Answer key for biochemistry workshop for April 29

1. The degradation begins as shown in figure 17-10 for linoleic acid. The only difference is that after the steps shown in the figure, you will get to the final cis-alkene group and need to use the (3, (2-enoyl-CoA isomerase one more time.

2. A. This is very similar to text problem 17-19. These small fatty acids can diffuse in relatively easily and be carried as free fatty acids in the blood. Upon reaching a mammalian cell they will be activated by being made into the corresponding CoA ester using a synthetase (figure 17-5, equation 17-1.) After transfer to the mitochondrial matrix, acetate can be used directly as AcCoA, butyrate will go through one round of beta-oxidation, and propionate will need to go through the methylmalonate pathway (figure 17.11) to emerge as succinyl-CoA.

b. The succinyl-CoA formed from propionate can be used for gluconeogenesis. It can be oxidized to malate, which can transported to the cytoplasm, converted to oxaloacetate, then PEP.

c. As far as we know, all B-12 is synthesized by prokaryotes. Most mammals need their B-12 directly in their diet-even if they synthesize B-12 from the gut bacteria; the process is too far down the GI tract to allow any absorption of the vitamin. In ruminants, their B-12 can be supplied from the rumen ecosystem, and the microbes present need Co to synthesize B-12. 

3. Two different forms of AcCoA will be produced from the deuterated palmitate- 7 from beta-oxidation and C-C bond cleavage, and the ultimate acetate derived from the final 2 carbons in the fatty acid chain.

For the first 7 groups: alkene formation removes 2 deuterium; hydration replaces these with a hydroxyl and a non-labeled hydrogen from water. Oxidation to the ketone removes the hydroxyl hydrogen and an additional labeled deuterium from the chain. The thiolysis step then adds an additional environmental hydrogen to the departing carbon group. RESULY-each of the first 7 acetate groups each has 1 deuterium/acetate. FOR the final group, no deuterium all lost from the omega carbon, so that this acetate has 3 deuterium per acetate.  Average for the system = (7*1 + 1*3)/8    =1.25 deuterium per acetate average.

4. A. Using reduction potentials from Table 13.7, (E’0 = 0.346-0.32 =0.026 V

This is a 2-electron reaction, so that  (G’0 =- 2*(96.5 kJ/V-mol) (0.026 V) = -5 kJ/mol

b. Using this value for standard free energy, I then found that Keq=7 for the reaction. 

In the direction written, Keq={[NADH][AcAc]}/{[NAD+][hydroxybutyrate]} Then substitute the problem value for the NADH/NAD+ ratio and solve for the AcAc/HB ratio.

7/0.00083) = 8400 for ratio of oxidized form (acetoacetate) to hydroxybutyrate.

c. Covered well in section 17.3

5. a. All three involve a nucleophilic substitution that breaks a bond in a substrate molecule. The nucleophiles are different-water, phosphate, or a thiol group.

b. Hydrolysis-virtually all digestive enzymes, phosphatases, proteases, lipases.

Phosphorolysis – phosphorylase reaction with glycogen, 

Thiolysis –C-C bond breakage in beta-oxidation, formation of lipoic acid ester in pyruvate dehydrogenase

c. Phosphorolysis and thiolysis create products (phosphate esters, thioesters0 that contain highly reactive intermediates that would otherwise require other energy sources, such as ATP, to create

d. When a nucleophilic substitution occurs at the beta-carbon, the leaving group carbon anion is a stabilized enolate ion, and not nearly as strong a base (thus poor leaving group) as other potential carbon leaving groups. 

