Biochemistry Workshop April 8, 2005

Homework problem set 1: Solution Key

1. See figure 14-6. Both of these labeled positions end up as carbon 3 (the phosphoester position) in glyceraldehyde-3-phosphate. After all reactions, this ends up being the 3 position (the methyl group) of pyruvate. (The best analytical approach would be mass spec. These positions will show up in easy to recognize fragments. C-13 NMR would be useful to locate that isotope’s position.)

2. a. Two peptides –GT and TG. Similarly, from two nucleotides, assuming only ordinary phosphodiester linkages, two possibilities.

b. You have a galactose and a glucose molecule. Assuming that only the pyranose forms of these sugars are important, how many possible disaccharides can be produced? 

First-galactopyranosides hooked to glucose through the anomeric carbon of galactose. There are four possible connection spots to glucose (2, 3, 4, or 6-1 will be discussed later) and each connecting galactose can be in either the ( or ( type of glycosidic linkage. Ignoring the free reducing end of glucose (which will be in equilibrium between the two anomers) this gives 8 possible linkages. These are all reducing sugars and the beta linkages would be hydrolyzed by a beta-galactosidase.

Similarly, connecting glucose as a glucopyranoside to galactose also gives 8 possible types of linkage. These are all reducing sugars and the alpha type of linkage would be cut by an alpha glucosidase.

Finally, the two anomeric carbons (the 1 positions of both sugars) could be linked as glycosides. Since each could be in ( or ( form, this would give 4 more linkage types (((, ((, ((, and (() None of these are reducing sugars. Two would be cut by an alpha glucosidase, and two would be cut by a beta galactosidase. (Also, one disaccharide would be split by both enzymes and one would be split by neither.)

This gives a total of 20 different types of bonds between the two sugars.

What are some biological consequences of this diversity? The number of possible complex polysaccharides is enormous. This provides many ways of encoding biological information for binding proteins. It also means that it would take a huge range of enzymes to hydrolyze all possible connections. Experimentally, carbohydrates are the most difficult macromolecule to characterize.

3. a. Since exercise can increase blood lactate, rest is a more stable definition. 

b. The result of these oxidations would be to increase the ratio of NADH/NAD+ in the cell. This would force the equilibrium for the reduction of pyruvate to lactate further in the direction of lactate.

4. 

a. In addition to pH buffer: inorganic phosphate, NAD+/NADH, ATP (but not real high ATP) and ADP, Mg2+. Since the yeast system goes all the way to ethanol, you will also need TPP for the pyruvate decarboxylase reaction. 

b. This is based on looking at regulators of PFK-1 and pyruvate kinase. Examples of rate enhancers: AMP and high levels of ADP, fructose 2,6-bisphosphate, (could also add an enzyme that destroys ATP.) rate inhibitors: citrate, high levels of ATP, AcCoA, fatty acids. 

c. One Pi is consumed for each three-carbon fragment, and one carbon dioxide is produced per three-carbon fragment. The expected ratio is 1/1.

5. a. ADP + phosphocreatine ((  ATP + creatine

b. (G0’= -43 kJ/mol for phosphocreatine + water ( creatine + Pi 

(G0’=+30 kJ/mol for ADP + Pi (ATP + water

Net reaction is the sum of the two above =-13kJ/mol. The reaction is spontaneous in the direction of phosphate transfer from phosphocreatine to ADP.

c. 

(G’=(G0’ + RTln Q

Q={[ATP] [creatine]}/{[ADP] [phosphocreatine]} =(10 mM*1 mM)/(1 mM * 30 mM) =10/30 =0.33

(G’=-13,000 J + (8.315 J/mol *K) 310 K ln (0.33) = -15.86 kJ/mol

d. Just using ATP alone as a source of phosphorylation would result in the muscle being energy depleted after about 1.5 seconds. The Keq in favor of phosphate transfer from phosphocreatine is very favorable, and will give the muscle an additional 6-7 seconds of ability to work at full capacity.

