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Chapter4 Juvenilehormoneinheteropteraninsects

Inthischapter,IwillfocusontheidentityofJHinheteropteraninsects･Thus

far,Sevenforms(homologues)ofJHhavebeenidentifiedfromnon-heteropteraninsects

(Fig･14)･JHIisfirstidentifiedfromamoth,HyalophoracecropiabyR61ler(1967).In

lepidopteraninsects,JHII,JH0,and4-methyl-JHIarealsoidentified･Am ongseven

formsofJH,JHIIIisthemostwidespreadandfoundinnotonlyLepidopterabutalsoin

otherorders･JHB3isspecifictohigherdiptera(Richardetal.,1989).Iso-JHII-acidis

knownasaninvitroproductbytheCAofmaleadultsofLeucanialorei(Hoetal.,

1995)･MethylfamesoateisanequivalentofJHincrustaceans(Borstetal.,1987;Borst

andTsukimura,1992).

AlthoughmanystudiesrelatedtotheJHhavebeenmadewithheteropteran

insects,thechemicalcharacterizationoftheJHinthisgrouphasnotbeenfullydone.JH

IllwasdetectedineggsofO･fasciatus(Bergotetall,1981)andintheculturemedium

ofCA obtainedfrom adultsofDysdercusfasciatus,0.fasciatusandN.viridula

(BowerseJα7.,1983).However,amorerecentstudybyBakereJαJ.(1988)failedto

detectanyslg山ficantlevelsofJHsorrelatedcompoundsinadultsandeggsofO･

fasciatus.InR.clavatus,JH IwasreportedtobethemainJH homologueinthe

haemolymph(Numataetal.,1992)･

Chapter3haveshownthatdiapauseisterminatedifadultsareimplantedwith

CA from reproductivelyactiveindividualsinP･C･stali･MeasuringtheJH titreis

essentialtoelucidatethehomonalmechanism controllingdiapauseinthisspecies.

Althoughseveraltechniqueshavebeenreportedformeasuringtheam OuntofJHin
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insect samples using a physicochemical method (Gas-chromatograhy/ mass

spectrometry)(e･g"Bergotetal･,1981)orradioimmunoassay(e.g.,Strambietal.,

1981),theserequirerigorousandtime-consumingpurificationprocessorspecific

antiseraagainstJH thatarenotcommerciallyavailable･An alternativemethodfor

estimatingtheJHtitreistodeterminetherateofJHbiosynthesisbytheCAinvitro,On

theassumptlOnthatthehaemolymphJHtit一eispositivelyco汀elatedwiththerateofJH

biosynthesis(PrattandTobe,1974).Thisiscalledradiochemicalassay(RCA).No

matterwhichapproachtobetaken,itisnecessarytoknowwhichJHhomologueoccurs

inthespeciesinquestion.

Chapter3havealsoshownthatbothtopicalapplicationofsyntheticJHm and

implantationofCAiseffectiveinterminatingdiapause.AconsiderablyhighdoseofJH

IⅢis,however,necessarytobreakadultdiapause.hseveralspeciesofpentatomidbugs,

topicalapplicationofapowerfulJHanalogue,methoprene,failedtoterminateadult

diapauseatdosesaslargeas20ト⊥gOrmore(TanakaandKotaki,unpublisheddata).This

maysuggestthatinthesebugs,thesensitivitytothosecompoundsisrelativelylow.

ElucidatingchemicalidentityoftheJHinthosebugswouldprovideanexplanationfor

therefractorinesstothesyntheticJHandJHanalogue.

h thischapter,theCA wereculturedinamedium containlngradiolabelled

precursorandtheirproductswereanalysedusingthinlayerchromatography(TLC)

accordingtothemethodforRCA(PrattandTobe,1974;FerenzandKaufner,1981).

Foracomparison,notonlytheCAfromP･C･stallbutalsothosefrom threeother

speciesofHeteroptera,H･mista,N･viridulaandRiptortusclavatus,andfrom three

speciesbelongingtOOrthopteraandDiptera,LocustamlgratOria,Gryllusbimaculatus
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andMliSCadomesticawereincubatedandtheirproductsweresubjectedtoTLC

separation･ h theRCA,theradioactivltylnthelocationwhereaparticularJH

homologue(usuallyJHIIIinnon-1epidopteraninsects)issupposedtomigrateonthe

TLCplateismeasured･h thepresentstudy'however,radioactivityinwholerangeof

eachTLClane,fromtheorlglntOso一ventfront,wasmeasuredtodeterminewhichJH

homologuewasreleasedbytheCAinvitro.



寸
卜

sp
u
n
o
d

u

1
0
3

p
曇

IaJ
H
f
P
u
e
'
H

f
JO
Sa
n
叫
0
10
tH
O
H

.寸
1

.悪
i

｡
｡
/
＼

∃

TO
h.m
Llt!LI

…

u
J

､
〉
〈

∃

rP
tl
ぷ
O
S3≡
t亡

｢〓

u
o
o
u

円

闘

嗣

姐

l
ll
r
tJ(二一3三
･tT

ご

J
O
O
U

3]t30SaLu
P･nAq]a∑

〓
0
0
U

･
=

0
.
.
0
1

-
-

1

で

…

-

).
3
1

1…
r

El13
.
.
U
-

l
…

ご
U
.
･
3

+
.J
.r

㍉

.i3

.

.
U
今

｢

パ

0
1+"



MaterialsandMethods

lnsects

Fourspeciesofbugs,P.C.stall,H.mista,N.viridulaandR.clavatuswere

rearedonrawpeanutsanddrysoybeansineitherplasticPetridishes(9cmdiameter,1.5

cmheight)orplasticcups(9cmdiameter,4.5cmheight)at25oCandLD16:8h.Under

suchconditions,thesebugsreproducerapidlyafteradultemergencewithoutenterlng

diapause(Tanaka,1979;Watanabeetal.,1979;AllandEwiess,1977;Kidokoro,1978).

ThesespecieswereorlglnallycollectedinTsukuba,rbarakiexceptforN･viridulawhich

wasderivedfromSadowara,Miyazaki･Themethodsforhandlingbugsweresimilarto

thoseinChapters1and2.AdultsofL.mlgratOriaandG.bL'maculatuswereobtained

fromstockculturesinourlaboratorywheretheformerwasrearedat30oCandLD12:12

haccordingtothemethodofHakomoriandTanaka(1992)andthelatterat30oCand

LD 14:10hbythemethodofTanaka(1991)forrearingVelarijictorusparvus.M.

domestica(SRSstrain)WereprovidedbyNationalInstituteofHealth.

CAincubation(RCA)

ThemethodusedforCAincubationinthisstudywasbasicallythesameasthe

onedevelopedformonitoringJHbiosynthesisinlocusts(PrattandTobe,1974;Ferenz

andKaufner,1981)･Acorpuscardiacum-corpusallatumcomplex(CC-CA)extirpated

fromadultbugswasincubatedinaglasstube(6mmdiameter,3cmlength)containing

30-50LILofminimumessentialmedium(withHanks-SaltsandL-glutamate,without

sodiumbicarbonate,added20mM ofHEPESand5ppm ofTween80,adjustedto

pH7.2),towhichL-lmethyl-3H]methionine(Am ersham)wasaddedtogiveafinal
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specificactivltyOf14･7MBq恒mol.TheprincipleofRCAisbasedonthefactthat

3H-methylgroupofmethionineistransferredtomethylestermoietyofJHmoleculeby

theactionof0-methyltransferaseatafixedratio(TobeandFeyereisen,1983;Schooley

andBaker,1985)･Assumingthatthisholdsinheteropteraninsects,radiolabelled

methioninewasusedforatracerinthisstudy･Ascontrolincubations,PIECESOfaorta,

fatbody,midgut,flightmuscleorthebrainwerecultured.Afterincubationat30oCfor

3h,60ulofhexanewereaddedtothemediumandthetubewasvortexedtoextractthe

biosynthesizedproducts･An aliquotof30トLlupperhexanephase wascollectedand

appliedtoasilicaTLCplate(10cmxlOcm),Empore@(An alytichemhtemational).

Unlabelledstandardswereappliedsimultaneouslyonthen Cplate,which wasthen

developedwithamixtureofhexaneandethylacetate,1:1,unlessotherwisementioned.

Ascoldstandrds,JHI,JHII,JHIII(Sigma),thebisepoxideofJHIll,methy16,7;10,ll-

bisepoxyfamesoate (JHB3) ormethylfamesoate (MF)were used.Aftern C

development,spotsofthecoldstandardswerevisualizedunderaUV light.Cold

standardspotswerecutoutandtheremainlngpartOftheplatewascutintosectionsof5

mminlength.Eachsectionwasputintoaplasticvialanditsradioactivitywasmeasured

usingeitheraliquidscintillationcounter(Aloka)afteradditionofascintillation

cocktail,ACSⅡ㊥(Amersham).

ToexaminetheeffectofprecursorsofJHⅢ addedtotheincubationmedium

ontheCAactivity,eitherE,E-famesol(Aldrich)orfamesoicaciddissolvedinethanoI

wassupplementedtogiveafinalconcentrationoflOOけM(2%ethanol)･Forcontrols,

theCAwereincubatedinthemediumcontaining2%ethanol.

Totesttheadequacyoftheincubationtechniqueandtocomparetheproductsby
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heteropteranCAwiththosebytheCAofotherorders,theCAfromreproductively

activefemalesofLocustamlgratOria,GryllusbimaculatusandM.demesticawere

culturedandhexaneextractsoftheincubationmedium wereanalysedasmentioned

above･hthefirsttwospecies,JHm hasbeenidentifiedasthemajorproductbyCA

(FerenzandKaufner,1981;KochandHoffmann,1985)andinM.domestica,JHB3

(Richardsetall,1989)･PreliminaryexperimentshowedthattheCAfromM.domestica

adultswererelativelyinactive･TocollectmoreproductsforTLCanalysュs,aprecursor

ofJHIll,famesoicacidwasaddedtothemediumfortheCAofM.domesticaata

concentrationoflOO卜M.

TotestwhetherJHsaredegradedintheculturemedium ornot,theCC-CA

complexesfromP.C.StalifemaleswasincubatedinthemediumcontainingJHIIIat

30oCfor3h･3H-JHⅢ(NEN)andunlabelledJHⅢ wereaddedtothemediumtogive

afinalconcentrationof16･7pmol/mlandspecificactivityof3.7MBq恒mol.Hexane

extractsofthemedium wereanalysedasdescribedaboveexceptthatamixtureof

CH2C12:hexane:ethylacetate,7:7:1wasusedforTLCdevelopment.

SynthesisofJHB3,methylfarnesoateandfarnesoicacid

ToobtainJHB3,JH Illwasoxidizedbym-perchlorobensoicacidandthe

oxidizedproductswereseparateduslngTLCandelutedwithethylacetate･Theidentity

ofJHB3WasCheckedwithaGC/MSsystem, Hf'-5972B (HewlettePackerd)and

confinedbycomparlngmass-SpectraWiththoseforbiosynthesizedJHB3reportedby

Richardetal.(1989)AMethylfamesoatewassynthesizedfrom E,E-famesolbythe

methodofCoreyefdJ.(1968)･Famesoicacidwasobtainedbyhydrolysisofmethyl
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famesoate.

Results

ProductsbytheCA♪･omadultsoffourheteropteranspecies

TLCanalysisindicatedthatCAfromreproductivelyactivefemalesofP･cIStall

releasedlittleorvirtuallynoproductswhichcO-mlgratedwiththeunlabelledstandards

ofJHI,JHIIorJHIIIshowingRfvaluesofO.7forJHIandJHIIand0.6forJHHI.

However,hvomajorpeaksofradioactivityweredetectedbetweentheorlglnandthe

spotsofcoldstandardsandtheirRfvalueswere0.3and0.5(Fig.15A).SimilarTLC

profileswereobtainedfわrthebiosynthesizedproductsbyCAfrombothsexes,although

theamountsandratiosoftheseactivitiesvariedwithages(datanotshown)･Noneof

suchsubstancesappearedtobesynthesizedincontrolincubationsofpiecesoftheaorta,

fatbody,midgut,andnightmuscleorbrain.WhenCAfromdiapauslngfemaleswere

cultured,releaseoftheradiolabelwasverylow.Ontheotherband,CAfromfemales

whichbadstartedovlpOSitionafteranextendedperiodofrearlngundershort-day

conditionsshowedactiveincorporation(datanotshown).

InN･viridula,theCA mainlyIncorporated3H-methionineintoasubstance

whichmigratedtotheareawhereoneofthemajorProductsforP･cIStaliwasfound

(Fig.15B).hH.mista,ontheotherhand,theproductsbyCAconsistedofatleastthree

peaks(Fig.15C)･OnewiththesmallestRfvalueco汀eSpOndedtothatobseⅣedforf'･C･

stallandN.viridula,andtheothersbehavedlikeJHIll,andJHIorMF,respectively.

UsinganothermixtureofCH2C12:hexane:ethylacetate,7:7:1fordevelopmentinTLC

analysis,itwasfoundthatthepeakwiththelargestRfvaluewaslikelytobeMF(Rf

value:0.5)ratherthanJHI(Rfvalue:0･4)･InR･clavatus,apeakwasalsodetectedon
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TLCplates,buttheamountofradioactivitywasverylowcomparedwiththeresults

fromP･C･stallandH･mistafemales(Fig･15D)･Nosignificantamountofradioactivity

wasfoundinthespotsofJHIandJHITI･Therefore,theseresultssuggestthatmainCA

productinvitrobytheCAoffourheteropteranspecieswasdifferentfromJHI,II,m

andMF.

EHectsoffarnesoicacidandfarnesolonbiosyntheticactivityofCA

Figure16indicatesthatbothofJHm precursors,famesoicacid andfamesol

exertedastimulatoryeffectonthebiosyntheticactivityofCAinvitro･hthepresenceof

theprecursors,aremarkableincreaseinradiolabelledproductswasfoundatanRfvalue

ofaboutO･5･TheamountofproductsatanRfvalueofO･3wassmallerinthepresence

ofeitherfamesoicacidorfamesolthaninthecontrol.

ProductsbytheCA耳omadultsofnon-heteropteranspecies

ToexaminethepossibilitythatthereasonwhyproductsbystinkbugCAdidnot

behavelikeJHswasartefact,ど.ど.,becauseofunsuitablesamplehandling,theCAof

non-heteropteranspecieswhoseCAproductshavebeenalreadybownwereincubated

inthesamewayasheteropetranCA･TheCAfromreproductivelyactivefemaleadults

ofL･mlgratOriaandG･bimaculatusproducedaradiolabelledsubstancecorresponding

totheJHⅢ standard(Fig.17).hL･migratoria,abroadpeakofradioactivitybetween

theoriginandJHⅡIspotwasalsodetected,andthispeakseemstobeJHIIIdiol(Gadot

eta1.,1987)and/orhydroxyJHs(Da汀OuZeteJdJ･,1997)･Totestifanyoftheproducts

bystinkbugCA correspondstoJHB3,theCAofM･domesticaandP･cstallwere
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incubatedatthesametime,andtheirproductswereappliedonthesameTLCplateand

analysed(Fig･18)･BecauseoflowactivityinflyCA,famesoicacidwasaddedtothe

incubationmediumataconcentrationof100LAMinthisexperiment･TheTLCprofileof

productsbyM･domesticaCAshowedseveralpeaksofradioactivlty,andtwoofthem

weredetectedatthespotofcoldstandardsofJHm andJHB3.Theseresultsindicated

thatthemethodusedinthisstudyworkswellformonitorlngCAproducts･Figure18

alsoindicatedthatproductsbyP･cstalicorrespondedtoneitherJHIIInorJHB3･

CharacteristicsoftheCAproducts

TotestthepossibilitythatthemajorpeaksofradioactivltyrevealedbyTLC

analysisaremetabolitesofJHsproducedduringlnVitroculturing,theCAfromP･C･

Stalifemaleswereincubatedinthemediumcontaining3H-JHIII･TLCresolutionofthe

hexaneextractfrom theincubationmedium indicatedthatlittleornoconversionof

3H-JHⅢ occu汀edduringtheculturlngperiod:almostallradioactivityWasrecovered

fromthespotofJHm andonlyanegligibleamountofradioactivitywasfoundatthe

locationstowhichthemainradiolabelledproductsof CAmigrated(Fig･19).This

showedthatJH IH addedtotheincubationmedium wasnotconvertedtoany

metabolitesduringtheincubation･
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Fig. 15.m C analysュs Of hexane-extractable,radiolabelled products

biosynthesizedinvitrobycorporaallatafromreproductivelyactiveday30femalesofP･

C･stall(A),N.viridula(B),H･mista(C)andpost-diapausefemalesofR.clavatLLS(D)･

Radioactivitiesderivedfrom 3H-methionineareindicatedasafunctionofRfvalue.

AveragevaluesofthreereplicatesareshownwithSDindicatedbyverticalbars･A∬ows

with1and3showthepositionsofJHIandJHⅢ spots,respectively･
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Fig.16.Effectoffamesoicacidandfamesolontheinvitrobiosymtheticactivity

ofcorporaallatafrom reproductivelyactivefemalesofP･C･stali･SingleCC-CA

complexestakenfrom day10-12adultsrearedunder25oC,LD16:8hwereincubated

for3hat300CinMEM containlng3H-methionineafteranadditionoflOO卜Mfarnesoic

acid(middle),famesol(lower)or2%etbanol(upper)tothemedium Hexane-extracts

oftheincubationmediumwereseparatedbyTLC.Radioactivity(averagej=SD)ofeach

TLCsectionisindicatedasafunctionofRfvalue.A許owindicatesthelocationwhere

thesyntheticstandardofJHIllmlgrated･N=5foreachfraction･
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Fig･17･TLC analysis Of hexane-extractable,radiolabeued products

biosynthesizedinvitrobycorporaallatafrom reproductivelyactivefemalesofL･

migratoria(A)andG.bimaculatus(B)･Radioactivitiesderivedfrom3H-methionineare

indicatedasafunctionofRfvalue･A汀OWSWith3indicate●thepositionofJHIllspot･
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Fig･18･Comparisonofradiolabeuedproductsreleasedinvitrobycorporaallata

ofP.C.stallandM.domesticaadults.Groupsof14and4cc-CA complexesfrom

reproductivelyactiveadultsofM･domestica(upper)andP,C･stall(lower),respectively,

wereincubatedinMEM containlng3H-methionineandfamesoicacidfor3hat30oC･

Hexane-extractsoftheincubationmedium wereseparatedbyTLC･RadioactivltyOf

eachTLCsectionisindicatedasafunctionofRfvalue.Arrowsindicatethelocations

wheresyntheticstandardofJHHIandJHB3mlgTated,respectively･
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Fig･19･n C analysュsOfhexaneextractsofthemediacontainlngeither

3H-methionine(A)or3H-JHⅢ (B)wherecorporaallatafromP.C.stallfemaleswere

incubated.Radioactivitiesderivedfrom3H-methionine(A)andfrom3H-JHm (B)are

indicatedasafunctionofRfvalue.A汀OWSWith3indicatethepositionofJH描 spoLA

mixtureofCH2C12:hexane:ethylacetate,7:7:1wasusedforTLCdevelopment･N=3
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Discussion

TheCAfromL･mlgratOriaandG･bimaculatusfemalesactivelybiosynthesize

JHH andthosefromM･domesticaJHB3inthepresentincubationsystem(Figs.17and

18)･ThisisconsistentwithpreviousreportsbyFerenzandKaufner(1981),Kochand

Hoffmann(1985)andRichardsetall(1989),andindicatesthattheincubationtechnique

usedhereisadequatefわrmonitorlngJHbiosyntheticactivity･Whenthesamemethod

wasappliedonfourspeciesofbugs,itwasfoundthattheCAfromreproductivelyactive

bugsconsistentlyproducedaradiolabelledcompoundmigratingmoreslowlythanJHi,

JHⅢ,JHIⅢandMFonaTLCplate(Fig.15).Thissubstanceisnotlikelytobea

metaboliteofJHs,because3日-JHⅠⅠIwasnotconvertedtoanyothersubstanceinthe

presenceofCAintheincubationmedium(Fig.19).

ThepresentstudyindicatesthatinP･C･Stalitheradiolabelledcompoundsare

producedonlybytheCA,butnotbyotherorganssuchasbrain,andtheamountsof

theseproductsarecorrelatedwiththereproductivestatusoftheinsects;i.e.,the

biosyntheticactivityislowintheCAfromdiapausefemalesandhighintheCAfrom

reproductivelyactive,non-diapauseorposトdiapausefemales･Asdemonstratedin

Chapter3,theCAplaysanimportantroleincontrolofadultdiapauseinP･C･stali:

long-dayadultsdeprivedoftheCA developaphysiologlCalconditionsimilarto

diapause,anddiapauseiste-inatedinshorトdayadultsimplantedwiththisgland･

Therefore,resultsobtainedinthischaptermaysuggestthepossibilitythattheCAofP.

C･∫fαJHsresponsibleforthecontrolofadultdiapauseandreproductionbyproduclngthe

substance(S)chemicallydifferentfromJHI,JHIIorJHm･

PrecursorsofJHoftenstimulateJHbiosynthesiswhentheyareaddedtothe
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mediumforCAincubationinvitro(forreviews,TobeandFeyereisen,1983;Feyereisen,

1985)･TheCAofP･C･staliarealsostimulatedbyfamesoicacidandfamesol.The

CAofP･C･Stallhaveproducedatleasttworadioactivematerialsinvitro,whichwere

foundatRfvaluesofaboutO･5andO･3,respectively･ItseemsthattheprecursorsofJH

ⅡIstimulatedthereleaseofonlyoneofthetwomajorproductswithanRfvalueofO･5･

ThissuggeststhattheproductwithanRfvalueof0.5Sharesthesamecarbonskeleton

asJHmTheuseofradiolabelledmethionineasatracerfわrmonitorlngJHbiosyntbesis

isbasedonthefactthatthemethylestermoietyoftheJHmoleculeisderivedfrom

methioninebytheactionof0-methyltransferase(forreviews,TobeandFeyereisen,

1983;SchooleyandBaker,1985).Asshowninthepresentstudy,theradiolabelled

methylgroupofmethioninewasalsoincorporatedintotheproductsbytheCAofP.C.

stall.TheseresultsmaysuggestthatCA productshavethesamesesqulterPenOid

skeletonasJHⅢ withamethylestermoietyandprobablyunknownpolarfunctional

group(S).

hH.mista,CAproducedadditionalsubstanceswhichwerefoundintheareas

onan Cplateco汀eSpOndingtoJHⅡIandMF,respectively･However,itisnotpossible

fromthepresentstudyalonetoconcludethattheseproductsareJHIIIandMF,because

differentcompoundscouldmigrateatSimilarratesonTLC･Thepresentstudyfailedto

confirm theresultsbyBowersetall(1983)thattheCAofN･viridulabiosymthesizeJH

m.Theseauthorsindicatedanadditionalpeakofradioactivitybyn C-autoradiography

inN.viridulaand0.fasciatus,andsuggestedittobeametaboliteofJH･Judgingfrom

themlgratlngbehaviourontheTLCplate,thissubstancemightcorrespondtothe

unidentifiedpeakfoundinallbugstestedhere･ByaphysicochemicalmethodNumataet
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all(1992)foundJHIfromthehaemolymphofR.clavatus,butthepresentstudyfailed

toshowthattheCAofthisandotherheteropteranspeciesproduceslgnificantamounts

ofJHIinvitro･Thusfar,thisdiscrepancyisdifficulttoexplain.Darrouzetetal.(1997)

havereportedthattheCAofL･mlgratOriareleasehydroxylatedJHIII･InM･sexta,

Grangeretall(1995)havereportedthepresenceofanunidentifiedproductinvitro

whichyieldsJHm-acidafteresterhydrolysisandthatthisproductisnotboundtothe

antisemm againstJH IHusedforradioimmunoassay･Chemicalidentificationofthe

substancesproducedbyheteropteranCAisnecessaryforfurtherunderstandingJHin

thisinsectgroup.

AtestforbiologlCalactivltyaStheJHisnecessarytodeteminewhethertheCA

productshowmgamobilitydifferentfrom thatofknOwnJHsontheTLCplateis

heteropteranJH,andthisisthesubjectofthefbllowlngChapter.

Summary

ToidentifytheJHinheteropteraninsects,theCCICAcomplexestakenfrom

adultsoffourheteropteraninsectsincludingP･C･stali,Halyomorphamista,Nezara

viridulaandRiptortusclavatuswereincubatedinamediumcontaining3H-methionine

asaradiolabelledprecursor,andextractsofthemediumwereanalysedwiththinlayer

chromatography(TLC).ballspecies,theCAreleasedradiolabelledproductsintothe

incubationmedium,butn Cseparationindicatedthatnoneofthemco汀eSpOndedtoJH

I,II,m orJHB3WhiletheCA takenfrom adultsofLocustamlgratOria,Gryllus

bimaculatusandMuscadomesticabiosynthesizedJHIII,andJHB3forthelastspecies

underthesameconditions.ThebiosyntheticactivltyOftheCC-CAcomplexestaken
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from adultsofP･C･stali,wasstimulatedbyanadditionofprecursorsofJH III,

farnesoicacidor famesoltotheincubationmedium･Thisstimulationwasmainly

attributedtoanincreaseofaproductwithanRfvalueofO･50nTLCplates･The

substancesproducedbytheCAofP･C･staliwereunlikelytobemetabolitesofJH,

because3H-JHⅢ addedtotheincubationmediumwasnotconvertedtoanymetabolite

inthepresenceofCA･TheseresultssuggestthattheproductsreleasedbytheCAofP･

C･StallwerechemicauydifferentfromknownJHsormetabolites.
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Chapter5 BioassayforJuVenilehormoneactivity

Chapter4hasdemonstratedthattheCA ofseveralspeciesofHeteroptera

includingP･C･stallreleaseproductsthatbehavedifferentlyfromanyknownJHsona

TLCplate･However,whethertheseproductsareJH-activehasnotyetbeendetermined･

ThisisessentialtoconcludethatthebeteropteranCA produceanew JH･Several

sensitivebioassaymethodssuchasthe肋 〃血Cαblackmutantassay(TmmaneJα7.,

1973)andGalleriawaxtest(deWildeetal.,1968)havebeendevelopedtomonitorJH

activity･However,sincetheaimofthischapteristoexamineifCAproductsisactive

asaHheteropteraspecific"JH,theassayshouldbedoneonheteropteraninsects

themselves･Therefわre,inthischapter,anassaysystemforJH-activitywasestablished,

inwhichsamplesaretopicallyappliedtolastinstarnymphsofP.C.Staliandalterations

inthemorphologyof testanimalsareassessedafterthefollowlngeCdysis･Bythis

assay,themainradiolabelledproductfoundinthepreviouschapterwasindicatedto

havebiologicalactivityasJHinP.C.stall.

MaterialsandMethods

NymphsandadultsofP･C･Staliwereobtainedfromthestockculturedescribed

inChapter2･TodevelopanassayforJHactivity,day0or1lastinstarnymphswere

implantedwithtwoCC-CAcomplexestakenfromreproductivelyactivefemaleadults･

Forsham operations,nymphswereimplantedwithtwopleCeSOftheaorta･Afterthe

followlngeCdysis,thelengthsofforewlngandscutellumweremeasuredwithanocular
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micrometerunderastereomicroscope･Thelengthsweredividedbythewidthofthe

pronotum tocompensatefordifferencesinbodysizebetweensexesandamong

individualsontheassumptlOnthatthedimensionsofthebodywerethesameinthe

twosexes･Resultsobtainedfrom nymphstreatedonday0andthosefrom nymphs

treatedonday1werecombinedbecausetheseresultswerenotsignificantlydifferent

from eachother(ANOVA)･Othermorphologicaltraits such as thenumber of

antennalsegmentsand colourofabdominaltergawerealsorecorded･Theeffectsof

syntheticJH m (Sigma),JHB3 (synthesizedasdescribedinChapter4),methoprene

brovidedbyEarthPharmaceuticalCo.)andpyriproxyfen(providedbySumitomo

ChemicalCo･)ontheabovemorphologicaltraitswereexamined similarly,butonly

day0lastinstarnymphswereusedinthistest.An aliquotof1ulacetoneorhexane

solutionofthesechemicalswastopicallyappliedtothedorsalsideoftheirabdomen

withalo一l-miCrosyrlnge.ToexaminetheJHactivityofCAproducts,atotalof120

cc-CAcomplexeswereextirpatedfromreproductivelyactiveadults･Agroupof15-30

cc-CAcomplexeswereculturedin30-50トdofMEMsupplementedwithfamesoic

acid(10(恒M;synthesizedasdescribedinChapter4)for316h･A氏erthreeextractions

withhexane(40ト11each),pooled hexane-extracts oftheincubationmedium were

concentratedunderaslownitrogenstream to20lil,containlngtheamountofproducts

from6CA perL⊥lsolution･An aliquotof1ulofthisandseriallydilutedextractswith

hexanewereappliedtoday0lastinstarnymphs･Todeteminethefraction(S)with

JHactivity,atotalof90cc-CAcomplexeswereculturedasaboveandthepooled

hexane-extractsoftheincubationmediumweresubjectedtoTLCseparationinthesame

wayasdescribedinChapter4･TheTLCplatewascutinto5pieces(1cmlong)and
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eachwaselutedwithethylacetate･Eachelutedfractionwasthendissolvedinhexane

andappliedtoday0lastinstarnymphs(1両pernymph).

i]

Results

EHectsofCAimplantation,JHsandJHanaloguesonmetamorphosis

ToexaminemorphologlCaltraitsofbugsofwhichmetamorphosiswasinhibited

byexogenousJH,twoCC-CAcomplexestakenfromreproductivelyactiveadultswere

implantedintolastinstarnymphs･Theoperatednymphsmoulted tointemediates

betweenthenymphandadult,judgingfromthesize,Stmctureandcolourationofthe

forewingandscutellum (Figs.20and21).Therelativelengthsofforewingand

scutellum oftheoperatedindividualsweresignificantlydifferentfrom thoseoffifth

instarnymphsandsham-operatedadultsb<0.01,ANOVA).Normalnymphshadfour

antennalsegments(thebasalsegmentplusthreeflagella;Fig.20D)andadults5(the

basalsegmentplusfourflagella;Fig.20E).In10 outof12suchintermediates,the

antennaeconsistedof4segments(Fig.20F)･Oneoftheremainingtwointermediates

hadantennaeoftheadulttype,andtheotherhadoneantennaoftheadulttypeandthe

otherofthenymphaltype･hmostintemediates,bodycolourationandcuticulartexture

weresimilartothoseofnymphs;theabdominaltergawerenotmelanizedandthe

pronotumandscutellumdidnotdevelopgreencolour(Fig･20)･Topicalapplicationsof

syntheticJH m,JHB3 andpyriproxyfenexertedinhibitoryeffectsonmetamorphosis

inadosedependentmanner(Figs･21)･Thegreaterthedosesapplied,theshorterthe

lengthsofforewingandscutellum afterthefollowlngeCdysis･Thepercentageof

individualswithnymphaltypeantennaealsoincreased(Fig･22),andbodycolouration
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andcuticulartexturewereprogressivelymorejuvenilizedwithincreasingdoses(data

notshown)･Smalldosesproducedsomenomallookingadults,exceptforunmelanized

tergaatthesitewherethechemicalwasapplied･Pyriproxyfenappearedtobethemost

potentofthefourchemicalstested･A doseofO･1LtgOf pymproxyfenreducedthe

lengthsofforewingandscutellum sigTlificantly(p<0.01,TukeyHSDtest)compared

withthoseofsolvent-treatedadults,whileJHmandJHB3inducedsignificantreduction

inthoselengthsatadoseof10pgb<0.01,TukeyHSDtest).Methoprenedid not

affectmetamorphosisofthebugsevenatahighdoseof50lュg;nymphsmoultedto

apparently normaladults with melanizedtergaandfullydevelopedforewings,

scutellum and antennae. Relative lengths of fbrewlng and scutellum of

methoprene-treatedbugswerenotsignificantlydifferentfrom thoseofsolvenトtreated

controls(ANOVA)･TheseresultsshowedthatJH activitycouldbeassayedby

measumgthelengthofforewlngandscutellumandthenumberofantennalsegments,

aswellaslookingatcuticulartexture･

in

JHactivityofCAproducts

hstinstarnymphstreatedwithhexane-extractsoftheproductsfromfamesoic

acid-stimulatedCAofP.C.stallmoulted,atthehighestdose(6individualsequivalents

ofCAproducts),intointe-ediateswithsignificantlyreducedforewingsandscutellum

b<0.01,TukeyHSDtest)･BugstreatedwithCAproductsatadoseofO･6individual

equlValentofCA productsmoultedintoapparentlynomaladultsexceptfortheir

antennae;forewlngSand scutellum developedno-allyandtergaweremelanizedas

obseⅣedinuntreatedorsolventtreatedcontrols.However,75%ofthoseindividuals
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hadthenymphaltypeantennae(Fig･23)･Atadoseof0.06individualequivalents,

JuVenilizingeffectswerenolongerevident･ToplCalapplicationsoffamesoicacidor

extractsfromthecontrolmediumcontainingfamesoicacid,butnoCA,didnotaffect

nomalmetamorphosis(datanotshown).

Usingtheabovemethod,fractionsofthehexane-extractsoftheCAproducts

separatedbyTLCweretestedforJHactlVlty･Fig･24showsthattheJHactivity,as

determinedbymorphologlCaltraitsafterthefinalecdysis,wasdetectedonlyinbugs

treatedwiththefractionwithRfvaluesof0.40-0.53.Thosebugshadsignificantly

shorterforewingsandscutellum thandidbugsappliedwithotherfractions(p<0.01,

TukeyHSDtest)･ThefractionwithRfvaluesofO･40-0･53containedthemajorCA

productinthepresenceoffamesoicacid･NoJHactivityWasdetectedfromthefraction

withRfvaluesof0.27-0.40,co汀eSpOndingtothesubmaJOrproduct,norwithRfvalues

of0.53-0.66wheresyntheticJHIandJHIIIstandards,ifapplied,shouldbefound.In

anotherseriesofbioassays,fourfractionswithRfvaluesofO･39-0･44,0･44-0･48,

0.48-0.52 and 0.52-0.59,respectively,weretested.Thefirstand lastfractions

correspondedtothespotsofsyntheticJHB3andJHIIIstandards,respectively,which

wereappliedaslateralmarkersontheTLCplate･OnlythethirdfractionwithRfvalues

of0.48-0.52showedJHactivity;fouroutoffivebugstreatedwiththisfractionemerged

asadultswithnymphaltypeantennae,whilethosetreatedwiththeotherfractions(N=5

foreach)moultedtoapparentlynormaladultswithadulttypeantennae･Theseresults

indicatedthattheinvitroproductsbytheCAofP･C･StallwasJH-activeand,afterTLC

separation,theactivitywasdetectedonlyarangeofRfvaluestowhichmainCA

productsmlgTated.
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Fig･21･Relativelengthsofforewingandscutellum ofbugsmoultingafter

implantationofCC-CAcomplexestakenfromreproductivelyactivefemalesortopical

applicationofsyntheticJHsorJHanaloguesatthebeglnnlngOfthelastinstar.Closed

andopensym bolswithverticalbarsindicatetheaverage±SDofforewlngandscutellum

lengthsrelativetopronotum width,respectively･Nymph,lastinstarnymphs;Sham,

sham一〇peratedcontrol;+CA,CC-CAimplanted;Solvent,solventcontrol･Squares,JH

Ⅲ;triangles,JHBコ;diamonds,PyrlprOXyfen;inversetriangles,methoprene･Eachpolnt

isbasedonatleast10individualsexceptformethoprenetreatmentwhereN=6･
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Fig･24･JHactivityoftheTLCfractionsoftheCAproductsofP･C･stalladults･

TheproductsreleasedintothemediumbyCAinvitrowereextractedwithhexaneand

subjectedtoTLC.Fractionsseparatedwere elutedwithethylacetateandappliedas

hexanesolutionstoday0lastinstarnymphs.Relativeforewing(A)andscutellum(B)

lengths,andthepercentageofbugswithnymphaltype(4-segmented)antennae(C)Were

deteminedafterthefollowingeCdysis,Atleast9nymphsweretestedforeachfraction･

EachhistogramWithverticalbarinAandBshowstheaverage±SD.
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Discussion

InChapter4,itisdemonstratedthattheCAoffourheteropteranspeciesreleased

acommonmajorproductthatbehaveddifferentlyfrom JH I,II,III,JHB3 0ran

unepoxidizedprecursorofJHm,methylfamesoate･ThebioassayforJHactlVltyShows

thatthefractionwithJHactivityhasthesamerangeofRfvalueasthatforthemajor

CAproductinvitroandthatthefractionscorrespondingtoJHI-IIIorJHB3havenoJH

activity(Fig･24)･Therefore,theseresults,alongwiththepreviousresults,Strongly

suggestthepresenceofanewJHintheHeteroptera.

In0.fasciatus,Bakeretal.(1988)havesuggestedthatonepossibleexplanation

fortheirfailuretodetectanyknownJHsisthepresenceofanew JH inthisinsect.

Al山oughtheyreportedtheproductionofJH m inheteropteransbasedonthe

incorporationofradiolabelfrommethioninealone,BowerseJdJ.(1983)alsoobseⅣed

anadditionalradioactivespotwhichshowedmuchhigherradioactivitythantheJHm

spotontheirautoradiograpbyofan CplateusedtoseparatetheCAproductsofO･

fasciatusandN.viridula.Theyarguedthatthiswasa'metabolite',buttheresultsgiven

inChapter4indicatedthatthis'metabolite'seemstoco汀eSpOndtotheproduct

commonlyfoundamongallthesespecies.Itisinthisfractionthatthebioassayinthe

presentstudydemonstratedtheJHactivityinP･C･stall.

AsdiscussedinChapter4,precursorsofJHoftenstimulateJHbiosynthesis

whentheyareaddedtothemediumforCAincubationinvitro(forreviews,Tobeand

Feyereisen,1983;Feyereisen,1985).TheCAofP･C･stallare alsostimulated by

famesoicacidandfamesol.Theyproducedatleasttworadioactivematerialsinvitro,

whichwerefoundatRfvaluesofabout0.5and0.3,respectively･Itseemedthatthe
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precursorsofJHⅢ stimulatedthereleaseofonlyoneofthetwomajorproducts,theJH

activeproductswithanRfvalueofO･5･Fromthepresentstudyalone,itisdifficultto

telliftheCAproductatanRfvalueofO･5istheonlyproductwithJHactivlty;the

possibilitythattheproductoftheCAwithanRfvalueofO･3isalsoJH-activecannot

bemledout･AfurtherquantitativeanalysisofJHactivityfortheseproductsmaybe

neCeSSary･

TheJH-active fraction with an Rfvalue of0.5 may have the same

sesquite叩enOidskeletonasJH Ⅲ withamethylestermoietyandpolarfunctional

group(S),asdiscussedinChapter4.h otherwords,theJH instinkbugmaybe

stmcturallysimilartoJHⅢ.ThisissupportedbythefactthatbothsyntheticJH Ⅲ and

JHB3 Show biologlCalactivityaSJH inP.C.stall.Chemicalidentificationofthe

productsofbeteropteranCAisessentialtotestthepossibilitythattheproductwithan

Rfvalueof0.5representstheheteropteranJH.

ThepresentbioassayforJHactivityuses three morphologiCaltraitsbecause

theyarerelativelyeasytoobseⅣeandquantify･WhenO･6individualequlValentofCA

productsofP･C･stallwastestedonthisbioassay,Someofthetestedbugsmoultedto

adultswithnormalforewingsandscutellum,butsomeofthem had4-segmented

antennae,acharacteristicofnymphs(Fig.23).Thisimpliesthattheantennaearemore

sensitivetotheCAproductsthantheothertwoorgans.AftertopicalapplicationofJH

IⅡ,JHB3andpynprOXyfen,bugswith4-segmentedantennaealwaysoccu汀edamong

thoseindividualswith reducedforewingsand scutellum.InBombyx mori,the

commitmenttimeformetamorphosisinlastinstarlarvaevariesamongdifferenttissues

(Ohtakietal.,1986).SuchdifferencesinsensitivitytoJH analogueorJHs,and/or
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differencesinrateofbreakdownbetweentheCA productandJH ⅡⅠ,JHB3 0r

pyriproxyfenmayexplaintheabovephenomenon･

MethoprenewasfoundtohavenoJH activltyinP･C･stali,evenatahighdose

of50LLg(Figs･21and22)･Thisisconsistentwith thefactthattopicallyapplied

methoprenefailedtoterminateadultdiapauseinseveralpentatomidbugsincludingP･C･

stalieventhough JHIHwaseffective(KotakiandTanaka,unpublished).Methoprene

isknOwn as a potentJH analogue in avarietyofinsectspecies including

heteropteranssuchasR.prolixus(Nijhout,1983),0.fasciatus(SmithandNijhout,

1981),R･clavatus(NumataandHidaka,1984)andJaderaaeola(Tanakaetall,1987)･

SinceallthesespeciesdonotbelongtoPentatomidae,therefractorinesstomethoprene

mayindicateaunlquehomonalregulationinthisfamily.

Thepresentstudyhasassessed山eJH activityofCA productsinte-sof

inhibitionofmetamorphosis.SincetheCAusedhereweretakenfromadults,itwillbe

importanttodetermineifthesameactivefractionofCAproductsalsofunctionsinthe

adultstageasagonadotropICOrdiapause-terminatinghomoneinP･C･stali･

Summary

AbioassaysystemwasestablishedusinglastinstarnymphsofP.C.Stalitotest

theJHactivityoftheCAproducts:lastinstarnymphseither血plantedwiththe一cc-CA

complexestakenfromreproductivelyactiveadultsortoplCally appliedwithsynthetic

JHsorJHanalogueswerereareduntilthefollowlngeCdysis,and theirforewlngand

scutellumlengtbsrelativetopronotumwidthwererecordedaswellasthenumberof

antennaュsegments･After CAimplantations,bugsdevelopedreducedforewlngSand
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scutellum,and4-segmentedantennae,characteristicsofnymphs,insteadofthe

5-segmented,adulttypeantennae･JHapplicationsshowedsimilarJuVenilizingeffectsin

adosedependentmanner･ThisassaysystemrevealedthattheJHactivltyOftheCA

productswaslimitedtotheTLCfractionatanRfvalueofO･5wherethemajorCA

productreleasedinthepresenceoffamesoicacidorfamesolwasfound･From these

results,ltWasSuggestedthattheJHproducedbytheCAofP･C･Stallisdifferentfrom

anyknownJHs.
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