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VI iv ump{jrtAnt  iur thL mLiLdsL  m  bmdmg  dthnit}  to 11 LTs  rct]ndl  The high iffimty  tor mta.Tonist  1 1 LLs rctma]  would  be prctcr ib]c  m  order  ter rhodopsin  to ict as  i phDto
receptiie  protein beeause  it reduces  the possible binding ot  the  agomst  all trans rtrinal  and  reduces  spontancous  actr}ation  in tht dark This  charactcnstrc  is cmphasizLd  in  xer

tebrate rhodopsin  whiLh  has no  affinitlr to agonist  all trans retinal  resultmg  in complete  reductron  ot  dark neise
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    Visua] pigmenls  are  t}p]cal photoreeepLivc mo]eLules  ]n  nnim  i]s LonsisLing  ot  opsm  proteing and  Lhruino}ihores  Thc spcLLral  properL) of  these moleLulcs  is m[]sL]y  aLtnb

uted te the primar} structure ot the opsm  pretcms Multiple opsm  gencs belongmg te the dittcfent spectral classes hase bccn obtarned tiom many  msccts c g six gcnes trem
l)rosephfla melanegaster  dn feur classes  ]n euastaceans  also microspectrophetometnc  and  electroph)stoJogicaJ  studies  have reiealed  the presence of  muttapte  photereLeptors
-ith  dlfferent speLtral  senyhsihes  ]n  stomaLopud  dnd  deLdpod spcuLs  NLNLitheless only  d  kvv  upsm  gLnLs arL  obtamLd  u"tit  nu-  e g onL  gLnL from  Pmcatnbaius  darkn

and  two  trorn Hemrgraprus rangumezas  and  these genes "ould  belong to en]y  two  gpectral  clasgeg  To  -ent}  geneg m  niultsple  speclr  il classes  in crugtaceang  RT  PCR  and

RAC}  methodelegies  were  carried  eut  in  branLhiopod Lrustacedns  Trtops graf"iri"s T  longica"datus (NotoEtacd) and  BranLhinella  kugen"frtaensts (AnestraLa) and  beNen  tlrpeb

of epsmg  thit -ould  belon.tr to three spectral clisseg weie  succegsfullx obtamed  from eaeh gpeeieg Lontaimng  t}peg different from krio-ti oneg  m  cnigticeans
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    The  ternmuniLatron  in  tirefiv invohes  t-o  mdrxiduals  teinalcs aic  usuallv  sendcr  and  malcb  arc  both sendcr  and  rece"er  Female  sit en  the leaxes dnd  inales  fi} te scarch
d  female uyng  their fl ashing  pattern l cructata  emits  lJght tn ffaghes vilith species  speLiftc  temperal palterns to attract  mates  Pemale and  male  fi reflies  hoth hid the bielumdnescent
organs  which  produLe the emittsng  hght pedkmg around  570 nm  The  spectrU  sensmut}  measured  by LRG  method  resealed  the peak sensituit}  at  570 mn  correspendmg  wth

the enllttitig ILght lt] additioti "ith the green light sensiti}it} the ultraNiolet reLeptren vvas  observed  Wheii the conipeutid eyes "ere  adapted  by 3Se nm  or 600 titn lighls the
senslLl"Lles  oi  UV  regron  or  grcen  rc.Tlon  wcrc  dirninishLd rLspLLL-Lly  ThosL resulLs  indiLaLL  Ltr"cmta haxe the UV  phuLoreLepl"r cells  in  addmon  to Lhe grcen  photorecepLor
cells  In our  presieus repert  thc sisual  pigments et  thc tircfi} Lcrttc tata  posscss t-o  t}pcs  et  chromopheres  rermal  and  3 hydioxlrretrnal When  those usual  pigments wcre
adapted  bv UV  or  red  Jights retinal  uas  affected  bfo the LJV 1ight We  wr11  discuss the role  of  those t-o  photoreceptors

THP  ORIGIN  OF  THF  LOI  OR  OF  THF  J FAF  BFFTLE,  THE  JE"EL  BEETI  F, AND  THE  DAMbEl  FLY  AND  THFIR  INTRAbPFCIFIC  ( OMMUNICATION
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    Insects commonlv  have cutaLles  with  a  blackrsh color  due te hrgh conLcntratrons  of  mdamn  er  sirm1ar  pigmcnts vuhich  makc  thcm inconspicuous  Howeier rnaii}  insLct

species  mstead  emphasize  therr appearance  by featuring a  bnghtl] celored  andlor  iery  shin]  cutrcle  Extreme  examples  Lan  be  feund miiong  some  species  ln this case  biologucal
guLLess ls apparenlTy reatlLed b) an expliuL displdlr su to signdl  thL prLsLnLL  to d po"ihlL  KLxu{1  partnLr Tl]L ILaf bLLtlL PIatatinans stnfLa  Lxhib]ls  strong LoloT  palymoT
phism The dersal surtaee  et  P senc  ea  has a  pcak rctlectancc  that }aries  trom ca  450 nm  te 7SO nm  This extrcme  ;ariatron  in  pcak "a}elcngth  chrectl} explarned  trem the
ditferences dn the nanostivctured  muJtitayers m  the euucle  Aiiother bnlharit beerle the jewel beetle Cht}ivchroajulguidissirna has green elvra with dark red punpJish stripes
A  th]rd Lase  ls Lhe male  ddmselfl) Calny)ter}x Japoni[a where  multilavers  m  the wTng  veins  aLt  is bluLsh 

.Treen
 refieLtors  The  irTdesLenLe  of  those speues  is alse  m  eaLh  Lase

blologlcally lmpeltant  because  IL tunctions as  a  disLnnnnaLviy  ygnal  m  Lhc  mLrelspcLifiL  LummLnllLelticm
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"yoshihiroToh

Depadtdnent ef Btelegy Gratiuate School of gciefice Kyushu Unnersit} }ukuoka 812 8Sgl japnn

    ThwnHcLt "impound  eye  Ls one  of  the most  extensn  el} studied  usual  s)stems  The) ire  classed  mto  ipposmon  e}  es  ind  superpositaell  e} es 4 large part ot  our  kno" tedge
about  the msect  wsual  ss stenl  has come  from  many  neuTolnaLomlLal  sLud]es  on  the  Lpposmun  eves  whereas  our  k"o-  ledge []n Lhe -truLtuie  of  the  superposllion  e)e  ls hmlted

Although the stiuLtuie  ef  Lhe esc  -elh  reportcd  tor bexerel1  bpcLies  ill lloLtuinal  moths  ldrge vdriataeny  oLLurrcd  for thcir ictinal  organizdtions  dmeng  thern in thc prcbenL stLLd)
thL vbudl  vysLull  ot  thL hunnminghird hd-kmoth Macroglossum pwrhostt(  ta has heen examLned  in order  to lncreise  ollr kno-1edge for the structure  of  the superpoytion  cNc

lhe  cninpollnd  eye eonsigTed of about  g OOO ommatidia  EaLh ommatadium  eollLamLd nme  rLlmular cdls ]n a ldrge area ut the elrL  but thdL conLainLd cight rLtinular eells m  the
dotsal margin  of  thL eye  Retrnal oigaruzation  also  dirfered bet"een the two  areas  Obsened structures  are  disLussed in  relanon  -ith  the wsuil  behavior et  tins msect
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    The  s]sudl  systeni  or  LhL LigLr bLLtlL ldricd she-s  somL  LhaJaLtcnsttL  piofiles rirbt it disunctl} controls  predatob  and  escape  behavors ScLond thc optiL  lobL oLLurs

benenth the eyes  m  thc tugcr bcctlc laixa whcrcas  it usualb  eecurs  in  the protocerebrum m  other  lanal mgeLts  Third digtanLe gengin}e  neurons  ha}e been alrcad}  physielogicall)
identified  m  the eptic  Tobe A  su-e}  of these preeedmg -orks  suggests that the iisual sistem  ef this laria must  be a rewardful sNstem  for neuroph}  siojegieal approaches  on

such  speufiL  usual  functaolls MorphologiLtt ddta dk  dlso  rLquircd  tur suLh  dpproaLhcs  but thcrc hdNc becn a  tew rcports  on  thc struLturL  of  thL Hsudt  system  or  the tlger
beetle laria The  optiL  lobe consists  ot  hmina  and  medulla  neuropils  Sorne neural  clcrnents  werc  identificd  in  thc larnina neuropil  HovaeNer  our  kno"]edge  toi a  whole  teature

of Lhe opLiL nLufop]ls  Lspeually  for the medutla  ]europtl  b  stdl  1irmted in the present study  lleural  elements  haie been identitied  m  the optic  tobe ot  the tJger bcLtlu ldnd
Obtamed data are  discussed in  referenLe  to the specrfic  Nisual  funLtion of  ths hrsa
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    The AM  LyL  o]  thu "rb  wc  iving  spidcrs  Argtope  amoena  dnd  A hJ"enfuel:u h is three t]pes of  receptnr  cells  IJV sensLt-e  cclls  wrth  mdximum  scnvtTut-s  dt  dbuut  360
nm  hlue gengitive  cellg  at 480  500  nm  and  green sensmie  cells  at 54e  um  and  the AM  eie  shows  a  cirLadian  osallation  of  speetial  sensit-ity  (Yarnaghdta and  Tateda  1978)

,trgtope  ainoena  andA  bruenntc htt appear  to be icta}e  beth during the day and  m.orht (noctidiurnal spiders)  the} sta}  in the hubs of  their webs  ind  attaek  prelr anmrals  throughout
the da) tn the present studv  color  discnmmataon et  AtgiopL  under  dim  illummation  vvas  exammed  bN heat aioidanLe  learnmg  m  assoeiation  "ith  colored  pipers 1 obse-ed

LhaL ArgropL  Loutd  diseriminaLe Loloied  pdpers under  dim illummation  [t wab  suggeuted  that Atglope  ma)  hue  color  vyon  at mght  lesels of  illu]nmati[m
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    We  isolared  Tabelhr chemosensiJta  from blowfl] 1'Jtonma r(  gma  aiid punfied Lalcium  bmding protems from the -ateT  gotubte fractron ] he most  abund  mt  calLium  bindmg

pret"n "as  Lalmodulm  lu  miesLgdte  the role  of  L  dmudulm  m  taste Lr msduLtTun  eleLtroph)siologiLal  respullses  were  reLerded  wiLh  the Lalmodulm  mhlbitor  W  7 When  -e

stsmulited  the labellar chernosensillum  "llth  suLrese  plus "'  7 an  mmal  shorL  term iinpulse  geneTnLi{m irom the stdgar  receptoT  cell -as  obserNed  but it was  follewed blr a  silellt

period WhLn  thL sLnyllum  w  Ls stimuldtcd  with  W  7 plus d ]nembrane  permeable  cGMP  analog  dibtyry1 cGMP  or  8 Bromo  LGMP  JmpulsLs  ef  thL sugdr  rLLeptor  Lell  ptere
mduced  but thc trcqucncy was  decreased By the side-ill  recordmg  method  -e  obgerked  that lhe reLeptor  potentsal indueed  b} suLrose  stirnulataen  was  dccrcascd b) W  7 m
the sugar receptor ceLl and  corresponded  -ith  a disappearanee ef rmpulseb  These dnta str"ngll suggebt that the LeMP  gated channel  generating reeeptor potential m  the sugir
reLeptor  Lell  reguires  L  ilmodulLn  tor its Jdting
    Ths  work  -ag  gupported  by  PROBRATN  to  M  O
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     1o ]niesugate  melecules  miolied  m  signal  transduction pathwa)s m  chemoseusoi)  neurons  ot  the taste orgin  efblowfiy  Phoimta reguta  we  performcd wcstein  blot dnd
itllmunoLytochermcal  anilygeg  t]f lhe tabellum of  hlo-ny  b) usmg  dntibud]es  dg  vnst  CJ protem cr subumtg  (G rr s C] tti G  {zo  and  6  aq)  In the westeni  blot analisis  of  the
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