Chem 454

Phat Problems (15pts)

Only selected problems will be graded

DUE 4/3 9:30AM



NAME            KEY                        .  

1. Catabolism of two 6-C glucose molecules through glycolysis, Krebs cycle, and oxidative phosphorylation yields approx. 60 ~P bonds of ATP (30/glucose). Compare the energy yield for oxidizing a 12-C fatty acid. 

How many "high energy" (~) bonds are utilized in activating the fatty acid, by esterifying it to coenzyme A? (-)_____2____

How many times is the b-oxidation pathway repeated during oxidation of a 12-C fatty acid? ____5_____ 

How many each of NADH___5___, FADH2___5___, and Acetyl CoA___6___ are produced, per 12-carbon fatty acid, in the b-oxidation pathway?

Oxidation of each acetyl CoA in Krebs cycle yields 3 NADH and one FADH2 (from succinate), resulting in additional production of ___18____NADH and ___6____FADH2.

Thus the yield is a total of ____23___NADH and ____11___FADH2.

In the respiratory chain, approx. 2.5 ~ bonds of ATP are produced per NADH and 1.5 ~ bonds of ATP per FADH2 (electrons entering the respiratory chain via coenzyme Q). Thus from reoxidation of NADH and FADH2 a total of ___74____ ~ bonds of ATP are produced per 12-C fatty acid. 

 Add to this the ~P bonds of GTP produced in Krebs Cycle (one GTP per acetyl-CoA) for a total of ___80____ ~P bonds produced.

Summing input and output yields a total of ____78___ ~P  bonds per 12-C fatty acid oxidized. 

Does fat yield more energy than carbohydrate? ____Y___. 

2. If the following 14C-labeled compounds (star below labeled atoms) are added to a liver homogenate carrying out fatty acid biosynthesis, where will the label primarily be found in the palmitic acid synthesized? Briefly outline the pathway in each case. 
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a. no label for CO2 would be found in palmitate since CO2 is lost on condensation.

b.  14C label on the carbonyl group of Acetyl CoA would be found at carbons #1,3,5,7,11,13,15 since acetyl CoA is the precursor of malonyl CoA.
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c. no label would be found in palmitate (CO2 is always lost from malonyl CoA during condensation). 

3. How many ATP’s (maximum) could be generated from: a: arachidate, b. arachidonic acid c. heptadecanoate (C17) with fully functional TCA? How many could be obtained under Atkins diet “ideal” conditions (no functional TCA, all excess AcCoA excreted as ketones. EXPLAIN (show) how you obtained your numbers.

a. Using the ATP balance sheet, about 134 ATP.  Nine rounds of ß-oxidation (9 FADH2, 9 NADH)= 22.5+13.5 =36 ATP; 10 * 10 AcCoA by TCA = 100 ATP: carnitine activation = -2. (don’t forget this is part of the yield). W/0 TCA=34 ATP.

Arachidonic acid has 20 carbons, which yields 10 acetyl CoA that yield 100 ATP in  the TCA cycle.  To get the acetyl CoA, arachidonic acid goes through 9 turns of  β−oxidation.  A fully saturated C20 would give 9 NADH and 9 FADH2.  Because this  compound has 4 double bonds, 2 odd, 2 even, 7 FADH2 and 9 NADH are produced.   Unsaturations at odd carbons require only an isomerase, bypassing the first FADH2  synthesizing oxidation step.  Unsaturations at an even C require both the 2,4-dienoyl-  CoA reductase and an isomerase.  This consumes one NADPH.   

Total   100 +  10.5  +  22.5  = 133-2 for activation = 131 ATP

c. A tricky one. 7 Normal rounds of ß-oxidation produce 96 ATP including activiation. Propionyl CoA (3C) is left over. It can be coverted to succinyl CoA using 1 ATP. If used in TCA at this point it could generate 1 GTP (eq. to 1 ATP), 1.5 ATP from FADH2, 2.5 from NADH. Grand total : 96-1+1+1.5 + 2.5 = 100 ATP. If succinyl CoA is used in biosynthesis, then no more ATP is made after this.
4. Explain why an Inuit (Eskimo) with inadequate carbohydrate intake would be nutritionally better off eating fatty acids with odd-numbered chain lengths, especially if their diet was largely fat-based.

The final product is propionyl CoA (see 2c above) which is converted to succinyl CoA. This increase of a TCA cycle intermediate would lead to a net production of oxaloacetate which could be drawn off for glucose synthesis by gluconeogenesis. Thus the Inuit’s diet would not be so seriously depleted of TCA intermediates.
5. Case Study: You are examining mitochondria from biopsied muscle cells of an infant who has a deficiency in an enzyme involved in fatty acid metabolism. The mitochondria consume oxygen normally when incubated with pyruvate,  malate, succinate or palmitoyl CoA (in the presence of carnitine), BUT the rate of oxygen utilization is decreased when the mitochondria are fed linoleoyl CoA in the presence of carnitine.  Blood levels of carnitine are low in the patient, while there is an unusual carnitine derivative present in blood and urine. This species when analyzed by GC-MS proves to be trans-D2, cis-D4 decadienoyl (C10:2)-acyl carnitine. The infant suffers from hypotonia (lack of muscle tone) and slow weight gain.

What is the disorder?

2,4 Dienoyl reductase Deficiency

 Explain the symptoms.

Polyunsaturated fats cannot be totally broken down and creation of carnitine derivatives means normal fatty acid transport is impaired leading to muscle weakness from lack of ATP. Mitochondira should work fine with saturated fats which don’t nee the enzyme.

 Propose a course of treatment (with possible pitfalls of this treatment).

A treatment would be to avoid the essential linoleic acid (18:2), BUT you would have to cautiously supplement with arachidonic acid or just enough linoleic acid for eicosenoid formation.

6. The classic studies of Wakill showed that bicarbonate in small amounts was essential for palmitoyl CoA synthesis. He was surprised to find that very low levels of bicarbonate could sustain palmitate synthesis; that is there was no correlation between the amount of bicarbonate required and the amount of palmitate produced. He also observed that 14C bicarbonate is not incorporated into palmitate. Explain these observations.

CO2 is only catalytic in that it is necessary to make malonyl CoA but the CO2 is lost again when fatty acids are synthesized.
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