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giving up  comple t e ly  t h e  above  concept ,  we should  l ike 
to  sugges t  t he  following. F i r s t  of all, i t  shou ld  be  em- 
phas i zed  t h a t  on ly  one of t he  two  enzymes  i n v o l v e d  in  
th i s  pa tho log ica l  process,  n a m e l y  ga lac torecebros ide  fl- 
ga lac tos idase ,  is a lysosomal  one. L ip id  su l fo t rans te rase ,  
on  t he  o t h e r  hand ,  is no t  l y sosome-bound  bu t ,  l ike o the r  
t ransferases ,  i t  is closely assoc ia ted  w i t h  t he  smoo th -  
sur faced  endop lasmic  r e t i c u l u m  9. One m a y  sugges t  t h a t ,  
in  t h e  course of K r a b b e ' s  disease,  de f ic ien t  or a b s e n t  
a c t i v i t y  of ga lac toce rebros ide  /%galactosidase is respons-  
ible m a i n l y  for t h e  a c c u m u l a t i o n  of ga lac tocerebros ides  
w i t h i n  m e m b r a n e - b o u n d  vacuoles  or bodies  of lysosomal  

n a t u r e ;  lowered l ip id  su l fo t rans fe rase  ac t iv i ty ,  in  tu rn ,  
a ccoun t s  for t h e  depos i t ion  of p a r t i c u l a t e  galactocere-  
b ros ide  inclus ions  w i t h i n  t h e  cy top l a smic  m a t r i x  proper .  
Secondly,  l i be ra t ion  of or ig ina l ly  i n t r a ly sosoma l  galacto-  
cerebros ide  depos i t s  in to  t h e  g r o u n d  c y t o p l a s m  as a conse- 
quence  of m e m b r a n e  l ab i l i za t ion  a n d  lysosome leakage,  
m u s t  also be  t a k e n  in to  cons idera t ion .  F ina l ly ,  i t  shou ld  
be m e n t i o n e d  t h a t ,  in  K r a b b e ' s  disease, m e m b r a n e - b o u n d  
lysosomal  s t r u c t u r e s  m a y  be  on ly  secondar i ly  i nvo lved  in 
t h e  process  of s torage,  as has  been  supposed  in some o the r  
sphingol ip idoses  ~. Th i s  would  imply ,  of course, an  in i t i a l  
ex t r a l y s o s o ma l  s tage  of t h e  depos i t ed  subs tances .  More- 
over,  one would  be  compel led  to  a s sume  t h a t  lysosomal  
hydro la ses  m a y  be  opera t ive ,  a t  leas t  to  some e x t e n t  and /  
or for sho r t  in te rva l s ,  also ou t  of t h e  lysosome s y s t e m  in 
n o r m a l  cell me t ab o l i s m .  U p  to t h e  presen t ,  no d i rec t  
ev idence  exis ts  for a n y  of these  hypo theses .  However ,  we 
feel t h a t  one or more  of t h e m  m a y  be  ver i f ied  in t he  
future .  Be t h a t  as i t  may ,  t h e  genera l  concep t  of i n b o r n  
lysosomal  s torage  diseases e v i d e n t l y  requi res  recons idera-  
t i on  a n d / o r  comple t ion .  I n  i ts  p r e s en t  Iorm, i t  does n o t  
sa t i s fac tor i ly  exp la in  all  morpho log ica l  f ind ings  t h u s  far  
o b t a i n e d  in h u m a n  G L D  as wel l  as in  va r ious  o the r  
s torage  diseases. 

Zusammenjassu~g. Bei der  K r a b b e s c h e n  L e u k o d y s t r o -  
ph ie  k 6 n n e n  die c h a r a k t e r i s t i s c h e n  Zy top l a smae in t age -  
r u n g e n  sowohl  i n n e r h a l b  als s u c h  aus se rha lb  m e m b r a n -  
beg renz t e r  lysosomaler  K o m p a r t i m e n t e  v o r k o m m e n .  Es  
wird  ve r such t ,  fiir d iesen B e f u n d  einige p laus ib le  Erkl~i- 
r u n g e n  zu geben.  Ausse rdem wird  he rvo rgehoben ,  dass  das  
a l lgemeine  K o n z e p t  der  a n g e b o r e n e n  lysosomalen  Spei- 
c h e r k r a n k h e i t e n  in seiner  b i sher igen  F o r m  n i c h t  ausre ich t ,  
alle morpho log i schen  B e o b a c h t u n g e n  bei  den  verschie-  
denen  T h e s a u r i s m o s e n  bef r ied igend  zu deuten .  

K. BLINZINGER an d  A. P. ANZlL 

Cytoplasmic portion of an inclusion-bearing cell in GLD brain biopsy 
material. Note polygonally shaped and needle-like profiles represent- 
ing transversally and longitudinally sectioned deposits which ob- 
viously lack any membranous demarcation against the ground cyto- 
plasm. • 30,000. 
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F r a c t i o n a t i o n  a n d  C h a r a c t e r i z a t i o n  o f  C e l l  N u c l e i  

Severa l  d i f fe ren t  i so la t ion  and  f r a c t i o n a t i o n  m e t h o d s  
h a v e  been  deve loped  for b r a i n  nuc le i  2-~, b u t  c r i t e r i a  for 
t h e i r  d i f f e r en t i a t i on  are  st i l l  con t rovers ia l .  The  p r o t e i n /  
D N A  ra t ios  found  in  t h e  l i t e r a t u r e  v a r y  r e m a r k a b l y  ~-6, 
a n d  no  i n f o r m a t i o n  can  be  found  on t h e  p r o b l e m  of 
r ep roduc ib i l i t y .  F o r  our  p rocedure  we a d o p t e d  a s l igh t ly  
modi f ied  m e t h o d  of BURDNAN 2, w h i c h  gave  r ep roduc ib l e  
resu l t s  w h e n  a s t r i c t  t i m e  t a b l e  was observed .  Since t h e  
morpho log ica l  c r i t e r i a  descr ibed  in t h e  l i t e r a t u r e  are 
c l e a r l y  insuff ic ient ,  we h a v e  cha rac t e r i zed  our  nucle i  b y  
chemica l  p a r a m e t e r s ,  a n d  these  will  be  c o m p a r e d  w i t h  
t h e  f ind ings  of o t h e r  au thors .  

Methods: (Times in p a r e n t h e s i s  i nd i ca t e  m i n  b e t w e e n  
t he  d e a t h  of t h e  a n i m a l  a n d  t h e  n e x t  s tep  of t h e  procedure) .  
2 ma le  r a t s  (300-400 g) used for  each  e x p e r i m e n t  are  
anaes thes i zed  a n d  ki l led b y  decap i t a t i on .  All  f u r t h e r  s teps  

f r o m  R a t  N e o c o r t e x  b y  P r o t e i n - D N A  R a t i o s  1 

are car r ied  ou t  a t  0-4~ The  c o m b i n e d  neoco r t ex  (ca. 1.2 g) 
is homogen ized  (15 rain) b y  h a n d  (15 s trokes)  w i t h  0 . 3 2 M  
sucrose c o n t a i n i n g  1 m M  MgCI 2 a n d  1 m M  KH2PO~, 
p H  6.5 (w/v 1 : 15), w i t h  a Tef lon  pes t le  in  a P o t t e r  h o m o -  
genizer.  T h e  h o m o g e n a t e  is d i lu ted  to  50 mI  w i t h  homo-  
geniza tJon m e d i u m  a n d  cen t r i fuged  for 10 mi n  a t  900 g,v 
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(23 min) .  This  c rude  nuc lea r  pel le t  is t h e n  f u r t h e r  pur i f ied  
b y  a C h a u v e a u  p rocedure  as modi f ied  b y  BURDMAN 2 
(37 min) .  The  t r a n s p a r e n t  pe l le t  is r e suspended  in 3.5 ml  
of 2 . 2 M  sucrose a n d  1 ml  of th i s  suspens ion  is l ayered  on 
each  of two  iden t i ca l  gradients ,  based  on  t he  g r ad i en t  of 
BURDMAN 2. The  g rad ien t s  (6 ml  tubes) ,  p r e p a r e d  30 ra in  
before  use, cons is t  of ( from b o t t o m  to  top) :  1 ml  2 . 8 M  
sucrose as a cushion,  1.5 ml  2 . 4 7 M  sucrose, 1 ml  nuc lea r  
suspens ion  (2.2M) a n d  2 ml  1 . 8 M  sucrose over lay.  The  
cush ion  a n d  over l ay  are no t  in  t h e  or ig ina l  BURDMAN 2 
procedure .  The  g rad ien t s  are cen t r i fuged  in a Chr is t  
O m i k r o n  cen t r i fuge  (130 rain) a t  63,500 ga~ for 45 mil l  in  
t he  ro to r  (Christ) No. 9630. The  smal le r  nucle i  are col lected 
a t  t h e  2.8 M cushion,  a n d  t he  la rger  nucle i  on  t op  of t he  
2 . 4 7 M  layer.  P r o t e i n  is d e t e r m i n e d  a f t e r  a Schne ide r  
e x t r a c t i o n  accord ing  to LOWRY et  al. ~ a n d  D N A  b y  t he  
BURTON S me thod .  

Results and discussion. The  m e t h o d  of LOVTRUP and  
MCEWEN 4 is said  to  give d i s t i nc t  a s t rocy t e  and  n e u r o n a l  
f ract ions .  Since we were no t  able  to  cha rac te r i ze  t he  differ- 
en t  groups  of nucle i  unequivoca l ly ,  we decided to  descr ibe  
our  two f rac t ions  f rom r a t  b r a i n  mere ly  b y  d i s t i ngu i sh ing  
be tween  large a n d  pale,  and  smal l  a n d  d a r k  nuclei .  The  
uppe r  band ,  c o n t a i n i n g  essent ia l ly  larger  and  pa le r  
nuclei  ( p robab ly  m o s t l y  neu r ons  and  as t rocytes) ,  is 
c o n t a m i n a t e d  w i t h  2 0 - 3 0 %  of smal le r  nuclei,  whi le  t h e  
lower l ayer  cons i s t ing  m a i n l y  of m u c h  smal le r  a n d  d a r k e r  
nucle i  ( p robab ly  m o s t l y  o l igodendrocy tes  and  microglia)  
has  a c o n t a m i n a t i o n  of 1 0 - 2 5 %  of larger  nuclei .  The  
p r o t e i n / D N A  ra t ios  for these  2 nuc lea r  popu l a t i ons  were 
d e t e r m i n e d  in 8 expe r imen t s .  The  d e t e r m i n a t i o n s  were 
m a d e  on  2 para l le l  g rad ien t s  in  each  e x p e r i m e n t  (Table  I), 
a n d  are  qu i t e  cons is ten t .  

Tab le  I I  shows t he  cons iderab le  v a r i e t y  of m e t h o d s  
used for  t h e  f r a c t i o n a t i o n  a n d  pu r i f i ca t ion  of nuclei ,  a n d  
for t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of D N A  and  pro te in .  
Since we bel ieve  t h a t  t he  p r o t e i n / D N A  ra t ios  depend  on  
t h e  p rocedure  b y  wh ich  t he  nucle i  h a v e  been  isolated,  we 
h a v e  d iv ided  Tab le  I I  in to  2 par t s .  The  f i rs t  group of d a t a  
gives p r o t e i n / D N A  va lues  wh ich  were d e t e r m i n e d  on  
t o t a l  nucle i  of d i f fe ren t  organs  a n d  an imals .  These  nuclei  
were pur i f ied  b y  one h igh  mo la r  sucrose cen t r i f uga t i on  
( ' C h a u v e a u ' - t y p e  pur i f ica t ion)  a n d  were no t  f u r t h e r  
I r ac t iona ted .  The  ra t ios  for  b r a i n  nucle i  of LOVTRUP and  
MC]~WEN 4, BURDMAN a n d  JOURNEY 5 a n d  HADJIOLOV 
et  al." in  t h i s  g roup  coincide v e r y  well. Y e t  t h e i r  va lues  
differ  b y  a f ac to r  2-3  f rom our  va lues  d e t e r m i n e d  for 
t o t a l  r a t  b r a i n  cor tex  nucle i  a f t e r  t h e  C h a u v e a u  

p rocedure  as modi f ied  by BURDMAN 2 (Table  II) .  I n  o rder  
to  t e s t  our  chemica l  de t e rmina t i ons ,  t he  p r o t e i n / D N A  
ra t io  of r a t  l iver  nucle i  was  d e t e r m i n a d  a f t e r  i so la t ion  b y  
t he  m e t h o d  of TENG et  al. 1~ (Table  II) .  Our  va lue  (4.1) 
coincides  v e r y  well  w i t h  t he  f ind ings  of TENG 1~ (4.2), 
i n d i c a t i n g  t h a t  our  d e t e r m i n a t i o n s  do no t  give too  low 
values.  

The  second p a r t  of Tab le  I I  ( f r ac t iona ted  nuclei)  shows 
t h a t  our  r e su l t s  are  in  r e m a r k a b l y  good a g r e e m e n t  w i t h  
t h e  f ind ings  of KATO a n d  I~UROKAWA 11. T h e y  d e t e r m i n e d  
p ro t e in  a f t e r  e t h a n o l / e t h e r  e x t r a c t i o n  of 2 nuc lea r  frac- 
t ions  wh ich  are  s imi la r  to  ours  in  t h e i r  compos i t ion .  The  
ra t io  we found  for  t o t a l  nuc lea r  f r ac t ions  is h ighe r  (4.9) 
t h a n  t h e  r a t i o  of t he  u p p e r  f r ac t ion  of our  g rad ien t ,  
cons i s t ing  m a i n l y  of la rger  nucle i  (3.9). Th i s  di f ference 
m i g h t  be  p a r t l y  due  to  pu r i f i ca t ion  or to  loss of nuc lea r  
m a t e r i a l  d u r i n g  t he  second h igh  m o l a r  f r ac t iona t ion .  The  
g rea t  d i s c r epancy  be tween  t he  r a t ios  of LovTRuP a n d  
McEwEN 4, BURDMAN and JOURNEY s, HADJIOLOV et al. 9 
and our values for total nuclei and fraetionated nuclei 
(Table II) might in part be explained by the circumstance 
that these authors do not mention extraction of lipids or 
peptides prior to protein determination. L0VTRUP (per- 
sonal communication) determined protein directly from 
the whole nuclei. 

Thus it appears that protein/DNA ratios are extremely 
sensitive to the type of extraction procedure used, and 
that it is not yet possible to say which methods best con- 
serve characteristics of the intact nucleus. High protein/ 
DNA ratios might indicate cytoplasmic contamination 
of t h e  nuclei,  whereas  low ra t ios  m i g h t  i nd i ca t e  losses of 
nuc lea r  m a t e r i a l  d u r i n g  t he  e x t r a c t i o n  procedure .  

Zusammen/assung. Die Kerne  des R a t t e n n e o c o r t e x  
w u r d e n  m i t  e ther  n a c h  BURDMAN modi f i z i e r t en  Me thode  
auf  e inem d i skon t inu i e r l i chen  Saccha roseg rad i en t en  in 
zwei P o p u l a t i o n e n  a u f g e t r e n n t .  Die K e r n e  werden  d u r c h  
das  Protein/DNA-Verh~Lltnis  cha r ak t e r i s i e r t  : k le ine 
IKerne 1.5; grosse Kerne  3.9. Die morpho log i sche  Diffe- 
r enz ie rung  im P h a s e n k o n t r a s t m i k r o s k o p  erwies s ich als 
ungeni igend .  

H . - R .  OLPE, H.  P.  VON HAHN a n d  C. G. HONEGGER 

Abteilung ]i~r Neurochemie, 
Neurologische Universitiitsklinik, 
Socinstrasse 55, CH-4051 Basel (Switzerland), 
7 March 7972. 

Table I. Protein/DNA ratios of rat neocortex nuclei after fractiona- 
tion on a discontinuous sucrose density gradient 

Tube 1 Tube 2 

Exp. No. small nuclei large nucIei small nudei large nuclei 

1 2.0 4.1 2.1 4.3 
2 1.4 3.7 1.5 3.8 
3 1.3 3.8 - - 
4 1.2 3.5 1.1 3.6 
5 1.6 4.6 1.4 4.4 
6 1.5 4.3 1.4 4.1 
7 1.5 3.6 1.2 3.7 
8 1.5 3.5 1.6 3.7 
Mean 1.5 3.9 1.5 3.9 

Sinai1 nuclei collected on 2.8 M sucrose layer, large nuclei collected on 
2.47M layer. Results from 2 parallel gradients in each of 8 experi- 
ments are given. 
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