
15. 5. 1974 Specialia 511 

S-IO0 Protein in Cerebral Cortex Synaptosomes  

S-100 protein has been shown to be specific to the  
nervous  sys tem ~ and to conserve its immunologica l  
iden t i ty  th roughout  phy logenes i s2- t  I t  is general ly 
assumed to be a soluble prote in  of the  glia 5-s. Ev idence  is 
now avai lable  t h a t  the prote in  is also a neuronal  one, and 
tha t  i t  flows along the  axon9. 

In  order to gain fur ther  informat ion  on neuronal  S-100, 
the exper iments  to be described deal  w i th  the  local izat ion 
of S-100 protein in the  synaptosomal  subfract ions of 
guinea=pig cerebral  cortex. The results indica te  t h a t  
synaptosomes do conta in  S-100 protein,  especially in thei r  
soluble fraction, 

Materials and methods. Synaptosomal  subfrac t ions  
from the  cerebral  cortex of guinea-pig, weighing 200-250 g, 
were obta ined  according to the  methods  of WHITTAKER 
et al. ~0 and WHITTAKER and SHERIDAN 11, except  t h a t  
the  crude mi tochondr ia l  f ract ion (pellet P2) was washed 
twice before hypo-osmot ic  shock. 

S-100 prote in  was measured immunologica l ly  by 
complement  f ixa t ion  assay by the  me thod  of MOORE and 
PER~Z ~2, w i th  an  incubat ion  t ime  of 19-20 h at  2-4~ 
Samples wi th  complement  alone, and wi th  complement  

and ant iserum, were assayed to tes t  the an t i complemen ta ry  
ac t i v i t y  of the ant igens and ant iserum. S-100 protein 
was obta ined from ox brain using the  method  of MOORE ~. 
The ant i serum was obta ined and character ized according 
to the  method  of ZUCK~RMAN et aI. x~. 

The soluble proteins  of synaptosomes were separated 
by  disc electrophoresis by the  methods  of ORNSTEIN ~4 and 
DAVIS ~5. The  S-100 in the  gel was immunologica l ly  
recognized, as indicated in Figure  1: When  requi red , ,  
~2sI-S-100 was used. The iodinat ion of S-100 was 
carried ou t  e lec t rochemical ly  using the  me thod  of 
R o s a  et at. ~6. z25i_S_100 conserves the  immunologica l  and 
electrophoret ic  propert ies  of the  na t ive  S-100~L Prote in  
was determined by the  me thod  of LowRY et al. ~s 

Results and discussion. S-100 prote in  is present  in all 
the  subfract ions of synaptosomes:  as shown in Table  I, 

Table I. Distribution of S-100 protein in subfractions of synapto- 
somes and in cytosol (150,000 g supernatant) from guinea-pig cerebral 
cortex 
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Fig. 1. Polyacrylamide-gel (7.5%) electrophoretic pattern of the 
soluble fraction of synaptosomes from guinea-pig cerebral cortex 
(500 ~g protein). An unstained gel was sliced into 2 mm sections. 
Each gel slice was homogenized in a hand-operated homogenizer in 
0.5 ml distilled water, and the proteins were allowed to diffuse by 
gently stirring overnight at 2M~ An aliquot of each solution was 
taken for complement fixation against anti-S-100 antiserum. The 
graph shows the positive immunological reaction in the band moving 
with the front (S-100 protein). 

Fraction S-lO0/g cerebral cortex S-lO0/mg protein 

(tLg) (~g) 

O (soluble) 24.89 q- 5.79 8.14/:  0.85 
D (vesicular) 1.93 4- 0.43 2.64 ~ 0.61 
E (microsomal) 0.71 / :  0.19 1.36 :h 0.25 
F (membranous) 0.34 -4- 0.17 0.97 :j= 0.37 
G (membranous) 0.48 q- 0.17 0.80 ~ 0.29 
H (heterogeneous) 0.64 -4- 0.18 1.30 =h 0.54 
eytosol 177,97 • 45.79 5.39 ~ 1.18 

For identification of subfractions (O, D, E, F, G, H) see WHITTAKER 
et al. 10 The values are the mean of 6 experiments in triplicate Jz S.D. 
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the  specific ac t iv i ty  as well as the  re la t ive amoun t  of S-100 
is max ima l  in the  soluble f rac t ion  of synap tosomes  (O) 
followed by  the  vesicular  (D), microsomal  (E), and  mem-  
branous  fract ions (F and G) in t h a t  order.  The re la t ively  
high values of S-100 in f rac t ion  H are p robab ly  accounted  
for by  the  he te rogene i ty  of t he  f rac t ion (membranous  
f ragments ,  in tac t  and par t ia l ly  d i s rup ted  synaptosomes) .  

The presence of S-100 pro te in  in f rac t ion O is conf i rmed 
by  gel-acrylamide e lect rophoresis  (Figure 1). The fast-  
moving  b a n d  of the  gel cross-reacts  by  complemen t  
f ixa t ion  wi th  the  anti-S-100 ant i serum.  

Table II. Contamination of the synaptosomal subtractions from the 
eytosoi-S-100 protein during the preparative procedure as revealed 
by adding ~5I-S-100 to the homogenizing medium, and percentage 
distribution of native S-100 in the same subtractions. 

Percentage distribution 

Fraction 125I-S-100 Native S-100 

cytosol 100 ~ 100 4- 25.73 
O 0.35 13.98 ~ 3.24 
D 0.05 1.08 4- 0.24 
E 0.03 0.40 4- 0.10 
F 0.04 0.19 ~ 0.09 
G 0.04 0.27 4- 0.09 
H 0.04 0.39 4- 0.10 

The figures of column 2 were calculated on figures of column 1, 
Table I. ~ z2sI-S-100 in the homogenizing medium was 1.28 • 106 
cpm/g guinea-pig cerebral cortex. 
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Fig, 2. In vitro interaction of l~sI-S-100 protein with vesicular (O, &) 
and membranous (~) fractions of synaptosomes from guinea-pig 
cerebral cortex in absence or in presence of CaCle. For identification 
of the subtractions see WHITTAKER and SHERIDA~ n. Aliquots 
(1 ml) of resuspended particulates in 0.32 M sucrose were incubated 
at 37~ for 30 min in a Dubnoff incubator at moderate shaking in a 
final volume of 2 ml containing 0.32 M sucrose, 5 mM Tris-HC1, 
various concentrations of CaCI~, pH 7.4 (reaction medium), and 
z~sI-S-100 (about 270,000 epm, specific activity 1 • 0.3 mCi/mg). 
About 175/xg protein of intact (O -- �9 or sonicated (ix -- z~) synaptic 
vesicles (MSE, Ultrasonic Power Unit; sonication time: 2 rain at 
1.0 Amp at 0-2 ~ and 650 [~g protein of the membranous fraction 
(E3--D) were used. The reaction was stopped in an ice-bath by 
adding 5 ml of the reaction medimn and centrifuging at 150,000 g for 
30 min. The pellets were washed twice and the radioactivity was 
measured by a Nuclear Chicago gamma scintillation counter. 
Controls without synaptosomal particulates were run: no precipita- 
tion of 12~I-S-100 was observed in the experimental conditions. 

To make  sure t h a t  the  S-100 p ro te in  recovered in the  
synap tosomal  f ract ions is no t  t he  resul t  of con t amina t i on  
f rom the  cerebral  cor tex  cytosol  dur ing  the  p repa ra t ive  
procedure,  1~5I-S-100 p ro te in  was used as a marker  of the  
cytosol.  W h e n  125I-S-100 was added  to the  homogeniz ing  
medium,  ins ignif icant  amo u n t s  of i t  were recovered in t he  
synap tosomal  f ract ions  (Table II).  

Two da t a  in Table  I seem to be w o r t h  cons idera t ion  and 
c o m m e n t :  1. t he  specific ac t iv i ty  of f rac t ion O is signifi- 
cant ly  h igher  (2 P < 0.001) t h a n  t h a t  of the  cerebral  
cor tex cytosol  (150,000 g supe rna t an t ) ;  2. the  vesicular  
fraction,  among  the  synap tosomal  par t icula tes ,  shows the  
max i ma l  specific ac t iv i ty .  P o i n t  1. s t rongly  suggests  t h a t  
synap tosomes  represen t  a c o m p a r t m e n t  where  S-100 is 
concent ra ted .  This  s torage could resul t  f rom the  arr ival  of 
the  pro te in  f rom the  pe r ika ryon  by  means  of axonal  
t r a n s p o r t  9, a l though  a t r ans fe r  of S-100 f rom the  peri- 
synap t ic  glial cells or an in loco synthes is  canno t  be 
excluded.  

As to  t he  S-100 pro te in  recovered in the  vesicular  
fraction,  the  risk of co n t ami n a t i o n  f rom the  soluble frac- 
t ion  O is reasonable.  This  no twi ths t and ing ,  the  possibi l i ty  
t h a t  S-100 pro te in  m a y  in te rac t  w i th  synap t i c  vesicles 
and  other  synap tosomal  par t i cu la tes  has  been  t e s t ed  in 
v i t ro  by means  of rad io iod ina ted  S-100. Figure 2 shows 
t h a t  b ind ing  occurs w i th  synap t ic  vesicles to a greater  
ex t en t  t h a n  wi th  synap tosomal  membranes .  Ca 2+ or 
Mg ~+ are requ i red  for t he  in te rac t ion  to t ake  place a t  a 
s ignif icant  rate.  On the  o ther  hand ,  E D T A  (0.5 mM)  
fur ther  lowers the  values for each f rac t ion  below those  
observed in absence of Ca ~+ or Mg 2+. Since b o t h  the  in tac t  
and  sonica ted  vesicles in te rac t  w i th  the  p ro te in  to  the  
same extent ,  the  in tegr i ty  of the  vesicles is no t  a condi t ion  
necessary  to  the  binding.  

The poss ibi l i ty  of a m e m b r a n e - b o u n d  f rac t ion  of S-100 
pro te in  has  recent ly  been  inves t iga ted  by  RUSCA et al. 19 
and HAGLID and STAVROU 2~ In par t icular ,  RUSCA et al. 
found  t h a t  S-100 p ro te in  is n -pen tano l  ex t rac tab le  f rom 
ra t  bra in  synap tosomes  previous ly  s u b m i t t e d  to hypo-  
osmotic  shock. The re la t ively  h igh  aff in i ty  of 125I-S~100 
for synap t ic  vesicles in our expe r imen t s  suggests  t h a t  
among  the  synap tosomal  par t i cu la tes  the  vesicles could 
play an i m p o r t a n t  role in the  biological func t ion  of 
neuronal  S-100 protein .  Analyses  in th is  d i rec t ion  are in 
progress  in our labora tory .  

Riassunto. I s inap tosomi  di corteccia cerebrale di ca r l a  
contengono una  notevole  quan t i t~  di S-100 (proteina 

ac ids  specif ics  del s i s tema nervoso).  La S-100 s inaptoso-  
male  g pih concen t r a t a  nella frazione solubile del s inapto-  
soma che nel neurop lasma  della corteccia. Le vescicole 
s inapt iche  e le m e m b r a n e  si ,naptosomali legano 1~5I-S-100 
in oppor tune  condizioni.  E possibile che il t e rmina le  
s inapt ico abbia  impor t anza  ai fini delia funzione biologics  
della S-100. 
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