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resuspended by  gentle hand homogeniza t ion  in the  sucrose 
solut ion and layered on top  of a 1.4/1.2/0.8 M disconti-  
nuous sucrose gradient  and centr i fuged for 1 h a t  80,000 
g. The  layer  be tween  1.2 and 1.4 M sucrose conta ined the 
bulk of the  mater ia l  which was a v i r tua l ly  pure  glomeru-  
lar f ract ion (Figure 1). Cells and nuclei  were found in the  
pel let  and f inely granular  mater ia l  seen in the  1.2/0.8 M 
interphase.  The final  g lomerular  f ract ion was di lu ted wi th  
0.32 M sucrose and pel leted as described above.  

The  u l t ras t ruc tura l  examina t ion  was made  af ter  
f ixat ion of ei ther  the  suspensions or the  pellets wi th  
Karnovsky ' s  f ixat ive,  followed by  dehydra t ion  in ethanol,  
embedding  and sect ioning as previous ly  described ~~ 

E.M. examina t ion  showed tha t  app rox ima te ly  70% of 
the  'crude glomerular  f ract ion '  consisted of g lomerular  
profiles. The glomerul i  were well preserved,  i.e. the  centra l  
mossy fibre roset te  conta ined neurotubul i ,  f i laments ,  
endoplasmic  re t iculum, numerous  mi tochondr i a  and 
clusters of synapt ic  vesicles. They  were surrounded by  a 
sheath  of pocesses f rom granule cells and Golgi cells. 
Del icate  lamel lar  as t rocyt ic  pocesses out l ined some of the  
glomeruli ,  Most of the  o ther  mater ia l  in the  crude glome- 
rular  f ract ion consisted of small  cells, mos t ly  granule cells 
and astrocytes,  cell nuclei,  wi th  or wi thou t  a r im of cyto-  
plasm, and blood capillaries. The final  g lomerular  f ract ion 
consisted of wel l-preserved glomerul i  as described above 
(Figures 2 and 3). Occasionally,  scat tered debris could be 
observed.  The pur i ty  of the  f rac t ion was de termined  f rom 
electron micrographs,  f rom which the  s t ructures  were cut  
out  and weighed. The percentage  of the  f ract ion which 
consisted of glomerul i  was es t imated  as 93.6 + 4.0 (S.D.) 
f rom 5 different  preparat ions .  

The  average yield of g lomerular  prote in  f rom a 
purif ied fract ion of rabbi t  cerebel lum (wet weight  ~ 1 . 1  g) 
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was 0.1 mg as de termined  wi th  the  me thod  of LOWRY et 
al. 11. Between  800,000 and 900,000 glomerul i  per  cere- 
be l lum were isolated which gives a prote in  conten t  of 
12 • 1 0 - n  g per  glomerulus.  

The present  me thod  offers the  possibi l i ty  to isolate a 
h ighly  purif ied fract ion of morphological ly  well preserved 
glomerular  complexes  f rom rabbi t  cerebellum. The frac- 
t ion has par t icu lar  advantages  for biochemical  and neuro- 
pharmacologica l  studies, as glomerul i  are of known origin 
and funct ion 1~. However ,  the  complex composi t ion of the  
glomerulus,  conta ining several  pre- and pos tsynapt ic  
compounds,  as well as glial cell processes makes  t h e m  
ra ther  unique  as synaptosomes,  bu t  m a y  also l imi t  the  
usefulness of this  f ract ion for funct ional  studies, unt i l  
fur ther  subfrac t ionat ion  methods  have  been developed.  
Since the  disrupt ion of the  tissue is carried out  wi thou t  
homogenizat ion,  the  possibi l i ty  to preserve larger in tac t  
part icles  is improved.  Previous  procedures for cerebellar  
t issue subfract ionat ion employed  homogeniza t ion  of the 
fresh tissue. ISRAEL and WHITTAKER 13 isolated the  cen- 
t ra l  core of the  glomerular  complex,  i.e. the  mossy fibre 
endings, by  sucrose gradient  separat ion of a crude nuclear  
fraction. HAJOES et al. ~ and TAPIA et al. ~5 have  described 
ill a careful s tudy  of subcellular f rac t ionat ion  of ra t  
cerebel lum homogenates ,  the  isolat ion of a f ract ion which 
consisted of glomerular  complexes to a pur i ty  of a t  least  
50%. Tile higher  pur i ty  of the  fract ion obta ined  by our 
me thod  is pa r t ly  outweighed by the  more t ime-consuming  
isolat ion procedure.  However ,  a p re l iminary  biochemical  
charac ter iza t ion  showed good re ten t ion  of lact ic dehydro-  
genase and ac t ive  accumula t ion  of amino acids by the  
isolated glomerul i  which indicates  thei r  usefulness for 
funct ional  studies ]6. 

Zusammenfassung. Es wird eine neue Methode zur 
Pr / ipara t ion der sogenannten <~glomerul~ren Komplexe,~ 
aus Kaninchen-Kle inh i rn  beschrieben, deren komplexe  
innere S t ruk tu r  wei tgehend in tak t  bleibt.  Mit  Hilfe der 
quan t i t a t i ven  e lekt ronenmikroskopischen Methode wur- 
den tiber 90% in tak te r  Glomerul i  errechnet.  
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Acid Phosphatase in Gol~i Vesicles of Osteoblasts 

The collagen producing cells have  been s tudied in 
detai l  by  var ious  workers  1-3. These cells conta in  very  
large r ibosomal  complexes  ~ related to ti le assembly of 
long ~-chains of protocollagen.  The l a t t e r  have  been 
shown to be present  ill the  cisternae of the  el ldoplasmic 
re t icu lum (ER) and it  has been shown t h a t  this mater ia l  is 
then  t ransferred to the  Golgi complex2,  4-6. I n  addi t ion  to 
collagen these cells also synthesize  and secrete o ther  
components  of the  ma t r ix  and Golgi complex  of odonto-  
blasts  has been shown to be invo lved  in the synthesis  
and secret ion of g lycosaminoglycans  ~. The  Golgi complex  
ill osteoblasts  is qui te  large and consists of m a n y  f la t  
saccules wi th  dis tended ends (Figure 1). As shown previ-  
ously 3,~ a subs t ruc ture  can be made  out  in these disten- 

tions. Most of ten i t  is in the  form of r andomly  coiled 
f i laments  (*). In  the Golgi region, there  are also present  
m a n y  oblong or e longated vesicular  structures.  The  
f i laments  present  in these vesicles are so al igned t h a t  
longi tudinal  s t r ia t ions can be clearly made  out  (->). 
These filaments do not show any banding pattern. 

For the present study in addition to routine prepara- 
tions described above, some of the material (calvaria of 
15-day-old chick embryos, White Leghorn) was incubated 
for acid phosphatase 8 after fixation (30 rain) in 1% 
glutaraldehyde in 0.i M cacodylate, pH 7.4 and prepared 
for electron microscopy. The material incubated for the 
shortest period (20 min) was found to be most useful as 
the  react ion product  did not  obscure the  morphological  
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Fig. 1. Golgi region of an osteoblast shows many units. The distended ends of saecules (*) show a faintly visible randomly coiled, filamentous 
material. The elongated vesicles (arrows) show striations running in the direction of their long axes. An assortment of coated and non-coated 
vesicles are also seen. • 38,000. 

Fig. 2. Same as in Figure 1 but  from material  incubated for acid phosphatase. A typical iysosome showing finely granular reaction product 
is seen. The Golgi saecules are cut tangentially and small amounts of reaction product are present in distended ends of its saccules (arrow heads) 
as well as in vesicles showing filamentous contents (arrows). x 19,000. 

Fig. 3. Same as Figure 2. The reaction product is seen in distended ends of the Golgi saccules (arrow heads) as well as in vesicles showing 
filamentous material  (arrows). • 30,000. 
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details. In  addi t ion  to typ ica l  lysosomes, the  react ion 
product  was observed in the  dis tended ends of the  Golgi 
saccules (Figures 2 and 3, arrow heads). Also it  was found 
in the  e longated vesicles which showed well  al igned 
f i laments  (Figures 2-4, arrows). 

The  collagen synthesis  occurs by  sequent ia l  steps 9. The  
e-chains of protocol lagen undergo hydroxy la t ion  ~ of 
cer ta in  prol ine a n d  lysine residues in the  cisternae of the  
E R  ~. F r o m  thence  they  are t ransferred to  the  Golgi 
complex  2-6. Before this  mater ia l  is secreted, a subst i tu-  
t ion of some of the  hydroxylys ine  residues takes  place 
wi th  galactose or glucosylgalactoseg. I t  has been shown 
tha t  ca rbohydra te  mater ia l  in associat ion with f i lamentous  
mater ia l  conta in ing labelled proline, occurs for the first 
t ime  in these Golgi vesicles 3. On this basis i t  has been 
suggested t h a t  the  subs t i tu t ion  occurs in the  Golgi com- 
plex. I t  has also been shown tha t  the  synthesis  of carbo- 
hydra te  components  of the  glycosaminoglycans,  a par t  of 
the  extracel lu lar  matr ix ,  occurs in the  Golgi complex,  
where it  is combined  wi th  the  proteinous components  and 
then  secretedL The acid phosphatase ,  seen present ly,  
occurs in vesicles conta in ing f i lamentous  mater ia l  and is 
present  concomi tan t  wi th  the  a l ignments  of the  fi laments.  
The funct ion of the  hydro ly t ic  enzyme is not  at  all 
apparent .  I t  m a y  be re la ted to the  subst i tut ion,  the  
synthesis  of ca rbohydra te  components  or even to the  
combina t ion  of the  ca rbohydra te  components  wi th  the  
prote inous  material ,  ment ioned  above. I t  m a y  even have  
something  to do wi th  the  a l ignment  of the  f i lamentous  
material .  

Acid phosphatase  is general ly  used as a marker  for 
o ther  hydro ly t ic  enzymes  1~ Tile procol lagen has an 

amino- te rmina l  ex ten t ion  which is c leaved off before it  
can polymerize  into na t ive  collagen fibrils. The cleavage 
has been shown to be an enzymat ic  process and involves  
an aminopept idase  9,11. On the basis of lack of conversion 
of procollagen into t ropocol lagen in ma t r ix  free f ibroblast  
suspensions, i t  has been suggested tha t  the  c leavage occurs 
extracel lular ly.  If  however,  the  presence of acid phospha-  
tase in the  Golgi vesicles concomi tan t  wi th  the  a l ignment  
of the  f i laments  is suggest ive of the  presence of an amino- 
peptidase,  then  it  seems reasonable to suggest t h a t  the 
cleavage is in i t ia ted in the  Golgi vesicles. I t  m a y  be 
poin ted  out  t ha t  aminopept idase  has to be of lysosomal 
origin and these organelles are produced in the  Golgi 
complex  12. 

Resumen. E1 complejo de Golgi de los osteablostos 
presenta  en la p rox imidad  de los ex t remos  dis tendidos de 
los s~culos f i lamentos  enrollados. En  las veslculas 
elongadas del complejo de Golgi se yen  f i lamentos  
ordenados en paralelo. E1 producto  de reacci6n de la 
fosfatasa ~cida ha  sido observado en los ext remos disten- 
didos asi como en las vesiculas elongadas. E1 significado 
funcional  de esta enzima no es claro. Puede  estar  rela- 
c ionada con la sintesis y secrecidn del col&geno o de 
otros componentes  de la mat r iz  extracelular .  
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Fig. 4. At higher magnification reaction product is seen together 
with discrete filaments in the elongated vesicles. • 51,790. 
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Ultrastructure of Distant Paired Homologues in 

The d is tan t  paral le l  pair ing of homologous chromo- 
somes at  la te  prophase  and metaphase-I ,  regular ly  present  
in oocytes  of harpact icoid  copepods, has received a t ten-  
t ion due to its possible signii icance in re la t ion to sex- 
de te rmina t ion  and format ion  of ch iasmata  (1V[ATSCHEK2, 
HJ~BERER 3,4, AR-RUSHDI 5, COLOMB]ERA a n d  LAZZARETTO- 
COLOMBERA6). However ,  no th ing  is known nor  has there  
been speculat ion concerning the  mechan ism responsible 

Oocyte of Tisbe holothuriae (Copepoda) 1 

for main ta in ing  the  pair ing of the  homologous chromo- 
somes in copepod oocyte  at  metaphase- I .  

On the  basis of 0STERGREN'S theory  7, i t  seems necessary 
to pos tu la te  the  presence of some cohesive forces be tween  
d is tant  paral le l  homologues,  since these chromosomes 
could not  otherwise a t t a in  and then  keep a metaphase  
configuration.  Since no s t ructure  which could account  for 
the  presence of such cohesive forces have  been i l ld ividuated 


