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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 

8 J .A.  Firth, J. Anat. 120, 414 (1975). 
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 

L. R6nnb~ick,  L. Persson,  H.-A.  Hansson ,  K. G. Hag l id  a n d  A. Grasso 

Institute of Neurobiology, University o/Gdteborg, S-400 33. Gdteborg (Sweden), 53 December 7976 

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  
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Shapiro  e t  al. s. No impur i t ies  were de tec table .  The ant i -  
bodies  were con juga ted  to horse rad i sh  peroxidase  (Sigma 
Chem. Co., St. Louis,  Mo., USA,  T y p e  u  according to  
Hagl id  e t  al.% The labelled an t ibodies  were sepa ra ted  
f rom free a ldehyde  and  free perox idase  on a G-75 sepha-  
dex  co lumn (Pharmacia ,  Uppsala ,  Sweden).  An t i s e rum 
to  14-3-2, r epea t ed ly  absorbed  wi th  pure  an t igen  1~ was 
used as a control .  
R a t s  of t he  Sprague-Dawley  s train,  weighing 150-200 g, 
were anaes thes ized  wi th  e the r  and  t rans -card ia l ly  per-  
fused wi th  4% fo rma ldehyde  and  0.1% picric acid in 
0.15 M cacodyla te  buffer ,  fol lowed b y  immers ion  in t he  
same f ixa t ive  for 1 h. P a r t s  of t he  CNS were dissected and  
immersed  in 0.15 M cacodyla te  buffer ,  p H  7.2. Selected 
t issue pieces were sec t ioned in 10-20 a m  th ick  sect ions 
on a V ib ra tome  set  (Oxford Lab. ,  Calif., USA).  The 
sect ions  were incuba ted  for 45 min  in 0.15 M cacodyla te -  
buffer ,  con ta in ing  an t i s e rum agains t  14-3-2 p ro te in  
coupled  w i t h  peroxidase .  T h e y  were t h e n  ex tens ive ly  
r insed,  and  i n c u b a t e d  in a cacodyla te -buf fe red  solut ion 
of 3, 3 ' -d iaminobenzid ine  and  hyd rogen  peroxide  11. The 
sect ions  were  r insed in buffer ,  pos t f ixed  in osmium 
te t rox ide ,  d e h y d r a t e d  in a g raded  series of e thanol  and  
e m b e d d e d  in Epon .  Thick  sect ions  were cut  on an ul t ra-  
m ic ro tome  (LKB U l t r o t o m e  I I I )  and  examined  in a 
phase  con t r a s t  microscope.  Selected areas were sect ioned 
for s t u d y  in an e lec t ron microscope (Siemens E lmiskop  
1A). T h e y  were s tud ied  uns ta ined .  
Resul ts  and  discussion.  Modera te  peroxidase  act iv i ty ,  
ind ica t ing  the  presence  of 14-3-2 prote in ,  was  observed 

in t he  neurona l  endoplasmic  re t icular  and nuclear  
membranes .  Neurona l  p l a s m a l e m m a  showed a low ant i -  
14-3-2 act iv i ty .  No anti-14-3-2 ac t iv i ty  was observed in 
t he  Golgi membranes .  Modera te  peroxidase  ac t iv i ty  was 
found  in the  ou te r  mi tochondr i a l  membrane .  The la t t e r  
ac t iv i ty  was, however ,  to some e x t e n t  also observed in 
t he  contro l  sections,  and p r o b a b l y  due to  endogeneous  
oxidases.  Thus,  a t  least  p a r t  of the  mi tochondr ia l  peroxi-  
dase  ac t iv i ty  was  unspecif ic  and  n o t  re la ted  to  t h e  
14-3-2 protein .  
An in tense  anti-14-3-2 ac t iv i ty  was observed  in mos t  
synapses  s tudied.  This  synap t i c  anti-14-3-2 ac t iv i ty  was  
h igh  in the  p o s t s y n a p t i c  web  and the  pos t synap t i c  
membrane ,  b u t  was also p r o m i n e n t  b o t h  in the  pre-  
synap t i c  m e m b r a n e  and in t he  p r e synap t i c  densi t ies  
(figures 1-3). No s ignif icant  ac t iv i ty  was observed  in the  
synap t ic  vesicles. 
Ast rocytes ,  o l igodendrocytes ,  endothe l ia l  cells and peri-  
cytes  all lacked s ignif icant  ac t iv i ty .  No  j u d g e m e n t  could 
be made  on any  ac t iv i ty  in myelin,  because  the  endo-  
geneous e lectron opac i ty  of myel in  was considerable  even 
in t he  contro l  sections.  
Cicero et  al. 5 sugges ted  a neuronal ,  especial ly axoplasmic  
local izat ion for t he  14-3-2 prote in .  This was conf i rmed by  
Grasso et  al. ~,7, who  p re sen ted  b o t h  biochemical  and 
immunoe lec t ron  microscopical  data ,  po in t ing  to a syn- 
ap tosomal  local izat ion of t he  prote in .  In  th is  s t u d y  it is 
conf i rmed by  i mmu n o e l ec t ro n  microscopy t h a t  t he  
14-3-2 p ro te in  is localized to  nerve  cell processes,  includ- 
ing b o t h  axons  and  dendr i tes ,  as well as to synap t ic  
junc t ions  in brain.  We  have  shown t h a t  the  pro te in  is 
accumula ted  no t  only  to t he  pos t synap t i c  membrane ,  
b u t  also to the  p re synap t i c  densit ies,  a l though  with  a 
lower anti-14-3-2 ac t iv i ty  a t  th is  location.  This means  
t h a t  there  migh t  be a s t ruc tu ra l  and  funct ional  s imi lar i ty  
in the  pre-  and  p o s t s y n a p t i c  m e m b r a n e s  concerning the  
14-3-2 protein .  
The func t ion  of the  p ro te in  is ye t  unknown,  a l though  
enolase ac t iv i ty  has  been found  in immunoprec ip i t a t i on  
lines in agarose, caused  by  ant i -beef  14-3-2 r abb i t  serum 
and  bra in  ex t r ac t s  12. However ,  wi th  th is  synap t i c  locali- 
zat ion,  it  is t e m p t i n g  to pos tu la t e  t h a t  the  funct ion  of 
14-3-2 is re la ted  to the  d i f fe ren t ia ted  funct ions  of neurons.  

Fig. 1. Synapses in the rat frontal lobe, incubated to show the 
14-3-2 protein. Intense anti-14-3-2 activity is observed in the post- 
synaptic web (large arrow) and in the presynaptic densities (arrow 
head). Low anti-14-3-2 activity is observed in the neuronal plasma- 
lemma (small arrow). Formaldehyde-picrlc acid fixation. Unstained. 
x 45,000. 
Fig. 2. Synapses in the rat frontal lobe, incubated to show the 14-3-2 
protein. Intense anti-14-3-2 activity is observed in the postsynaptie 
web (arrow) and in the presynaptic densities(arrow head). Formal- 
dehyde-picric acid fixation. Unstained. • 
Fig. 3. Synapses in the rat frontM lobe, incubated with antiserum to 
14-3-2 which had been repeatedly absorbed with pure 14-3-2. No 
specific anti-14-3-2 activity is observed. Formaldehyde-picric acid 
fixation. Unstained. • 
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