Cell Biology Workshop 6 Key 

All page numbers refer to MBOC text

1. a. Paracrine, synaptic and endocrine signaling: pp. 833-834 and figures 15-4 and 15-5.

b. Gap junction: protein channels that couple two cells together by direct contact of the cytoplasm. The pore allows movement of small molecules and ions, but not macromolecules. Pp. 835-836, 1074-76
c. Nuclear receptor superfamily: a homologous group of hormone receptors that bind their ligand inside the cell. The ligand-receptor complex then interacts with DNA and DNA binding proteins to alter gene expression, usually by changing transcription. The ligands are typically small hydrophobic molecules, pp. 839-841, and figures 15-12 and 15-13.

d. Cyclic nucleotide: small nucleotides, made from either ATP or GTP. After synthesis by a cyclase enzyme, the trisphosphate loses pyrophosphate and the resulting cyclic nucleotide contains an internal 3’-5’-phosphodiester linkage. These molecules (cAMP and cGMP) act as second messengers, and can regulate protein kinases, ion channels, and gene expression. Pp. 854-857, fig. 15-31
e. Second messenger; small molecules or ions that act in the transduction of a cell signal. Examples include cyclic nucleotides, calcium ion, inositol phosphate, and diacylglycerol. Pp. 843
f. Serine/threonine kinase. A kinase is an enzyme that transfers the terminal phosphate of ATP onto a substrate molecule. This specific kinase class transfers the phosphate to the serine or threonine of specific substrate proteins. P. 845 Examples, include cAMP-dependent protein kinase and protein kinase C. 
g. Trimeric GTP-binding protein: One of two major classes of G-proteins. These are heterotrimers, composed of alpha, beta, and gamma subunits. The alpha subunit contains the nucleotide binding site and hydrolase activity. Upon activation, the protein complex exchanges GTP for GDP on the alpha subunit. This class of G-protein is commonly involved in hormone transduction and in sensory cells. The resulting active G protein fragments (Galpha-GTP and Gbeta-gamma) can be either stimulatory or inhibitory in their next interaction in the signaling cascade. Table 15-3. p.869, pp. 853-856
h. Serpentine receptor: A common class of cell surface receptors. They are characterized by the N-terminus being exterior, followed by 7 membrane spanning alpha helices, and the C-terminus in the cytoplasm. Upon activation the next step in the signal transduction process for this group is the activation of a trimeric G-protein. This is a large family of homologous proteins, related to bacteriorhodopsin and visual rhodopsin. Pp. 852-853, figure 15-26.
2. Two general categories of response lowering sensitivity (desensitization) are to either reduce the number of receptor molecules, or to lower the action of the remaining receptors. Lower numbers of receptors can be produced by decreasing synthesis rate of receptors, or by clearing the cell surface of receptors by storing them in interior vacuoles or other membrane compartments not exposed to the outside. Activated receptor-ligand complexes can be removed by proteolysis.


One example of lowering the sensitivity of a receptor is by covalent modification of the receptor protein. In cells in which the beta-adrenergic receptor (a serpentine receptor binding epinephrine type signals) is activated, this activation stimulates a cytoplasmic protein kinase that phosphorylates the receptor protein, making it less active. P. 851 figure 15-25; also look at example of arrestin in the visual cycle. P.870, fig. 15-48. 

3.:

a. The nerve-muscle preparation will contract and the muscle will carry an action potential during control conditions when the nerve is electrically stimulated.

b. When acetylcholine is directly added to the neuromuscular synapse the muscle contracts.

c. When the drug is added and the nerve is stimulated, the muscle does not contract.

d. When the drug is added and acetylcholine is directly applied to the neuromuscular synapse, the muscle does not contract

e. When the drug is added and the muscle is stimulated by an electrical impulse, the muscle contracts normally.

A. Propose the most likely molecular target that is altered by this drug, as well as cellular components that are apparently not altered by this drug. Your explanation should deal with each of the observed experimental results. The first two experiments suggest a normal cholinergic nerve-muscle synapse. The muscle is not stimulated by either nerve action or the direct action of acetylcholine, but can contact on direct electrical simulation.  The best fit for this data is that the drug blocks the muscle acetylcholine receptor from successfully binding its normal ligand. The muscle cell voltage-gated ion channels and calcium release pathways seem fine. This system is described on pp. 647-650.
B. Propose at least one experiment that could further support or disprove your proposed site of action. Many possibilities; Is acetylcholine released from the nerve ending in the presence of the drug? Can the effect of the drug be diluted by adding a large excess of acetylcholine? When acetylcholine is added with the drug, is the membrane potential altered in the presence of the receptor? Is the normal calcium ion influx seen in nerve axon tip upon stimulation of the nerve?
C. The structure of the drug in question, from Chondodendron tomentosum, is shown on the next page. Is this molecule chiral? Refer to specific structural elements to support your answer. Yes, it is chiral. It has two tetrahedral asymmetric carbons and no symmetry relating the two sites. The molecule is nearly symmetric, but note that the nitrogens are not identical, one of the phenyl groups in the center has an –OH but not the other, and the linkages to these two phenyl groups are not identical. There is also an unmatched methoxy ether group.
D. What functional groups are present in this molecule? Aromatic rings, phenol, ether, amines (both quaternary and tertiary)
E. The molecule is missing some formal charges. Place the needed charges in their correct locations. Both nitrogens need +1 formal charges
F. Look at this molecule in light of your proposed mode of action developed in this first part of this problem. Are there any structural elements that would indicate how this drug interacts with the signaling process? Choline also possesses a +1 charge in the form of a tertiary amine. It is possible that this drug competes with the normal ligand, binds tightly to the receptor, but does not activate the receptor, acting as an antagonist. The ACh receptor binds 2 molecules of acetylcholine and this drug could simultaneously bind both sites and lock the protein receptor in an inactive conformation.
G. This drug is only effective when injected but it not effective when eaten. Does this make sense in examining its structure? It is large and does not resemble any nucleotide, sugar, or base for which there may be an intestinal transport system. It is also a double cation, and ions have minimal abilities to cross cell membranes.  This is the active component from curare.
4. 

a. Based on analysis of these yeast mutants, which components of this signaling pathway normally transmit the mating signal and/or growth arrest signal to downstream molecules? Hint: start by drawing out a cartoon of the signaling pathway. A good illustration of signaling path is on pp. 854-55. With no receptor and thus inactivated G-protein, the cell does not undergo arrest (line 2) suggesting that G-protein activation is needed for the cellular arrest process. In the absence of alpha (line 3), the complex cannot interact with the receptor and Gbeta-gamma can move away from the receptor, even in the absence of the hormone signal. Since the cells in line 3 arrest even without hormone, this suggests that the Gbeta-gamma dimer carries the information to arrest cell growth. However, these cells in line 3 are still sterile, implying that this is not the only signal; apparently the information from activated G-alpha is also needed for mating. The remaining lines support this model, as any deletion missing either beta or gamma cannot undergo cell arrest.
b. Predict the phenotype of yeast in the presence and absence pheromone for strains with the following mutant Galpha proteins:

i. A G –alpha protein that can bind GTP but not hydrolyze it. This cell should be in the arrested, mating response in the presence or absence of pheromone. The subunits will not reassociate to form the inactive trimeric G protein.
ii. A G- alpha protein that cannot bind to the activated pheromone receptor. The G-protein trimer should form normally, preventing the free subunits from moving in the cell. However, the proteins will never activate because they cannot interact with the receptor. Should be the same phenotype as line 2.
