Key to Cell Biology Workshop 3

1.In examining the sequences the bulk of the sequence is identical. There are three sites of difference, which can be summarized as:

i. –L—V—I-

ii. –P—P—P-

iii. –E—R—D-

For sequence i. the amino acid R groups are all hydrophobic alkanes. Sequence ii. Has prolines; prolines cause difficulties because their presence disrupts orderly secondary structures such as alpha helices. Sequence three has the ionized side chairs of glutamic acid, arginine, and aspartic acid. Also, is takes about 15-20 amino acids of continuos alpha helix to make a membrane-spanning segment.

So: i. will make a fine membrane spanning alpha helix on its own, or perhaps as part of a larger protein structure. The second sequence with the prolines would not cross a membrane on its own, but it may interact with other membrane proteins. The third helix would not work as a solo membrane crossing helix, due to the charged R groups that would need to be placed in the very nonpolar portion of the lipid bilayer. Number iii could possibly work as part of a protein with several membrane spanning regions, in which the polar charged side chains could interact with similar groups on other portions of the protein.

2. In the structure for phosphatidylcholine there are 4 esters: Two between alcohols of the glycerol and the corresponding two fatty acids. There are also two phosphoesters formed by the phosphate region: one links the alcohol on glycerol to the phosphate, the second links the alcohol on choline to the phosphate. Each of these linkages may be hydrolyzed by a distinct phospolipases. The conventions in describing glycerol based lipids is to number the glycerol starting from the end opposite the phosphate, so that positions 1 and 2 are used to make carboxylic esters to the fatty acids and position 3 forms the phosphoester. The structure is show both in MBOC and in the organic text. 

Possible products: at the esters of carbons 1 and 2, a free fatty acid and a phospholipid missing a fatty acid but having a free alcohol on the glycerol. Depending on which side of the phosphate the enzyme hydrolyses, at that end you would either get a glycerol with two fatty acid esters (diacylglycerol) + phosphocholine, OR phosphatidic acid and choline. 

3. The Davson-Danielli model has a protein coat on both sides of the lipid that would block an enzyme like phospholipase from reaching the substrate lipid molecules. In the fluid mosaic (Singer-Nicholson) model most of the lipids are exposed to the outside for easier access by the enzyme; this model fits better.

4. a. Quick Summary:

· Most sphingomyelin on outside, along with PC. Most PE and PS on inner side of membrane.

b. RBS can be obtained pure, not attached to other cells, no organelle membranes.

c. Are free choline and/or ethanolamine being released into solution?

d. The two sides of the lipid have distinct compositions. If they could mix easily, the content of lipid types would even out and reach equilibrium. The fact that they don’t indicates that the “flip” of a lipid from one surface of the bilayer to the other is a very rare event in these membranes.

5. a. Most obvious problem is that SITS is a dianion, which two highly charged sulphonate groups.

b. SITS reacts with primary amines. The most likely reaction spots are the amino terminus of a peptide chain and the R group amine on lysine. (Arginine has an amine but it is very basic due to the resonance structures possible and it is not very reactive.)

c. Amino groups are weak bases that are in equilibrium between their protonated conjugate acid form and the non-protonated conjugate base form, which has a free electron pair. The greater reactivity at basic pH suggests that the non-protonated conjugate base form is more reactive. (This also explains lack of reaction of arginine-because it is a stronger base, it spends much less time in the reactive conjugate base form.)

d. General outline.

A. Take intact cells and react with SITS. Lyse cell, isolate proteins, and see which ones have fluorescent label. Those labeled must have been exposed to the external surface. 

B. Repeat the experiment, this time using lysed cells or inverted ghosts. Proteins labeled under these conditions that were no labeled in part A must be exposed on the cytoplasmic side. Proteins exposed on both sides of the membrane should be labeled by both methods.

6. Warm water fish: need stiffer membranes so more saturated fatty acids, longer chain length in fatty acids. Cold water fish needs to increase membrane fluidity so more unsaturation in fatty acids, shorter chain length. In both cases alterations in the ratio of cholesterol to phospholipids may take place, as increased cholesterol seems to help maintain the desired viscosity when moving to extreme temperatures.

7. Hopanes have roughly the same size and ring structure as sterols, so they may play the same role in bacterial membranes that cholesterol does in animal membranes.

