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 Neuroscience: Resting Membrane Potential Lab
	Student Name:
	


Instructions: 
· Save this document to your computer and rename it, LastName.FirstNameMembrane.doc
· Launch the Nernst / Goldman Equation Simulator from within the course or from the website, http://www.nernstgoldman.physiology.arizona.edu/. You will need Adobe Flash.

· Complete the worksheet below 

· When you are finished with the worksheet, return to the course and upload your document by clicking “Submit Assignment” and following the prompts. 

Part 1: The potassium equilibrium potential

Launch the simulator and click on the tab labeled "Nernst". This simulates the Nernst equation for one permeable ion. If not already clicked, click on the tab that says "Potassium" in the upper left. Set the temperature slider in the bottom left to 20 °C, or double click on the temperature value and enter "20". 
Looking at the screen, in the Potassium tab, there are two sliders, these let you adjust the concentration of K inside the cell [K+]i and outside the cell [K+]o.  You will see the Nernst equation and it's solution in the top for the given concentration values. The graph shows the potassium equilibrium (EK) as a function of time. The animation shows the ions inside and outside the cell. Set the [K+]i to 100 mM and [K+]o to 10 mM. 

1. What is the value of EK under these conditions? __________


2. Ok, now think, if the equilibrium potential is a function of the ratio of the internal to the external concentration of the permeant ion, what would happen if we doubled the outside concentration of K? 

Do you think EK would become more negative or less negative? ___________

3. So now try it! Change the [K+]o slider from 10 to 20 mM. 

What is the new value of EK under these conditions? __________

By how many mV did EK change? _______

Would you call this a hyperpolarization, or a depolarization? _____________


4. Set the [K+]o back to 10 mM. 

Another way to reduce the ratio of internal/external K+ levels is to decrease the internal concentration of K+. So now lets decrease [K+]i by 10 mM from 100 to 90 mM. 

What is the new value of EK under these conditions? __________

By how many mV did EK change? _______

Would you call this a hyperpolarization, or a depolarization? _____________

5. You will notice that when you increased [K+]o by 10 mM to 20 mM, Ek changed by a much larger amount than when you decreased [K+]i by 10 mM to 90 mM. Why do you think this is?
_____________

6. If [K+]o is set to 10 mM, what should [K+]i be set to in order for the change in Ek to be equivalent to what you saw in the first manipulation? _________

7. If you wanted Ek to be 0 mV, what values could [K+]o and [K+]i be set to? __________

Hopefully this gives you an intuitive understanding between Ek and internal/external concentrations of K ions. Now try the following, we will set [K+]i at 60 mM, but will try a range of values for [K+]o. So for the following values of [K+]o, write down EK, then use the graph below to plot your results: 1, 6, 60, 600.
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Notice that at the highest [K+]o, Ek is positive because the outside concentration is now greater than the inside. 

Bonus: Click on the Na+ tab beneath the K+ tab. This shows the external and internal concentrations of Na, as well as the Na equilibrium potential ENa. 

What is the value of ENa?___________

Why is it positive?________________


Part 2: The resting membrane potential

If membranes were solely permeable to K ions at rest, then the resting membrane potential would be equal to EK. Let's see if that's the case. 
1. First, let's repeat the first measurement you made in this lab, Set the [K+]i to 100 mM and [K+]o to 10 mM. 

What is the value of EK under these conditions? __________

2. Now click on the tab at the upper right that says Goldman. This better simulates an actual cell. And set the temperature to 20°C. Set the slider PCl- to zero.

What is the resting membrane potential (Em,upper right hand corner after the equation) under these conditions? _______

Is it the same or different than EK and why? _____________

3. As you probably guessed, the difference is because at rest, membranes are permeable not only to K, but also to Na and Cl ions. Although their resting permeability is much higher to K than to the other ions. So let's see what happens when we increase the permeability to Na ions. Increase the slider that says PNa+ to 10. THis will increase the membrane permeability to Na+ tenfold.

What is the value of the resting membrane potential under these conditions? ________

Is the membrane potential more depolarized or hyperpolarized than before? ________

4. The reason this happens is that as we increase the permeability to Na ions, the membrane potential will be pulled more towards ENa. If we make the permeability to Na equal to that of K, then the membrane potential will be exactly between the values of ENa and EK. Try it, set PNa to 100.

What is the membrane potential under these conditions? _________

If you did this correctly the membrane potential will be exactly between ENa and EK. To calculate the membrane potential when the membrane is permeable to multiple ions, you need to use the Goldman equation, which is a weighted average of the different equilibrium potentials for the permeant ions, weighted by their relative permeability. 

Bonus: Set PNa back to 1. By changing the values of the permeabilities and concentrations of K and Na, write down 2 changes you can make to these settings to depolarize the membrane potential and two changes which will hyperpolarize the membrane potential:
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