
356 Specialia EXPERIENTIA 33/3 

and  u r a n y l  a ce t a t e  a n d  e x a m i n e d  in a Phi l l ips  301 elec- 
t r o n  microscope.  
Results and discussion. The  coupl ing  be tween  p o s t s y n a p -  
t ic  neu rones  of t he  d o p a m i n e  neu rone  is i l l u s t r a t ed  in 
f igure  1. H y p e r p o l a r i z i n g  and  depolar iz ing  c u r r e n t  pulses 
in a n y  one neu rone  are t r a n s m i t t e d  to  t he  others .  Spikes 
p roduce  smal l  t r a n s m i t t e d  p o t e n t i a l s  (epsps) w h i c h  m a y  
r each  t h r e s h o l d  i nd iv idua l ly  or more  usua l ly  b y  s u m m a -  
t ion .  Coupl ing coeff icients  for d i f fe ren t  pa i rs  of neu rones  
were ve ry  va r iab le ,  r ang ing  f rom n e a r l y  0 up  to  0.5 
(coupling coeff ic ient  is t he  p o s t - / p r e s y n a p t i c  potent ia lT) .  
The  s t r e n g t h  of coupl ing  does n o t  d e p e n d  on  t he  prox-  
i m i t y  of t he  somata .  There  is l i t t le  change  in t he  electro-  
ton ic  epsps w h e n  the  gangl ia  are b a t h e d  in sal ine con-  
t a i n i n g  no Ca, 6 t imes  n o r m a l  Mg a n d  1 mM E G T A ;  th i s  
ind ica tes  t he  absence  of a n y  chemica l  c o m p o n e n t .  
D u r i n g  ipsps p roduced  b y  s t i m u l a t i n g  t he  d o p a m i n e  
n e u r o n e  t he  s t r e n g t h  of coupl ing  b e t w e e n  p o s t s y n a p t i c  
neu rones  is cons ide rab ly  reduced.  The  add i t i on  of dopa-  
mine  (10 -5 M) to t he  b a t h  p roduces  t he  same effect. This  
is s imi la r  to  the  synap t i c  decoupl ing  f i rs t  descr ibed  in 
N a v a n a x  b y  Spi ra  a n d  B e n n e t t  s; t h e  decoupl ing  is 
t h o u g h t  to  be  i m p o r t a n t  in enab l ing  t he  neu rones  to fire 
i n d e p e n d e n t l y  of each  o the r  8-10. I t  is n o t  k n o w n  w h e t h e r  
deeoupl ing  ha s  a s imi la r  f u n c t i o n  in P lanorb i s .  
The  p o s t s y n a p t i c  neurones  of ten  fire s p o n t a n e o u s l y  in 
couple t s  of spikes. M a i n t a i n e d  depo la r i za t ion  of one of 
t he  neu rones  usua l ly  resu l t s  in  longer  burs t s .  B u r s t  fo rma-  
t i on  is a p r o p e r t y  of a n u m b e r  of e lec t r ica l ly  coupled  
g roups  of neu rones  a n d  m a y  resu l t  f rom the  in t r ins ic  
p rope r t i e s  of non- rec t i fy ing  e lec t ro ton ic  synapses  r a t h e r  
t h a n  endogenous  b u r s t i n g  a c t i v i t y  of i n d i v i d u a l  neu-  
rones  n- l~.  F o r  example ,  G e t t i n g  a n d  Wil lows n ,  12 h a v e  
s h o w n  t h a t  b u r s t s  in  e lec t r ica l ly  coupled  neu rones  in 
T r i t o n i a  deve lop  b y  r egene ra t i ve  e x c i t a t i o n  w i t h i n  t h e  
n e t w o r k  a n d  are t e r m i n a t e d  w h e n  a m a j o r i t y  of neu rones  
fire in  nea r  s y n c h r o n y ;  s y n c h r o n i z a t i o n  resu l t s  in  a n e t  
h y p e r p o l a r i z a t i o n  caused  b y  an  a c c e n t u a t i o n  a n d  pro-  
l onga t ion  of t h e  spike a f t e r - h y p e r p o l a r i z a t i o n  due  to a 

r educ t i on  in j u n c t i o n a l  shun t ing .  I n  P lanorb i s  b u r s t  t e r -  
m i n a t i o n  is a l m o s t  a lways  a c c o m p a n i e d  b y  t h e  synchro -  
nous  f i r ing of a n o t h e r  recorded  n eu ro n e  in the  n e t w o r k  
(figure 1) sugges t ing  t h a t  a s imi la r  m e c h a n i s m  is oper-  
a t ing .  
E l ec t ron  microscopic  e x a m i n a t i o n  of t h e  visceral  gang l ion  
revea led  occas ional  a reas  of close appos i t ion  of n e u r o n a l  
m e m b r a n e s  in t h e  neuropi le  (figure 2}. A t  h igh  magnif i -  
ca t ion  the  ou t e r  s t a ined  layer  of each  appos ing  m e m b r a n e  
appea red  to  touch .  B y  an a l o g y  w i t h  d a t a  in o t h e r  sys- 
tems16,16 these  po in t s  of m e m b r a n e  appos i t ion  were con-  
s idered to  be  morpholog ica l  c o u n t e r p a r t s  of e lec t ro tonic  
coupling.  T h e y  were n o t  obse rved  be tween  n eu rone  
s o m a t a  or in  ne rve  t rac t s ,  b u t  i t  was n o t  possible to  de ter -  
mine  w h e t h e r  t h e y  were axodendr i t i c ,  axoaxon ic  or 
dend rodendr i t i c .  
The  resu l t s  ind ica te  t h a t  e lec t ro tonie  coupl ing be tween  
p o s t s y n a p t i c  neu rones  of t h e  d o p a m i n e  neu rone  occurs  a t  
special ized areas  of appos i t i on  in t h e  neuropi le .  The  
coupl ing  synchron izes  t h e  f i r ing of a p ropor t ion  of t he  
neurones ,  a n d  m a y  be  i m p o r t a n t  for t h e  gene ra t ion  of 
b u r s t  ac t iv i ty .  
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Summary. Elec t rophys io log ica l  s tud ies  show t h a t  Spodop te ra  e x e m p t a  a n d  closely r e l a t ed  species possess a r ecep to r  
w i t h  specific s ens i t i v i ty  t o w a r d s  adenos ine  a n d  adenine .  2 o the r  t ypes  of recep tors  r e sponded  to  ce r t a in  sugars.  The  
f u n c t i o n a l  s ignif icance of these  recep tors  in  con t ro l l ing  chemoresponses  of t h e  l a rvae  is discussed. 

Adenos ine  a n d  sucrose, i so la ted  f rom maize  p lan t s ,  h a v e  
r ecen t ly  been  iden t i f i ed  as s t rong  p h a g o s t i m u l a n t s  for t h e  
Afr ican  a r m y w o r m ,  S p o d o p t e r a  e x e m p t a  a. Th i s  h a r m f u l  
N o c t u i d  feeds exc lus ive ly  on  grasses  (Gramineae ,  Cyper-  
aceae) 4. O t h e r  s tud ies  on  t h i s  species i nd ica t ed  t h a t  t h e  
m a x i l l a r y  s ty loconic  sensi l la  p l a y  an  i m p o r t a n t  p a r t  in t h e  
food d i s c r imina t i ve  b e h a v i o u r  5, 6. E v i d e n c e  for t h e  
func t i on  of t he  s ty loconic  sensi l la  in  d e t e r m i n i n g  t h e  
c h e m o s e n s i t i v i t y  of S. e x e m p t a  to adenos ine  a n d  sugars  
is p r e s e n t e d  in  th i s  paper .  
Materials and methods. Die t - r ea red  1-2 days  old last-  
i n s t a r  l a r v a e  were used t h r o u g h o u t .  F o r  e lec t rophys io lo-  
gical  r ecord ing  t h e  t i p - r eco rd ing  t e c h n i q u e  7 was em- 
p loyed  w i t h  c o n v e n t i o n a l  m e t h o d s  of ampl i f i ca t ion  a n d  

r eg i s t r a t ion  of signals.  A recep to r  ' response '  is def ined 
here  as t h e  n u m b e r  of impulses  gene ra t ed  in 1 sec beg inn-  
ing 50 msec a f t e r  t h e  onse t  of s t imu la t ion .  
Results and discussion. Adenos ine  evoked  slowly a d a p t i n g  
t r a i n s  of ac t ion  p o t e n t i a l s  f rom a r ecep to r  loca ted  in t he  
l a t e ra l  sensi l la  of S. e x e m p t a  (figures 1 an d  2). S o d i u m  
chloride,  w h i c h  h a d  been  added  to t h e  s t imulus  so lu t ion  
a t  0.1 M in order  to  i m p r o v e  t h e  conduc tance  p roper t i e s  
in t h e  s t i m u l a t i n g - r e c o r d i n g  p ipe t te ,  el ici ted an  essent ia l ly  
d i f fe rent  response  p a t t e r n  in these  sensi l la  (figures 1 a n d  
4). The  c o n c e n t r a t i o n - r e s p o n s e  r e l a t ion  of the  adenos ine -  
sens i t ive  r ecep to r  (figure 3) ind ica ted  a s en s i t i v i t y  
t h r e s h o l d  b e t w e e n  10 -4 a n d  10 -5 M, whi le  s a t u r a t i o n  was 
r eached  a t  a b o u t  10-~ M adenos ine  (figures 2 an d  3). The  
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Fig. 1. Responses of a lateral sensillum styloconicum of S. exempta 
to: 1 4.0 mM sucrose; 2 2.0 mM adenosine; 3 mixture of 4.0 mM 
sucrose and 2.0 inM adenosine; and 4 100 mM NaCI. Horizontal bar 
equals 250 msec. 

r eac t ion  s p e c t r u m  of t he  a d e n o s i n e - s e n s i t i v e  r e c e p t o r  
a p p e a r e d  as r a t h e r  r e s t r i c t ed :  a p a r t  f r o m  aden ine  no  
o t h e r  p u r i n e  or  p y r i m i d i n e  c o m p o u n d  or  de r iva t ive ,  
inc lud ing  nuc leo t ides  a n d  nucleos ides ,  p r o v i d e d  ef fec t ive  
s t imul i .  Caffeine w a s  a n o m a l o u s  in t h a t  it exc i ted  seve ra l  
cells s i m u l t a n e o u s l y  a n d  e v e n t u a l l y  seemed  to d a m a g e  
t he i r  r e cep to r  func t ionsS.  
T h e  lower  r e c e p t o r  s e n s i t i v i t y  to  aden ine  as c o m p a r e d  to 
adenos ine  (table) agrees  w i t h  the  b e h a v i o u r  o b s e r v a t i o n  
t h a t  the  feeding a c t i v i t y  i nduced  b y  aden ine  is on ly  63% 
of t he  feeding  caused  b y  a d e n o s i n e  3. F u r t h e r m o r e ,  t h e  
f ind ing  t h a t  on ly  aden ine  a n d  adenos ine ,  b u t  n o t  o t h e r  
p u r i n e  or  p y r i m i d i n e  c o m p o u n d s ,  are able to elicit a 
feeding  r e s p o n s e  in t h e  l a rvae  3 is in a g r e e m e n t  w i t h  t h e  
r eac t ion  s p e c t r u m  of t h e  a d e n o s i n e - s e n s i t i v e  r ecep to r .  T h e  
add i t i on  of a r ibose  g r o u p  to  t h e  N6  pos i t i on  of t h e  
aden ine  molecu le  a p p a r e n t l y  g r ea t l y  e n h a n c e s  i ts  effect ive-  
ness  as  a s t i m u l u s .  D- r i bose  itself,  howeve r ,  fai led to  
exci te  a n y  r e c e p t o r  cell a t  all in t h e  l a te ra l  sensi l la ,  b u t  
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Fig. 2. Time course of adaptation of the adenosine-sensitive receptor. 
A, broken line, 30 mM; A, solid line, 10 raM; B 3 raM; C 1 raM. 
Average values with the extremes (vertical bars) of 3 series of 
stinmlations are shown. 
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Fig. 3. The dependence of the response of the adenosine sensitive 
receptor upon the stimulus concentration. Average values -[- 2. SE 
(n = 7). Arrowhead indicates approximate concentration of adenosine 
in fresh maize ]eaf, 

Fig. 4. Responses of a lateral sensillum to: 1 500 mM NaCI; 2 maize 
leaf extract, diluted 1.5 times with distilled water; 3 5.0 mM sucrose; 
and 4 maize leaf extract, undiluted. 

Fig. 5. Responses of a medial sensillum to: 1 500 InM NaC1; 2 100 mM 
m-inositol; 3 maize leaf extract, diluted 1.5 times; and d 100 mM 
D-ribose. 
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Average (~- SD/ number of impulses in the first see of counting 
f50 msec after onset of stinmlation generated by a receptor cell in 
S. exelnpta tarvae. Stimulation with 4 purine compounds (0.03 M! 
and 3 sugars ,9.1 M~ 

Lateral sensilla N = 6 
Adenosine Adenine Guailoslne 
84.2 T 39.4 50.6 ~- 24.4 0.0 ~: 0.0 

Medial sensilla (N 121 
D-ribose Sucrose m-Inositol 
36.9 z 17.0 21.2 z: 14.3 35.5 ~- 16.3 

Hypoxanthin 
0.0 x: 0.0 

i n s t ead  s t i m u l a t e d  a neu ron  in the  med ia l  sensi l la  
(figure 51. Th i s  cell was  also ve ry  sens i t ive  to sucrose  a nd  
meso- inos i to l  ( tableL However .  m c o n t r a s t  to sucrose,  
ne i t h e r  D-r ibose  nor  meso- inos i to l  or a n y  o the r  suga r  ac t s  
as  a s t r o n g  p h a g o s t i m u l a n t  for S. exemptaS ,  5. A possible  
e x p l a n a t i o n  for th i s  a p p a r e n t  d i s c r e p a n c y  is t h a t  t he  
la rva l  feeding  reac t ions  to suga r s  are no t  p r i m a r i l y  
gove rned  b y  s ignals  f r om th i s  pa r t i cu l a r  receptor  type ,  
b u t  r a t h e r  b y  i n p u t s  f rom o the r  suga r - sens i t i ve  neu rons .  
Th i s  a r g u m e n t  is s u p p o r t e d  b y  the  obse rva t i on  t h a t  
a n o t h e r  t y p e  of suga r - s ens i t i ve  receptor  showing  a 
specific s ens i t i v i t y  t o w a r d s  sucrose  is located  in t he  
la tera l  sensi l la  (figures 1 and  51. I t  r emains ,  possible  t h a t  

t he  suga r - sens i t i ve  neuron  in the  media l  sensi l la  par t ic i -  
pa t e s  in the  to t a l  g u s t a t i o n  coding  via a sub t l e  across-  
s ens i l l um p a t t e r n i n g ,  which ,  however ,  r e m a i n s  u n d e t e c -  
t ab le  w i t h  the  c u r r e n t l y  e m p l o y e d  b e h a v i o u r  me thods% s. 
E x p e r i m e n t s  c o m p a r i n g  t h e  response  p a t t e r n s  of the  
l a te ra l  sensil la  to sucrose  and  adenos ine  show e d  t h a t  
e i ther  1 or 2 cells fired d e p e n d i n g  on w h e t h e r  the  com-  
p o u n d s  were appl ied  s ing ly  or in a m i x t u r e  (figure 1}. 
Thus .  2 s e pa ra t e  r ecep to r  t y p e s  are  inferred,  one sens i t ive  
to sucrose  a nd  t he  o the r  to  adenos ine .  B o t h  recep to rs  are 
su f f i c ien t ly  sens i t ive  to m o n i t o r  the  a m o u n t s  of sucrose  
a n d  adenos ine  as t h e y  occur  in t he  n a t u r a l  food a. I n  fact ,  
t h e  a q u e o u s  e x t r a c t  of f resh  ma ize  leaves,  f r o m  w h i c h  
adenos ine  a n d  sucrose  were i so la ted  a t  2 a n d  6 mM/1000  g 
(fresh wtl r e spec t ive ly  3, elicited v igorous  response  
p a t t e r n s  in b o t h  t he  media l  a n d  la te ra l  sensi l la  (f igures 4 
a nd  5~. If one cons iders  t he  l imi ted  n u m b e r  of 4 c h e m o -  
s e nso ry  n e u r o n s  in each  s e ns i l l um 9 i t  s e e ms  r e a s o n a b l e  to  
sugge s t  t h a t  p a r t  if no t  m o s t  of the  recorded i m p u l s e  
a c t i v i t y  o r ig ina ted  in the  adenos ine-  and  suga r - s e ns i t i ve  
neu rons .  
E x p e r i m e n t s  w i th  S. f rugiperda ,  S. l i t tora l is  a n d  S. l i t u r a  
h a v e  s h o w n  t h a t  o the r  specms of the  g e n u s  S p o d o p t e r a  
possess  a s imi la r  a r r a n g e m e n t  of c h e m o r e c e p t o r  cells as 
descr ibed  above  for S. e x e m p t a  A l t h o u g h  S. e x e m p t a  is 
t he  on ly  species wi th  an  o l igophagous  behav iour ,  i t  is 
i n t e r e s t i ng  to no te  t h a t  g rasses  h a v e  been  recorded  as p a r t  
of t he  food p l a n t  r a nge  for all these  Noctu ids4 .  

A compara t ive  s tudy  of the differentiation of d issoc iated  nerve cells under different culture 
condit ions  
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Summary .  I n  v i t ro  d i f f e ren t i a t ion  of ch ick  e m b r y o  b ra in  ceils was  c o m p a r e d  u n d e r  severa l  cu l tu re  condi t ions .  Mor- 
phological  o b s e r v a t i o n s  a n d  ace ty lcho l ines t e rase  h i s t oc he mic a l  s t a i n i n g  revea led  t h a t  t he  d e v e l o p m e n t  was  s imi la r  
in all cond i t ions  t e s t ed  if cells h a v e  been  der ived  f rom 7 da ys  e mbryos .  Cons ider ing  t he  cu l tu res  f rom 11 d a y s  e m b r y o s ,  
t he  cell d i ssoc ia t ion  b y  t r y p s i n  a n d  the  p las t ic  sur face  p roved  to  be  t he  m o s t  f a vou ra b l e  cond i t ions  in c o n t r a s t  to 
m e c h a n i c a l  d i ssec t ion  and  col lagen surface.  

Severa l  s tud ie s  h a v e  s u g g e s t e d  t h a t  p r i m a r y  cu l tu res  of 
d i ssoc ia ted  n e r v o u s  t i s sues  are v e r y  good mode l  s y s t e m s  
to  i n v es t i g a t e  morpho log ica l  a n d  b iochemica l  a spec t s  of 
n e r v e  a n d  glial cell d i f f e ren t i a t ion  8-9. However ,  cu l tu re  
cond i t ions  can  m o d i f y  t he  p a t t e r n  of t he  d i f f e ren t i a t ion  
process  7-9. Therefore ,  i t  was  cons idered  to be wor thwh i l e  
to s t u d y  t h e  s t ages  of d i f f e ren t i a t ion  as a f u n c t i o n  of 1. 
t he  age of t h e  e m b r y o  y ie ld ing  t h e  b ra in  cells, 2. t he  d i s -  
soc ia t ion  m e t h o d  of t he  b ra in  t i s sue  and  3. t he  sur face  
s u b s t r a t e  on wh ich  t he  ceils were cu l t iva t ed .  I n  t he  pre-  
s en t  inves t iga t ion ,  we h a v e  u n d e r t a k e n  s u c h  a c o m p a r a -  
t ive  s t u d y  of t h e  morpho log ica l  d i f fe ren t ia t ion ,  c o m b i n e d  
w i t h  t h e  p resence  of ace ty lcho l ines t e rase  (ACHE) ac- 
t iv i t ies  in chick e m b r y o n i c  b ra in  cells. 
Mater ia ls  and methods. Chick e m b r y o s  of e i the r  7 or 11 
d a y s  of age were used  for cell p r epa ra t i on .  T h e  cells were 
p r e p a r e d  accord ing  to one of t he  2 fol lowing m e t h o d s .  I n  
t he  f i rs t  g ro u p  of e x p e r i m e n t s ,  t h e  cerebra l  h e m i s p h e r e s  
were p a s sed  t h r o u g h  a n y l o n  sieve of 48 v m  pore size to 
d issocia te  cells, as  was  descr ibed  before  8,1% These  cu l tu res  
were c o m p a r e d  to those  o b t a i n e d  b y  s tepwise  t r y p s i n  
d iges t ion  u s in g  0.05 ~o of t r y p s i n  (l : 250) d issolved in Ca-Mg 
free B S S  (balanced sa l t  solut ion)  s u p p l e m e n t e d  w i th  
0.3% of glucose.  3 t i m e s  5 m i n  of i n c u b a t i o n  a t  37~ 

c o m b i n e d  w i th  gent le  p i p e t t i n g  was  e n o u g h  to d issoc ia te  
t he  t i s sue  pieces. All t he  s t eps  were s t oppe d  b y  a d d i n g  
ice-cold s e r u m  to t he  samples .  The  cells were col lected b y  
5 rain c e n t r i f u g a t i o n  a t  250 g x g .  
E a c h  e x p e r i m e n t a l  g roup  was  t h e n  s u b d i v i d e d  aga in  for 
u s ing  one ha l f  on a p las t ic  sur face  a nd  t he  o the r  ha l f  on a 
sur face  p r e v ious ly  coa ted  b y  1% col lagenl l l  The  d i f fe ren t  
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