BME665/565 – Assignment 2
January 23, 2007
Due: Thursday, January 30th

Purpose: 

1) To increase your understanding of how certain aspects of action potential propagation are modeled, and of how changes to the biophysical properties of the neuron alter those mathematical formulations.

2) To apply the concepts learned in class and presented in the text to the simulation of a specific biophysical model.

Deliverables:

Solutions to the questions below, and appropriate screens shots (e.g. voltage, conductance or current graphs) of any Matlab results. 

You are strongly encouraged to work together to obtain the results, but you must submit your own write-up, discussion and interpretation of those results.

Hypotheses to be tested and related questions to be answered:

1) Modeling the neuronal membrane and axon as a one-dimensional cable yields the second-order partial differential equation discussed in class (with passive currents only):
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a. Explain, with reference to appropriate membrane (transversal) and intracellular (longitudinal) resistances and capacitances, what 
[image: image2.wmf] and 
[image: image3.wmf] are. You may want to draw an appropriate figure to clarify your use of terms (or refer to one from the Dayan & Abbott book). It will be important to pay attention to physical units and appropriate scaling of these terms.

b. What would be the effect of a greatly increased membrane resistance on propagation of the action potential along the axon? What would it mean in terms of the equation?

c. To get a better feel for the spatial and time components of this equation, examine them separately. 

i. What is the stationary solution of (1) (i.e. what happens if you set 
[image: image4.wmf])?  How would you interpret this result in terms of what is happening in the neuron? 

ii. What happens if you ignore spatial diffusion? What does this represent in terms of the biophysics of the neuron?

2) The cell sketched below contains T-type Ca++ channels, K(Ca) channels, and leak channels. [image: image5.png]()




The conductance of the K(Ca) channels is determined by the intracellular Ca++ concentration according to the following equation:
[image: image6.png][Cat]
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a. Write the differential equations necessary to model this system. Clearly define the state variables of the system. For simplicity, assume a single [Ca++] state, which is the average calcium concentration in the cell. Ca++ is admitted to the cell by the T-type channels and is pumped out of the cell by an active transport process whose rate is proportional to [Ca++]. Assume that the Ca++ channels are not inactivated by either V or [Ca++]. You may have to make some additional assumptions to complete this problem; specify them clearly.

b. Write the equations for the steady-state, or resting state, for the cell modeled in part b). Make sure you have enough equations to specify the resting values of all the state variables.
c. Add these currents to the Matlab code for the single compartment Hodgkin-Huxley model used in Homework #1. Discuss the changes in the spiking behavoir of the neuron as you increase the maximum conductances of the T-type Ca++ currents and K(Ca) currents.
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