
Outline, Neurobiology 635
Synapses I : Neuron-Neuron and Neuron-Muscle Interactions

I. Synapse:
- site of interaction between 2 neurons or neuron and muscle
- junction through which electrical activity is transferred

II. Electrical Synapses
- gap junctions (protein structures which can open and close)
- "couple" cells (why?)

III. Chemical Synapses - Many types; many receptor mechanisms, many neurotransmitters
A. Neurotransmitter Release - Presynaptic

1. Presynaptic Action Potential induces Ca++ entry (voltage sensitive Ca++ channels)
2. Ca++ activates neurotransmitter (NT) release.
3. NT diffuses across synaptic cleft -> receptor proteins in postsynaptic membrane
4. Presynaptic Dynamics influenced by 2nd messenger modulation:

synaptic, NO, hormonal
B. Neurotransmitter Response - Postsynaptic

1. "Fast" Receptors: Ligand (i.e. transmitter) gated (i.e. stimulated) ion channels.
2. "Slow" Receptors: G-protein coupled receptors (a.k.a. metabotropic receptors)
3. Receptor activation regulates ionic currents

direct: ligand gated ion channels
indirect: G-protein coupled receptors

4. Postsynaptic Dynamics influenced by:
co-mingling of receptor types
complex activities of 2nd messenger induced biochemical pathways
duration of stimulation (time dependence)
"unusual" systems

Glutamate receptors
Nitric Oxide and cGMP

C. Signal Termination
1. Neurotransmitter inactivation: degradation and/or washout.
2. Presynaptic termination: terminate APs, terminate Ca++ entry, Ca++ actively removed.
3. Postsynaptic termination: degrade 2nd messengers, phosphorylation/dephosphorylation

IV. First Synaptic Model: Motor End Plate
A. Motor End Plate - (Acetylcholine / ligand gated ion channels)
B. Miniature End Plate Potentials (MEPPs); summation to Muscle AP

- Na+ and K+ currents - channels pass both ions (reversal potential = 0 mv)
- end plate currents:

1. total number of channels
2. probability that channels are open - NT dependent
3. conductance of each channel
4. driving force of each ion

C. quantal release theory of NT (vesicles and set numbers of vesicles)
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"A" and "B" are recordings of MEPPs in muscle treated with currare (no APs).  The introcellular electrode was placed increasing distances (in mm) from the motor end plate.  Notice that the amplitude of the MEPP decreases with distance (expnentially),  This decrease is due to leakage of current back across the membrane with distance, and is characteristic of all "SYNAPTIC POTENTIALS".  MEPPs are representitive of post synaptic currents/voltages activiated by any synapse (nerve-nerve of nerve-muscle).
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SUMMATION:
"C" shows two post synaptic potentials summing together to make a larger depolarization (more current).  This occurs with synapses in dendrites, where the currents of many synapses sum together to generate sufficient current (voltage) to trigger an action potential in the axon.


