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U l t r a s t r u c t u r e  o,f a G i a n t  D o p a m i n e - G o n t a i n i n ~  

D o p a m i n e  p robab ly  acts  as a n e u r o t r a n s m i t t e r  in the  
cent ra l  ne rvous  sy s t em of gas t ropod  molluscs.  The 
subs tance  is localized in some neurone  soma ta  and  the i r  
axons,  and  in cer te in  var icosi t ies  p re sen t  in areas of 
synap t i c  con tac t  1-5. Many  neurones  undergo  pe rmeab i l i t y  
changes  when  exposed  to  low concen t ra t ions  of dop- 
amine6-8  Elect r ica l  s t imula t ion  of nerve  t runks  produces  
inh ib i to ry  po ten t ia l s  in m a n y  neurones  which  appea r  to 
be med i a t ed  by  dopamine  because  of the i r  responses  to  
drugs which  an tagonize  d o p a m i n e  receptors  or mod i fy  
levels of bra in  dopamineT-<  BERRY and  COTTRELL 10 
have  d e m o n s t r a t e d  t h a t  an ident i f ied  dopamine -con ta in -  
ing neurone in P l a n o r b i s  corneus ,  forms exci ta tory ,  
i nh ib i to ry  and  dual  exc i t a to ry - inh ib i to ry  synap t i c  l inks 
wi th  o ther  neurones  in t he  cent ra l  nervous  sys t em of t he  
snail. Pharmacolog ica l  ev idence  ~~ suggests  t h a t  dop-  
amine  is the  t r a n s m i t t e r  released a t  these  synapses .  We 
have  exam ined  th is  neurone  ( termed giant  dopamine  cell, 
GDC 1~ in order  to ob ta in  in fo rmat ion  on the  subcellular  
local izat ion of dopamine .  Resul t s  of t he  expe r imen t s  
suggest  t h a t  d o p a m i n e  is associa ted wi th  granula ted  
vesicles of 50-250 n m  d iameter .  

The GDC is located  in t he  left  pedal  gangl ion of 
P l a n o r b i s  corneus,  iVIARSDEN and  KERKUT 11 f i rs t  no ted  
t h a t  t he  cell f luoresced green a f te r  t r e a t m e n t  by  con- 
ven t iona l  f luorescence h i s tochemica l  techniques ,  and  
concluded t h a t  it  con ta ined  dopamine  since dopamine ,  
bu t  no noradrenal ine ,  was de tec ted  in the  ganglion.  Micro- 
spec t rof luor imet r ic  analysis  of the  ident i f ied  neurone  
provides  d i rec t  ev idence  for t he  presence  of dop ami n e  
(communica t ion  by  B. FALCK). Reserp ine  in jec ted  into 
snails in amoun t s  of 0.1 to 1 mg  dur ing  24 to 48 h grea t ly  
reduced  or abol ished green f luorescence in the  GDC. 

N e u r o n e  i n  Planorb i s  c o r n e u s  

The GDC soma varies in size (range 80-240 ~zm) in 
d i f ferent  animals,  bu t  is usually the  largest  in t he  ganglion. 
The large size and  cons t an t  pos i t ion  of the  cell on the  
surface of the  gangl ion m a d e  the  cell readi ly  ident i f iab le  
(Figure A). E lec t ron  mic roscopy  of the  cell showed the  
presence  of vesicles w i th  granular  cores (Figure B), to-  
ge ther  wi th  mi tochondr ia ,  par t ic les  resembl ing  lysosomes 
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The diagram (A) shows the position of the giant dopamine cell (GDC) 
on the ventral surface of the isolated left pedal ganglion of Planorbis 
corneus. The diagram has been reproduced to scale from the photo- 
graph of a preparation. The statocyst (S) aids identification of the 
GDC. The dotted circles indicate other neurone somata whose sizes 
approach that of the GDC. The axon of the GDC leaves the left pedal 
ganglion via the left pedal-pleural connective. The scale is 200 ~tm. 
B) A group of dense-cored vesicles in the cytoplasm of a GDC fixed 
in veronal buffered osmium solution and stained with 1cad citrate and 
urauyI acetate. The scale is 0.5 F~m. C) Electron dense deposits, which 
represent sites of amine localization, in a GDC processed by WOOD'S 
method 1~. The scale is 0.5 ~xm. 
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and other  inclusions typical  of molluscan neurones1%~3. 
The axon of the  GDC was t raced for several  hundred  mi-  
crons wi th  semi-serial sections. Dense cored vesicles simi- 
lar to those present  in the  soma were seen at all levels in the 
axon. Some neurones ad jacent  to the  GDC also contained 
dense-cored vesicles (diameters  about  100 nm), bu t  they  
were rare ly  observed in such large numbers  as those in 
the GDC. 

Isolated ganglia are fixed and processed by the  me thod  
of W o o l ) ~  for detect ing amines conta ined electron-dense 
react ion products  in the  cy top lasm of the  GDC (Figure C). 
These reac t ive  sites correspond in size and dis t r ibut ion to 
the  cores of the  dense-cored vesicles. The  h is tochemical  
me thod  has been shown to be specific for amines in 
mol luscan nervous  tissues ~5. We  therefore conclude tha t  
at  least a pa r t  of the  dopamine  wi th in  the  GDC is located 
wi th in  the  dense-cored vesicles. The  vesicles have  similar 
appearance to those which are t hough t  to bind p r imary  
catecholamines  in b iva lve  ganglia  ~, ~. 

Some presynapt ic  endings of the  GDC are t hough t  to 
occur in the  neuropile of the  visceral  and par ie ta l  ganglia  ~0. 
E lec t ron  microscopic examina t ion  of these areas showed 
m a n y  axon profiles and presumed nerve endings which 
conta ined concentra t ions  of dense-cored vesicles s imilar  
to those in the  GDC soma. The presence of such vesicles in 
the  GDC soma and in its axon, and wi th in  neuropile  
t h o u g h t  to conta in  some of its presynapt ic  endings is 
consis tent  wi th  a t ranspor t  of dopamine  in in t raneurona l  

vesicles. Thus it  appears  t h a t  there  is a close paralIel  to 
the  s i tuat ion which occurs in ti le noradrenergic  neurone ~s. 

Rdsumd. La microscopie 4lectronique d 'un  neurone 
gSant & dopamine  dans le systSme nerveux  central  de 
Planorbis corneus ~ rSvS16 la prSsence de vSsicules 
sous-celluleuses granutaires d ' u n  diamStre de 50-250 nm. 
I1 est probable  que ces v6sicules re t iennent  la dopamine.  
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Ultrastructural Observations on the Inhibition of Nucleolar Reorganizat ion by 
3'-Deoxyadenosine in Allium cepa Roots 

The inhibi t ion of nucleolar  reorganizat ion in the  
te lophase in A E i u n  cepa meris temat ic  cells was pre- 
viously s tudied under  the  l ight  microscope~,~ by  means  
of drugs which inhibi t  the  synthesis  of nucleic acids, 
such as 3"deoxyadenosine (3'AdlR) a or ethidiunl  bromide  4. 
These drugs do not  block the  format ion of the  prenucleolar  
bodies, bu t  the  la t te r  prove incapable  of aggregat ing so as 
to form nucleoli. In  this s tudy  we have  t r ied to analyse 
the  u l t ras t ruc ture  of the  prenucleolar  mater ia l  while 
nucleolar  reorganizat ion is inhibited.  

For  this purpose we used binucleate  cells produced by 
caffeine and t rea ted  with  3 'AdR, an inhibi tor  of r ibosomal  
R N A  synthesis which is a l ready known 5. 
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R e o r g a n i z a t i o n  

Fig. 1. Schematic diagram of the treatments with caffeine and 
cordycepin, There is no reorganization of the aucleolus. 

Material and methods. The mater ia l  used consisted of 
Al l ium cepa roots grown at  15 ~ • 0.5~ in tap-water ,  
which was renewed every  24 h, and with  cont inuous 
aerat ion (10-20 cm3/min). The  roots, still a t t ached  to the 
bulbs, were immersed  in a 0.1% solution of caffeine for 
1 h. This drug inhibi ts  cytokinesis  in cel.ls passing th rough  
the  telophase, so producing a binucteate  mer i s temat ie  
popula t ion  which enters the  in terphase  and goes through 
the  cell division synchronously  6. 

The 3 'AdR,  10 -4 M, was used in cont inuous t r e a t m e n t  
for 9 h, beginning 2 h before the  caffeine t r e a t m e n t  
(Figure 1). The roots were fixed as follows: a) wi th  3% 
glu tara ldehyde  in Millonig's buffer  at p H  6.9 for 2 h, 
followed by 2% omium te t rox ide  for 1 h;  b) wi th  3% 
glu tara ldehyde  in Millonig's buffer for 2 h, this  mater ia l  
being dest ined for s taining wi th  u ranyl -EDTA-leadT;  
c) ill 5% formaldehyde-0.5 % hydroquinone,  for a silver 
impregna t ion  technique  s s l ight ly modified.  All the  
specimens were included in E P O N  812. Thick  sections 
(2 Fro) were observed by phase contras t  microscopy so as 
to  locate the  b inuclea te  cells, wi th  a v iew to  s tudy ing  
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