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Problem 2. The membrane of a cell is known to contain sodium/potassium pumps and supports
passive electrodiffusion of sodium, potassium, and chloride 1ons. The potassium conductivity s 8
times the sodium conductivity. The sodium/potassium pump drives 3 molecules of sodium outward
for every 2 molecules of potassium that is driven inward. The cell 1s allowed to come to quasi-
equilibrium in a very large bath that contains 460 mmol/L Na*, 40 mmol/L K+, and 500 mmol/L
Cl~. At quasi-equilibrium, the cell contains 400 mmol/L. Kt and unknown concentrations of Nat
and Cl~. The cell also contains unknown concentrations of charged macromolecules which cannot
pass through the cell membrane. The cell’s volume is constant, so there is no water transport

across the cell membrane. The resting potential is —50 mV. Assume that the temperature is such
that { BT/ F') In 10 = 60 mV.
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a) Determine the concentration of chloride ions inside the cell or explain why it cannot be
determined from the available information.
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b) Determine the Nernst equilibrium potential for sodium or explain why it cannot be deter-
mined from the available information.
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¢) The pump is blocked by adding a trace concentration of ouabain to the bath. The cell quickly
reaches a new resting potential. Is the new resting potential greater than, less than, or the
same as the old resting potential? Explain.
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