronsonand
Inou6,1970;Webbetal.,1995).

Theorientationoftheparallelmicrotubulesat
thevegetalpoleinamphibianzygotesisnomally
deteminedbythespermentrypoint(Gerhartet
α7.,1989;ElinsonandRowning,1988).However,
inteleosts,spem entersthroughamicropyleatthe

animalpole,andthusthespem entrypolntWOuld
notseemtobeafactorindeteminlngtheorienta-
tionofthea汀ay.
Inthepresentstudy,Wedeterminedthe
orientationofthemicrotubulesonlyafterfixing
thezygotes,butitshouldbepossibletomonitor
thesestructuresinlivingzygotesaftermicro-
1nJeCtlngrhodamine-labeledtubulinintothem
(Houliston,1994).Althoughthepresenceofcyto-
plasmicoildropletsinmedakazygotesmadeit
easytocomparetheorientationofsaltatorymotion

inlivingeggswiththeorientationofmicrotubules
infixedeggs,itshouldbepossibletomarkthe
zygotesofotherspecies(ElinsonandRowning,
1988),forexamplethezebrafish,thatlacksuch
endogenousmarkers･
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