Action potentials & Synapses:

5. Imagine that you are studying two identical, “typical” neurons.  You stimulate the first neuron, X, with a weak signal, which triggers a low frequency of action potentials, approximately 25 per second.  You stimulate the second neuron, Y, with a relatively strong signal, which triggers a higher frequency of action potentials, approximately 250 per second.  You then measure the concentration of neurotransmitter released by X and Y.  Which neuron would you expect to release more neurotransmitter?  Clearly explain why.  (4 marks)

· Action potentials depolarize the cell membrane, opening VG Ca2+ channels (0.5 marks)
· Ca2+ moves down electrochemical gradient into the cell, ( intracellular [Ca2+] (0.5 marks)
· This stimulates vesicles containing neurotransmitter to fuse with the cell membrane, releasing neurotransmitter (via exocytosis) (0.5 marks)
· Cells quickly reduce intracellular [Ca2+] with intracellular buffer proteins and Ca2+ ATPase (0.5 marks)
· But the more frequent the action potentials, the more the Ca2+ enters the cell (temporarily overwhelming buffers and Ca2+ ATPase) (0.5 marks)
· So higher intracellular [Ca2+] in Y than in X (0.5 marks)
· The higher the intracellular [Ca2+], the more vesicles fuse with the cell membrane 
(0.5 marks)
· So Y would release more neurotransmitter than X (0.5 marks)
7. Consider two neurons, A and B, which are identical except that the membrane capacitance of A is three times as large as the capacitance of B.  A suprathreshold stimulus triggers an action potential at the axon hillock, at exactly the same spot and same time.  

Will the action potential reach the axon terminals first in A or in B?  Explain.

· Capacitance increases the time constant ( = Cm Rm)

· Membrane capacitance of A is 3x higher than B (This means it takes more time to charge the membrane capacitor 

· This means that the membrane of A takes more time to depolarize by a given amount than B

· This delays the spread of the electrotonic current along the axon of A, 

· The conduction velocity of A is slower

· A will be second and B will be first.
