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Fig.  2. D e g e n e r a t i n g  t e r m i n a l  b o u t o n  in the  s ame  case as in  F igu re  1. 
The bouton contacts a cell body. Note the high density of the bouton. 
× 18,000. 

Fig.  3. D e g e n e r a t i n g  t e r m i n a l  b o u t o n  in the  V P L  5 d a y s  a f t e r  les ion 
of the  LCN of t he  c o n t r a l a t e r a l  side. The  b o u t o n  c o n t a c t s  a cell 
b o d y  (right) .  × 28,000. 

s ame  size and  were only  a small  p a r t  of t he  to ta l  n u m b e r  
of bou tons  in the  area  as in the  DCN case. 

The ex t r eme  dens i ty  of t he  degenera t ing  bou tons  indi- 
ca tes  t h a t  the  degenera t ion  in t he  V P L  descr ibed here  is 
r a t he r  a d v a n c e d  a l ready  a f te r  5 days  e. T h a t  m a y  be the  
reason w h y  only  the  e lec t ron dense  t y p e  of degenera t ion  5 
and  n o t  t he  f i l amentous  t y p e  ~ was seen. I t  has  been  
p roposed  t h a t  t he  f i l amentous  t y p e  is p re sen t  only  in t he  
ear ly  s tage  of degenera t ion  s. 

Degene ra t ing  bou tons  were  seen in t he  V P L  in synap t i c  
c o n t a c t  w i th  b o t h  ne rve  cell bodies  and  dendr i t e s  a f te r  
lesions of t he  DCN as well as of t he  LCN. The  same 
double  local izat ion has  been  found  in m o s t  pa r t s  of t he  
cen t ra l  ne rvous  sy s t em af te r  t r ansec t ion  of a f fe ren t  
f ibres *,8,9,1°. In  m o s t  cases t he  degenera t ing  bou tons  on 
the  dendr i t e s  are more  numerous  e& P r o b a b l y  the  reason 
for th is  is t he  larger  surface area  of the  dendr i t e s  com- 
pa red  to  t h a t  of t he  cell b o d y n .  

Zusammenfassung. Fiinf  Tage nach  Zers t6rung  des 
Nucleus  cervicalis  la teral is  in einer  K a t z e  und  der  Hin-  
t e r s t r angke rne  in einer  anderen ,  wurde  das e lekt ron-  
mikroskopische  Bild der  degener i e renden  Bou tons  in den  
kon t r a l a t e r a l en  V P L  s tudier t .  Die Bou tons  waren  in bei- 

den  FAllen meis tens  in s y n a p t i s c h e m  K o n t a k t  mi t  Den-  
dr i ten,  aber  auch  mi t  Zel lk6rpern und  zeigten e lek t ron-  
d i ch t en  Typus  yon  Degenera t ion .  Die n ich t  degener ie ren-  
den  Bou tons  waren  viel zahlreicher  als die degener ie ren-  
den. 
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Some Structural  Features of Isolated Mitochondrial  Membranes  

Subun i t s  in the  u n i t - m e m b r a n e  have  been  descr ibed  by  
var ious  authors .  S J O S T R A N D  1 found  an e lec t ron- t rans -  
p a r e n t  ' u l t r a s t ruc tu ra l  e l ement '  in sect ions  of mi to-  
chondr ia l  m e m b r a n e s  and  of t he  s m o o t h  endop lasmic  
re t iculum,  f ixed wi th  OsO 4 or K M n O , ;  a s imilar  subun i t  
was also found  b y  DEUTSCH a n d  KRAUSE 2 in cross sect ions  
of isolated mi tochondr i a l  m e m b r a n e s  t r e a t ed  wi th  en- 
zymes  and  f ixed wi th  OsO,. Nega t ive ly - s t a ined  isolated 
m e m b r a n e s  of t he  frog re t ina  show an  a r r ay  of spher ical  
p a r t i c l e s  ( B L A S I E  e t  al.3). PEASE 4 has  found  electron-  
dense spher ical  par t ic les  in sect ions  of m e m b r a n e s  of 

some mi tochondr ia .  Similar  part icles,  ' s t ruc tu ra l  globular  
par t ic les '  (d iameter  a b o u t  60 /~), were  observed  b y  
DEUTSCH and  KRAUSE ~ in sect ions  of isolated mi to-  
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c h o n d r i a l  m e m b r a n e s ,  f ixed w i t h  K M n O  4. T h e  o b j e c t  of 
t h e  p r e s e n t  i n v e s t i g a t i o n  was  to  d e m o n s t r a t e  t he  ex is t -  
ence  of ' s t r u c t u r a l  g lobu la r  pa r t i c l e s '  in  u n s e c t i o n e d  
i so la ted  m i t o c h o n d r i a l  m e m b r a n e s .  

T h e  m i t o c h o n d r i a l  m e m b r a n e s  ( ra t  l iver) were i so la ted  
acco rd ing  to  a m e t h o d  descr ibed  in a p r ev ious  p a p e r  
(DEuTSCH a n d  KRAUSE 5). T h e y  were  f ixed w i t h  p o t a s s i u m  
p e r m a n g a n a t e  (2 m i n  in  a 0 .25% aqueous  solut ion,  buf-  
fe red  w i t h  s o d i u m  v e r o n a l / s o d i u m  a c e t a t e  a t  p H  7). Af te r  
f i x a t i o n  t h e y  were  washed  in dis t i l led  w a t e r  a n d  t r e a t e d  
u l t r a son i ca l l y  (1 h,  800 kc/sec,  5 W/cm2),  because  i t  was  
t h o u g h t  t h a t  t h e  effect  of t h i s  t r e a t m e n t  wou ld  t e n d  to  
s e p a r a t e  t h e  s u b u n i t s  a n d  m a k e  t h e m  more  c lear ly  
de t ec t ab le .  Sma l l  d rop le t s  of t h e  suspens ion  were de-  
pos i t ed  on  f o r m v a r - c o a t e d  grids,  b a c k e d  w i t h  ca rbon .  T h e  
spec imens  were  a l lowed to dry ,  s h a d o w e d  w i t h  p l a t i n u m  
(angle  20 °) a n d  s t ud i ed  in a SEM 3 e lec t ron  microscope  
( e x p e r i m e n t a l  r e so lu t ion  a b o u t  15-20 ~) .  

Fig. 1. Isolated mitochondrial membranes, fixed with potassium 
permanganate, treated ultrasonically, shadowed. Aggregation of 
membranes (m) ; indication of fibritlar structure (f). × 53,000. 

An  inspec t ion  of t h e  e lec t ron  m i c r o g r a p h s  shows t h a t  
t h e r e  is a t e n d e n c y  for t h e  m e m b r a n e s  to  a g g r e g a t e  
(Figure  1), b u t  o f ten  p a t c h e s  of b r o k e n - u p  m e m b r a n e s  
a re  s e p a r a t e d  a n d  revea l  s t r u c t u r a l  de t a i l s :  t h e y  a p p e a r  
to  cons is t  of e lec t ron-dense  spher ica l  pa r t i c l e s  ( ' s t ruc-  
t u r a l  g lobu la r  par t ic les ' ,  d i a m e t e r  a b o u t  60 A) (Figure  2). 
I t  shou ld  also be m e n t i o n e d  t h a t  occas iona l ly  v e r y  t h i n  
f i l amen t s  (d i ame te r  a b o u t  40 h )  were found  (F igure  2). 
T h e r e  is some  ev idence  t h a t  t h e  m e m b r a n e s  t h e m s e l v e s  
c o n t a i n  f ibr i l la r  s t r u c t u r e s  (Figure  1). 

U n f o r t u n a t e l y ,  i t  is imposs ib le  to  s t u d y  l iv ing  cells in  
t h e  e lec t ron  microscope.  Hence ,  e lec t ron  m i c r o g r a p h s  a re  
more  l ikely to r e p r e s e n t  s t r u c t u r a l  de ta i l s  of t h e  l iv ing  
cell if t h e y  can  be  d e m o n s t r a t e d  w i th  a v a r i e t y  of exper i -  
m e n t a l  me thods .  Fo r  th i s  reason,  t h e  resul t s  r epo r t ed  in 
th i s  p a p e r  a p p e a r  to  be  v a l u a b l e  as  t h e y  are  in a g r e e m e n t  
w i th  p rev ious  f indings ,  b u t  are  based  on  a n o t h e r  me t h o d .  
F r o m  all ev idence  ava i l ab l e  i t  a p p e a r s  e x t r e m e l y  l ikely 
t h a t  t h e  s u b u n i t s  seen on  t h e  e lec t ron  mi c ro g rap h s  are  
n o t  a r te fac t s ,  b u t  t h a t  some u n i t - m e m b r a n e s ,  a t  least,  
cons i s t  of (or con ta in )  subun i t s ,  p r e s u m a b l y  l ipid p ro t e in  
complexes .  B u t  t h e  more  e lec t ron  mic roscopy  a p p r o a c h e s  
t h e  molecu la r  level,  t h e  more  d i f f icul t  i t  becomes  to 
avo id  a r t e f a c t s  a l t o g e t h e r ;  t h e  p i c t u r e  of a u n i t - m e m -  
b r a n e  a n d  of i t s  subun i t s ,  as  seen on  t h e  e l ec t ron  micro-  
graphs ,  depends ,  to  some ex t en t ,  on t h e  m e t h o d  of 
spec imen  p r e p a r a t i o n ,  a n d  i t  is n o t  a lways  poss ible  to  
decide which  m e t h o d  is t h e  m o s t  re l iable  one. T h u s  t h e  
a r r a n g e m e n t  of t h e  l ipid a n d  p ro t e i n  molecules  in t h e  
s u b u n i t ;  is s t i l l  u n c e r t a i n ;  i t  m a y  be  d i f f e ren t  in d i f fe ren t  
t ypes  of m e m b r a n e s ,  a n d  i t  m a y  even  d e p e n d  in t h e  s a m e  
m e m b r a n e  on  t h e  f u n c t i o n a l  s t a t e  of t h e  cell (DEuTSCH 
a n d  KRAUSE6). (For  a more  de ta i l ed  discuss ion of these  
p r o b l e m s  see KORN 7 a n d  also DEUTSCH a n d  KRAUSE6). 

T h e  or igin of t h e  fibrils, wh ich  are  occas ional ly  found,  
is r a t h e r  obscure ;  t h e y  m a y  c o n s t i t u t e  a s t r u c t u r a l  u n i t  
of t h e  m e m b r a n e  (possibly cons i s t ing  of s t r u c t u r a l  pro-  
teins,  KORN 7) or  t h e y  m a y  be  fo rmed  as t h e  r e su l t  of 
spec imen  p r e p a r a t i o n .  B u t  t h e y  do  n o t  c o n s t i t u t e  a con-  
t a m i n a t i o n ,  as t h e y  h a v e  n o t  been  seen in spec imens  
p r e p a r e d  b y  o t h e r  me thods .  Our  f indings,  however ,  are  in 
a g r e e m e n t  w i t h  a t h e o r y  p roposed  b y  some a u t h o r s  ac- 
co rd ing  to wh ich  t h e  cell m e m b r a n e s  form a la t t i ce  of 
f ib rous  pro te ins .  Th i s  h y p o t h e s i s  is based  on  e lec t ron-  
microscopic  i n v e s t i g a t i o n s  of e r y t h r o c y t e  ghos t s  (see, for 
example ,  GIESES). 

Zusammen/assung. Isol ier te  M e m b r a n e n  yon  Mito-  
c h o n d r i e n  (Ra t t e )  w u r d e n  m i t  K a l i u m p e r m a n g a n a t  
f ixiert ,  m i t  U l t r a s ch a l l  b e h a n d e l t  u n d  d a n n  b e d a m p f t .  
E l e k t r o n e n m i k r o s k o p i s c h e  A u f n a h m e n  zeigen eine g r a n u -  
l~tre S t r u k t u r  u n d  ge legent l ich  a u c h  Fasern .  Diese E r g e b -  
nisse s ind im E i n k l a n g  m i t  d e n e n  e in iger  a n d e r e r  Auto ren .  
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Fig. 2. Isolated mitochondrial membranes, fixed with potassium 
permanganate, treated ultrasonically, shadowed. Patch of dis- 
rupted membrane, consisting of 'structural globular particles' (sgp) ; 
fibril (f). × 53,000. 
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