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ears, a n d  p i n k  snou t s  p roduced  b y  t h e  Mi wh gene serve as 
cha rac t e r i s t i c  m a r k e r s  for Le/+ hete rozygotes ,  s ince 
2kliwh is l inked  on  t he  same  c h r o m o s o m e  w i t h  Lc. 

The  overa l l  size of t h e  a d u l t  l u rche r  (Lc/+) b r a i n  
appea r s  to  be  s imi la r  to  t h a t  of a n  a d u l t  n o r m a l  ( + / + )  
b r a i n  f rom the  same  s t ra in .  However ,  t he re  is a no t i ceab le  
r e d u c t i o n  in t h e  size of t he  lu rche r  cerebel lum,  wh ich  is 
a p p r o x i m a t e l y  one-ha l f  t he  size of t he  n o r m a l  ce rebe l lum 
(Figures  1 and  2). I n  a d d i t i o n  to t he  r educed  size, t h e  

Fig. 1. Dorsal view of normal (+  ] +)  adult brain. Arrow indicates 
uvula vermis. • 6. 

l u rche r  ce rebe l lum shows lobu la r  defects.  All  of t h e  lobules  
are usua l ly  presen t ,  b u t  mos t  are  n a r r o w e r  an d  f l a t t e r  t h a n  
t h e i r  n o r m a l  c o u n t e r p a r t s .  Tile u v u l a  vermis ,  in  pa r t i cu la r ,  
is qu i te  n a r r o w  a n d  e x t e n d s  f u r t h e r  l a t e ra l ly  t h a n  is t he  
case in  t h e  n o r m a l  cerebel lum.  

The  reduced  cerebel la r  h emi s p h e re s  do n o t  a d e q u a t e l y  
cover  t h e  a n t e r i o r  p o r t i o n  of t h e  medu l l a ;  as a result ,  t h e  
roof of t h e  4 t h  ven t r i c l e  is usua l ly  exposed in a dorsa l  v iew 
of t h e  lu rche r  bra in .  The  collicles a p p e a r  to  be  more  p rom-  
i n e n t  in  lu rche r  t h a n  in n o r m a l  mice, poss ib ly  because  of 
the  less acu te  angle  fo rmed  b y  t h e  ce rebra l  hemispheres .  
The  v e n t r a l  surface of t h e  b r a i n  does n o t  show a n y  ob- 
v ious  defects.  

Gross defects  in  t h e  lu rche r  b ra in ,  p a r t i c u l a r l y  t he  
cerebel lum,  are e x h i b i t e d  as ea r ly  as 3 days  a f t e r  b i r th .  
A t  t h i s  t i m e  the  u v u l a  v e r m i s  is p r o m i n e n t  a n d  oval  ill 
shape  in the  n o r m a l  b ra in ,  b u t  n a r r o w  a n d  e longa ted  in 
the  lurcher .  The  overa l l  r e d u c t i o n  in t h e  size of t h e  cere- 
b e l l u m  becomes  obv ious  a t  a p p r o x i m a t e l y  5 days  a f t e r  
b i r th .  

Discussion. The  cerebel la r  h y p o p l a s i a  in  lu rche r  a d u l t  
mice is s imi la r  to  t h a t  descr ibed  in t h e  reeler  (rl) m u t a n t  3, 3 
As in reeler,  t h i s  r educ t i on  in size is c o n s t a n t  f rom a n i m a l  
to  an imal ,  a l t h o u g h  a t h o r o u g h  s t u d y  of lu rche r  cerebel la r  
h i s togenes is  is w a r r a n t e d  before  compar i sons  can  be  m a d e  
w i t h  o t h e r  cerebel la r  m u t a n t s .  Since t h e  lu rche r  ind iv id -  
uals  in our  co lony are d e s c e n d a n t s  of a t r a n s l o c a t i o n  
stock,  i t  is also necessa ry  to d e t e r m i n e  w h e t h e r  or n o t  t h i s  
gene t ic  b a c k g r o u n d  exer t s  a n y  effect  on  t h e  p h e n o t y p i c  
express ion  of t h e  lu rche r  gene. However ,  p r e l i m i n a r y  
o b s e rv a t i o n s  on t h e  b r a i n  of a lu rche r  i n d i v i d u a l  be l ieved 
n o t  to  be  ca r ry ing  t h e  t ranslocat ioI1 show no gross mor-  
phologica l  dif ferences  f rom those  ca r ry ing  t h e  t r ans loca -  
t ion.  

I t  is p r o b a b l e  t h a t  t h e  defects  obse rved  in t h e  collicles 
a n d  med u l l a  resu l t  f rom t h e  fa i lure  of t h e  ce rebe l lum to 
grow proper ly ,  a l t h o u g h  p r i m a r y  m a l f o r m a t i o n s  m a y  
also occur  in these  regions.  Since defects  in  t h e  shape  of 
ce r t a in  Le/+ cerebel la r  lobules  become  a p p a r e n t  b y  t he  
t h i r d  d a y  p o s t n a t a l l y ,  well  before  a n y  b e h a v i o r a l  charac-  
te r i s t ics  are  mani fes ted ,  t h e  ea r ly  s tages  of cerebel la r  
h i s togenes is  are accessible for s t u d y  in th i s  m u t a n t .  More- 
over,  Lc/+ n e o n a t e s  are  d i s t i ngu i shab le  f rom t h e i r  
n o r m a l  ( + / + )  l i t t e r m a t e s  b y  m e a n s  of color cha rac t e r -  
ist ics even  before  t h e  gross cerebel la r  defects  can  be  
de tec ted .  Th i s  m u t a n t ,  therefore ,  shou ld  serve as a n  
exce l len t  model  in  wh ich  to s t u d y  t h e  ea r ly  e t io logy of 
cerebel la r  dysgenesis .  

Rdsumd. Le cerve le t  des souris  h6 t6 rozygotes  de la  
m u t a t i o n  ,lurcher>> (Le) p r 4 s e n t e n t  des anomal ies .  I1 est  
r6du i t  e t  ,d6form6, en  pa r t i cu l i e r  l ' u v u l a  vermis .  On p e u t  
d6 tec te r  ces anomal ie s  chez le n o u v e a u - n 6  de 3 j ours  a v a n t  
l ' a p p a r i t i o n  des a b e r r a t i o n s  du  c o m p o r t e m e n t .  

D . B .  WILSON 

Fig. 2. Dorsal view of lurcher (Lc/+) adult brain. Arrow indicates 
slender uvula vermis. Note also the small size of the cerebellum, the 
exposed roof of the 4th ventricle, and the prominent collicles. • 6. 
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Isolation of Highly Purified Glomerular Complexes from Rabbit Cerebellum 

Gent l e  d i s r u p t i o n  of b r a i n  t i ssue  has  been  inc reas ing ly  
e m p l o y e d  d u r i n g  t h e  d e v e l o p m e n t  of m e t h o d s  for large 
scale i so la t ion  of n e u r o n a l  a n d  glial  cells:-5.  Sof t en ing  o f  
t h e  t i ssue  t h r o u g h  i n c u b a t i o n  of slices a t  37 ~ fol lowed 

b y  passage  of t i ssue  t h r o u g h  n y l o n  mesh  of decreas ing  
pore  size, resu l t s  in t h e  r ecove ry  of la rger  an d  more  i n t a c t  
cel lular  un i t s  t h a n  are genera l ly  o b t a i n e d  b y  homogen iza -  
t i o n  in cold sucrose media .  
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Fig. 1. Phase contrast light micrograph of the purified glomerular 
fraction from rabbit cerebellum. There are no nuclei intact, cells or 
blood capillaries among the glomerular complexes. 

I so la t ion  of cells f rom ce rebe l lum has  p r o v e d  more  
diff icul t ,  p a r t l y  due  to t h e  v e r y  he t e rogeneous  n e u r o n a l  
cell popu la t ion .  A few repor t s  on t h e  successful  i so la t ion  
oI Pu rk i n j  e cell p e r i k a r y a  an d  g ranu l a r  cells h a v e  a p p e a r e d  
du r ing  the  las t  years  6-9. However ,  t he  he t e rogeneous  
f r ac t ion  recovered  f rom cerebe l lum 7 w h e n  a m e t h o d  for 
i sola t ion of glial  cells f r om cerebra l  cor tex  was app l ied  8, 
could n o t  be  iden t i f i ed  as a gl ial  f rac t ion.  W i t h  t h e  
excep t ion  of a few as t rocy tes  an d  b lood capil lar ies ,  t h e  
' cerebel la r  gl ial '  p o p u l a t i o n  consis ted  of rounded ,  
genera l ly  n o n - n u c l e a t e d  t i ssue  f r a g m e n t s  w h e n  obse rved  
in the  l igh t  microscope.  The  on ly  s t r i k ing  fea tu re  was t h e  
h o m o g e n e i t y  w i t h  respec t  to  size an d  shape  of th i s  frag- 
m e n t  popu la t i on .  F u r t h e r  e x a m i n a t i o n  of t h i s  ' ce rebe l la r  
glial '  f r ac t ion  w i t h  t r a n s m i s s i o n  e lec t ron  mic roscopy  
revea led  tha~ i t  cons is ted  m a i n l y  of a p p a r e n t l y  i n t a c t  
g lomeru la r  complexes .  Us ing  a n  a d d i t i o n a l  pu r i f i ca t ion  
s tep  i t  has  been  poss ible  to  o b t a i n  a ' g lomeru la r '  f r ac t ion  
of v e r y  h i g h  pu r i t y .  

The  t echn iques  employed  was essen t ia l ly  as descr ibed  
b y  BLOMSTRAND a n d  HAMBERGER a. T h e  pooled  cerebel la  
f rom 5-6  a d u l t  wh i t e  r a b b i t s  (body we igh t  1.5-2.0 kg) 
were chopped  in to  0.4 m m  slices a n d  i n c u b a t e d  for 30-  
45 m i n  a t  37~ w i t h  shaking ,  in  a m e d i u m  (2 ml  m e d i u m /  
g) c o n t a i n i n g  35 m M  Tris-HC1 buffer ,  an d  5 m M  Na-  
p h o s p h a t e  buffer ,  p H  7.6, 120 m M  NaC1, 5 m M  KC1, 2.5 
m M  MgC12, 20 m M  glucose a n d  2~/o Ficol l  ( P h a r m a c i a  
F ine  Chemicals ,  Uppsa la ,  Sweden).  T h e  t i ssue  was dis- 
r u p t e d  b y  passage  t h r o u g h  n y l o n  mesh  m o u n t e d  on  a cu t  
p las t ic  syringe.  The  d i s r u p t e d  t i ssue  was d i lu ted  w i t h  
i so la t ion  m e d i u m  (0.32 M sucrose, 50 m M  NaC1, 10 m M  ' 
Tris-HC1, p H  7.4, 0.5 m M  E D T A  an d  2% Ficoll).  The  
suspens ion  was s ieved t h r o u g h  n y l o n  mesh  w i t h  descend ing  
pore  size, 500, 200, 100 an d  50 ~xm, an d  a f ina l  s ieving 
t h r o u g h  two  layers  of 50 ~ m  mesh.  All s teps  were per form-  
ed e i the r  in  a cold room or on  ice. T h e  f i l t r a t e  was  cent r i -  
fuged for 5 m i n  a t  150 g a n d  t h e  s u p e r n a t a n t  decan ted .  
The  pe l le t  was  f r a c t i o n a t e d  on  a d i scon t inuous  Ficol l  
g r a d i e n t  wh ich  was cen t r i fuged  for 110 m i n  a t  80000 g. 
T h e  150 g pe l le t  was  r e s u s p en d ed  to  5 mI  w i t h  t h e  isola- 
t i on  m e d i u m  an d  m i x e d  w i t h  Ficol l  to  a f ina l  Ficol l  
c o n c e n t r a t i o n  of 24.6%. Th i s  suspens ion  was t h e  b o t t o m  
layer  of t h e  g r ad i en t  tube .  E q u a l  vo lumes  of 19.1~o a n d  
15.7% Ficoll,  respect ive ly ,  were added  as over layers  in  
t h e  g rad ien t .  These  so lu t ions  were also m a d e  up  in 
i so la t ion  m e d i u m .  Af te r  cen t r i fuga t ion ,  t h e  l ayer  be t -  
ween 19.1% a n d  15.7~o was col lected w i t h  a P a s t e u r  
p ipe t te ,  d i lu ted  w i t h  large vo lumes  of 0.32 2V/ sucrose, 
10 m M  Tris-HC1, p H  7.4 an d  cen t r i fuged  a t  15.000 g for 
15 min.  The  pel let ,  t h e  ' c rude  g lomeru la r  f rac t ion ' ,  was  
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Fig. 2. Electron micrograph of the purified glomerular fraction. The 
glomerular complexes are lacking contaminating structures such as 
myelin and cellular fragments including nuclei. 
Fig. 3. Higher magnification of an isolated glomerular complex 
showing tbe central mossy fibre surrounded by synaptie terminals 
from granule cells and, at the periphery, from Golgi cells. 
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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.  

A. HAMBERGER, H.-A. HANSSON, A. SELLSTR6M 
and T. YANAGIHARA 

Institute of Neurobiology, University of Gdteborg, 
S -  d00 33 Gdteborg (Sweden), and 
Department of Neurology, Mayo Clinic and 
Mayo Foundation, Rochester (Minnesota 55907, USA), 
27 November 7974. 

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  


