*6-20. There are many different adrenergic receptors. All the adrenergic receptors are transmembrane proteins coupled to G proteins. This question is about the α1 & α2 (adrenergic) receptors.

If you add epinephrine to cells with the α1 receptor, phospholipase C (PLC) is activated. 
If you add epinephrine to cells with the α2 receptor, adenyl cyclase (AC) is inhibited. 
For this question, assume that there are no additional complications. 

        A-1. The G proteins used by the α1 and α2 receptors should (be the same) (be different) (be the same or different --can’t predict without additional information).  
        A-2. If you add an agonist of epinephrine to cells with the α 1 receptors (no other adrenergic receptors) you would expect a change in the cellular concentration of :
(IP3) (cAMP) (IP3 or cAMP, but not both) (either of these) (neither of these).  

        B-1. Suppose cells with the α2 receptor (no other adrenergic receptors) contain active PKA. If you add epinephrine to the cells, the amount of active PKA in the cells should (increase) (decrease) (stay the same) (can’t predict).

        B-2. Suppose you add an inhibitor of phosphodiesterase (PDE) at the same time that you add the epinephrine. How will this change your result? Compared to the effect in B-1, the change in the amount of active PKA should be (greater) (less)  (in the opposite direction) (about the same).  Draw out the relevant parts of the signaling pathway and show how it explains your answers. Please OMIT any factors or steps that are not involved.

 *6-21. If you add epinephrine to cells with the α1 or α 2 receptor, the enzymes PLC or AC are affected as explained above. In addition, if you add epinephrine to cells with either type of receptors, the Ca++ in the cytosol is rapidly increased. 

        A. This result is expected in (cells with α1 receptors) (cells with α2 receptors) (both) (neither).  

        B. Pertussis toxin binds to and modifies the G protein (Gi) used by the α 2 receptors. (See table below, expt. 3, for effects of pertussis toxin). Pertussis toxin is most likely to inhibit (binding of GTP) (hydrolysis of GTP) (binding of GDP) (phosphorylation of GDP to GTP) (binding of GTP or GDP) (binding or hydrolysis of  GTP). Explain briefly. 

 

        C. You decide to figure out more about the mechanism of Ca++ release in response to epinephrine. The experiments and the results are given in detail & summarized in Table 2 below.  Given all the results, 

        C-1. An activated G protein is probably activating PLC in cells with (α1 receptors) (α2 receptors) (both) (neither). 

        C-2. The Ca++ is probably entering the cytosol from (the Golgi) (endosomes) (the ER) (the ER or Golgi) (lysosomes) (peroxisomes) (extracellular fluid) (extracellular fluid or one of the organelles) (depends on which type of receptor is triggering Ca++ entry).  

        C-3. The alpha subunit of a G protein is probably activating PLC in cells with (α1 receptors) (α2 receptors) (both) (neither). 

Diagram how a normal cell with α2 receptors responds to epinephrine. Show the steps that produce both the Ca++ response and the appropriate PKA response. Show where the pertussis toxin and the β/γ binding proteins act to produce their effect. 

 
Information for Question 21: Description of Experiments 

 

(1). You add epinephrine to normal cells, and check the levels of IP3. The level of IP3 in the cytosol goes up in both cell types. (No inhibitors or toxins present.)

(2). You block the channels in the plasma membrane, add epinephrine, and check the level of Ca++ in the cytosol. The Ca++ in the cytosol still goes up in both cell types. 

(3). You treat the cells first with pertussis toxin and then with epinephrine, and measure the levels of Ca++ and IP3 in the cytosol. The results are different for the two cell types. See table.

(4). There are proteins that bind to the β/γ subunits of all G proteins. (All the β/γ subunits have at least one domain in common.) You use bioengineering to make the two cell types produce these proteins.  Then you measure the levels of Ca++ in the cytosol in response to epinephrine. The results are different for the two cell types. See table.

 

Table: Summary of Results:

	 
	 
	Cells with α1 receptors (only)
	Cells with α2 receptors (only)

	 
	 
	Does Ca++ level rise?
	Does IP3 level rise?
	Does Ca++ level rise?
	Does IP3 level rise?
	Is AC inhibited?

	1
	Add epi. alone
	yes
	yes
	yes
	yes
	yes

	2
	Epi + Block channels 
	yes
	nt (not tested)
	yes
	nt
	yes

	3
	Epi + pertussis
	yes
	yes
	no
	no
	no

	4
	Epi +  β/γ binding prot.
	yes
	nt
	no
	nt
	yes


