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Distr ibut ion Between  Free and M e m b r a n e - B o u n d  R i b o s o m e s  in Rat Brain 

R a t  bra in  r ibosomes appear  in electron micrographs  
ei ther  freely scat tered in the  cy top lasm of the  cell, or 
closely a t t ached  to the  membranes  of the  endoplasmic  
re t icu lum t. Upon  tissue homogeniza t ion  the  membranes  
are f r agmented  into vesicles and isolated as the  micro- 
somal  fract ion 2. As judged f rom the  pictures,  there  seem 
to be more  free r ibosomes than  membrane -bound  ribo- 
somes in r a t  brain~-~, bu t  to our knowledge there  have  
been no a t t emp t s  made  to quan t i t a t e  the  dis t r ibut ion of 
these ribosomes. 

I n  order  to inves t iga te  this  question, rats  were injected 
in t racerebra l ly  ~ wi th  5 aC uridine-2-C 14 (55.2 mC/mM)  
or 5 ~xC adenosine-8-C 1~ (28.4 mC/mM).  Af ter  3-14 days 
labeling the  rats  were decapi ta ted  and the  brains were 
homogenized in 3.5 vo lume  of buffer  as described by  
t3LOBEL and POTTER 2. The  pos t -mi tochondr ia l  superna- 
t a n t  (7 ml) was layered on top  of a 6 ml  l inear sucrose 
gradient  (from 2 .2M to 0.25M). Fol lowing centr i fugat ion 
for 16-18 h a t  35,000 r ev /min  (150,000 g average) in a 
Spinco SW41 rotor,  the  b o t t o m  of the  centr i fuge tube  
was pierced and 40 fract ions (15 drops th rough a 20 
gauge needle) were collected. The  contents  of every  o ther  
tube  were prec ip i ta ted  wi th  5% tr ichloroacet ic  acid, 
f i l tered th rough  nitrocellulose membrane  filters and the  
r ad ioac t iv i ty  was de te rmined  in a l iquid-scint i l lat ion 
counter  s. 

The  rad ioac t iv i ty  profile (Figure 1) revealed two bands : 
the  main  peak  a t  the  b o t t o m  of the  tube  (due to free 
ribosomes), and a small  area in the  middle  of the  gradient  
(due to membrane -bound  ribosomes). The  identi t ies  of 
these bands were established by  electron microscopic 
examina t ions  of the  high speed pellets f rom these areas 
(Figures 2 and 3). The  pellets were fixed in glutaraldehyde,  
post f ixed in osmic acid, embedded  in E p o n  812, sectioned 
and stained wi th  uranyl  ace ta te  and lead hydroxide.  

Fu r the r  t r e a t m e n t  of the  membrane -bound  r ibosomes 
wi th  a de te rgent  (0.3% solut ion of Tr i ton  X-100) solubi- 
l ized the  membranous  structures.  W h e n  the  resul t ing 
mix tu re  was layered on top  of a sucrose gradient  and 
centr i fuged once more in the  SW41 rotor,  the  bulk of 
the  r ad ioac t iv i ty  had moved  to the  b o t t o m  of the  tube  
and l i t t le  rad ioac t ive  mater ia l  was found in the  middle  
of the  sucrose gradient  where or iginal ly  the  membrane-  
bound r ibosomes were found. This  indicates  t ha t  the  
rad ioac t iv i ty  was associated wi th  heavy  part icles  which, 
once l ibera ted  f rom the  membranes  by  the  detergent ,  
sed imented  like free ribosomes. 

The  quest ion still  r emained  whether  the  dis t r ibut ion 
of the  r ad ioac t iv i ty  a long the  sucrose gradient  could be 

used for quan t i t a t i ve  ident i f icat ion of free and membrane-  
bound ribosomes. Since ra t  bra in  r ibosomes conta in  33% 
R N A  s, the  specific radioact iv i t ies  oI the  R N A ' s  of the  
2 rad ioac t ive  bands in sucrose gradient  were determined.  
In  one set of exper iments  the  R N A  was ex t rac ted  wi th  
0 .bM perchloric acid a t  70~ according to Schneider  as 
described by  CI~EFTEL and ]~OUCHILLOUX 9. I n  ano ther  
set of exper iments  a second por t ion  of the  r ibosomes was 
t rea ted  wi th  Tr i ton  X-100, and pelleted by  centr i fuging 
in a Spinco 50T ro tor  at  100,000 g for 1 h. The  R N A  was 
then hydrolyzed  a t  37 ~ in 0 .3N K O H  for 18 h and the  
neutral ized nucleot ides were passed over  a D o w e x - l X 1 0  
(formate) column. The  specific radioact iv i t ies  of the  eluted 
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Fig. 1. Sedimentation pattern of rat brain ribosomes labeled with 
uridine-2-C 14 for 3 days. Faster moving components are to the left. 
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Comparison of specific radioactivities of free and membrane-bound rat brain ribosomes 

Precursor injected Ribosomes isolated Specific radioactivities Counts/min 
OD 28~ units 

RNA extracted Nueleotides isolated 
according on Dowex-1 (Formate) column 
to Schneider 

Adenosine-C 14 free 
membrane-bound 

Uridine-C 14 free 
membrane-bound 

CMP AMP GMP UMP 

1340 120 4400 2590 27 
1460 115 2600 3780 55 

3040 14,910 440- 190 9100 
3150 10,020 248 46 6130 



740 Speeialla 15. 7. 1969 

Fig. 2. Free ribosomes of rat brain. • 100,000. Fig. 3. Membrane-bound ribosomes (arrows) of rat brain. • 200,000. 

nuc leo t ides  were d e t e r m i n e d  as descr ibed  b y  MERITS an d  
CAIN 6. 

The  specific r ad ioac t iv i t i e s  of t he  R N A  e x t r a c t e d  f rom 
free a n d  m e m b r a n e - b o u n d  r ibosomes  were  r e m a r k a b l y  
s imi la r  (Table) for b o t h  r ad ioac t i ve  precursors  used. 
W h e n  adenosine-8-C 14 was used as precursor ,  t he  label  
of t he  r i bosoma l  R N A  a p p e a r e d  in b o t h  pu r ine  nucleot ides .  
Likewise  in jec t ion  of ur id ine-2-C 14 r ende red  b o t h  pyr i -  
mid ine  nuc leo t ides  rad ioac t ive .  The  specific r ad ioac t iv i t i e s  
of t he  isola ted nuc leo t ides  were s o m e w h a t  erra t ic .  

The  c o n t i n u o u s  sucrose dens i ty  g r ad i en t  c en t r i f uga t i o n  
m e t h o d  was used for 26 d e t e r m i n a t i o n s  of t h e  d i s t r ibu-  
t ion  of b r a i n  r ibosomes  us ing  a r ad ioac t ive  pulse f rom 
3-14 days.  A n  ave rage  of 14.2% of t h e  t o t a l  r ibosomes  
were found  to  be  m e m b r a n e - b o u n d  (range 8 .0-19 .5%) .  

The  s e p a r a t i o n  of labeled  r ibosomes  in to  2 b a n d s  was 
f u r t h e r  t e s t ed  w i t h  r a t  l iver  microsomes .  R a t s  were  

in jec ted  i.p. w i t h  2 mC u r id ine -6 -H 3 (9.34 C/raM) or 2 mC 
ad en o s i n e -H  3 (general ly  labeled,  2.34 C/mM).  I n  8 experi-  
m e n t s  w i t h  3-7 days  labe l ing  t ime,  a n  ave rage  of 69% 
of t h e  t o t a l  r ibosomes  were found  to  be  m e m b r a n e - b o u n d  
(range 57-79 %). These  f ind ings  agree  well  w i t h  t h e  resu l t s  
o b t a i n e d  b y  o t h e r  workers  7. 

Zusammen/assung. Der  Ante i l  y o n  m e m b r a n g e b u n d e -  
n e n  R i b o s o m e n  i m  Verh~iltnis zu den  fre ien R i b o s o m e n  
fiir Geh i rngewebe  wi rd  fes tgelegt  (14 %), u n d  die Grad ien-  
t e n b ~ n d e r  werden  e l ek t ronenmik roskop i sch  kon t ro l l i e r t .  

I. MERITS, J. C. CAIN, 
E. J. RDZOK and F. N. MINARD 

Scientific Division, Abbott Laboratories, 
North Chicago (Illinois 60064, USA), 3 February 1969. 

Elec tron  H i s t o c h e m i c a l  Ev idence  of Dif ferent  T y p e s  of M o s s y  Fibre E n d i n g s  in the  Cerebe l lar  Cortex  

U n t i l  r ecen t ly  t h e r e  ha s  been  no  genera l  a g r e e m e n t  
a m o n g  physiologis ts ,  conce rn ing  chol inergic  t r an smi s s i o n  
in t he  cerebel la r  cortex.  Accord ing  to  CURTIS a n d  CRAW- 
FORD 1 i t  is n o t  ace ty lcho l ine  (ACh) b u t  one or more  acidic  
a m i n o  acids, e.g. g lu tamic ,  t h a t  p l ay  t h e  p a r t  of t r a n s -  
m i t t e r  subs tance ,  in  c o n t r a s t  to  t he  v iew expressed  b y  
PHILLIS ~ t h a t  t he  t r a n s m i t t e r  m a y  be  ACh. 

I n  1956 HEBB a found  t h a t  in  t he  deve lop ing  cerebel lar  
cor tex  t he  cho l inace ty lase  (ChA) a c t i v i t y  shows a n  ear ly  
peak,  b u t  l a t e r  decreases.  She sugges ted  t h a t  th i s  ear ly  
p e a k  is due  to  t he  d e v e l o p m e n t  of chol inergic  neurones ,  
whi le  t he  s u b s e q u e n t  decrease  in a c t i v i t y  per  g r a m  is 
due  to  t he  l a t e r  increase  of non-chol inerg ic  fibres,  wh ich  
come to  m a k e  up  t he  b u l k  of t h e  a d u l t  cerebel lum.  

CSILLIK e t  al. 4 h a v e  s h o w n  b y  op t ica l  microscopic  
obse rva t ions  t h a t  t h e  r a t  a rch icerebe l la r  cor tex  shows 
ace ty lcho l ines te rase  (ACHE) a c t i v i t y  in  t h e  ear ly  devel-  
op ing  cerebel lar  stage.  I~ASA 5 o b t a i n e d  s imi la r  resu l t s  in  
t h e  deve lep ing  cerebel la r  co r t ex  in d i f fe ren t  m a m m a l s .  
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