CMNB Problem Set #3 
1. Here is an action potential (above) and its underlying currents (below) from a squid axon, plotted using the Na Action Potential tutorial (Basic Patch) in NIA2.
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(a) Why is there a “dip” in the Na current at about 1.3 ms?  Make a scientific argument for your answer based on the time at which this dip occurs with respect to the action potential.


At 1.3 ms, the action potential (AP) is at its peak.  This suggests that the minimum, or "dip," in the Na current at 1.3 ms might be related to the AP being at its peak voltage, and, indeed, at this time point the driving force on Na is at its smallest value.  We know that the Na current = the Na conductance (which must be high since Vm is very depolarized) times the driving force on Na (which is very small, indeed at a minimum).  So the Na current is becoming less and less as the driving force decreases as Vm approaches ENa.

(b) Why is the Na current, INa,  at its largest value during the falling phase of this action potential?


During the falling phase, the driving force on Na ion is increasing as Vm moves in a negative direction, away from ENa.  The Na conductance is still relatively high -- the membrane is depolarized and a significant fraction of the Na channels have not yet inactivated.  Thus the Na current is large, the product of a reasonably large conductance times a large driving force.


2.  What have I done to this squid axon?  
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I have blocked the K channels, perhaps with 4AP, but I have not blocked the leak channels.  Thus there is no way for the action potential to re-polarize quickly, even if the Na channels all inactivate and the Na conductance becomes minimal.  In time the voltage will slowly re-polarize to Eleak, but this will not happen quickly because there are so few leak channels.
3. Now what have I done to this squid axon? What experiment have I carried out?  You can be fairly precise in your answer.
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I have changed ENa so that it now = 40mV and not 55mV.  I could have done this either by increasing the [Na]in or by decreasing the [Na]out.  I can calculate either change in [Na] from the new ENa from the Nernst equation.  Experimentally, it is easier to change [Na]out so I will calculate the new [Na]out.  I find [Na]out = 80 mM.  I can go to Equilibrium Potentials or the Na Action Potential tutorial in NIA to change concentrations and check in the readout in the Parameters menu if my calculation is correct.

4.  This is a voltage clamp pulse (in an ideal circuit).  What is Icap at t=0.5 ms and at 1ms?  
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At 0.5ms, the onset of the step, the rate of change of the voltage with respect to time, dV/dt, is infinite. From the equation Icap = C *dV/dt, Icap is then infinite. Of course this is impossible but clearly Icap is extremely large and charges the membrane within a very small time (nannoseconds?).  

At 1ms, dV/dt = 0.  The voltage is not changing with time during the step.  Thus, from the equation, Icap = C * zero so Icap = zero.  

It is one of the important features of the voltage clamp technique that the capacitive current charges the membrane quickly and then we don't have to worry about it any more.  Any currents we see flowing during the voltage clamp step are then carried by the ions flowing across the membrane through their channels.  So we can measure the Na current, for example, and not worry about whether it has an Icap component.

