BIOLOGY 22: NEUROBIOLOGY

Kathleen Siwicki

Spring 2004
HOMEWORK #4 
Neurons in Action 2: A SIMULATION OF HODGKIN & HUXLEY’S VOLTAGE  CLAMP EXPERIMENTS ON SQUID AXON.

Launching the software   

a. Open Netscape (not Explorer) before launching Neurons in Action. Open the Neuron folder on the computer’s hard drive. Drag nia2003.htm into the Netscape window. 

b. From the Neurons in Action Home page, Start NeuroLab.

c. Open the Voltage Clamping link in Level II.

d. Read the introduction and Goals of this tutorial. Your assignment will focus on the first two goals in this list.  Scroll down to Start the Simulation on the MAC. 

Setting up your experiment

Launch the Stimulus Control panel from the Panel &Graph Manager window.  Select the VClamp diamond in the upper section of this panel.  This brings up a set of boxes that specify the amplitude and duration of the command voltage before (= Conditioning Level), during (= Testing Level), and after (= Return Level) each voltage pulse.  You will change the Testing Level of the voltage pulses in this experiment.  

To observe the command voltage and how it changes during each trial, click on the Membrane Voltage vs. Time button in the Panel &Graph Manager window.  Press Reset & Run in the Run Control window (henceforth R&R), and you will see how the command voltage is stepped to the Testing Level and then returned.  

What is the Testing Level of the voltage pulse? 


What is the value of VM before the pulse? 



What is the value of VM after the pulse? 


What is the duration of the voltage pulse?



What other values of VM  are plotted in this window?




To observe the membrane currents and how they change with time after stepping to a new level of membrane potential, click on the Membrane Current Plots button in the Panel &Graph Manager window. Press R&R to observe the Na+ current and the K+ current that flow across the membrane during this voltage step.  

Initial measurements

Use the Crosshair to measure the maximum amplitude of inward Na+ current during the voltage pulse.  (Activate the Crosshair by positioning your cursor on the Membrane Currents plotting window, then using “Apple-click” to call up the plotting window features.)  

What is the maximum amplitude of INa? 


How many msec after the beginning of the voltage pulse does this peak INa occur? 

Note that IK does not reach a steady maximum level before the end of this Test pulse.  Change the Test pulse duration so that it lasts long enough for IK to reach a maximum steady-state value.  You should also change the plotting axes to see the entire result: (1) Increase Total #ms in the Run Control  panel to lengthen the time axis, and (2) activate the View….View Plot button that comes up when you position your cursor on the Membrane Currents window and use the Apple key.

What is the maximum amplitude of IK? 


The experiment

In a typical voltage clamp experiment, a series of Test pulses are delivered to bring the membrane to different levels of VM, and the resulting currents are measured.  The currents at each voltage level are used to calculate conductances 

What equation is used for these calculations?






Prepare a data table to record the peak values of INa and IK in response to different voltage steps.  Use the Stimulus Control panel to change the Test pulse amplitude in increments of 20 mV, ranging from –40 mV to +100 mV.  Measure the peak INa and peak IK at each level of command voltage.  Remember to resize the plot with the ViewPlot option (Apple-click) to measure the larger values. 

Data analysis

1.   Construct plots of maximum INa and maximum IK  vs. VM. Use the maximum current values at each 
VM to calculate and plot maximum conductances (gNa and gK) as functions of VM..

2. .  
a. Describe the shape of the I vs. V curve for Na+ currents.  

b. In which direction (inward or outward) does Na+ flow during small depolarizations?

c.  Is there anything special about the point where the curve crosses the VM axis?

d.  Under what conditions does Na+ flow outward?  Why?

3. . 
a. Describe the shape of the I vs.V curve for K+ currents.  

b. In which direction (inward or outward) does K+ flow during small depolarizations?  

c. During large depolarizations?

d. At which point does this curve crosses the VM axis? Why?

4. The conductance vs. VM  plots describe the voltage-sensitivity of these channels.  

a. Over what range of membrane potentials are Na+ channels most sensitive to changes in VM?

b. Over what range are K+ channels most voltage-sensitive?

