
SINAPSI CHIMICHE 
 

•  Sono localizzate prevalentemente nel SNC e SNP 
•  I citoplasmi della cellula pre e della cellula post-sinaptica non 
sono in continuità  
•  La comunicazione avviene attraverso la liberazione di un 
neurotrasmettitore 
•  La comunicazione avviene  in una sola direzione (dalla cellula 
pre alla cellula post-sinaptica) 

Esempio di sinapsi chimica: 
 

La giunzione 
neuromuscolare 



Gli elementi della sinapsi neuromuscolare 
- cellula presinaptica  
  il motoneurone (α- motoneurone) 
 
- cellula postsinaptica  
  la fibra muscolare scheletrica 
 
-  il mediatore chimico  
   (o neurotrasmettitore)  
   l’acetilcolina 



Gli elementi caratterizzanti  
le cellule sinaptiche: 

 
- le vescicole sinaptiche  

 
- i recettori per il neurotrasmettitore  



Matura&on	
   of	
   the	
   postsynap&c	
  
apparatus.	
  a	
  |	
  Acetylcholine	
  receptor	
  
(AChR)	
   microclusters	
   coalesce	
   to	
  
form	
   a	
   loose	
   aggregate.	
   Late	
   in	
  
embryogenesis,	
   the	
   aggregate	
  
consolidates	
   to	
   form	
   a	
   plaque:	
   its	
  
bo rde r s	
   s ha rpen ,	
   i t s	
   l e ng th	
  
decreases ,	
   and	
   AChR	
   dens i ty	
  
increases.	
   Postnatally,	
   the	
   plaque	
  
becomes	
   perforated	
   to	
   eventually	
  
form	
  a	
  pretzel-­‐like	
  array	
  of	
  branches.	
  
The	
   branches	
   then	
   expand	
   in	
   an	
  
intercalary	
   fashion	
   as	
   the	
   muscle	
  
grows.	
   Change	
   inAChR	
   colour	
  
denotes	
   the	
   switch	
   from	
   γ-­‐	
   to	
   ε-­‐
containing	
  AChRs.	
  	
  



Figure 1. (a) New view of the cellular constitution of the mammalian NMJ. Four cell types are intimately 
associated: muscle fibre, motor nerve terminal, terminal Schwann cell and perisynaptic kranocyte. (b) 
Fluorescent α-bungarotoxin staining of postsynaptic acetylcholine receptors (blue) and immunostaining 
neurofilament (red) and 2166, an uncharacterised cytoskeletal antigen strongly expressed in kranocytes 
(green) at a NMJ in the triangularis sterni muscle of a mouse. (c) α-Bungarotoxin staining for 
postsynaptic acetylcholine receptors (blue); GFP-expression in terminal Schwann cells (green) and 
antibody-2166 immunostaining for kranocytes (red) in a mouse triangularis sterni muscle. From Court et 
al. [7••] with permission.  

A	
  modern	
  view	
  of	
  the	
  NMJ	
  ….	
  



AChRs	
  on	
  the	
  move	
  



Le fasi della 
trasmissione  
in una sinapsi 
chimica 



SynapAc	
  cleB	
  

Space	
  of	
  about	
  50	
  nm	
  that	
  separated	
  the	
  nerve	
  and	
  the	
  	
  
muscle	
  membrane	
  and	
  is	
  comprised	
  of	
  basal	
  lamina.	
  
Basal	
  lamina	
  is	
  made	
  by:	
  
-­‐ 	
  collagen	
  IV,	
  laminin,	
  fibronec&n,	
  entac&n,	
  perlecan	
  
-­‐ 	
  Agrin	
  
-­‐ 	
  AChE	
  
 

Presynaptic  
Ca 2+ channels 
        (?) 





“Kiss and Run” 



Il canale acetilcolinico 
nicotinico muscolare 

 

(muscular nAChR) 
α α

β δ

εACh ACh 



Il neurotrasmettitore genera una 
depolarizzazione 



Intracellular recording from single muscle fibre of frog. (A) at the motor end-plate. Upper part shows spontaneous 'miniature end-
plate potentials' which are localized at junction and arise from sudden discharge by motor nerve ending of packets of acetylcholine, 
each containing thousands of molecules. Lower part shows single response to nerve impulse which was started by electric shock at 
the beginning of trace; first step of response is large 'end-plate potential' resulting from synchronous delivery of few hundred 
packets of acetylcholine, this leading to full size action potential. (B) Traces recorded in same muscle fibre, 2mm away from end-
plate. Upper part shows much attenuated and barely recognizable residues of miniature end-plate potentials. Lower part shows 
propagated action potential, delayed by conduction over 2 mm distance and 
not preceded by end-plate step. (From: P. Fatt and B. Katz, Nature, 166, 597 (1950)). 



Il potenziale di placca innesca il  
potenziale d’azione 



Gli eventi elettrici  
nella sinapsi chimica 



Dal potenziale di placca al potenziale d’azione 

La patologia: la miastenia grave 





(modificata da Ríos and Pizarro, 1991) 

La triade ed i 
canali ionici: 

 
-  canali voltaggio-

dipendenti per il Ca2+ 

(DHPR)  
 

-  canali per il Ca2+ 
rianodina-sensibili 

o canali caffeina-sensibili 
(RyR)  



I diversi tipi di RyR 

- Giunzionali “accoppiati” 
- Giunzionali “non accoppiati” 
- Extragiunzionali 



Il meccanismo di accoppiamento eccitazione-contrazione 

1) Rilascio di acetilcolina 
 

2) Potenziale d’azione muscolare 

 

3) Liberazione di Ca2+ dal reticolo 

 

4) Interazione Ca2+-troponina 
 

5) Interazione actina-miosina 

 

6) Contrazione 



Lo spegnimento della sinapsi chimica 
-  desensibilizzazione del recettore e/o canale 
 

-  diffusione del neurotrasmettitore 
 

-  inattivazione chimica o riassorbimento 
  del neurotrasmettitore 







Disorders	
  of	
  the	
  NMJ	
  

AnAgenic	
   targets	
   on	
   the	
   mammalian	
  
neuromuscular	
   juncAon;	
   AChR	
   (red)	
   and	
  
muscle-­‐specific	
   kinase	
   (MuSK,	
   yellow)	
  
situated	
   on	
   the	
   postsynapAc	
   membrane	
  
and	
   voltage-­‐gated	
   potassium	
   (VGKC,	
   pink)	
  
and	
  calcium	
  channels	
   (VGCC,	
  blue)	
  present	
  
on	
   the	
   presynapAc	
   nerve	
   terminal.	
   The	
  
presynapAc	
  nerve	
   terminal	
   (grey),	
   contains	
  
the	
   synapAc	
   vesicles	
   (light	
   blue).	
   These	
  
vesicles	
   contain	
   the	
   neurotransmiQer,	
  
acetylcholine	
   (ACh).	
   When	
   the	
   nerve	
   is	
  
depolarised,	
   the	
   vesicles	
   fuse	
   with	
   the	
  
presynapAc	
   terminal	
   and	
   discharge	
   the	
  
transmiQer	
   into	
   the	
   synapAc	
   cleB.	
   ACh	
  
binds	
   to	
   the	
   AChR	
   and	
   causes	
   an	
   influx	
   of	
  
sodium	
   ions,	
   which	
   finally	
   results	
   in	
   the	
  
muscle	
  acAon	
  potenAal.	
  

B. Lang, A. Vincent / Autoimmunity Reviews 2 (2003) 94–100 



 ReducAon	
  in	
  release	
  of	
  ACh	
  

Leamber-­‐Eaton	
  	
  
myasthenic	
  syndrome	
  
(LEMS)	
  

 *	
  Normal	
  miniature	
  endplate	
  potenAal	
  amplitude,	
  	
  
demonstraAng	
  normal	
  postsynapAc	
  sensiAvity	
  	
  
to	
  acetylcholine	
  (ACh)	
  
	
  	
  
*	
  Markedly	
  reduced	
  evoked	
  endplate	
  potenAal	
  	
  
amplitude,	
  suggesAng	
  a	
  significant	
  reducAon	
  	
  
in	
  ACh	
  release	
  



ReducAon	
  in	
  sensiAvity	
  of	
  the	
  postsynapAc	
  	
  
	
  	
  	
  membrane	
  to	
  ACh	
  



Myasthenia	
  gravis	
  

“grave muscle weakness” 

• Asymmetrical	
  ptosis	
  (a	
  
drooping	
  of	
  one	
  or	
  both	
  
eyelids),	
  	
  

• 	
  Diplopia	
  (double	
  vision)	
  
due	
  to	
  weakness	
  of	
  the	
  
muscles	
  that	
  control	
  eye	
  
movements	
  



L’effetto  
degli 

anticorpi: 
 
 

la rapida 
internalizzazione 

del nAChR 
(o turnover) 

 



Figure 1 | Notable faces in myasthenia gravis research. a | Thomas Willis 
(circa 1667) from the Poole collection of the Bodleian Library, University of 
Oxford. A London physician who made pertinent observations of many 
neurological diseases, including arguably the first description of myasthenia 
gravis. Reproduced, with permission, from REF. 88 © 1991, RSM Press Ltd. b 
| Mary Walker (circa 1950), a 
resident at St Alfege’s Hospital in London, who, in 1934, was the first doctor 
to try acetylcholinesterase inhibitors for the treatment of myasthenia gravis. 
Photograph courtesy of Mrs Pamela Furtek (reproduced from the Mary Walker 
website, courtesy of the Medical Photography Department, Queen Elizabeth 
Hospital, UK). 



Prevalence	
  &	
  Mortality	
  during	
  	
  
1900-­‐2000	
  





Some	
  biophysical	
  properAes	
  of	
  MG	
  human	
  
skeletal	
  muscle	
  	
  



Fast-­‐channel	
  syndrome	
  

Congenital	
  Myasthenic	
  Syndromes	
  

Figure 4 Fast-channel syndromes. a MEPC recorded from EPs of a control subject and a patient harboring the 
αV285I fast-channel mutation. Arrows indicate decay time constants. b Single-channel currents from wild-type 
and fast-channel (αV285I) AChRs expressed in HEK cells. c Schematic diagram of fastchannel mutations in the 
AChR α, β, and δ subunits. (From Engel 2004, by permission) 



Slow-­‐channel	
  syndrome	
  

Figure 3 Slow-channel syndromes. a Schematic diagram of AChR 
subunits with slow-channel mutation. b Single-channel currents from 
wild-type and slow-channel (αV249F) AChRs expressed in HEK cells. c 
MEPC recorded from EPs of a control subject and a patient harboring 
the αV249F slow-channel mutation. The slow-channel MEPC decays 
biexponentially due to expression of both wild-type and mutant AChRs at 
the EP. d Slow-channel EP. The junctional folds have disintegrated and 
the synaptic space is filled with debris (black asterisk). The junctional 
sarcoplasm displays fragmented apoptotic nuclei (white asterisk) and 
myeloid structures. Bar=1 µm. (a to c are from Engel 2004, by 
permission) 


