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creased SCE ra t e s  are  o b t a i n e d  w i t h  inc reas ing  exposure  
t imes  u p  to a b o u t  15 m i n  exposure  a f t e r  w h i c h  t he re  is no  
f u r t h e r  s ign i f i can t  increase  o t h e r  t h a n  t h a t  due  to  U V - A  
alone.  W i t h  t h e  o t h e r  c o n c e n t r a t i o n s  of 8 -MOP used  in  
these  e x p e r i m e n t s  t h i s  p l a t e a u  in SCE ra te ,  t h e  level  of 
w h i c h  is d e p e n d e n t  on t h e  8-MOP concen t r a t i on ,  was  also 
r eached  w i t h i n  15 min .  
An  in t e r e s t i ng  f ea tu re  of these  inves t iga t ions ,  un l ike  those  
s tud ies  in  w h i c h  a n  ac t ive  a g e n t  is p r e s e n t  t h r o u g h o u t  7 
or  d u r i n g  t he  l a t t e r  ha l f  of cu l tu re  life s, is t h a t  the  d a m a g e  
m u s t  occur  on  exposure  to  t he  l igh t  in  Go w h e n  t he  chro-  
mosomes  h a v e  n o t  i n c o r p o r a t e d  B r d U  label  in to  e i t he r  
s t r and .  Never the less ,  t h e r e  is a dose r e l a t ed  response  in 
t e r m s  of v is ible  SCEs a f t e r  2 r ep l i ca t ion  cycles. P re l imi -  
n a r y  e x p e r i m e n t s  (not  shown)  in w h i c h  B r d U  was a d d e d  
l a t e r  (24 h a f t e r  t h e  i n i t i a t i o n  of cul ture)  i nd i ca t e  t h a t  in-  
c o r p o r a t i o n  of B r d U  d u r i n g  repa i r  i m m e d i a t e l y  a f t e r  8- 
M O P / U V - A  t r e a t m e n t  does  n o t  a c c o u n t  for t h e  i n d u c t i o n  
of t he  SCEs. M i t o m y c i n  C which,  l ike 8 -MOP w i t h  UV-A,  
p roduces  D N A  s t r a n d  cross- l inks  1~ is also a p o t e n t  in-  
duce r  of SCEs ~, s sugges t ing  th i s  fo rm of d a m a g e  leads  to  
SCEs. However ,  t hese  agen t s  p roduce  m o n o a d d u c t s  as 
well  as cross- l inks  11 and  i t  m a y  be  t h a t  i t  is single s t r a n d  
d a m a g e  w h i c h  resu l t s  in  SCEs whi le  m u c h  of t he  d a m a g e  
due  to  cross- l inks  is u n r e p a i r a b l e  a n d  l e tha l  to  these  cells. 
The  l e t h a l i t y  of these  d rugs  would  s u p p o r t  th i s  in t e r -  
p r e t a t i o n .  I n  a n y  case i t  would  seem t h a t  some of t h e  
d a m a g e  r ema ins  u n r e p a i r e d  u n t i l  a f t e r  r ep l i ca t ion  a l t h o u g h  

we h a v e  no  i n f o r m a t i o n  on  w h a t  p r o p o r t i o n  th i s  m a y  re- 
p resen t .  Pos t - r ep l i ca t ion  r epa i r  is be l i eved  to be  e r ror  
prone12 a n d  if SCEs ref lect  t h i s  fo rm of r epa i r  t h e i r  ap-  
pea rance  should  be  r ega rded  as an  i nd i ca t i on  of a n  in-  
c reased  r i sk  of m u t a t i o n .  
A r ecen t  r e p o r t  13 descr ibed  a s t u d y  of SCE ra t e s  a f t e r  8- 
M O P  a n d  U V - A  in cells f r om a single h e a l t h y  adu l t .  A 
precise  c o m p a r i s o n  is d i f f icul t  because  of d i f ferences  in  ir- 
r a d i a t i o n  t e c h n i q u e  used b u t  a n  8 -MOP c o n c e n t r a t i o n  de- 
p e n d e n t  increase  in SCEs was also shown.  
I t  is of p r a c t i c a l  i m p o r t a n c e  t h a t  d a m a g e  caused  to  
l y m p h o c y t e s  in  Go b y  U V  a c t i v a t e d  8-MOP resu l t s  in a 
dose d e p e n d e n t  increase  in SCEs because  i t  follows, as we 
h a v e  been  able  to  d e m o n s t r a t e  14, t h a t  b lood  t a k e n  f rom 
p a t i e n t s  t r e a t e d  w i t h  8 -MOP a n d  i r r a d i a t e d  in v i t ro  
shou ld  show SCE ra t e s  w h i c h  would  ind ica t e  t he  level  of 
8 -MOP in t he  c i rcula t ion .  F u r t h e r  i t  shou ld  be  possible  to  
assess d a m a g e  wh ich  occurs  in  v ivo  p rov ided  t he  cells h a v e  
n o t  r ep l i ca ted  since t he  d a m a g e  occurred.  W e  are  cur-  
r e n t l y  i n v e s t i g a t i n g  th i s  poss ibi l i ty .  
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Summary. P h o s p h a t a s e  a c t i v i t y  ident i f ied  w i t h  N a + - K + - A T P a s e  was localized a t  the  basa l  surface  of ce rebra l  cor t ica l  
cap i l l a ry  e n d o t h e l i u m  b y  per fus ion  w i t h  a p - n i t r o p h e n y l  p h o s p h a t e - s t r o n t i u m  med ium.  The  r e l a t ionsh ip  of th i s  to  t he  
b lood -b ra in  ba r r i e r  to  K + is discussed.  

The  c o n c e n t r a t i o n  of K+ in ce rebrosp ina l  f luid a n d  b r a i n  
in te rce l lu la r  f luid is m a i n t a i n e d  a t  a level  below t h a t  of 
n o r m a l  b lood  p l a sma ,  a n d  is la rgely  i n d e p e n d e n t  of 
f l uc tua t i ons  in  p l a s m a  K+ c o n c e n t r a t i o n  1. The  m a i n -  
t e n a n c e  of th i s  c o n c e n t r a t i o n  di f ference impl ies  t he  pre-  
sence of a n  ac t ive  t r a n s p o r t  s y s t e m  capab le  of expel l ing  
IZ+ f rom b r a i n  in te rce l lu la r  f luid i n to  blood. 2 g roups  of 
s t r u c t u r e s  seem to  be  possible  s i tes  of ac t ive  r egu l a t i on :  
t he  e n d o t h e l i u m  of b r a i n  capil lar ies ,  a n d  t he  a s t rocy t e s  
whose  foot  processes  t e r m i n a t e  on t he  basa l  lamel lae  of 
these  capi l lar ies  2. T he  close p r o x i m i t y  of these  s i tes  m e a n s  
t h a t  a n  u l t r a s t r u c t u r a l  app roach  is requ i red  for  d iscr im-  
i na t i on  be tween  t h e m .  W e  h a v e  e x a m i n e d  th i s  p r o b l e m  
us ing  a c y t o c h e m i c a l  t echn ique ,  based  on  t he  c a p t u r e  b y  
Sr  2 + of p h o s p h a t e  l i b e r a t e d  f rom p - n i t r o p h e n y l  p h o s p h a t e ,  
for  t h e  loca l iza t ion  of t h e  p h o s p h a t a s e  s tep  of Na+-K+-  
A T P a s e  2. 
Method. The  b r a i n s  of a d u l t  ma le  r a t s  were f ixed b y  per -  
fus ion  for  15 m i n  a t  15~ w i t h  a f i xa t ive  a t  pI-I 7.4 con-  
t a i n i n g  g lu t a r a ldehyde ,  0 .25% ; fo rma ldehyde ,  2 .0% ; di-  
m e t h y l  su lphoxide ,  5 .0%;  sod ium eacodyla te ,  0.1 M. The  
b r a i n  was t h e n  pe r fused  in s i tu  w i t h  t he  fol lowing so- 
lu t ions ;  t h e  t i m e  i n t e rva l s  i nd i ca t e  equ i l i b ra t ion  per iods  
b e t w e e n  per fus ions :  0.1M Tris-HC1 p H  9.0, 2 • 2 m i n ;  in-  
c u b a t i o n  med ium,  4 •  m i n ;  0.1M Tris-I-IC1 p H  9.0, 
2 •  m i n ;  0.25M sucrose,  1 •  m i n ;  1.0% Pb(NO~)2, 
2 •  ra in ;  0.25M sucrose,  1 •  m i n ;  0.1 M Tris-HC1 p H  

9.0, 2 •  m i n  (compos i t ion  of i n c u b a t i o n  m e d i u m :  Tris-  
HC1 p H  9.0, 100 raM; MgC12, 10 mM;  SrCI~, 20 mM;  KCI, 
10 mM;  d i sod ium p - n i t r o p h e n y l  p h o s p h a t e ,  5 m M ;  L- 
t e t ramiso le ,  1 mM) *. Pieces of t e m p o r a l  co r t ex  were pos t -  
f ixed in 1% o s m i u m  t e t r o x i d e  and  p r e p a r e d  for e lec t ron  
microscopy.  
Results and discussion. Elec t ron -dense  r eac t ion  p r o d u c t  
a p p e a r e d  as small ,  g r a n u l a r  c lumps  on  p l a s m a  m e m b r a n e s .  
The  b u l k  of t he  p r o d u c t  was  found  on  t he  surfaces  of t he  
cap i l l a ry  endo the l i a l  cells r e m o t e  f rom t h e  b lood (figure 1). 
R e a c t i o n s  e lsewhere  were weaker  or  absen t .  Cont ro l  
b ra ins ,  pe r fused  w i t h  e i t he r  K+-free or subs t r a t e - f r ee  
media ,  showed l i t t l e  or no  r eac t i on  p r o d u c t  (figure 2). 
These  e x p e r i m e n t s  show t h e  p resence  of a K + - d e p e n d e n t  
p - n i t r o p h e n y l  p h o s p h a t a s e  a c t i v i t y  of t h e  t y p e  ident i f ied  
w i t h  t he  p h o s p h a t a s e  s tep  of N a + - K + - A T P a s e  in t h e  kid-  
n e y  a n d  o the r  o rgans  4-~. W e  h a v e  p rev ious ly  Shown t h a t  
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Fig. 1. Incubation in presence of 10 mM K +. Electron-dense reaction 
product present on basal surface of endothelial cell. Perieytes and 
glial processes free of reaction. Bar represents 0.5 txm. 

Fig. 2. Incubation in K+-free medium. Reaction weak or absent in 
all layers. Bar represents 0.5 l~m. 

such  a c t i v i t y  is well  p r e se rved  in r a t  b r a i n  u n d e r  the  
f i xa t ion  cond i t ions  emp loyed  here,  and  is n o t  ser iously  in-  
h i b i t e d  b y  the  c o m p o n e n t s  of t he  i n c u b a t i o n  med i u m,  
e i the r  s ingly  or t o g e t h e r  s. However ,  t he  poss ib i l i ty  exis ts  
t h a t  t he  endo the l i a l  loca l iza t ion  is d e t e r m i n e d  b y  t h e  
vascu la r  rou t e  of p r e s e n t a t i o n  of med ia  r a t h e r  t h a n  b y  the  
t r u e  a n a t o m i c a l  d i s t r i b u t i o n  of the  enzyme.  P r e s e n t a t i o n  
of i n c u b a t i o n  m e d i a  b y  per fus ion  m a y  b ias  t he  i n t e n s i t y  
of r eac t i on  so t h a t  s i tes  nea r  t he  vessel  l umen  ai~pear m o s t  
act ive .  U n f o r t u n a t e l y  th i s  is d i f f icul t  to  t e s t  as i n c u b a t i o n  
of per fus ion- f ixed  50 ~zm slices of b r a i n  in  v i t r o  gives a 
wide ly  d i s t r i b u t e d  r eac t ion  i n d e p e n d e n t  of K +. 
The  ev idence  p r e s e n t e d  suppo r t s  t he  p roposa l  t h a t  K+ 
c o n c e n t r a t i o n  in b r a i n  in te rce l lu la r  f luid m a y  in p a r t  be 
r egu l a t ed  b y  ac t ive  t r a n s p o r t  t h r o u g h  endo the l i a l  ceils, 

m e d i a t e d  b y  N a + - K + - A T P a s e  a t  endo the l i a l  p l a s m a  
m e m b r a n e s .  Th i s  does n o t  exc lude  t h e  poss ib i l i ty  of glial  
pa r t i c ipa t i on ,  as t h e  large surface  a rea  of t h e  glial pro-  
cesses could c o m p e n s a t e  for t he i r  a p p a r e n t l y  low N a  +- 
K + - A T P a s e  a c t i v i t y  per  u n i t  area.  However ,  i t  is p r o b a b l e  
t h a t  K+ t r a n s p o r t  a t  t h e  b l o o d -b ra i n  in te r face  d ep ends  
s ign i f i can t ly  on  t h e  ac t iv i t i es  of t h e  endo the l ium,  ill con-  
t r a s t  w i t h  t h e  e p i t h e l i u m - d o m i n a t e d  t r a n s p o r t  processes  
of t h e  choro id  p lexus  ~, 10 
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9 M.W. Brightman and T. S. Reese, J. Cell Biol. 40, 648 (1969). 
10 T .H.  Milhorat, D. A. Davis and M. K. Hammock, Brain Res. 

99, 170 (1974). 

1 4 - 3 - 2  P r o t e i n  in  ra t  b r a i n  s y n a p s e s  1 
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Summary. The  d i s t r i b u t i o n  of t he  14-3-2 p ro t e in  in  r a t  b r a i n  synapses  was s tud ied  b y  i m m u n o  e lec t ron  microscopy.  The  
p ro t e in  was localized to  t h e  p o s t s y n a p t i c  web and  to  t h e  p o s t s y n a p t i c  m e m b r a n e ,  b u t  was also p r o m i n e n t  b o t h  in t he  
p r e s y n a p t i c  m e m b r a n e  a n d  in the  p r e s y n a p t i c  densi t ies .  No s ign i f i can t  a c t i v i t y  was obse rved  in t h e  s y n a p t i c  vesicles. 

The  d i s t r i b u t i o n  of t h e  14-3-2 p ro te in ,  i so la ted  an d  
cha rac t e r i zed  b y  Grasso  e t  al. e, was  s tud ied  b y  i m m u n o -  
e lec t ron  microscopy.  14-3-2 is a n e u r o n a l  p ro t e in  w i t h  a 
mo l .w t  of a b o u t  48,000-50,0002.  The  a c c u m u l a t i o n  of 
t he  p r o t e i n  d u r i n g  p o s t n a t a l  d e v e l o p m e n t  of t he  mouse  
a n d  t h e  a v i a n  op t ic  r e c t u m  has  been  s tudied~,  5, a n d  i t  
was  found  to  a c c u m u l a t e  d u r i n g  t h e  f i rs t  p o s t n a t a l  
m o n t h  of t he  mouse.  
Cicero e t  al. 6 p o i n t e d  o u t  a n e u r o n a l  loca l iza t ion  of t h e  
14-3-2 p r o t e i n  b y  f ind ing  a decrease  in t he  c o n t e n t  of t h e  
p r o t e i n  d u r i n g  n e r v e  d e g e n e r a t i o n  and  an  increase  in t h e  

a m o u n t  d u r i n g  n e r v e  r egenera t ion .  Grasso  e t  al. 3 also 
sugges ted  a s y n a p t o s o m a l  loca l iza t ion  of t h e  p ro t e i n  b y  
b iochemica l  me thods .  D u e  to  these  resu l t s  we found  i t  
i n t e r e s t i ng  to s t u d y  t h e  d i s t r i b u t i o n  of 14-3-2 b y  im-  
m u n o e l e c t r o n  microscopy,  an d  in t h i s  p a p e r  we h a v e  
focused our  a t t e n t i o n  on  t h e  s y n a p t i c  region.  
Material and methods. T h e  14-3-2 p ro t e i n  was pur i f ied  
f rom bee f -b ra in  acco rd ing  to  Grasso  e t  al.~, *, a n d  i ts  
a n t i s e r u m  was p r e p a r e d  accord ing  to  Cicero e t  al.% 
T h e  h o m o g e n e i t y  of t h e  a n t i g e n  was cont ro l led  b y  SDS  
gel e lec t rophores i s  (15% po lyac ry lamide )  accord ing  to  


