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BETAOXIDATION

Betaoxidationisametabolicprocessinvolvingmultiplestepsbywhichfattyacid
moleculesarebrokendowntoproduceenergy.Morespecifically,betaoxidation
consistsinbreakingdownlong fattyacids thathavebeenconvertedtoacyl-CoAchains
intoprogressivelysmallerfattyacyl-CoAchains.Thisreactionreleasesacetyl-CoA,
FADH2andNADH,thethreeofwhichthenenteranothermetabolicprocesscalled citric
acidcycle or Krebscycle,inwhichATPisproducedtobeusedasenergy.Betaoxidation
goesonuntiltwoacetyl-CoAmoleculesareproducedandtheacyl-CoAchainhasbeen
completelybrokendown.Ineukaryoticcells,betaoxidationtakesplacein
the mitochondria,whereasinprokaryoticcells,ithappensinthe cytosol.

Forbetaoxidationtotakeplace,fattyacidsmustfirstenterthe cell throughthe cell
membrane,thenbindto coenzyme A(CoA),formingfattyacylCoAand,inthecaseof
eukaryoticcells,enterthemitochondria,wherebetaoxidationoccurs.

The3stagesofBetaOxidationare

1.Activationoffattyacidtoacyl-CoA

2.TransportofAcyl-CoAintoMitochondriabyCarnitineTransportSystem

3.ReactionofBetaOxidationinmitochondria.

1.Activationoffattyacidtoacyl-CoA

Theoxidativedegradationoffattyacidsisatwo-stepprocess,catalysedby acyl-
CoAsynthetase.First,thefattyacidreactswithATPtoform anacylphosphate.
Thisintermediatereactssubsequentlytogiveacyl-CoA:

Fattyacid+CoA+ATP⇌Acyl-CoA+AMP+PPi



Fattyacidsareactivatedinthecytosol,butoxidationoccursinthemitochondria.
BecausethereisnotransportproteinforCoAadducts,acylgroupsmustenter
themitochondriaviaashuttlesystem involvingthesmallmolecule carnitine.
Acyl-CoAismadebyanenzymecalledAcyl-CoAsynthase.Therearethree
differenttypesofacyl-CoAsynthases whichcanhelpmake3differentlengthsof
acyl-CoA.Forexample,medium chainacyl-CoAsynthaseismadetoworkupon4-
11carbonfattyacidstomake4-11carbonacyl-CoA.AdifferenttypeofAcyl-CoA
synthaseisusedfora11-20carbonfattyacidtomakeitintoa11-20Acyl-CoA.
ThereactiontomakeAcyl-CoAisalsothermodynamicallyfavouredbecausein
thisreactionATPbecomesAMPwhichisatwostepreaction,andthisis
spontaneous.ThereisalsoanenzymecalledAcyl-CoAthioesterase,andthis
enzymedoestheoppositeofAcyl-CoAsynthase.ThisenzymetakesoftheAcyl-
CoAtoform afreefattyacidandcoenzymeA,inotherwordsdeactivatesthe
fattyacidbybreakingdownAcyl-CoA.

2.TransportofAcyl-CoAintoMitochondriabyCarnitineTransportSystem

CytoplasmicfattyacylCoAisconvertedtofattyacylcarnitineby

carnitineacyltransferase(CATI),anenzymeoftheinnerleafletofthe

outermitochondrialmembrane.Fattyacylcarnitineisthen

trransportedbyanantiportinexchangeforfreecarnitinetotheinner

surfaceoftheinnermitochondrialmembrane.Therecarnitineacyl

transferaseII(CATII)reversestheprocess,producingfattyacylCoA

andcarnitine.Thisshuttlemechanism isrequiredonlyforlongerchain

fattyacids.Medium-andshortchainfattyacidsarecarnitine-

independent.Theycrossthemitochondrialmembranes,andare

activatedinthemimitochondrion.

3.ReactionofBetaOxidationinmitochondria.

In biochemistry and metabolism, beta-oxidation isthe catabolicprocess by
which fattyacid moleculesarebrokendown[1] inthecytosolinprokaryotesandin
the mitochondria ineukaryotestogenerate acetyl-CoA,whichentersthe citricacid



cycle,and NADH and FADH2,whichareco-enzymesusedinthe electrontransport
chain.Itisnamedassuchbecausethe betacarbon ofthefattyacidundergoes
oxidationtoa carbonyl group.Beta-oxidationisprimarilyfacilitatedby
the mitochondrialtrifunctionalprotein,anenzymecomplexassociatedwiththe inner
mitochondrialmembrane,although verylongchainfattyacids areoxidized
in peroxisomes.

Theoverallreactionforonecycleofbetaoxidationis:

Cn-acyl-CoA+FAD+ NAD+

 + H

2O +CoA→Cn-2-acyl-CoA+ FADH

2 +NADH+ H+

 +acetyl-CoA


