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Fig. 2. Schematic presentation of the 
various S-AAT isoenzyme phenotypes 
observed and tentative designation of 
the subunit coposition. Species in 
which no variantr were observed are 
marked by 2 asterisks, those in which 
variants occurred only in the hetero- 
zygous state are marked by 1 asterisk. 

in t he  diploids  and  of 2 loci in  the  t e t r ap Io ids  seems to be 
es tab l i shed .  

The  exis tence  of a d ip lo id - t e t r ap lo id  r e l a t ionsh ip  has  
also been  es tab l i shed  in t h e  order  Isospondyli (clupeoid 
and  sa lmonoid  fish)2~, and  a n u m b e r  of genes coding  for 
d i f fe ren t  i soenzyme sys tems  (e.g. L D H  26, M - N A D P - I D H  27, 
and  S D H  es) h a v e  been  shown to be  dup l i ca t ed  in t h e  
te t rap lo ids .  I t  m a y  be  m e n t i o n e d  t h a t  th i s  is also va l id  for 
S-AAT. The  f ind ings  of ODENSe lx in t h e  he r r i ng  as a 
d iploid  species can  be  i n t e r p r e t e d  u n d e r  t he  a s s u m p t i o n  
t h a t  one gen t  locus w i t h  d i f fe ren t  alleles for S-AAT 
exis ts  in th i s  species. These  d a t a  are conf i rmed  b y  our  
own resu l t s :  of 69 he r r ings  inves t iga ted ,  65 showed a 
single e lec t rophore t i c  b a n d  (homozygous  wild type) ,  a n d  
4 ind iv idua l s  the  a s sum ed  he te rozygous  p a t t e r n ,  cons i s t ing  
of 3 bands .  Salmo trutta and  Coregonus lavareh~s, as 
r ep r e sen t a t i ve s  of t he  t e t r ap lo id  group,  are a p p a r e n t l y  
endowed  w i t h  2 gene loci for S -AAT:  in 60 spec imens  of 
Salmo trulta a n d  41 spec imens  of Coregonus lavaretus, 3 
e lec t rophore t i c  b a n d s  were cons i s t en t l y  found.  One 
i n d i v i d u a l  of Coregonus lavaretus showed a n  as sumed  
he te rozygous  p a t t e r n  w i t h  5 bands .  

Thus ,  t he  S-form of A A T  proves  to be  a n o t h e r  useful 
genet ic  m a r k e r  for t he  d e m o n s t r a t i o n  of gen t  dup l i ca t ion  
as t he  consequence  of polyplo id izaI ion .  In  c o n t r a s t  to  
some o the r  genes, wh ich  h a v e  a p p a r e n t l y  d i s appea red  
du r ing  evo lu t ion  of t he  t e t r ap l o i d s  (genes coding  for 
6 -PGD in Isospondyli and  for S D H  in Ostariophysi2~), 

dup l i ca t ed  S-AAT genes were a p p a r e n t l y  conse rved  or 
modi f ied  in such  a way  t h a t  t he i r  p r o d u c t s  fulfi l l  a useful  
func t ion .  F r o m  this ,  i t  m a y  be conc luded  t h a t  some 
select ive  pressure  m a y  be  respons ib le  for t he  m a i n t e n a n c e  
of ce r t a in  dup l i ca t ed  genes in  t he  t e t r apo l ids  ~9. 

Zusammen/assung. Die S-AAT wurde  bei  F i schen  der  
Fami l i e  Cyprinidae e l ek t ropho re t i s ch  darges~ellt .  Die 
I s o e n z y m m u s t e r  las3en bei  den  d ip lo iden  V e r t r e t e r n  d ieser  
F i schfami l i e  auf  e inen  Genlocus,  bei  den  t e t r a p l o i d e n  auf  
2 Loci  schliessen.  Analoge  Verh/ i l tn isse  b e s t e h e n  offen- 
s i ch t l i ch  auch  bei  F i s chen  der  O r d n u n g  Isospondyli. 
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Antennal  P r o t e i n s  Invo lved  in the Neura l  M e c h a n i s m  of Quinone  Inh ib i t ion  of Insec t  F eed ing  

Find ings  a b o u t  several  aspec ts  of the  ene rgy - t r ansduc -  
t ion  m e c h a n i s m  invo lved  w h e n  ce r t a in  qu inones  i n h i b i t  
feeding in 2 species of insects  were p rev ious ly  r epo r t ed  1-10. 
These  chemica l  messengers  r eac t  w i t h  su l fhydry l  groups  
of macromolecu les  in ne rve  m e m b r a n e s  in chemosens i t i ve  
sensi l la  especial ly on  t he  a n t e n n a e  of the  insects.  Such  
reac t ions ,  as m o n i t o r e d  b y  u l t r av io l e t  d i f ference spect ro-  
scopya,  5, change  t he  c o n f o r m a t i o n  of macromolecu les  in 
i sola ted n e r v e - m e m b r a n e  f r agments .  Th i s  change  in v ivo  
p r e s u m a b l y  allows a l t e red  ion flow t h r o u g h  t he  r ecep to r  
m e m b r a n e  9, a n d  th i s  m a y  b r ing  a b o u t  t he  gene ra t ion  of a n  
ac t ion  p o t e n t i a l  in t he  n e u r o n  n. Because  our  p rev ious  
s tudies  ind ica t ed  t h a t  p ro te ins  (i.e. especial ly  su l fhydry l -  
c o n t a i n i n g  moiet ies)  were se lect ively  i nvo lved  in the  
recep tor  macromolecules ,  t he  b i n d i n g  a f f in i ty  of t h e  
feeding inh ib i to r ,  2 -me thy l - i ,  4 - n a p h t h o q u i n o n e ,  for 
a n t e n n a l  p ro t e in s  was f u r t h e r  inves t iga ted .  W e  now 

p resen t  ev idence  of t he  resolut ion,  b y  disc gel electro-  
phoresis ,  of p r o t e i n - c o n t a i n i n g  b a n d s  f rom homogen ized  
a n t e n n a e  of Periplaneta americana which  a p p e a r  to  
possess t he  p rope r t i e s  of r ecep to r  chemical(s)  for th i s  
f eed ing- inh ib i to ry  n a p h t h o q u i n o n e .  Resu l t s  f rom in s i tu  
exposure  of p r o t e i n - d o n t a i n i n g  ma te r i a l s  in t he  a n t e n n a e  
to 2-(14C) methy i -1 ,  4 - n a p h t h o q u i n o n e  ind ica t ed  t h a t  2 
closely associa ted  b a n d s  in t he  e lec t rophore t i ca l ly  resolved 
Tr i ton  X-100-solnble  p ro te ins  c o n t a i n e d  re l a t ive ly  h igh  
a m o u n t s  of label  (Figure A) in c o n t r a s t  to  a low degree of 
c o u n t  associa ted  w i t h  sMine-soluble  p ro t e in s  (Figure B). 

Materials and me*hods. A n t e n n a e  of l ive cockroaches  
were held  in a 2.4 • 10-~M aqueous  so lu t ion  of t he  radio-  
labe l led  n a p h t h o q u i n o n e  (9.7 m C / m M )  for 0.5 h. The  
a n t e n n a e  t h e n  were r insed  ex tens ive ly  w i t h  t a p  w a t e r  
wh ich  degrades  n a p h t h o q u i n o n e  on t he  surface of t he  
a n t e n n a e .  The  a n t e n n a l  p ro t e in s  were e x t r a c t e d  accord ing  
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to  t he  m e t h o d s  of DAv[~s  z2. T r e a t e d  a n t e n n a e  (100 m g  
wet  wt /ml )  were homogen ized  in 0.9% NaC1. The  homo-  
g e n a t e  was cen t r i fuged  a t  100,000 g for 60 min,  and  t he  
pe l le t  o b t a i n e d  was w a s h e d  twice  in t he  sal ine and  cen t r i -  
fuged a f t e r  each  wash.  T he  r e s u l t a n t  s u p e r n a t a n t s  were 
combined .  The  pe l le t  was  f u r t h e r  e x t r a c t e d  w i t h  0 .6% 
T r i t o n  X-100  in 0.9% NaC1 b y  m e c h a n i c a l  h o m o g e n i z a t i o n  
a n d  u l t r a son i f i ca t ion .  This  l a t t e r  e x t r a c t  was t h e n  cent r i -  
fuged a t  100,000 g for 60 rain,  a n d  t h e  s u p e r n a t a n t  was  
saved.  To o b t a i n  solut ions  w i t h  a c o n c e n t r a t i o n  of pro-  
t e ins  su i t ab le  for ana lys i s  b y  disc gel e lectrophoresis ,  t h e  
sal ine a n d  d e t e r g e n t  e x t r a c t s  were c o n c e n t r a t e d  b y  use of 
coarse  S e p h a d e x  G25.  T h e  p r o t e i n  c o n t e n t  of t h e  con- 
c e n t r a t e d  so lu t ions  was d e t e r m i n e d  accord ing  to  LOWRY 
et  al. 13. The  e x t r a c t s  were f r a c t i o n a t e d  b y  disc gel e lectro-  
phores i s  as desc r ibed  b y  DAvIEs z~. A t  p H  8.3, t h e  p ro t e in s  
m o v e d  t o w a r d  t he  anode.  The  gels were s ta ined ,  sliced and  
p r e p a r e d  for l iqu id  sc in t i l l a t ion  c o u n t i n g  accord ing  to  
M~JTo ~. E a c h  sample  was c o u n t e d  a t  95% eff ic iency for 
20 m i n  

Results and discussion. B i n d i n g  of t he  rad io labe l l ed  
n a p h t h o q u i n o n e  to t h e  sa l ine-soluble  p ro te ins  did  no t  
seem to i nd ica t e  se lec t ive  b ind ing .  I n  con t ras t ,  coun t s  
b o u n d  to ce r t a in  de t e rgen t - so lub l e  p ro t e in s  did  s u p p o r t  
select ive complexing .  T he  obse rved  g rea te r  b i nd i ng  aff in-  
i ty  of t he  qu inone  for T r i t o n  X-100-soluble  t h a n  for 
sa l ine-soluble  p ro te ins  agrees w i t h  our  p rev ious  f indings  s. 
Of t he  t o t a l  coun t s  app l ied  in t he  so lu t ions  pe r  rep l ica te  
gel c o l u m n  (10,200 c p m  per  200 [xg sa l ine-soluble  p r o t e in  
a n d  80 ~g TX-100-so tub le  p ro te in )  t h e  p e r c e n t a g e  b o u n d  
to t he  sal ine-  and  Tr i ton-so lub les  was 1.6 a n d  4.5, re- 
spect ively .  The  h i g h  b i n d i n g  capac i t y  of ce r t a in  de t e rgen t -  
e x t r a c t e d  p ro t e ins  becomes  even  more  a p p a r e n t  w h e n  t he  
a m o u n t s  of b o u n d  label  are c o m p a r e d  on  t h e  basis  of 
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Polyacrylamide gel electrophoresis- and bound radioactivity-patterns 
of Triton X-100-extracted (A) and saline-extracted (B) proteins from 
antennae (of living insects) held m an aqueous solution of 2-(I4C) 
methyt-l,4-naphthoquinone (2.4 x 10-SM) for 0.5 h. 

q u a n t i t y  of p ro t e in  appl ied  pe r  gel co lumn.  T h o u g h  a b o u t  
2.5 t imes  more  sa l ine-soluble  p ro t e in  was r u n  per  column,  
t he  de te rgen t - so lub le  p ro te ins  pe r  c o l u m n  c o n t a i n e d  a b o u t  
3 t i m e s  as m u c h  b o u n d  r ad ioac t iv i ty .  

I n  th i s  in  s i tu  s tudy,  phys i ca l ly  accessible p ro te inaceous  
macromolecu les  which  func t ion  n a t u r a l l y  in  ehemorecep-  
t ion  would  be  expec ted  to  especial ly i n t e r a c t  w i t h  t he  
qu inone .  F r o m  these  results ,  we conc lude  t h a t  t h e  2 
T r i t o n  X-100-soluble  p ro t e inaceous  b a n d s  which  selecti-  
ve ly  b o u n d  t h e - q u i n o n e  (Figure  A) c o n t a i n  n a t u r a l  
r ecep to r  si tes for the  feeding inh ib i to r .  

Our  var ious  p rev ious  s tud ies  ~ z0 of th i s  energy  t r a n s -  
duc t i on  ind ica t ed  t h a t  i m p o r t a n t  in i t ia l  in v ivo  energy  
t r a n s f e r  invo lves  a bas ica l ly  revers ib le  p h e n o m e n o n .  This  
cha rac t e r i s t i c  seems especial ly  r easonab le  in such  p r i m a r y  
i n t e r a c t i o n  of r e l a t ive ly  low c o n c e n t r a t i o n s  of chemica l  
messenger  w i t h  sensory  nerves .  U n d e r  such  cond i t ions  of 
revers ib i l i ty ,  t he  degree of complex ing  of some concen t r a -  
t i on  of messenger  w i t h  r ecep to r  s i tes  would  be  expec t ed  to  
r each  equ i l ib r ium a t  some re l a t ive ly  low level  per  ~g pro-  
t e in  c o m p a r e d  to levels w i t h  inc reas ing  degrees  of i r revers-  
ib i l i ty  of complexing .  I n  th i s  regard ,  severa l  t ypes  of 
m e a n i n g f u l  r eac t ions  be tween  n a t u r a l  messenger  and  
groups  of r ecep to r  su l fhydry l s  of d i f fer ing reac t iv i t i es  in  
neu rons  are a p p a r e n t l y  s u p p o r t e d  b y  our  p rev ious  
studies*~ Some of t he  s econda ry  in te rac t ions ,  associa ted  
especial ly  w i t h  t he  more  p o t e n t  messengers ,  obv ious ly  are 
p a r t i c u l a r l y  cha rac t e r i zed  b y  less r e a d y  revers ib i l i ty .  The  
s u m m a t i o n  of complex ing  i n t e r ac t i ons  of such  v a r y i n g  
revers ibi t i t ies ,  u p o n  ex tens ive  exposure  of sensory  neu rons  
to messenger ,  p r o b a b l y  is r ep re sen t ed  in our  level  of 
b o u n d  label  in the  doub le  b a n d  of p ro t e in  in F igure  AZS. 

Zusammen/assung. Es wird  gezeigt,  dass  der  r a d i o a k t i v  
m a r k i e r t e  F r a s s h e m m s t o f f  M e t h y l n a p h t h o c h i n o n  in den  
A n t e n n e n  yon  Periplaneta a n  2 spezifische, m i t  T r i t o n  
X-100  ex t r ah i e rba re ,  e l ek t rophore t i s ch  t r e n n b a r e  P ro t e ine  
gekoppe l t  wird.  
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