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Examples of dense-cored vesicles in arthropod 
and vertebrate presynaptic nerve terminals. 
Fixation was accomplished using glutaralde- 
hyde and osmium tetroxide; staining was 
done with lead citrate and uranyl acetate. 
A) Fresh-water crayfish (Procambarus clarkii) 
leg opener muscle, excitatory axon (ax). 
Several synaptic contacts (s) witb the musclc 
fiber (m) are evident. The axon terminal is 
filled with clear synaptic vesicles, and con- 
tains a prominent dense-cored vesicle of 
800 A diameter (arrow). B) Excitatory nerve 
terminal in the depressor muscle of the tarsal 
claw of a tarantula  spider, Eurypelma marxi. 
The presynaptie axon (ax) contains many  
synaptie  vesicles, and a dense-cored vesicle 
of 1050 A diameter (arrow). C) Developing 
neuromuscular  junction of a new-born mouse 
(soleus muscle). An axon (ax) in close contact 
with the muscle fiber (m) contains clear 
synaptic vesicles and a dense-cored vesicle 
(arrow) of 1050,~ diameter.  D) Stomach 
muscle of the spiny lobster (Panulirus argus). 
An excitatory nerve terminal forms a synapse 
(s) with a muscle fiber (m). Numerous dense- 
cored vesicles (d) are present, in addition to 
clear synaptic vesicles. E) Mouse neuro- 
muscular  synapse (extensor digitorum longus, 
adult  muscle). The axou terminal (ax) con- 
tains numerous synaptic vesicles and mito- 
chondria. A dense-cored vesicle (d, circled) 
of 750 A diameter,  and two 'coated'  vesicles 
(c, circled) appear in this terminal. Calibration 
marks:  0.5 btm in A, B, C, D; lb tm in E. 
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v e s i c l e s  t h a n  t h e  n e u r o m u s c u l a r  j u n c t i o n s  o f  a d u l t  
a n i m a l s .  ' C o a t e d '  ve s i c l e s ,  w h i c h  m a y  b e  p r e c u r s o r s  t o  
s y n a p t i c  v e s i c l e s  5,1,, w e r e  a l so  o b s e r v e d  ( F i g u r e  E) .  

F r o m  t h e s e  r e s u l t s ,  i t  a p p e a r s  t h a t  d e n s e - c o r e d  v e s i c l e s  
a r e  a c o m m o n  f e a t u r e  o f  a r t h r o p o d  a n d  v e r t e b r a t e  m o t o r  
a n d  p e r i p h e r a l  i n h i b i t o r y  n e r v e  t e r m i n a l s .  A s  n o t e d  a b o v e ,  
t h e r e  is  s o m e  e v i d e n c e  f r o m  flourescence m i c r o s c o p y  a n d  
r e s e r p i n e  t r e a t m e n t s ,  t h a t  t h e s e  v e s i c l e s  m a y  c o n t a i n  
r n o n o a m i n e s  a s  in  o t h e r  s y s t e m s  x,3, as. T h e  f u n c t i o n  o f  
t h e  d e n s e - c o r e d  v e s i c l e s  in  n e u r o n s  w h i c h  a r e  k n o w n  t o  
r e l e a s e  a c e t y l c h o l i n e ,  G A B A ,  o r  o t h e r  s u b s t a n c e s  a s  
t r a n s m i t t e r  a g e n t s  i s  o b s c u r e .  T h e y  m a y  m e d i a t e  s o m e  
' t r o p h i c '  e f f e c O  8 o n  t h e  m u s c l e  f i b e r s  x~. 

Rdsumd. L e s  v 6 s i c u l e s  s y n a p t i q u e s  g r a n u l 6 e s  se  t r o u v e n t  
d a n s  l e s  j o n c t i o n s  n e u r o m u s c u l a i r e s  d e  m a m m i f ~ r e s ,  d e s  
c r u s t a c 6 s ,  e t  d e s  a r a i g n S e s .  O n  n e  c o n n a i t  p a s  l e u r  
f o n c t i o n .  
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Isolation of Intracellular Yolk Granules  in Early Chick Embryos  and Est imat ion of their DNA Content 

Q u a n t i t a t i v e  a n a l y s i s  o f  D N A  i n  e a r l y  c h i c k  e m b r y o s  
h a s  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  u n u s u a l l y  h i g h  a m o u n t s  
of  D N A  in  t h e  e a r l y  e m b r y o  ce l l s  d u r i n g  t h e  f i r s t  18 h 
o f  d e v e l o p m e n t  1. S i n c e  p h o t o m e t r i c  d e t e r m i n a t i o n s  o f  
t h e  n u c l e a r  D N A  c o n t e n t  s h o w e d  v a l u e s  s i m i l a r  t o  t h o s e  
in  o l d e r  e m b r y o  s t a g e s ,  i t  w a s  c o n c l u d e d  t h a t  t h e  e x c e s s  

D N A  w a s  l o c a l i z e d  t o  t h e  c y t o p l a s m ,  t h e  m o s t  l i k e l y  s i t e  
b e i n g  t h e  i n t r a c e t l u l a r  y o l k  g r a n u l e s .  T h e  l a t t e r  r e p r e s e n t  
o v o c y t e  m a t e r i a l  s e g r e g a t e d  a t  t h e  f o r m a t i o n  o f  t h e  
b l a s t o d e r m  a n d  t h e y  d i f f e r  m a r k e d l y  f r o m  t h e  y e l l o w  
g r a n u l e s  w h i c h  m a k e  u p  m o s t  o f  t h e  y o l k  in  t h e  h e n ' s  
e g g  ~-4. A l a t e r  i n v e s t i g a t i o n  h a s  c o n f i r m e d  t h e  p r e s e n c e  
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of D N A  in t h e  i n t r a c e l l u l a r  g ranu les  s a n d  s imi l a r  con-  
d i t i ons  h a v e  b e e n  s h o w n  to  ex i s t  in  i n v e r t e b r a t e  a n d  
a m p h i b i a n  embryos* ,  7, t h e  yo lk  g ranu le  D N A  of t h e  
l a t t e r  b e i n g  so fa r  t h e  on ly  nucle ic  ac id  of i t s  k i n d  w h i c h  
h a s  b e e n  a n a l y z e d  more  closely s. No  de f in i t e  i n f o r m a t i o n  
ex i s t s  as  to  t h e  role  of yo lk  g ranu le  DNAs .  A nuc l ea r  
o r ig in  for  such  D N A  has ,  however ,  b e e n  d e m o n s t r a t e d  
in  t h e  p o l y c h a e t e  O p h r y o t r o c h a  * a n d  poss ib ly  i t  re-  
p r e s e n t s  i n f o r m a t i o n a l  DNA,  cod ing  for  d e v e l o p m e n t a l  
processes  d u r i n g  ea r ly  embryogenes i s .  

All  o b s e r v a t i o n s  were  m a d e  on  e m b r y o s  f r o m  f resh ly  
la id  W h i t e  L e g h o r n  eggs;  i n c u b a t i o n  was  p e r f o r m e d  a t  
37.5 =t=0.5°C. All  p rocedures  were  ca r r i ed  o u t  a t  + 4 ° C .  

P r e p a r a t i o n  of e m b r y o s  was  ca r r i ed  o u t  in  0 .93% NaC1. 
Ana lyzed  m a t e r i a l  compr i sed  t he  e m b r y o  a rea  (area  pel-  
lucida)  of 0-, 12- a n d  18-h b l a s t o d e r m s  a n d  for  t h e  0-h 
s tage  also t h e  a rea  opaca .  30-40 e m b r y o  areas  were 
pooled  a n d  homogen i zed  in  a g lass- tef lon  h o m o g e n i z e r  
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Fig. 1. M, Y and N represent phases containing, respectively, mito- 
chondria, yolk granules and nuclei. 

a t  low speed.  T h e  suspens ion  was  t h e n  cen t r i fuged  on  a 
sucrose  g rad ien t ,  w h i c h  was  f o u n d  to  give m a x i m u m  
yie ld  w h e n  p r e p a r e d  as  s h o w n  in F igu re  1. H o m o g e n i z a -  
t i o n  was  p e r f o r m e d  in 0 .93% NaC1 a n d  t h e  so lu t ion  was  
t h e r e a f t e r  c h a n g e d  to  0 . 5 M  sucrose  ( =  t h e  u p p e r  p h a s e  
of t h e  g rad ien t ) .  T h e  sucrose  g r a d i e n t  was  cen t r i fuged  
for  8 0 r a i n  a t  1300g in  a n  M S E  cen t r i fuge  a t  + 4 ° C .  
T h e  g r a d i e n t  m a t e r i a l  was  r e m o v e d  in  3 s e p a r a t e  phases ,  
con t a in ing ,  respec t ive ly ,  m i t o c h o n d r i a ,  yo lk  g ranu le s  a n d  
nuclei .  Samp l e s  of t h e  y o l k  g ranu le  p h a s e  were  f rozen  
as  soon  as  s m a l l  a m o u n t s  h a d  b e e n  t a k e n  to  con t ro l  
t h e  p u r i t y .  N u c l e a r  a n d  m i t o c h o n d r i a l  c o n t a m i n a t i o n  as  
r evea led  in t h e  p h a s e  mic roscope  was  a l w a y s  v e r y  low. 
T h e  s amp l e s  were  t h a w e d  for  ana lys i s  a n d  u l t r a c e n t r i -  
fuged  a t  200,000g in a n  M S E  SS 50 cen t r i fuge  for  2 h. 
E a c h  D N A  a n d  p r o t e i n  ana lys i s  was  m a d e  o n  3 c o m b i n e d  
samples ,  i.e. w i t h  m a t e r i a l  f r om a b o u t  100 embryos .  Fo r  
each  s tage  a t  l eas t  3 d e t e r m i n a t i o n s  were  m a d e  w h i c h  
gave  i den t i ca l  resul ts .  T h e  y ie ld  of y o l k  g ranu les  was  
con t ro l l ed  for  each  sample .  I n  a l l  cases i t  was  e s t i m a t e d  
to  be  8 0 % ;  s c a n n i n g  e l ec t ron  microscopic  ana lys i s  
(Figure  2) showed  t h e  p r e p a r a t i o n s  to  be  fu l ly  represen-  
t a t i v e  a n d  w i t h o u t  c o n t a m i n a t i o n .  Seasona l  v a r i a t i o n s  
were n e v e r  obse rved .  
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Fig. 2. Scanning electron micrograph of yolk 
granules, prepared as described in the text, 
mounted on a cover glass and acetone dried. 
× 21,000. 
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The  a m o u n t  of D N A  was de te rmined  b y  the  d iphenyl -  
amine  m e t h o d  1°. Calf  T h y m u s  D N A  T y p e  1 S igma  was 
used as a s tandard .  I n  samples  t r ea t ed  w i t h  DNase  
(Bovine Pancreas  DNase  I, Sigma) D N A  was no longer  
de tec tab le  by  the  same method.  

The  p ro te in  con ten t  of  granules  was de te rmined  by  
the  LowRY me thod  xa. Bovine  serum a lbumin  (Fract ion  V, 
Sigma) was used as a s tandard .  Es t ima t ions  of the  n u m b e r  
of cells in ana lyzed  areas refer to  counts  m a d e  on f ixed 
and s ta ined cont ro l  preparat ions .  

Owing to  non- remova l  of the  area  opaca,  t he  0-h stage 
does no t  exac t ly  correspond to  t he  more  advanced  ones. 
However ,  th is  add i t ion  was  necessary because of  the  
di f f icul ty  in def ining the  areas  exac t ly  a t  th is  stage, and 
p re l imina ry  analyses  had  shown the  D N A  conten t /ce l l  
to be t he  same  in bo th  areas. Judg ing  f rom elect ron 
micrographs  of  the  s tage in quest ion,  the  resemblance  
be tween  cells f rom the  two  areas is stil l  mani fes t  a t  th is  
t ime,  especial ly  wi th  regard to yolk  granule  content .  
Fur thermore ,  t he  area  pel lucida comprises  a t  least  55% 
of the  to t a l  n u m b e r  of cells of the  0-h b las toderm,  which 
implies  t h a t  dissimilar i t ies  be tween  the  areas  in t he  
features  ana lyzed  here  are  l ike ly  to  be minimal .  
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Fig. 3. Abscissa: Incubation time (h); ordinate: Yolk-DNA/cell 
(mg). Each point represents an average value from at least 300 
embryos. 

F igure  3 shows t h a t  dur ing  the  per iod inves t iga ted  
the  D N A  present  in t he  yolk  granules  undergoes  an  
in i t ia l  increase in a m o u n t  fol lowed by  a decrease. This  
t e m p o r a r y  increase a t  f irst  seems puzzling,  consider ing 
the  cyto logica l  observa t ion  of a g radua l  d isappearance  
of  yolk  granules  f rom the  deve lop ing  e m b r y o  cells, bu t  
is in accordance  wi th  au torad iograph ica l  analyses  which 
h a v e  revea led  a considerable  redupl ica t ion  of yolk  granule  
D N A  dur ing the  v e r y  ear l iest  hours  of incuba t ion  5. As 
yet ,  however ,  there  is no def ini te  in format ion  as to 
whe the r  th is  synthesis  runs  paral le l  wi th  or  is dependen t  
upon  nuclear  D N A  synthesis .  Ac tua l ly  t he  a m o u n t  of 
yo lk  granule  DNA/ce l l  a t  t he  0-h s tage  corresponds to  
t he  to t a l  nuc lear  D N A  conten t /ce l l  a t  t he  same  stage. 
I t  should be not iced t h a t  t he  decrease of yo lk  granule  
D N A  is not iceable  i m m e d i a t e l y  before gas t ru la t ion  in 
the  chick embryo ,  which m a y  indicate  c o m m i t m e n t  in 
the  morphogene t ic  even ts  t ak ing  place dur ing  this  
process and /or  in the  subsequent  organisa t ion  of ear ly  
organ deve lopment .  I n  Figure  4 is shown the  result  of 
pro te in  analyses  of the  isolated yolk  granules. The  
increase of the  D N A / p r o t e i n  ra t io  - a l though  large - seems 
na tura l  and impl ies  tha t ,  w i t h  degrada t ion  of the  granules,  
u t i l i za t ion  of the  pro te in  componen t s  proceeds more  
rap id ly  t h a n  the  decl ine of D N A  itself. This  f inding 
indicates  some independence  be tween  D N A  and prote in  
in t he  granules.  I t  m a y  to some degree war ran t  the  
recent  suggest ion t h a t  yolk  granule  D N A  m a y  code for 
yolk ca tabol iz ing  enzymes  s. 

Zusammen/assung. Nachweis ,  dass der  D N S - G e h a l t  der  
Do t t e rg ranu la  in Hi ihnerembryona lze l l en  in der  fr l ihesten 
En twick lungsper iode  (0-18 h) t empor~r  ansteigt .  
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Fig. 4. Abscissa: Incubation time (h); ordinate: Yolk DNA/protein. 
Each point represents an average value from at least 300 embryos. 
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Loss of ace ty lchol ines terase  (AchE) ac t i v i t y  f rom the  
cell  body  of a neurone  fol lowing severance  or  l iga t ion of 
the  axon  has  been  repor ted  by  several  au thors  x-6, v, g, u, xs. 
The  m a j o r i t y  of such studies have  invo lved  the  severance 
of axons  in the  per ipheral  pa r t  of the  nervous  system. The 
present  s tudy  uses the  th iochol ine  t echn ique  to demon-  
s t ra te  changes in t he  A c h E  con ten t  of neurones  in the  red 
nucleus of the  ra t  fol lowing rubrospinal  t r a c to tomy .  

Unde r  Sodium Pen toba rb i t a l  anaes thes ia  and using 
aseptic condit ions,  t he  rubrospina l  t r a c t  was severed a t  the  
ve r t eb ra l  level  C4 in one group of 11 ra ts  and  be tween  the  
ver tebra l  levels  T9  and  T I 3  in ano the r  group of 18 rats.  
Af ter  su rv iva l  t imes  ranging  be tween  I to  76 days  the  ani- 
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