BIO 22: NEUROBIOLOGY

Kathleen Siwicki

Spring 2004

Neurons in Action 1. The Membrane

Answer all questions in italics on the NIA1 datasheet due in lab next week.

Open Netscape 7.  Find NIA2003.htm in the Neuron folder on the hard drive, and drag it into the browser window. 

1.  Start NeuroLab.  In the left sidebar, under PATCHES, click on The Membrane..  As you read the introductory paragraphs and Goals, discuss with classmates and instructors any terms which are unfamiliar.  When you’re satisfied that you understand these, go ahead and

Start the Simulation by choosing either the PC or Mac link.  This brings up three control panels:

· Stimulus Control.  Activate the IClamp button to display the settings for the stimulus pulse. “IClamp" means “current clamp.”  That’s neurojargon for “injecting a steady current” into a cell, or “applying a steady current” across a patch of membrane.  Through the settings in the Stimulus Control IClamp box, you can control the timing and amplitude of the current pulses applied to the membrane in this simulation. 

Given the initial settings in this box:

a.  How large will the stimulus current be?



b. How long will it last?




· Panel and Graph Manager.  Use the buttons in this panel to bring up the windows that display the results of your virtual experiments as graphs of Voltage vs. Time, Current vs. Time, etc.   Begin with the plot of voltage vs. time for a Plain Bilayer Membrane.  Also activate the Capac Current vs. Time and Membrane Parameters buttons.   

Check the settings in the Membrane Parameters box.  

c. What is the density of Na+ channels?




d. What is the density of K+ channels? 




e. What is the value of “leakage conductance”? 



f. What kind of membrane is modeled with these settings? 

· Run Control.  Use the buttons in this control panel to start (Reset & Run) or Stop simulations.

g. Describe precisely what happens to the membrane voltage of a plain bilayer when a constant current is applied across the bilayer for 10 msec.  What is the value of membrane potential at the end of the 10-msec current pulse? (You can use the crosshair to get x,y coordinate values on any graph.)
2.  Membrane Capacitance.  Because the plain membrane functions as a capacitor, the voltage across the membrane (V) is proportional to the charge (Q) that is separated across the capacitance (C).  The physicists’ equation for capacitance describes the relationship among these variables:
C = Q /V
(1)

Q = CV
(2)

The movement of charges onto one side and off the other side of a capacitor is a form of current called capacitative current, ICAP
ICAP  = dQ/dt = C  dV/dt
(3)

A simple experiment:  How would the membrane voltage change if we applied a smaller current pulse? Change the amplitude of the current pulse to 1 nA (Stimulus Control panel).

Before you Reset & Run, set the plotting windows to save the original results while running the new simulation. Find the Keep Lines option by positioning the cursor over each plot and clicking the right mouse button (= (-Click for a 1-button mouse).  Now Reset & Run. 

a. How does the graph of Membrane Voltage vs. Time change when the amplitude of the current pulse is decreased?  

b. Which of the equations above best explains this result? Explain.

Scroll down to the Experiments and observations  section in the main NeuroLab window.   You’ll be pleased to know that you’ve already done the Experiment with charging the capacitance of a lipid bilayer.   Still, read the text in this window to consolidate your understanding of these important concepts. 

3.   Adding the Na/K pump.  Reset the amplitude of the current pulse to its original value of 2 nA (You may have to reposition the main browser window to find the Stimulus Control panel).  Then scroll down to the next experiment, Electrify the membrane by adding the Na/K pump.  Follow these instructions.

a.  Describe precisely how the membrane voltage of a plain bilayer changes in  response to a constant current pulse when it starts from a resting potential of –75mV?

b. What is the value of membrane potential at the end of the 10-msec current pulse?

4.  Adding passive “leak” channels. The next experiment is to Add “leak” channels .  This is a term that lumps together all the passive K+ channels and Cl- channels in the membrane that are always open (i.e., they’re not gated by voltage or ligand binding).  Also increase the duration of the current pulse to 25 ms (Stimulus Control panel) and the Total # (ms) to 30 (Run Control  panel).  Reset & Run the simulation with these leakage channels in the membrane.  

Describe precisely how the membrane potential changes in response to a constant current pulse when there are passive ion channels in the membrane.

Why does the presence of passive ion channels in the membrane have such a dramatic effect on this response?   This exponential time course of the change in membrane potential is characteristic of how voltage changes in electric circuits with a capacitor (the phospholipid bilayer) and a resistor (or conductance, i.e., the channels) in parallel.  Some experience with these so-called “RC circuits” will help you to understand the explanations behind the nested time course links in the Add “leak” channels experiment. But even without such background, the membrane’s response can be understood by considering a few simple properties of electric currrent flow.

Remember that “leak” channels allow ions to flow directly across the membrane.  The resulting movement of charge, the leak current, follows Ohm’s Law:
Ileak = VM x   gleak
(4)

The current that is applied across this membrane, Imemb, is a constant 2 nA pulse.  It can cross the membrane either as capacitative current, Icap, or conductive current, Ileak.  Thus,

Icap   +    Ileak   =   Imemb  = 2 nA
(5)

So why do the relative amounts of Icap and  Ileak change constantly during the 25 msec current pulse?  Because VM  changes as a direct consequence of Icap (3), and  Ileak  is directly proportional to  VM (4).  

5. How neurophysiologists use the membrane’s response to constant current pulses.

a. What’s the highest level of VM at the end of a 2 nA current pulse that lasts for 25 msec?


b. By how many mV did VM change during the 2 nA pulse? Amplitude of VM = 


c. The membrane’s time constant,  is the time for the voltage to change from its resting level to 1/e = 0.632 of its final value.  Use the membrane’s response to the 25 msec current pulse to estimate its time constant.  




See the measurements link for an explanation of why it can be useful to make these measurements during neurophysiological experiments.  

d. Calculate the membrane’s input resistance, RM =  V / I = 


e. Would you expect the input resistance to increase or decrease if additional ion channels were to be opened (e.g., by a neurotransmitter)?  Explain.  

f. Test your hypothesis by doubling the leakage conductance (Membrane Parameters panel).   Describe the result.  Does it confirm your expectations?
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1. Stimulus Control   Given the initial settings in this box:

a.  How large will the stimulus current be?




b.  How long will it last?




Panel and Graph Manager Check the settings in the Membrane Parameters box.

c. What is the density of Na+ channels?




d. What is the density of K+ channels? 




e. What is the value of “leakage conductance”? 




f.  What kind of membrane is modeled with these settings? 

Run Control  

g.  Describe precisely what happens to the membrane voltage of a plain bilayer when a constant current is applied across the bilayer for 10 msec.  What is the value of membrane potential at the end of the 10-msec current pulse?

2.  Membrane Capacitance experiment

a. How does the graph of Membrane Voltage vs. Time change when the amplitude of the current pulse is decreased?  

b. Which equation (see NIA1 lab handout) best explains this result? Explain.

3.  Adding the Na/K pump

a. Describe precisely how the membrane voltage of a plain bilayer changes in  response to a constant current pulse when it starts from a resting potential of –75mV?

b. What is the value of membrane potential at the end of the 10-msec current pulse?

4. Adding passive “leak” channels.

Describe precisely how the membrane potential changes in response to a constant current pulse when there are passive ion channels in the membrane.

5. How neurophysiologists use the membrane’s response to constant current pulses.

a.  What’s the highest level of VM at the end of a 2 nA current pulse that lasts for 25 msec?



b.  By how many mV did VM change during the 2 nA pulse? 

Amplitude of VM = 


c.  The membrane’s time constant,  is the time for the voltage to change from its resting level to 1/e = 0.632 of its final value.  Use the membrane’s response to the 25 msec current pulse to estimate its time constant.  



d.  Calculate the membrane’s input resistance, RM =  V / I = 


e.  Would you expect the input resistance to increase or decrease if additional ion channels were to be opened (e.g., by a neurotransmitter)?  Explain.  

f.  Test your hypothesis by doubling the leakage conductance (Membrane Parameters panel).  Describe the result.  Does it confirm your expectations?

