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 LIPID METABOLISM OXIDATION OF FATTY ACIDS Oxidation of fatty acid takes place in mitochondria wherethe various enzymes for fatty acid oxidation are present close to the enzymes of the electron transport chain. Most important theory of the oxidation of fatty acid is the oxidation of fatty acid.
 -Oxidation of fatty acid       Fatty acids are the rich sources of energy      Energy is released when fatty acid undergoes -oxidation      The - carbon atom of fatty acid is oxidized      It is a cyclic process. Oxidation of fatty acid occurs at the carbon atom
 resulting in the elimination of two terminal carbon atoms as acetyl CoA leaving fatty acyl CoA which has 2 carbon atom less than the original fatty acid
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 Active form of fatty acid is called as fatty acyl CoA.
 If the starting fatty acid is palmitic acid, which has 16 carbon atoms, at a time 2 carbon atoms are removed as acetyl CoA, 7 cycles of -oxidation occurs to convert palmitic acid (16 c) into 8 acetyl CoA (2c) molecules.
 I) Fatty acid is activated to fatty acyl CoA
 Acyl CoASynthetase or Thiokinase
 Fatty acid Fatty acyl CoACoASH ATP AMP+PPi
 This reaction occurs in cytosol that is outside the mitochondria.
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 Fatty acyl CoA formed outside the mitochondria cannot cross theinner mitochondrial membrane."Carnitine", a carrier substance carries the acyl group into the mitochondrial membrane.
 Acyl CoA CoASHCarnitine Acyl carnitine
 Carnitine acyl transferase I Translocase
 Carnitine acyl transferase II Carnitine Acyl Carnitine
 Acyl CoA CoASH
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 1. Once the activated FA enter the mitochondria, flavoprotein linked acyl CoA dehydrogenase (DH) removes two hydrogen
 atoms from the , position, forming ,- unsaturated fatty acyl CoA. This contains a double bond at and position.
 2. Enoyl CoA hydratase adds a molecule of water at the double bond position of ,- unsaturated fatty acyl CoA forming - hydroxy acyl CoA.
 3. In the presence NAD+, -hydroxy acyl CoA dehydroegnase enzyme oxidises -hydroxy acyl CoA to form -ketoacyl
 CoA. 4. Thiolase in the presence of CoASH cleaves of -keto acyl
 CoA to yield acetyl CoA and fatty acyl CoA having 2-carbon atom less than the original FA. Newly formed acyl CoA undergoes another 6 more cycles starting from the
 first step and is finally degraded into acetyl CoA molecules.
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 Energetics of oxidation of palmitic acid:Palmitic acid on oxidation releases 8 molecules of acetyl CoA in seven cycles. In each round of oxidation a molecule of FADH2 and NADH+H+
 are produced. Which generates 2 and 3 molecules of ATP respectively. The total number of ATPs produced in 7 rounds of oxidation process is 35. In addition when each acetyl CoA molecule oxidised in TCA cycle, 12 ATPs are generated.Per cycle of oxidationStep I (FADH2) = 2 ATP
 Step III (NADH+H+) = 3ATP 5 ATP x 77 cycles of oxidation = 35 ATP ATP/acetyl CoA in TCA cycle = 12 ATPNumber of acetyl CoA formed/palmitic acid = 8 x 12= 96
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 Total number of ATP produced by complete oxidation of palmitic acid is = 96 + 35 = 131 ATPATP utilised for activation of fatty acid = - 2 ATPNet ATP produced = 129 ATP
 The Standard free energy of palmitate = 2,340 Cal129 x 7.3 Cal = 940 Cal
 The efficiency of energy conservation by FA oxidation=940 x100 2,340 = 40%
  •Fatty acids are predominantly oxidised by the process of -oxidation in mitochondria.
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 Oxidation of odd chain fatty acidsOxidation of odd chain fatty acids It is same as similar to It is same as similar to -oxidation with a -oxidation with a
 difference in the final step, a three – carbon difference in the final step, a three – carbon fragment, propionyl CoA is left behind (in fragment, propionyl CoA is left behind (in place of 2 carbon unit for saturated fatty place of 2 carbon unit for saturated fatty acids) which is converted to succinyl CoAacids) which is converted to succinyl CoA
 Methyl malonic aciduriaMethyl malonic aciduria
 Cause: Cause:
 Vitamin BVitamin B1212 deficiency deficiency
 Effect: Effect:
 accumulation of accumulation of
 L-methylmalonic acid in L-methylmalonic acid in
 the blood results in the the blood results in the
 excretion of methyl excretion of methyl
 malonic acid in the malonic acid in the urine urine
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 Regulation of β-oxidationRegulation of β-oxidation
 The rate limiting step in the β-oxidation is the The rate limiting step in the β-oxidation is the formation fatty acyl-carnitine catalyzed by formation fatty acyl-carnitine catalyzed by carnitine carnitine acyl transferaseacyl transferase-1 (CAT –1). It is an allosteric enzyme -1 (CAT –1). It is an allosteric enzyme and inhibited by malonyl CoA (first intermediate in and inhibited by malonyl CoA (first intermediate in the biosynthesis of fatty acid from acetyl CoA the biosynthesis of fatty acid from acetyl CoA catalyzed by acetyl CoA carboxylase)catalyzed by acetyl CoA carboxylase)
 Malonyl CoA concentration increases in a well fed Malonyl CoA concentration increases in a well fed state, which inhibits CAT-1 and leads to decrease in state, which inhibits CAT-1 and leads to decrease in the fatty acid oxidationthe fatty acid oxidation
 In starvation, due to decrease in the Insulin/glucagon In starvation, due to decrease in the Insulin/glucagon ratio, acetyl CoA carboxylase is inhibited and ratio, acetyl CoA carboxylase is inhibited and concentration of malonyl CoA decreases, releasing concentration of malonyl CoA decreases, releasing the inhibition of CAT-1 and permitting more acetyl the inhibition of CAT-1 and permitting more acetyl CoA for oxidationCoA for oxidation
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 Peroxisomal fatty acid oxidationPeroxisomal fatty acid oxidation Peroxisomes are subcellular organelles found in all Peroxisomes are subcellular organelles found in all
 nucleated cells. nucleated cells. Peroxisomes are able to conduct oxidation of long chain Peroxisomes are able to conduct oxidation of long chain
 fatty acids. Oxidation of very long chain fatty acids (20 fatty acids. Oxidation of very long chain fatty acids (20 – 26 carbon atoms) begins in peroxisomes by a process – 26 carbon atoms) begins in peroxisomes by a process similar to β-oxidation (completed in the mitochondria).similar to β-oxidation (completed in the mitochondria).
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 The action of acyl CoA dehydrogenase differs,it The action of acyl CoA dehydrogenase differs,it produces Hproduces H22OO22 rather than FADH rather than FADH22
 Catalase located in peroxisomes converts this HCatalase located in peroxisomes converts this H22OO22 to to water and molecular oxygen. This process is not linked water and molecular oxygen. This process is not linked directly to phosphorylation and the generation of ATP. directly to phosphorylation and the generation of ATP. Once the long chain fatty acids reduced to octanoyl-CoA Once the long chain fatty acids reduced to octanoyl-CoA (with 8 carbons in its fatty acyl chain) leave the (with 8 carbons in its fatty acyl chain) leave the peroxisomes, transferred to carnitine through which it peroxisomes, transferred to carnitine through which it enters mitochondria, where they undergo β-oxidationenters mitochondria, where they undergo β-oxidation
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 Clinical importanceClinical importance
 Clofibrate, A drug used to treat certain types of Clofibrate, A drug used to treat certain types of hyperlipopropteinemias, stimulates proliferation of hyperlipopropteinemias, stimulates proliferation of peroxisomes and causesperoxisomes and causes induction of the peroxisomal fatty induction of the peroxisomal fatty acid oxidation acid oxidation
 Zellweger syndromeZellweger syndrome
 Rare inborn error of perxisomal oxidation of fatty acid oxidationRare inborn error of perxisomal oxidation of fatty acid oxidation
 Cause: inherited absence of functional peroxisomes in all tissuesCause: inherited absence of functional peroxisomes in all tissues
 The syndrome is caused by defect in the transport of enzymes The syndrome is caused by defect in the transport of enzymes
 into the Peroxisomes, thus long chain fatty acids (with 26-38 into the Peroxisomes, thus long chain fatty acids (with 26-38
 carbons) are not oxidized and accumulate in tissues like brain,carbons) are not oxidized and accumulate in tissues like brain,
 kidney and muscle kidney and muscle
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 -oxidation:
 • -Oxidation of fatty acid can also occur in human body mainly in liver and brain by removing one carbon from carboxyl end. • There is no activation step• Hydroxylation occurs at -carbon atom done by mono-oxygenase system and then oxidised to ketoacid. • Keto acid undergoes decarboxylation.• Liberates a molecule of CO2 and a fatty acid.• Occurs in the endoplasmic reticulum.• Not require any CoA and does not release energy.• Defect in enzyme system leads to Refsum’s disease.
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 Refsum’s DiseaseRefsum’s Disease• Is a rare but severe neurological disorderIs a rare but severe neurological disorder• Patients with this disease accumulate large quantities Patients with this disease accumulate large quantities
 of anof anunusual fatty acid, Phytanic acid derived from phytol, unusual fatty acid, Phytanic acid derived from phytol, a a constituent of chlorophyllconstituent of chlorophyll
 • Also present in milk and animal fatsAlso present in milk and animal fats• Phytanic acid cannot undergo Phytanic acid cannot undergo - oxidation due to the - oxidation due to the
 presence of a methyl group on carbon-3presence of a methyl group on carbon-3• This fatty acid undergo initial This fatty acid undergo initial -oxidation to remove -oxidation to remove - -
 carboncarbonand this is followed by and this is followed by - oxidation - oxidation
 • Refsum,s disease is caused by a defect in the Refsum,s disease is caused by a defect in the --oxidation due to the oxidation due to the deficiency of the enzyme deficiency of the enzyme phytanic acid oxidase.phytanic acid oxidase.
 • So phytanic acid cannot be converted to a compound So phytanic acid cannot be converted to a compound that can be degraded by that can be degraded by - oxidation. - oxidation.
 • In this condition the patients should avoid diet In this condition the patients should avoid diet containing chlorophyll containing chlorophyll
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 -Oxidation: •It is a minor pathway of oxidation of long chain fatty acid in microsomes. •It occurs from both the ends of fatty acid chain.•Needs hydroxylase enzymes with NADPH and cytochrome P-450•Dicarboxylic acids are produced during this process. •It is important when -oxidation is defective•The dicarboxylic acids are excreted in urine causing dicarboxylic aciduria•Unsaturated fatty acid can also be activated and transported across the inner mitochondrial membrane and undergo -oxidation.
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 Metabolic fate of acetyl CoA:
 Glucose, Pyruvate TCA cycle Fatty acid synthesis Acetyl CoA Ketone body synthesis Cholesterol synthesisFatty acid oxidation Steroid hormone
 Acetyl CoA is produced by aerobic glycolysis of glucose, Oxidation of fatty acid via -oxidation. Acetyl CoA is mainly used in citric acid cycle.
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 SIDS
 The sudden infant death syndrome (SIDS) is an unexpected death of healthy infants usually overnight. The reality of SIDS is not known. It is now estimated that at least 10% of SIDS is due to deficiency of medium chain acyl CoA dehydrogenase . •Glucose is the principal source of energy soon after eating or feeding babies. After a few hours the glucose level and its utilization decease and the rate of fatty acid oxidation must simultaneously increase to meet the energy needs. The sudden death infants is due to a blockade in -oxidation caused by a deficiency in medium chain acyl CoA dehydrogenase

Page 19
                        

1919
 Jamaican Vomiting SicknessCharacterized by:Severe hypoglycemia, vomiting, convulsions, coma and deathCause: Eating unripe ackee fruit which contains unusual toxic amino acid, hypoglycin AThis inhibits the enzyme acyl CoA dehydrogenase and thus -oxidation of FA is blocked, leading to various complications.
 Reference: Essentials of Biochemistry
 Dr. S. Nayak March, 2011
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