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lntroduction

Thehatchingenzymeisdefinedastheenzyme
whichissecretedfromtheembryoofmanyani-
malsandpartlClpateSinthebreakdownoftheegg
envelopeatthetimeofhatching.Thehatching

enzymesystemofthemedaka,077ZlaSlatipes,is
knowntoconsistoftwodistinctproteolytlC
enzymes,highchoriolyticenzyme(HCE)andlow
choriolyticenzyme(LCE)(Yasumasuetal.,1988;
Yamagamietal.,1993).Inearlyembryos,HCE
andLCEaresynthesizedinthesamehatching
glandcellsandpackagedinthesamesecretory
granules(Yasumasuetal.,1992a).Atthetimeof
hatching,theyaresecretedtogetheranddigestthe
chorioncooperatively(Yamagamietal.,1992).
Recently,cDNAsfわrHCEandLCEwerecloned

andtheirprlmaryStructuresWerededuced
(Yasumasuetal"1992b).Theseresultswillallow

ustoanalyzethemechanismofenzymeactionon
theeggenvelopeintensofthemolecularstmc-

tureofthehatchingenzyme.
Ontheotherhand,thehatchingenzymeissyn-

thesizedonlylnthedifferentiatedhatchinggland

cellsindeveloplngembryos.Therefore,the

enzymeisagoodprobeforanalyzingthemecha-
nism behindthesynthesisofembryo-specific

proteinsintemsoftheexpressionoftheirgenes

anditsregulation.
Thisarticledescribestwotypesofapproaches
tothestudyofthehatchingenzymeinmedakaat
themolecularlevel;themechanism ofegg

envelopedigestionbythehatchingenzymeand
thestructureofthegeneanditsexpression.

cloningofcDNAsforHCEandLCE

ElucidationoftheprlmaryStructureOfthe

enzymeandthepreparationofspecificprobes
usedinthesearchfわrthegene(S)wereprerequi-

sitesfわrthestudyofthehatchingenzymeatthe
molecularlevel.

cDNAsforHCEandLCEwereclonedfroma

九gt11libraryconstructedfrompoly(A)+RNAof

day3embryosbyimmunologicalscreening
(Yasumasuetal.,1992b).ForHCE,cDNAs
(HCE21andHCE23)wereclonedwhichwere

verysimilar,havinganucleotidesequencesimi-
larityof93%.HCE21andHCE23were940and

910bplongandcontainedopenreadingframes
encoding279and270aminoacids,respectively.
HCEissynthesizedinthefbm ofapreproenzyme
contalnlngaSlgnalpeptideof20aminoacids,a
propeptide(activationpeptide)of50(or59)amino
acidsandamatureenzymeof200aminoacids.
ThisprlmaryStructuremeetsthecriterionofa
secretoryprotease.TwoisoformsofHCEhave
beenknowntooccurinthehatchingliquid.The
twoCDNAclonesseemtocorrespondtotheiso-

forms.LCECDNAwas936bplongandcontained

an813-bpopenreadingframe,whichencodeda
preproenzymecomprlSlngaSlgnalsequenceof20

aminoacids,apropeptideof51aminoacidsanda
matureenzymeof200aminoacids･Thesimilarity
ofdeducedaminoacidsequencesofthemature

enzymeportionofHCEtothatofLCEwas55%
and6cysteineresidueswerewellconservedin

eachofthem(Fig.1).Theaminoacidsequence,
HExxHmotif,whichisknowntoconstituteanac-

tivesiteinsomemetalloproteaseswasalsofound
inbothHCEandLCE.Theseaurchinhatching

enzyme,althoughreportedasacollagenase-like

enzymepossessingthisactivesiteconsensus
(LePageandCache1990),Showednosignificant
similaritytoHCEandLCEineithersequenceasa
wholeorinmolecularsize.Recently,theastacin

family,agroupofmetalloproteases,hasbeen

reported(Dumermuthetal.,1991).BothHCEand
LCEcontainedtheHExxHxxGFxxHEmotif,an
activecenterconsensuscharacteristicofthisfami-

ly(Fig.1).Moreover,theiroverallaminoacid
sequencesindicatedaconsiderablesimilarlty

(about40%)tothoseofmanymembersofthis

family.Thus,HCEandLCEareconsideredto

belongtothisfamily.

ThispaperisasummaryofaspeciaHectureglVeninthe26thAnnualMeetingofJapaneseDevelopmentalBiologlStS,Onthe
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Fig･l･AlignmentoftheaminoacidsequencesoffourproteasesoftheastacinfamilyincludingHCE23andLCE.
IdenticalaminoacidresiduesinbothHCE23andLCEareindicatedbyaslngledot.IdenticalresiduesinatleasHhreeofthefour
sequencesareindicatedbytwodots･Boxesindicatetheaminoacidresiduesoftheactivesiteconsensussequenceortheastacin

family･Cysteineresiduesareindicatedbyshadowedboxes.Referencesforthereportedsequencesareasfollows;astacinfrom
Astacusjluviatilis(Tinatietal.,1987),meprinAfromthemousekidneybrushborder(Dumermuthetal.,1991).

MoJecularmechanism ofeggenvelopediges-
tionbythehatchingenzymes

HCEandLCEwerepurifiedfromthehatching

liquiduslnggelfiltrationcolumnchromatography

andcationexchangecolumnchromatography

(Yasumasuetal.,1989a,b).ThepurifiedHCE
andLCEwereverysimilarwithrespectto

proteinasepropertiesaswellasproteinchemical

characteristics.ThemolecularweightsofHCEand

LCEestimatedbySDS-PAGEwere24K and

25.5K,respectively.Bothofthem werebasic

proteinsandtheirpI'Swereabout9.5-10.5.They
hadsimilarpHoptlmaforproteolyticactlVltylna

slightlyalkalinerange.TheywerefoundtobeZn-

proteasesfrom theresultsofmetalanalysesand

thereactivationexperimentofEDTA-denatured

apOenZymeS･

InsplteOfpossesslngSimilarcharacteristicsas

theproteolyticenzyme,theirmodesofaction

towardtheeggenvelope,chorion,werevery

different.HCEisaproteasethathaschoriolytic

activlty,WhileLCEshowslittlechoriolytlC

activlty･Whenbothenzymeswerecombined,

however,theyshowedamarkedsynerglStic

choriolyticactivity(Yasumasuetal.,1988).When

purifiedHCEactsuponisolatedchorion,itswells

theinnerlayerofchorionremarkably,releaslng
somelowmolecularweightpeptides.Ontheother
hand,purifiedLCEalonecouldnotaffectintact
chorionbutsolubilizedthe班CE-swolleninner

layerofchorionveryefficiently.Thecombined

actionofHCEandLCEresultedinquicksolubi-

1izationofthechorionwithoutanyslgnificant

swellingoftheinnerlayer,asinthecaseofnatural

hatching.Thus,thesynerglSticchoriolysisbyboth

HCEandLCEistheresultofthecooperative

actionofthesetwoenzymes,i.e.aswellingof
chorionbyHCE,followedbyarapidsolubiliza-

tionoftheswollenchorionbyLCE.

Recently,itwasfoundthatHCEexhibiteda

unlqueprOteOlyticactiontowardchorion.HCE

boundtotheinnerlayerofchoriontightlywhenit

exertedchoriolyticaction.Thespecificityof

bindingactivltyOfHCEwasestimatedbyuslng
otherinsolublesubstrates.HCEboundalsotothe

eggchorionofrainbowtroutbutdidnotbindto

thecollagenfilaments(Leeetal.,1992).Oneof
themonoclonalantibodies(MAR)againstHCE

gaveussomeinterestlnginfbmationaboutthe

bindingactivityofHCE(Yasumasuetal.,1989C).
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Fig.2showstheeffectofFab'sderivedfromtwo

typesofMABs,E-72andA-33,0nproteolytic
actlVlty,ChoriolyticactlVltyandchorionbinding
actlVltyOfpurifiedHCE.A-33Fab'exhibitedno
effectonanyofthoseactivities.E-72Fab'was

foundnottoaffecttheproteolyticactivitybutdid
inhibitboththechoriolyticactlVltyandthechori-
onbindingactlVlty.AnanalysisuslngOnetypeOf
MAR,E-72,revealedthatthecatalytic(choriolytic
aswellasproteolytic)activitycouldbeseparated
from thechorion-bindingactlVlty.Moreover,
bindingofHCEtochorioniscloselyassociated

withitsperformanceofchoriolyticswelling.
Consideringthathydrolysisofbothchorionand

caseinisperformedprobablythroughthesame

catalyticsiteofHCEmolecule,itissuggestedthat
abindingsiteandacatalyticsiteareseparately

presentonanHCEmolecule.WhenHCEattacks

chorion,itbindstothechorionatthebindingsite

andreleasessomepeptidesthroughthecatalytic
site.WhenHCEattackssomesolublesubstrates

suchascasein,however,itbehaveslikeanyother
ordinaryproteasesbybindingtoanddigestlngthe
substratesatthecatalyticsiteonly.Theexistence
ofsucha"bindingsite"isalsosuggestedforother
proteases,collagenaseandtheseaurchinhatching
enzyme,whichactonsolidsubstrates(Murphyet
a1.,1992;Nomuraetal.,1993).Ahighaffinityto
chorionisaunlqueCharacterofthisenzyme,and
seemstobeusefulintheinitiationofdissolution

ofthesolidstructure,chorion.

Acomparisonofaminoacidsequencesofthe
astacinfamilyproteasesshowsthatfわurcysteine
residuesarewellconserved.Theyarepossibly

importantf♭rmaintalnlngthethree-dimensional

conformationessentialforfunctionlngaSaPrOte-

olyticenzyme.Inadditiontothefわurcysteine

residue,twocysteineresiduesareintheN-

terminalreg10nOfHCEandLCE.TheN-teminal

regionsofHCEandLCE(aminoacidnumbersト

14forHCEand1-16forLCE)showednohomo1-

0gytothoseofothermembersoftheastacin
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Fig･2･TheeffectsofMABs(E172,A-33)onproteolytic
actlVlty,ChoriolyticactlVltyandchorionbindingactlVltyOr
HCE.ThreeドgOfHCEwasincubatedwithanindicated
amountofFab'fragmentoftheMABsat4oCfor5hrpnorto
theassayoftheactivities.Thevalueswereexpressedasa
percentoractivityintheabsenceoraFab'什agmentofMAB.
～:Proteolyticactivitydeterminedbyusmgcaseinasa
substrate,○:choriolyticactivitydeteminedbyturbidimetric
method,●:Chorionbindingactivitydeterminedbythe
immunologicalmethod.

family(Fig･1)･Itmaybeexpectedthattheunique
sequencesinthehatchingenzymesplaysome
importantroleinchoriolysis,suchas"binding".
Analysisofthemechanismofchoriolyticaction
oftheseenzymesshouldbeperformedinparallel
withthatofthemolecularstnlCtureOftheirsub-

strate.Recently,Weanalyzedpeptidesthatwere
releasedonswellingofthechorionbyHCEand
foundthatapeptide,namedp-H2,consistedof33
m01%ofProand25m01%ofGIx.Moreover,p-

H2containedmostofγGlue-Lyscrosslinks
presentinthechorionwhichwereprobablyform-
edatthetimeofhardeningofthechorion(LeeeT
〟.,1993).TheseresultssuggestedthatHCEselec-

tivelyremovedarestrictedportion(S)ofchorion
whichcontaineddomainsrichinPro,Glnandγ

Glue-Lys.As aresultoftheswellingoftheinner

layerofchorion,LCEwasabletodigestiteffi-

ciently.TheactionofHCEprobablyreducesthe

hydrophobicityofthechorionmakingltaccessible
toLCE.Thus,thehatchingenzymestudymaybe
helpfulalsoforelucidatingtheeggenvelope
StmCture.

StructureofthegenesforHCEandLCE,and
theirexpression

ThegenesencodingHCEandLCEwere
isolatedfrom theEMBL-3genomiclibraries
constructedfromDNAoffishoftheinbreddrR

strain,and their stmcture was detemined

(Yasumasuetal.,1993).Fig.3showstheexon-
intronstructuresoftheLCEandHCEgenes.The
HCEgenewasfわundtobe1kbplongandtolack
introns.Moreover,wefわundittobeamultigene,
i.e.,therewereeightcopleSOfHCEgenesina

genome.Thesequenceoftheco°ingreglOnOf

theirgeneswasalmostidentical.Sevenofthe

eightHCEgenespossessedentireco°ing

sequencesforHCE,whiletheremainlngOne
lackedtheinitiationcodon,i.e.,onebasesubsti-

tutionoccurredintheinitiationcodon(ATGto

AAG).
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Hceldヰト
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Fig･3･StructureofthegenesforHCEandLCE･ThegenesforHCEandtheexonsofanLCEgeneareindicatedbyboxes.Solid
linesindicatetheintronsandtheflankingregions.Theorientationoftheco°ingreglOnisshownbya汀OWS.

Predictedaminoacidsequencesoftheirmature

enzymeportionsofalltheHCEgeneswerevery
conservativealthoughsomesubstitutionsand
deletionswereobseⅣedinthepropeptidereglOnS.
Thepredictedaminoacidsequencesofmature
enzymeportionsofHCE23andHCE2lwerevery
similarwithasimilarityof95%(only9aminoacid
substitutionsin200aminoacidsofmatureenzyme
portion).Aminoacidsequencesofthesubstituted
portionswerefわundtobewellconseⅣedinthe
HCEgenes,Sothatwecouldeasilydistinguishthe
genesforHCE23from thoseforHCE21.We

designatedthegenesencodingHCE23andHCE21

asHcelandHce2,respectively.FivecopleSOf

HCE23gene(Hcela-e)andthreecopiesofHCE21
gene(Hce2a-C)werefoundinagenome.Within

about25-kbofgenomicDNA,sixofthem,i.e.,

threecopleSOfHcelandthreecopleSOfHce2

gene,formedacluster,whiletheremalnlngtwo,

twocopiesofHCE23gene(HceldandHcele),
werelocatedseparately.

Unexpectedly,thestructureoftheLCEgene
wasqultedifferentfromthatoftheHCEgene.
TheLCEgene(Lce)waslocatedwithina3.6kbp

stretchofgenomicDNAandconsistedofeight
exonswithsevenintrons.Sequencesoftheexon-

intronboundariescompliedwellwiththeGT-AG

spliceJunctionrule.A Southernblotanalysts

revealedthatthe-LCEgeneisaslnglecopygene･
Itwasfoundthatfive-toten-foldtheamountof

HCErelativetothatofLCEwasnecessarytoem-

Cientlydigesttheeggenvelopefromtheresultof
inviTrodigestionofchorionbythepurified

hatchingenzyme.Infact,alargeramountofHCE
proteinrelativetoLCEproteinisfわundinzym0-

gengranulesofhatchingglandcells(YasumasueT

al.,1992a).Suchagreatdifferenceinthecopy
numberbetweentheHCEgeneandtheLCEgene

maybeacauseofthedifferenceintheamountsof

boththeenzymes.

TheresultofprimerextensionanalysISOfthe
LCEgenerevealedthataTATAboxconsensus

sequencewaslocatedat28bpupstreamfromthe
transcrlptlOn-StartSite.TATA boxconsensus

sequenceswerealsofoundintheupstreamreg10nS
ofalltheHCEgenes.Thenucleotidesequencesof
the5'-flankingregionsOfalltheHCEgenes
indicatedan80% to95% similaritywithinthe
rangeof200AOObp.Onthecontrary,5'-flanking
reglOnOftheHCEgenesdidnotshowanoverall

similaritytothatoftheLCEgenewithintherange
of1.5kb.

Asdescribedabove,HCEandLCEarevery

similarinphysicochemicalpropertyasproteins
andbelongtothesameproteasefamily.Fromthis
polntOfview,thegenesfわrHCEandLCEare
consideredtohaveevolvedfromthesameances-

tralgene.Ingeneral,structuresofthee又onand
intronarewellconservedamongthesamefamilies

ofproteins,andthesegenesappeartohave
evolvedfrom anancestralgenebyduplication,
followedbydivergenceofboththeprotein-coding

reglOnSandthesequencesresponsiblefわrexpres-
sionofthegenes.Infact,ithasbeenrepolledthat

theexon-intronorganizationiswellconservedin

manygenefamines(forinstance,thegenesofthe

collagenasefamily).Therefore,Somedramatic
differencesinthestructureoftheHCEandLCE

genesmentionedaboveseemhardlytobeexpli-
cablebytheordinaryevolutionalprocessofone

genefamilyalone.Ontheotherhand,many
reportshavedescribedintron-lessgenesthatmay
haveevolvedfromanintron-containlngProgenitor

gene.Theseintron-lessgenesareconsideredto

havearisenbyreversetranscrlptaSe一mediated

processlngOfatranscrlPtfromanintron-contain-
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lnganCeStralgene,i.e.retroposons.Asaresultof
theretropositionofagene,boththeintron-

contalnlnggeneandintron-lessgenecoexistinthe
genomeofthesamespecies.Theretroposons
generallypossessnopromoter,sothatmanyof
theseintron-lessgenesarepseudogenes(Vamin,
1985;Rogers,1985).However,afunctional
intron-lessgenewhichshowstracesofaretro-

posonhavebeenreported(McCa汀eyandThomas,
1987;Foureletal.,1992).Takingintoaccountthe
generalideadescribedabove,theHCEare
possiblyretroposedgenesandmayhaveevolved
throughtwosuccessivelyoccumngprocesses,i.e.
lossoftheintronandgeneduplication.Thus,the
HCEandLCEgenesmayhavepassedthrough
qultedifferentevolutionalprocessesfrom their

commonancestralgene･Atpresent,thegene
structureoftheotherproteasesoftheastacin
familyhasnotyetbeenreported.Weexpectthat
themolecularevolutionofthegenesoftheastacin
familyproteasescanbediscussedinthenear
future.

ProvidedthattheHCEgeneswereretroposed
genes,itisofgreatinterestastowhytwo
enzymes,HCEandLCE,areregulatedtobeex-
pressedconcurrently.Ingeneral,the5'-upstream

reglOnSCOntalnlngputativepromoterreglOnSin
intron-lessretroposedgenesaredifferentfrom

thoseofintron-containlnggenesbecausetheretro-
positionofthegeneisconsideredtooccur
randomly.Theexpressionoftheintron-lessgenes
andintron-containinggenesisknowntobe
regulatedinadi飴rentspatio-temporalmanner.
Althoughthe5'-upstreamreg10nSOfHCEgenes
andthatoftheLCEgenewerealsoquitedifferent,
expressionofboththeHCEgeneandtheLCE

geneswasinitiatedandproceededsynchronously
duringdevelopment,astwoconstituentsofthe
hatchingenzymesystem.Toanalyzethismecha-

nism,itisimportanttoidentifythepromoter
reglOnSOftheHCEandLCEgenes.Itishoped
血ataGis-regulatingelement(S)Withacommon
sequenceforbothgeneswillbefound.Tounder-

standconcu汀entexpressionofbothgenes,the
studyofsometrams-regulationmechanisms,i.e.,
mechanismsthroughatrams-actingregulatory
factor(S)ontranscriptionalactivity,willalsobe
necessary.Thesearchforsucharegulatory
factor(S)shouldbedoneinthenearfuture.

Elucidationoftherelationshipbetweenexpres-

sionofthehatchingenzymegenesanddifferentia-

tionofthehatchingglandcellswouldalsobevery

interestlng.AccordingtotheresultsofinsiTtJhy-
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bridizationexperimentsemploylngananti-Sense
RNAderivedfromaCDNAfragmentforHCEasa

probe,thegenesofHCEweredetectedtobe
expressedfirstinacellgrouplocatedatthe
anteriorendoftheforebrainoftheembryos(the
so-calledpilloworPolster)attheopticvesicle
stage(Inohayaetal.,1993).Theseresultsindicate
thatexpressionofthehatchingenzymegenesis
firstdetectedinanareaqultedifferentfromthe
finallocationofthehatchingglandcells(pharyn-
gealcavity)andthatexpressionofthegenes
continuesinthecellsmlgratlngtOtheirfinaldesti-
nationduringthelastphaseofmorphogenesis.
Althoughthehatchingenzymeofmedakaworksat
thelaststageofembryonicdevelopment,expres-
sionoftheirgenesisinitiatedataneadystageof

embryogenesis.Terminaldifferentiationofthe
hatchingglandcellsintheearlystageembryomay
becontrolledbytheearlierexpressionofsome
trams-actingfactor(S)concemedwiththedifferen-
tiationfactor.

Conclusion

Twotypesofmolecularapproachtothehatch-
1ngenZymeStudyweredescribed.Oneisconcem-
edwiththefunctionofthehatchingenzymeand
theotherwithitsgenestructureandexpression.
Twoconstituentproteases,班CEandLCE,in

themedakahatchingenzymesystemareclosely
relatedtoeachotherwithregardtoprlmary
structureandphysicochemicalproperty･Onthe
otherhand,theirmodesofactiononthesubstrate,

thechorion,areverydifferent;HCEswellsthe
innerlayerofchorionbybindingtothechorion
andthenreleaslngsomerestrictedpeptidesrichin

Pro,GIxandy-Glue-Lys,whileLCEcannot

digestintactchorionbutcandigestcompletelythe
swollenchorion.Tounderstandthedi触rencein

themodeofactionatthemolecularlevel,aprotein

englneenngapproachwillbenecessary･
ThegenesforHCEareconsideredtobe
retroposedintron-lessgenes,whilethegenefわr
LCEisanordinarylntrOn-COntaininggene･
Althoughthosegenesareconsideredtohave
evolvedthroughdifferentprocesses,spatio-tem-

poralregulationoftheirexpressionisestablished
inthesamewayduringdifferentiationofthe

hatchingglandcells.
Tounderstandthispolnt,approachesfrom

molecularbiologyanddevelopmentalbiologywill

berequired.Inparticular,somecis-regulatingsite

andtrans-regulatoryfactorsshouldberesearched
inthenearfuture.
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