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TheaminoacidanalysisandgelelectrophoresisofsOmecomponents
mtheOrganicmatrixofmOlluscanshells.

TetsuroSAMATA*

todissolvetheI.S.M・ inthenacreouslayerwithCH3COOH

andNH40H,4pyridinecovull-solutionorCu-EDTA

solutionHowever, thesetryingscouldnotsucceedto

dissolvethematrixabsolutely,andthebiochemicalanalysis

ofthesolubilizedcomponentalsoleavesomethingtobe

desired

It isgenerallyrecognizedthatthenacl･eoIIslayerisfOrmed

byalternatingdepositionoftheorganicmatrixandthe

aragonitecrystals.Howerer,aroleofthematrixduringthe

formationofthenacreous layel･hasnotbeenclarified

Bevelander&Nakahara [14] proposedtheso-called

compartmenthypothesi3, inwhichtheysupposedthat
“

multiplelayeroftheorganicmatrix (so-called ･!sheel")

al･efOrmedpriortocrystalfol･mation.Aragonitecl･ystals

begmtodevelopwithinthepre-fbrmedol･ganiccomponents

andgrowupwithbeingsurroundedbythismembl･ane-like

material,so-called"envelope'' .Thegrownlofthecrystal

continuesuntillittouchwith $$sheet".

AswellNakaharaeral. [15, 16] foundthatAspis

concentratedinacomponenttobethoughtcol･1℃spondto
“

envelope" inthenacreousandtheprismaticlayersand

discussedthat "envelope'' couldbeakeysubstancein

relationtotheinitiationandtheaccelerationofthecrystal

gl･owdlofcalciumcarbonate,

Inthisresearch,weattemptedtosolubilizethel.SM. in

thenacreous layerandoriginallyfractionatethesolubi-

lizedproductsbySDS-polyacrylamidegelelectrophoresis.

ThemethodmayserveasagoodFoolfOl･understandingthe

1･oleofthel・S・M. inbiomineralization.

Summary

Theacid-insolubleorganicmatrixextractedfromthe

nacreous layel･ofTbcmsconusissolubilizedwithdilute

alkali-solutionand the solubilizedcomponenl is

fi:actionatedbygelchromatographyandSDS-PAGE.The

matrixiscomposedofseveralcomponentsofprotems.The

molecularweightsoftheircomponentsl･allgebetween

80kDandl4kD.Theaminoacidcompositionofthealkali-

solublematrixischaracterizedwithhighpropol･tionof

aspartate,whichiSunlikethatfbundintheunfractionated

acid-insolublematrix・Theresultscangiveaclarificationof

thestrucluralcompositionoftheacid-insolublematrixand

theelucidationoftheroleofthat intheprocessofshell

fbrmationgoodaid.

Introduction

Twokindsoftheorganicmatrices,awater-solublematrix

(S.M.) andawater-insolublematrix (1.S.M.) areknown

tobecontainedinmolluscanshells・Becauseofitshigh

solUbilityinwater,theS.M・hasbeenanalyzedastothe

compositionsusingthebiochemicalprocedures [1-3]

Moreover,smceCaz+-bmdingglycoproteinswel･eextracted

outoftheS.M. [4,5], theS・M.wasthought tohavethe

possibilityofaccomplishingsomeimpol･tantl･oleduringthe

formationofmolluscanshells.Ontheotherhand, the

1.S.Mcannotbedissolvedinwater,dilllteacidsand

variousbuffersandtherefbre, thebiochemicalpurification

hasnotbeenabletobecarriedout・Forthesereasons, the

1.S・M・hasonlybeenstudiedonthemorphological

observationofthematriXsurfaceusingelectronmicroscope

[6,7],ontheanalysisofthehighdimensionalstructureof

thematrixbytheinfraredspectroscopicanalysisandtheX-

raydiffractionanalysis [8,9] .Aminoacidcompositions

wereanalyzedontheunfractionatedl.S.M. [10,ll]

Meanwhile,Gr6goireetal. [12] attemptedtosolubilize

the1.S.M. inthenacreous iayer,usingboratebufferand

concentratedalkali-solution.Tanakaeraﾉ. [13] alSotried

MaterialsandMethods

Theshellsof形α"sconIIswerecollectedatKuroshima,

Okinawa,JapanAfterthesurfaceoftheshellswere

cleanedwithadentaldrill,theyweI･edroppedinl%NaCIO

toremovetheorganiccontaminantsandpeI･ioStracum.The

nacl･eouslayerwassepal･atediiomtheprismaticlayerwith

adentaldrill, thendried,powderedanddecalcified.
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Decalcificationwascarriedout in5%CH_COOH・The
』

decalcifiedsolutionwascentrifUged(10,000xG,20min)

andonlytheprecipitatewasusedfbrfUrthertreatment.The

precipitatewaswashedrepeatedlywithdistilledwaterona

filterpaper (WhatmanNo.3) andthenhomogenizedin

chlorofbnn-methanolsolution (chlorofbnn/methanol=2/1,

v/V) toseparatelipidcomponents.Theinsolublelayerthus

obtainedwas lyophilizedandthentreatedindiluted

NH40HsolutionadjustingpHat8.5understirringfOr6

hours・Thealkali-extractedsolutionwascentrifuged

(10,000xG,20min.) andonlysupernatant (alkali-soluble

ma[rix)wasfractionatedbygelchromatogfaphyandgel

electrophoresis,ThematrixwasloadedontoalOOxl,5cmo

Bio-GelAl.5mcolumn (Bio-RadLab,Tokyo,Japan)

preequilibratedwithO.IMNHjHCOTpH8.4.Theabsor-
banceoftheeluatewasmeasuredat235nmwithadouble

beamspectrophotometerUV150-02 (ShimazuCo.,Kyoto,

Japan).ThemamfractionelutedfromBio-GelA15mwas

hydrolyzedinahydrolysismbeundervacuum,atll0℃ibr

24hours, in5.7NHCl.Thehydrolysatewasthenanalyzed

onanATTOMLC-703Sautomaticaminoacidanalyser

(ATTOCo.,Tokyo,Japan).

SDS-PAGEwascalTiedout in8.5%gelsasdescribedby

Andersonetal. [17] .GelswerestainedwithO4%

CoomassieBrilliantBlueR-250,withstains-allbythe

methodofCampbelletal. [18] andsilver-Stained,

essentiallybythemethodofMorrisey[19]withakitfbr

silver-staimng(WakoPureChemicalsCo.,Osaka,Japan).
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Figl ;GelcllromatogramonBio-GelAI.5mofthealkali-
solublematrixinthenacreouslayerof北α“con“
sheⅡs、

componentscanbesupposedtobeapproximately80kDand

57kD・Moreover,awidesmearisobseIvedattheposition

ofmolecularweightbetween20kDandlOkD,thoughitis

unvisibleinthephotograph.

Bystains-allslaining, thecoloul'ofeachbandchanges

drasticallyaftertakingout thegelfromthestaining

soIution.AccordingtoFig.2-ntoFig.2-N, threestepsof

colourchangeareobvious・Fig.2-nshowsthegelstill

remaininginthestainingsolution,Fig.2-mimmediately

aftertakingoutfi･omthestainingsolutionandFig.2-W

exposingill20%isopropylalchoholfOrabout lOminutes.

InFig.2-n,twofaintbandswhichal･estamedtoredandto

bluearevlsibleat theregionoffairlylowmolecular

weight.Themolecualrweightoftheredbandisestimated

approximatelyl4kDandthatoftheblueoneaslowerthan

lOkD.Becauseofthepinkishcolourofthebackgroud, the

main68kD-bandafiel･CB.B. stainingisverydifficultto

visualize. On theothel･ hand, the68kD-band iS

distinguishablefromthebackgroundmFig.2-m, inwhich

twobandswithlowel･molecularweightStumtoalmosut

invisible. Itischaracterissticibl･stams-allstainngthat the

redcolourofthesimpleproteinbandbecomesfadeand

mmstowhitewhenthegelisexposedinisopropylalchohol,

waterorleftinUleairfbraboutlOminutes,aftertakingthe

gel fi･omthestainingsolution.Fig.2-Wshowsthewhite

bandofthe68kDcomponentwhichiswellcomparable

withthatofBSA.Moreover,anadditionalfaintwhite

bandsisvisiblejustbelowthe68kDband.

Bysilverstainingmethod (Fig.2-V), twowellstained

bandsappearatthepositionofcomparablewiththoseof

BSAandovalbuminln thesebands， thefol｡mel･

Results

1)Gelchromatography

AsshowninFi9． 1,threemainpeaksareobservedinthe

profileofgel-filtrationofthealkali-solublematrixona

Bio-GelA1.5m.Amongthem, themajoI･fiactioniSeluted

atthepositionof70-90mlofthebufferandaccountedfbr

70%oftotalproteinloaded.BesidesthemajoriTaction,a

peakapproximatelyatthepositionVnofthegelandrather
O

largefractionatthebuffervolumeofl30-140mlarealso

obServed.

2)SDS-PAGE

Aftergelelectrophoresis, threekinds･ofstainingproce-

durewereemployedfbrthegel,asshownmFig､2. Inthe

caseofC.B.B. staining (Fig.2-1),aclearbandcanbe

seenalmostatthepositionofBSA,whichpossessesthe

molecUlarweightof68kD.Twothinbandswhichcannotbe

stainedwellarealsoobservedatthepositionofslightly

higherandlowerthanBSA.molecularweightsofthese
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unfractionatedwater- alkali-solublematrix

insolublematrix
colTespondstothe68kDbandseenafterC.B.B.andstains-

allstainingsandthelattel･ tothefaintbandseelljusibelow

the68kDbandofFi9.2-Iandfig.2-IV.MoI℃over,sevel･al

additional faintbandsarestamedat thepositionof

moleculal･weightlowerthall40kDInthem, thelowel･lnost

olle,whosemoleculal･weight isestiamtedappl･oximalely

14kDcon･espondstotheredbandafterstains-allstaining

(Fig.2-n).
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3)Aminoacidanalysis

InTablel,aminoacidcompositionsoftheunfi･actionated

acid-insolublematrix (I.SM.) andofthefractionated

alkali-solublematrix (Al.SM.) al･eshownThelS.M.

afterdecalcificationcontainsalargeamountofAlaand

Gly,andthesetwoaminoacidsl･eachapproximtely44%of

thetotalamount.MoI･eover,Sershowsalsohighcontent,

whiletotalamounloftheacidicaminoacidsisnotsohigh.

Ontheotherhand,aminoacidcomposilionofthemain

peakfl･actionatedbyBio-GelA1 .5mintheAl.S.M. is

characterizedbythelargeamountofAsx.Thoughrichin

theacidicalmnoacids, Ihebasicaminoacidsaremuchless

prevalent. resullinginaveryhighratioofanacidic/basic

aminoacidvalue.ThoughGlyisalsothemainaminoacid、

it iscontainedlowerbycompal･isonwiththelS.M

Moreover, inAl.S・M.,AlaandSel･contentsarelowel･ than

50%ofthalinthel.SM..Asawhole, thepropol･tionofthe

polfu･aminoacidsintheAl.S.Mincreases lO%compared
withthatinthel.SM_
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Tabell ;Amilloacidcompositionsoftheunh･aclionaledwaIel･‐
insolllblematl･ixan(l thealkali-solublematI･iXinllle

nilcreOuslayerofTbcmscomiSshell(residuespel･ 100).Discussion

Inthenacreouslayerofmolluscanshells, the1.S.M・ is

presentbetweenthelamellarandthecrystalsasall "inter-
lamella,､matrix" and $$ intercrystallinemat,･iX" ,

respectively・Alsowithincrystals,additionalmatl･ixis

fbundas"intracrystallinematrix'' [20] .

On theotherhand, solubilizationof lhelS.M､，

iiactionationandanalysisofthesolubilizedproductshave

almostneverbeenattempted,sothat thedifferencesoI1 the

compositionofthemol･phologicallydistinguishedparts in

thel･SM.havenevel･beenclarified.Toughuplonow,G1･6-

goire [12] andTanakaelaﾉ. [13] triedtosolubilizethe

I.SM･ inthenacreouslayel･bydifiもrentprocedures,asin

thosecases theconditionfol･thesolubilizationwel･evel･y

severe, itmightbepossiblethatpepti(iebondsofthe

proteinwerebl･oken.

Inthepreselltreseal℃h,weattemptedtosolubilizethe

I.S・M.andoriginallysucceededinseparationofal leasl

fbul･componentsinitelectrophoretically,whosemolecu伽．

weightscollldbeestimatedtobeappl･oximately80kD.

68kD,57kDandl4kD. Judgedfromthepinkish-redcoIolll･

homstains-all staining, thefbrmerthreecomponentscall

beeatimatedlobesimpleproteinswhichdonolcontain

sugal･sol･ sialicacids・ThePreliminal･ystainingbyPAS

resultednovisiblebandand it supports theabove

estimationOntheotherhand, thecomponentwith

moleculal･weightof l4kDisstainedtodark-orangeby

stains-all. togetherwiththefairlypool･stainingbysilvel･,

iml)lyingthat itcailbeestimatedlobemixtureofprotein

andphospholipid [18]・Moreover. several additional

componentsmaybecontainedinthel・SM…Weinereraﾉ．

[21] havealreadyreportedtheresultonSDS-PAGEofthe

organicmatl･ixmmol luscan shells・ Theyhave

eleclrophol･esed tlleEDTA-solublematl･ixfromlO

InolluscanSpeciesbyLaemmliprocedure [22] and

staine(I thembyCBB, andclarifiedthediscl･ele
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amountofAlaandOlyAlthoughCa-bindingglycoprotem

whichisamaillcomponentoftheS.M. inthenacreous

laVerof7bclllscomJsisalsoAsx-richandacidic (Samata.
ご

unpublisheddata). lheAl.S.M. contamedahighercontenl
ofAsxandlowel･amountofbasicaminoacids thanthis

component.Takingaccountoftheundetectionofvisible

bandoI1SDS-PAGEoftheS.M. inthenacreouslayerofT:

co""smallcasesofCBB.,silverandstains-allstainings

(dalanotshown) .Al.S.M.cai1beconsideredasadifibrent

unitfromtheS.M.、

It isknownthatmanixinhardlissueisgenerallyl･ichin

acidicaminoacids,particularlyinAsp[2,27].AspwaS

highlyconcentl･aledofmol･ethan50%fbllowedwithIhe

veIyhighralioofIheacidic/basicaminoacids. inthecase

of(hematrixintheprismaticlayerofthemolluscanshells

[15] andinthespicuelsofcorals [24].Thehighlyacidic

matrixintheprismaticlayerwasconsideredloconstitute

envelope'' byobservalionwithelectronmicroscope
64

[151AstheAl.S.M. sI1owedhighlyacidicnaturebyits

aminoacidcompositionsomespecificcomponents init

maybecontainedIoconstitute"envelope'' .Accordingto

BevelanderandNakahara [!4], sil1ceCaCO;-crystalcould
beinitiatedanddevelopeill lenvelope'' . ionconcentl･ation

into "Ienvelope" isexpectedtohappen. Inaddition, laking

accountoftheexiracIionofalargeamountofCa-binding

lipids iromthel.S・M. ofZconusaftel･decalcification

(Samata・unpublisheddata), itmightbepossiblethal
“

envelope" consistsofthecomplexoflipidsandpl･oleins

andbothtwocomponentsal･einvoIvedinionconcentration

inconnectionreciprocity・Ontheotherhand. theremaining

mainpartofthelS.M..whichlipidsandA1.S.M.were

extractedis thought toconsistofhydrophobicproteins.

kitinandsoon.Thishydrophobicproteinsarethoughttobe

mademainlyofthe"-sheet struclure [8] andtobe

estimaledtohaveasimplyrepeatedsequenceconsistingof

AlaandGly [28]. Itmaybepossiblethatkitinis

interwinedwiththeproteinsandthefirmedstructul･eis

fOrmed.Then, it isreasonabletoconsiderthat inthe

processoffOrmalionofthenacreous layel･, theacidic

proteinstogetherwithsomekindsoflipidsareillvoIvedin

envelope"whichseems tohavearolefOl･ thecl･ystal
4Q

iniIiationandgrowth.however.hydrophobicpl･otems

togetherwithkitmareinvoIvedin"Sheet"whichseemsto

regUlatethecl･yStalgrowth.

componentswithmolecularweightuptolOOkD・Howevel･,

theresultvariedwidelysuchasthedifferentpositionSof

thestainedbandsamongspeciesanalyzed, perfect

undetectionofthebandamongsomespeciesandsoon･II is

difficul[ [ocomparetheirresultwithours,sincedifiもrem

matrixinthediffel･entspecieswasanalyzedandthey

perfbrmedtheanalysisonthematl･ixofunseparatedshell

layeIs･AStothedataontheelectrophorelicanalysisofthe

matrixintheinvertebratehardtissues, thereal･esome

repol･tsontheEDTA/CH3CHOOH-solublematrix inthe

spiculeofseaurchin [23] andcoral [24]Theformel･

fmctionatedthecomponentswhichhadmolecularweights

of64kD,57kD,50kDand47kD(mainbandswere50kD

and47kD),usingSilver-stainingandidentifiedthoseas

glycoproteins.Thelatterresolvedsixcomponentsl･anging

inmoleculal･weightsけom99/100kDto25kDusingCB.B

andPASstainingand identified theglycoI]l･otein

componentof80kDbandVenkatesanandSimpson [25]

alsoobservedsixbandsintherangeofmoleculal･weights

betweenll7kDandl9.5kDinthesolublematI･ixofsea

urchinspicules.Thesedatashowsapparentdifferenceswith

indicatedinthepresentpapeI.. IfthereasonsfOrthese

difibrencesarecausedbyanimal speciesanalyzed, 1nat】･ix

analyzedand/oranalyticalmethodsused, isnotknownat

present. Inspiteofthediversemolecularweightsofthe

components inthematriX theyshowedsimilarreaclion

againstC.B･Bstaining. Inthecaseofthematrixinthesea

urchinspicules, itwasdifficull tovisualizeanybandsafter

CB.BstainingandtheycouldonlybeseeI1bysilver

stainingofwhenthemalrixwasradio-iodinatedThe

matrixinlhecoralspiculeswasstahledweaklybyC.B.B. .

Similarlyastheseexamples, thesolubilizedmatrixinlhe

molluscanshells isstainedintensivelyonlywhenthe

sampleisloadedontothegelwithlargeamoumofproteins.

Moreover, intensityofthe80kD,68kDand57kDbands

variedfromgelasinthecaseofthecoralspiculeS.These

maybeduetolhe lowcontentofthebasicaminoacld

I巳sidueS [26] .

AminoacidcompositionoftheAI･S・M. Showsespeciall)'

Asx-richandisthroughlydifferent fromthatofthel.S.M

befOresolubilizationandoftheremainingl.S・M. aftel･

solubilization・ThisindicaresthatAl.S.M.maybecontained

asasmallamollntofadifferentcomponenthOmthemain

partofthel・S.M. .whichischaracterizedwiththehigh
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