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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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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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Fig. 2. a) Silver impregnated prenucleolar bodies in a binucleate meristematic cell treated with 3'AdR, observed under the light 
microscope, b) and e). Binucleate ceils after 5 and 7 h treatment with 3'AdR respectively, showing prenucleolar bodies (arrows). UranyI-lead 
staining, d) Binueleate cell after 9 h treatment with 3'AdR. The arrows indicate the prenucleolar bodies. Silver impregnation for electron 
microscopy, e) and g) With the use of the uranyl-EDTA-lead staining method, the prenucleolar bodies appear deeply stained, Cy, cytoplasm; 
ch, chromatin; arrows indicate granules of 400 500 A in diameter, f) Prenueleolar body with 'cap'. Uranyl-EDTA lead staining method. 
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t h e m  u n d e r  t he  e lec t ron  microscope.  T he  obs e r va t i ons  
were real ized w i t h  a Ph i l ips  300 E M  9. 

Results and discussion. I n  t he  f ine sect ions  we obse rved  
the  b inuc l ea t e  cells sub jec t ed  to  t h e  ac t ion  of t he  3 ' A d R  
for 3, 5, 7 and  9 h (Figure  1). T he  presence  of 3 ' A d R  for 
2 h before  t h e  caffeine t r e a t m e n t  jus t i f ies  us in a s suming  
t h a t  t he  b i n u c l e a t e  cells p roduced  s u b s e q u e n t l y  h a v e  
gone t h r o u g h  the i r  a n a p h a s e  a n d  t e lophase  u n d e r  t he  
effect  of t h e  3 'AdR.  

The  nucle i  of these  cells show n u m e r o u s  lobu la t ions  
a t  t he  surface.  The  p renuc leo la r  m a t e r i a l  can  be  obse rved  
in  t he  i n t e r c h r o m a t i n i c  spaces  in  t h e  fo rm of smal l  
r o u n d  bodies  of v a r y i n g  sizes (Figure  2b a n d  c) a n d  of 
a rgyrophi l i c  n a t u r e  (Figure  2 a). These  p renuc leo la r  
bodies  a p p e a r  c o m p a c t  a n d  cons is t  of a p p a r e n t l y  f ibr i l lar  
mate r ia l ,  homogeneous ly  d i s t r i b u t e d  a n d  possess ing a n  
e lec t ron  dens i ty  s imi la r  to  t h a t  o f  t he  pars  f ib rosa  of a 
n o r m a l  nucleolus .  I n  t he  f i rs t  few hour s  of t h e  in te rphase ,  
t he  p renuc leo la r  bodies  genera l ly  do n o t  show a n y  
vacuoles  ins ide  t h e m ,  b u t  in  t he  course of t he  fol lowing 
hours ,  in  add i t i on  to  some smal l  bodies,  o the r  larger  
bodies  a p p e a r  w i t h  vacuoles  in  t h e m .  B o t h  t he  smal le r  
a n d  t he  larger  ones  genera l ly  show granules  400-500 
in  d i a m e t e r  on  t he  p e r i p h e r y  a n d  on  t he  inne r  surface  of 
t h e  vacuoles  (Figure  2g). I n  some of t he  p renuc leo la r  
bodies  observed,  t h e r e  is a smal l  ' cap '  of m a t e r i a l  t h a t  
appea r s  to  be  t r a b e c u l a r  in na tu re .  

W i t h  t h e  u r a n y l - E D T A - l e a d  m e t hod ,  w h i c h  is select ive 
for E N A  s t a in ing  7, t he  p renuc leoIa r  bodies  show up  in 
s t rong  con t ras t ,  whi le  t h e  c h r o m a t i n  r e m a i n s  u n s t a i n e d  
(Figure  2e). W i t h  t h i s  s t a in ing  t echn ique ,  t he  granules  as 
well  as t he  descr ibed ' caps '  a p p e a r  pos i t ive  (Figure  2f-g). 

W i t h  s i lver  impregna t i on ,  t he  p renuc leo la r  bodies  
s t a n d  ou t  c lear ly  in  t he  nuc leus  (Figure 2d), a p p e a r i n g  
homogeneous  in p o i n t  of s t a in ing  i n t e n s i t y  a n d  size of 
s l iver  grains,  wh ich  are genera l ly  smal le r  t h a n  those  seen 
in t he  res t  of the  nucleus.  

As morpholog ica l  e l emen t s  t yp i ca I  ~ of t e lophase  nuclei,  
t h e  p renuc leo la r  bodies  h a v e  a l r eady  been  s tud ied  in 
p rev ious  p a p e r s  1, ~, a n d  i t  is w o r t h  cal l ing a t t e n t i o n  to  
t h e i r  a rgyroph i l i a  ~0, n a n d  to  t h e i r  s t a in ing  a f f in i ty  w i t h  
u r any l -EDTA- lead~ ,  ~2. The  absence  of nuc leo la r  reor-  
gan iza t ion  in t he  te lophase ,  while  t h e  p renuc leo la r  bodies  
are sti l l  p r e sen t  u n d e r  t he  effect  of R N A  syn thes i s  inhi-  

b i tors ,  ha s  been  s tud ied  u n d e r  t h e  l igh t  microscope  1,~. 
Th i s  p a p e r  conf i rms  t he  resu l t s  p rev ious ly  ob ta ined ,  a n d  
t h e  s t a in ing  pecul ia r i t ies  of t he  p renuc leo la r  ma te r i a l .  
The  p h e n o m e n o n  of v a c u o l i z a t i o n  obse rved  in t h e  la rger  
p renuc leo la r  bodies  - p r o b a b l y  due  to t h e  coalescence of 
smal le r  bodies  - appea r s  to  be  s imi la r  to  t h a t  w h i c h  is 
found  in i n t e r p h a s e  nucleol i  t r e a t e d  w i t h  3 ' A d R  2. I n  
add i t i on  to  t h e  p renuc leo la r  m a t e r i a l  of f ibr i l la r  cha rac te r ,  
a n d  in close c o n n e x i o n  w i t h  it, we can  also observe  o the r  
u l t r a s t r u c t u r a l  e l emen t s :  t h e  smal l  caps  of a p p a r e n t l y  
t r a b e c u l a r  mate r ia l ,  s imi la r  to  t he  'coi led bodies '  ~3, a n d  
granu les  m e a s u r i n g  400-500 A in  d i a m e t e r  w h i c h  seem to 
r e semble  those  obse rved  in All ium cepa i n t e r p h a s e  
nucleol i  u n d e r  t he  ac t ion  of 3 ' A d R  ~4. 

Resumen. E1 es tudio  u l t r a e s t r u c t u r a l  de los cuerpos  
p renuc leo la res  en  c6iulas m e r i s t e m a t i c a s  de All ium cepa, 
en las que  se h a  i nh ib ido  la reorgan izac ion  del nucleolo  p o t  
accion del 3 'AdR,  r e v e l s  la  na tu ra l eza  f ibr i la r  de los 
mismos,  la ex i s tenc ia  sobre  ellos de g ranu los  de 400-500 

de d i s  asl como formaciones  a modo  de ~cap)) de 
m a t e r i a l  con aspec to  t r abecu la r .  Se obse rva  a lo largo del 
t r a t a m i e n t o  u n  f e n d m e n o  de vacuo lac i6n  s e m e j a n t e  al 
descr i to  en  nucleolos in te r fas icos  t r a t a d o s  con  3 'AdR.  
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Neural Differentiation in Aggregates  Containing 

One of t h e  m o s t  s t r ik ing  aspec ts  of neura l  d e v e l o p m e n t  
is t he  d i f f e r en t i a t i on  of severa l  t ypes  of neu r ons  wh ich  
associa te  t hemse lves  b y  means  of special ized junc t ions ,  
t h e  synapses .  Ve ry  l i t t t e  is k n o w n  a b o u t  t he  cell in te rac -  
t ions  r equ i red  for  t he  d e v e l o p m e n t  of t he  synap t i c  
j unc t ion .  The  g rea t  c o m p l e x i t y  of t he  e m b r y o n i c  neu ra l  
t u b e  m a k e s  i t  v e r y  di f f icul t  to  ana lyse  these  i n t e r ac t i ons  
in  vivo,  so t h a t  i t  is adv i sab le  to  use s impl i f ied  models .  
R e a g g r e g a t i o n  cul tures1,  2 w h i c h  h a v e  p r o v e d  to  be  
i m p o r t a n t  tools  for s t u d y i n g  cell in te rac t ions ,  h a v e  been  
used  to  s t u d y  va r ious  aspects  of neu ra l  d i f f e r en t i a t i on  *-9. 
Th i s  cu l tu re  t e c h n i q u e  is be ing  used in our  l a b o r a t o r y  to  
s t u d y  in t e r ac t i ons  b e t w een  d i f fe ren t  types  of neu ra l  cells 
or b e t w e e n  neu ra l  a n d  n o n - n e u r a l  cells w h e n  t h e y  become  
assoc ia ted  in ' c o m b i n e d '  aggregates .  Some of t he  u l t ra -  
s t r u c t u r a l  obse rva t i ons  r e p o r t e d  here  i nd i ca t e  t h a t  t h i s  
p rocedure  can  give v a l u a b l e  i n f o r m a t i o n  on  t h e  mecha-  
n i sms  w h i c h  regu la te  synapse  fo rmat ion .  

Opt ic  lobe (OL), t e l encepha lon  (T), neu ra l  r e t i n a  (NR) 
a n d  l imb  (LB) cells f rom 7-day-old  W h i t e  L e g h o r n  ch ick  
e m b r y o s  were used. These  t i ssues  were chosen  because  

Mixtures of Cell Types 

some of t h e m  (e.g.: n e u r a l  r e t i n a  and  opt ic  lobe) are 
k n o w n  to  i n t e r c o n n e c t  se lec t ively  d u r i n g  deve lopmen t .  
Before  dissociat ion,  OL a n d  T were freed f rom su r round -  
ing mesenchyme ,  a n d  N R  iso la ted  f rom p i g m e n t e d  re t ina .  
Dissoc ia t ion  was car r ied  ou t  as p rev ious ly  descr ibed  ~, 5 
fol lowing w i t h  some mod i f i ca t ions  t he  p rocedures  
deve loped  b y  MoscoNA 1 a n d  STEI~BER~ 2. Cell suspen-  
sions were a d j u s t e d  to  a f ina l  c o n c e n t r a t i o n  of 10-20 • 
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