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INTRODUCTION

•@•@•@•@•@Fertilization•@in•@red•@algae•@is•@achieved•@by•D•@fusion•@between•@a

non•|flagellated•@spermatium•C•@liberated•@from•@a•@male•@gametophy•D•@te•C

and•@a•@tnichogyne•C•@the•@specialized•@process•@of•@a•@carpogonium•@•iegg

cell•j•@formed•@on•@a•@female•@gametophy•D•@te•D•@The•@occurrence•@of•@amoeboid

movement•@in•@red•@algal•@spermatia•@has•@frequently•D•@been•@noted•@•iDixon

1973•j•C•@so•@it•@is•@difficult•@to•@exclude•@chemotact•Cic•@processes•@in

gamete•@recognition•@in•@red•@algae•D•@However•C•@it•@is•@probable•@that

taxonˆê•@and•@organ•|specific•@recognition•@and•@attachment•@between•@red

algal•@gametes•@are•@principally•@governed•@by•D•@the•@adhesiveness•@of•@the

cell•@surface•@structures•@of•@the•@gametes•@•iDixon•@1973•C•@Kim•@•••@Fritz

1993•j•D•@Therefore•C•@red•@algal•@gametes•@provide•@good•@material•@for

study•D•@ing•@specific•@eell•|to•|cell•@adhesion•D

•@•@•@•@•@Several•@other•@phy•D•@siological•@events•@are•@also•@indispensable

for•@fertilization•@processes•@in•@red•@algae•D•@Following•@successful

attaehment•@of•@a•@spermatium•C•@localized•@cell•@wall•@breakdown•@of•@a

trichogyne•@must•@oceur•@before•@eytoplasmic•@fusion•@of•@the•@gametes•D

The•@male•@•ior•@spermatium•j•@nucleus•@that•@invades•@from•@the•@attached

spermatial•@eell•@must•@migrate•@scores•@of•@micrometers•@inside•@the

trichogy•D•@ne•@toward•@the•@base•@of•@the•@carpogonium•@where•@it•@can•@fuse

with•@the•@carpogonial•@nucleus•D•@lt•@has•@been•@reported•@in•@previous

light•@microscopic•@studies•@•iGrubb•@1925•C•@Fritsch•@1945•C•@p•D596•C•@Drew

1951•C•@Magne•@1952•C•@Mumford•@•••@Cole•@1977•j•@as•@well•@as•@in•@TEM•@observa•|

tion•@•iPeel•@•••@Duckett•@1975•j•@that•@the•@spermatial•@nucleus•@is•@appar•|

ently•D•@arrested•@at•@certain•@mitotic•@stages•D•@lt•@has•@also•@been•@re•|

ported•@that•@spermatial•@nuclear•@divisions•@are•@ordinarily•D•@eompleted

after•@the•@attachment•@of•@uninucleate•@spermatia•@to•@triehogynes•@in

trˆê

•@•@•@—Ù‘wƒˆ
•D“å—…•All•E•D



•D—£—£•@•@•@ˆÆ•e•@•@•@•@•@•@•C—£“ï•D

Œè•ö
“i•D

•A4

‰¾•@•@•@•@tt•@•D

b

•fƒ^

some•@red•@algae•@•isee•@Fritsch•@1945•C•@p•D597•@for•@references•j•D

•@•@•@•@•@Thus•C•@fertilization•@in•@red•@algae•@includes•@many•D•@interesting

processes•@for•@eell•@biologists•@and•@detailed•@ultrastruetural•@stud•|

ies•@of•@these•@events•@are•@also•@required•@•iPueschel•@1990•C•@p•D•@31•j•D

There•@are•@a•@number•@of•@reports•@on•@the•@ultrastructure•@of•@spermato•|

genesis•@and•@keleased•@spermatia•@as•@well•@as•@on•@the•@post•Cfertiliza•|

tion•@development•@of•@the•@diploid•@carposporophyte•@•isee•@Puesche1

1990•C•@pp•D•@31•C•@32•@for•@references•j•D•@ln•@contrast•C•@studies•@on•@the

attachment•@and•@fusion•@of•@spermatia•@to•@trichogy•D•@nes•@are•@mostly•D

limited•@to•@light•@microscopic•@observations•D

•@•@•@•@•@Scanning•@e•@lectron•@microscopy•D•@•iSEM•j•@in•@AtgH1•Da•CQˆê•Ill•@th•@nion•@•iMagrud•|

er•@1984•j•@and•@pmt•@•iCole•@et•@al•D•@1985•j•@shows•@that•@spermatial

appendages•@are•@specifically•D•@bound•@to•@the•@receptive•@surface•@of

female•@gametes•D•@There•@are•@a•@few•@ultrastructural•@studies•@on•@these

events•@using•@transmission•@electron•@microscope•@•iTEM•j•C•@e•Dg•D•C•@TEM

observations•@on•@field•|collected•@’UqŽ“•@•iHawkes•@1978•j•@and•@TEM

figures•@of•@trichogynes•@before•@and•@after•@fertilization•@in•@’Uƒ¶•v•x‰³’¼•S“ñ

p1t•F•Igglˆê•oonia•@•iBroadwater•@•••@Scott•@1982•j•D•@There•@have•@been•@no•@TEM•@studies

on•@time•|course•@changes•@in•@attachment•@and•@fusion•@of•@red•@algal

gametes•D

•@•@•@•@•@The•@lack•@of•@such•@information•@may•D•@be•@due•@to•@the•@difficulties

in•@obtaining•@sufficient•@numbers•@of•@mature•@carpogonia•@in•@the•@red

algae•@except•@for•@the•@bangiacean•@and•@the•@palmariacean•@algae•D•@ln

the•@female•@gametophytes•@of•@the•@bangiacean•@algae•C•@e•Dg•D•C•@species•@of

’UŒ®and’UqŽ“•C•@alm•Est•@all•@cells•Ef•@the•@fertile•@p•Erti•En•@on

the•@thalli•@develop•@into•@carpogonia•@as•@judged•@by•D•@the•@formation•@of

z•Fgotosporangia•@•ie•Dg•D•C•@Hawkes•@1978•C•@Cole•@et•@al•D•@1985•j•D•@This

advantageous•@feature•@i•@s•@one•@o•@f•@the•@reasons•@that•@•IP•}gˆê•Izp1y•pLzah•@a•@geqzst•IgggL1
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is•@the•@only•D•@species•@in•@which•@the•@ultrastructure•@of•@the•@fertiliza•|

tion•@process•@has•@been•@investigated•@•iHawkes•@1978•j•D•@There•@remain•C

however•C•@certain•@problems•@concerning•@s•Fnchrony•D•@in•@carpogonial

maturation•D•@lt•@seems•@difficult•@to•@distinguish•@mature•@unfertilized

carpogonia•@from•@immature•@or•@vegetative•@cells•@before•@spermatium

inoculation•D•@Therefore•C•@experimental•@studies•@using•@a•@sufficient

number•@of•@simultaneously•D•@ˆêmatured•@carpogonia•@may•@be•@difficult•@in

these•@bangiacean•@algae•D

•@•@•@•@•@On•@the•@other•@hand•C•@the•@palmariacean•@algae•@exhibit•@a•@unique

life•@history•@in•@which•@haploid•@tetraspores•@develop•@into•@either

macroscopic•@male•@gametophy•D•@tes•@or•@microscopic•@female•@gametophytes

•ivan•@der•@IY•meer•@•••@Todd•@1980•C•@van•@der•@Meer•@1981•j•D•@Fertilization•@in

these•@algae•@has•@been•@observed•@between•@spermatia•@liberated•@from

the•@male•@macrothallus•C•@and•@a•@sessile•@carpogonia•@formed•@on•@the

microscopic•@female•@germlings•D•@Using•@these•@algae•C•@it•@is•@possible

to•@obtain•@a•@number•@of•@simultaneously•D•@ˆêmatured•@carpogonia•@on•@dwarf

female•@germlings•@and•C•@consequentl•F•C•@the•@palmariacean•@algae•@pro•|

vide•@a•@good•@experimental•@sy•D•@stem•@for•@studying•@fertilization•@proe•|

esses•@in•@red•@algae•D

•@•@•@•@•@Along•@the•@Japanese•@coast•C•@the•@palmariacean•@life•@history•D•@has

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@in•@Palma•Dret•@a•@pga•D1•Dg•pa•CIL•olmata•@O•D•@Kuntze•@•iDeshmukhe•@and
been•@demonstrated

Tatewaki•@1990•j

1993•j•D•@For•@the

palmariacean

red•@algae•D•@ln•@this

phological•@and

P’U1ŽM’Èthat•@will

investigation

and•@Halosaccion•@‰Þ•H

•@•@reasons•@mentioned

species•@for•@studies

•@•@•@•@•@•@thesis•C•@1•@present

•@•@cytochemical•@studies

•@•@•@•@•@provide•@fundamental•@information•@for•@further

•@on•@mechanisms•@of•@fertilization•@processes•D•@1•@deˆê

•@•@•@•@•@1•DK•D•@Lee•@•iMine•@and•@Tatewaki

above•C•@1•@have•@chosen•@these

on•@fertilization•@processes•@in

•@•@•@•@the•@results•@of•@recent•@mor•|

•@•@•@of•@fertilization•@in•@IZatJL•Igg•Clz•D1ˆê•o1maria

•A41

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@“å•@•@•@Œœ
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scribe

matia•C

metes

scopes•@and•@TEM•D

cellular•@events

tion•C•@intergenerlc

attempted•@in•@order•@to•@examine

and•@fusion•@of•@gametes•D

•@detailed•@observations•@on•@spermatogenesis•C•@liberated•@sper•|

•@trichogynes•C•@and•@the•@attachment•@and•@fusion•@of•@these•@ga•|

of•@Palmaria•@p’Uƒ†•x–n’U•@using•@light•@and•@epifluorescence•@microˆê

Several•@cytochemical

of•@fertilization•@are

•f•@•@fertilization•@with•@Halosaccion•@é±•†•H•@h

properties•@that•@concern

also•@investigated•D•@ln•@addi•|

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@as•@been

taxon•|specificity•D•@in•@the•@attachment
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@MATERIALS•@AND•@METHODS

Preparation•@of•@male•@and•@female•@gametes•C•@and•@spermatium•@inocula•|

tion

•@•@•@•@•@Mature•@s•@p•@o•@ro•@p•@h•@y•@t•@e•@s•@a•@n•@d•@m•@a•@l•@e•@g•@am•@e•@t•@o•@p•@h•@y•@t•@e•@s•@o•@f•@2gt•DIlug•I•Fˆê1•|Ql•@m•@a•@r•@i•@a•@pg•D•I11ga•CILgm•@a•@t•@a

were•@collected•@from•@January•@to•@June•@of•@1991•C•@1992•@and•@1993•@at

Charatsunai•C•@Muroran•C•@Hokkaido•C•@Japan•D•@The•@species•@of•@12gt•D•I1ga•C1•Fˆê11maria

used•@in•@the•@present•@study•D•@has•@been•@identified•@as•@llgt•Dpmg•C•I•I1•D•o1•@i•Im•@a•@r•@i•@a•@1211ul•D•Iga•CILam•@a•@t•@a

O•D•@Kuntze•@•iLee•@1978•C•@Sakai•@1986•j•C•@although•@the•@former

later•@d•@e•@c•@i•@d•@e•@d•@t•@h•@a•@t•@t•@h•@e•@n•@o•@rt•@hwestern•@P•@a•@c•@i•@f•@i•@c•@•HQt•I1pa1•Iˆê1•Dal•@m•@a•@r•@i•@a

previously•@known•@as

tic•@Palmaria•@p–ö’¬•@•isee•@Hawkes

that•@the•@northwestern•@Paeific•@•f

with•@P•@a•@l•@m•@a•@r•@i•@a•@mQ•|llˆê•Iˆê1•Dsl•@i•@s

and•@this

•fPalmaria—H’U
•@•@•@•@•@•@•@•@In

of•@the•@Japanese

investigation

Paeific

Palmaria•@p’Uƒ†•x”Ù’U•@•@•@•@•@•@is

•@•@•••@Scagel

Pa1•|mdia•@r•@i•@a•@1•Gtaa•Duga•C•nL•o1•@m•@a•@t•@a

was•@supported•@by•@a

•@•@•@•@•@•@•@•@•f•@•iDeshmukhe

•@•@spite•@of

•@•@•@•@•@•@•@‚âalmaria•@p’U‰Þ’È

•@van•@der•@Meer•@et•@Bird

•@•@•@•@•@•@•@recent•@life

•@•@•@•@•@•@•@•@•@and•@Tatewaki

these•@arguments•C•@however•C

•@•@•@•@•@•@•@•@•@•@•@•@•@•f•@requires

•@•@•@•@•@•@including•@cross

and•@A•@t•@l•@a•@n•@t•@i•@e•@P•@a•@1•Digat•D1ˆê2•Dan•@a

the•@taxonomic

•@•@•@•@•@•@•@•@•@•@•@•@•@author

•@•@•@•@•@•@•@•@•@•@•@•@specles

distinct•@from•@the•@Atlan•|

•@•@1986•j•D•@lt•@was•@suspected

•@•@•@•@•@•@•@•f•@is•@conspecific

•@•@•iHawkes•@•••@Scagel•@1986•j

hist•Cory•D•@study•D•@on•@Japanese

•@•@•@1990•j•D

•@•@•@•@•@•@the•@identification

•@•@•@•@further•@taxonomlc

hybridization•@with•@northeastern

species•D•@Therefore•@1•@adopted•@llat•D1•D•F1•|

•@name•@of•@the•@present•@experimental

material•D
•@•@•@•@•@The•@fieid•|collected•@materials•@were•@immediatel•F•@transferred

to•@the•@laboratory•D•@and•@kept•@at•@7•|IOOC•D•@The•@culture•@medium•@used•@was

ASP12NTA•@•iProvasoli•@1963•j•D•@Artificial•@seawater•@•iASW•j•@was•@450•@mM

NaCl•C•@30•@mM•@MgC12•C•@16•@mM•@MgSO4•C•@10•@mM•@KCI•C•@10•@mM•@CaC12•C•@and•@8•D25

mM•@Tris•|HCI•@•ipH•@7•D8•j•D

•@•@•@•@•@A•@small•@piece•@•ica•D•@10•@cm2•j•@of•@fertile•@sporophytic•@thallus

•j
ƒÌ

—…
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was•@excised•C•@incubated•@in•@5•@mL•@filtered•@seawater•@on•@a•@rotar•F

shaker•@for•@up•@to•@1•@h•C•@and•@removed•D•@Released•@tetraspores•@were

pelleted•@by•D•@hand•@centrifuge•@and•@suspended•@in•@5•@mL•@medium•D•@These

spores•@were•@diluted•@to•@give•@a•@suspension•@of•@4000•|12000•@spores•@per

mL•@medium•D•@This•@suspension•@was•@dispensed•@in•@25•@pL•@aliquots•C•@each

containing•@100•|300•@spores•C•@on•@individual•@coverslips•@and•@incubated

in•@a•@humid•@atm•Bsphere•@under•@a•@45“y5•@pm•Ele•Em•|2•Es•|1•C•@c•Entinu•Eus

light•@provided•@with•@cool•@white•@fluorescent•@lamps•D•@After•@24•@h•C•@25

pL•@medium•@was•@added•@to•@each•@coverslip•D

•@•@•@•@•@Under•@these•@conditions•C•@attached•@spores•@divided•@twice•@in•@two

days•@and•@nearl•F•@half•@of•@them•@became•@fertile•@female•@gametoph•Ftes

bearing•@a•@sessile•@carpogonium•@with•@a•@trichog•F•@ne•D•@Fertilization

experiments•@were•@conducted•@using•@coverslips•@with•@3•|5•@day•|old

germlings•@on•@which•@more•@than•@800•^o•@gerinination•@was•@confirmed•D

•@•@•@•@•@To•@obtain•@spermatial•@suspension•C•@a•@small•@piece•@of•@fertile

male•@gametophytic•@thallus•@was•@excised•C•@wiped•@with•@tissues•@in

filtered•@seawater•C•@ineubated•@in•@5•@mL•@medium•@or•@ASW•@on•@a•@rotary

shaker•@for•@up•@to•@2•@h•C•@and•@removed•D•@The•@remaining•@suspension•@of

spern•patia•@was•@immediately•D•@used•@for•@following•@expeniments•D

•@•@•@•@•@A•@spermatium•@inoculation•@was•@carried•@out•@by•@agitating•@a

coverslip•@with•@tetraspore•@germlings•@in•@500•@pL•@of•@spermatial

suspension•@for•@15•@min•D•@Coverslips•@were•@then•@washed•@by•D•@pipetting

10•@times•@with•@ca•D•@3•@m•FL•@of•@mediuŽM•@or•@calcium•|depleting•@ASW•@•iASW

without•@CaC12•@added•@with•@1•@mM•@ethyiene•@glycol•|bis•ibeta•|aminoethy•D•@1

ether•j•@N•CN•CN•fN•fˆêtetraacetic•@acid•@•iEGTA•j•j•@to•@remove•@indirectly•D

entangled•@spermatia•C•@and•@incubated•@in•@medium•D•@Samples•@were•@fixed

for•@DNA•@fluorescence•@microscopy•@or•@TEM•@observation•@immediately

after•@and•@5•C•@15•C•@30•C•@45•C•@60•C•@120•@and•@180•@min•@after•@the•@onset•@of
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•™Šš•@L

ˆê•@ˆêˆêê‚iˆê•Dˆêˆêˆêˆêˆêˆêˆêˆê

spermatium•@inoculation•D

Fluorescence•@mlcroscopy•D

•@•@•@•@•@For•@DNA•@fluorescence•@rnicroscopy•C•@samples•@were•@fixed•@in•@le•^o

glutaraldehyde•@in•@ASW•@for•@more•@than•@1•@h•C•@at•@4•gC•D•@After•@rinsing

with•@ASW•C•@the•@samples•@were•@stained•@with•@O•D5•@pg•EmL•|1•@4•f•C6•|diamidi•|

no•|2•|phenyiindole•@•iDAPI•j•@in•@ASW•@for•@1•@h•C•@rinsed•@with•@ASW•C•@and

mounted•@in•@1•F1•@mixture•@of•@ASW•@and•@glycerol•D•@Observations•@were

carried•@out•@on•@Ol•Fmpus•@BH2•|RFK•@epifluorescence•@mt•‘roscope•@using

•hU•|excitation•h•D

•@•@•@•@•@For•@cell•@wall•@staining•C•@10•^o•@•iw•^v•j•@calcofluor•@white•@M2R

•iFluorescent•@Brightener•@28•G•@Sigma•C•@St•D•@Louis•j•@in•@ethanol•@was

added•@to•@the•@medium•@to•@give•@a•@final•@concentration•@of•@1•|10

pg•EmL•|1•C•@applied•@to•@speeimens•@without•@fixation•@and•@examined

immediately•D•@with•@the•@same•@epifluorescence•@microscope•@as•@above•D

Photographs•@were•@made•@with•@Neopan•@F•@•iFuj•@i•@Photo•@Film•C•@Toky•D•@o•j•@for

non•|fixed•@and•@DAPI•|stained•@samp1es•@and•@Kodak•@Tri•|X•@for•@caleofluor

stainlng•D

Preparation•@for•@TEM•@observation

•@•@•@•@•@Fixation•@for•@TEM•@was•@conducted•@at•@room•@temperature•@unless

otherwise•@indicated•D•@Mˆêˆêt•hˆêˆêˆêˆêˆêˆêthod•@Aff•C•Dˆê•@Samples•@were•@fixed•@in•@30•^o•@glutar•|

aldehyde•C•@2Q•^o•@NaCl•@in•@O•D1•@M•@cacodyiate•@buffer•@•ipH•@7•D2•j•@for•@60•@min•D

After•@rinsing•@with•@buffer•@containing•@NaCl•C•@the•@samples•@were•@then

postfixed•@in•@20•^o•@osmium•@tetroxide•@in•@buffer•@containing•@NaCl•@for•@30

0r•@60•@min•D•@The•@postfixed•@samples•@were•@washed•@in•@the•@buffer•@con•|

taining•@NaCl•C•@rinsed•@with•@distilled•@water•C•@and•@soaked•@in•@2a•^•D

aqueous•@uranyl•@acetate•@overnight•D•@The•@samples•@were•@then•@dehydratˆê

—ëˆê
‚×•i
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ˆê•f•x•• ’•¡•¡Ž©•¡•¡ˆêˆêˆêˆêˆÍˆêˆêˆêˆêˆê•@•x

ed•@in•@acetone•C•@and•@embedded•@in•@Spurr•fs•@resin•@•iSpurr•@1969•j•D

•@•@•@•@M•De•D1•|t•Cbhpdod•@Bˆê•C•Dˆê•@Samples•@were•@fixed•@in•@30•^o•@glutaraldeh•Fde•C•@O•D3•@M

sucrose•@in•@cacody•D•@late•@buffer•@for•@60•@min•D•@After•@rinsing•@with

buffer•@containing•@O•D3•@M•@sucrose•@and•@buffer•@solutions•@with•@dimin•|

ishing•@suerose•@eoncentration•C•@the•@samples•@were•@washed•@in•@buffer

and•@postfixed•@in•@20•^o•@osmium•@tetroxide•@in•@buffer•@for•@30•@min•D•@Post•|

fixed•@samples•@were•@directly•D•@transferred•@to•@500•^o•@acetone•@and•@soaked

for•@5•|le•@min•D•@The•@samples•@were•@then•@incubated•@in•@20•^o•@uranyl•@ace•|

tate•@in•@700•^o•@acetone•@for•@90•@min•C•@dehydrated•@in•@acetone•C•@and•@embed•|

ded•@in•@Spurr•fs•@resin•D

•@•@•@•@•@Method•@•DC•Dˆê•Cˆê•@For•@preservation•@and•@enhancement•@of•@the•@spermat•Cial

eovering•@and•@trichogy•D•@ne•@coat•C•@a•@modified•@method•@of•@Luft•@•i1971•j

was•@used•D•@Samples•@were•@fixed•@in•@2•F1•@mixture•@of•@O•D1•@M•@cacody•D•@Iate

buffer•@containing•@30•^o•@glutaraldehyde•C•@20•^o•@NaCl•@and•@ruthenium•@red

stock•@solution•@•i1•D50•^o•@in•@water•j•@for•@60•@min•D•@After•@rinsing•@with

buffer•@containing•@NaCl•C•@the•@samples•@were•@then•@postfixed•@in•@2•F1

mixture•@of•@buffer•@containing•@20•^o•@osmium•@tetroxide•C•@20•^o•@NaCl•@and•@the

ruthenium•@red•@stock•@solution•@for•@120•@min•D•@The•@postfixed•@samples

were•@washed•@in•@buffer•@containing•@NaCl•C•@rinsed•@with•@water•C•@and

soaked•@in•@20•^o•@aqueous•@uranyl•@acetate•@overnight•D•@The•@samples•@were

then•@dehy•D•@drated•@in•@ethanol•C•@and•@embedded•@in•@LR•@white•@resin

•iLondon•@resin•C•@Hampshire•j•D

•@•@•@•@•@Method•@D•D•@To•@observe•@the•@spermatial•@covering•@during•@spermaˆê

togenesis•@and•@further•@enhanee•@the•@trichog•Fne•@coat•C•@the•@following

method•@was•@used•D•@Samples•@were•@fixed•@in•@O•D1•@M•@cacody•D•@late•@buffer

containing•@3e•^o•@glutaraldehy•D•@de•@and•@20•^o•@NaCl•@for•@2•@h•@at•@40C•D•@The•@sam•|

ples•@were•@then•@washed•@in•@buffer•@containing•@NaCl•C•@rinsed•@with

water•C•@and•@dehydrated•@in•@ethanol•C•@and•@embedded•@in•@LR•@white•@resin•D

Qƒm•D
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ˆêbe

•@•@•@•@Method•@E•D•@Observations•@of•@membranous•@structures•@in•@the•@tri•|

chogyne•@cytoplasm•@were•@made•@on•@specimens•@postfixed•@with•@osmium

tetroxide•@along•@with•@potassium•@ferricyanide•D•@Briefly•D•@•C•@specimens

were•@initiall•F•@fixed•@as•@by•D•@method•@A•@and•@then•@postfixed•@in•@osmium

tetroxide•@plus•@O•D80•^o•@potassium•@ferricy•D•@anide•@in•@buffer•D•@The•@e1n•FL•@b•|ll•Dg•Iogc

staining•@with•@uranyi•@acetate•@was•@omitted•D

•@•@•@•@•@Resins•@were•@poly•D•@merized•@at•@700C•@overnight•C•D•@Thin•@sections

•i90•|100•@nm•@thick•j•@were•@eut•@using•@a•@diamond•@knife•@on•@a•@Porter•|Blum

MT•|1•@ultramicrotome•C•@stained•@with•@lead•@citrate•@•iRe•F•@nolds•@1963•j•C

and•@observed•@with•@a•@Hitachi•@H•|300•@transmission•@electron•@micro•|

scope•D•@The•@sections•@of•@the•@samples•@prepared•@b•F•@method•@D•@and•@E

were•@stained•@by•@both•@urany•D•@1•@acetate•@•i40•^o•@in•@water•j•@and•@lead•@cit•|

rate•D

Cy•D•@tochemistry

•@•@•@•@•@Compeunds•@containing•@vicinal•@glycol•@residues•@were•@cytochemi•|

cally•D•@localized•@by•@the•@periodic•@acid•|thiocarbohy•D•@drazide•|silver

proteinate•@•iPATAg•j•@test•@aceording•@to•@Roland•@and•@Vian•@•i1991•j•D

Specimens•@for•@cy•D•@tochemistry•@were•@prepared•@by•D•@method•@A•@for•@elec•|

tron•@microscopy•@as•@above•@without•@gn•@1•GLlt•Dggoc•@staining•@with•@urany•D•@1

acetate•D

Comparative•@spermatium•@inoculation•@and•@estimation•@of•@gamete

attachment

•@•@•@•@•@To•@estimate•@the•@effect•@of•@pretreatment•@of•@gamete•@surfaces•@on

gamete•@attachment•C•@comparative•@spermatium•@inoculation•@experiments

were•@conducted•D•@Pretreatment•@procedures•@were•@described•@below•@and

spermatium•@inoculation•@•i5•@min•j•@was•@carried•@out•@as•@described•@above

IL•@•i1•j
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•D•p•f–X

using•@pretreated•@and•@control•@gametes•D•@After•@washes•@with•@calcium•|

depleting•@ASW•C•@samples•@were•@then•@fixed•@in•@10•^o•@glutaraldehy•D•@de•@in

ASW•@for•@more•@than•@1•@h•@at•@40C•D•@After•@rinsing•@with•@ASW•C•@the•@samples

were•@mounted•@in•@a•@1•F1•@mixture•@of•@ASW•@and•@gly•D•@cerol•C•@and•@the•@num•|

bers•@of•@trichogy•D•@nes•@and•@attached•@spermatia•@were•@determined•@under

a•@light•@microscope•D

•@•@•@•@•@Gamete•@attachment•@was•@estimated•@by•D•@counting•@the•@number•@of

attached•@spermatia•@divided•@by•@the•@number•@of•@trichogynes•@grown•@on

the•@coverslip•@inoculated•@with•@spermatium•@•idesignated•@•fsperma•|

tia•^trichog•F•@nes•f•j•D•@ln•@an•@experiment•C•@tetraspore•@germlings•@dei•fived

from•@the•@same•@tetraspore•@suspension•@were•@used•@in•@both•@control•@and

experimental•@duplicate•@coverslips•@and•@they•D•@were•@inoculated•@simul•|

taneously•D•@with•@spermatia•@from•@the•@same•@spermatial•@suspension•D

Enzymatic•@treatment•@of•@spermatial•@covering

•@•@•@•@•@The•@spermatial•@suspension•@harvested•@as•@above•@was•@diluted

with•@ASW•@into•@200•@spermatia•@per•@liL•@suspension•C•@mixed•@rapidly•D•@with

an•@equal•@volume•@of•@ASW•@containing•@a•@proteolytic•@enzy•D•@me•@and•@kept

at•@room•@temperature•D•@Proteolytie•@enzy•D•@mes•@used•@were•@Pronase•@E

•iProtease•@Ty•D•@pe•@XIV•G•@Sigma•@Chemical•@Co•D•D•C•@St•D•@Louis•j•C•@try•D•@psin•@•iTy•D•@pe

IX•G•@Sigina•j•C•@and•@papain•@•iWako•@Pure•@Chemicals•C•@Tokyo•j•D•@At•@the•@time

of•@measurement•C•@a•@small•@part•@of•@the•@mixture•@was•@mixed•@with•@1•^5•|

1•^20•@volume•@of•@lndia•@ink•@•iPellikan•@AG•C•@Hanover•j•@and•@the•@outer

diameter•@of•@the•@transparent•@eovering•@whieh•@excluded•@lndia•@ink•@was

measured•@on•@iO•@cells•@under•@a•@light•@microscope•@within•@5•@min•D•@The

•@thickness•@of•@the•@covering•@was•@calculated•@by•D•@subtracting•@the

average•@cell•@diameter•@•i5•@pm•j•@from•@the•@measured•@outer•@diameter•@and

dividing•@by•D•@two•D•@A•@stoek•@solution•@of•@phenyimethyisulphon•Flfluoˆê

1•C1•D•@•D•I
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vˆêˆêˆêˆêˆê•@ˆêˆê

ride•@•iPMSF•G•@Wako•G•@O•D2•@M•@in•@ethanol•j•@was•@added•@along•@with•@t•Cry•D•@psin

in•@some•@expeniments•D

•@•@•@•@•@When•@enzy•D•@me•|pretreated•@spermatia•@were•@used•@for•@spermatium

inoculation•C•@the•@pretreated•@spermatia•@were•@washed•@3•@times•@by•D

centrifugation•@•i1•C500•@•~•@g•C•@5•@min•j•@followed•@by•D•@resuspension•@ln

ASW•@before•@inoculation•@onto•@non•|fixed•@trichogy•D•@nes•D•@An•@approxi•|

mately•@3•@•~•@105•|fold•@dilution•@of•@the•@enzyme•@was•@made•@after•@these

washes•@and•@an•@equal•@amount•@of•@enzyme•@remaining•@in•@the•@pretreated

inoculum•@was•@added•@to•@the•@control•@immediately•D•@before•@spermatium

inoculation•D

•@•@•@•@•@If•@fixed•@spermatia•@were•@subject•@to•@enzy•D•@matic•@treatment•C•@the

harvested•@spermatial•@suspension•@was•@mixed•@with•@an•@equal•@volume•@of

20•^o•@glutaraldehyde•@in•@ASW•C•@incubated•@for•@30•@min•@at•@4eC•C•@and•@washed

3•@times•@by•D•@centrifugation•@followed•@b•F•@resuspension•@in•@ASW•D•@Washed

samples•@were•@diluted•@and•@treated•@with•@an•@enzyme•@as•@above•D

Periodic•@acid•@oxidation•@and•@reduction

•@•@•@•@•@Tetraspore•@germlings•@prepared•@as•@above•@were•@fixed•@in•@10•^o

paraformaldehy•D•@de•@in•@ASW•@for•@30•@min•@at•@40C•C•@and•@washed•@in•@ASW•@3

times•D•@Sarnples•@were•@oxidized•@in•@10•@m•pvl•@periodic•@acid•@in•@ASW•@con•|

taining•@8•D25•@mM•@maleic•@acid•@•ipH•@4•D0•j•@for•@5•@min•@in•@the•@dark•@at

room•@temperature•C•@washed•@in•@ASW•@3•@times•C•@and•@reduced•@in•@O•D10•^•D

sodium•@borohy•D•@dride•@in•@ASW•@•ipH•@9•D4•j•@for•@10•@min•@in•@the•@dark•D•@Two

different•@controls•@were•@employ•D•@ed•D•@One•@percent•@hy•D•@drogen•@peroxide

was•@used•@in•@place•@of•@periodic•@acid•@for•@non•|specific•@oxidation•C

•@and•@in•@the•@second•@control•C•@reduction•@alone•@was•@used•D

•@Viability•@test

il•C•@t•H
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tt•Di•o•Di•D•@esŠ••D—…‹Ài•@•@•@•C•@•@•D•^uŽï•D•Cr•D•D•D•@•@’L•C•@•D•¯•@•@Ut

ˆê•f•g•f•g•h•f xll•@Siiii•|iiiN•D•Edˆê•D•gˆêˆê•Dˆêˆêˆêˆêdˆêˆê

•@•@•@•@•@The•@viability•D•@of•@spermatial•@cells•@was•@examined•@by•D•@both

exclusion•@of•@Evan•fs•@blue•@•iTayior•@and•@West•@1980•j•@and•@fluorescence

generated•@by•D•@hydroly•D•@sis•@of•@fluorescein•@diacetate•@•iFDA•G•@Sigma•G

Heslop•|Harrison•@and•@Heslop•|Harrison•@1970•j•D•@Stock•@solutions•@of

Evan•fs•@blue•@•ica•D•@50•^o•@in•@medium•j•@and•@FDA•@•i2•@mg•DmLVI•@in•@acetone•j

were•@added•@to•@cell•@suspensions•@to•@make•@final•@concent•Crations•@of

ca•D•@O•D50•^o•@and•@4•@pg•EmL•|1•C•@respectively•D•@•D•@Observations•@of•@FDA•|stained

samples•@were•@carried•@out•@on•@Ol•Fmpus•@BH2•|RFK•@epifluoreseence

microscope•@using•@•hB•|excitation•h•D•@To•@kill•@the•@cells•@for•@negative

controls•@of•@the•@viability•@test•C•@three•@methods•@were•@employ•D•@ed•G•@1•j

spermatia•@were•@fixed•@in•@10•^o•@glutaraldehy•D•@de•@in•@seawater•@for•@30•@min•C

at•@4•gC•C•@2•j•@spermatia•@were•@treated•@with•@O•D050•^o•@saponin•@for•@30•@min•C

at•@40C•C•@3•j•@the•@spermatial•@suspension•@was•@placed•@at•@70•hC•@for•@10

min•D

Interspecific•@spermatium•@inoculation•@with•@11qt•D1•DˆêQ•|sg•Cgs•p2•|gpl•@o•@saccion•@yQg1d11g•|•v•Do•@i

•@•@•@•@Mature•@plants

intertidal•@zone•@at

1991•D•@Female•@and•@male

Intraˆê•@and

of•@Halosaccion•@é±•†•H•@were

•@•@•@•@•@•@•@Aikappu•C•@Akkeshi

•@•@•@•@•@•@•@•@•@•@gametes•@were

interspecific•@spermatium

•@•@•@•@•@•@•@•@•@•@collected•@from•@the

•C•@Hokkaido•@on•@March•@23•|25•@of

prepared•@as•@described•@above•D

•@inoculat•@i•@o•@n•@b•@e•@t•@w•@e•@e•@n•@Rqt•|III•pg•C•I•F•Dg•Dal•@m•@a•@r•@i•@a

pg•D11•Dlga•Clz•omata•@and•@11at•ILg•|sg•Cggˆê•Igglosaccion•@yg1t1g•Ig•|Sdoi•@were•@carried•@out•@by•D•@agitating•@a

coverslip•@wit•Ch•@5•|day•D•@ˆê•Zld•@tetraspore•@germlings•@in•@the•@spermatial

suspension•@for•@15•@min•D•@Coverslips•@were•@then•@washed•@b•F•@pipetting

10•@times•@with•@ca•D•@3•@mL•@medium•D•@At•@180•@min•@from•@spermatium•@inoeu•|

lation•C•@inoculated•@coverslips•@were•@fixed•@for•@fluorescence•@micros•|

copy•D•@as•@above•@for•@observation•@of•@the•@spermatial•@nuclear•@state•D

Subsequent•@cultivation•@of•@tetraspore•@germlings•@inoculated•@with

spermatia•@was•@earried•@out•@in•@PES•@medium•@•iProvasoli•@1966•j•D

•Ci•C•@3•D•j

•D•Q•D•D
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Spermatia

RESULTS

•@•@•@•@•@General•@morphQ•D1•DQ•|gyˆê•CJ•@Under•@Iight•@microseopic•@observations•C

liberated•@spermatia•@were•@spherical•C•@measured•@ca•D•@5•@pm•@in•@diame•|

ter•C•@and•@were•@eomposed•@of•@the•@nuclear•@region•@and•@a•@relatively•D

larger•C•@colorless•@vacuolar•@region•@•iFigs•D•@1•C•@3a•j•D•@When•@stained

wlth•@DAPI•C•@the•@nueleus•@was•@observed•@to•@be•@highly•D•@condensed•@•iFig•D

3b•j•D•@Plastids•@were•@not•@detected•D

•@•@•@•@•@TEM•@observations•@also•@revealed•@that•@the•@greater•@part•@of•@the

cell•@was•@occupied•@by•D•@a•@condensed•@nucleus•@and•@large•C•@electron•|

transparent•@vesicles•@that•@constitute•@the•@vacuolar•@region•@•iFig•D

4•j•D•@Small•C•@dark•|cored•@vesicles•C•@endoplasmic•@reticulum•@•iER•j•C•@and

tubular•@structures•@were•@seen•@near•@the•@cell•@periphery•@•iFigs•D•@4•|6•j•D

The•@peripheral•@tubules•@were•@apparently•D•@continuous•@with•@the•@plasma

membrane•C•@and•@they•@were•@closel•F•@associated•@with•@peripheral•@ERs

•iFig•D•@5•j•@or•@with•@dark•|cored•@vesicles•@•iFig•D•@6•j•D•@Dict•Fosome•|like•C

layered•@membranes•@were•@observed•@in•@the•@cy•D•@toplasm•@•iFig•D•@9•j•D•@Dark•|

cored•@vesicles•@contained•@PATAg•|positive•@materials•@•iFigs•D•@7•C•@8•j•D

•@•@•@•@•@The•@nucleus•@of•@the•@liberated•@spermatia•@was•@in•@prophase

condition•D•@Chromatin•@in•@the•@nucleus•@was•@condensed•@and•@a•@polar

ring•@•iPR•j•C•@which•@is•@a•@eommon•@nucleus•|associated•@organelle•@•iNAO•j

at•@a•@division•@pole•@in•@red•@algae•@•iScott•@and•@Broadwater•@1990•j•C

existed•@at•@both•@poles•@of•@the•@nucleus•@•iFigs•D•@10•C•@11•j•D•@An

electron•|dense•@material•@was•@deteeted•@around•@PRs•@•iFig•D•@11•j•D•@The

PRs•@were•@located•@above•@a•@nuclear•@envelope•@depression•D•@Nuclear

pores•@were•@seen•@along•@the•@depressed•@nuclear•@envelope•@around•@the

PR•@•iFig•D•@12•j•D•@Microtubules•@•iMTs•j•@were•@also•@observed•@around•@PRs•@in

•D1•D•@4
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1•AŠ]•A•@•@•@•@•@Œ®•y•B•D•@•@•@•C•D•@•@•fv•D•@ti•D•A•A“½•E•D

both•@extranuclear•@and•@intranuclear•@region•@•iFigs•D•@11•C•@12•j•@and•@most

of•@these•@MTs•@were•@laid•@toward•@PRs•@•iFig•D•@12•j•D•@Because•@no•@cross

section•@of•@MTs•@was•@observed•@within•@the•@nuclear•@pores•@in•@the

tangential•@section•@of•@the•@nuclear•@envelopes•C•@extracellular•@MTs

were•@not•@continuous•@wit•Ch•@intracellular•@MTs•D

•@•@•@•@•@’UP”Õ•Û•@coverin•@•D•@All•@liberated•@spermatia•@had•@a•@colorless

covering•@which•@excludes•@carbon•@particles•@of•@lndia•@ink•@•iFigs•D•@2•C

13•j•D•@Spermatial•@coverings•@were•@about•@3•@pm•@thick•@and•@the•@thickness

appeared•@to•@be•@unchanged•@for•@at•@least•@several•@da•Fs•@after•@libera•|

tion•D•@ln•@the•@TEM•@specimen•@fixed•@by•@method•@C•C•@a•@fibrous•C•@reticu•|

lated•@structure•@was•@observed•@on•@the•@plasma•@membrane•@of•@spermatia

•iFig•D•@18•j•D•@ln•@living•@material•C•@cell•@surfaces•@of•@co•|aggregated

spermatia•@were•@not•@in•@direct•@contact•@with•@each•@other•@•iFig•D•@2•j•C

nor•@with•@any•@other•@objects•@present•@in•@the•@suspension•C•@e•Dg•D•C

hyaline•@hairs•@shed•@from•@male•@macrothalli•D•@The•@spermatial•@eovering

maintained•@its•@thickness•@when•@they•D•@were•@attached•@to•@anything

other•@than•@the•@trichogy•D•@ne•D

•@•@•@•@•@The•@spermatial•@covering•@seemed•@to•@have•@a•@semi•|solid•C•@or

gel•|like•@structure•D•@The•@appearance•@of•@the•@covering•@was•@not

changed•@even•@after•@fixation•@by•D•@glutaraldehy•D•@de•@in•@seawater•D•@Upon

gradual•@dehydration•@after•@glutaraldehy•D•@de•@fixation•C•@the•@covering

graduall•F•@became•@thinner•@•iFig•D•@16•j•D•@After•@a•@gradual•@•fre•|h•Fdra•|

tion•f•@in•@water•C•@the•@thickness•@was•@recovered•@and•@became•@greater

than•@that•@before•@dehydration•@•iFig•D•@17•j•D

•@•@•@•@•@The•@spermatial•@covering•@was•@degraded•@by•D•@proteol•Ftic•@enzymes•D

As•@observed•@under•@the•@light•@microscope•C•@the•@thickness•@of•@the

colorless•@covering•@of•@non•|fixed•@spermatia•@decreased•@in•@both
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•”oreeg

concentrationˆê•@and•@time•|dependent•@manner•@•iFigs•D•@14•C•@15•C•@21•C•@22•j•D

In•@the•@presence•@of•@1•@mM•@PMSF•C•@degradation•@of•@the•@covering•@by•D

tr•Fpsin•@was•@partially•D•@repressed•@•iFig•D•@23•j•D•@After•@prolonged•@treat•|

ment•C•@e•Dg•D•C•@3•@hr•@in•@10•^o•@Pronase•@E•C•@the•@coverings•@were•@no•@longer

detected•@around•@spermatial•@cell•@surfaces•@•iFig•D•@15•j•D•@The•@viabilit•Cy

of•@these•@spermatia•@without•@coverings•@was•@confirmed•@•iTable•@1•j•D•@In

TEM•@specimens•C•@a•@decrease•@in•@the•@covering•@thickness•@•iFig•D•@19•j•@or

disappearance•@of•@the•@covering•@•iFig•D•@20•j•@was•@observed•D•@A•@decrease

in•@the•@covering•@thickness•@by•@proteolytie•@enzymes•@also•@occurred•@in

glutaraldehy•D•@de•|fixed•@spermatia•@•iFigs•D•@24•C•@25•j•D

•@•@•@•@•@The•@spermatial•@coverings•@were•@uniformly•@observed•@on•@all

liberated•@spermatia•@and•@the•@thickness•@appeared•@to•@be•@stable•D

Therefore•C•@the•@covering•@was•@probably•@produced•@during•@spermatial

development•@before•@spermatium•@liberation•D•@ln•@the•@TEM•@specimens

prepared•@by•@method•@A•C•@electron•|transparent•@vesicles•@of•@various

•@•E•@•@•@were•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@spermatogenesis•@of•@Palmaria•@p’Uƒ†•v–Ê•S•Esizes•@were•@observed•@duning

Some•@of•@these•@vesicles•@were•@secreted•@from•@the•@whole•@surface•@of

the•@plasma•@membrane•@of•@the•@spermatial•@cell•@inside•@the•@spermatan•|

gial•@wall•@•iFig•D•@26•j•D•@The•@others•@remained•@within•@the•@cell•@to•@form

the•@larger•C•@electron•|transparent•@vesicles•@in•@the•@vacuolar•@region

of•@the•@liberated•@spermatium•D

•@•@•@•@•@This•@secretion•@was•@observed•@at•@an•@early•@stage•@of•@spermatan•|

gial•@development•@while•@the•@spermatangium•@was•@still•@connected•@with

its•@parent•@cell•@by•D•@a•@pit•@connection•@•iFig•D•@26•j•D•@ln•@the•@specimens

prepared•@b•F•@method•@D•C•@fibrous•C•@reticulate•@structures•@apparentl•F

identical•@to•@the•@spermatial•@covering•@were•@observed•@both•@in•@the

vesicles•@•iFig•D•@27•j•@and•@in•@a•@gap•@formed•@between•@the•@spermatial

plasma•@membrane•@and•@the•@spermatangial•@wall•@at•@a•@more•@advanced•f

il•C•@•i•F
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stage•@•iFig•D•@28•j•D

Trichogy•D•@ne

•@•@•@•@•@Ultrastructu•Diˆê•fg•D

appeared•@to•@have•@no

under•@a•@light•@microscope

specimen•@fixed•@by•@method

of•@the•@trichogy•D•@ne•@was

•iFigs•D•@29•C•@30•j•D•@The

20•|30•@nm•@o•@r•@80•|100•@nm

respectively•C•@ln•@transverse

uniform•@even•@on•@the

This•@trichogyne•@coat

the•@specimen•@fixed•@b•F•@method•@A•@or•@B

cell•@wall•@thickness

•iFig•D•@29•j•@whereas•@it

D•@or•@E•@•iFigs•D•@30•C•@31•j

•@•@•@•@•@The•@membranous

be•@preserved•@by•@method

section•@of•@method•@E

wall•@decreased•@gradually

vesicles•@appeared•@to

•iFig•D•@33•j•D•@These•@vesicles

apex•C•@and•@these•@were

33•j•D•@These•@ERs•@appeared

ranged•@ERs•@that•@were

portion•@of•@the•@trichogyne

these•@longitudinal

•@Trichogynes•C•@in•@contrast•@to•@spermatia•C

covering•@on•@their•@cell•@walls•@when•@observed

•@•@•@•@•@•iFig•D•@38•j•D•@But•@a•@cross•@section•@of•@TEM

•@•@•@•@•@C•@or•@D•@showed•@that•@the•@cell•@wall•@surface

•@•@uniformly•@coated•@with•@fibrous•@structures

thickness•@of•@the•@trichogy•D•@ne•@coat•@was•@about

•@•@in•@the•@specimens•@prepared•@by•D•@method•@C•@or•@D•C

•@•@•@•@•@•@•@•@section•C•@the•@trichogyne•@coat•@appeared

cell•@wall•@at•@the•@trichogy•D•@ne•@apex•@•iFig•D•@32•j•D

•@was•@observed•@as•@an•@amor•fphous•@substance•@in

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•iFig•D•@51•j•D•@ln•@addition•C•@the

was•@almost•@even•@in•@the•@method•@C•@specimens

•@was•@uneven•@in•@the•@specimens•@fixed•@b•F•@method

•@•@•D

structures•@of•@the•@trichogyne•@cytoplasm•@could

•@•@•@E•@•iFigs•D•@31•C•@33•C•@34•j•D•@ln•@a•@transverse

specimens•C•@the•@thickness•@of•@trichogyne•@cell

•@•@•@•@•@toward•@the•@apex•@•iFigs•D•@32•C•@33•j•D•@Small

•@•@be•@secreted•@toward•@the•@apical•@thin•@cell•@wall

•@•@•@•@•@•@were•@also•@observed•@just•@behind•@the

•@•@associated•@with•@densely•@arranged•@ERs•@•iFig•D

•@•@•@•@•@continuous•@with•@the•@longitudinally•@ar•|

•@•@usuall•F•@observed•@in•@the•@median•C•@not•@apical•C

•@•@•@•@•@•@•@•iFigs•D•@33•C•@34•j•D•@ln•@a•@cross•@section•C

ERs•@appeared•@to•@be•@arranged•@in•@a•@coneentric
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Œœ

manner•@•iFig•D•@31•j•D•@Dicty•D•@osomes•@and•@mitochondria•@were•@frequentl•F

observed•@behind•@the•@apex•@and•@the•@median•@portion•@•iFig•D•@34•j•D•@Vac•|

uoles•@were•@also•@observed•@in•@the•@median•@portion•@of•@the•@trichogy•D•@ne

•iFig•D•@31•j•D•@No•@plastids•@and•@proplastids•@were•@observed•@in•@the

trichogy•D•@ne•@cytoplasm•@•iFigs•D•@31•C•@33•C•@34•j•D

•@•@•@•@•@Cytochemistry•D•@The•@trichogyne•@eoat•@was•@composed•@of•@a•@PATAg•|

positive•@material•@•iFigs•D•@35•C•@36•j•C•@The•@positive•@reaction•@of•@the

PATAg•@test•@mostly•@disappeared•@after•@periodic•@acid•@oxidation

followed•@by•D•@sodium•@borohy•D•@dride•@reduction•@•iFig•D•@37•j•D•@The•@periodie

acid•|sodium•@borohydride•@treatment•@thus•@appeared•@to•@destroy•@the

PATAg•|positive•@structure•C•@i•De•D•C•@vicinal•@gly•D•@col•@residues•C•@of•@the

trichogyne•@coat•D

Gamete•@attachment

•@•@•@•@•@ML1gˆê•I2p1hpˆê•Igg•F1•@Direct•@contact•@of•@the•@spermatial•@covering•@with

the•@trichogyrie•@coat•@was•@observed•@in•@the•@TEM•@specimens•@fixed•@imme•|

diately•D•@after•@spermatium•@inoculation•@•iFig•D•@39•j•D•@ln•@light•@micros•|

copy•C•@the•@cell•@surface•@of•@some•@spenmatia•@was•@already•D•@attached

directly•@to•@the•@cell•@wall•@of•@the•@trichogy•D•@ne•@5•@minutes•@after

spermatium•@inoculation•@•iFig•D•@38•j•D•@The•@hy•D•@aline•@covering•@of•@these

spermatia•@appeared•@to•@have•@a•@uniform•@thickness•C•@as•@observed•@in

the•@liberated•@spermatia•C•@except•@for•@the•@portion•@where•@the•@sperrna•|

tium•@was•@attached•@to•@the•@trichog•F•@ne•D•@Thus•C•@the•@direct•@attachment

of•@spermatia•@to•@the•@trichogy•D•@nes•@could•@occur•@within•@5•@ll•pin•@and•@the

spermatial•@coverings•@were•@eliminated•@only•D•@at•@the•@site•@of•@attach•|

ment•D•@Furthermore•C•@the•@elimination•@Qf•@the•@spermatial•@covering•@and

tight•@attachment•@of•@spermatial•@plasma•@membrane•@to•@the•@trichogy•D•@ne

•C1•D•@Ei•f
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•D•Œ1‹c–¶•D•““å•D•D‰L‘Ë•w•@•Q•@•A•@•@•D•E•D•@•D•A•@•@“å‘Ë•w“«•E1•@•@•D•A•D•w•D•C•ß•wŠM•@•D•@t

cell•@wall•@surface•@were•@observed•@in•@the•@TEM•@specimens•@•iFig•D•@39•j•D

Inhibition•@ƒ¶—¢•@Œp•†•@attachment•@•Ib2Y•@ˆê’U•@ƒ¶•’•@9ŽÕ’U

surfaces•D

destroy•@the

the•@trichogy•D•@nes

min•j•@of•@spermatia•@disrupted

attach•@to

spermatia•@per

concentrations

treatment

followed•@by•D

inhibited

to•@an•@unclear•@difference

and•@those•@with•@hydrogen

smaller•@number

dized•@trichogynes•D

Spermatium•@nuelear•@division

•@•@•@•@•@’UPƒ†•[m•¡croscO

The•@effects•@of•@pretreatment•C•@which•@was•@expected•@to

•@•@gamete•@surfaces•C•@on•@the•@attachment•@of•@spermatia•@to

•@•@•@•@•@•@were•@examined•D•@A•@brief•@enz•Fmatic•@pretreatment•@•i5

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@the•@ability•@of•@the•@spermatium•@to

the•@trichogy•D•@ne•@•iTables•@2•C•@3•j•D•@The•@number•@of•@attaehed

•@•@•@•@trichogyne•@deereased•@remankably•D•@according•@to•@the

•@•@•@•@•@of•@both•@Pronase•@E•@and•@try•D•@psin•@added•@to•@the•@pre•|

mixture•D•@On•@the•@other•@hand•C•@periodic•@acid•@oxidation

•@•@sodium•@borohydride•@reduction•@of•@trichog•Fnes•@also

gamete•@attachment•@significantly•D•@•iTable•@4•j•D•@In•@contrast

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@between•@the•@controls•@without•@oxidation

•@•@•@•@•@•@•@•@•@•@•@•@•@•@peroxide•@oxidation•C•@a•@significantly

•@•@•@•@•@of•@sperrnatia•@attached•@to•@the•@periodic•@acid•|oxiˆê

tia•@to•@trichogynes•C•@nuclear•@division•@of

•iFigs•D•@41•|44•j•D•@By•@epifluorescence•@mlcroscopy

specimens•C•@further•@condensation•@of

alignment•@along•@an•@equatorial•@plate

of•@the•@chromosomes•@•iFig•D•@43b•j•@and•@binucleate

were•@observed•D•@All•@of•@the•@cell•@surfaces

spermatia•@were•@attached•@directly•D

•D•@After•@the•@attachment•@of•@sperma•|

•@•@•@•@•@•@•@•@the•@spermatium•@proceeded

•@•@•@•@ieroscopv•@of•@DAPI•|stained

•@•@•@•@chromosomes•@•iFig•D•@41b•j•C•@their

•@•@•@•@•@•iFig•D•@42b•j•C•@and•@segregation

•@•@•@•@•@•@•@•@•@•@•@•@•@•@spermatia•@•iFig•D•@44b•j

•@•@•@•@•@•@•@•@•@of•@these•@post•|prophase

•@•@to•@the•@trichogyne•@cell•@wall•D

•m1•D•@9
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•@•@•@•@•@TEM•@observati•hc•hn•|s•D•@Ultrastructure•@of•@the•@nuclear•@division•@of

spermatia•@was•@examined•@in•@the•@specimens•@fixed•@b•F•@method•@B•D•@ln

specimens•@fixed•@15•@min•@after•@spermatium•@inoculation•C•@nuclei•@con•|

taining•@further•@condensed•@chromatin•@or•@chromosomes•@in•@disordered

arrangement•@were•@observed•@•iFig•D•@45•j•D•@Because•@no•@metaphase•@nucleus

was•@observed•@in•@DAPI•|stained•@specimen•@fixed•@simultaneously•@with

those•@examined•@by•@TEM•C•@it•@was•@eonsidered•@that•@t•Chese•@nuclei•@were

in•@prometaphase•@condition•@rather•@than•@anaphase•D

•@•@•@•@•@In•@these•@prometaphase•@nuclei•@•iFig•D•@45•j•C•@the•@nuclear•@envelope

depression•@at•@poles•@was•@not•@remarkable•@and•@PRs•@could•@no•@longer•@be

detected•@in•@any•D•@where•@in•@the•@serial•@sections•@throughout•@the•@cell•D

A•@part•@of•@the•@nuclear•@envelope•@disappeared•@forming•@a•@single

nuclear•@envelope•@gap•D•@Though•@no•@electron•|dense•@materials•@were•@not

seen•@around•@the•@gap•C•@MTs•@were•@observed•@to•@be•@assembled•@toward•@the

nuclear•@envelope•@region•@around•@the•@gap•@•iFig•D•@45•j•D

•@•@•@•@•@In•@specimens•@fixed•@30•@min•@after•@spermatium•@inoculation•C•@many

metaphase•@or•@early•@anaphase•@nuclei•@were•@observed•D•@ln•@these•@nu•|

clei•C•@beeause•@no•@speeialized•@polar•@structures•@were•@detectable•C

only•@a•@•fspindle•@polar•@region•f•@could•@be•@determined•@judging•@from

chromosome•@arrangement•@and•@assemblage•@of•@MTs•D•@Figure•@46•@shows•@an

early•D•@anaphase•@nucleus•@at•@30•@min•@in•@which•@beginning•@of•@chromo•|

somes•@segregation•@can•@be•@seen•D•@Microtubules•@were•@laid•@toward•@a

somewhat•@prominent•@polar•@region•@along•@the•@inside•@of•@the•@nucleus

and•@intensely•@condensed•@chromosomes•C•@which•@was•@aligned•@in•@the

equatorial•@piate•@between•@two•@poles•C•@had•@begun•@moving•@toward•@the

poles•@•iFigs•D•@46•C•@47•j•D•@Although•@no•@discrete•@gaps•@were•@detected•C

continuity•@of•@nuclear•@envelepes•@could•@not•@be•@demonstrated•@well•@in

the•@poiar•@regions•C•@because•@the•@nuclear•@envelopes•@of•@these•@promiˆê

1•H•HO
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nent•@portions•@were•@pressed•@against•@other•@membranous•@structures

•iFig•D•@47•j•D•@Chromosomes•@appeared•@to•@bear•@kinetochores•@that•@dis•|

played•@a•@three•|lay•D•@ered•@morphology•@•iFigs•D•@46•|48•j•@and•@several•@MTs

were•@associated•@with•@a•@single•@kinetochore•@•iFig•D•@48a•j•D

•@•@•@•@•@Following•@chromosome•@segregation•C•@polar•@regions•@had•@become

more•@evident•@than•@in•@the•@previous•@mitotic•@stages•@because•@the

chromosomes•@are•@at•@opposite•@ends•@of•@the•@nucleus•@and•@their•@kineto•|

chores•@were•@facing•@to•@the•@poles•@•iFigs•D•@49•C•@50•j•D•@The•@polar•@region

of•@these•@early•D•@telophase•@nuclei•@was•@characterized•@by•@a•@large

nuclear•@envelope•@gap•@•iFig•D•@49•j•D•@Regeneration•@of•@nuclear•@envelopes

within•@the•@polar•@gap•@was•@also•@found•@in•@other•@cells•@•iFig•D•@50•j•D

Polar•@rings•@were•@not•@detected•@around•@the•@early•@telophase•@nuclei•D

•@•@•@•@•@There•@were•@two•@different•@way•D•@s•@of•@separating•@two•@derivative

nuclei•@during•@early•@telophase•D•@In•@one•@case•C•@as•@shown•@in•@Fig•D•@49•C

the•@reformation•@of•@nascent•@nuclei•@was•@brought•@about•@by•@the•@de•|

tachment•@from•@interzonal•@midpiece•D•@In•@this•@case•C•@regeneration•@of

nuclear•@envelopes•@along•@the•@segregated•@chromosomes•@was•@observed

while•@the•@nuclear•@envelope•@around•@the•@interzonal•@midpiece•@re•|

mained•@•iFig•D•@49•j•D•@ln•@another•@case•C•@constriction•@occurred•@in•@the

median•@interzonal•@midpieee•D•@Figure•@50•@shows•@an•@early•@telophase

nucleus•@of•@this•@case•D•@The•@two•@derivative•@nuclei•@were•@separated•@by

constriction•@in•@the•@midpiece•C•@around•@which•@cytoplasmic•@compo•|

nents•C•@such•@as•@large•@vesicles•@and•@mitoehondria•C•@appeared•@between

the•@nuclei•@•iFig•D•@50•j•D

•@•@•@•@•@Observation•@on•@TEM•@specimens•@indicated•@that•@all•@the•@plasma

membranes•@of•@the•@post•|prophase•@spermatia•@were•@attached•@directly

to•@the•@cell•@wall•@surface•@of•@the•@trichogyne•D•@Furthermore•C•@all•@of

more•@than•@thirty•@spermatia•C•@which•@remained•@uninucleate•@180•@min

tr•@i•C

ŽF
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after•@spermatium•@inoculation•C•@had•@not•@attached•@their•@plasma

membrane•@directly•@to•@the•@trichogynes•@and•@were•@morphologically•D

sirnilar•@to•@liberated•@spermatia•@•iFig•D•@51•j•D

Spermatium•@cell•@wall•@formation

•@•@•@•@•@When•@stained•@with•@calcofluor•C•@•‘ell•@wall•@materials•@were•@not

seen•@around•@liberated•@spermatia•C•@but•@were•@detectable•@on•@some

attached•@spermatia•@60•@min•@after•@spermatium•@inoculation•D•@At•@this

time•C•@calcofluor•@fluorescence•@was•@observed•@around•@the•@binucleate

sperrnatia•@•iFig•D•@52•j•@but•@not•@around•@the•@uninucleate•@spermatia

•iFig•D•@53•j•D

•@•@•@•@•@As•@nuclear•@division•@proceeded•@from•@metaphase•@to•@telophase•C

the•@spermatial•@cells•@appeared•@to•@be•@rigid•@enough•@to•@retain•@the

entire•@outline•@after•@the•@preparation•@of•@TEM•@specimens•@•iFigs•D•@49•C

50•j•D•@A•@thin•@layer•@of•@PATAg•|positive•@material•@was•@detected•@around

anaphase•@or•@binucleate•@spermatia•@•iFigs•D•@54•C•@55•j•D•@Concomitantly•C

the•@number•@of•@the•@dark•|cored•C•@small•@vesicles•@seen•@in•@liberated

spermatium•@decreased•@and•@only•@a•@few•@of•@these•@vesicles•@could•@be

detected•@in•@the•@anaphase•@spermatium•D

Gamete•@fusion

•@•@•@•@•@pmt•@i•@f•@l•@u•@o•@r•@e•@s•@c•@e•@n•@c•@e•@gLlg•I•I•FgsgopyL•Cˆê•@A•@f•@t•@e•@r•@c•@y•@t•@o•@p•@l•@a•@s•@m•@i•@c•@f•@u•@s•@i•@o•@n•@o•@f•@t•@h•@e

binucleate•@sperrfiatium•@with•@the•@trichogy•D•@ne•C•@the•@derivative•@nuclei

•imale•@nuclei•j•@entered•@the•@trichogy•D•@ne•@•iFig•D•@60•j•D•@Male•@nuelei•@then

migrated•@toward•@either•@the•@apex•@or•@the•@base•@of•@the•@trichogyne•D

The•@direction•@of•@the•@migration•@seemed•@to•@be•@at•@random•D

•@•@•@•@•@Trichogynes•@could•@be•@clearly•@distinguished•@from•@the•@carpogo•|

nial•@base•@because•@the•@base•@was•@distinctly•@pigmented•@and•@swollen
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in•@contrast•@to•@the•@uniformly•@limited•@diameter•@of•@the•@colorless

trichogyne•D•@1•@observed•@that•@three•@male•@nuclei•@could•@enter•@a

single•@earpogonial•@base•@from•@the•@trichogy•D•@ne•D•@Nuclear•@fusion

occurred•@between•@a•@condensed•@male•@nucleus•@and•@a•@large•@carpogonial

nucleus•@with•@dispersed•@chromatin•@and•@a•@nucleolus•@•iFig•D•@61•j•D•@ln

five•@replicates•@of•@the•@spermatium•@inoculation•@experiments•C•@I

observed•@that•@652•@spermatia•@had•@introduced•@their•@nucleus•@to•@184

trichogy•D•@nes•@at•@180•@min•C•@and•@nuclear•@fusion•@was•@observed•@in•@40

carpogonia•@at•@the•@same•@period•D•@Though•@two•@of•@these•@campogonia

were•@invaded•@by•@two•@male•@nuclei•C•@nuclear•@fusion•@occurred•@between

a•@single•@male•@nucleus•@and•@a•@carpogonial•@nucleus•@•iFig•D•@62•j•D

•@•@•@•@•@The•@time•@course•@of•@changes•@in•@nuclear•@behavior•@of•@the•@at•|

tached•@spermatia•@was•@examined•@in•@fertilization•@experiments•@con•|

ducted•@five•@times•D•@The•@spermatial•@nuclear•@events•@wet•fe•@divided

into•@four•@states•@that•@can•@be•@distinguished•@under•@a•@fluorescence

microscope•F•@state•@1•j•@undivided•@spermatial•@nucleus•G•@state•@2•j

spermatial•@nueleus•@divided•@into•@two•@male•@nuclei•G•@state•@3•j•@one•@of

the•@two•@male•@nuclei•@has•@entered•@into•@the•@trichog•F•@ne•@c•Ftoplasm•G

and•@state•@4•j•@both•@male•@nuclei•@have•@entered•@into•@t•Che•@trichogyne•D

Occurrenee•@of•@these•@four•@states•@30•C•@60•C•@120•@and•@180•@min•@after

spermatium•@inoculation•@are•@summarized•@in•@Table•@5•D

•@•@•@•@•@As•@a•@result•C•@more•@than•@half•@of•@the•@attached•@spermatia•@became

binueleate•@by•@60•@min•@though•@most•@of•@them•@were•@not•@divided•@at•@30

min•D•@At•@180•@min•C•@about•@300•^o•@of•@them•@had•@inserted•@both•@of•@the

derivative•@nuclei•@inserted•@into•@the•@trichog•Fne•@whereas•@more•@than

a•@third•@of•@the•@total•@spermatia•@remained•@uninucleate•D

•@•@•@•@•@TEM•@observations•D•@ln•@the•@TEM•@specimens•C•@the•@cell•@wall•@of•@the

tr•@•Drr•j

•@•@•@•@•@•@•@•@•@•@ll“‡
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trichogy•D•@ne•@was•@invaded•@by•D•@the•@cytoplasm•@of•@binucleate•@spermatia

and•@the•@invading•@cytoplasm•@expanded•@within•@the•@cell•@wall•@before

cy•D•@toplasmic•@fusion•@•iFig•D•@64•j•D•@Plasmogamy•@occurred•@between•@the•@ex•|

panded•@spermatial•@cytoplasm•@and•@swelling•@cytoplasm•@of•@the•@tricho•|

gyne•@•iFig•D•@65•j•D•@Speeialized•@structures•@for•@trichogy•D•@ne•@cell•@wall

digestion•C•@e•Dg•D•C•@secretion•@of•@digestive•@vesicles•C•@were•@not•@de•|

tected•@•iFig•D•@63•j•D

•@•@•@•@•@Passage•@of•@the•@male•@nucleus•@through•@an•@opening•@between•@the

trichogy•D•@ne•@and•@fused•@spermatium•@was•@not•@observed•@in•@TEM•@speei•|

mens•D•@Several•@cytoplasmic•@components•C•@such•@as•@large•@vesicles•@and

mitochondria•@were•@left•@in•@the•@spermatium•@after•@the•@invasion•@of

male•@nuclei•@•iFig•D•@66•j•D•@Mitochondria•@and•@other•@membraneous•@struc•|

tures•@were•@observed•@also•@at•@the•@opening•@between•@the•@spermatium

and•@trichogy•D•@ne•@cy•D•@toplasm•@•iFig•D•@66•j•D•@However•C•@because•@these•@strue•|

tures•@were•@present•@in•@both•@trichogyne•@and•@spermatium•@before

fertilization•C•@their•@origin•@remained•@unknown•D

•@•@•@•@•@Migrating•@male•@nuclei•@in•@a•@trichogyne•@were•@also•@observed•@by

TEM•@•iFigs•D•@67•C•@68•j•C•@but•@the•@condensed•@state•@of•@chromatin•C•@as•@ob•|

served•@in•@DAPI•|stained•@migrating•@male•@nuclei•C•@was•@not•@preserved

by•@all•@the•@TEM•@preparation•@methods•@of•@the•@present•@study•D•D•@As

observed•@by•@epifluorescence•C•@migrating•@male•@nuclei•@in•@the•@TErvl

specimens•@were•@longitudinally•D•@elongated•C•@in•@an•@irregular•@or

elliptical•@form•@and•@the•@width•@of•@the•@nucleus•@was•@about•@2•@pm•D•@I

did•@not•@observe•@two•@male•@nuclei•@passing•@each•@other•@within•@the

limited•@trichogyne•@cytoplasm•@•i2•D5•|3•@pm•@in•@diameter•j•@under•@an

epifluorescence•@microscope•@or•@in•@TEM•D

•@•@•@•@•@•@The•@carp•B9•Enial•@base•Ef•@Palmaria—Hhas•@similar•@cyto•|

plasmic•@eomponents•@to•@the•@other•@vegetative•@cells•@of•@female•@gameˆê

•g2•@4
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tophyte•C•@such•@as•@numerous•@plastids•@and•@starch•@grains•C•@except•@for

the•@carpogonial•@nucleus•C•@which•@has•@dispersed•@chromatin•@and•@a

distinct•@nucleolus•@•iFig•D•@71•j•D•@Cell•@walls•@of•@female•@germlings•@did

not•@have•@an•@obvious•@fibrous•@appearance•@and•@the•@wall•@of•@the•@female

gametophy•D•@te•@was•@distinguished•@into•@two•@layers•F•@inner•@•iprimary•j

cell•@wall•@and•@outer•@•isecondary•j•@eell•@wall•@•iFig•D•@70•j•D•@ln•@TEM

specimens•@prepared•@by•@method•@A•@or•@B•C•@both•@t•Cy•D•@pes•@of•@wall•@appeared

to•@contain•@similar•@amorphous•@structures•D•@Stainability•@was•@slight•|

ly•D•@stronger•@in•@the•@primary•D•@wall•@than•@in•@the•@secondary•@wall•D•@The

primary•@wall•@appeared•@outlined•@by•@electron•|transparent•@layer

•iFig•D•@70•j•D•@The•@secondary•@wall•@was•@well•|developed•@aiong•@the•@sur•|

face•@of•@the•@germlings•@but•@only•@a•@thin•@layer•@was•@detected•@between

the•@cells•D•@The•@trichogy•D•@ne•@•‘ell•@wall•@was•@continuous•@to•@the•@inner

primary•@cell•@wall•@•iFig•D•@70•j•G•@that•@is•C•@although•@it•@was•@coated•@with

the•@trichog•Fne•@coat•C•@the•@triehogyne•@is•@the•@only•D•@site•@where•@the

primary•@wall•@was•@exerted•@and•@exposed•@to•@the•@external•@environment•D

•@•@•@•@•@Though•C•@unfortunately•D•@•C•@a•@nuclear•@fusion•@was•@not•@found•C•@the

male•@nucleus•@in•@a•@carpogonial•@base•@•iFig•D•@69•j•@and•@the•@carpogonial

nucleus•@of•@the•@same•@carpogonial•@base•@•iFig•D•@71•j•@were•@observed•@by

TEM•@in•@several•@carpogonia•D•@The•@invading•@male•@nucleus•@in•@the

carpogonial•@base•@maintained•@a•@condensed•@appearance•@and•@was•@asso•|

ciated•@with•@a•@bundle•@of•@MTs•D•@The•@male•@nucleus•@had•@a•@depression•@or

groove•@that•@was•@filled•@with•@MTs•@and•@some•@rnembraneous•@struetures•D

The•@carpogonial•@nucleus•@had•@dispersed•@chromatin•@and•@a•@prominent

nucleolus•D•@Nuclear•@pores•@were•@observed•@in•@the•@carpogonial•@nucleus

•iFig•D•@72•j•D•@Polar•@rings•@were•@not•@found•@around•@the•@carpogonial•@and

male•@nueleus•@in•@serial•@sectioning•@throughout•@and•@around•@the

nuclei•D

tr•@s
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•¡•@•f‚¤•v
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ˆê•c

Intergeneric•@spermatium

•@•@•@•@•@Experiments•@on•@intraˆê•@and

conducted•@several•@times•@and•@the•@results

experiment•@aye•@shown•@in•@Table•@6•D•@Data•@are

of•@trichogynes•@categorized•@into•@an•F•@one

states•F•@State•@1•j•@trichogynes•@to•@which•@no

State•@2•j•@trichogy•D•@nes•@to•@which•@at•@least

tached•@but•@no•@cytoplasmic•@fusion•@occurred

gy•D•@nes•@fused•@with•@at•@least•@one•@spermatium•D

plasmic•@fusion•@was•@judged•@by•D•@the•@invasion

fused•@spermatium•@into•@trichogy•D•@ne

•@•@•@•@•@As•@shown•@in•@the•@table•C•@although•@the

lower•@than•@those•@of•@intraspecific

trichogynes•@fused•@with•@the•@spermatia•@of

genus•D•@Fusions•@between•@carpogonial

but•@only•D•@a•@few•@carpogonia•@fused•@with

cific•@fertilization

inoculation•@w•@i•@t•@h•@H•ot3•Dips•|qgg2•DQnl•@o•@s•@a•@c•@c•@i•@o•@n•@pmd•@i

•@•@•@•@•@•@•@•@•@•@interspecific•@fertilization•@were

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@of•@a•@representative

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@presented•@as•@the•@number

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@of•@the•@following•@three

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@spermatium•@was•@attached•G

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@one•@spermatium•@was•@atˆê

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•G•@and•@State•@3•j•@tricho•|

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@The•@occurrenee•@of•@c•Fto•|

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@of•@a•@male•@nucleus•@from

•@•@•@•@•@•@•@•@•@•@•@•@cytoplasm•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ratios•@were•@invariably

•@•@•@•@•@•@•@•@•@•@•@•@•@•@fertilization•C•@up•@to•@270•^o•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@the•@species•@of•@the•@other

•@•@•@•@•@•@•@•@•@•@•@•@•@•@and•@male•@nuclei•@were•@observed•C

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@spermatia•@even•@in•@intraspe•|

in•@Halosaccion•@‘k’U•ºL•H•D•@In•@the•@experiment

table•C•@the•@nuclei•@in•@two•@carpogonia•@of

observed•@to•@fuse•@with•@the•@male•@nucleus•@of

•@On•@the•@other•@hand•C•@despite•@the•@numerous

•@the•@trichogyne•@cytoplasm•C•@no•@fusion•@was

•@•@•@•@•@•@•@•@•@and•@Halosac•|c•gion•@carpogonial

Palmaria

•G

shown•@in•@the

•DP’Uƒ†•D•mwere

cioné±ƒ¶•Û•D

invading•@into

between•@Palmaria•@male

•@•@•@•@•@Some•@coverslips•@inoculated•@with•@spermatia•@of

species•@were•@subsequently•@incubated•@under•@the

•@•@•@•@•@in•@the•@l•@ife•@history•@studies•@of•@•Hgt•C1•Ig••1•jˆê1•olmaria•@pg•D11•Dg•pa•DILin•@•oata

Halosacˆê

used•@in

Tatewaki

However•C

the•@life

1990•j

•@further

and•@Halosaccion•@—H•H

division•@of•@the

•@•@•@•@•@•iMine

carpogonlum

•@•@•@•@•@•@•@•@•@male•@nuclei

•@•@•@•@•@•@•@•@•@•@observed

•@•@•@•@•@•@nucleus•D

•@•@•@•@•@•@the•@other

•@•@same•@eondit•Cions

•@•@•@•@•@•@•@•@•@•iDeshmukhe•@••

•••@Tatewaki•@1993•j•D

•@and•@formation•@of•@the

•E“å“å•D“å•w”®—†—…“å•D•C•D•Q“å—í—…••E

tr•@•is•D

’³

•@•@•@•@•@•@•@•@•@—î1
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cell•@mass•@from•@carpogonia

after•@incubating•@for•@more

tlon•D

fused•@with•@spermatia•@was•@not•@observed

than•@2•@weeks•@after•@spermatium•@inoculaˆê

•vŠù
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•Fev•f•@1••1•I1•f•hˆê•fha•h•gˆêˆê•fˆêˆê

ã•
•@‘w•C•C•D•f•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‘h

•@•Q“Æ•Ú•D•@•@—î•@•@•CadW•@•Di•@•@•E•@•f•D•@•@•@•@•@e

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@DISCUSSION

spermatium•@morpholog•F

•@•@•@•@•@The•@presence•@of•@large•C•@muciƒ†age•|containing•@vesicles•E•@or

vacuoles•C•@had•@been•@reported•@in•@the•@spermatogenesis•@of•@many•@spe•|

cies•@of•@red•@algae•D•@The•@appearance•@of•@the•@contents•C•@modes•@of

formation•@and•@secretion•@of•@the•@vesicles•@vary•D•@according•@to•@species

•iPueschel•@1990•@for•@references•C•@and•C•@e•Dg•D•C•@Scott•@•••@Dixon•@1973•C

Kugrens•@1980•C•@Fetter•@•••@Neushul•@1981•j•D•@The•@funetion•@of•@these

vesicles•@was•@speeulated•@to•@involve•@the•@supply•D•@of•@a•@diseharge

force•@from•@a•@spermatangium•@and•@a•@secretion•@of•@mucilage•@strands•C

wall•@materials•@or•@sticky•D•@covering•@of•@liberated•@spermatium•D

•@•@•@•@•@In•@Palmaria•@p–Ë’U•C•@vesicles•@apPeared•@to•@function•@in•@at

least•@two•@ways•@in•@spermatogenesis•D•@Firstly•C•@the•@contents•@of•@vesi•|

cles•@secreted•@before•@spermatium•@liberation•C•@judging•@from•@the

present•@observations•C•@may•@form•@the•@spermatial•@covering•E•@Secretion

of•@small•@vesicles•@within•@the•@spermatangium•@contributing•@to•@the

spermatial•@wall•@formation•@had•@already•@been•@reported•@in•@several

red•@algae•@•iScott•@•••@Dixon•@1973•C•@Peel•@•••@Duckett•@1975•E•@Kugrens

1980•j•D•@The•@other•@vesicles•@of•@Palmaria•@R’Uƒ†•••@are•@never•@secreted

out•@of•@the•@spermatium•@throughout•@fertilization•E•@and•@serve•@as•@a

wedge•@between•@the•@derivative•@nuclei•@of•@spermatial•@nuclear•@divi•|

S•¡on•D

•@•@•@•@•@Plasmalemmal•@tubular•@structures•@were•@reported•@on•@spores•@and

spermatia•@in•@several•@red•@algae•@•isee•@Pueschel•@1990•E•@P•E•@10•@for

references•C•@M•Fandura•@et•@al•D•@1986•C•@Scott•@et•@al•E•@1992•j•E•@Like•@in

Palmaria•@p•cƒ†Œõ”äƒ†Ž£•@spermat•¡a•C•@they•@are•@associated•@or•@continuous

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚è•@•@•@•@•@•@•@•@•@•@‚Ìwith•@peripheral•@ERs•@in•@some•@instances•E•@However•E•@close•@assoc•¡at•¡on

tr•D•@s
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•RåM‰ç

•D4•C•f

or•@continuity•@of•@the•@tubules•@with•@vesicles•@as•@in•@Palmari’UP’Uƒ†•x’È

spermatia•@has•@not•@been•@reported•D•@Some•@speculation•@concerning•@the

funetion•@of•@vesicle•|associated•@tubules•@will•@be•@presented•@below•D

Spermatium•@nucleus

•@•@•@•@•@Both•@uniˆê•@and•@binucleate•@spermatia•@have•@been•@reported•@in•@red

algae•@•isee•@G6ff•@•••@Coleman•@1984•@for•@referenees•j•D•@As•@observed•@in

the•@•@•@•@•@•@•@•@study•@of•@Palmaria•@p’Uƒ†•x‘i•×•C•@previous•@light•@microscopic•@•@•@•@present

studies•@indicated

phase•@state•@•iGrubb

1952•C•@Mumford•@•••@Cole

•@•@•@•@•@A•@condensed

by•D•@TEM•@in•@red•@algae

1980•C•@Fetter

rested•f•@spermatial
libera•@t•@e•@d•@s•@p•@e•@r•@m•@a•@t•@i•@a•@i•@n•@•I•Ggt•I1g•DL•Iˆê•v•Dnara•@l•@l•@i•@n•@a•@gtg•’ˆê1•|g•”f•@i•@c•@i•@n•@a•@l•@i•@s

tial•@nuclei•@arrested•@at

Duckett•@1975•j•D•@The

stage•@i•@n•@9gtˆê12g•D1••Uuar•@a•@l•@l•@i•@n•@a

•@•@•@•@•@that•@the•@mature•@spermatial•@nucleus•@is•@in•@a•@pro•|

•@•@•@•@•@•@1925•C•@Fritsch•@1945•C•@p•D596•C•@Drew•@1951•C•@Magne

•@•@•@•@•@•@•@•@1977•j•D

•@•@•@•@state•@of•@spermatial•@nuclei•@is•@eommonly•D•@observed

•@•@•@•@•@•@•@•iDuckett•@•••@Peel•@1978•@for•@review•C•@Kugrens

•••@Neushul•@1981•j•D•@ln•@contrast•@to•@the•@•fprophase•|ar•|

•@•@•@•@•@•@nucleus•@in•@Palmaria•@p’Uƒ†Pat•CILc1ta•C•@a•@TEM•@study•@of

nuclear•@division•@occurs•C

other•@species•@•iGoff•@•••@Coleman

stage•@than•@in•@Palmaria•@—H•E

us•@during•@the•@fertilization•@of

further•D

•@•@•@•@•@Nuclear

TEM•@studies•@of

intact•@nuclear

spermatia•D

•@•@•@•@•@metaphase•@or•@anaphase

arrest•@of•@the•@spermatial

suggests•@the•@possibility•D

•@•@•@•@•@•@as•@in•@ChoreocolaX•@Pˆêƒ¶ƒ†•[

•@showed•@the•@sperma•|

•@•@of•@division•@•iPeel•@••

nucleus•@at•@a•@later

that•@spermatial

•@•@•@•@•@•@•@•@•@•@•@•@•@and

1984•@for•@references•j•C•@at•@an•@earlier

•@•@The•@behavior•@of•@spermatial•@nucle•|

•@Corallina•@needs•@to•@be•@examined

•@•@envelopes•@have•@been•@observed•@to•@be•@intact

•@•@•@•@red•@algal•@spermatia•D•@The•@present•@study•D

•@•@•@•@envelopes•@during•@spermatogenesis•@and•@in

However•C•@some•@earlier•@workers•@reported•@the

tr•@•i•Gˆê•H

•@in•@most

also•@showed

•@liberated

absence•@of

—ÙŠ™•C•E“å•A•§“å“ïŒ®•Œ•E“ï“å“åièill•—“å•@ˆê”®Œœi“å•E “ï
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•D•f C•h êˆêˆô•‘•¡•¡—j•×•×

•v•@•A

•@“å‘@“å“å“å1“ï“å“å•E“å•E•D“å“å•D‘Ë

a•@nuclear•@envelope•@in•@mature•@spermatial•@nuclei•@•iSeott•@•••@Dixon

lg73•C•@Hawkes•@1978•j•D•@Some•@methods•@that•@enhance•@the•@biological•@mem•|

brane•C•@e•Dg•D•C•@method•@E•@in•@the•@present•@study•C•@should•@be•@used•@in

order•@to•@confirm•@the•@absence•@of•@the•@spermatial•@nuclear•@envelope

in•@these•@algae•D

Spermatial•@covering

•@•@•@•@•@Ultrastructural•@studies•@generall•F•@showed•@that•@liberated

spermatia•@of•@red•@algae•@were•@covered•@with•@fibrous•@materials•@•ie•D

g•D•C•@Scott•@•••@Dixon•@1973•C•@Peel•@•••@Duckett•@•I975•C•@and•@Broadwater•@et

al•D•@1991•j•C•@which•@were•@sometimes•@called•@•hcell•@walls•h•@•iKugrens

1974•C•@1980•j•D•@However•C•@because•@neither•@lndia•@ink•@preparation•@nor

TEM•@preparation•@with•@ruthenium•@red•@and•@LR•@white•@was•@used•@in•@these

study•C•@it•@is•@impossible•@to•@compare•@these•@materials•@with•@the

spermatial•@covering•@of•@liL•otl•DILIga•Clz1H•o1maria•@•n2aslg1g•m1•C•omata•@observed•@in•@the•@present

study•D•@•E

•@•@•@•@•@Spermatial

Agƒ†•[•@•iMagruder
’UPé±Œ\’U•@•iBroadwater
•Hgt•D•n•D1uqgJ•Dc11•@m•@a•@r•@i•@a•@1•pg•Dll•D1galL•om•@a•@t•@a•@d•@i•@d

In•@addition•C•@SEM•@observation•@of

Palmariaceae•C•@also•@showed•@no

the•@spemnatium•@•iMitman•@•••@Phinne•F

•@•@•@•@•@In•@the•@present•@study•C•@the

were•@not•@changed•@after•@an

spermatial•@coverings•D•@This

spermatia•D•@Therefore•C•@the

observed•@in•@the•@presence•@of•@the

appendages•@have•@been•@reported•@in•@SEM•@studies•@of

•@•@•@•@•@•@•@•@1984•j•C•@’U•c•Cn9•D•GLa•@•iCole•@et•@al•E•@1985•j•@and

•@•@•@•@•@et•@al•D•@1991•j•D•@The•@present•@TEM•@study•D•@of

•@•@•@•@•@not•@show•@any•@appendage•@like•@these•@species•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Halo•••htrmt•@i•@o•@n•C•@a•@n•@o•@t•@h•@e•@r•@g•@e•@n•@u•@s•@i•@n•@t•@h•@e

•@•@•@projeetions•@on•@the•@smooth•@surface•@of

•@•@•@•@•@•@•@1985•j•D

•@•@•@•@•@cell•@viability•@and•@ultrastructure

enzymatie•@degradation•@of•@non•|fixed

•@degradation•@also•@oecurred•@in•@fixed

decrease•@in•@t•Che•@covering•@thickness

•@•@•@•@•@•@enzymes•@does•@not•@appear•@to•@result

CZ•D•D•C•i1•j

•c“å11“å“å“åèc“å“ï‰Ti•Qww“åŒœi•w•D•w“å–¶Œ®“å–|“å‘ËŒœ“åèi—Ø•w1“å“å•D
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•C•@•@•v•f‹÷ˆêˆêˆ •QŽbˆê•@•Eˆê•jr

from•@damage•@of•@the•@covering•|generating•@activity•D•@•C•@if•@present•C•@of

the•@living•@spermatium•D•@Furthermore•C•@since•@the•@degradation•@was

inhibited•@by•D•@a•@specific•@protease•@inhibitor•C•@it•C•@was•@likely•D•@due•@t•Do

the•@enzymatic•@digestion•@of•@the•@protein•is•j•@which•@constj•Dtutes•@the

coverlng•D

•@•@•@•@•@Though•@extracellular•@proteins•@have•@been•@report•Ced•@•iHani•‘•@••

Craigie•@1969•j•C•@the•@proteinaceous•@nature•@of•@spermatial•@coverings

of•@red•@algae•@has•@not•@been•@reported•D•@Cytochemical•@studies•@of•@the

spermatial•@coverings•@of•@other•@red•@algae•@have•@shown•@that•@the•F

consist•@of•@acidic•@and•@neutral•@pQly•D•@saccharides•@•iPeel•@and•@Duckett

1975•C•@Cole•@et•@al•D•@1985•j•D•@Using•@cytochemieal•@techniques•@to•@detect

proteins•C•@Peel•@and•@Duckett•@•i1971•j•@reported•@a•@negative•@staining•@of

the•@s•@permatial•@covering•@•ias•@•fspermatial•@coat•f•j•D•@I•@n•@2at•D1ma•C1•Fˆê1•Dalmaria

paa•Duga•DILclmata•C•@it•@is•@possible•@that•@the•@proteinaceous•@component•D•@of•@the

spermatial•@covering•@is•@some•@kinds•@of•@glycoproteins•D•@Further•@cyto•|
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somatic•@cell•@division•@of•@other•@red•@algae•@•ireviewed•@by•@Scott•@and

Broadwater•@1990•j•C•@but•@it•@was•@immediately•D•@followed•@by•D•@fusion•@with

a•@trichogy•D•@ne•D

•@•@•@•@•@Perinuclear•@ER•@was•@not•@particularly•D•@observed•@and•@the•@conti•|

nuity•D•@between•@the•@nuclear•@envelope•@and•@peripheral•@ER•@was•@not

detected•C•@Like•@in•@most•@red•@algae•@the•@nuelear•@envelope•@remained

throughout•@the•@nuclear•@division•@except•@for•@a•@polar•@gap•@formed•@at

prometaphase•D•@Although•@not•C•@clearly•@demonstrat•Ded•@yet•@in•@the

present•@study•C•@the•@gap•@may•@be•@present•@during•@metaphase•@and•@ana•|

phase•@since•@no•@red•@alga•@so•@far•@studied•@has•@totally•@enclosed•@pole

at•@these•@stages•D

•@•@•@•@•@It•@was•@an•@unexpected•@result•@that•@the•@segregated•@chromosomes

in•@early•D•@anaphase•@can•@be•@separated•@by•@either•@constniction•@of

interzonal•@midpiece•@or•@detachment•@from•@the•@midpiece•D•@The•@latter

is•@the•@only•D•@case•@hitherto•@reported•@in•@red•@algae•@•iScott•@et•@al•D

1980•C•@Seott•@and•@Broadwater•@1990•C•@Scett•@et•@al•D•@1992•j•D•@lylcDonald

•i1972•j•@showed•@a•@TEM•@micrograph•@indicat•Cing•@midpiece•@constriction

separating•@derivative•@nuclei•C•@but•@a•@negative•@decision•@on•@this

observation•@was•@presented•@using•@intensive•@serial•@sectioning

•iScott•@et•@al•D•@1980•j•D•@On•@the•@midpiece•@constriction•@in•@llgt•D1•Dg•Ia1ˆê2almaria

lgta•DAl•D1gg•Cut•@•C•@however•C•@the•@observations•@were•@based•@on•@serial•@section•|

ing•@throughout•@the•@cell•@and•@the•@midpiece•@was•@detected•@only•D•@along

•@the•@constriction•D•@Therefore•C•@it•@was•@concluded•@that•@the•@derivative

nuclei•@could•@be•@separated•@by•D•@a•@midpiece•@constriction•@in•@the

•@Spermatium•@o•@f•@•Hgt•C•Ilga•C1•F1•ol•@m•@a•@r•@i•@a•@12g•Dslg•pa•Fy•oam•@a•@t•@a•E

•v5•@6
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•@•@•@•@•@Even•@when•@the•@present•@observations•@given•@above•@were•@reli•|

able•C•@the•@duality•D•@in•@a•@mitotic•@event•@may•D•@still•@seem•@unusual•D•@The

midpiece•@constriction•@is•@apparently•D•@caused•@by•@the•@intrusion•@of

other•@organelles•C•@e•Dg•D•C•@large•@vesicles•@and•@mitochondria•D•@lt•@is

possible•@that•@these•@organelles•@move•@passively•@in•@the•@limited

volume•@of•@cytoplasm•@of•@the•@spermatium•@rather•@than•@under•@a•@control

of•@a•@positive•@physiologieal•@mechanism•D•@If•@so•C•@it•C•@can•@be•@a•@fre•|

quent•@phenomenon•@that•@the•@midpiece•@constrict•Cion•@takes•@place

before•@the•@detachment•@of•@the•@midpiece•@from•@the•@nascent•@nuclei•D

Disappearance•@of•@polar•@ring

•@•@•@•@•@The•@polar•@ring•@observed•@in•@the•@present•@study•@was•@morphologi•|

cally•@s•@i•@m•@i•@l•@a•@r•@t•@o•@t•@h•@a•@t•@o•@f•@p•@r•@o•@p•@h•@a•@s•@e•@n•@u•@c•@l•@e•@u•@s•@i•@n•@12ajt•@g•pg•D1•Fˆê4•Dql•@m•@a•@r•@i•@a•@pg•D21•Dg1a•Clz•o•pm•@a•@t•@a

•iScott•@•••@Broadwater•@1990•j•D•@lt•@disappeared•@before•@late•@prophase•@of

spermatial•@nuclear•@division•D•@This•@is•@contrary•@to•@the•@case•@in•@some

red•@algae•C•@e•D9•D•C•@’U9ƒ†—H‚µ’U•C•@where•@polar•@rings•@were•@observed•@to

be•@persistent•@through•@interphase•@as•@well•@as•@in•@mitotic•@phases•C

and•@they•@were•@introduced•@to•@derivative•@cells•@from•@the•@parent•@cell

in•@a•@semi•|conservative•@manner•@•iScott•@et•@al•D•@1980•C•@Scott•@•••@Broad•|

water•@1990•j•D•@But•@a•@similar•@phenomenon•@to•@that•@in•@the•@spermatium

of•@Palmaria•@p’Uƒ†•m’Uwas•@reported•@in•@vegetative•@cells•@of•@•IA11•†Lƒ¶91•Cgs•|1•@•@“ñ

Q•Iuugm•C•@in•@which•@polar•@rings•@degenerated•@during•@metaphase•@•iDave•@•••@•@•@•@•@in•@which•@polar•@rings

Godward•@1982•j•D

•@•@•@•@•@Because•@the•@nuelear•@division•@of•@vegetative•@eells•@of•@•Hgt•C•IJga2•I•G•g1•|almaria

l•I•Iaa•DLma•C1Lal•@ata•@i•@s•@not•@fully•@s•@tudied•@yet•C•@i•@t•@i•@s•@possible•@that•@the•@d•@i•@sap•|

pearanee•@of•@the•@polar•@ring•@is•@a•@specific•@phenomenon•@for•@gametes

in•@this•@alga•D•@Neither•@carpogonial•@nuclei•@nor•@male•@nuclei•@invading

into•@the•@carpogonial•@base•@were•@associated•@with•@a•@polar•@ring•C•@and

3•D•j•@•f7
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ˆê•D

–c

it•@is•@ver•F•@likely•D•C•@therefore•C•@that•@t•Chey•D•@fuse•@without•@a•@polar

ring•D•@ln•@the•@fertilization•@of•@other•@lower•@eukary•D•@otes•C•@cent•Crioles

or•@NAOs•@were•@observed•@to•@be•@persistent•@during•@the•@fertilization

process•@•ie•Dg•D•C•@Byers•@•••@Goetsch•@1975•C•@Motomura•@1989•C•@1992•j•D•@The

disappearanee•@of•@the•@polar•@ring•@before•@gamete•@fusion•@provides•@new

information•@on•@the•@function•@of•@the•@polar•@rings•@and•@their•@phyloge•|

netic•@relationship•@with•@the•@other•@NAOs•D

Prophase•@arrest

•@•@•@•@•@In•@•Hlt1L•I1gq•D12ˆê•I•o1maria•@J2a•D11•Dlua•Clzata•C•@the•@strictly•D•@prophase•|arrested•@nucleus

of•@the•@liberated•@spermatium•@proceeded•@to•@post•|prophase•@stages

only•@after•@attachment•@of•@the•@plasma•@membrane•@to•@the•@trichogy•D•@ne

surface•D•@This•@indicates•@the•@presence•@of•@a•@signal•@transduction

mechanism•@that•@eonverts•@an•@extracellular•@stimulus•@•iattachment•@of

the•@plasma•@membrane•@to•@the•@trichogyne•@surface•j•@to•@an•@intracellu•|

lar•@event•@•ipost•|prophase•@progression•@of•@nuclear•@division•j•D•@Ferti•|

lization•@of•@Palmaria•@p•cƒ†•••@could•@be•@a•@potentially•@useful•@experˆê

imental•@sy•D•@stem•@for•@studytng•@the•@signal•@transduction•@mechanism•@of

red•@algae•@and•@control•@of•@mitotic•@progression•@in•@lower•@eukaryotes•D

•@•@•@•@•@There•@is•@currently•D•@great•@interest•@in•@the•@mechanisms•@control•|

ling•@cell•@cycle•@progression•@and•@a•@number•@of•@keys•@may•@reveal•@the

post•|prophase•@progression•@mechanism•@in•@2at•D1u1Qlc•|1ˆê•olmaria•@spermatia•D•@For

example•C•@fully•@grown•@amphibian•@eggs•@are•@arrested•@at•@meiotic

prophase•@1•@and•@the•@arrest•@is•@released•@by•@activation•@of•@cytoplas•|

mic•@•fmaturation•|promoting•@factor•f•@•iShibuya•@•••@Masui•@1988•j•C•@and

adenosine•@3•f•C5•fˆêcy•D•@clic•@monophosphate•@has•@an•@antagonistic•@effect

on•@hormone•|indueed•@meiosis•@reinitiation•@•iSchorderet•|Slatkine•@••

Baulieu•@1982•j•D•@It•@is•@generally•@known•@that•@the•@level•@of•@cytoplasˆê
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1•j•@8



C5‚«•Y•@“]‚²•D•A2•f•ˆ•h•u•D•Dš •»•v•@‡n•D•g“Á•vƒŒ•uƒqƒhƒ|•D•D

Œé•¨•Y•Š—Õ–g•®•X’G•bŽË’Lèc’f

mŠ]“\

•u‘X

wa•E•Et•Di•D•F•f•Eˆê•f•Ct•fˆêx•G•fsk•h•hˆêmu•hst•fveilii

•@•@•@iit•^•Dop•^•@•f•D•D•@•C•D•@•{•@•D1•@•E1•D•E

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒˆƒR‚ä•B•Qt•E•f•D•E–‰Ž£–¦•E•¼‘Ë‘ËP•å‘Ë‘Ë•Eh•ht•fŽµ•D•x•D•QŠ‚’_•E•E•@•D•B•D•D•@•D•›‰d•A•D

•¤Œ^•¡•¡Œ—Œ—•¡•¡•x•x
•@•@•@•@•@•@•@•@•@•@•@•@•@•@VP•DNˆêˆêˆê•f

•C

•C

D•D

mic•@free•@calcium•@ions•@alters•@during•@several•@mitotic•@events•@in•|

cluding•@post•|prophase•@progression•@•iPoenie•@et•@al•D•@1985•C•@Steinhardt

•••@Alderton•@1988•j•D•@Along•@these•@lines•C•@further•@investigations•@are

in•@progress•@to•@elucidate•@the•@mechanisms•@involved•@in•@the•@progres•|

sion•@of•@nuclear•@division•@of•@Palmaria•@p’Uƒ†1•C‘Y•@spermatia•@after

direct•@attachment•@to•@the•@trichogyne•D

Spermatial•@cell•@wall•@formation

•@•@•@•@•@The•@completion•@of•@nuclear•@division•@is•@accompanied•@b•F•@forma•|

tion•@of•@cell•@wall•@detected•@as•@calcofluorˆê•@and•@PATAg•|positive

substances•D•@During•@fertilizat•@ion•@of•@1Ptg1Rny11qh•@•C•@a•@thin•@layer•@of

wall•@material•@was•@seen•@around•@spermatia•@attached•@to•@the•@prototri•|

chogyne•@before•@cytoplasmic•@fusion•@•iHawkes•@1978•j•D•@ln•@2at•FL•Iga•D1•@1ˆê•olmaria

—H•Cjudging•@fr•Em•@their•@c•Enc•Emitant•@decrease•C•@and•@identity•Ef

the•@contents•C•@the•@small•C•@dark•|cored•@vesicles•@may•@contribute•@the

cell•@wall•@formation•D•@Moreover•C•@it•@is•@possible•@that•E•@the•@peripheral

tubules•C•@which•@are•@elosely•@assoeiated•@with•@both•@the•@plasma•@mem•|

brane•@and•@the•@small•@vesicles•C•@are•@concerned•@with•@secretion•@of

cell•@wall•@material•@secretion•D•@As•@pointed•@out•@by•@Pueschel•@•i1990•D

P•D10•j•C•@the•@continuity•@between•@the•@tubule•@and•@the•@external•@envi•|

ronment•@must•@be•@confirmed•@using•@heavy•@metal•@markers•D

•@•@•@•@•@There•@have•@been•@few•@examples•@of•@actual•@demonstration•@of•@cell

structure•@involved•@in•@formation•@of•@cell•@coverings•@in•@red•@algae•D

Ultrastructural•@autoradiography•@of•@a•@unicellular•@red•@alga•@has

demonstrated•@that•@sulfation•@of•@extraeellular•@mucilage•@was•@carried

out•@in•@dicty•D•@osomes•@•iEvans•@et•@al•D•@1974•j•D•@These•@sulfated•@polysac•|

charides•@processed•@through•@dictyosomes•@are•@probably•@secreted•@via

vesicle•@secretion•D•@More•@recent•@ult•Frastructural•@study•@of•@•zi—øƒ¶“ñ
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cladia•@showed•@putative•@microfibril•|sy•D•@nthesizing•@complexes•@in•@the

plasma•@membrane•C•@which•@are•@apparently•@similar•@to•@those•@of•@chloro•|

phycean•@algae•@•iTsekos•@•••@Reiss•@1992•j•D•@The•@contribution•@of•@the

vesicle•@and•@plasma•@membrane•@tubules•@to•@the•@spermatial•@cell•@wall

formation•@i•@n•@•Hgt•Dlma•C•Izl•Dalmaria•@s•@p•@e•@rmatia•@has•@not•@b•@e•@e•@n•@fully•@d•@ernonstrated

in•@the•@present•@study•D•@However•C•@the•@wide•@distribution•@of•@this

structure•@in•@red•@algae•@suggests•@that•@the•@plasma•@membrane•@tubule

is•@one•@of•@the•@major•@structures•@involved•@in•@formation•@of•@cell

coverings•@in•@red•@algae•D

•@•@•@•@•@Short•|lived•C•@tubular•@plasmalemmal•@structures•@have•@been

observed•@i•@n•@t•@e•@t•@r•@a•@s•@p•@o•@r•@e•@s•@o•@f•@2gt•D1•Dg•pa•C1ILI•|Ql•@m•@a•@r•@i•@a•@pg•D•I11g•oi•Ilz•o•pm•@a•@t•@a•@•iMandura•@e•@t•@a•@l•D

1986•j•D•@After•@attachxnent•@to•@the•@substratum•C•@the•@liberated•@tetra•|

spore•@of•@12gt•DILma•Cglˆê•o•p1maria•@12ga•Du1•pe•CILQImata•@develops•@calcofluor•|positive•@material

and•@commences•@germination•C•@i•De•D•C•@cell•@division•@•iFigs•D•@56•|59•j•D

Though•@presence•@of•@the•@PATAg•|positive•@vesicles•@was•@not•@confirmed

in•@t•@e•@t•@raspores•@o•@f•@Rat•Ilg•o1121qlmaria•@pg•D•I1•C1ga•C1Lamata•C•@t•@niggering•@o•@f•@cell•@wall

formation•@and•@nuclear•@division•@after•@attachment•@of•@the•@cell•@to•@an

•fappropriate•f•@substratum•@is•@an•@interesting•@analogy•@between•@the

spermatial•@nuclear•@division•@and•@tetraspore•@germination•D

Gamete•@fusion

•@•@•@•@•@Carpogonia•@have•@been•@studied•@previously•@using•@TEM•@in•@two

•iBroadwater•@•••@Seott•@1982•j•D•@The•@most•@distinct•@differences•@in•@the

cytoplasmi•‘•@cpmponent•@of•@the•@carpogonia•@of•@these•@examples•@are•@the

degree•@of•@plastid•@development•@and•@the•@presence•@•ior•@absence•j•@of

starch•@grains•D•@Fully•@developed•@plastids•@and•@numerous•@starch

grains•@were•Bbserved•@in’U—H•C•@but•Enly•@pr•Eplastids•@and•@n•E
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starch•@grains•@were•@detected•@in’Uƒ¶ƒ†•[•E•@Despite•@the•@similar•|

ity•D•@in•@an•@external•@appearance•@•ii•De•D•C•@distinction•@between•@tricho•|

gy•D•@ne•@and•@carpogonial•@base•j•C•@the•@ultrastru•‘ture•@of•@the•@carpogonium

of•@Pal•Itpe•D1ˆê1•D•oaria•@pg•D•I1•Dg•pauata•@observed•@in•@the•@present•@study•@is•@quite•@difˆê

ferent•@from•@that•@of•@’Uƒ¶ƒ†•¤•H’U•D

•@•@•@•@•@On•@the•@other•@hand•C

ous•@starch•@grains•@in•@the

features•@common•@to•@’Uƒ¶ƒGƒR•»h—•’U•@and

in•@eonsideration•@of•@recent

is•@among•@the•@most•@primitive

1985•C•@Guiry•@1987•j•D

•@•@•@•@•@The

had•@been•@observed

—HƒRL•D•@In•@this

transferred•@to•@the

tion•@canal•D

first•@cytoplasmic

tion•@canal•C•@and

the•@nuclear•@material

the•@cy•D•@toplasm•@of•@the

formed•@an•@expanded

before•@cytoplasmic

sion•@of•@the•@opening

may•@assure•@nuclear

invading•@male

•@•@•@•@•@The•@present

male•@•ispermatial•j

The•@most•@striking
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prominent•@plastid•@development•@and•@numer•|

•@carpogonium•@or•@carpogonial•@base•@are

•@•@•@•@•@•@•@•@Palmania•D•@This•@is•@not•@surprising

arguments•@that•@the•@order•@Palinariales

•@groups•@of•@red•@algae•@•iPueschel•@•••@Cole

ultrastructure•@of•@the•@gamete•@fusion•@process•@of•@red•@algae

•@•@•@•@•@•@•@•@•@by•@Hawkes•@•i1978•j•@in•@field•|collected•@‰¤•†ƒ¶ŒŒ’U

•@•@•@•@•@•@•@•@•@instance•C•@the•@•fspermatial•@nuclear•@material•f•@was

•@•@•@•@•@•@•@•@•@•@carpogonium•@via•@a•@narrow•C•@extended•@fertiliza•|

•@•@•@In’U•ºŒŒ’U•C•@the•@nuclear•@material•@seemed•@to•@be•@the

•@•@•@•@•@•@•@•@•@component•@being•@transferred•@into•@the•@fertiliza•|

•@•@•@•@•@•@•@other•@components•C•@such•@as•@proplastids•C•@followed

•@•@•@•@•@•@•@•@•@•@•@•@into•@the•@canal•@•iHawkes•@1978•j•D•@ln•@contrast•C

•@•@•@•@•@•@•@•@•@•@•@•@attached•@spermatium•@of•@Palmaria•@p’Uƒ†•v‘Á’U

•@•@•@•@•@opening•@within•@the•@thin•@trichogyne•@cell•@wall

•@•@•@•@•@fusion•@and•@male•@nucleus•@invasion•D•@Thls•@expan•|

•@•@•@•@•@•@between•@sperrnatium•@and•@trichogyne•@cytoplasm

•@•@•@•@•@transfer•@with•@minimum•@constriction•@of•@the

nucleus•D

•@•@•@study•@is•@the•@first•@ultrastructural•@report•@of•@t•Che

•@•@•@•@nucleus•@invading•@the•@carpogonium•@of•@red•@algae•D

•@•@•@•@feature•@of•@the•@rnale•@nucleus•@invading•@in•@the
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Duri•@n•@g•@f•@e•@r•@t•@i•@l•@i•@z•@a•@t•@i•@o•@n•@o•@f•@t•@h•@e•@b•@r•@o•@w•@n•@a•@l•@g•@a•@E•Itlgusi•@c•@u•@s•@•IILIt•Ds1•D1•Dgbgss•@t•@i•@c•@h•@u•@s•C•@n•@u•@c•@l•@e•@a•@r

migration•@of•@the•@male•@pronucleus•@toward•@the•@co•|existing•@egg

nucleus•@is•@inhibited•@by•@MT•@inhibitors•@•iBrawley•D•@1979•j•C•@implying

that•@MTs•@play•@an•@indispensable•@role•@for•@male•@nuclear•@migration•@in

this•@alga•D•@The•@remarkable•@association•@of•@rvlTs•@with•@the•@male•@nucle•|

us•@in•@the•@carpogonial•@base•@of•@Palmaria•@p’Uƒ†•x’Ä’U•@is•@similarly•@sug•|

gestive•@of•@the•@function•@of•@MTs•@in•@the•@migration•@of•@male•@nucleus

to•@the•@carpogonial•@nucleus•D

Polyspemmy•@block

•@•@•@•@•@It•@has•@previously•D•@been•@reported•@that•@two•@or•@more•@male•@•ior

spermatial•j•@nuelei•@from•@one•@or•@more•@spermatia•@may•D•@enter•@into•@a

triehogy•D•@ne•@•ie•Dg•D•C•@Goff•@•••@Coleman•@1984•C•@O•fKelly•D•@•••@Baca•@1984•j•D•@Even

when•@only•@one•@spermatium•@attached•@to•@a•@trichogyne•@in•@the•@fertili•|

zation•@of•@Pa•D•h1•Dttria•@Rg•D•Ilg•pa•Cuata•C•@the•@spermatial•@nucleus•@divides•@into

two•@male•@nuclei•@and•@both•@of•@them•@may•@enter•@the•@cytoplasm•@of•@the

trichogyne•D•@Thus•C•@there•@must•@be•@a•@mechanism•@that•@allows•@the

fusion•@of•@only•@one•@male•@nucleus•@with•@a•@carpogonial•@nucleus•D

•@•@•@•@•@Judging•@from•@the•@present•@observations•C•@it•@is•@likely•@that

male•@nuclei•@cannot•@pass•@each•@other•@within•@the•@limited•@diameter

inside•@the•@trichogyne•@and•@the•@direction•@of•@male•@nucleus•@migration

seems•@to•@be•@random•D•@Therefore•C•@even•@when•@numerous•@male•@nuclei

entered•@the•@trichogy•D•@ne•@as•@observed•@in•@the•@present•@experiments•C

only•@a•@limited•@number•@of•@male•@nuclei•@can•@enter•@into•@the•@carpogo•|

nial•@base•@from•@the•@trichogy•D•@ne•D

•@•@•@•@•@Deshmukhe•@and•@Tatewaki•@•i1990•j•@reported•@that•@the•@lower•@por•|

tion•@of•@the•@trichogyne•@of•@fertilized•@carpogonia•@of•@2•ItJ•Dg•pg•C1•F4•Dalmaria
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lgtQaˆê1•C•Cu1g•DLs•Ilmata•@became•@narrower•C•@forming•@a•@septum•@to•@prevent•@the•@entrance

of•@an•@additional•@male•@nucleus•D•@As•@a•@general•@rule•@in•@fertilization

of•@red•@algae•C•@a•@septum•@formation•@should•@be•@completed•@before•@the

•fwalling•@off•f•@of•@the•@trichogyne•C•@which•@is•@a•@common•@phenomenon

during•@further•@development•@of•@fertilized•@carpogonia•@of•@red•@algae

•iPueschel•@1990•j•D•@The•@present•@observation•@of•@TEM•@specimens•@failed

to•@show•@sueh•@a•@septum•C•@and•@an•@examination•@of•@specimens•@incubated

for•@a•@far•@longer•@period•@is•@necessary•@to•@judge•@the•@significance•@of

septum•@formation•@in•@the•@poly•D•@spermy•D•@block•D

Intergenerie•@c•@r•@o•@s•@s•@w•@i•@t•@h•@1•Iat•|g•|sHa•Cgg2•|Qgl•@o•@s•@a•@c•@c•@i•@o•@n•@yegddgˆê•Ii•E

•@•@•@•@•@A•@qualitative•@estimation•@of•@gamete•@attachment•@between•@relat•|

ed•@species•@and•@genera•@of•@ceramiaeean•@algae•@has•@been•@reported

•iMagruder•@1984•j•D•@The•@present•@study•D•@is•@the•@first•@comparative

quantification•@of•@gamete•@attachment•@between•@red•@algae•@of•@differ•|

ent•@taxa•D•@Gamete•@attachment•@between•@different•@taxa•@was•@invariabiy

lower•@than•@that•@of•@the•@intraspecific•@eontrols•D•@Morphological•@and

cytochemical•@observations•@described•@previously•@in•@this•@thesis

have•@shown•@that•@the•@spermatial•@covering•@and•@the•@trichogyne•@coat

mediate•@the•@attachment•@of•@these•@non•|flagellated•@gametes•D•@The

weakness•@of•@heterologous•@gamete•@attachment•@must•@be•@due•@to•@the

divergence•@in•@the•@biochemical•@nature•@of•@these•@gamete•@surfaces

between•@the•@two•@taxa•D

•@•@•@•@•@Both•@ey•D•@toplasmic•@and•@nuclear•@fusion•@in•@the•@intergeneric

fertilization•@were•@invariably•@less•@frequent•@than•@in•@intraspecific

controls•C•@but•@were•@readily•@observed•@in•@the•@present•@study•D•D•@ln
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tion•@between•@different•@genera•@is•@blocked•@are•@different•@between

the•@Palmaria•Dceae•@and•@Ceramiaceae•D•@This•@difference•@ma•F•@be•@related

to•@the•@absence•@of•@any•@specialized•@appendage•@on•@the•@spermatium•@in
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pendages•@have•@been•@reported•@in•@species•@of•@Ceramiaceae•@•iMagruder

1984•C•@Broadwater•@et•@al•D•@1991•j•@and•@bind•@specifically•@to•@tnicho•|

gynes•@•iMagruder•@1984•j•D

•@•@•@•@•@Among•@red•@algae•C•@it•@is•@generally•D•@recognized•@that•C•@the•@devel•|

opment•@of•@interspecific•@hybrids•@is•C•@if•@it•@occurs•@at•@all•C•@abnormal
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•@•@•@Experimental•@hybridization•@between•@northeast•@and

•@•@•@•@•@•@•@•@•@•@PalmariaŽ“yielded•@intraspecific•@hybrids

•@•@•@•@reduced•@fertility•@•ivan•@der•@Meer•@1987•j•D•@The•@develop•|

•@•@•@•@•@•@•@•@•@of•@h•Fbrid•@zy•D•@getes•@of•@red•@algae•C•@such•@as•@the
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•@•@•@•@•@Structures•@and•@processes•@•ii•De•D•C•@spermatogenesis•C•@liberated

sperrnatium•C•@triehogyne•C•@gamete•@attachment•C•@spermatial•@nuclear

division•@and•@cell•@wall•@formation•C•@and•@gamete•@fusion•j•@in•@fertili•|

zation•@o•@f•@t•@h•@e•@r•@e•@d•@a•@l•@g•@a•@IZat•Dlglg•Dlzlˆê•ol•@m•@a•@r•@i•@a•@1•HEaLL1pa•CILal•@t•@w•@e•@r•@e•@o•@b•@s•@e•@r•@v•@e•@d•@u•@s•@i•@n•@g

light•C•@epifluorescence•@and•@transmission•@electron•@microscopes•D

Precise•@time•|course•@examination•@was•@possible•@using•@this•@alga•C

because•@it•@forms•@rapidly•|maturing•@microscopic•@female•@gamet•Cophytes

and•@macroscopic•@male•@gametophy•D•@te•@liberating•@spemmatia•@vigorousl•F•D

In•@addition•C•@attempts•@of•@intergeneric•@fertilization•@with•@11•ot•j•I•Cs•GLsa•Cg••losacˆê

gjt•DQpon•@yggddgg•Do•@i•@1•DK•D•@Lee•@were•@made•@in•@order•@to•@examine•@the•@taxon•|

specificity•@of•@gamete•@attachment•@and•@fusion•D

•@•@•@•@•@The•@results•@obtained•@are•@summarized•@as•@follows•D

•@•@•@•@•@1•D•@Liberated•@spermatium•@has•@a•@prophase•@nucleus•@with•@a•@divi•|

sion•@pole•@marked•@with•@a•@pair•@of•@polar•@rings•D•@Dark•|cored•C•@srnall

vesicles•@with•@PATAg•|positive•@contents•@are•@observed•@in•@cell•@pe•|

riphery•@and•@these•@vesicles•@are•@apparently•@connected•@to•@plasma

membrane•@via•@plasma•@membrane•@tubules•D

•@•@•@•@•@The•@protoplast•@of•@spermatium•@is•@covered•@with•@a•@hy•D•@a•Iine•C•@3•@pm

thick•@covening•D•@The•@spermatial•@covering•@appeared•@as•@fibrous•C

reticulated•@matrix•@when•@observed•@by•D•@TEM•@and•@is•@apparently•D•@secret•|

ed•@during•@spermatogenesis•@before•@liberation•@of•@speumatium•D•@The

spermatial•@covering•@is•@degraded•@by•@certain•@proteolytic•@enz•Fmes•D

•@•@•@•@•@2•D•@ln•@the•@cytoplasm•@of•@trichog•F•@ne•C•@concentric•C•@longitudinal•|

ly•|arranged•@ERs•C•@dictyosomes•@and•@mitochondria•@are•@observed•D

Secretion•@of•@small•@vesicles•@apparently•@derived•@from•@ERs•@is•@de•|

tected•@in•@the•@apex•@of•@trichogyne•D•@The•@cell•@wall•@of•@t•Crichogyne•@is
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covered•@with•@PATAg•|positive•C•@fibrous•@coat•D

•@•@•@•@•@3•D•@The•@attachment•@of•@spermatium•@to•@trichogyne•@can•@be•@estab•|

lished•@very•D•@rapidly•D•@after•@spermatium•@inoculation•D•@lmmediately•D
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