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  Punctuality is very important.
  Strictly, When in class:Please... 
 Turn all cell phones off .
 No... side talks.
 Behave as a mature adult.
 Ask to repeat unclear points.
 Speak  in English only
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 Fatty Acid Fatty Acid 
 OxidationOxidation
 Altaf A. Abdulk haliqMBChB, DIC, MSc, PhD
 Assist. Prof . of Clinical Biochemistry Faculty of Medicine
 UQU
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 Why Is It Essential to Study Fatty Why Is It Essential to Study Fatty  Acid Oxidation? Acid Oxidation?
 ORORwhat is the Clinical Significance of what is the Clinical Significance of 
 Fatty acid OxidationFatty acid Oxidation
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 Clinical Significance of FAOClinical Significance of FAO
 Fatty Oxidation Disorders (FODs) aregenetic metabolic deficiencies in which thebody is unable to oxidize (breakdown) fatty acids to make energy when needed (i.e.energy is not readily available to children
 and adults with an FOD) due to an enzymeis either missing or not working efficiently.
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 Early diagnosis and treatment esppecially  AT BIRTH provide excellent prognosis for most of the FODs.
  Also, early diagnosis allows adjustments
 to diet/medication when necessar y duringtimes of extra activity and illness toperform nearly normal life.
 However, if undiagnosed and untreated,
 these disorders can lead to seriouscomplications affecting the liver, heart,eyes and general muscle development,and possibly death.
 Cont.Cont.
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 Case ScenarioCase Scenario
  A 2 A 2--year year--old girl has been healthy until the pastold girl has been healthy until the pastweekend when she contracted a viral illness with weekend when she contracted a viral illness with vomiting, diarr hea, and progressive lethargy. Shevomiting, diarr hea, and progressive lethargy. Shepresents to the ER on Monday with the followingpresents to the ER on Monday with the followingphysical signs: disorientation, crackedphysical signs: disorientation, cracked--lips,lips,sunken eyes, lack of tears, flaccid skin with" sunken eyes, lack of tears, flaccid skin with" tenting' on pinching , weak pulse with low bloodtenting' on pinching , weak pulse with low bloodpressure.pressure.
 Laborator y tests show:Laborator y tests show:
 low blood glucose,low blood glucose, normal electrolytes,normal electrolytes, elevated liver enzymes,.elevated liver enzymes,. Urinalysis reveals no infection and no ketones.Urinalysis reveals no infection and no ketones.
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 The child is hospitalized and stabilized with 10% glucoseThe child is hospitalized and stabilized with 10% glucoseinfusion, and certain admission laboratories come back Iinfusion, and certain admission laboratories come back Iweek later showing elevated medium chain fatty acylweek later showing elevated medium chain fatty acylcarnitines in blood and 6carnitines in blood and 6--8 carbon dicarboxylic acids in8 carbon dicarboxylic acids inthe urine. The most likely disorder in this child involvesthe urine. The most likely disorder in this child involves
 which of the following?which of the following? aa-- Defect of medium chain coenzyme A dehydrogenase.Defect of medium chain coenzyme A dehydrogenase.
 bb-- Defect of medium chain fatty acyl synthetase.Defect of medium chain fatty acyl synthetase.
 cc-- Mitochondrial defect in the electron transport chainMitochondrial defect in the electron transport chain
 dd-- Mitochondrial defect in fatty acid transportMitochondrial defect in fatty acid transport
 ee-- Carnitine deficiency.Carnitine deficiency.
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 M obilization of Fat StoresM obilization of Fat Stores
 The primar y sources of fatty acids for oxidation areThe primar y sources of fatty acids for oxidation aredietar y and mobilization from cellular stores.dietar y and mobilization from cellular stores.
 Fatty acids from the diet are delivered from the gutFatty acids from the diet are delivered from the gutto cells via transporting in the blood bound toto cells via transporting in the blood bound to
 albumin.albumin.
 Fatty acids are stored in the form of TG primarily Fatty acids are stored in the form of TG primarily within adipocytes of adipose tissue.within adipocytes of adipose tissue.
 In response to energy demands, the fatty acids of In response to energy demands, the fatty acids of stored TG can be mobilized for use by peripheralstored TG can be mobilized for use by peripheraltissuestissues (remember TG mobilization and role of (remember TG mobilization and role of HSL).HSL).
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 R eactions of R eactions of  --OxidationOxidation
 I) Activation of FA: Fatty acids must be activated in the cytoplasmFatty acids must be activated in the cytoplasm
 before being oxidized in the mitochondria.before being oxidized in the mitochondria.
  Activation is catalyzed by  Activation is catalyzed by fatty acyl-CoA ligase(also called(also called acyl-CoA synthetase or thiokinase)that utilize ATP to produce a high energy fatty that utilize ATP to produce a high energy fatty acylacyl--AMP and pyrophosphate that also require AMP and pyrophosphate that also require
  ATP for its cleavage to release phosphate (Pi). ATP for its cleavage to release phosphate (Pi).The AMP is then exchanged with CoA.The AMP is then exchanged with CoA.
 Thus the net result of this activation process is theThus the net result of this activation process is theconsumption of consumption of 22 molar equivalents of ATP.molar equivalents of ATP.
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 Step 1: Activation of fatty acid on the outer Step 1: Activation of fatty acid on the outer 
 mitochondrial membranemitochondrial membrane
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 Fatty acid activationFatty acid activation
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 II) Transport of fatty acyl-CoA into
 mitochondria: The transport of fatty acylThe transport of fatty acyl--CoA into mitochondriaCoA into mitochondria
 (where oxidation takes place) is accomplished via(where oxidation takes place) is accomplished via
 anan acyl-carnitine intermediate transport, becausebecausethethe inner mitochondrial membrane is impermeableinner mitochondrial membrane is impermeableto long chain acyl CoA molecules.to long chain acyl CoA molecules.
 Following activation to aFollowing activation to a fatty acyl-CoA, the CoA isexchanged for carnitine by (carnitineacyltransferase I) to generate fatty acyl-carnitin onthe inner surface of the outer mitochondrialsurface of the outer mitochondrial
 membrane.membrane.
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 Step 2: Transport of Acyl CoA intoStep 2: Transport of Acyl CoA into
 mitochondriamitochondria
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  Acylcarnitine is transported across the inner  Acylcarnitine is transported across the inner mitochondrial membrane by mitochondrial membrane by carnitine-acylcarnitine translocase in exchange for in exchange for carnitine.carnitine.
 Once in the matrix,Once in the matrix, a reversal exchange of a reversal exchange of acylcarnitineacylcarnitine takes place through the actiontakes place through the actionof of carnitine acyltransferase II toto regenerateregenerate
 fatty acylfatty acyl--CoA molecule andCoA molecule and liberateliberatecarnitine that can be exchanged for another carnitine that can be exchanged for another incoming molecule of acylcarnitineincoming molecule of acylcarnitine
 Cont.Cont.

Page 17
                        

8/6/2019 6)Fatty Acids Oxidation
 http://slidepdf.com/reader/full/6fatty-acids-oxidation 17/42
 III) Steps of -oxidation of FA: Once inside the mitochondrion the fatty acylOnce inside the mitochondrion the fatty acyl--CoACoA
 is a substrate for theis a substrate for the --oxidation pathway.oxidation pathway.
 The process of fatty acid oxidation is termedThe process of fatty acid oxidation is termed --
 oxidation since it occurs through the sequentialoxidation since it occurs through the sequentialremoval of removal of 22--carbon units by oxidation at thecarbon units by oxidation at the --carbon position of the fatty acylcarbon position of the fatty acyl--CoA molecule.CoA molecule.
 Each round of -oxidationproduces: one mole of 
 NADH,
 one mole of FADH2
 one mole of acetyl-CoA.
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 Fatty AcidFatty Acid
 Oxidation:Oxidation:Pathway of Pathway of --OxidationOxidation
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 Each acetylEach acetyl--CoA, the end product of each round of CoA, the end product of each round of --oxidation, then enters the TCA cycle, where it isoxidation, then enters the TCA cycle, where it isfurther oxidized to COfurther oxidized to CO22 with the generation of 3with the generation of 3moles of NADH, 1 mole of FADH2 and 1 mole of moles of NADH, 1 mole of FADH2 and 1 mole of 
  ATP. ATP.
 The NADH and FADH2 generated during the fatThe NADH and FADH2 generated during the fatoxidation and acetyloxidation and acetyl--CoA oxidation in the TCA cycleCoA oxidation in the TCA cyclethen enter the respirator y pathway for thethen enter the respirator y pathway for theproduction of ATP.production of ATP.
 Cont.Cont.
 Fatty acid oxidationis a major source of 
 cellular ATP
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 The net result of the oxidation of one moleof oleic acid (an 18-carbon fatty acid) willbe 146 moles of ATP (2 mole equivalentsare used during the activation of FA), ascompared with 114 moles from anequivalent number of glucose carbon
 atoms.
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 Therefore, the oxidation of fatty acids yieldsTherefore, the oxidation of fatty acids yields
 significantly more energy per carbon atom thansignificantly more energy per carbon atom thandoes the oxidation of carbohydrates.does the oxidation of carbohydrates.
 Cont.Cont.
 Oxidation of Palmitic acid 
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 Summar y of Calculation of Summar y of Calculation of 
 Energy that is yield from Fatty Energy that is yield from Fatty  Acid Oxidation Acid Oxidation
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 Each FA oxidation cycle/round:
 11 NADHNADH 33 ATP  ATP ------ enter the respirator y pathwayenter the respirator y pathway
 11 FADHFADH22 22ATP  ATP ------ enter the respirator y pathwayenter the respirator y pathway
 11 Acetyl Acetyl--CoACoA TCA cycle:TCA cycle: 33 NADH *NADH * 33 ATP = ATP = 99
 11 FADHFADH22 ** 22 ATP = ATP = 22
 11 GTP =GTP = 11
 Total ATP from TCA cycle =Total ATP from TCA cycle = 1212 ATP ATP
 Oxidation of 18 C atoms:
 99 Acetyl Acetyl--CoA *CoA * 1212 == 10810888 NADH *NADH * 33 == 2424
 88 FADHFADH22 ** 22 == 1616
 Total ATP =Total ATP = 148148 ATP ATP ± ± 22 ATP (for activation) = ATP (for activation) = 146146
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  Alternative Oxidation Pathways Alternative Oxidation Pathways
 Oxidation of Odd Chain FA
 Lipids that contain odd numbers of carbon atoms;Lipids that contain odd numbers of carbon atoms;upon completeupon complete --oxidation, yield acetyloxidation, yield acetyl--CoA unitsCoA units
 plus a single mole of propionylplus a single mole of propionyl--CoA (3CoA (3--CarbonCarbonresidue).residue).
 The propionylThe propionyl--CoA is converted, in an ATPCoA is converted, in an ATP--dependent pathway, to succinyldependent pathway, to succinyl--CoA, which canCoA, which can
 then enter the TCA cycle for further oxidation or then enter the TCA cycle for further oxidation or involvement in gluconeogenesis.involvement in gluconeogenesis.
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 Formation of Propionyl Formation of Propionyl--CoA from OxidationCoA from Oxidation
 of Odd Chain FAof Odd Chain FA
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 Oxidation of Unsaturated FA
 The oxidation of unsaturated FA is essentially thesame process as for saturated FA, except a doublebond should be moved into the proper position by aspecific enoyl-CoA isomer ase, so that it will beformed between - and -carbons in a trans
 configuration.
 This is followed by the hydration of the doublebond and thus -oxidation can be resumed.
 Cont.Cont.
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 Steps of Oxidation of Unsaturated FASteps of Oxidation of Unsaturated FA
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 P eroxisomal Oxidation
 Or 
 Oxidation of Very Long Fatty Acids
  A oxidation also occurs in peroxisomes, when the
 fatty acid chains are too long to be handled by themitochondria.
 Therefore ver y long chain (greater than CTherefore ver y long chain (greater than C--22) fatty 22) fatty 
 acids undergo initial oxidation in peroxisomes.acids undergo initial oxidation in peroxisomes. Once fatty acids are reduced in length within the
 peroxisomes they may shift to the mitochondria to
 continue further oxidation.
 Cont.Cont.
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 The difference between peroxisomal and mitochondrial oxidation is that oxidation inperoxisomes is not coupled to ATP synthesis.
 Instead, the resulting FADH2 is reoxidized inthe peroxisome producing H2O2, which isdegraded by enzyme catalase (foundexclusively in peroxisomes) into water and
 oxygen..2 H2O2 2 H2O + O2
 These reactions produce no ATP
 Cont.Cont.
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 - Oxidation of FA: The presence of methyl group at the beta carbonThe presence of methyl group at the beta carbon
 of a fatty acylof a fatty acyl--CoA blocks beta oxidation of it.CoA blocks beta oxidation of it.
 ThereforeTherefore oxidation takes place firstly, followedoxidation takes place firstly, followedby the commencement of by the commencement of  oxidationoxidation..
  An An oxidation does not require CoA intermediateoxidation does not require CoA intermediateand does not generate high energy phosphate.and does not generate high energy phosphate.
 Phytanic acid oxidation is an example for this typePhytanic acid oxidation is an example for this typeof oxidation.of oxidation.
 Cont.Cont.
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 Oxidation of P hytanic acid :
 Phytanic acid is a branched FA present in plants, inPhytanic acid is a branched FA present in plants, intissues of ruminants and in dair y products.tissues of ruminants and in dair y products.
 Because phytanic acid is methylated atBecause phytanic acid is methylated at carbon, itcarbon, it
 cannot act as a substrate for the first enzyme of thecannot act as a substrate for the first enzyme of the--oxidation pathway (acyloxidation pathway (acyl--CoA dehydrogenase).CoA dehydrogenase).Instead, it is degraded by Instead, it is degraded by --oxidation.oxidation.
 What is the clinical significance of such type of What is the clinical significance of such type of oxidation?oxidation?
 Cont.Cont.
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 - Oxidation of FA:
 Medium and long chain FA can be oxidized at the
 -carbon of the chain by enzymes present in ER.
 The -methyl group is first oxidized to alcohol by hydroxylase enzyme that requires cytochrom P450,
 O2, and NADPH.
 The alcohol group is then converted to an acid by dehydrogenase.
 Thereafter, the dicarboxylic acids produced by -oxidation undergo -oxidation in mitochondria, untilforming compounds of 6-10 carbons dicarboxylicacids end, which are excreted in the urine.
 Cont.Cont.
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 Formation of a Dicarboxyl acid Formation of a Dicarboxyl acid--compounds fromcompounds from
 --Oxidation of FAOxidation of FA
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 Fatty acid synthesis andFatty acid synthesis and --oxidationoxidation
 Fatty acidFatty acidSynthesisSynthesis OxidationOxidationPathwayPathway
 Pathway Pathway locationlocation
 CytosolCytosol MitochondrialMitochondrialmatrixmatrix
  Acyl carriers Acyl carriers(thiols)(thiols)
 phosphopantetheinphosphopantetheine (ACP) & cysteinee (ACP) & cysteine
 CoenzymeCoenzyme--A A
 ElectronElectronacceptors/donor acceptors/donor  NADPHNADPH FAD & NADFAD & NAD
 22--CC
 Donor/ProductDonor/Product
 MalonylMalonyl--CoACoA Acetyl Acetyl--CoACoA
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 R egulation of Fatty Acid R egulation of Fatty Acid 
 M etabolismM etabolism The metabolism of fat is regulated by twoThe metabolism of fat is regulated by two
 distinct mechanisms.distinct mechanisms.
 One is shortOne is short--term regulation, which canterm regulation, which cancome about through events such ascome about through events such assubstrate availability, allosteric effectorssubstrate availability, allosteric effectorsand/or enzyme modification.and/or enzyme modification.
 The other mechanism, longThe other mechanism, long--termtermregulation, is achieved by alteration of theregulation, is achieved by alteration of therate of enzyme synthesis and turnrate of enzyme synthesis and turn--over.over.
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 Clinical Significance of FAOClinical Significance of FAO
 The majority of clinical problems related toThe majority of clinical problems related tofatty acid metabolism are associated with fatty acid metabolism are associated with processes of oxidation.processes of oxidation.
 These disorders fall into four main groups:These disorders fall into four main groups:
 1. Deficiencies in Carnitine:
 Lead to an inability to transport fatty acids intoLead to an inability to transport fatty acids intothe mitochondria for oxidation. This can occur the mitochondria for oxidation. This can occur 
 in prein pre--term infants or found in patientsterm infants or found in patientsundergoing hemodialysis. Symptoms canundergoing hemodialysis. Symptoms canrange from mild occasional muscle crampingrange from mild occasional muscle crampingto severe weakness or even death. Treatmentto severe weakness or even death. Treatment
 is by oral carnitine administrationis by oral carnitine administration..
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 Refsum Disease:
 Is a rare inherited disorder in which patients lackIs a rare inherited disorder in which patients lackthe mitochondrialthe mitochondrial --oxidizing enzyme.oxidizing enzyme.
  As a consequence, they accumulate large As a consequence, they accumulate largequantities of phytanic acid in their tissues andquantities of phytanic acid in their tissues and
 serum.serum.
 This leads to severe symptoms, includingThis leads to severe symptoms, includingcerebellar ataxia, retinitis pigmentosa, nervecerebellar ataxia, retinitis pigmentosa, nervedeafness and peripheral neuropathy.deafness and peripheral neuropathy.
 Treatment can be achieved by restriction of dair y Treatment can be achieved by restriction of dair y products and ruminant meat from the diet canproducts and ruminant meat from the diet canameliorate the symptoms of this disease.ameliorate the symptoms of this disease.
 Cont.Cont.
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 Awar eness of how to diagnose and tr eatthese disorders is vital because during ametabolic crisis, an undiagnosed
 individual may experience excessivebuildup of fat in the liver, heart andkidneys, along with possible brainswelling²all of which can lead to death.
 Those deaths have sometimes beenMISdiagnosed as SIDS (Sudden InfantDeath Syndrome) or Reye's Syndrome.
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