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i la r i t ies  h a v e  r ecen t l y  b e e n  d e m o n s t r a t e d  b e t w e e n  MFGI~: 
p r e p a r a t i o n s  a n d  p l a s m a  m e m b r a n e  f r ac t ions  f rom m a m -  
m a r y  cells 9. The  desc r ip t ion  ' m i l k  mic rosomes '  is t h u s  
mi s l ead ing  s i n c e  t he  endop lasmic  r e t i c n l u m  m e m b r a n e ,  
a l t h o u g h  be l ieved  to  be  r e l a t ed  d y n a m i c a l l y  to  t h e  Golgi  
a n d  p l a s m a  m e m b r a n e s ,  ha s  qu i te  d i f fe ren t  chemica l  a n d  
enzymic  c o m p o n e n t s  9. 

R e p o r t s  of cel lular  r u p t u r e  wh ich  re leased endop la smic  
r e t i c u l u m  (which would  p r oduce  mi lk  microsomes)  d u r i n g  
mi lk  secre t ion:~ : :  h a v e  b e e n  shown  b y  more  r ecen t  
s tud ies  2,* to  be  due  to  deficiencies in  f i xa t i on  a n d / o r  
e m b e d d i n g  t echn ique .  It has  b e e n  s h o w n  :~ t h a t  m i l k  
n o r m a l l y  con t a in s  a smal l  p e r c e n t a g e  of m i lk  f a t  globules  
w i t h  a cy top l a smic  c rescen t  a t t a c h e d ,  b u t  th i s  is a lways  
b o u n d e d  b y  a u n i t  m e m b r a n e .  Such  c rescents  are t oo  
i n f r e q u e n t  for  t h e i r  occas ional  c o n t e n t  of endop la smic  
r e t i c u l u m  to m a k e  a s ign i f i can t  c o n t r i b u t i o n  to a mi lk  
mic rosome  f r ac t ion  such  as t h a t  i so la ted  b y  MORTON. 

The  work  descr ibed  in th i s  r e p o r t  d e m o n s t r a t e s  t he  
u n i f o r m i t y  of t h e  b e h a v i o u r  a n d  s t r u c t u r e  of t he  M F G M  
in all  species so far  examined .  I n  t h e  cow t h e  va r ious  
ca tegor ies  of m i lk  mic rosomes  a n d  l i popro te in  par t ic les  
c a n  t h u s  now be  r e l a t ed  d i rec t ly  to  t h e  in i t i a l  MFGM.  
Since no ev idence  for a n y  s ign i f ican t  d i rec t  c o n t r i b u t i o n  
f rom t h e  cel lular  endop lasmic  r e t i c u l u m  h a s  been  ob- 
served,  ' p I a s m a l e m l n a s o m e '  wou ld  be  a more  a c c u r a t e  
desc r ip t ive  t e r m  t h a n  mi lk  mic rosome  for  t h e  b lebs  
p roduced  b y  b r e a k d o w n  of t he  in i t i a l  MFGM.  T he  b leb-  
b ing  of t he  in i t ia l  M F G M  (Figure 1, a -d )  is s imi la r  to  t h e  
b u d d i n g  off of v i rus  par t ic les  f rom infec ted  cells, a n d  such  
b lebs  are  e q u i v a l e n t  in  size a n d  s t r u c t u r e  to  C t y p e  
par t ic les  ~8 i so la ted  f rom t h e  mi lk  of b o v i n e  a n d  h u m a n  
l eukemia  pa t i en t s .  These  par t ic les  h a d  been  t e n t a t i v e l y  
iden t i f i ed  as v i rus  pa r t i c les  14-16. However ,  s imi la r  pa r -  
t icles were found,  t h o u g h  fewer in  n u m b e r ,  in  mi lk  f rom 
h e a l t h y  i nd iv idua l s  16. 

E x a m i n a t i o n  of t he  u p p e r  layers  of pe l le ts  f rom a n  
M F G M  f rac t ion  i so la ted  f rom c ream (inset, F igure  2) or 
f rom a h i g h  speed c e n t r i f u g a t i o n  of sk im  mi lk  (Figure 3) 
show par t ic les  wh ich  are  i nd i s t i ngu i shab Ie  f rom the  
m i c r o g r a p h s  of v i r ions  in  t he  DUTCHER et  al. 15 or DMO- 
CHOWSKI ~4 papers .  Th i s  s imi l a r i t y  in b o t h  size a n d  ap-  
p e a r a n c e  of some M F G M  vesicles a n d  t he  v i r ions  m a k e s  
iden t i f i ca t ion  of t he  l a t t e r  in  mi lk  f rac t ions  v e r y  dub ious  
on morpho log ica l  g rounds  alone. D e  HARYEN ls ha s  
s u m m a r i z e d  t he  m o r p h o l o g y  of t he  m u r i n e  v i ruses  a n d  
p o i n t e d  ou t  t he  dangers  of a s suming  t h a t  a n y  m e m b r a n e  

b o u n d e d  vesicle is t h e  cor rec t  size r a n g e  w i t h  dense  cored 
c o n t e n t s  m a y  be  a virus .  The  profi les of mi lk  mic rosomes  
s h o w n  (inset, F igure  2 a n d  F igure  3) look iden t i ca l  to  some 
of t he  less cha rac t e r i s t i c  (C type)  v i rus  par t ic les  in  D~ 
HARVEN'S exce l len t  m i c r o g r a p h s  or t he  ex t ra -ce l lu la r  
v i rus  par t ic les  f rom cu l tu red  l eukemic  cow cells i l l u s t r a t ed  
in a r ecen t  p a p e r  ~7. Th i s  emphas izes  t h e  d a n g e r  of a n y  
a t t e m p t  to  i den t i fy  such  a v i rus  on  p u r e l y  morpho log ica l  
g rounds  in mi lk  w i t h  i ts  n a t u r a l  c o n t e n t  of p l a s m a l e m m a -  
somes (in all  11 species so fa r  examined)  o r ig ina t ing  f rom 
b r e a k d o w n  of t h e  in i t ia l  MFGM.  

Zusammen/assung. M e m b r a n e n ,  welche  die Fe t tk i ige l -  
chen  de r  Milch umhi i l len ,  s ind  iden t i sch  m i t  dem P l a s m a -  
l e m m  der  seze rn ie renden  Zellen u n d  n i c h t  m i t  i J b e r r e s t e n  
yon  e n d o p l a s m a t i s c h e n  C y s t e r n e n m e m b r a n e n .  Das  
P l a s m a l e m m  erf / ihr t  n a c h  de r  Sekre t ion  eine c h a r a k t e -  
r i s t i sche  Ver~nde rung .  
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T h e  U l t r a s t r u c t u r e  of T h i o s o m e s  of the  M o u s e  B r a i n  

T h e  b ra ins  of m a m m a l s  c o n t a i n  p e r i v e n t r i c u l a r l y  
local ized glial  cells cha rac t e r i zed  b y  t h e  p resence  of 
cy top l a smic  g r a n u l a t i o n s  s t rong ly  s t a in ing  w i t h  Gomor i ' s  
c h r o m e  h a e m a t o x y l i n  a n d  a l d e h y d e  i uchs i n  fol lowing 
acid p e r m a n g a n a t e  ox ida t i on  :. These  g r a n u l a t i o n s  were 
shown  to c o n t a i n  large a m o u n t s  of cysteine2,  3. T he  a im  
of t he  p r e s e n t  p a p e r  was  t o  s t u d y  t h e  u l t r a s t r u c t u r e  of 
t h e  cys t e ine / su lphu r / - r i ch  glial  g ranu la t ions .  

SmM1 f r a g m e n t s  of p e r i v e n t r i c u l a r  b r a i n  t i ssue  f rom 
a d u l t  mice  were f ixed in  buf fe red  g lu t a r a ldehyde ,  pos t -  
f ixed in o s m i u m  te t rox ide ,  a n d  e m b e d d e d  in Epon .  U l t r a -  
t h i n  sect ions  were  c o n t r a s t e d  w i t h  lead h y d r o x i d e  a f t e r  
I~ARNOVSIKY 4 a n d  e x a m i n e d  in  a Tes la  B S  613 e lec t ron  
microscope.  

T h e  cy top Ia smic  g ranu les  of t h e  p e r i v e n t r i c u l a r  gl ia  of 
t he  mouse  b r a i n  show in t h e  e lec t ron  microscope  fea tu res  

d i s t i ngu i sh ing  t h e m  f rom other k n o w n  cell organelles .  
T a k i n g  t h i s  in to  account ,  as wel l  as t h e  fac t  t h a t  t h e y  
c o n t a i n  v e r y  m u c h  sulphur> t h e y  will be  cal led ' th io -  
SO1TIeS'. 

The  th io somes  a re  la rge  cy top l a smic  organel les ,  0.5 • 
3 a m  in d iamete r .  The  shape  is genera l ly  r o u n d  or ova l  
(Figures  1, 3, 4), s o m e t i m e s  i r r egu la r  (Figure  2). A single 
ex t e rna l  l im i t i ng  m e m b r a n e  is p resen t .  The  m a t r i x  of t h e  
t h i o s o m e  is a m o r p h o u s  or  g r a n u l a r  (Figure  1), showing  
s o m e t i m e s  1 or 2 clear  vacuoles .  The  m o s t  cha rac t e r i s t i c  
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Fig. 1-4. Thiosomes in periventricular 
'Gomori-positive' glial cells of the mouse 
brain. The thiosome in Figure 1 contains 
much grossly granular matrix, that from 
Figure 2 being formed predominantly by 
the larnellar stacks. Tile latter are indi- 
cated by the arrows. The magnification in 
Figures 1 and 2 is x 25575, in Figures 3 
and 4, • 36270. 

a n d  u n i q u e  fea tu re  of t he  t h io some  is t he  presence  of 
l amel la r  s t r u c t u r e s  (Figures  t -5 ) .  I n d i v i d u a l  l amel lae  a re  
th in ,  approx .  70 A, a n d  are  a r r anged  in to  piles of 4 to  12.. 
T h e y  a p p e a r  to  arise f rom i n v a g i n a t i o n s  of the  ou t e r  
l im i t i ng  m e m b r a n e  a n d  h a v e  connec t ions  w i th  m e m b r a n e s  
of t he  rough  endop lasmic  r e t i cu lum (Figure  5). T h e  
l amel l a r  s t r u c t u r e s  of t h e  th iosomes  are  d i s t i nc t  f rom 
mye l in  f igures  occur r ing  some t imes  in  t h e  lysosomes an d  
l ipofuscin  granules .  

The  c y t o p l a s m  of t h e  'Gomor i -pos i t ive '  glial  cells 
conta ins ,  in  add i t i on  to t he  th iosomes ,  n u m e r o u s  prof i les  
of saccules a n d  c i s t e rnae  of t he  r o u g h  a n d  s m o o t h  endo-  
p la smic  r e t i cu lum,  a n d  n u m e r o u s  2000 A- large, double  
m e m b r a n e - w a l l e d  vesicles w i t h  a core showing  s t rong  
pe rox idase  a c t i v i t y  5. The  m i t o c h o n d r i a  are sparse.  

T h e  biological  role of t h e  t h io somes  is u n k n o w n .  T h e y  
h a v e  been  s h o w n  to  be  d i s t i nc t  b o t h  f rom l ipofusc in  ~ an d  
lysosomes 3, I t  h a s  b e e n  also s h o w n  t h a t ,  in  a d d i t i o n  to 
t h e  large  a m o u n t  of su lphu r  presen t ,  t h e  th iosomes  con-  
t a i n  large q u a n t i t i e s  of ferr ic  i ron 6. I r o n - s u l p h u r  p ro te ins  
h a v e  b e e n  i so la ted  f rom a v a r i e t y  of sources  of bac ter ia l ,  

Fig. 5. Schematic drawing of a thiosome. Only the lamellar structure 
is shown. RER, rough endoplasmic reticulum. 

p lan t ,  an d  a n i m a l  or igin 7. I n  p l a n t s  t h e y  serve as p a r t  of 
an  e lec t ron  t r a n s p o r t  s y s t e m  in t h e  ch lo rop las t s  ~. Surpr is -  
ingly,  t h e  th iosomes  c o n t a i n  t h e  cha rac t e r i s t i c  l ame l l a r  
s tacks,  v e r y  s imi la r  morpho log ica l ly  to  ch lo rop las t  g r a n a  
(Figure  4). Th i s  m a y  be, of course, on ly  a superf ic ia l  a n d  
acc iden ta l  r esemblance .  Neve r the l e s s  the  t h io some  ap~ 
pears  to  be  a nove l  cy top la smic  organel le  cha rac t e r i zed  b y  
t h e  presence  of a n  i r o n - s u l p h u r  pro te in .  I n  an ima l s  such  
a p ro t e i n  h a s  b e e n  isola ted f rom t h e  a d r e n a l  co r t ex  s. T h e  
ad rena l  i r o n - s u l p h u r  p r o t e i n  is a h y d r o x y l a s e  a n d  such  
m a y  be  also t h e  f u n c t i o n  of t h e  glial  i r on - su lphu r  pro te in .  
Var ious  d rugs  a n d  tox ins  are i n a c t i v a t e d  b y  h y d r o x y l a -  
l ion  a n d  our  r e c e n t l y  p u b l i s h e d  9 a n d  u n p u b l i s h e d  d a t a  
p rov ide  a n  ind i r ec t  ev idence  for such  a f u n c t i o n  of t h e  
th iosomes .  A s ign i f i can t  n u m e r i c a l  increase  of t h e  th io-  
somes  h a s  b e e n  f o u n d  to  occur  a f t e r  t r e a t m e n t  of t h e  
an ima l s  w i t h  va r ious  d rugs"  a n d  fol lowing e the r  anaes-  
thes ia .  Thus ,  t h e  h y p o t h e s i s  of a p r o t e c t i v e  role p layed  
b y  t h e  th iosomes  in t h e  b r a i n  1,10 can  be  f u r t h e r  ex tended .  

Zusammen/assung.  Nachweis ,  dass  die chromh~ma-  
t oxy l inen ,  Gomor i -pos i t i ven  G r a n u l a  in pe r iven t r ikuUi ren  
Gliazel len des S~uge t ie rgeh i rns  grosse Organe l l en  m i t  
h o h e m  Schwefe lgeha l t  (Thiosomen)  u n d  cha rak t e r i s t i -  
scher  l amel l~re r  B i n n e n s t r u k t u r  dars te l len .  
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