PAGE  
4

Neurons In Action.  Resting Potential Tutorial. 

When you are on the Neurons in Action home page, press the tab for 

Start Neurolab.

A new window will come up with the Contents on the left side of the screen.  Click once on Resting Potential.
Read the introductory material for this tutorial up to the part entitled “Experiments and Observations”.  Then scroll back up to the green button that says “Start the Tutorial” and click once on the button.

Answer all underlined questions.  You can answer them directly on this worksheet.  Plots should be drawn on separate sheets of paper.  

In the Panel and Graph Manager window, press the button that says “K conductance only”.  This will set the conductance to zero for all ions but potassium.  In this simulation, the neuron has ion channels for sodium and for “leak”.  Leak current refers to a very small movement of ions through the membrane via non-specific channels.  There are no chloride ion channels in this simulation.  Thus, only potassium ion channels are open in the membrane of this simulated nerve cell when you click on the “K conductance only” button.  Is this the natural state of the resting nerve cell membrane?  Explain your answer.
When you pressed the “K conductance only” button, a Membrane Voltage-vs-Time graph appeared.  Press the button, “Reset and Run” on the Run Control panel.  The red line on the Membrane Voltage-vs-Time graph indicates the membrane potential.  As can be seen on the graph, the changes in ion conductances have caused the membrane potential to hyperpolarize and to settle to a new steady state value after about 14 msec.  Place the mouse arrow over the steady state part of the red membrane voltage (membrane potential) line and click.   On the top margin of the graph, you should be able to read the new membrane potential value as the “Y” value.  Record this value and be sure to include whether the membrane voltage is positive (+) or negative (-).
In this graph of Membrane Voltage-vs-Time, membrane voltage (or membrane potential) equals EK, the equilibrium potential for K.  Why is this so?

What would you expect to happen to the membrane potential if you increased the extracellular K concentration?  Why?

Now, test your prediction.  In the Patch Parameters panel, change the extracellular K concentration from the default value of 5mM to 10mM.  Press the Reset and Run button on the Run Control panel and observe the new steady state membrane potential on the Membrane Voltage-vs-Time graph.  Record the new membrane potential.  Repeat this procedure for values of extracellular K concentrations of 20, 40, 50, 124, 200 and 500mM. Record the values and, on a separate sheet of paper, plot extracellular K concentration on the X axis versus membrane potential on the Y axis.

Examine your plot.  At what K concentration does the membrane potential go to 0mV?  Why?

Does the plot resemble a straight line, an exponentially rising curve or a logarithmic curve?  Why?  (Hint:  Think about the Nernst equation.)

Now, for each of the extracellular K concentrations tested, determine the ratio of the extracellular to the intracellular K concentration (Kout/Kin).  Then take log of this ratio.  On a separate sheet of paper, plot the membrane potential versus the log of the ratios of extracellular to intracellular K concentrations.
Does this graph resemble a straight line, an exponential or a logarithmic curve?  Why?  

Reset the extracellular K concentration to 5mM on the Patch Parameters panel.

Press the “Na, K, and Leak” button on the Panel and Graph Manager window.  Note that the values for Na channel density and leak conductance have now changed from zero to 0.12 and 0.0003 mho/cm2 respectively.  Now, the nerve cell has both open Na and K channels as well as a very small number of leak channels.

How will the presence of open Na channels now affect the membrane potential?  Explain.

Test your prediction by pressing Reset and Run on the Run Control panel.  Measure the membrane potential and record the value here:
How does this value of the membrane potential compare to the value of the membrane potential when the extracellular K concentration was 5mM but K was the only permeable ion in the cell?  Explain these results. 

Run your own experiment!
Predict what would happen if you changed another of the axon parameters ie intracellular or extracellular concentrations of Na or K.  Chose a parameter to change and make the prediction here:

Now, run the simulation with the changed parameter.  Does your simulated experiment support your hypothesis?  Why or why not?

