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Acid Mucopolysaccharidein Embryos ofthe Horseshoe Crab，

乃Cわple〟S tYide〃tatuS（Chelicerata，Arthropoda）l

ToMIOITOW and KoICHI SEKIGUCHI2・3
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ABSTRACT－Thedistribution，type，quantityandbiosynthesisofacidmucopolysaccharide（AMPS）

inembryosofthehorseshoecrab（Chelicerata，Arthropoda）wereexamined．Inembryosatearly

developmentalstages，mOStOftheAMPSissulfatedtypeandfi11sintheperivitellinespaoebetweenthe

Chorionandtheblastoderm．ItisaIreadyfbundinunLbrtilizedeggsanditisrarelysyntheSizedafter

ftrtilization．When thegermdiscappearS（Stage7），itis separated丘om theblastoderm by the

SeCretionofamembrane．ItdisperSeSintoseawateraftertheruptureOfthechorion（stage180r19）．

TheothertypeOfAMPSissynthesizedintheembryonicbodyandisnon－Sulfhted．Atthehatching

Stage（Stage21），thenon－SulfatedAMPSdecreasesandsulfatedAMPSisfbundintheendoskeleton，

theintestineandinthearticulationoftheappendages．

mRODUCTION

Inthecortica）reglOnSOftheembryosofseveral

marineanimals belonglng tO the Annelida，Echi－

nodermataandVertebrata，thereisalayerofacid

mucopolysaccharide（AMPS）［1－4］．AMPS also

existsintheintercellularmatrixanditisrelatedto

manybiologicalfunctionssuchastheconstruCtion

Of cells，the touglmess andflexibility of tissues，

Calcification，thecontrolofelectrolytesandwater，

WOundhealing，1ubrication，andthemaintenanceof

Stabletransports【5］．

In embryos of the horseshoe crab，a marine

arthropod，theexistence ofAMPSin thecortical

layerhasbeenreportedbySekiguchietal．［6］and

Bennetl7Landthecorticalreactionwasexamined

in detailbyBrown and Clapperl8］，Bannon and

Brownl9］，andBrownandBarnuml10】．AMPS

in thecartilageofadultshasbeen describedllト

13］，aSWellasthee鮎ctofinhibitorsofthesyn－

thesis of AMPS on the embryonic development
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［14，15］．However，theexactdistributionandtype

Of AMPS presentin the embryos at di鮎rent

developmentalstageshavenotbeenelucidatedthus

far．This paper dealswith the characterization

OfAMPSinembryosofJapanesehorseshoecrab，

乃Cわpお描けんお〃ねJ〟∫．

MATERIALS ANDMETHODS

Male and fbmale horseshoe crabs，7bcわpk〟S

trik〃tat〟S，Were COllectedin Saga and Fukuoka

PrefbcturesinJapan．They were transfbrred to

laboratories at the Shimoda Marine Research

CenterandShizuokaUniversitywherethepresent

Studies were conducted．The mature eggs were

Obtained ffom the body cavity of ftmales by

dissection．The eggs were fbrtilized by artificial

insemination ofsperm obtainedfrom maleindi－

Viduals．Theftrtilizedeggswererearedi血filtered

SeaWaterinaplastictray．Thestagesofembry－

Onic development wereidentified according to

Sekiguchi【16】．

Forlightmicroscopicstudies，theembryoswere

fiXedin Bouin’S，CamOy’S，Or FAA solution，

embeddedinpara侃n，andsectionedffom5to20

fLminthickness．Thescctionswerestainedwith

Mayer’shematoxylinandeosin．Thedistribution
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of AMPS was determined by histochemical

methodsusing1％alcianblue（pHlor2・5），0・05－

0．1％toluidine blue（pHO・l or4・0）and Hale’s

reaction．ThetypeOfAMPSwasdeterminedby

methylationandsaponification・Ifatissuecon－

tained non－Sulfated AMPS，it was stained agaln

after saponification・A digestion method uslng

testicular hyaluronidase was also used fbr the

determination of typeOf AMPS・Periodic－aCid

Schiffreaction（PAS）and digestion by amylase

wereusedfbrthedeterminationofdistributionand

typeOfneutralpolysaccharide・

For electron microscopy，SpeClmenS Were pre－

fixedin5％glutaraldehydeand4％parafbrmal－

dehydein cacodylate bu飴r（pH7・4）and then

post－fixedinl％　osmium tetroxide solution・

ThesespeClmenSWereembeddedinEpon8120r

Stage1－6 Stage7－10

Spurrlow embedding resin（PolyscienceInc・，

USA），and sectioned with a Poter－Blum ultra－

microtome．The sections were stained with

saturateduranylacetateandReynold，ssolution・

Thetype，quantityandbiosynthesisofAMPS

were determined by the fbllowlng biochemical

methods．The AMPS was extractedfrom em－

bryosatvariousdevelopmentalstagesuslngthe

methodofAokiandKoshiharal17］，andmeasured

quantitativelybythemethodofScottl18］using

chondroitinsulfateasanintemalstandard・

For qualitative analysis，the extracted AMPS

was丘actioned by Dowexl－COlumn chromatog－

raphy．Hyaluronicacid，Chondroitinsulfateand

heparinwereusedasmarkerfbrthechromatog－

raphy．Non－SulfatedAMPSismainlyelutedby
0．25MandO．5MNaCl，heparansulfatebyl・25M

Stage11－17
Stage18－20

Stage21

FIG．1．ThedistributionofAMPSatdi鮎rentdevelopmentalstages・△：SulfatedAMPS，▲‥nOTl－

sulfatedAMPS．TheAMPSwhichwasobservedintheembryosatstage2lwashainlysulfated

AMPS．Thebarrepresentslmm・A：articulationofappendages，CH‥Chorion，EN：endo－

skeleton，EX：eXuVium ofembryonic molting，I：intermediate membrane（Ⅰ一membrane），IE：

inner egg membrane，IN：intestine，PF：perivitelline fhid，PS：perivitelline space（layer of

AMPS），T：generaltissueofembryonicbody，Y：yOlk・

FIG．2．Thecorticalregionofhorseshoecrabembryos・a・earlyblastulastage（Stage4）・b・Stage9，

C．stage13・ThebarrepresentsIpm・CH：Chorion，I：Ⅰ－membrane・IE：innereggmembrane，

N：nuCleus，PS：perivitellinespace（layerofAMPS）・



MucopolysaccharideinHorseshoeCrab 465



466 T．ITOWANDK．SEKIGUCHI

NaCl，Chondroitin sulfate byl．5M NaCl，and

heparinby2．OMNaCl．El∝tOphoresiswasalso

CarriedoutusingthemethodsofSenoetal．［19］．

Digestionbyhyaluronidasewasalsoused．

Fortheexaminationofbiosynthesisofsulfated

AMPS，embryosatdi飴rentstageswererearedfbr

72hrin seawatercontaining5FLCi35S－Na2SO4．

AMPS wasextracted什omthe treated embryos，

andtheradioactivitywasmeasuredwithaliquid

SCintillation counter．In addition，theextracted

AMPS wasfractioned on a Dowex column to

examinethetypeOfsynthesizedAMPS．

RESULTS ANDDISCUSSION

Sulfated and non－Sulfated AMPS were fbund

inseveralportionsofembryosatdi飴rentdevelop－

mental stages．The distribution of AMPSis
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SummarizedinFigurel．

Therewas agreat dealofAMPSin the peri－

vitellinespacebetweenthechorion（thefirstegg

membrane，thevitellineenvelopeortheouteregg

membrane）andthesurfaceoftheperiplasmatthe

StageSbetweentheunfbrtilzedeggandtheblastula

Stage（Fig．2－a）．After stage7，When the germ

discappeared，theAMPSwasseparatedfromthe

blastoderm by a membrane which was secreted

丘om the blastodermal cells．Hereafter，the

authorscallthismembranetheintermediatemem－

brane（Ⅰ一membrane）．It corresponds to the thin

membranewhichwasreportedbySekiguchietaZ．

［6］（Fig．2－b）．TheI－membrane became thicker

andwaspushedupbyanothermembranewhich

begantobesecretedatstagell．Thelattermem－

braneiscalledtheinnereggmembrane（thesecond－

aryegg membrane or deutovum）［20】（Fig．2－ぺ）．

Stage　4　7　13161819 20　　　211stinstar

early Late larva

FIG・3・ThequantityofAMPSatdihrentstagesofhorseshoecrabembryos．Theabscissashowsthe
di鮎rentdevelopmentalstages・Inthehorseshoecrab，thelstinstarlarvahasthesamefbrmasthe

embryosatstage21・＊：thequantityofAMPSextractedffomtheembryosaftertheruptureOfthe

Chorion・TheAMPSwhichwasattachedtotherupturedchorionwasonlyO．3FLg／embryo．Sample
numberismorethan3ateachstage．Barsshowstandarddeviation．
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TABLEl．Histochemicalreactionofembryosofthehorseshoecrab
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Surhceor

Chorion，　General
Cortical

蕊a表象葱葱Chorion慧）慧eYolk
AIcianblue（pH2．5）

AIcianblue（pHl．0）

Toluidinblue（pH4．0）

Toluidinblue（pHO．1）

Hale，sreaction

AIcianblue（pH2．5）
afterMethylation

AIcianblue（pH2．5）after
Methylation＋Saponification

AIcianblue（pH2．5）
afterHyaluronidasedigest

Peridoic－aCidSchiff（PAS）

PASafterAmylasedigest

≠
…
廿
　
皿
¶
　
≠
…
…
廿
　
一

≠
　
≠
≠
　
＋
　
≠
　
一

≠

≠
≠
≠

1＋

＋

≠　　　　　　　　　　　　　　　　≠

≠

＋＝Weakreaction；廿＝Moderatereaction；≠＝Strongreaction；－＝Noreaction．

The AMPS remainedin the perivitelline space

until stage18．　The　負rst embryonic molting

OCCurSatStage18．Atstage180r19，thechorion

is ruptured by the enlargement of theinner egg

membrane．Then，theinnereggmembranewraps

theembryoinsteadofthechorion．TheAMPSin

theperivitelline space was discharged fbllowlng

theruptureofthechorion．Asthetotalquantity

Of AMPSin eggs decreased greatly after the

rupture ofthe chorion（Fig．3），We Were able to

determinethatalmostallAMPSintheeggsbefbre

the rupture ofthe chorion existedin theperlVl－

telline space．This AMPS was sulfated AMPS

andmainlyelutedinthefractionofheparansulfate

（Tablel，Fig．4）．Nevertheless，Sulfated AMPS

WaS rarely synthesized during theperiodimme－

diately afterftrtilization（stagel）to the develop－

ment ofappendagerudiments（stage16）（Fig．5）．

TheAMPSmaybesynthesizedduringoogenesis．

A smallquantity ofsulfated AMPS was fbund

FIG．4．The rate of each ftaction of AMPS by

COlumn－Chromatography．AMPSwasextracted

from horseshoe crab embryos at each stage

Shownin the ordinate．The AMPS was frac－

tioned by NaCl．In the case oftheextraction

from the embryos at stage18，their chorions

Were nOt ruptured．（）：the days af（er the
insemination．

inanotherplace．

Of the chorion at

Un－tOrtilizod ogg

Stag010（11day．）

Stage18（23血y）

Stage19（27day．）

Stage　20（40day．）

Stage　21（55day．）

1stinstarlarva

（70血y．）

Perivltellino tl山d

at St喝e20

Endoskeleton

in adults

Hyalul℃両c aCid

CIwdroitin sultate

Heparin

It existed on the outer surface

Stagel and was gradually dis－

NaCl

025M

8

0．5　M

125M l．5M　2・O M

■　■　●　●　■　●　●　●　●　●　●　●　●　●　●　●

●　■　●　■　●　●　●　●　●　■　●　●　■　●　●　●

●　●　●　●　●　●　●　●　●　●　■　●　●　■　●　■

100

％
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3　　7　13　16　18　19　early late　　21

DeveLopmentaL stage
20　　　20

FIG・5・The biosynthesis ofsuIfated AMPSin horseshoecrab embryos．Incorporation of35S－
Na2SO4intoAMPSwhichwasextractedfromtheembryosatthedi鮎rentstagesshowninthe

abscissa・Theordinateshowsthecountsperminute（CPM）／totalAMPSinanembryo．

perSedintotheseawater（Fig．1，Tablel）．

ThesynthesisofsulfatedAMPSwasrecognized

afterthefirstembryonicmolting（Stage18）（Figs．

4and5）・Intheperiodfromstage18to20，the

SulfatedAMPSwasfbundontheoutersurfaceof

theembryonicbody，theexuviumoftheembryonic

molting，and theinternalsurface oftheintestine．

Intheperivitellinefluidwhichexists between the

inner egg membrane and the embryonic body，

Sulfated AMPS was also fbund at these stages．

ThesulfatedAMPSwhichwassynthesizedatthese

StageSWaSmainlyelutedintotheheparansulfate

fraction（Figs．4and6）．However，thesynthesized

Sulfated AMPS seemed to be smallin quantity．

Asmentionedlater，biochemicalandhistochemical

ObservationsshowedthatamaJOrpartOfAMPSat

Stage19and20wasnon－SulfatedAMPS．

In the embryonic body at stage21（the stage

afterthe4thembryonicmolting，Orthestageof

hatching），Sulfated AMPS was fbundin the

endoskeleton，the epithelium oftheintestine and

inthearticulationofappendages（Fig．1，Tablel）．

㌔轟．25㌔←ら．5√1「．25詔「．5㌃㌦．。√㌧。訂
NaCI

FIG・6・Thecolumn－Chromatography ofAMPSincorporating35S－Na2SO4．The AMPS was ex－

tractedfromtheembryosatlatestage20，andwasfractionedbyNaCl・Theradioactivityofe？Ch

fractionwascounted．TheordinateshowsCPM／embryo．Theabscissashowseachfractionof

NaCL TheradioactivitywasmainlyfbundintheAMPSelutedbyl・25MNaCl，thatis，the
fractionofheparansulfate．
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Inaddition，itwasfbundin theperivitellinefluid

atstage21aswellastheperiodfromstage18to20．

As sulfated AMPS has an active polyanionic

naturein controlling electrolytes and waterin

extracellularfluidandhasaroleinlubricationl21］，

thesulfatedAMPSin theperivitellinespacemay

protectthehorseshoecrabembryosfromthehigh

Salinity of sea water and the mechanical fbrce．

Embryos of many other marine animals have a

great dealofsulfated AMPSin the perivitelline

SpaCe，tOO．Thecartilageofmarineanimalscon－

tainsagreatdealofsulfatedAMPSascompared

Withanimalslivingonlandorinh・eShwaterl22－

26］．These facts support the above－mentioned

SuppOSition．

Non－Sulfated AMPS was fbundinthe tissues

Of the embryonic body at the stages befbre20．

It was unifbrmly distributedin the embryonic

body and was thought to be mainly hyaluromic

acid，judgingfromhistochemicaland biochemical

examinations（TablelandFigs．4and7）．When

Stage20

（Hyaluronidasedigest）

Stage20

Stage19

Hyaluronic acid

Chondoroitin sutfate

469

AMPSwasextracted什omembryosatstage190r

20andexaminedbyelectrophoresIS，Onlyoneband

WaSObserved．Thebandwasidentifiedwiththat

Of hyaluronic acid and was digested by hy－

aluronidase（Fig．7）．Histochemicalobservations

alsoshowedthattheAMPSofembryonicbodies

atstagesbefbre20wasmostlynon－SulfatedAMPS

（Tablel）．The non－Sulfated AMPS decreased

greatlyatstage21（Figs．3and4）．

According to Meyerl27】，nOn－Sulfated AMPS

COntrOIs water and protects animals against bac－

terial attack．The non－Sulfated AMPSin horse＿

Shoecrabembryosmayhavetheserolesandmay

also play arolein cellconstruction duringmor－

phogenesisandinVertebrata，aSWel］［28】．

The tissues of the embryonic body also con－

tainedneutralpolysaccharide．Asitwasdigested

by amylase，it was probabIy glycogen．In the

yolk，therewasnoAMPS，justneutralmucopoly－

SaCCharide・In the chorion and　inner egg

membrane，AMPS and neutral polysaccharide

Start

FIG・7・Theelectrophoresis（cclluloseacetatestrips）oftheextractedAMPS．
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WerenOtfbund（Fig．1，Tablel）．
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