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A nonspeci f ic  S-100 p ro te in  was found in the composi t ion of l ow-molecu la r -we igh t  acid 
p ro te ins  f r o m  synap tosomes  of the ra t  c e r e b r a l  co r t ex  by cap i l l a ry  m i c r o d i s c  e l e c t r o -  
pho re s i s  in 15% p o l y a c r y l a m i d e  gel with 0.1% sodium dedecysulfa te  and with the aid of 
a highly pur i f ied  m a r k e r  pro te in .  The  S-100 pro te in  accounted fo r  15-20% of the low- 
molecu la r -we igh t  acid synap tosomal  p ro t e ins .  
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Cons iderable  in t e re s t  has recent ly  been shown in the study of acid neurospec i f i c  p ro te ins  which, in 
the gene ra l  v iew,  mainta in  b r a in  functional act ivi ty at  the highest  level  [1]. However ,  no convincing evidence 
has  ye t  been obtained of the b iochemica l  functions of these p ro te ins  in CNS neurons .  Special at tention has 
been paid to the study of the S-100 pro te in  d i s c o v e r e d  b y  Moore [13]. S--100 pro te in  has  been shown to exis t  
mainly  in gl ial  ce l ls  [8]. It has  been suggested that this p ro te in  may  be a modula tor  of synapt ic  conduction 
in ne rve  ce l l s ,  for  i t  can se lec t ive ly  bind Ca ++ ions [5, 9]. It has  also been stated that Ca ++ and Mg ++ fac i l -  
i ta te  the binding of S-100 pro te in  with synapt ic  m e m b r a n e s  and with m e m b r a n e s  of  synaptie  ve s i c l e s  (SVs) 
[71. 

The p r o b l e m  of where  this pro te in  is synthesized and chiefly located in the ne rve  cel ls  i s  thus v e r y  
impor tan t .  The  p r e s e n c e  o f  S-100 pro te in  in t runks  of the hypoglossal  and vagus  n e r v e s  has  been demon-  
sLrated by e lec t ron  autoradiography and by Miani ' s  p r e p a r a t i v e  technique [12]. Miani cons idered  that S-100 
pro te in  is  synthesized in neurons  and t r anspor ted  by the slow axon cu r ren t  into synapses .  Immunologica l  
s tudies  have shown a re la t ive ly  high concent ra t ion  of S-100 pro te in  in the synap tosomes  of the guinea pig 
c e r e b r a l  co r t ex  [7]. The  mo lecu l a r  weight  of nat ive S-100 pro te in  is about 21,000 and the molecule  cons is t s  
of three  ident ical  subunits ,  each with a mo lecu l a r  weight of 7,000 [6]. It is composed  chiefly of  d icarboxyl ic  
amino acids ,  namely  g lu tamic  and aspar t i c  acids ,  which account  for  one third of  the total numbe r  of its 
component  amino acids [6]. In the invest igat ion desc r ibed  below another  method was used to de tec t  S-100 
p ro te in  in ra t  cor t ica l  synap tosomes .  The  pro te in  was identified by the use  of a homologous  m a r k e r  p ro te in  
and the sens i t ive  technique of cap i l l a ry  m i c r o e l e c t r o p h o r e s i s .  

E X P E R I M E N T A L  M E T H O D  

Male r a t s  weighing 180-200 g were  used.  The or iginal  f rac t ion  of unpurified mi tochondr ia  was obtained 
f r o m  a 10% homogenate  of  the c e r e b r a l  co r t ex  by centr i fugat ion in 0.32 M suc rose  at 10,000 g for  20 min.  
Subsequent f ract ionat ion was c a r r i e d  out by centr i fugat ion (VAC-601 u l t racen t r i fuge ,  Eas t  Ge rmany ,  SW-65 
rotor)  in a F i c o l l - s u c r o s e  densi ty  gradient  [4]. 

F rac t ions  of myel in  f r agmen t s ,  light and heavy synap tosomes ,  and mi tochondr ia  r e spec t ive ly  were  
obtained.  
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Fig. 1~ Frac t ion  of light synap tosomes .  S) synap tosomes  
(33,750 x) .  

Fig.  2. E lec t ron  m i c r o g r a p h  of f rac t ion  of heavy synaptosomes .  Stained 
with phosphotungst ic  acid.  S) synap tosomes  (60,000 • Ar rows  indicate 
s i te  of contact  of synap tosomes  with f r agmen t  of pos tsynapt ic  m e m b r a n e  
and synapt ic  space .  A) a single synaptosome with two synap tosomal  c o m -  
p lexes  139,500 • S t ruc tures  of  the v e s i c u l a r  la t t ice ,  consis t ing of e lec-  
t ron -dense  p ro jec t ions ,  cut in di f ferent  p lanes ,  v i s ib le  in region of p r e -  
synaptic m e m b r a n e :  1) sect ion along pro jec t ions ,  2) plane of sect ion at  
level  of base  of p ro jec t ions ;  60,000 x) .  

To  s epa ra t e  l ow-molecu la r -we igh t  synaptosomal  pro te ins  a technique of ve r t i ca l  m i c r o d i s c  e l ec t ro -  
pho re s i s  in cap i l l a ry  tubes [3] with ce r ta in  modif icat ions [2] was used.  The p ro te ins  were  solubil ized in 
med ium consis t ing of 2.5% mercap toe thano l  and 2.5% sodium dodecylsulfate  in 0.01 M Na-phosphate  buffer ,  
pH 7.2 [11]. In this way 100% solubil izat ion of the p ro te ins  of the synaptosomal  f rac t ions  was achieved in 
30 min at 20~ 

The  pro te in  (0.15-0.20 #g in a volume of 0.3-0.5 pl) was applied to a cap i l l a ry  tube (9 m m  long) con- 
taining the gel  and e l ec t ropho re s i s  was ca r r i ed  out. In control  expe r imen t s  the equivalent  amount of S-100 
m a r k e r  pro te in  was f rac t ionated ,  a lso  in 15% po lyae ry l amide  gel  (PAG). The  ge ls  were  stained with Amido 
Black.  The  stained gels  we re  scanned in a two-co lo r  dens i t ome te r .  

F o r  morphologica l  invest igat ion a suspension of light and heavy synap tosomes  was fixed in 0.05 M 
cacodylate  buffer ,  pH 7.4, with the addition of 2% pa ra fo rma idehyde  and 2% glutara ldehyde and then pos t -  
fixed in 2% OsO 4 in the s a m e  buf fe r .  E l ec t ron -dense  s t r u c t u r e s  of the synaptic  m e m b r a n e s  in the region 

164 



@ 

. . . .  

A 

c 

Fig. 3o Dens i t og rams  of e lec t ron  m i c r o -  
g raphs  of acid pro te ins  of c e r e b r a l  cor t ica l  
synap tosomes  f rac t ionated  in 15% PAG with 
0.1% sodium dodecylsul fa te .  Ar rows  indicate 
s t a r t .  A) Light synap tosomes ,  B) heavy synap-  
t o somes ,  C) S-100 m a r k e r  p ro te in .  

of the act ive zone were  demons t r a t ed  by s taining the 
fixed m a t e r i a l  with phosphotungst ic  acid in absolute 
ethanol by Jones '  method [10]. The  m a t e r i a l  was 
embedded in Epon o r  Araldi te .  Sections were  cut on 

o 

the LKB (Sweden) u l t r a tome  to a th ickness  of 400 A, 
s tained with uranyl  ace ta te  and lead c i t r a t e ,  and 
examined in the Hitachi e l ec t ron  m i c r o s c o p e  under  
a vol tage of 75 ku  

E X P E R I M E N T A L  R E S U L T S  

The isola ted  f rac t ion  of light synap tosomes  
contained a high p ropor t ion  of m e m b r a n e - c l o s e d  ne rve  
endings measu r ing  0.1-0.2 #. The  p r e p a r a t i o n s  con-  
tained no f r agmen t s  of myel ina ted  f ibe r s ,  nuclei ,  or  
s t r u c t u r e s  of the pe r ika ryon .  Synaptosomes  of the 
light f rac t ion  had a ve ry  low SV content,  a shor t  zone 
of contact  with the pos t synap t ie  m e m b r a n e ,  and few 
in t r a synap tosomal  mi tochondr ia  (Fig. 1). 

Mainly ne rve  endings with densely  packed SVs 
and in t r a synap tosomal  mi tochondr ia  w e r e  found in 
the f rac t ion  of heavy  synap tosomes  (Fig. 2). E lements  
of the act ive  zone of synapses  w e r e  dis t inct ly  v i s ib le .  
The  p repa ra t ions  contained no admix tu res  of  myel in  
f r agmen t s ,  f r ee  mi tochondr ia ,  m i c r o s o m e s ,  o r  lyso-  
s o m e - l i k e  s t ruc tu r e s .  The  f rac t ion  of heavy synapto-  
somes  contained apprec iab le  number s  of f r a g m e n t s  
f r o m  p r o c e s s e s  of neurons ,  mainly f r a g m e n t s  of 
dendr i t ic  spines .  In some c a s e s  pos t synapt ie  e lements  
of the zone of contact we re  c l ea r ly  v i s ib le  among 
the above-ment ioned  f r a g m e n t s .  

The  r e su l t s  of  e l e c t r o n - m i c r o s c o p i c  invest igat ion of the isola ted subfrac t ions  of  synap tosomes  thus 
showed that f r ac t ions  of the cor responding  o rgane l l e s  conformed to exist ing r e q u i r e m e n t s  of pur i ty  and 
homogenei ty .  

T he typical  p ic tu re  of f ract ionat ion of l ow-molecu la r -we igh t  synaptosomal  p ro te ins  in 15% PAG with 
0.1% sodium dodecylsul fa te  is  shown in Fig.  3. In this type of gel ,  a c l e a r  and homogeneous zone of p ro te in  
with the re la t ive  anodic mobil i ty  of  the S-100 m a r k e r  p ro te in  was found in the composi t ion of p ro te ins  of 
both heavy and light synap tosomes .  The value obtained for  the re la t ive  anodic mobil i ty of S-100 pro te in  in 
PAG with de te rgent  agreed  with data  in the l i t e r a tu re  [15]. Quanti tat ive dens i tome t ry  of this pro te in  f rac t ion  
showed that it accounts for  15-20% of all l ow-molecu la r -we igh t  synaptosomal  p ro te ins .  The  re la t ive  mob i l -  
i t ies  o f t h e p r o t e i n s  and the i r  mo lecu la r  weights  wereca icu la ted  re la t ive  to the mobil i ty of Bromphenol  Blue.  
The molecu la r  weight of the S-100 prote in ,  accord ing  to these findings,  was about 23,000. 

The r e su l t s  of these expe r imen t s  thus show that r a t  cor t ica l  synap tosomes  contain a re la t ive ly  high 
concentra t ion of S-100 prote in .  Th is  conclusion a g r e e s  with the obse rva t ions  of Donato and Michetti  [7]. 

The work of Hyden [9] has shown that neurospec i f ie  S-100 prote in  ex is t s  not only in the f r ee  s ta te ,  
but also bound with m e m b r a n e s .  According to Hyden ' s  hypothes is ,  S-100 pro te in  in the synaptic  m e m b r a n e  
binds Ca ++ ions and in te rac t s  compet i t ive ly  with the cont rac t i le  prote in  of the neurof i l aments  for  Ca ++ ions. 
Because  of this compet i t ion,  S-100 prote in  may be  a modula tor  of the s ize of the synapt ic  space  and may thus 
fac i l i ta te  o r  imp a i r  conduction of the e lec t r i ca l  impulse .  

Synaptosomal  S-100 prote in  may dif fer  in i ts  o r ig ins .  According to one view [12], this  p ro te in  is syn-  
thesized in neurons  and c a r r i e d  by the slow axon cur ren t  into ne rve  endings.  T h e r e  is as ye t  no convincing 
evidence in support  of local synthes is  of S-100 pro te in  although components  of a p ro te in - syn thes i z ing  s y s -  
t em have been found in synaptosomai  m e m b r a n e s  [14]. 
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