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responses  et  descending neurens  in  thc llrantis to motion  starnuh  were  reLorded  extraLellu]arly  trem  the ientral  nerve  cord  betweLn the brain and the prethurauL ganglion All
rcLorded  ncurons  showed  excitatory  responses  to 1ight ON  aiid OFF  stamuli  gomc  ncurons  :xhibTtcd  targer eKcitation  to a motron  ef  gratmgs  m  preterred direLtion Lhan d moti{]n
m  opposite direLtion Other neurons  showcd  1drgLst rLspemses  to looming stumuli  that sLrnu!ated  a  black square  approaLhing  Lo Lhe ma"tis
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    Color sense  et i 1yLaenid butterfly IVburathura JapontLa was  invesugnted  by  the bRG  methud  The  wmpeund  eye  vvas  illunllnated with  1ight from a xenon  larnp through
d  1iquid hbcr dnd  dlso  through an  Gan7feld doine The tight ranged  from wnvelengthb  ut 3(n to 7oonm at 2imm mteBals  The butterfties showed  a  stronger  response  to hght at
vvavelengthg  below SOOnm both by the hyuld fib:r and  thc Ganzteld doine niethods  The  latter method  revealed  a  tendenc)  of  sexual  differenLe with  females shovifing  a  re]ati}el}

stronger  respense  to longer was  elengths
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    Male moths  of  OstrtniaJltrnacatis (Lepidoptera Crambidae}  produce dLoustiL  signal  induding  ultrasound  when  they attempt  to Lopulate  with  lemale moths  Detectioll of

the male  produeed ultragound [fleLt- femdte s  aLceptanLe  ot  the male  Thc signal  frern O  fiirnatalts involNes  ultrasound  with  a  broad rmige  trequLnLy (25 1OO  kHz)  dmd  pulse
structure  Tkvo other  Ostrima sptLies  Llose  to O  farnacaks emTtted  sound  with pulse structures drftenng irom O jurnacahg Next we  iniestigated  responses  of  hearmg neurons
to 1O t?O kHz  acnustic  stimu]i  m  these three species Neurons of the three speues  iesponded  toabroad  range  ot  trequency No  sexual  or spec]es  differences were  found in the
neural  responses  Sound leNels that induce  threshold responses  were  low around  30 Se  kHz  whiLh  Lotrespended  to aLeusuc  signals ef the three species Roles ot mnle  ultrasound
signal  and  temnle  sex  pheromone m  mate  recogmtion  and  premdhng Lsoldtion  ire  dLscussed

FUNCTIONAL  ANALYSIS  Ob GRAVITY  gENSE  GENES  IN THF  ASCIDIAN  LARVA
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    Newty hatLhed ldrNaL of  thc asudian  Ctona trttestfnatis  swim  upward  toward  the gea  gurface  Laser ablation  expermients  haLe becn  shewn  that  oto1ith  ig a  gra"t) genge
orgdn  ter the upward  swumnung  behavior Preueusly  we  have shewn  that a tyrosinase gcne (Ci Ar)  ]b csscntLdl  for the upward  gvvirnming  beha"or Prestin is a  motor  protem
m  the outer  haLr ce]lg  of  the coLhlea  and  which  senses  membrant  potcntial andi drives npid  length changeg  in  outer  halr cetls  We  isotdted  d  LDNA  LIonc  cnLodmg  prestm (Ci
prestan) in Mtu  h]bndizatlon andlyys  shevved  thdt Ci prestLn vLas  expregged  near  the otohth  and  notoeord  Immunostammg  with  the dntibody  against  Ci prestin reielled  that Cl
prestin vgas localized the cell surtace ot the statoLyte of the etohth  Thcve results  suggested  imt Ci prestan could  be imolNed  in d  grdviry scnsc  mdLhmdiry  for the upward  swmi

ming  behavoT We  dre  tryL"g to kncKkdown the Ci prestsn to  mvestigate  the functaon of  Ci prestin in  thc upward  svvimming  beha"or
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    To understand the orlgm  of  Nertebrate  photoreceptor LL]1  -L  hdic iniestLgated  the photereeeptor celts  of  the larsa uf  the tvudim  Ciond  mtcstLna]Ls  vvhose  tadpole  Jike
lanae share  a  bdsk body  pl tn vvith  Lertebrates  At  4  h after hatch]ng tarvae were  mduLed  to stdrt iu swimmmg  upon  the ce-sation  of  illummation  and  to stop  swmmng  upen

the  onset  ot  Tllumination  We  identsfitd  t-o  distanct classes  of  phetoreLeptor Lells  in  the ocellus  hy immunestaming  with anubodLes  agdmst  Ci opsinl and  }esicular neurotrans
mitter  transportcrb The  first pepuhtion his twenty  outer  segrnents  mside  thL pigment Lup  ef the ocellus vvhich  is located right s]de of lhe brain LhcsL Ldls  rirc glutamdtergic
(ON  t}pe photorecepter cellg) The seLond  hds tcn outcr  scgments  around  the pigtnent Lup  most  if no[  alT of  Lhe pheto[eLepter cells  are  GABAcrgic  {OFF tyne phetoreceptor
Lell,}     L Lser ablation  et  the trrst and  sccond  populations leads to  loss ef  the switmmng  behauor phoLoresponsL of  ]arvde suggesting  that  thelr are  responsible  for the lari al pho
teresponsc Thus  the  iscLdnn  lana  has Lertebrate  1]ke glutamaterg]L phoLurLLcptois and  -nLque  non  glutamatergic phntorecepters
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    The  recanery  ot a  phetoresponse is much  faster zn  cenes than tn  rods  Because the photoresponse  recmcry  h  duc to rcvtoration  of  the cytoplasmic  cGMP  concentrataon

one  Lan  LKpea  thdt the s)nthettc  acuvity  of  ceMP  is hrgher m  cones  lhan m  ruds  Usmg  purified membrape  preparataons we  nieasured  the guan)late LyLlast  (GC) aLtivit}  m

iXl,gSxt,,din.L:,ijll,3,aTtdh,:.SgeeisltgS:eL"y",Xt:p,1,l/istlltliPS,cG.gC;'IL:"iii,n8,Xd,P.ti/inl]S,c"Lll,l,Ssi.;/,tln.Petlg#E,:alt,:nE,dl,:/IL,r,:'S["gEieliel,e",;slki?ii/ill,titt2S[i:a::.",Glrcif:W,,lltheisa,Fg,if,l'tiiLf?.,L.th.,)e,eeT'iyP.r.?,EaFFc".,t,re,',gLi:Orl{ed,
effeLt  ef  GCAPt  3 on  the  GC  acu-ty  m  punfied rod  and  cone rnembranes  to kne" the maximum  GC  aetuity  m  rods  and  cencs  St-dtes on  the localizanon ot these GCAPs
are  now  ln progrcss

QUANTITATIVFPCRBAS)DSCRLENINCOFTHEt02SENSORPROTEINOFTHLMOSQUI1OesNOPHELESg71]PHFVSD
OEmiMaekawai MitsumdsdKo)andgi' FurmeTokunagai3
IDepartmentofBiologv

 GrddLLdtc Sch[]ol of  gcTence 9saka Umvergity Toyonaki Osdka Sbl} OCP3 Jtpdn 
'Department

 ofEarth  and  Space Science CJraduate School ot SuencL
Osakd Umversity Toynnaka Osaka 560 O043 Japan RevearLh  forbvolutional SLTence an                                                                        d Teehnoleg}  (CREST) Japan  SuLnLe  md  TeLhnu]egy  Cerporation To}onaka  Ogaka
560 Oe43 Japan

    In musquitoes  on]y  females are hlood  suckrng mseLts and  pessebs tht CO.  scnsTng  ibiTity for seektng  therr wcrirns  hleetrophyyologiLdl studies  haic demenKtrated that
the  C02  receptlon  lg aLhieved  through tht CO!  sLnsilld  on  the maxTllary  palpg of  temale rnosqu]toes  We  Lollsidered  the sens{)ry  appendage  preteln (SAP) the anlon  cxchangcr

(AL) and  a kTnd uf  gust Ltor) receptor  (GR) as candidates  for the C02  scnsol protem based on the results ot studies ]n other ins"t-  dnd  propcrties of  C02  molecules  We  tned
te isolate these gencs dnd  rLldted gcnes  from Anopheles steph(  nsi  We  have obtamed  hve SAPs out  uf  scicn  tvifo AFs  out  of  three and  all three GRs  To  eL  aluate  ther  suitabiht)

for the COo sensor  prutem                      we  conductcd  quantuats}e PCR  baged sereening  beL- een  the maxilldiy  palps ot  male  and  those ot  femile Ag  i resu]1  "ne  eflhe  AEs  has been tound
to exhibit  tema]e gpecttdc  expregsien  suggestsng that the AE  is the btrong  Ldndid  tte tor the C'O, sensor  protem
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     Some arthrepods  hdie  coler  NJslon  as vifcll as  }LrtebratLs  ln iarieus  mseLty  Loler  }Tsual  pigmentg  (celor opslns)  havL bLLn idLntafiLd  md  their distnbutsons in cornpnund

eyes  are -ell iniestigated On the other  hand m  jutnpmg  spiders  whiLh  a]so  haw  adyanLcd  Leier  iihion  there is  no  study  on  their wsual  pigmenls so  fdr In this Htud)  wc

tricd to isolate  opsms  from t"e  junipmg sp]der  spc"Ls  Hasanus  adansortt and  Piexippuh pa)kulh b} Rl PCR  ineLhod  to duudatc thc moleculai  basis ot the eolor  -sion  of

]urnpmg sprderi  We  guLLe"fully  ebtained  multaplc  opsin  cDNAg  from both H  tttiangenT  md  P pmAulh  Phylogcnetrc analysis  ineludmg  these  jumplng spider opsins ieNealed
that the cvn-non  dnLcstor  of  IT-ing arthropods  has at teast two  kindb of opsm  whiLh  drc  probdbly dLffeient in gpectrurn sensmvity  Further ]mLshgdtaun  usmg  spLdcr  opsms  as

d nnolecular  marker                 "illdiseosei                            a no-el meLhdrusm  fur Le]or  wven
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    Rhodupsins are  the nnembers  ot the tamJli ot  G  protein couplcd  rcLeptors  that haNe  d-erged  trom  1igand bindmg receptois into photoreeepu}e pigments  Vertebrate rhodop

sins  are  able  to bind the  imcrsL  dgenJst  t1 ets retinal  but are  unable  to bind the agon]sL  al] LidnH retinat  Jndicatmg  that Nertebrate  rhodopsin  Lhanged  its bmd]ng abiliL) dLLrLng
the LoursL of  inolcLular  eiolution  Here -e  show  that unlike  zeriebraLe  rhod[}pyn  arnpimoxus  rhedopsin  is still able  to  bind igonisL  al11 trdns  retinal  Ln addinen  to tts role as a

photercceptrye pigment The opsin exhibiLs aii dpprox  SO told highcr attintty for 1 1 cis retlnal than for al1 trans retinal  and  mutdtiond]  diia]yses  reiealed  that Trp265 in Helix
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