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   Electroantcnnogram  (EAG) responses  of  the  opodoplera litura male  to Ibmale sex  pheromone
eomponents,  (Z, E)-9, 11-tetradecadienyl acetate  (compound A) and  (Z, E)-9, 12-tetra-

decadienyl acetate  (compound B) were  recorded.  The  order  of  amplitude  of  the  EAG

responses  were  compeunds  A+B  (9:1) )compound A>compound  B, No  increase in

response  was  observed  when  the  mixture  ratio  oi' thc  compounds  was  changed.  In adapta-

tion experiments,  continuous  exposure  of  an  antenna  to  air  containing  compound  A  strongly

suppressed  the  subsequent  EAG  response  to both compounds  A  and  B. Air containing

compound  B similarly  suppressed  the  EAG  response  to  compound  B, though  the  responsiveness

to  compound  A  was  only  partially suppresscd,

INTRODUC]TION

   Sex  pheromone  cornponents  of  the  common  cutworm  moth,  fiPodoptera titura, were

identified as  (Z, E)-9, 11-tetradecadienyl acetate  (compound A)  ancl  (Z, E)-9, 12-

tetradecadienyl  acetate  (cempound B) (TAMAKi et al,, 1973). Biological activity  of

these  two  compounds  was  tested  under  both  laboratory and  field conditions  and  their

optimum  mixture  ratio  was  confirmed  as  9: l (TAMAKi and  YusHiMA,  1974; YusHiMA

et al., 1974). TAMAKi  et al, (1976) analyzed  the  chemicals  released  from virgin  female
moths  and  listed those  relating  to the sex  pheromone  components  such  as  (Z)-9-tetra-
decenyl acetate  (compound C>, (E)-11 tetradecenyl  acetate,  (compound D) and  other

chemicals.  The  behavioral roles  ofthese  two  sex  pheromone  components  were  analyzed

and  compound  A  was  found to be the  principal attractant  to males  (NAKAMuRA and
KAwAsAKi, 1977; KAwAsAKi,  1981). Responses of  receptor  cells  to these two  sex

pheromone  compounds  were  analyzed  and  mixing  of  the  two  compounds  increased the

firequency of  impulses as  compared  with  that  of  compound  A  alone  (AiHARA and

SHIBuyA,  1977).

   In this experiment,  the  effect  ef  dose of  pheromonal chemicals,  mixture  ratio,  and

receptor  saturation  on  electroantennogram  (EAG) responses  were  analyzed.

MATERIALS  AND  METHODS

   S. titura larvae were  reared  on  an  artificial  diet (FtljriE and  MiyAsmTA,  1978) at

250C under  a  l6 light-8 dark condition.  Pupae and  male  moths  which  emerged  were
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kept at  200C under  continuous  Iight and  provided  with  water.  Experiments were  made

2 to 5 days after  emergence.

    Two  sex  pheromQne  compounds,  A  and  B, and  two  related  chemicals,  (Z)-9-
tetradecenyl  acetatc  (compound C) and  (E)-11-tetradecenyl acetate  (compound D),
were  purified by TLC  (thin layer chrematography)  or  preparative GLC  (gas liquid
chromatography).  Gas chromatographic  analysis  of  test chemicals  showed  that

purities of  compounds  A, B, C, and  D  were  93.6, 96.7, 97.1, and  97.9%, respectively.
Known  amounts  of  these  chemicals  were  serially  diluted with  n-hexane  for experiments.

    The  EAG  responses  were  recerded  from  the  antenna  ef  an  intact living male  moth

placed in a  glass tube.  Its head  was  fixed to  the  edge  of  the  tube  by bees wax.  One
antenna  extruding  firem the  tube  was  fixed on  a  copper  wire  with  sticky  paste (Fig. 1-B) ;
the  other  antenna  was  cut  off.  The  insect was  then,  put in an  air  flow system  (Fig, 1-A).
The  air  was  purified with  silica  gel and  activated  charcoal  and  was  humidified by passing
through  distilled water.  Except in the adaptation  experiment,  3 lfmin of  the purified
air  was  passed over  the antenna  through  flow l in Fig. 1-A. In the  adaptation  experi-

ment,  O.5 lfmin of  air  with  pheromene  was  added  through  flow 2 to  2.5 llmin of  the

purified air  through  flow 1. Thus, 3 lfmin ofthe  air  was  passed over  the antenna.  The
outlet  for the purified air  was  8 mm  in i,d. and  the  antenna  was  6 cm  from the  outlet.

The  air  containing  the  chemicals  was  exhausted  from the system  (Fig. I-A).

    A  glass microelectrode  fi11ed with  insect RiNGER's solution  was  inserted into the  base
of  the  antenna  through  an  intersegmental membrane  as  an  indiflerent electrode.  The
tip ofthe  antenna  was  put in contact  with  the solution  in the glass capillary  for recording
(Fig. 1-B). Ten  microliters  of  each  serially  diluted chemical  was  coated  on  the  inside
ofa  glass tube  (9.5 mm  i.d.× 20 mm).  After the  solvent  had  evaporated,  the tube  was
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 Fig. 1. Diagram  of  thc  air  fiew system
and  the  way  of  fixation of  a  rnoth  and

antenna,  A:  Airflow system;  P: purnp,
Si: silica  gel, C:  activated  charcoal,  W:
water,  F: flow meter,  S2: sample  holder,
V:  three-way  valve,  Sy: syringc,  S1 : sample
holder, Ex:  exhaust.  B:  fixation ofa  moth

and  antenna;  A:  antenna,  cw:  copper  wire,

I: indifferent electrode,  R:  recording

electrode.
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 Fig. 2. EAG  responscs  to two  pheromonc  compo-

nents,  9: 1 mixture  of  two  components,  and  related

chemicals.  Squares, hollow triangles, solid  triangles,

hellow circles,  and  solid  circles  indicate 9: 1 mixture

of  eompounds  A  and  B, compouncl  A, compeund  B,

compound  C, and  compound  D,  respectively.  Vertical
bars show  95%  confidence  intervals,



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  ofApplied  Entomology  and  Zoology

'

84 K, KAwAsAKI

put in a  5 ml  syringe.  Stimuiation was  causecl  by the  introduction of  a  1 ml  air  puff
raden with  the  chemical  from a  syringe  through  a  needle  into the  air  flow system  (Fig,
1-A). The  responses  were  monitored  on  a  cathode-ray  oscilloscope  via  high impedancc

pre-amplifier and  photographed  or  pen-recorded  for analysis.

    The  amount  ofa  chemical  applied  to the  glass tube  ranged  from ]xle-5  to 1OO ptg

fbr the  dose-response experiment  with  cempounds  A, B, C, D, er  a  mixture  of  compounds

A+B.  In the  mixture  ratio  experiment,  the  total  amount  on  the  glass tube  was  either

O.1 geg or  O.OOI ptg, The  response  to each  mixture  ratio  was  recorded  sequentially  and

the  order  of  stimulations  was  systematically  changed.  In the  receptor  adaptation  ex-

periment, the  amount  ofchemical  on  the  tube  was  varied  from  l ×  1O-4 to 1 ptg, ancl  O.1
or  1 mg  ofa  chemical  absorbed  on  a  6 × 4cm  filter paper (Toyo No.  2) as  hexane solu-
ti'on was  set  in the  sample  holder in flow 2 as  shown  in Fig. 1. In the  adaptation  ex-

periment, before recerding  EAG  response  to each  chemical,  the antenna  was  continuously

exposed  to the air  containing  the  chemical  for 3 min  and  the  exposure  continued  during

the  recording  of  EAG  response.  Relative concentration  of  the  chernicals  fbr adaptation

was  roughly  estimated  by  a  comparison  with  the  result  ofthe  dese-response relationships

and  the  EAG  responses  recorded  at  the  initial exposure  to the  pheromone  containing

air.  One  milligram  and  O.I mg  of  chemicals  adsorbed  on  a  filter paper in flow 2 were
roughly  respectively  equivalent  to 4 × 10su2-I× 10N3"g  and  2 × 10-2-1 × 10-3xig of

chemicals  coated  inside the  glass tube,

    In each  experiment,  the  interval of  each  stimulation  was  over  1O sec  and  replication

was  done at  least 15 times.  EAG  amplitudes  were  calculated  after  the responses  to air

were  subtracted.

RESUL'I'S  AND  DISCUSS.ION

1, Dose-response curve

    Figure 2 shows  the  dose-response curves  using  the  various  components  or  mixture.

Among  the  individual pheromone  components  and  the  mixture  of  the  two  components,

the  amplitude  of  EAG  response  in decreasing order  was  compounds  A+B,  A, and  B,

even  though  diffbrences in the  responses  were  not  notable  in higher doses, especially

between compounds  A+B  and  A. The  responses  to compound  C  were  intermediate

between those of  compounds  A  and  B  but the responses  to  compound  D  were  lower than

theother  compounds.  Biological activities  ofthese  two  related  chemicals  were  analyzed

in the field and  neither  had any  synergistic  eflect  (YusHiMA et  al., 1974; TAMAKi  et al.,

1976), but  rather,  an  inhibitory effect  on  trap  capture.  The  inhibitory eflbct  was

stronger  in compound  C  than  compound  D  (TAMAKi et al,,  1976). This  result  coincides

with  the  amplitude  of  EAG  response  obtained  in thi$ experiment.

    AmARA  and  SHiBuyA (1977) reported  that  compound  B  alonc  did not  induce the

single  olfactory  receptor  cell  response.  But  in this experiment,  EAG  responses  were

recorded  with  cornpound  B  and  this result  suggested  the  existence  of  reccptor  cells

responding  to that  compound.  It is possible that  the  reason  they  did not  detect the

receptors  is that  there  is another  type  of  sensory  hair responding  to compound  B  that  is

diflerent from the  trichodeum  type  sensory  hair they  examined.

2. Efact ofmiscture ratio

    MiNKs  et  al. (1974) reported  that  the  amplitude  ofEAG  response  changed  with  the



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  ofApplied  Entomology  and  Zoology

EAG  Responses of  SPodkzPtera litura 85

;2E$g.al9e<muo

             1

"-"-"-÷.O--"-"- ÷."

×                          1

            2 9
O-"-"--"-"."'"-s"s"

× 6
                          1

3

2

sgls8ma9

   o22w

a/

9h{

D

           u

       m/
   D/  /O

2.221I

      Lt Lt L9 g  g  Z  5 3 1 O A
       O1  1l  23g  7g  l-tg

                 Mixture rqtio

  Fig. S. Efllect of  mixture  ratio  of  cornpounds  A
and  B on  EAG  response.  Solid circles  and  hollow
circles  indicatc total fixed arnounts  of  O.1 ptg and

O.OOI ptg, respectively.  Vertical bars show  95%
confidence  intervals,
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  Fig, 4. Efibct of  receptor  adaptation  by
compound  A  or  B on  the  EAG  responses  to the
vamous  amounts  of  each  compound.  A:
response  to compound  A,  B:  response  to  com-

pound  B. Hellow  circles,  solid  circles,  hollow
triangles,  solid  triangles, and  squares  indicate
adaptation  with  O.1 mg  of  compound  B, with
1 mg  of  compound  B, with  O.1 mg  of  com-

pound  A, with  1 mg  ef  compound  A,  and

without  chemicals,  respectively.
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Figure 3 shows  the  effbct  of  mixture  ratio  of  compounds  A  and  B on  the EAG  
re-

sponse,  Compound  B (O: 10) resulted  in lower response  than  the  ether  mixture  ratio.
But the effect  of  mixture  ratio  on  the  EAG  response  was  not  netable  and  there  was  no
diflbrence         between  the  most  effl ctive  mixture  ratio  in the field and  the  others.  In this
experiment,

 no  diff'erence was  observed  between  respense  to compound  A  and  a  mixture
ofcom?ounds
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 Fig. 5. EAG  responses  to  compound  A  or  B  after  continuous  exposure  to compound  A  or

B  air  at  two  concentrations.
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responding  to each  component.  At  the  receptor  cell  level, there  was  no  increase in the

spike  frequency at  a  given mixture  ratio  when  the  ratio  was  changed,  and  it was  cen-

cluded  that the mechanism  distinguishing the  mixture  ratio  depended on  the  central

nervous  system  (DEN OTTER, 1977). In AdoxqP]tyes orana,  an  increase in response  was

observed  at  the optimum  attractancy  ratio  at  the  EAG  level (MiNKs et  al., 1974) but not
at  the  single  cell  level (DEN OTTER, 1977). On  the  other  hand,  it was  observed  at  the

single  cell  level (AmARA and  SHiBuyA,  1977) but not  in the  EAG  level in S. Iitura.

3. Recoptor adoPtation  eoperiment

    Figure 4 shows  the  eflhct  of  continuous  exposure  of  the  antenna  to  the  compound

A  or  B air  on  the subsequent  EAG  response  to the  compounds  themselves;  in both  cases,

exposure  resulted  in a  decreased response.  The  effect  of  a  respective  compound  was

stronger  with  1 mg  than  with  O.1 mg.  Compound  A  air  suppressed  the  EAG  response

to cornpound  B as  well  as  that  of  compound  A, but compound  B  air  suppressed  only  the

response  to compound  B, The  efllect of  the  compound  B air  on  the  EAG  response  to

compound  A  was  not  clearly  observed.  The EAG  response  to compound  A  was  in-
creased  with  the  amount  of  the  compound  when  the  antenna  was  exposed  to the  com-

pound  B air, but the responses  were  less than  with  no  treatment  at  all (Figs. 4-A, 5).

    The  resuits  showing  that  compound  A  or  B in the  air  suppressed  the  EAG  responses

suggested  that  the  receptor  had  been  saturated  by the  compounds.  The  diference in

eflect  of  the  two  compounds  was  observed  in their cross  application.  BAKER  and

RoELoFs (1976) analyzed  the  cross  eflbcts  of  each  of  the  three  components  of  the  sex

pheromone  on  EAG  response  in Arlgyrotaenia vegutinana  and  suggested  the  existence  of  at

least two  diflbrent cells  responding  to  two  pheromonal components.  Their conclusion
ceincided  with  the  results  of  single  cell  recording  (O'CoNNELL, 1975).

    In GPodoptera litura, the results  indicated that  there  are  two  types  of  receptor

cells  which  individually respond  to compounds  A  and  B. Both  recepters  were  satu-

rated  by the  respective  compounds  and  were  saturated  by compound  A;  however,

the receptor  for compound  A  was  net  completely  saturated  by compound  B. This

indicated that  a  considerable  number  of  receptors  responcling  to compound  A  remained

available  when  they  were  exposed  to compound  B, but that  compound  B receptors  were

saturated  by  both  compound  B and  by compound  A. AiHARA  and  SHIBuyA (1977)
concluded  that  compound  B alone  hardly has the  intrinsic activity  to  generate impulses
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in the  olfactory  cells,  but that  it does have  a  synergistic  eflect  on  the  perception of  com-

pound  A  at  a  single  cell  level. However,  EAG  responses  were  recorded  by compound

B  in the  present experiment,  showing  that  there  are  receptor  cells  which  respond  to  it;
this therefbre  contradicts  their conclusion.  But  the  result  of  the  cross  application  ex-

periment  showing  that  the  compound  B receptor  was  completely  saturated  by compound

A  indicates the  possibility that  the  B receptor  does not  exist  cornplctely  independent of
the A  receptor.  It is possible that  these  results  were  caused  by the chemical  structures

of  the two  compounds,  but there  is also  the  possibility of  a  cross  eflbct  between com-

pounds A  and  B in the  olfactory  perception.
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