Exam 1 2009 Oct. 1, 2009   ANSWER KEY

1.  Rank the following entire molecules in order of their expected mobility in paper chromatography using the standard isopropanol/water mixture discussed in class. Rank them such that the most  mobile (travels the farthest distance) is ranked and listed first (left side of answer) . Phosphatidic acid is a phospholipid with only a single phosphoester bond.  Be sure to explain your reasoning    _B_      _A_      _E_      _C      _D_  

A. Phosphatidic acid with 12-carbon unsaturated fatty acids

B. fat with 12-carbon unsaturated fatty acids

C. phenylalanine

D. valine

E. SDS  (C12H25O12SO4=)    

All but fat have a doubly charged polar group that makes them less hydrophobic, so the differences lie in the number of hydrophobic carbon atoms per molecule.  Fat wins for that reason and because its polar group is less hydrophilic than the charged counterparts.  
2. The structure of alpha-L-fucose is depicted on one of the last pages in abbreviated form. Assume fucose adopts the same chair conformation as glucose.
2A. The molecular formula for alpha-L-fucose is (fill in the numbers):  C_6_H_12_O_5_

2B.  If many molecules of the form of fucose shown here were linked in a polymer by the same carbon positions that are used to make starch or cellulose from glucose, then the bond between the fucose molecule shown and the next fucose residue drawn to the right of it would be (circle all correct answers):

 (ester)  (glycosydic) (amide) (axial-equatorial) (equatorial-axial) (axial-axial) (equatorial- equatorial) (1,4) (4,1) (1,2) 
Glycosidic bonds connect sugars, they are neither esters nor amides.

The alpha OH in fucose is axial down, just as in alpha glucose, can be seen from its downward orientation in the diagram, as opposed to the C2 OH which is oriented up.  If it connects like glucose in starch or cellulose the it is connecting straight across to the C4 OH, which is in the same down orientation as in glucose (middle) and which is equatorial in glucose (left). So axial-equatorial, left fucose to right fucose. 

2C. Polyfucose would be expected to have a structure: (more like starch than cellulose) (more like cellulose than starch) 
(more like starch than cellulose) (more like cellulose than starch) 
Since the axial-equatorial bond produces a sharp angle between the monomers. 

2E. Whatever the correct answer is for 2C, suppose polyfucose has a structure like that of cellulose. Which would make a stronger fiber? (polyfucose) (cellulose) (same) 

Cellulose, as apposing strands are held together by H-bonds of the protruding hydroxyl at carbon 6. Such H-bonds are not possible for polyfucose as there is no hydroxyl on carbon 6.  If you did not remember the protruding C6 hydroxyl’s role in particular, the same conclusion could be reached based on one less hydroxyl with which to form H-bonds. 
3. A culture of E. coli that has grown up from one cell with a generation time of 1 hour in glucose minimal medium has used up half of the phosphorous originally present in the medium. Assuming exponential growth how many hours will it take to use up the remaining phosphorous?  (0.5) (1) (2) (4) (>4) 
Half the phosphorous was used to make N cells. After one more hour, one doubling of the population will have occurred, producing a net increase of 2N - N = N new cells, requiring and using up the other half of the phosphorous.  Some of you assumed that the “culture” had produced only 2 cells because the starting E. coli cell had only been grown for 1 hour (not so stated). In that case half the P was used make one net cell, so less that one doubling could be achieved with the other half of the P,  as that would require 2 cells’ worth of P . The answer 0.5 was accepted as correct with this reasoning.
B The hydrolysis of sucrose to yield glucose and fructose is exergonic (i.e., tends to go to the right as written).  This reaction (circle all correct statements):

(absorbs energy) (releases energy) (creates water) (consumes water) (is irreversible) 

Spontaneous, exergonic reaction go to the right because energy is released as more stable bands are formed.  Hydrolysis reactions add water across covalent bonds to cleave them and produce 2 smaller molecules.  All reactions are be considered reversible, the reverse reaction here being a dehydration typical of condenstions. 
4B. The enzyme sucrase serves as a catalyst for the reaction shown in 3C.  In the presence of sucrase the activation energy for the reaction has been measured to be 7.0 kilocalories per mole.  
4B1. In the absence of sucrase the activation energy would be: 

(higher) (lower) (unchanged) (can’t predict)  

Catalyst speed up reactions by lowering the activation energy needed to form a transition state.  
4B2.   In the absence of sucrase the amount of energy released or absorbed, depending on your answer to 4A, would: (increase) (decrease) (be unchanged) (can’t predict)

Catalysts cannot change the direction of reactions, which depend on the absorbance or release of energy, as that depends only on the nature of the reactants and the products 

5.  The progesterone receptor is a heterotetramer consisting of 3 types of subunit: R of molecular weight (MW) 120 (all in kilodaltons), two A subunits of MW 90, and one B subunit of MW 60. 

5A.  After ultracentrifugation under native conditions for 6 hours the PR protein is found 4 cm from the top of the solution in the centrifuge tube. Under the same conditions, the purified (native) B subunit sediments 1 cm in 6 hours. These data can be expected if  (circle one answer):  (B is more spherical than PR) (PR is more spherical than B)  (PR and B are both spherical) (B and PR are not spherical but are about the same shape) (none of these answers)  

If B is spherical then if PR is also spherical we would expect it to sediment 6 cm since its MW is 6X that of B.  Since it sedimented less, it must have been subject to greater frictional force than a sphere, which would happen if it were not spherical (elongated or flattened). A non-spherical shape will present more surface area to the solvent, leading to greater friction. and less than expected sedimentation in a given time. 
5B.   Suppose the purified PR is subjected to separation procedures with the following results:

1) Separation of the untreated protein by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) results in 3 polypeptide bands of apparent MWs 180, 120 and 50.  

2) Pretreatment of the protein with mercaptoethanol and then SDS PAGE gives 3 bands of apparent MW 180, 120, & 60.

3) As (2) but boiled before treatment with mercaptoethanol and SDS gives 3 bands of 120, 90 and 60.

5B1. These data indicate that there are disulfide bonds between  subunits (R) (A) (B) and subunits (R) (A) (B) that are located near the (interior) (surface) (can’t tell) of the protein (circle one from each group).
5B2.  These data indicate that there are disulfide bonds between cysteines within subunit (R) (A) (B) that are located near the (interior) (surface) (can’t tell) of the protein.   Explain both here
The two 90 MW subunits A must have a disulfide crosslink to explain a MW of 180. When treated with mercaptoethanol, they remain crosslinked, meaning that the disulfides must be in the interior of the protein and so not be accessible to the mercaptoethanol.  They become accessible after the protein is denatured by heating. 

A intra-subunit disulfide could explain the apparent MW of 50 for subunit B. Without cleavage by mercaptoethanol the polypeptide would not become a truly random coil in SDS, so would be less extended, and so migrate faster in SDS PAGE, experiencing less of a sieving effect as it is more compact. After treatment with mercaptoethanol it migrates as expected for its MW. Since boiling was not necessary, the disulfide in B must be near the surface and accessible to the mercaptoethanol  

5C. Subjecting PR to PAGE in the presence of 7 M urea (and no mercaptoethanol) and with the anode (+)  at the bottom of the slab gel yields a single band. This result could be explained by (circle all correct answers):

(expect migration of the tetramer as a single molecule)

(disulfide bonds are present between all subunits)

(the higher MW subunits having a higher net negative charge) 

(the lower MW subunit  having a higher net negative charge)

(two subunits having a net positive charge)    

In urea, the protein will be denatured but will still respond to the electric field according to net charge. The different MW polypeptides could have different charges that just compensate for the mobility differences that would be due to their different MWs.  Another possibility is that 2 of the 3 subunit type have a net positive charge and therefore migrate off the top of the gel and are lost in the buffer of the reservoir. Only the net negatively charged subunit is then seen.  Either answer is OK. 
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6.  Depicted below is a monomer of the integral membrane protein “porin” so named because it serves as a channel in some bacterial cell membranes.  Assume there are no cysteines in porin. 
6A. The predominant secondary structure that is evident in porin is (one best answer, no explanation needed): (a double helix) (an alpha helix)  

(a beta sheet)  (disulfide bonds)  (quaternary folds)

 (a phospholipid bilayer) 

     6B. The part of the protein marked with X’s is (one best answer, no explanation needed): 

(an alpha helix)  (a beta sheet)  (a loop region)

 (a polypeptide chain) (a polysaccharide) 
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6C.  Consider the amino acid sequence in the region marked by the 10 X’s. Starting with #1 at the top, suppose some of the amino acids are as indicated below. Make your best guesses for the 7 remaining positions, using 7 different amino acids, and explain your reasoning at the right:

1. leucine
2. aspartate

3. valine

4.  glutamate___________

5.  phenylalanine________

6.  serine_______________

7.  tryptophan__________

8.  arginine_____________

9.  valine _______________

10.glutamine____________

6D.  The full porin protein is a trimer made up of 3 identical subunits of monomer pictured above that lie next to each other in the membrane, forming a triple channel by contacts only in the central region of the monomers, as indicated by the curly bracket. This association is an example of   (bilayer)   (tetrahedral)   (primary)   (secondary)   (tertiary)   (quaternary)  structure  AND  the forces or bonds involved in the association could be (covalent) (van der Waals)  (hydrogen) (between backbone atoms) (amide)  (ionic)  (hydrophobic). Circle all correct answers. 
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Association of multiple polypeptides in a protein is quaternary structure. 

Association is via side chains and could be ionic, H-bonds, or van der Waals, but not hydrophobic, as the environment here is not aqueous (i.e., there is no entropic effect on water structure, nothing to be ‘phobic about) . No covalent  bonds as these would only be disulfides and  there are no cysteines. 
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beta-D-glucose 


beta-D-glucose                       Alpha-L-fucose (carbon #1 indicated)[image: image2.png]id ig
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In a beta sheet the side chains protrude on both sides, alternating between one side and the other. The odd numbered positions 1, 3, and 9 were all hydrophobic side chains so must be protruding out on the exterior face of the beta sheet “barrel.” So the odd numbers should be amino acids with hydrophobic side chains, and the even numbered amino acids, sticking out on the inside, which is an aqueous environment, are most likely to be hydrophilic side chains, i.e., charged or polar. There are many correct choices.
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