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ＡＢＳＴＲＡＣＴ

Invertebrateinsulin-relatedpeptidesplaykeyrolesingrowthandmetabolismGenes

encodingthesepeptidesarespecificallyexpressedinneurosecretorycellsBombyxin

genesofthesilkInotM伽伽"zoriencodeaninsulin-relatedpeptideandareexpressedin

fOurpairsofthebrainneurosecretOrycellsNoregulatoryelementhasbeenidentifiedto

confertheneurosecretorycell-specificexpressionBypromote'一deletionanalysisandj〃

Ｗ伽electroporation,al2bpelementwasidentifiedenoughtoconferthespecific

expressionofbombyxinF1gene,ｏｎｅofthebolnbyxinmultifamilygenes・Ｉｎａｄｄition,an

activatorelementwasidentifiedtoberesponsiblefbrincreasingtheexpressionlevel．

Insulin-likeactivitiesarefOundinvariousphylaofinvertebrate,indicatingthat

insuliルrelatedpeptidesarecommonininvertebrates・Thepeptidesareconsideledaskey

hormonesfbrtheregulationofgrowth,metabolism,ａｎｄlongevityBombyxinofthe

silkmotMⅢZ?yｘ川〃,molluscaninsulin-relatedpeptide,andlocustinsulin-related

peptidehavebeenidentifiedasinsulin-relatedpeptides・Thesepeptidesshowremarkable
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conservationofthebasicinsulin-likestructureandprecursororganization・Inadditionl

manybombyxin-relatedgeneswiththeinsulin-likedomainstructurewerediscoveredin

variousinsectspecies･Indespiteofthestructuralsimilaritiestoinsulin,invertebrate

insulin-relatedpeptidesareproducedpredominantlyintheneurosecretorycells・In

particular,bombyxingeneexpressionisrestrictedtooccurinonlyfCurpairsofmedial

groupofthebrainneurosecretorycellsThistopologicalspecificityledustoidentifythe

element(s)thatisresponsiblefCrtheexpressionofbombyxingene､Forthisend,we

introducedreportergeneintothebraincellsbyanimprovedj〃加加electroporation,which

enabledtoperfbrmreportergeneassayinvariousanimalswhicliihavenotransgenic

system

Thirty-twocopiesofbombyxingenearepresentintheBomZMgenome,and

classifiedinto7families,ＡｔｏＧ,accordingtotheirsequencesimilaritiesThesegenesare

clusteredonatleasttwogenomicsegmentsandarrangedintothreeorganizations:agene

existssingly(singlegene),makesapairwithananothergene(genepair),orwithtwoother

genes(genetriplet).Promoter-deletionexperimentwasusedtoanalyzethepromoter

regionofthebombyxinF1genethatshareｓａｐａｉｒｗｉｔｈｂｏｍｂｙｘｉｎＢ１０ｇｅｎｅｉｎａｎｏpposite

transcriptionaldirectionWhenaconstructconsistedofthewhole5iUpstreamregionofF1

geneasapromoterandthegreenfluorescentprotein,ＧＦＥｇｅｎｅasareporterwas

introducedintoB川1,Ｍ〕rainbyilzl'伽eletropoporation(Fig.１Ａ),stronggreen

fluorescencewasdetectedinfCurpairsofthebrainneurosecletorycellsthathad

previouslybeenidentifiedasbombyxin-producingcens(Fig.１Ｂ,Ｃ).TheGFPexpression

levelswerequantifiedapproximatelybyilnmunodetectionofGFEandgradedashigh

(+++),medium(++),andlow(+)（ＦｉｇｌＤ,Ｅ,andＦ)．

Aseriesofpromoter-deletionconstructswaspreparedtoidentifythelninimal

regionrequiredfbrthecell-specificexpressionoftheＦ１ｇｅｎｅ(Fig.２A)HighGFP

expressionlevelwasdetectedfromdeletionsupto-110bpupStreamoftheF1translation

startsite・Mediumandlowexpressionlevelsｗｅｒｅresultedfromthedeletionconstmct-174．

Furtherdeletionsupto-146and‐l20bpresultedinabolishmentofGFPexpression､These

resultssuggestthepresenceofaMctivatorelementwhichbooststheexpressionlevelhigh

andacell-specifiCelementwhichisresponsiblefOrthebasalexpressionlevels(lowand
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medium)intheneurosecretorycells､Theactivatorelementmaylocateintheregionfrom-

190to-174bp,whereasthecell-specificelementmaylocateintheregionfrom-174to‐

146bpTbdefinetheminimalsequenceoftheactivator,aseriesofdeletionconstructswas

preparedinthedownstreamof-190ｂｐ(Fig.２B).Deletionsuptotheconstmct-185di｡､ot

affectthehighexpressionlevel,buttheconstmct-184resultedinthelossofthehighleveL

Thisresultindicatesthatthe5'startoftheactivatorisat-185bp・Thedeletionconstructs

between-184and-180wereexpressedinonlymediumandlowlevels,suggestingthe

possibilitythatthe3iendoftheactivatorislocatedinthisregion.Mutationsofthethree

nucleotidesfrom‐180to-178bpdidnotaffectthehighexpressionlevel,whereas

mutationsinthethreenucleotidesfrom-184to-18Zbpresultedinthelossofthehigh

expressionleveLTheseresultsindicatethatthe3，endoftheactivatoris-181bpandthus

theminimalactivatorsequenceiｓＴＣＡＡＧｆｉＤｍ－１８５ｔｏ－１８１ｂｐｕｐｓｔｒｅａｍofF1translation

startsite､Electroporationofthewholeprolnoterconstmctwithadoublestranded

oligonucleotide(AArCTTCAAGAATTTGTGCAAA)thatcontainstheactivatorsequence

asacompetitorresultedinthelossofthehighexpressionleveLTheactivatorelementis

similartothecoreoftheelementTYAAGT(Ｙ＝ＣｏｒＴ)inthegut-specificenhancer

regionofthemosquitoA"QpheJesgam6jaetrypsingene・Thesimilarityoftheelements

indicatesthatBo7，zZ）yxandA"Ophe化smaysharehomologoustranscriptionfactor(s)that

bindstwodifferentgenesindifferentorgans,andthattheregulatorysystemofgenes

expressedinbrainandgutisevolutionallyconserved．

’Ibdeterminetheminimalsequenceofthecell-specificexpressionelement,many

deletedandmutatedconstmctswerepreparedintheregionfroln-l74to-146bp(Fig.2C)．

Deletionsupto‐170bpresultedinmaintainingthelnediumandlowlevelsofexpression，

butthedeletionconstmcts-169and-168completelyabolishedtheGFPexpression，

indicatingthatthe5'startofthecell-specificexpressionelementisat-170bpAsetof

constructsmutatedatthesites,－１６７tｏ－１６５ｂｐ,－１６４ｔｏ－１６３ｂｐ,ａｎｄｌ６２ｔｏ－１６１ｂｐ，

resultedinnoGFPexpression,indicatingthatthesemutatednucleotidesareincludedinthe

cell-specificexpressionelementPointmutationsinthenucleotidesat‐159,-158or-157

bpwerepreparedtodeterminethe31endoftheelement・Onlytheconstmctwitha

mutationat-159bpresultedinnoGFPexpression,indicatingthatthe3iendofthece11-
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specificexpressionelementiｓａｔ－１５９ｂｐ・Mutationsinthenucleotidesfroｍ－１５３ｔｏ－１５１

ｂｐａｎｄ‐141ｔｏ‐147bpdidnotaffecttheexpressionlevelsTherefbre,thecell-specific

expressionelement,whichisresponsiblefCrthebasalexpressionlevels(1owandmedium）

intheneurosecretorycells,iＳａl2bpsegmentfrom-170to‐ｌ５９ｂｐｗｉｔｈａｓｅｑｕｅｎｃｅｏｆ

ＡＡＡＣＣＴＡＣＡＣACE1ectroporationofthewholepromoterconstructwithadouble

strandedoligonucleotide(AAACCTykCACACTGTCGAAACAGTT)thatcontainsthel2

bpcell-specificelementasacompetitorresultedintheshutoffofallexpressionlevels・ＮＣ

proteinthatwouldbindtothel2bpelementwasfCundbysearchingthetranscription

factorsdatabase・Thus,thecell-specificelementappearstobeanovelregulatoryelement・

WetherefOrenamedthel2bpelemenｔａｓＢＯＳＥ,Bombyxingene-SpecificElement・

Thetissuespecificityconferredbycis-actingregulatoryelementsisexaminedfbr

theratinsulinlgenewhosetissue-specificexpressionisnotresultedfromanysingle

minimalsequencebutfromaninteractionofmultiplesequenceelements・Intheratinsulin

IIgene,ａｎelementassmallas41bpiscapableofregulatingpancreatictelnporaland

spatialgeneexpressionInthepresentstudy,BOSEisenoughtoconferthebraincell-

specificexpressionofbombyxiｎＦ１ｇｅｎｅ､GenesOfall7bombyxinfamilieshavebeen

provedtobeexpressedinthefburpairsofneurosecretorycellsinthebrain・SeqIuence

comparisonsofthebombyxinF1cell-specificeXpressionelementwiththeidentified

sequencesofthepresuInedpromoterregionsofotherbombyxinfaInilygenesrevealedthe

sequenceidentityandrelativelocationwithsomegenesandhighsimilaritieswithothers・

Presentstudyfirstrevealedanelementinvolvedinmolecularmechanismunderlyingthe

neurosecretorycell-specificgeneexpressionandmayprovideimportantsuggestionsfOr

thelnechanismsthatcontroltheneurosecretorycell-specificexpressioninother

invertebratesaswellasvertebrates．

Ｆｉ即肥legends

Fig.１.(A)SchematicrepresentationoftheplasimdpB10/F1::EGFPLTheplasmidconsists

ofthewhole５，upstreamregionofbombyxinF1geneincludingitstranslationstartcodon

andthereporterGFPgeneinCMVpromoter-deletedplasmidpEGFP-N3.Theannoacid

sequencesofbombyxinＦ１,ＧＦＲａｎｄｔｈｅｂｒｉdgebetweenthemareshowninorange,green，
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andpurple,respectivelyThepositionsoftheTAndk-boxesfOrF1andB10genesare

indicatedwithred.(B)Thecell-specificexpressionofpB10/F1::EGFPinthefourpairsof

thenledialneurosecMorycellsofBo"zDyxbrainasdetectedwithUVmicroscopewith

NIBAcube､Scalebar,100uIn.(C)NUAcubewasusedtoexanmnebackgroundofthe

samebrainin(B).Nofluorescencewasdetected,indicatingveryweakbackgroundinthe

brainin(B).TheimmunodetectedlevelsofGFPexpressionweregradedashigh＋+＋(D)，

medium＋＋(E),andlow＋(F)．

Fig.２.Promoter-deletionanalysisofbombyxinF1gene.(A)(Left)Thewholepromoter

region,thatisthespacerbetweenthebombyxingenepairB10/F1(414bp),wasserially

deletedintheF1transcriptionaldirectiontoidentifj/theminimalpromoterregionthat

includestheelement(s)requiredfOrthecell-specificexpressionofF1gene・Redboxes

showthepositionofTymへ‐boxforeachgeneB1ackarrowheadsindicatethe5'startof

eachdeletionconstmctrelatedtotheF1translationstartｓｉｔｅａｔ＋1.B1ueboxrepresentsthe

regionfrom-190to-174bpthatmayincludeanactivatorelement・Greenboxrepresents

theregionfrom-190to-174bpthamayincludethecell-specificexprcssionelement．

(Right)Thepercentageofbrainsthatshowedoneoffburexpressionlevelsisshown

againsteachexpressionleveLn,totalnumberofelectroporatedbrains.(B)(Left）

Nucleotidesequenceoftheregio、from‐197to-168bpshowingtheactivatorelement

sequenceTheactivatorelementisindicatedinbluewithunderline・Severaldeletedand/or

mutatedconstmctswerepreparedintheregiondownstreamof-190bptodefinethe

minimalactivatorelementsequence・SequencesinredrepresentBczmHIsiteormutated

nucleotidesandthoseinblueshowtheactivatorelement・Redarrowheadsshowthe

positionofthemutatednucleotides.(Riglut)Sameasin(Ａ).(C)(Left)Serialdeletionof

nucleoti(Iesfromtheregionfrom‐178to-146bprevealsthecell-specificexpression

elementintheregionfrom-170to-159bp・Deletedandmutatedconstmctsintheregion

from-172to-146bpwerepreparedtodeterminethecell-specificexpressionelement・The

cell-specificelementisindicatedingreenwithunderline,Sequencesinredrepresent

BamHIsiteormutatednucleotidesandsequencesingreenshowthecell-specificelement．

(Right)Sameasin(A)．
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学位論文審査結果の要旨

提出論文の評価と平成１３年２月１日に行われた学位申請者の口頭発表および質疑応答の結果をふまえて審

査を行い，同曰開催の審査委員会において以下の通り判定した。

本論文は，昆虫脳への遺伝子導入法を応用し，神経分泌細胞特異的転写をもたらすボンビキシン遺伝子プ
ロモーターの解析を記述したものである。特に，ボンビキシン遺伝子の神経分泌細胞特異的転写エレメント

を塩基配列レベルで明らかにした意義は大きい。本論文による，具体的な研究成果は以下の通りである。

カイコガ幼虫脳への遺伝子導入により，ボンビキシンＦ１遺伝子プロモーターの神経分泌細胞特異的転写エ

レメントの解析に関して，以下のｌ)～３)の成果が得られた。

l）６種類のボンビキシンＦ１遺伝子上流域を有するＣＦＰ(緑色蛍光蛋白質)レポーター遺伝子をカイコガ幼虫

の脳に導入した結果，Ｆ１遺伝子の翻訳開始点上流－１７４～－l46bp領域にボンビキシン細胞特異的転写

（ボンビキシン遺伝子はカイコガ脳の背側中央部の４対の神経分泌細胞で転写されている)のためのエレ

メントが存在することを示した。さらに，翻訳開始点上流－１９０～－１７４ｂｐ領域に発現量を増大させる

activator配列が存在することを示した。

2）ボンビキシン細胞特異的転写エレメント（ＢＯＳＥ;BOmbyxingene-SpecificElement）は、

AAACCTACACACの１２塩基対からなる配列であることを，点突然変異や欠失を有する１２の変異体によ

るレポーター解析で明らかにした。このエレメントと同一または高い相同性を有する配列が，他のボンビ

キシン遺伝子上流域に見出されたが(ボンビキシン遺伝子は少なくとも３２コピーよりなる多重遺伝子族

である)，既知の転写エレメントとの相同性は見出されなかった。

3）発現量を増大させるactivator配列は，TCAACであることを，点突然変異や欠失を有する７つの変異体

による解析で明らかにした。このactivator配列は力(Anopelesgambiae)のtrypsin遺伝子の腸での発現

に不可欠な配列，およびカイコガのchorion遺伝子の発現に不可欠な配列と相同性を有していた。

以上，本論文は神経分泌細胞特異的転写エレメントの配列を初めて明らかにしたものであり，高く評価ざ

れろ。したがって，博士(学術)に値すると判定した。
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