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Chapter6 RelationshipsbetweentheJH-biosyntheticactiyityand

yolumeofthecorpusallatum

Thejuvenilehormone(JH)servesasagonadotropin,andadeficiencyorreduced

haemolymphtitreofJHisresponsiblefortheoccurrenceofadultdiapauseinmany

species(Denlinger,1985;WyattandDavey,1996).Chapter3suggeststhatasimilar

mechanismappearstocontroladultdiapauseinP･C･stali･MeasuringJHtitresinthis

speciesisnecessarytotestthishypothesis･However,asindicatedinChapters4and5,

PutativeJHinthisbugseemsdifferentfromanyknownJHs.Forthisreason,thusfar,

nowaylSavailabletodetermineJHtitres･Chapters4and5,instead,suggestthatthein

vitroincubationteclmiqueusedinthesechapterscanbeadoptedtomeasurethe

JH-biosyntheticactivityofCA,evenifthechemicalstructureoftheJHisunknown.

OneofthemainpurposesofthischapteristodeteminetheJH-biosyntheticactivity

usingthisteclmique(RCA)inrelationtothepresenceorabsenceofdiapausein P.C.

stall.

ThesizeofCAisoftenusedasanindicatorofJH-biosyntheticactivitylnthe

adultstagethoughthisdoesnotalwaysholdtme(Cassier,1979,1990;TobeandStay,

1985).hP.C.stali,largeCAareassociatedwithreproductivelyactiveadultsandsmall

CAwithdiapauseones.However,diapauseadultsofthisbugdevelopovariesand

ectodemalaccessoryglandsinfemalesandmales,respectively,Withoutincreaslngthe

CAsizeiftheirnervousconnectionsbetweenthebrainandCAaresevered(Chapter3).

也thischapter,theCAsizeandactivltyWeremeasuredforneⅣe-transectedfemalesto

examinehow suchanoperationwouldinfluencetherelationshipbetweenthetwo
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variables.

ReproductivelyactiveadultsofP･C･Stallaregreeninbodycolourbuttheirbody

colourtumsbrowniftheyenterdiapause･Thiscolourchangeisreversible:brownbugs

tumgreenslowlyasdiapauseends,asshowninChapters1and2･Becauseallatectomy

causesgreenbugstotumbrown(Chapter3),theCAappeartoberesponsibleforthe

controlofbodycolourinthisbug･hthischapter,theCAactivitywascomparedamong

femaleswithvariousbodycolourstoestablishtheroleofJHinthecontrolofbody

colour.

MaterialsandMethods

AstockcultureofP･C･Staliwasestablishedfromadultscollectedinamulberry

fieldinTsukuba,Ibarakiin1996.Bugswererearedasalreadydescribed.The

experimentalmethodwasthesameastheoneinChapter3-5,exceptthattheshapeof

CAwasassumedtobeellipsoid,andthefollowlngfomulawasusedfわrestimatingthe

CAvolume:

Ⅴ=4/3×DIXD2×(Dl+D2)/2×(1/8)×3.14,

whereDlandD2Werethediametersalongandacrossthebodyaxis,respectively,

andtheremainlngdiameterwasassumedtobeanaverageoftheothertwodiameters.

Todetemineradioactivity,eitherliquidscintillationcounter(Beckman)orradioITLC

analyser(Raytest)wasused･Theoocytesizewasrepresentedbythemaximaldiameter

ofovariolescontainlngtheteminaloocyte.Toselectasuitableincubationmedium,CA

fromreproductivelyactivefemaleswereculturedinthreedifferentmedia,MEM,TC

199,andGrace-smedium.Threesuccessive2-hincubationsofCAwereconductedto
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testforthelinearltyOfJHbiosynthesis･

Results

ConditionsforC4incubation

Amongthethreeincubationmediaused,MEM wasthebestmedium forCA

incubationintensoftheproductionoftheradiolabelledJH-activesubstanceorJH

withanRfvalueofO･5･Duringa2-hincubation,theCAinMEMreleasedanaverage

amountof6,625dpm(SD=1,951dpm,n=5)ofradiolabelledproducts,whereasthosein

TC199 and Grace-sreleasedanaverageof2,332±824 dpm and312±79dpm,

respectively.TimecourseanalysiswhereCAweresubjectedtothreesuccessive2-h

incubationsshowedthattheCAculturedinMEM producedmoreJHduringasecond

2-hincubationperiod(2-4h)thanduringthefirst21hperiod(p<0.05,TukeyHSDtest;

Fig･25)･Duringthelast2-hperiod(4-6h)theCAproducedslightlylessJHthanduring

thesecondperiod,thoughthedifferencewasnotstatisticallysignificant.

GrowthofreproductiveorgansandCA,andchangeinJH biosynthesisin

reproductivelyactiveadults

hreproductivelyactivelong-dayadults,theCA,teminaloocytesinfemalesand

ectadeniainmalesgrewbiggerrapidlyafteradultemergence(Figs.26and27).Atadult

emergence,nooocyteswerevisibleintheovarioles,andtheCA weresmalland

producedaverylittleamountofJHinvitro.Onday30fadultlifewhenoocytesbecame

visibleintheovarioles,theCAstartedincreaslnglnvolumeandbiosynthesizingJH.On

day6,thefirstovulationwasobseⅣedandahalfoffemalesexaminedonday9had
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eggsintheiroviducts(5Outof10females)･htheotherhalfoffemalesterminaloocytes

wereatorJustbefわrethestageofchorionfo-ation･TheCAbecamelargeruntilday9,

andtheirsizechangedlittlethereafter･TheactlVltyOfJHbiosynthesisduringdays4-9

wasrelativelyconstantandattainedamaximumvalueonday15,althoughtherewasa

largevariationamongindividuals･Apositiveco汀elationwasfoundbetweentheactivity

ofJHbiosymthesisandthesizeofterminaloocyte,althoughthecorrelationcoefficient

wasrelativelysmall(r2-0.330,df-107,p<0.0001;Fig.28A).Apositivecorrelationwas

alsofoundbetweentheCAactivityandCAsize(r2-0.278,df-99,p<0.0001;Fig.28B).

ItwasnotedthatsomelargeCAwerenotactiveinJHbiosynthesis･

h males,thesizeofectadeniaincreasedrapidlyafteradultemergenceand

reachedabout5mm byday12(Fig･27A)･TheirCA grew biggerasobseⅣedin

females,butthemaximumsizeformaleswassmallerthanthatforfemales.

GrowthofreproductiveorgansandCA, andchangeinJH biosynthesisin

diapausefemales

Short-dayfemaleshadundevelopedovarieswithinactiveCA.TheCAsizedid

notincreasegreatlyatleastduringthefirst30daysafteradultemergence(Fig.26D-F).

也shorトdaymales,theectadeniaremainedundevelopedandtheCAactivitywasalso

verylow,rangingfrom 0(belowthedetectionlimit)to584dpm (Datanotshown).

Femaleskeptundershorトdayconditionsfわr120daysshowedalargevariationinbody

colour,ranglngfromgrade1,typlCallyfoundinreproductivelyactiveadults,tograde5

typlCalofthecolourfordiapauseadults.ThesizeofoocytesandCA,andCAactivltyln

thesefemalesalsovariedwithsomeco汀elationwiththeirbodycolour(Fig･29).
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Femalesinbodycolourgrades4and5hadundevelopedovaries･TheirCAweresmall

andhadlowratesofJHbiosyntbesis･Asbodycolourbecamegreen(grade1)orcloser

togreen(grades2or3),bothoocytesandCAincreasedinsize,andtheCAproduced

moreJH.

EHectsofnervoustransection

AfterthenervousconnectionsbetweenthebrainandCC-CA complexwere

transected,shorトdayfemalesdevelopedovariestovariousdegrees,dependingonthe

timeofdissection(10or15daysaftertransection;Fig.30).After10daysofoperation,

meanoocytesizewasslgnificantlylargerthanthatinsham-operatedandintactfemales

b<0.001,TukeyHSD test)･After15daysofoperation,theoocytesizefurther

increased,andthedifferencebetweenthevaluesondays10and15wasstatistically

significant(p<0･001,TukeyHSDtest)･Bodycolourremainedunchangedinmostbugs

(17femalesoutof19)forthefirst10days,butmostindividuals(9outofll)Changed

frombrowntogreenorintermediatebodycolourbythe15thday.TheCAtakenfrom

operatedfemalesproducedmoreJHthanthosefromintactorsham-operatedfemales,

andthedifferencebecamestatisticallysignificantbythe15thdayofoperation.(p<0･001

foreach,TukeyHSDtest).TheCAfromnerve-transectedfemalesremainedassmallas

thosefrom shamcontrols.Thebugs15dayspost-operationhadtheCAsignificantly

largerthanthosefromintactday45females(p<0･01,TukeyHSDtest),butnoneofthe

CA inthisexperimentreached4×10-3mm3,theminimalvolumefoundinlong-day

femaleswithwelトdevelopedovaries.
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Fig･27･Changesinthesizeofectodemalaccessoryreproductiveglands

(ectadenia;A),VolumeofCA(B)andJH-biosyntheticactivitybytheCAinvitro(C)in

reproductivelyactivemalesofP.C.stalirearedunderLD16:8hand25oC.Ectadenia

sizemeansthewidthofectadeniaincludingtheirreseⅣoir.CAwereincubatedinMEM

for3hat30oC,andJH-biosyntheticactivitywasexpressedastheamountofradiolabel

detectedintheJHactivefractionafterTLCseparationofCAproductsinvitro･Each

polntistheaverageofatleast10individualswithstandarddeviationindicatedby

verticalbars.
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verticalbars)alongwithindividualdatumpoints(opensymbols).CAwereincubatedin
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Chapterl.
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vitro.Morethan10individualswereexaminedineachtreatment,andtheaveragevalues

areindicated.Verticalbars:standarddeviation.
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Discussion

There are some problems in adopting the RCA for measurlng the

JH-biosyntheticactivityinP･C･stali･First,asmentionedearlier,JHinthisbuglS

differentfrom anyknownJHs,anditschemicalstructurehasnotbeenidentified

(Chapters4and5)･Althoughtheradiolabelfrommethionineisincorporatedintothe

methylestermoietyoftheJHmoleculeinthismethod(TobeandFeyereisen,1983;

Feyereisen,1985),thishasnotbeendemonstratedforP.C.stali.Thus,how many

methioninemoleculesareincorporatedintoeachJHmoleculeinquestioncannotbe

detemined･Thatis,thevaluesindpm orcpm unitobtainedbyradioactivity

measurementcannotbeconvertedtomol丑 unit.Asecondproblem isthelackof

linearityofCA activityoverincubationtime･Whatfactor(S)Causesthistemporal

changeinCAactivitylnVitroisunknown･Therefore,inthepresentstudy,Iusedtotal

amountsofradioactivityindpmunitratherthaninratestoquantifytheCAactivity,and

maintainedthetimescheduleforCAincubationinvitrothesame.

Tbepresentstudyshowsthattheoocytesize,ectadeniawidth,andCAvolume

arepositivelyco汀elatedwiththeCAactivity(Figs･26and27),asanticipatedbyresults

inChapter3basedonmorphologlCalandsurgicaltechniques.hdiapauseadults,these

correlationsdisappeariftheneⅣOusconnectionsareseveredbetweenthebrainand

CC-CAcomplex(Chapter3,Fig30).TheseneⅣouscomectionsareimportantforthe

maintenanceofdiapause(Chapter3)andthesuppressionofJHbiosynthesis(Fig.30)

undershort-dayconditions.

hcontrastwithCAactivity,theCAvolumeinneⅣe-transectedfemalesremains

smallcomparedwithreproductivelyactivefemales.TheneⅣousconnectionsappear
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importantforarapidincreaseintheCA volume,whichistypicallyfoundin

reproductivelyactiveadults(Figs･26and27)andalsoinposトdiapausefemales(Fig.

29)･ItislikelythatlargeCAcanbiosynthesizeJHatahigherrate,butsmallCAas

foundindiapauseadultscanproduceenoughamountsofJH tostimulateovarian

developmentiftheconnectionsbetweenthebrainandCC-CAaresevered.TheCA

volumeandactivityareprobablyregulatedindependentlyinP･C･stalladults･

h thepresentstudy,thedifferenceinCA activltybehveenfemales10days

post-operationandsham-operatedfemaleswasnotstatisticallyslgnificant,whereasthe

differenceinoocytesizebetweenthetwowasstatisticallyslgnificant･Thisdiscrepancy

maybeexplainedbytbe叫uryeffectinshamoperation･AlthoughtheCAsizeandCA

activitylnShamfemaleswasnotstatisticallydifferentfromthoseofintactfemales,the

averagevaluesforthesham femaleswereslightlygreaterthanintactones,ど.ど.,CA

activityforsham controlswasabout5timeshigherthanthatforintactfemales.This

maybeattributedtoinjurymadebyoperation,andthiseffectmaycausecomparisons

betweenshamandtreatedlessdistinct.

TheinhibitoryroleofnervousconnectionsinJHbiosynthesisinadultinsectsis

documentedinmanyotherspeciesincludingP.apterus(Hodkova,1976,1977a,1979),

L.decemlineata(Forareview,Khan,1988),D.punctata(StayandTobe,1977;Rankin

andStay,1985;aswellashumoralpathway,too),L.migratoria(Porasetall,1983;

Okudaetal.,1996),Protophormiaterraenovae(Matsuoetal.,1997)andR.clavatus

(MoritaandNumata,1997)･InD･punctata,thenerve-Severingleadstoanincreasein

themitoticactivityofCAcells(Chiangetal.,1995)aswellascellsize(Chiangetal.,

1998).Inthisspecies,removingovariesfrom adultsinduceshypertrophyoftheCA
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(Johnson etal･,1993)･In O･fasciatus,Johansson (1958)hasreported that

neⅣe-transectedfemaleskeptunderlong-dayconditionslayasmanyeggsasintact

femalesdo,buttheirCAremainsmall･AsimilarphenomenonhasbeenfoundinP.

apterus(Hodkova,1977b)･IndependenceofCAvolumeandCAactivityhasbeenalso

welldocumentedinmanyotherspecies(Cassier,1990).Asagentsresponsiblefor

regulationofJH biosynthesisbytheCA,allatotroplnSandallatostainshavebeen

isolatedandsequenced(Stayetal.,1994b;G畠deetal.,1997).However,whatfactor

regulatesthesizeofCAisnotwellknown.TheCAsizeisdeteminedbythenumberof

cellsandvolumeofeachcell(TobeandStay,1985).Howthesevariablescontributeto

thechangeinCAvolumeandhowthebrainregulatesthesetraitsinP.C.Staliistobe

elucidatedinthefuture.

Femaleskeptundershortdayconditionsforanextendedperiodchangetheir

bodycolouraccordingtotheirphysiologicalstatus,andthereisapositiveco汀elation

behveenbodycolourandCAactivity(Fig.28).Thismaysuggestthatthebodycolour

reflectsthehaemolymphJHtitreinP.C.stall.SincetheCAactivityisnottheonly

determinantforJHtitre(deKorteandGranger,1996),furtherstudiesarenecessaryto

testthishypothesis.AsimilarchangeinbodycolourisknOwninseveralotherspeciesof

PentatomidaeincludingN.viridula(KiritaniandHokyo,1970;Harissetall,1984),but

itsregulatorymechanismispoorlyunderstood(BouthierandNoel,1991)･Thepresent

studyhasprovidedevidenceforthehormonalmechanismofcolourchangeinP･C･stali･

Summary
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Thesizesofterminaloocytesinfemalesandectadeniainmaleswerepositively

correlatedwiththeJH-biosyntheticactivitybytheCA invitro･TheCA sizeand

JH-biosyntheticactivityweregreaterinreproductivelyactivebugsthanindiapause

ones･Someofthefemaleskeptunderdiapaus6-maintainlngCOnditionsforalongperiod,

i･e･,120days,startedgrowingOOCyteSandchangedbodycolourfrombrowntogreen･

TheirCAactivityandCAvolumevariedgreatlyamongindividuals,andthevariation

wasco汀elatedwithoocytegrowthandbodycolour･hdiapauseadults,theCAactivity

wase血ancedwithoutconsplCuOuSincreaseinCAsizewhentheneⅣOusconnections

betweenthebrainandCAweresevered.Theoperatedbugsdevelopedtheirovaries,and

theirCAproducedmoreJHinvitrothanthoseofsham-operatedorintactdiapause

controls.TheseresultssuggestthattheJHbiosynthesisbyCAandtheCA sizeare

independentlyregulatedbythecentralneⅣoussystem.
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GeneralDiscussion

ResultsobtainedinChapters1and2implythatthephotoperiodperceivedin

adultsstageplayanimportantroleforlifecyclecontrolinP･C･stali･Chapter1shows

thatyoungeradultsofthisspeciesaresensitivetodiapause-inducing,Short-day

photoperiods･BecauselongevltyOfadultsisrelativelylonglnthefield,itislikelythat

someadultsofthefirstgenerationliveuntilday-lengthbecomesshorterthanthecritical

pbotoperiodfordiapauseinduction,andasaresult,theyceasereproductionandenter

diapause･Thatreproductivelyactiveadultsaresensitivetoshorトdayphotoperiodsinthe

laboratorysupportsthispossibility･Oncediapauseisinduced,diapausedevelopmentin

P･C･Stallproceedsgraduallywithoutanyspecificstimulus,suchasanexposuretolow

temperatures,underdiapause-inducingconditions;diapauseadultsremainsensitiveto

short-daypbotoperiodsduringearlierpartofadultlife,andascompletingdiapause

development,theybecomerefractorytoshort-daysandstartlayingeggs.Chapter2

Showsthatinacertainperiodafteradultemergence,alowtemperatureexposureexerts

itsintensifyingeffectondiapause.Althoughitisdifficulttointerpretthisresponsein

relationtolifecyclecontrol,Onepossibleexplanationfortheseresultsisthatthismay

functiontoavoiduntimelydevelopmentinayearwithwarmerlateautumnprecededby

ashortcoldperiod･AspointedoutbyTauberetal.(1986)andDanks(1987),itmaybe

lesslikelythattheseresponsestothechangeinphotoperiodplayanimportantrolein

onsetofreproductionafteroverwinterlnginthefield･

Undernaturalconditions,mostfemalesofP.C.stallemergingfrom early

SeptemberenterdiapauseinNaganoPref･(YanagiandHagihara,1980),andinlbaraki

Pref.,femalescollectedonhostplantsinSeptemberhaveundevelopedovaries(Shiga
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andMoriya,1989;Moriya,1995)･However,OdaefαJ.(1979)reportedthatinawarm

year,ovIPOSitionbyP･C･stallfemaleswasobserveduntillateSeptemberinNaraPref.

Day-lengthofthistimeoftheyeariswellbelowthecriticalphotoperiodofabout13.5h

fordiapauseinduction,whichwasdetemi nedinthelaboratory(YanagiandHagihara,

1980;MinistryofAgriculture,ForestryandFisheires,1986).Thisdiscrepancymaybe

explainedasashiftofcriticalphotoperioddependingonthetemperature,asreportedin

manyinsectsincludingP･apterus(Numataeta1.,1993)andGraphosomalineata

(MusolinandSaulich,1996)･AsimilarmechanismmayexistinP.C.stallandsucha

mechanismmayenabletoconstructaflexiblelifecyclebyincreasingthenumberof

generationsinawan year.

-Thusfar,unfortunately,thereislittleinfomationavailableonchangesin

diapauseintensity,Sensitivitytophotoperiod,andeffectsoftemperatureonthesetraits

inthefieldpopulationofP･C･stall,exceptthatYamadaetal.(1983)reportedthat

overwinterlngadultscollectedinthefieldtunedgreenquicklyiftheywereexposedto

250Corhighertemperaturesin thelaboratory.Tounderstandthephenologyofthis

economicallyimportantinsect,itisnecessarytoaccumulateinformationoninteractions

betweenphotoperiodandtemperatureexertingondiapauseintensltyOrdiapause

development.

bvasionofthisspeciesandotherstinkbugsintoorchardsoccursduring

dispersalormovementbetweenreproducingandoverwinterlngSites,oramongpatchy

reproducingsites(Tanaka,1979;Uchidaetal･,1980;Oda,1980;Moriya,1995,1996).

Itislikelythattheytendtoflyactivelybeforeundergoingandafterteminatlngdiapause

toenhancemovementtoandfrom overwinteringsites.Moriya(1995)reportedthat
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adultscollectedinthefieldinAugusLSeptembershowedincreasedflightactivity,

Comparedwiththosecollectedinothertimeoftheyear,whilehefailedtodetectsuchan

increaseinadultsrearedundershort-dayconditionsinthelaboratory･Relationship

betweendiapauseandfl-ightbehaviourshouldbeanalysedfurther.An otherimportant

factorassociatedwithflightactivityishungerlevelorfoodavailability.Asamatterof

fact,inthefield,adultsattractedbymalesorsyntheticaggregationpheromone

accumulatelessnutrientreseⅣesthanthosecollectedatthesametimeontheirhost

plants(ShigaandMoriya,1989;Moriya,1995).Thismayimplythattendencytobe

attractedbyaggregationpheromoneandprobablytoflyisdependentonorinfluencedby

bug'shungerlevel･Moriya(1995)suggeststhatP･C･Staliisaseedeaterandadultsof

thisbugflyintoorchardstofeedonseedswithinfmits,notfruitsthemselves.Therefore,

topredictwhenandhow P･C･stallandotherbugsflyintoorchards,factorsaffecting

flightactivityshouldbeelucidatedinrelationtomovementintoorchards･Suchfactors

mayIncludenotonlyphysiologicalstatusofbugs,butalsofoodavailabilityinsideand

outsideorchards,aswellasphysicalenvironmentalconditions.

Instudiesonadultdiapause,OvlpOSitionisveryoftenusedasacriterionof

diapausete-ination･However,OvlpOSitionoccursasaresultofmorphogenesiswhich

isinitiatedafterdiapauseisteminated.也otherwords,OvlpOSitionisaconsequenceof

post-diapausedevelopment･Besides,thiscriterionisapplicableonlytofemales･hP･cI

stall,bodycolourchangeiscloselyassociatedwithdiapause･Whendiapauseadultsare

transfe汀edtolong-dayconditionsafterorwithoutchilling,thereisapositiveco汀elation

betweenthetimeatwhichbodycolourchangeoccursandthepre-ovlpOSitionperiod.

Bodycolour,therefore,isusefultoassessdiapausedevelopmentwithemphasisona
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dynamicaspectofdiapausebecauseitisapplicabletobothsexeswithoutkillingthe

specimen･hdeed,forexample,notabledifferencesinpattemsofcolourchangeare

obseⅣedinreglmeSWherebugsweretransfe汀edtoshort-dayconditionsafterchilling

(Chapter2)･Asmentionedearlier,thismayreflectchangesindiapauseintensityinthese

bugs･SuchchangescannotbedetectedbyfollowlngOVlpOSitionalone･

Brownbodycolourfoundamongdiapauseadultsappearssocryptic,atleast,for

humanbeingwhenoverwinteringadultsareinleaflitter,theiroverwinteringsite.

However,丘omwhatbugshidethemselvesisnotwellknown.Ecologicalsignificance

forcolourchangeinthisspeciesshouldbeexplored.Changesinchillingtolerance

duringdiapausedevelopmentorin relationtobodycolourchangeareaninteresting

subjecttoelucidate.hdeed,KiritaniandHokyo(1970)havereportedthatamong

overwinterlngadultsofN.viridula,individualsshowingbrownbodycolourlesssuffer

frommortalitythangreenones.Thisdifferenceinsurvivorshipmaybeexplainedbya

differenceinbodycolour-associatedchillingtolerance.

TheresultsobtainedinChapter3indicatethatthehormonereleasedfromthe

CAplayacrucialroleinthecontrolofdiapauseinP･C･stali･ThisCAhormoneis

referredaprl0riasJHinmostcaseswithoutanyproblem･hthisstudy,however,the

resultsofChapter4suggestthattheinvitroCAproductsaredifferentfromanyknown

JH.ThebioassayestablishedinChapter5givesananswertothisproblemthatthein

vitroCAproducthasaJuvenilizingeffectonlastinstarnymphsofP･C･stallandthatthe

homonelS,accordingly,tobecalledJH.Chapter6showsthattherateofbiosynthesis

ofthisbomoneco汀elateswellwithphysiologicalstatusofbugs:therateishighin

reproductivelyactiveinsectsandlowindiapauseones･Therefore,JHisanimportant
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factorinhomonalcontrolofdiapauseinP･C･stall,butthisJHisspecifictothisand

probablytootherspeciesofHeteroptera･

AlthoughtheimportanceofJHincontrolofadultdiapauseiswellestablished,

wemayneedtoexamineinvolvementoffactorsotherthanJHindiapausecontrol･Very

recently,Moritaetall(1999)havereportedthatinadultsofR.clavatus,allatectomy

suppressdevelopmentofreproductiveorgans,butallatectomized adultsdo not

accompanysomecharacteristicsfoundinshorトdaydiapauseadults,suchasahard

cuticleandhighlipidcontent･Thismaylmplythatahighercontrollingfactorplaysa

roleoverJH indiapauseregulation.Therefわre,attemptstoask physiologlCalor

biochemicaldifferencesbetweendiapauseinsectsandJH-deprivedones,andreasonfor

suchdifferences,ifany,mayprovidefurtherinsightintocontrollingmechanism of

diapause.

Thepresentstudyindicatesthatthecolourchangefrombrowntogreenalways

occursprlOrtOegglaylng,l汀eSpeCtiveofmodeofdiapausetemination;spontaneous,

photoperiodictransfer,CA implantation,toplCalapplicationofJH m orneⅣous

transection.Asmentionedabove,apositiveco汀elationisdetectedbetweenthetime

occumngbodycolourchangeandthepre-OvlpOSitionperiodaftertransfertolong-day

conditions.Thus,bodycolourchangeisverycloselyassociatedwithdiapause.More

precisely,bodycolourchangeisoneofsymptomsofdiapausesyndrome･Therefore,itis

notsurprlSlngthatthesetwophenomenaareunderthecontrolofJH,asstrongly

suggestedbytheresultsofChapter3:allatectomyandextirpationoftheCC-CA

complexesfrom reproductivelyactiveadultsnotonlysuppressesthedevelopmentof

reproductiveorgans,butalsotumsoperatedinsectsbrown･lmplantationofthese
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Complexesintodiapauseadultsinducesgreenbodycolouraswellasthedevelopmentof

reproductivesystems･UpontestingtoplCalapplicationsofsyntheticJHⅡItodiapause

femalesshowlngbrowncolour,asmaudoseofitcausesbodycolourchangetogreen,

butnotoviposition,whilehigherandrepeateddosesarerequiredtoinduceoviposition･

These,alltogether,mayImplythat,thethresholdlevelofJHtit一efb∫bodycolour

changeislowerthanthatfわrdevelopmentofreproductiveorgans･

hseveralspeciesofPentatomidaeincludingN･viridula(KiritaniandHokyo,

1970;HarisseJαJ･,1984),thechangeinbodycolourtobrown,associatedwithadult

diapauseoroverwintering,isknown,butitsregulatorymechanismispoorlyunderstood

(BouthierandNoel,1991).Thepresentstudyprovidesevidenceforhormonal

mechanism ofcolourchangeinthesestinkbugs,andconstitutetheendocrinologlCal

basisfわrusefulnessofthebodycolourasanindicatorofdiapause,whichisproposedin

P･C･stall(thepresentstudy)andinN･viridula(Harrisetal.,1984).

BodycolourchangefoundinP･C･stallistheonecalled'.morphologlCalchange"

(BouthierandNoel,1991).Modeofchangingbodycolourseemscomplicated,butthis

isnotaresultofpigmentationwithincuticlelayersbecausecuticleitselftakenfrom

bothgreenandbrownadultsshowsthesamecolourofverypalegreenorblue,whenthe

epide-altissueisremoved･A preliminaryexperimentshowedthat acidic-alcohol

extractsofintegumenttakenfrombrownadultswereredorreddishpurpleincolour

whenappliedonfilterpaper･Brownbodycolour,therefore,Seemstooccurasaresultof

pigmentdepositioninepide-alcellsorepidemis-associatedtissue･Questionswhat

kindofpigmentisresponsibleforbrownandgreenbodycolourandhowtheplgmentis

depositedinorremovedfromtheepidemaltissueduringtheprocessofcolourchange
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istobeanswered･Nymphsofthisbugshowfarcomplicatedvariationsinbodycolour

dependingontemperature,photoperiodanddensity(MinistryofAgriculture,Forestry

andFisheries,1986;NumataandKobayashi,1994).Ecologicalsignificanceand

physiologlCalmechanism ofcolourvariationinnymphswouldbeagoodproblem to

solve.

IntheendocrinologlCalorbiochemicalpolntOfview,thelargestproblemwith

thepresentstudyandJH-relatedstudiesinheteropteraninsectsisthatthechemical

identityofJHisnotyetsettled(WyattandDavey,1996;Davey,1997).Ironically,JHin

R･proILrusisnotidentifiedyet,althoughWigglesworthextensivelystudiedwiththis

insectinhisplOneerWOrkanddemonstratedtheimportanceoftheCAinmetamorphosis

andreproduction(Wigglesworth,1985).In1980S,inanattempttoidentifyJHinR.

prolixus,itwasindicatedthatJH-activefractioninthisbuglSmorepolarthanJHⅢ,

butthisattemptfinallyendedupinvain(Pratt,personalcommunication).Since

comprehensiveworkbyWigglesworth,apileofstudiesrelatedtoJHhavebeendone

usingOtherheteropteraninsects･SomeofthemprovidepleCeSOfevidencethatsupport

whatissuggestedinthepresentstudy.Forexample,theCAofP.apterusisshownto

biosynthesizeaproductthatbehavesimilarlytoJH-activeproductfoundinP.C.stallon

theTLCplate(Hodkovaetal･,1996)･Bowersetal.(1983)reportedthatproductsin

vitrobytheCA of0.fasciatusandN.viridulawasidentifiedasJH Ill.However,

judgingfromtheirphotographintheirreport,aspotwithmuchhigherradioactivltythan

thatofJHⅢ spotisevident･Theyarguedthistobea'metaboliteT,butthepresentstudy

withN･Viridulaandotherbugsindicatesthatthis'metabolitefseemstocorrespondtothe

productthatiscommonlyfoundamongallthesespeciesusedinthepresentstudyandis
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JH-activeonP･C･stali･Therefore,atleast,itisverylikelythatJHinP･apterusandO･

fasciatusisthesameasthatinP･C･stali･Bakeretal.(1988)provideapieceofevidence

alongthislineinO･fasciatus:theyhavefailedtodetectanyknownJHsinthisbug.

Davey(1997)havementionedthat,theproductsbytheCAofP.C.Stallishighlyactive

inhispatencyassayusingovarianfolliclecellsofR･prolirus･ThesepiecesOf

infomation,alltogether,suggestthepresenceofJHthatisnotthesameasknownJHs

andspecifictoHeteroptera.ElucidatingthechemicalstructureofthisJHis,therefore,

importantandurgentproblemtobesolvedinJHresearch.

TheresultsofChapters416weremainlycollectedfromexperimentsinvitro･It

shouldbekeptinmindthatresultsinvitromaynotreflectthesituationinvivo.A

typicalexampleisreportedinL･mlgratOria;infemaleadultofJapanesestrainofthis

species,thereisanegativecorrelationbetweentheCAactivitydeterminedinvitroand

oocytesize(Okudaetall,1996).Followingissuggestedtoexplainthis:theCAtaken

fromfemalesbearlnglessdevelopedovariesareinhibitedvianervouspathwaylnVivo,

butiftheyareexcisedandbroughtintoincubationconditionsinvitro,theCAstartto

produceJHmorethantheyaresupposedinvivoasareboundresponse･Therefore,

whethertheCA activitydeterminedinvitroreflecttheJH titreinthehaemolymph

shouldbeexaminedcarefully.

Recentprogressintheresearchonecdysteroidsalsoimpliesthatprecautionsare

neededininterpretingresultsinvitroinrelationtosituationsinvivo,asfollows:The

prothoracicglandshavebeenbelievedtoreleaseecdysoneandthisinactivefom of

moultinghormoneistobeconvertedto20-hydroxy-ecdysone,anactiveform of

moultinghormone.However,atleastinLepidoptera(Warrenetal･,1988)andseveral
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speciesofnon-lepidopteran insects(Kiriishietall,1990;Oeh etal.,1998),

3-deoxy-ecdysoneisindicatedtobereleasedfromtheprothoracicglands･An alysesof

productsbytheprothoracicglandsin vitro haveled to thisfinding because

3-deoxy-ecdysoneisconvertedtoecdysoneinthehaemolymphassoonasitisreleased

anditwasdifficulttodetect3-deoxy-ecdysoneinhaemolymphsamples･Unlesssucha

possibilitythattheproductsareconvertedtoanactivefom afterreleasefromthesource

wouldberuledout,precautionsforitshouldbetakenininterpretingresultsobtainedin

vitro･Indeed,inmaleadultsoflepidopteraninsectsJHacids,notJHisbiosynthesized

bytheCAandacidsaresequesteredbytheaccessoryreproductiveglandsandconverted

toJHintheaccessoryreproductiveglands(Peteretal.,1981).

HowthecentralneⅣoussystemcontrolstheJHbiosynthesisistobeexplained.

Allatostatins and allatotroplnS play a role in controlling mechanism of the

JH-biosyntheticactivity.Theseneuropeptidesareproducedinneurosecretorycellsinthe

brain(Stayetal.,1994b),butmodeofactionoftheneuropeptidesisfarfrom full

understanding.Transportofallatostatinsfromneurosecretorycellsinthebraintothe

CAvianeⅣOusconnectionsisonepossiblemechanismforthenervousinhibitionofCA

activity.hD･punctata,Stayetal.(1994a)indicatetheimportanceofthispathway.A

similarmechanism issuggestedforneurallyinhibitedCA indiapauseadultsofL.

decemlineata(KhanandBuma,1985).hP.apterus,nervousconnectionsexerttheir

inhibitoryeffectsontheCAactivityindiapauseadults(HodkovA,1976,1977a),while

anallatotropicfactorisfoundinextractsofthebrainfrombothreproductivelyactive

anddiapauseadultsofthisspecies(Hodkov孟etal.,1996)･Althoughallatostatinsand

allatotroplnSareimportantforregulationofJH-biosynthesis,theseneuropeptidearenot
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soleplayerofthisprocess･Manyothermembers,suchasovarianfactors,ecdysteroids,

JHitselfviafeedbackloopandsoon,canbeinvolved(Feyereisen,1985;Gadeetal.,

1997)･ForP･C･stali,extensivestudyisnecessarytoelucidatethecontrolmechanismof

JH-biosynthesis.

Thusfar,alotofallatostatinsareisolatedandsequencedfrom manymsects

(StayandWoodhead,1993;Gえdeetal.,1997).Someofthem,likecallatostatins,

however,arenotactiveontheCAofinsectsfromwhichthepeptidesinquestionwere

isolated,buteffectiveontheCAofanotherinsect･Byimmunobistochemicaltechnique,

alltostatin-likeantigenaredetectedinvariouspartsofinsectbody,astyplCallyshownin

D･punctata(Stayetal･,1994b)･Thesefactsimplythat,whenanallatostaticor

allatotropicfactorisfoundinacertaintissue,ど.g.,thebrain,ltmaybeprematureto

concludethatthisfactorplayaregulatoryroleinJH-biosyntbesis.Toattainsucha

conclusion,directevidenceforinvolvementinregulationofJH-biosynthesisshouldbe

putfonvard･Thatallatostatin-likeantigenarewidelydistributedwithininsectbodymay

alsosuggestmultiplefunctionsofallatostatins.Searchforrolesofallatostatinsand

allatotroplnSOutsidetheCAmaybeofinterest.

InintactreproductivelyactiveanddiapauseadultsofP.C.stali,thesizeofCA

apparentlycomlateswiththeJH-biosyntheticactivity,butassuggestedinChapter7,

theseareregulatedindependentlybythecentralneⅣoussystem.Atleasttwofactors,the

numberofCAcellsandcellsizeareinvolvedinthedeteminationoftheCAsize.Not

manystudieshavedoneinthemechanismofCAsizeregulationexceptinD.puctata.In

thisspecies,changesintheCAsize,numberandvolumeofCAcellsarerelativelywell

documented,andneⅣOusconnectionsandaspecificcombinationofJHandecdysteriod
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titresaresuggestedtoplayaroleinCAcellproliferation(Chiangetal.,1995).An alyses

tounderstandwhatcauseschangeintheCAsizeinP･C･stallarenecessarytoexplain

regulatorymecllanismoftheCAgrowthandactivity･WhenneⅣOusconnectionsare

severedindiapauseadults,theCAremainsmall,buttheyproduceenoughamountsof

JHtostimulatethedevelopmentofreproductiveorgans･h thissense,largeCA in

reproductivelyactiveadultsseem redundant,buttheymayneedfb∫continuous

reproductionorensurlnghighreproductiveratesunderfavourableconditions.

Itisfoundthatsubstancesknowntoplayaroleinthevertebratehave

JH-activity,e･g･,Nemecetal.(1993)showedthatretinoicacidisJH-activeinsome

insectsincludingP.apterusandD.clngulatusandthyroidsareeffectiveinL.

migratoria(DaveyandGordon,1996)･Thelatterauthorshavelistedseveralsimilarities

betweenJHandthyroidhormones,andinferredthatthesesimilaritiesmaybemorethan

coincidence.Itisfascinating,therefore,tospeculatethatJHisevolutionallyrelatedto

vertebratehomones.Toascertainthis,itisnecessarytoaccumulatefurtherknowledge

onJHinvariousinsectgroupsaswellasthatonitscounterpartsinorganismsbelonglng

totaxonomicgroupsotherthanlnsecta･DaveyandCordon(1996)havealsopointedout

thepossibilitythatJHandJH-activesubstancesmayhavethyroidhomone-likeeffects

onvertebratesasthyroidsmimicJHininsects.Onehastobeverycarefultointroduce

JH-basedchemicalsaswellasanychemicalstothefieldforcontrollingpestinsects.

Thepresentstudyexaminedeffectsofenvironmentalfactorsondiapause

developmentandendocrinemodeofdiapauseregulationinP･C･stali.Resultsobtained

inthisstudyshowthatthisspecieshasnotonlymanysimilaritiesinmechanism of

environmentalandhormonalcontrolofdiapause,butalsoapeculiarltyOfJHinthisbug
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orprobablyHeteroptera･Furtherstudieswillbringusbetterunderstandingonsucha

peculiarity,Whichwillfinallyprovidecomprehensiveinsightintoinsectendocrinology

beyondahugerangeofvarietyininsects.
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