MCB 160 / Spring 2006

Introduction to Neurobiology


Problem Set #1 Answers

1. Membranes and Potential.

Units and symbols:  Voltage (V) is in volts (V), current (I) in amperes (A), resistance (R) in ohms (Ω), capacitance (C) in farads (F), and charge (Q) in coulombs (C).  

a. The equilibrium potential for Cl-, calculated from the Nernst equation, is -58 mV.
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b. The Nernst potential for Na+, calculated from the Nernst equation, is +58 mV.
c. Plasma membranes have a typical specific capacitance of 1 μF/cm2.
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d. 
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e. The volume of the cell.
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Half of the cell is cytoplasm.
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(1 m3 = 1000 L)
Initially, the number of moles of sodium ions =
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The number of sodium ions entering to charge up the membrane 
[image: image8.wmf])
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is much smaller than the initial number of ions, so 
there is no significant change in concentration due to the opening of sodium channels.

f. Na+ will tend to run down its concentration gradient into the cell. Sodium ions will therefore accumulate on the inside surface of the membrane, making the inside more positive (depolarizing the membrane).  If this were all that happened, the capacitance would charge until the potential reached the Na+ reversal potential, at which point no more Na+ would be able to enter.  However, K+ is free to run down its concentration gradient as well, and this carries positive charge away from the inside of the cell, thereby reducing its positive charge and hyperpolarizing the membrane.  Again, if Na+ were not free to move, the membrane potential would reach the reversal potential for K+ .

However, if both ions are flowing simultaneously, the inward Na+ flux prevents the membrane from reaching the reversal potential for K+ , and the outward K+ flux prevents the membrane from reaching the reversal potential for Na+ .  Thus, the membrane potential will stabilize somewhere between the Na+ and K+ reversal potentials.

g. When you inject an extrinsic positive current into the cell, since the conducting cytosol cannot have a net excess of charge within it, the positive charges can either leave the cell through channels or accumulate on the membrane.  The accumulation of positive charges on the inside membrane depolarizes the cell.

h. If the Na+ conductance increases, the Na+ ions will flow in a direction determined by the membrane potential.  At normal resting potentials, this means Na+ will flow into the cell down its concentration gradient and toward the negative charges accumulated on the inside membrane face.  The incoming positive charges will accumulate on the inside membrane face and depolarize the cell.

i. If the K+ conductance increases, the potassium ions will flow out of the cell (at normal resting potentials).  This removes positive charges from the inside of the membrane, making the inside more negative.  Hence, the cell hyperpolarizes.
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