Biology Workshop for November 10, 2006
Cell Signaling

1. The following experiment was conducted to measure the number of adrenergic receptors on frog erythrocytes. For this experiment you use tritium labeled alprenolol, which binds to these receptors ~500 times more tightly than adrenaline. The labeled alprenolol is mixed with erythrocyte membranes, incubated at 37 C for 10 minutes, and then the membranes are separated from the incubation solution by centrifugation. The amount of radioactivity bound to the membranes is then determined.

The experiment was also done in a second fashion to measure non-specific binding. In this method, the membranes were also exposed to a vast excess of unlabeled alprenolol. The results of both experiments are shown in the figure below.
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a. Sketch the curve for the amount of specific binding of alprenolol to these membranes. Under these conditions does it appear that all or most of the receptors have been saturated?

b. Assuming that one molecule of alprenolol binds to one receptor, calculate the number of these receptors on the surface on one erythrocyte. The activity of the labeled alprenolol is 1 x 1013 cpm/millimole and it takes 8 x 108 erythrocytes to produce one milligram of membrane protein.

c. What is the approximate Kd (dissociation constant) for this receptor-ligand pair?

d. How many stereoisomers are possible for alprenolol?

e. The pKa for the conjugate acid of the amino group in alprenolol is 9.7. At the pH of blood (7.4) what it the ratio of the protonated to the unprotonated form of this drug?
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2. It is often useful to perturb a cellular system to see if a specific signaling pathway is involved. You can bath a cell that uses cAMP as a second messenger in a high concentration of this molecule and cause no change in cell properties. However, if the following modified form of cAMP (dibutyryl CAMP) is added, you can often see dramatic changes. Why do you see the differences in response between these apparently similar molecules?
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3. One component of bee venom is a phospholipase A2. This enzyme hydrolyses the ester linkage between the fatty acid on the 2nd carbon of a phospholipid, producing a free fatty acid and a lysophospholid (a phospholipid missing one fatty acid.). This reaction can produce the release of signaling molecules and activation of cellular signaling pathways. What cell signaling pathway (that we have discussed) does this cell signaling mechanism resemble? What may be some possible downstream targets that this cell signaling system could act on? (Pay attention to both of the products of the hydrolysis reaction.)

4. Other tools for studying cell signaling systems are non-hydrolyzable nucleotides. An example is Gpp(NH)p shown below. This molecule will bind to many GTP binding sites but is not a substrate for GTPase activity. 

a. What structural change leads to the loss of ability to be a substrate?
b. What would you predict to be the effect of adding Gpp(NH)p to the cytoplasm of a cell? 

c. Would it be likely to have any effect if added to the extracellular fluid?
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5. A group of plant products called methylxanthines (caffeine, theophylline, etc.) are inhibitors of phosphodiesterases. A. How would the addition of these molecules to the inside of a cell alter signaling pathways? B. Look up the structure of caffeine or theophylline. What portion of cAMP do they resemble?

6. Draw the structure of a serine, threonine, and tyrosine R groups as part of a protein. Draw the structure of the product of their reaction with an appropriate protein kinase and the other needed substrate. What is that needed substrate? What enzyme class undoes this reaction and what are their products?
