Problem 6. Membrane transport (15 points) 
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Every living cell keeps concentrations of many substances inside the cell very different from the concentrations in the outside medium. For example, the cell should be able to accumulate inside it glucose and other important metabolites. Passage through the cell membrane of many of such substances is mediated by specialized proteins – exchangers and cotransporters, which use electrochemical gradients of some substances (such as Na+) to drive the flux of other substances uphill their gradients. Equally important for many cells is the ability to get rid of poisonous agents or metabolites. For example, a small (just 110 amino acids) prokaryotic protein EmrE provides for bacterial multidrug resistance by allowing entry of two protons (H+) in exchange of outward movement of a positively charged drug molecule.

Questions:

1. Provide examples of ions and uncharged molecules, for which there is a concentrational gradient across cell membrane. How does the cell produce such gradients? (0.5 points each full example, up to 3 points in total)

2. Why is that EmrE has to exchange drugs for several protons to be able to effectively drive drugs from the cell? (1 points)

3. One of the cotransport proteins (NaPi IIc) of apical epithelium of the small intestine utilizes existing Na+ gradient for phosphate  (HPO42–) absorption from the intestinal lumen by carrying two Na+ ions together with one HPO42–. Does this ion transport affect membrane potential (difference of electric potentials between the inside and outside sides of the membrane) of the cell? Given that the sodium concentration ratio outside and inside the cell is [Na+out]:[Na+in] = 10:1, calculate the theoretical equilibrium concentration ratio (inside to outside) for phosphate (HPO42–) ions (3 points)

4. Apical epithelium of the small intestine also contains two cotransport proteins which allow for glucose uptake by carrying one or (another protein) two sodium ions together with glucose. Does this transport affect the cell’s membrane potential? Given that there is 10 times more Na+ outside the cell than inside and the membrane potential is –70 mV, what will be the glucose accumulation ratio ( inside to outside concentration) if the transport is driven by carrying one Na+ ion? Two Na+ ions? (5 points)

5. Epithelium of which other organ must contain a range of cotransport and exchange proteins for glucose, amino acids and other vital metabolites? (1 point)

6. Your project is to design a nanoscale mechanism to purge harmful substances from the cell. How can you shift the reaction equilibrium in favor of expelling the substance from the cell? Is it possible to reach this goal by making the carrier more affine to the substance on the one side of the membrane than on the other? (2 points)
