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Question:Describethethreestagesofbetaoxidation

Beta-oxidationisthecatabolicprocessbywhichfattyacidmoleculesarebrokendowninthe

cytosolinprokaryotesandinthemitochondriaineukaryotestogenerateacetyl-CoA,which

entersthecitricacidcycle,andNADHandFADH2,whichareco-enzymesusedintheelectron

transportchain.Itisnamedassuchbecausethebetacarbonofthefattyacidundergoes

oxidationtoacarbonylgroup.Beta-oxidationisprimarilyfacilitatedbythemitochondrial

trifunctionalprotein,anenzymecomplexassociatedwiththeinnermitochondrialmembrane,

althoughverylongchainfattyacidsareoxidizedinperoxisomes.

Substrates:Freefattyacids;H2O.

Products:OneacetylCoA,oneNADH,andoneFADH2foreveryremovalofatwo-carbongroup

from thefattyacidchain.

Theoverallreactionforonecycleofbetaoxidationis:



Cn-acyl-CoA+FAD+NAD+

+H

2O+CoA→Cn-2-acyl-CoA+FADH

Betaaoxidationhas3stages

A.Activationoffattyacids

Inthecytosolofthecell,long-chainfattyacidsareactivatedbyATPandcoenzymeA,andfatty

acyl-CoAisformed.Short-chainfattyacidsareactivatedinmitochondria.

TheATPisconvertedtoAMPandpyrophosphate(PPi),whichiscleavedbypyrophosphataseto

twoinorganicphosphates(2Pi).Becausetwohigh-energyphosphatebondsarecleaved,the

equivalentoftwomoleculesofATPisusedforfattyacidactivation.

B.Transportoffattyacyl-CoAfrom thecytosolintomitochondria

Fattyacyl-CoAfrom thecytosolreactswithcarnitineintheoutermitochondrialmembrane,

formingfattyacylcarnitine.TheenzymeiscarnitineacyltransferaseI(CATI),whichisalso

calledcarnitinepalmitoyltransferaseI(CPTI).Fattyacylcarnitinepassestotheinnermembrane,

whereitre-formstofattyacyl-CoA,whichentersthematrix.Thesecondenzymeiscarnitine

acyltransferaseII(CATII).

CarnitineacyltransferaseI,whichcatalyzesthetransferofacylgroupsfrom coenzymeAto

carnitine,isinhibitedbymalonyl-CoA,anintermediateinfattyacidsynthesis.Therefore,when

fattyacidsarebeingsynthesizedinthecytosol,malonyl-CoAinhibitstheirtransportinto

mitochondriaand,thus,preventsafutilecycle(synthesisfollowedbyimmediatedegradation).

Insidethemitochondrion,thefattyacyl-CoAundergoesbeta-oxidation

C.β-Oxidationofeven-chainfattyacids

β-Oxidation(inwhichallreactionsinvolvetheβ-carbonofafattyacyl-CoA)isaspiralconsisting

offoursequentialsteps,thefirstthreeofwhicharesimilartothoseintheTCAcyclebetween

succinateandoxaloacetate.Thesestepsarerepeateduntilallthecarbonsofaneven-chain

fattyacyl-CoAareconvertedtoacetyl-CoA.



FADacceptshydrogensfrom afattyacyl-CoAinthefirststep.Adoublebondisproduced

betweentheα-andβ-carbons,andanenoyl-CoAisformed.TheFADH2thatisproduced

interactswiththeelectrontransportchain,generatingATP.

Enzyme:Acyl-CoAdehydrogenase(Multiplevariantsofthisenzyme)

H2Oaddsacrossthedoublebond,andaβ-hydroxyacyl-CoAisformed.

Enzyme:Enoyl-CoAhydratase

β-Hydroxyacyl-CoAisoxidizedbyNAD+toaβ-ketoacyl-CoA.TheNADHthatisproduced

interactswiththeelectrontransportchain,generatingATP.

Enzyme:L-3-hydroxyacyl-CoAdehydrogenase(whichisspecificfortheL-isomeroftheβ-

hydroxyacyl-CoA).

Thebondbetweenthealphaandbetacarbonsoftheβ-ketoacyl-CoAiscleavedbyathiolase

thatrequirescoenzymeA.Acetyl-CoAisproducedfrom thetwocarbonsatthecarboxylendof

theoriginalfattyacyl-CoA,andtheremainingcarbonsform afattyacyl-CoAthatistwocarbons

shorterthantheoriginal.

Enzyme:β-ketothiolase

Theshortenedfattyacyl-CoArepeatsthesefoursteps.Repetitionscontinueuntilallthecarbons

oftheoriginalfattyacyl-CoAareconvertedtoacetyl-CoA.

EnergyYieldforEven-chainFattyAcids

 Energyisgeneratedfrom theproductsofβ-oxidation.

 The16-carbonpalmitoyl-CoAundergoessevenrepetitions.

 Inthelastrepetition,a4-carbonfattyacyl-CoA(butyryl-CoA)iscleavedtotwoacetyl-

CoAs.

1.Whenonepalmitoyl-CoAisoxidized,sevenFADH2,sevenNADH,andeightacetyl-CoAare

formed.ThesevenFADH2eachgenerateapproximately1.5ATP,foratotalofabout10.5ATP.

ThesevenNADHeachgenerateabout2.5ATP,foratotalofabout17.5ATP.

Theeightacetyl-CoAcanentertheTCAcycle,eachproducingabout10ATP,foratotalofabout

80ATP.

From theoxidationofpalmitoyl-CoAtoCO2andH2O,atotalofabout108ATPareproduced.



2.ThenetATPproducedfrom palmitatethatentersthecellfrom thebloodisabout106

becausepalmitatemustundergoactivation(aprocessthatrequirestheequivalentof2ATP)

beforeitcanbeoxidized(108ATP−2ATP=106ATP).

3.TheoxidationofotherfattyacidswillyielddifferentamountsofATP.


