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,     ,   
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 (Katz, 1968).     -   -  

   .  

       ,  

        .  

   ,     

      ,  

 , ,  ,     

  .     

     (Eccles, 1990; López-Muñoz 

and Alamo, 2009),        .  

   ,  ,  

 :   (1737–1798),   

   ;   -  (1818–

1896),   ,    (  1877 ) 

     -  

     (1821–1894),     
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   .  1791   , 

 "  " : "...    ,    

 ,        . 

      ,   ( ), -

,       , ,    

..." (Galvani, 1791,  .  López-Muñoz and Alamo, 2009).    

        

"  ",  "    

",      

  .  

 ,      

(Albert von Kolliker (1817–1905)    (Rudolf Ludwig Carl 

Virchow (1821–1902))   "  ", 

      , 

  .    "‘‘omnis cellula 

e cellula’’ ("     ")    

.   

     ,    19-  

    ,   ,   , 

   .   1871    

 (Josef von Gerlach (1820–1896)) "  " , 

      "  ", 

          

 , .       

  (Camillo Golgi (1844–1926)),   

 ,   -   

     .   

. 1.     –     

,   . 

:      ,   1888 

,      , . .  

   . «  .    -     

,   ( )      ( ) »   

 

    ,    

   (Santiago Ramon y Cajal (1852–1934),   

   ,  "    

    ..." ( Cajal, 1888; .  López-
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Muñoz and Alamo, 2009).       

    ,   

      ( . 1).  

  ,     , 

   (Wilhelm His (1831–1904)),    1889  

 " "   ,   " "  , 

  1896    " " (  "axis-cylinders").   

. 2.  .  

,   ,     

     (Cajal, 1888);  ( ) –   

,   . 

,  -  -    

,    :   – 

«  »;  – «  »;  - «  »;  - 

«  ».      ( ), 

        (  Bourne and Harris, 2008  

).  

,    ,   

 (  – ),    (  - )  

 :   (  - ),  

  (  - ),  (  - ),  

(  )   (  - ). (  Sheng and Hoogenraad, 

2007  ). 

 

 1888       ( . 2 ).  

  ,    , 

  (       

    ).     

  , . .     ,  

       

   . ,    , 

   ,   "  ", 

  ,      

     (Garcia-Lopez et al, 

2007).  1890-        

.      
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:    , , . , 

      . 

 1892          , 

    ,  "   

 ".  ,     

     -    .      

  ,       1906  

 .  

       

      (Charles Scott 

Sherrington (1858–1952)).   ,    , 

           

 .  ,   "Textbook of Physioloogy" (1897)  

  : " " (   - " ") - 

     .  

       

   ,  ,    

      .  

      , 

     (Dale, Loewi, Curtis, 

Whittaker, Krnjevic)     (E les, 

Katz, Axelrod, von Euler)     (Katz, Fatt, 

Miledi),      (Neher, 

Sakmann)      (McKinnon, Gouaux).  

   15     ,  

    -    . 

 

 -  .  

  , ,    

       

   . ,     

        

,       , 

   – ,     

. ,     (  , 

    )   

 ,   –  :    , -

,  1500  (Collins et al. 2006; Bayes & Grant, 2009).  
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, ,  ,    .  

       

  ,  ,   

     .  

 . 3  6    . 

       

       

 . ,    

   ,     

: ( )  (   ),  

  ; ( ) -    

, ,    ,   

    .  

 

. 3.  “ ”    -  

   .   
    .  -  

       

 (Neurexin, Neuroligin, N-cadherin).     

(AMPAR  NMDAR),     (KCh) « »  PDZ-  

« »  (PSD-95  GRIP). PDZ-  (1,2,3  . .)   

.       ,   

 (Vez)   ( ).  ,  

       

(mGluR).   « »  « »  HOMER,    

    PDZ-  Shank ,   

       (F-actin).   
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 ,       

    (Magazanik, 2000; Cull-Candy et 

al., 2006; Newpher and Ehlers, 2009; Tikhonov and Magazanik, 2009).   

   -  (AMPA, -amino-3-hydroxy-5-methyl-4- 

isoxazolepropionic acid)    (NMDA, N-methyl-D-aspartic acid) 

  (Watkins and  Jane, 2006).  -   

     ,  ,      

Ca
2+

.    ,    

       , ,  

, . . . 

      

   ( ),    

      .  

    . - ,  

     .     

-  -   D-  (Johnson and Ascher, 1987; Kleckner  and 

Dingledine, 1988; Wolosker, 2007). - ,     

 -     (Mg
2+

) (Nowak et 

al., 1983; Ascher and Nowak, 1988; Ascher et al., 1988). ,    

      ,   

   (  - 70 )      . 

  Mg
2+

     

,       

 .  ,     

"    " ("coincidence detector"):     

        .  

- ,        Ca
2+

 (Ascher and 

Nowak, 1988),  10%      

  Ca
2+

 (Burnashev et al., 1995).     

   Ca
2+

-   ,  

       .   

        

    ,    

       

.  

 

  –   . 

       

   .   

     

     ,   

 ,     

( .3).  

      

 40 .       

:       , 

 . -     

  20-25 .  
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      ,  

      

,      

 ,     ( , PSD - 

postsynaptic density) (Ziff, 1997; Kennedy and Ehlers, 2006).  -

       

 200 – 800  (  , 300-400 )   30-50  (Sheng and 

Hoogenraad, 2007).      

,   ,     

,       .  

        

     . ,  

  ,  ,  ,   

,    700   1500  , 

    (Collins et al. 2006; Trinidad 

et al. 2008). ,        . 

       , -

,       ,    

 .    ,   

       

 .  

  “  ”    120  (Fernandez et al, 

2009).          

, ,   

-  .     

(AMPA,  NMDA)   (mGluRs)     

(Collins et al, 2006; Fernandez et al., 2009; Kim and Shang, 2004).    

- -    II (CaMKII),  Ras 

GTPase-   I (SYNGAP I),     

,     ( .3).  

   :  ; 

  ;  ,  , 

   ; “ ”  (scaffold proteins);  

    (Cheng et al., 2006).    

  ,        

     (Fernandez et al., 2009). 

     

    ,    -   

 .       

    (Malenka, 2003; Smith et al., 2006) 

   ( . .  

(Soderling and Derkach, 2000),  (Vosseller et al., 2006))  

        

   (Ehlers, 2003).      

        

    (Malenka , 2003; Lisman, 2003; Blitzer et al., 2005; 

Howland  and Wang, 2008).  

,        

     ,   ,   
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  (Kharazia and Weinberg, 1997).  ,  

     , , 

  "  "  .    

,        

      .   

      ,   

   . 

      

      ,  

         

  ( . 3).       " "  

(scaffold proteins), ,    

(  PDZ )           

 ,       “ ” 

.  , “ ”  PSD-95   PDZ ,  

 “ ” NMDA  ,        

 ,   -  ( . 3).  PSD-95   

   ,   -

    (MAGuKs).    

,   MASC   (MAGuK Associated Signalling 

Complex) (Husi et al., 2000).  “ ”    GKAP, 

SAP97, Shank  Homer ( .    Kim and Sheng, 2004; Feng 

and Zhang, 2009).  “ ”     

       

,      ,  

      (Newpher and Ehlers, 2009; Shang and 

Hoogenraad, 2007).      

         

 ,      

 .  

  ,  ,   " " 

       

  (Sheng and Hoogenraad, 2007; Newpher and Ehlers, 

2009). ,       ,  

,  20-  NMDA .    . 

       ,  

 1-200   .    300-600 

MAGUK    150  ,  Shank , 

   ,  SH3  (Feng and Zhang, 2009).   

 ,       

 ,       

 ,  ,   

     (Sheng and Hoogenraad, 2007). 

   “ ”, ,   

  ( . 3). - ,     

      

       

       

,      

.  
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.        
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. 4.  

:  

   

.  

,   

  ( , 

 )  

  ( , 

 ), , 

 

  

( )   (15 ) 

  

( ). 

,   

 

,   

    

(1),   

  (2)  

  (3).  

,    

   

   

(3)   (2). 

 

 

 

         

   .   :  

     ( . 4,A).   - 

    .   

   .     (Lloyd, 1949) 

  ,    . 

  ,     , 

       

(Spencer and Wigdor, 1965; . Kandel and Spencer, 1968).  1973    

       

      (Bliss and Lomo, 

1973; Bliss and Gardner-Medwin, 1973).   
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.         

«  » (long-term potentiation, LTP)    

.         

,        

  .  

  (LTD - long-term depression) —   

   ( . 4).    

    (1 , 100 ),  

        

 (1 )      (10-15 ) 

(Dudek and Bear, 1992).       

        

   (Bliss and Collingridge, 1993; Malinov, 1994; Sjöström et al., 

2008),  , ,    . 

   ,     

       

   . ,   

      

 (Sorra and Harris, 2000; Bourne and Harris, 2008; Popov and 

Stewart, 2009),   ,   

 ,     .  

  -   (0,5 - 2   ) " "  

.    ,  

 ,    , 

     ( . 3).     

       .  

  ,       

( .3):  

1. " "  (mushroom spines)  , 

     .  

2. " "  (thin spines)      

.  

3. " "           

.  

4. " "   , ,  

.  

5. " "  (branched spines)    

    ( ), ,  , 

.  

   , . , . , .    

      

 ,      

      (Sorra and Harris, 

2000; Popov et al., 2005; Popov and Stewart, 2009).    

        . ,  

         

330    .        

   , " "    80%, 

" "  -  12%,  -  

 (Popov and Stewart, 2009).   
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-    ,    

,        

         . 

      , 

,       

 (Bourne and Harris, 2008),      

    ,   

 Ca
2+

,    ,     

.   

       

         

,   ,   

,        .  

 

    

     

   .   

   90-       

  (Malinow et al., 2000; Malinow and Malenka, 2002),  

        

       (Tardin et al., 

2003; Triller and Choquet, 2005).  , ,    

      .  

,      

 
2+

 (uncaging)    

  ,   ,   

  2+ ( )    

 (Newpher and Ehlers, 2009). 

 ,  ,   ,  

  ,    

,  ,      

      (Tardin et al., 2003). 

,  
2+

-      

       ,   

  .  

       

.     :     

     «  »    

« »    .      , 

   :  G-  –   

  F-  – ,      . 

    -  . 

  , ,   (coffilin),  

  F- ; , ,  (profilin), 

 ,   . 

 ,         

    -  

.       , 

      

,   - ,      
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   .   

       

     .  ,   

        

         

       (Matus, 2000; Okamoto et al., 

2009).  ,   ,    

         

    ( . 5). , 

   ,     

,      (  20 ),  

    60  (Matsuzaki et al., 2004, . 5, ). 

   ,  ,    . 

 
. 5 .      .  

, ,  GFP-

    

 2-  

.  

   

   

  ( ) 

    

   

 ( ).  

,   

  

   

.  

  

(   

),  

    

F-  ( ). 

  

   

  

 (2)  

   

   

 ,  

   

 

   

  

  (4).  

,  

  

(   

)       G-  ( ).   

   ,    

(1),        (3)  

    .  
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 ,  ,     

     (Matus, 

2000)    ,     

  (Kim and Lisman, 1999; Krucker et al., 2000; 

Chen et al., 2007).   

      

       

,   F- / G- .  , 

    (   ) 

       F- ,  

  .  , ,   

        G-   (Okamoto et al., 

2004).      ,   

     ,    

   .   

      ,  

        -

-   CaMKII  (Lisman and Goldring, 1988; Soderling, 

1993; Lisman et al., 2002).  ,    

/      (Malenka et al., 

1989; Malinov et al., 1989; Ito et al., 1991),      

    ,    

      (Lledo et al., 1995).   

 CaMKII      .  

Ca
2+

  NMDA   CaMKII     

 .    ,   ,  

       

  (Okamoto et al., 2004, 2009).   ,  

 CaMKII     

        II 

   (Matsuzaki et al., 2004).  

 ,     

   ,    

     ( . 5).  

 

  —     

   

      

      

 .  «  »  

,       :   

    ,  

  ( )      

  .  ,   

  ,     

        .  

       

       

      .  
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 (Freund et al., 2003; Diana and Bregestovski, 2005;   

, 2007; Kano et al., 2009),        

 .  

  1990-  ,    ,  

 : «    

» (    «depolarization-induced suppression of 

inhibition», DSI) (Pitler and Alger, 1992; Marty and Llano, 1995; Diana and Marty, 

2004).        (Llano et al., 

1991),       1   (Pitler and 

Alger, 1992)  ,     

    -   , 

     .   , 

   DSI: ( )  ; ( )   

    Ca
2+

  

   ( )     

   . ,    

 DSI   ,    

      Ca
2+

.     

   . 

     ,    

 ,  Ca2+-   , 

   ,   - 

  ,    

(Wilson and Nicoll, 2001; Ohno-Shosaku et al., 2001; Diana et al., 2002).  

     

,       

 :  ( ),   “ananda” (“ ”)  2-

 (2-A ).     , 

- ,     2-  

(Sugiura et al., 2006).  ,     

2-    -  (DGL- ) (Bisogno et al., 2003).  

   ,   

      

.    Ca
2+

  

      

,     ,   

        

    ( . 6).   

       

 Ca
2+

    ,   , 

   ( . 6).   

       

  ( 1  2).     -  

 .       

,  , 1 ,     

   (Freund et al., 2003).  

    :   -

     450   

(Nyiri et al., 2005).  
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 ,       

     .   

,   ,    

-  (Wilson and Nicoll, 2001; Diana et al., 2002), 

 (Kreitzer A.C., Regehr, 2001)   

(Mukhtarov et al., 2005; Bregestovski and Mukhtarov, 2007) .  

,     —   

    .    

  “  ” (“on demand”)    

       

       

   .   

 

. 6.        

 .  

       

  ,     

    ( ).    

G-      ( )   

   (DAG),   

  ( )  2- .  2-   

      

 ( 1).   
  

2+
     2- : 

   ( )   ,   

.   
2+

      

  NMDA .     1  

        .   

  
2+

     (-)  

   .  
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  . ,     

      

( )    (Yoshida et al., 2006).   , 

,      ,  , . .  

 .    ,  

     ( 1)   

     

 - .    ,  

  100      

(Yoshida et al., 2006).   ,        

    « »  -  HOMER (Brakeman et al., 1997; Jung et 

al., 2007).   

       

  ( . 6, .   Katona and Freund, 2008).  

       

   ,   -   

      2- . 

      

     1 .   

    Ca
2+

   

      ( . 6).  

        

.  ,     2-   

     ?  

    2-    ? 

,     HOMER ,   

,  2-  (Blankman et al., 2007)     

   .  

 

.  

        

       

, ,      

  - .      .  

    ,    

         

   .     

       

, ,   -  ,   

 ,       

–  .  ,  , , 

       

        

      . 

 ,        

       . 
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 ABSTRACT 

Synapses are highly organized, specific structures assuring rapid and highly selective 

interactions between cells. Synaptic transmission involves the release of 

neurotransmitter from presynaptic neurons and its detection by specific ligand-gated 

ion channels at the surface membrane of postsynaptic neurons. The protenomic 

analysis shows that for self-formation and functioning of synapses in mammalian 

brain are involved nearly 2000 proteins. The core complex in excitatory synapses 

includes glutamate receptors, potassium channels, CaMKII, scaffolding protein and 

actin. These proteins exist as part of a highly organized protein complex known as the 

postsynaptic density (PSD). The coordinated functioning of the different PSD 

components determines the strength of signalling between the pre- and postsynaptic 

neurons. Synaptic plasticity is regulated by changes in the amount of receptors on the 

postsynaptic membrane, changes in the shape and size of dendritic spines,  

posttranslational modification of PSD components, modulation kinetics of synthesis 

and degradation of proteins. Integration of these processes leads to long-lasting 

changes in synaptic function and neuronal networks underlying learning-related 

plasticity, memory and information treatment in nervous system of multicellular 

organisms. 


