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BETA-OXIDATION OF
 FATTY ACIDS
 ECDA
 SEPT 2009
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BETA-OXIDATION
 Fatty acids (FA) from the diet or from the degradation of triglycerides stored in adipose cells are broken down further to smaller molecules to completely metabolize them and therefore release energy.
 This process of catabolism of FA includes three major parts:
 Activation of FA and its transport into mitochondria
 Beta-oxidation Electron Transport Chain
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BETA-OXIDATION
 FA are first activated with the addition of coenzyme-A. One ATP is used in this activation step. This process is mediated by enzyme acyl-CoA
 synthase Once FA is attached with CoA, the FA-CoA
 compound is now ready to be transported across the outer mitochondrial membrane with the use of a carnitine-palmitoyl transferase I (CPT-I). This is considered the rate-limiting step.
 Once inside intermembrane space, FA-CoA reacts with carnitine and FA-carnitine is formed with the release of CoA.
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FORMATION OF ACYL CARNITINE
 N+
 CH2CH3
 CH3
 CH3
 CH CH2
 OH
 CO
 OCoAS C R
 O
 carnitine acyl CoA
 N+
 CH2CH3
 CH3
 CH3
 CH CH2
 O
 CO
 O
 C
 R
 O
 CoASH
 acyl carnitine
 + +
 Fatty acyl-carnitine then is transported across
 inner mitochondrial membrane
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BETA-OXIDATION
 Once the FA-carnitine has reached the mitochondrial matrix, FA-carnitine reacts with Coenzyme A leading to the release of FA from the compound. FA-CoA again is formed.
 FA-CoA undergoes beta-oxidation in the mitochondrial matrix.
 During this process, two-carbon molecules acetyl-CoA are repeatedly cleaved from the fatty acid chain.
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BETA-OXIDATIONREACTIONS DIAGRAM
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REACTIONS OF BETA OXIDATION
 CH2R CH2 CH2 C
 O
 S-CoA
 FAD FADH2
 Acyl-CoA Dehydrogenase
 acyl-CoA beta-enoyl CoA
 CHR CH CH2 C S-CoA
 O
 The enzyme acyl-CoA dehydrogenase removes 2 hydrogens from the carbon chain and transfers them to FAD+ molecule.
 This step leads to the formation of double-bonds, thus making a saturated FA to become unsaturated.
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REACTIONS OF BETA OXIDATION
 CHR CH CH2 C
 O
 S-CoA
 beta-enoyl CoA
 OH2
 enoyl-CoA hydratase
 CH2R CH CH2 C
 O
 S-CoA
 OH
 beta-hydroxyacyl CoA
 The enzyme enoyl-CoA hydratase adds water to the unsaturated FA-CoA.
 This step leads to the formation of beta-hydroxy compound.
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REACTIONS OF BETA OXIDATION
 CH2R CH CH2 C
 O
 S-CoA
 OH
 beta-hydroxyacyl CoA
 NAD+ NADH
 beta-hydroxyacyl-CoAdehydrogenase
 CH2R C CH2 C
 O
 S-CoA
 O
 beta-ketoacyl CoA
 The enzyme beta-hydroxyacyl-CoA dehydrogenase removes the hydrogen from the beta-hydroxyl and transfers it to NAD+ molecule.
 This step leads to the formation of beta-ketoacyl CoA and one NADH molecule
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REACTIONS OF BETA OXIDATION
 CH2R C CH2 C
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 O
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 beta-ketoacyl CoA
 acetyl CoA
 CH2 C
 O
 S-CoAR
 acyl CoA
 The enzyme acyl-CoA acetyltransferase adds another CoA to the existing beta-ketoacyl CoA molecule.
 This step leads to removal of acetyl CoA from the FA and the formation again of fatty-acyl CoA.
 The new FA-CoA then go another round of beta-oxidation
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BETA-OXIDATION
 The products of beta-oxidation such as NADH, FADH2, and acetyl-CoA molecules are incorporated to other metabolic pathways (TCA cycle, ETC, etc) to complete the process and therefore produce the maximum amount of ATPs possible.
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OVERALL PER BETA OXIDATION CYCLE
 1 FADH2………………………………… 2 ATP 1 NADH…………………………………. 3 ATP 1 Acetyl CoA (to enter Krebs cycle)
 3 NADH X 3 ATP (per NADH)……. 9 ATP1 FADH2 X 2 ATP (per FADH2)…… 2 ATP1 GTP………………………………….. 1 ATP
 Total 17 ATP
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ΒETA-OXIDATION ON SATURATED FATTY ACIDS
 CH2 CO
 O
 CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2
 CH2CH3
 How many ATP molecules can be maximally produced from the complete beta oxidation of palmitic acid?
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BETA OXIDATION ON 16 C FATTY ACID
 CH2 CO
 O
 CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2
 CH2CH3
 12
 34567
 1 2 3 4 5 6 78
 7 rounds of Beta oxidation (bottom numbers)
 8 acetyl-CoA are formed (top numbers)
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BETA OXIDATION ON PALMITIC ACID
 7 rounds of beta oxidation7 rounds X FADH2 X 2 ATP = 14 ATP
 round FADH2
 7 rounds X NADH X 3 ATP = 21 ATP round NADH
 8 acetyl CoA8 Krebs cycle
 8 Krebs X 3 NADH X 3 ATP = 72 ATP Krebs NADH
 8 Krebs X FADH2 X 2 ATP = 16 ATP Krebs FADH2
 8 Krebs X GTP X 1ATP = 8 ATP Krebs GTP
 1 ATP used to activate FA = - 1 ATP
 Total 130 ATP

Page 19
                        

ΒETA-OXIDATION ON MONOUNSATURATED FATTY ACIDS
 How many ATP molecules can be maximally produced from the complete beta oxidation of palmitoleic acid?
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BETA OXIDATION ON UNSATURATED FATTY ACID
 7 rounds of Beta oxidation (bottom numbers)
 8 acetyl-CoA are formed (top numbers)
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UNSATURATED FAT METABOLISM
 Special enzymes are needed to convert cis bonds in fatty acids to trans bonds
 When beta oxidation is about to occur on the beta-carbon which is unsaturated, the first step (dehydrogenation reaction), is skipped. So no FADH2 molecule is produced.
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ΒETA-OXIDATION ON UNSATURATED FATTY ACIDS
 AGAIN, how many ATP molecules can be maximally produced from the complete beta oxidation of palmitoleic acid?
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BETA OXIDATION ON PALMITOLEIC ACID
 8 acetyl CoA8 Krebs cycle
 8 Krebs X 3 NADH X 3 ATP = 72 ATP Krebs NADH
 8 Krebs X FADH2 X 2 ATP = 16 ATP Krebs FADH2
 8 Krebs X GTP X 1ATP = 8 ATP Krebs GTP
 7 rounds of beta oxidation7 rounds X NADH X 3 ATP = 21 ATP
 round NADH6 rounds X FADH2 X 2 ATP = 12 ATP
 round FADH2
 1 ATP used to activate FA = - 1 ATP
 Total 128 ATP
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ΒETA-OXIDATION ON ODD-NUMBER
 SATURATED FATTY ACIDS
 How many ATP molecules can be maximally produced from the complete beta oxidation of a 17-carbon fatty acid?
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ΒETA-OXIDATION ON ODD-NUMBER
 SATURATED FATTY ACIDS
 Beta oxidation is the same as in those even-number saturated fatty acids.
 In the event when 5 carbons are left in the fatty acid chain, the remaining compound is split into 2 products: one acetyl CoA and one propionyl CoA.Acetyl CoA enters the Krebs cycle.Propionyl CoA is carboxylated to be converted
 to Succinyl CoA. This process uses one ATP for the reaction to
 proceed. Succinyl CoA enters the Krebs cycle.
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PROPIONYL COA TO SUCCINYL COA
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THE KREBS CYCLE
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ΒETA-OXIDATION ON 17-CARBON
 SATURATED FATTY ACIDS
 AGAIN, how many ATP molecules can be maximally produced from the complete beta oxidation of a 17-carbon fatty acid?
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ΒETA-OXIDATION ON 17-CARBON SATURATED FATTY ACIDS
 7 rounds of beta oxidation7 rounds X FADH2 X 2 ATP = 14 ATP
 round FADH2
 7 rounds X NADH X 3 ATP = 21 ATP round NADH
 7 acetyl CoA7 Krebs cycle7 Krebs X 3 NADH X 3 ATP = 63 ATP Krebs NADH7 Krebs X FADH2 X 2 ATP = 14 ATP Krebs FADH2
 7 Krebs X GTP X 1ATP = 7 ATP Krebs GTP
 1 succinyl CoA1 Krebs cycle1 Krebs X 1 NADH X 3 ATP = 3 ATP Krebs NADH1 Krebs X 1 FADH2 X 2 ATP = 2 ATP Krebs FADH2
 1 Krebs X GTP X 1ATP = 1 ATP Krebs GTP
 Total 125 ATP
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ΒETA-OXIDATION ON 17-CARBONSATURATED FATTY ACIDS
 BUT do not forget the ATP molecules consumed in the process:
 1 ATP used to activate FA = - 1 ATP1 ATP used to convert
 propionyl CoA to succinyl CoA = - 1 ATP - 2 ATP
 Therefore:
 NET Total 123 ATP

Page 31
                        

ΒETA-OXIDATION ON FATTY ACIDS
 On Paper (5 minutes):
 How many ATP molecules can be maximally produced from the complete beta-oxidation of a lauric acid?
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ΒETA-OXIDATION ON FATTY ACIDS
 Q: How many ATP molecules can be maximally produced from the complete beta-oxidation of a lauric acid?
 A: 96 ATP
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BETA OXIDATION ON LAURIC ACID
 5 rounds of beta oxidation5 rounds X FADH2 X 2 ATP = 10 ATP
 round FADH2
 5 rounds X NADH X 3 ATP = 15 ATP round NADH
 6 acetyl CoA6 Krebs cycle
 6 Krebs X 3 NADH X 3 ATP = 54 ATP Krebs NADH
 6 Krebs X 1 FADH2 X 2 ATP = 12 ATP Krebs FADH2
 6 Krebs X 1 GTP X 1ATP = 6 ATP Krebs GTP
 1 ATP used to activate FA = - 1 ATP
 Total 96 ATPs

Page 36
                        

ΒETA-OXIDATION ON FATTY ACIDS
 ASSIGNMENT:
 How many ATP molecules can be maximally produced from the complete beta-oxidation of a 17-carbon monounsaturated fatty acid?
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FAT VS. CHO CATABOLISM
 Fats provide about 9 kilocalories per gram and carbohydrates provide about 4 kilocalories per gram.
 Using nutritional units, that is 9 Calories/gram for fats and 4 Calories/gram for carbohydrates.
 Comparing the two, CHO provides energy more quickly.
 Fats are used as substitute only to CHO. It is a very good fuel or energy source for endurance activities, but not for sprints and fight/flight events.
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