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• Synaptic channels

• Synaptic dynamics 

• Short term plasticity: depression and facilitation
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Synaptic channels 



Synaptic channels 

Membrane channels 

•  Voltage-gated 

•  Ion-gated

•  Synaptic

Opening of synaptic channels 

•  Action potential (AP) travels down the axon 

•  AP terminates at presynaptic sites (many)

•  AP invades synaptic terminals (containing Ca)

•  Depolarization release Ca

•  Ca activates a Ca-binding protein

•  Transmitter release (binding to vesicles containing the transmitter)

•  Vesicles (“docked”) release the transmitter into the synaptic cleft

•  Transmitter diffusion through the cleft

•  Binding to receptors on the postsynaptic neuron (spines)

•  Receptors open channels, causing


•  Depolarization

•  Hyperpolarization



Synaptic channels 

 Transmitter release 

•  Affected by neuromodulators (chemicals)

•  Probabilistic

•  Quantal (occurs in discrete amounts)

•  Potentiation or facilitation (increase of transmitter over successive firings of APs)

•  Depression (decrease of transmitter over successive firings of APs)

 Main transmitters: 

•  Glutamate (“excitation”)

•  GABA (“inhibition”)



Synaptic Dynamics 

 Model: First approach

• g(t):   synaptic conductance  

• ar:     rise time

• ad:    decay time



Synaptic Dynamics 

 Model: 

• [T]:   Concentration of transmitter released into the synaptic cleft by a presynaptic    

                    spike 


• s(t):   Fraction of open channels

• ar:     rise time

• ad:    decay time



Synaptic Dynamics 

Excitation (chemical) 

•  AMPA/kainate (very fast) 

•  NMDA (implicated in memory and long-term potentiation)


Inhibition (chemical) 

•  GABAA (fast)

•  GABAB  


Gap junctions (electrical) 



Synaptic Dynamics 

 Model: 

AMPA


GABAA



Synaptic Dynamics 

 Model: 

NMDA  (4 spikes)


NMDA  (1 spike)



Synaptic Dynamics 

 Model: 

GABAB  (8 spikes)




Synaptic Dynamics 

AMPA/kainate 



Synaptic Dynamics 

NMDA 
•  Faster than AMPA  

•  Partially blocked by Mg under normal conditions

•  Mg block can be removed if the postsynaptic neuron is depolarized

•  Both the pre- and post-synaptic cells must be active for INMDA to flow

•  Memory encoding (long term changes, Ca)

•  Persistent activity (short term memory)



Synaptic Dynamics 

GABAA 

•  Carried by Cl-  

•  Dependent on the physiological conditions and the developmental stage of the   


            neuron



Synaptic Dynamics 

•  Direct synapses: AMPA / kainate, NMDA, GABAA (ion channel and receptor are the  

            same protein

         


•  Indirect synapses: GABAB (activator of the receptor sets off a cascade of  

            intracellular events which alter the conductivity of an ion channel)

GABAB 

•  Transmitter binding to a receptor protein

•  Activation of an intracellular complex (G-protein)

•  Activation of a K channel (membrane hyperpolarization)


•  Slow responses

•  Non-linear responses

•  Long lasting responses 



Synaptic Dynamics 

GABAB 

r:    receptor

s:   ion channel



Synaptic Dynamics 

Gap junctions 

•  Communication via  tight junctions between membranes

•  Act as resistors

•  Always keep the cells in communication

•  No need of a presynaptic AP  



Synaptic Dynamics 

Short-term plasticity 



Synaptic Dynamics 

Model (Dayan & Abbott) 

•  M:    Magnitude of synaptic release per presynaptic spike  Depression

•  q:     Depression  (between 0 and 1)  -   d0:   resting value

•  f:      Facilitation   (between 0 and 1)  -   f0:    resting value



Synaptic Dynamics 

Model (Dayan & Abbott) 



Synaptic Dynamics 

Short-term plasticity 



Synaptic Dynamics 

Short-term plasticity 



Synaptic Dynamics 

Short-term plasticity 



Synaptic Dynamics 

Depression model (Manor et al.) 

Facilitation:  



Synaptic Dynamics 

Depression: three-state model  

•  A:   Available transmitter

•  S:   Conducting state (produces the synaptic conductance)

•  U:   Transmitter which is unavailable for release


