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compared ,  i t  was  e v i d e n t  t h a t  t h e  ce rebra l  co r t ex  a n d  
ce rebe l lum h a d  been  affected in  a g raded  fashion.  I n  t h e  
an i ma l s  t h a t  received E N U  on d a y  14 of ges t a t ion  ce rebra l  
cor tex  a n d  ce rebe l lum a p p e a r e d  v e r y  sma l l  in  size 
(Figure  A), a n d  these  two neu ra l  s t r u c t u r e s  b e c a m e  larger  
a n d  la rger  in  g raded  m a n n e r  as we a p p r o a c h e d  t h e  
a n i m a l s  i n j ec t ed  on  h ighe r  s tages  of ge s t a t i on  (Figures  B 
a n d  C). I n  o the r  words,  E N U  h a d  severe  effects  on  t h e  
b r a i n s  of a n i m a l s  in j ec ted  on earl ier  s tages  of e m b r y o n i c  
d e v e l o p m e n t  a n d  these  effects  b e c a m e  less a n d  less 
p r o n o u n c e d  in t h e  b r a i n s  of an i ma l s  i n j ec t ed  a t  in- 
c reas ingly  a d v a n c e d  s tages  of embryogenes i s .  I d e n t i c a l  
o b s e rv a t i o n s  were m a d e  on  t h e  b ra ins  of an ima l s  t h a t  were 
sacr i f iced on days  15 a n d  75 of p o s t n a t a l  life, wh ich  
sugges ted  t h a t  these  gross d e v e l o p m e n t a l  defects  could 
be  d e t e c t e d  d u r i n g  w e a n i n g  per iod  a n d  t h a t  t h e y  were 
p e r m a n e n t  in  n a t u r e .  

W h e n  these  b r a i n s  were d issec ted  in to  b locks  for 
h i s to logy  i t  was  found  t h a t  even  t h e  i n t e r n a l  s t r u c t u r e s  
such  as basa l  ganglia ,  t h a l a m u s  an d  h y p o t h a l a m u s ,  wh ich  
could be  c o m p a r e d  u n d e r  d issec t ing  microscope,  showed  
s imi la r  g raded  changes  in t he i r  size. Gross changes  in t h e  
b r a i n s  of a n i m a l s  t r e a t e d  w i t h  E N U  dur ing  t h e i r  em- 
b ry o n i c  d e v e l o p m e n t  ref lect  t h e  poss ib i l i ty  of mass ive  
changes  in t h e  h is togenes is  of t h e  n e rv o u s  s y s t e m  as well  
as in  t h e  d i f f e r en t i a t i o n  of t h e  ex i s t ing  s tock  of neurons .  
However ,  exac t  n a t u r e  of these  changes  will  be  d e t e r m i n e d  
f rom his to logica l  e v a l u a t i o n  of th i s  mate r ia l .  I t  is w o r t h -  
whi le  to  c o m m e n t  t h a t  s imi la r  g raded  changes  in t h e  
overa l l  size of t h e  b r a i n  h a v e  been  p roduced  b y  low level  
doses of X - r a y  i r r ad i a t i o n  of t h e  r a t  e m b r y o s  in  our  
l a b o r a t o r y  as well  as a t  t h e  h a n d s  of o the r  inves t i t i -  
ga tors  4, s 

Zusammen[assung. "vViederholte A p p l i k a t i o n  y o n  _~thyl- 
n i t r o s o - H a r n s t o f f  bei  t r / i ch t igen  1Ratten b e w i r k t  bei  
F 6 t e n  eine H e m m u n g  de r  G e h i r n e n t w i e k l u n g ,  wobe i  v o r  
a l l em die H e m i s p h / i r e n  u n d  das  Cerebe l lum u n t e r e n t -  
wicke l t  b le iben .  Diese H e m m u n g  is t  a m  ausgepr / ig tes ten iw 
w e n n  die B e h a n d l u n g  a m  14. T ag  de r  Tr/~cht igkei t  ein- 
setzt .  
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Milk M i c r o s o m e s ,  Viruses ,  and the Milk Fat Globule M e m b r a n e  

I n  1954 MOR~coN 1 i so la ted  l i pop ro t e in  par t ic les  f rom 
mi lk  f a t  g lobules  wh ich  he  l a t e r  d e m o n s t r a t e d  h a d  con- 
s iderab le  b iochemica l  h o m o l o g y  w i t h  mic rosomes  der ived  
f rom endop laamic  r e t i cu lum of m a m m a r y  gland.  

R e c e n t  e x a m i n a t i o n  of m a m m a r y  t i ssue  of cows a n d  
goa ts  b y  c o n v e n t i o n a l  t r a n s m i s s i o n  mic roscopy  has  shown  
t h a t  t he  mi lk  f a t  g lobule  m e m b r a n e  (MFGM) r ap id l y  
changes  i ts  s t r u c t u r e  a f te r  re lease of t h e  globule  f rom t h e  
sec re to ry  epi thel iumS,  a t h u s  con f i rming  t he  p red ic t ion  of 
KNooP, BAR,MANN and  t h e i r  co-workers  (for a review, 
see reference4).  I m m e d i a t e l y  a f t e r  release f rom t h e  cell 
t h e  f a t  globules  h a v e  a c o n t i n u o u s  u n i t  m e m b r a n e  plus  
a t h i n  coa t  of cy top l a smic  m a t e r i a l  ( ini t ia l  MFGM).  Th i s  

a p p e a r s  to  r ap i d l y  b l eb  off in  sma l l  vesicles or l i f t  off in 
sheets  in to  t h e  mi lk  s e rum leav ing  s m a l l  b lebs  a n d  p l aques  
r e m a i n i n g  on  t h e  ' s econda ry  M F G M '  3 wh ich  is seen as a 
c o n t i n u o u s  s ingle dense  l ine  a r o u n d  t h e  globule 3. This  
desc r ip t ion  h a s  n o w  been  found  t rue  for m i lk  fa t  globules 

1 R. K. Mo~t~oN, Biochem. J. 57, 231 (1954). 
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f r o m  all  t h e  a n i m a l s  so  f a r  e x a m i n e d ,  i.e. h u m a n ,  ho r se ,  
dog ,  w a l l a b y ,  cow,  goa t ,  shee t ,  p ig ,  m o u s e ,  r a t  a n d  
g u i n e a - p i g  ( F i g u r e  1, a - d ) ,  u s i n g  t h e  e l e c t r o n  m i c r o s c o p e  
t e c h n i q u e s  d e t a i l e d  fn  p r e v i o u s  p a p e r s  2, ~ 

T h e  p a r t i c l e s  s e e n  o n  t h e  M F G M  a f t e r  f r e e z e - e t c h i n g  5 
o r  s h a d o w i n g  6 a n d  c h a r a c t e r i z e d  b i o c h e m i c a l l y  as  l ipo-  
p r b t e i n  (see r e f e r e n c e  ~ fo r  a r ev i ew)  a r e  i d e n t i c a l  in  s ize  
r a n g e  a n d  l o c a t i o n  t o  t h e  s m a l l  b l e b s  of  u n i t  m e m b r a n e  
w i t h  e l e c t r o n - d e n s e  c o n t e n t  s h o w n  in  F i g u r e  1, b - d .  I 
h a v e  a l so  e x a m i n e d  t h e  M F G M  i s o l a t e d  b y  c h u r n i n g  
w a s h e d  c r e a m  a n d  u l t r a c e n t r i f u g i n g  t h e  b u t t e r  m i l k .  
U n i t  m e m b r a n e  b o u n d e d  v e s i c l e s  w i t h  e l e c t r o n - d e n s e  
c o n t e n t  ( inse t ,  F i g u r e  2) w e r e  f o u n d  t h r o u g h o u t  t h e  p e l l e t  
p r o d u c e d  a n d  t h e  l o w e r  l a y e r s  c o n t a i n e d  i n c r e a s i n g l y  

l a r g e  p ro f i l e s  of  u n i t  m e m b r a n e  c o a t e d  o n  o n e  s u r f a c e  
w i t h  e l e c t r o n - d e n s e  m a t e r i a l -  i d e n t i c a l  w i t h  t h e  in i t i a l  
M F G M  ( F i g u r e  2) a n d  t h e  M F G M  p r e p a r a t i o n s  of  K]~ENAN, 
OLSON a n d  MOLLENHAUIER s. T h i s  is t h e  p r o c e s s  u s e d  to  iso-  
l a t e  m i l k  m i c r o s o m e s  b y  MORTON 1 a n d  s i n c e  t h e y  a r e  in  
t h e  s a m e  s ize  r a n g e  ( 3 0 0 - 2 0 0 0 A )  it. is  r e a s o n a b l e  t o  
a s s u m e  t h a t  t h e s e  u n i t  m e m b r a n e  b o u n d e d  ve s i c l e s  a r e  
t h e  s a m e  as  MORTON'S m i l k  m i c r o s o m e s .  M i c r o s o m e s  a r e  
g e n e r a l l y  d e f i n e d  as  p r o d u c t s  of  t h e  v e s i c u l a t i o n  of  cel-  
l u l a r  e n d o p l a s m i c  r e t i c u l u m .  H o w e v e r ,  in  t h i s  c a se  t h e  
i n i t i a l  M F G  u n i t  m e m b r a n e  is  p a r t l y  d e r i v e d  f r o m  t h e  
p l a s m a  m e m b r a n e  (BARGMANN a n d  WELSCH 4) of  t h e  
s e c r e t o r y  cel l  a n d  p a r t l y  d i r e c t l y  f r o m  Golg i  ves i c l e  
m e m b r a n e S .  C o n s i d e r a b l e  c h e m i c a l  a n d  b i o c h e m i c a l  s i re -  

Fig. 1. Transverse sections through the membranes around milk fat 
globules from a) and b) rat ;  c) human  and d) rabbit. The initial 
MFGM is shown between arrowheads, the secondary MFGM by 
double arrowheads. Blebbing is apparent in all three species, a) 
• 140,000. b) • 120,000. c) X 100,000. d) x 120,000. 

Fig. 2. Section of a pellet from washed cow cream subjected to 1 
freeze and thaw cycle and centrifuged at 86,000 x g for 90 rain. Long 
profiles of initial MFGM (between arrowheads) are found towards 
the bot tom of the pellet. Inset are vesicles typical of those found 
throughout  the pellet. They are bounded by a unit membrane and 
contain a dense core. • 36,000. Insets • 250,000. 

Fig. 3. Two vesicles from a pellet from cow skim milk centrifuged at 
86,000 • g for 30 rain. • 250,000. 
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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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