Exam Question – Postsynaptic Potential 

The following question uses the Neuromuscular Junction tutorial in NIA2. 

At the neuromuscular junction, acetylcholine (ACh) binds to its receptor which is an ion channel.  The open channel is equally permeable to Na and K ions so that the voltage in the postsynaptic cell will tend to move to an “ACh equilibrium potential” half-way between ENa and EK, —15  mV (that was a minus sign in front of the 15), when the ACh channels are open. 

1.  Consider the postsynaptic membrane as a patch containing ACh channels, leak channels, and Hodgkin-Huxley voltage-gated Na and K channels. Draw the circuit that would show how current flows in the postsynaptic membrane when the ACh channels are maximally opened by ACh.  

2. Use the Neuromuscular Junction tutorial to answer the following questions. Do not add HH channels—make sure you are doing your simulation on the passive membrane and that the Na and K channel conductances are set to zero. 

Using RunControl, deliver a small “squirt” of ACh to the postsynaptic membrane to cause the small default conductance change of 2uS (note this value in the AlphaSynapse menu). Observe the changes in conductance, current, and voltage. This amount of ACh should cause only a small voltage change (confirm this) not close to the ACh equilibrium potential of –15mV.  You should observe, perhaps to your surprise, that almost the entire falling phase of the voltage happens after the ACh-gated current has fallen to zero!  (Use the View=Plot option, right mouse button, to scale the responses to the graphs).

(a) Does your circuit diagram above account for the observed polarity of the measured current?

(b) (1) What membrane properties determine the time course of the falling phase of the measured voltage? (2) Use your circuit diagram to explain why the voltage change is outlasting the current. (3) In what direction is the current flowing during this phase?

(c) Set the leak conductance of the patch (the postsynaptic membrane) to zero. Squirt on the same amount of ACh as in (a) and observe the postsynaptic current and voltage responses. Explain your observations using your circuit.  Restore the leak default value.

(d) Double the capacitance of the postsynaptic membrane. Squirt on the same amount of ACh as in (a) and observe the postsynaptic current and voltage responses. Explain any changes in either measurement. Restore the default capacitance.

(e) Open Stimulus Control so that you can deliver a current pulse to the postsynaptic membrane. Put bungarotoxin on the membrane so that the ACh channels are blocked (set the AlphaSynapse conductance to zero). Now deliver a current pulse that is of long enough duration to plateau and determine the time constant, tau, of this postsynaptic patch. Does your measured value agree with the value you can calculate from the given parameters in the tutorial?

