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Summary. E x c i t a t o r y  t e rmina l s ,  dep le ted  of the i r  s y n a p t i c  vesicles b y  s t i m u l a t i o n  a t  h igh  f r equency ,  were i n c u b a t e d  
in t h e  radiolabel led  p u t a t i v e  n e u r o t r a n s m i t t e r ,  L - g l u t a m a t e .  Q u a n t i t a t i v e  e lect ron microscope  a u t o r a d i o g r a p h y  re- 
vea led  t h a t  t h e  a x o p l a s m  of these  recover ing  t e r m i n a l s  h a d  a c c u m u l a t e d  t he  aI-I L - g l u t a m a t e .  

T h e r e  is now s u b s t a n t i a l  ev idence  t h a t  L - g l u t a m a t e  is t he  
p u t a t i v e  n e u r o t r a n s m i t t e r  a t  e x c i t a t o r y  t e r m i n a l s  on 
s om e  insec t  so m a t i c  musc le  fibres, t h o u g h  t he  idea of a 
t r a n s m i t t e r  role for L - g l u t a m a t e  is n o t  u n e q u i v o c a l l y  
e s t ab l i shed  ~. S t i m u l a t i o n  a t  h igh  f r e q u e n c y  h a s  been  
p r ev io u s ly  sh o wn  to deple te  the  s y n a p t i c  vesicle popu -  
l a t ions  an d  t h u s  p r e s u m a b l y  e x h a u s t  t h e  t r a n s m i t t e r  
s to res  in f a s t  axon  t e r m i n a l s  on phas i c  musc le  f ibres  of 
locus t  e x t e n s o r  t ib iae  musc le s  4. The  ob jec t ive  of the  

1 Present address: The Wellcome Research Laboratories, Berk- 
hamsted Hill, Berkhamsted, Herts HP4 2QE, England. 

2 Acknowledgment. The authors wish to thank Dr N. M. Blackett 
for running the computer analyses of the autoradiographical re- 
sults. R. P. Botham gratefully acknowledges the SRC for finan- 
cial assistance. 

3 P . N . R .  Usherwood and S. G. Cull-Candy, in: Insect Muscle, p. 
207. Academic Press, London 1974. 

4 R. P. Botham, D. J. Beadle, R. J. Hart, C. Potter and R. G. 
Wilson, Experientia 3d, 207 (1978). 

Electron autoradiograph of a neu- 
ronmscular junction synapsing on 
a locust extensor tibiae muscle 
fibre from a preparation stimu- 
lated at 100 Hz and incubated in 
radiolabelled L-glutamate. 
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Table 1. Distribution of radioactivity within regions of the fast axon 
branches and terminal in locust extensor tibiae muscles stimulated 
at 0.5 Hz and rested in radiolabelled L-glutamate for i h 

Source of Radioactivity/unit area SE 
radioactivity grains/Izm ~ n = 30 

Axon branch 
Muscle fibre 0.087 
Axon branch (axoplasm) 0.000 
Glial wrappings 0.298 
External 0.182 

Axon terminal 
Muscle fibre 0.019 
Axon terminal (axoplasm) 0.000 
Glial cell 4.007 
External 0.056 

Table 2. Distribution of radioactivity within regions of the fast axon 
branches and terminals in locust extensor tibiae muscles stimulated 
at 100 Hz and rested in radiolabelled L-glutamate for 1 h 

Source of Radioactivity/unit area SE 
radioactivity grains/txm ~ n = 30 

Axon branch 
Muscle fibre 0.207 
Axon branch (axoplasm) 0.076 
Glial wrappings 0.964 
External 0.555 

Axon terminal 
Muscle fibre 0.223 
Axon terminal (axoplasm) 1.848 
Glial cell 2.796 
External 0.194 

SE refers to the variation in the counting procedure in the analyses. 
External regions include, basement membrane, teacheoles and 
haemolymph space. Axon terminal resp. (axoplasm) includes axo- 
plasm + organelles. 
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p resen t  s t u d y  was to  e x a m i n e t h e  up take  of exogenously  
appl ied  radiolabel led L -g lu t ama te  a t  ' normal '  and deple ted  
exc i t a to ry  neuromuscu la r  junct ions .  
Materials and methods. Iso la ted  ex tensor  t ibiae nerve-  
muscle  p repara t ions  were s t imula ted  and  p repa red  for 
e lec t ron microscopy as descr ibed previous ly  ~, excep t  t h a t  
fol lowing s t imula t ion  the  p repara t ions  were incuba ted  in 
saline conta in ing  L-[G-3HJglutamic acid (final concen-  

0.019 t r a t i o n  4 • 10-dM and 125 ExCi per  ml) or DL-[4,5-aH 1- 
0.000 leucine (final concen t ra t ion  2 • 10-5M and 20 [xCi per  
0.105 ml). Thin  sect ions (pale gold), coated wi th  I l ford L-4- 
0.o54 emuls ion using a var ia t ion  of the  loop t echn ique  of Caro 

and Van  Tubergen  5, were exposed for 20 weeks a t  4 ~ 
0.011 and developed in Microdol X. Sect ions were examined  in 
0.000 an A E I  EM 6B electron microscope and the  d is t r ibu t ion  
0.965 of si lver grains in the  e lectron au to rad iographs  analyzed 
0.051 using the  m e t h o d  descr ibed by  Blacke t t  and  P a r r y  6. This 

m e t h o d  takes  in to  account  the  cross sca t te r  of grains 
be tween  ne ighbour ing  s t ruc tures  for the  actual  shapes  
occurr ing wi th in  the  sect ion and  no a s sumpt ions  are re- 
quired abou t  the  size, shape  or spat ia l  a r r a n g e m e n t s  of 
these  s t ruc tures  L 
Results and discussion. Radiochemica l  expe r imen t s  indi- 
ca ted  t h a t  uns t imu la t ed  whole muscle p repa ra t ions  had a 
h igh  aff in i ty  for L -g lu t ama te  re la t ive to  L-leucine which 
was used as a control .  Fu r the rmore ,  fa t igued p repa ra t ions  
p re s t imu la t ed  a t  100 Hz showed an increased up take  of 
L -g lu t ama te  compared  to uns t imu la t ed  contro l  p repara-  
t ions,  while there  was no change in t he  up take  of L- 
leucine. Control  muscles  incuba ted  in 3H L-g lu t ama te  and 

o.o7o p repa red  for l ight  microscope au to rad iog raphy  indica ted  
0.159 t h a t  the  rad ioac t iv i ty  was d i s t r ibu ted  un i formly  over  the  
0.256 sect ions while sect ions f rom s t imula ted  muscles  d isplayed 
0.250 ' ho t  spots '  over  regions a t  the  muscle fibre surfaces 

p re sumed  to be sites of nerve  endings.  
0.025 Analysis  of the  grain d is t r ibu t ion  in p repa ra t ions  s t imu- 
0.364 la ted a t  0.5 Hz revealed t h a t  the  rad ioac t iv i ty  was main ly  
0.806 

associa ted wi th  the  glial wrappings  a t  the  fas t  axon 0.036 
b ranches  and glial cells a t  the  axon te rmina l s  while there  
was little, if any,  r ad ioac t iv i ty  accumula ted  by  the  axo- 
p lasm (table 1). This  conf i rms the  work  of earl ier  in- 
ves t iga tors  s,9 who have  suggested t h a t  the  glial ceils 
which  cap the  t e rmina l s  p lay  a major  role in g lu t ama te  
up take  a t  axon t e rmina l s  and thus  provide  a means  of 
inac t iva t ing  the  t r ansmi t t e r .  In  p repara t ions  s t imula ted  
at  100 Hz to the  po in t  of fatigue,  r ad ioac t iv i ty  was  again 
seques te red  by  the  glial cells bu t  in addi t ion  subs tan t i a l  
r ad ioac t iv i ty  was found to  be p resen t  in the  axop lasm of 
the  axon te rmina ls  (table 2, figure). 
These  results  are considered to  suppor t  the  hypo thes i s  
t h a t  L -g lu t ama te  is the  t r a n s m i t t e r  a t  the  exc i t a to ry  
neuromuscu la r  junc t ions  of the  locust  ex tensor  t ibiae 
muscle.  

Correlation between acidic phospholipids and serotonin and between lysolecithin and dopamine in 
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Summary. These s tudies  have  d e m o n s t r a t e d  a posi t ive  corre la t ion  be tween  the  acidic phosphol ip ids  and  the  serotonin  
con t en t  and be tween  the  lysoleci thin  and the  dopamine  co n t en t  in the  cerebral ,  peda l  and visceral  ganglia  of Mytilus 
edulis. These re la t ionships  were fu r ther  suppor t ed  by  exper imen t s  uti l izing 6 -h y d ro x y d o p ami n e  and  5 ,6-dihydroxy-  
t r y p t a m i n e .  

Several  recen t  metabol ic  s tudies  5-9 and  reviews 10, n have  t ransmiss ion  wi th  acetylchol ine,  norep inephr ine  and 
impl ica ted  a funct ional  re la t ionsh ip  be tween  neuro t rans -  serotonin  (5-HT) resul ts  in an increase in the  labeling 
mi t t e r s  and  phosphol ip ids .  Hokin  TM and  Hokin  1~ have  of p h o s p h a t i d a t e  and  phospha t idy l inos i to l ;  while in- 
general ized th is  re la t ionship  by  suggest ing t h a t  exc i t a to ry  h ib i to ry  t ransmiss ions  such as t h a t  general ly  seen wi th  


