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Mechanism inAerobicRespiration

Aerobicrespirationisaprocessthatcancompletelycatabolizeareducedorganic

energysourcetocarbondioxideusingglycolyticpathwaysandTCA(tricarboxylic

acid)cyclewithoxygenmoleculeastheterminalelectronacceptorforanelectron

transportchain.AerobicrespirationofGlucosewouldbeconsideredinthisregard.

Thecatabolism ofglucosebeginswithoneormorepathwaysthatyield

pyruvate.NextpyruvateentersintotheTCAcyclewhereitisoxidizedcompletelyto

carbondioxidewiththeproductionofATP.NADHandFADH2formedbyglycolysis

adtheTCAcycleareoxidizedbyanelectrontransportchain,usingoxygenmolecule

astheterminalelectronacceptor.Itistheactivityoftheelectrontransportchainthat

conservesmostoftheenergyusedtomakeATPduringaerobicrespiration.

Thereareseveralmetabolicpathwaysusedbymicrobesincatabolizingglucoseto

pyruvate,ofwhichthemostcommonistheEmbden-Meyerhofpathway;Entner-

Doudoroffpathwayandthepentosephosphatepathway.Thesepathwaysare

collectivelycalledglycolyticpathways.

Embden-Meyerhofpathwayisfoundinallmajorgroupsofmicrobes,plants,

animals,andfunctionsinthepresenceandabsenceofoxygen.

Thispathwaymaybedividedintotwoparts.Intheinitialsixcarbonphase,ATPis

usedtophosphorylateglucosetwice,yieldingfructose1,6-bisphosphate.

Breakdownofthefirst6carbonphaseofglycolysis

GlucoseisbrokendowntogiveGlucose6-phosphate

Glucose6-phosphate¬----------fructose6-phosphate

Fructose6-phosphate---------fructose1,6-bisphosphate.

The3-carbonphaseinglycolysis

The3-carbon,energyconservingphasebeginswhenfructose1,6-bisphosphateis

cleavedintotwohalves,eachwithaphosphate.Oneoftheproducts,

dihydroxyacetonephosphate,isimmediatelyconvertedtoglyceraldehyde3-

phosphate.ThisyieldstwomoleculesofGlyceraldehyde3-phosphte,whicharethen

catabolizedto2pyruvatemoleculesinafivestepprocess.NADHandATP are

producedinthe3-carbonphaseofthepathway.NADHisformedwhen

glyceraldehyde3-phosphateisoxidizedwithNAD+astheelectronacceptor,anda

phosphateissimultaneouslyincorporatedtogiveahighenergymoleculecalled1,3-

bisphosphoglycerate.ThisreactionsetthestageforATPproduction.Thephosphate

onthefirstcarbonof1,3-bisphosphoglycerateisdonatedtoADPtoproduceATP.

Thisisanexampleofsubstrate-levelphosphorylation.Anothersubstrate-level



phosphorylationoccurswhenphosphateonphosphoenolpyruvateisdonatedtoADP

toproduceATP.

Thusthecatabolism ofglucosetopyruvatecanberepresentedbythisequation

Glucose+2ADP+2Pi+2NAD+-------2Pyruvate+2ATP+2NADH+2H+

TheNADHisusedduringaerobicrespirationtotransportelectrontoanelectron

transport.

TheKrebsCycle/TCAcycle

Intheglycolyticpathways,glucoseisoxidizedtopyruvate.Duringaerobicrespiration,

thecatabolicprocesscontinuesbyoxidizingpyruvatetothreecarbondioxide.The

firststepofthisprocessemploysamultienzymesystem calledthepyruvate

dehydrogenasecomplex.Itoxidizesandcleavespyruvatetoform onecarbon

dioxideandthe2-carbonmoleculeacetyl-coenzymeA/acetyl-CoA.Acetyl-CoAthen

entersthetricarboxylicacidcycle.Inthefirstreaction,acetyl-CoAisaddedtothe4-

carbonintermediateoxaloacetate.

Thetworemainingcarbonsofpyruvatearecombinedwiththefourcarbonsof

oxaloacetate.Thiscreatesthe6-carbonmoleculecitrate.

Citratechangesthearrangementofatomstoform isocitricacid.Anothercarbonis

removed,creatingthe5-carbonprecursormetabolitealpha-ketoglutarateinthe

process,NADHisformed.

Thelastcarbonofglucoseisreleasedascarbondioxide.MoreNADHisformedfor

useintheelectrontransportchainandthe4-carbonprecursormetabolitesuccinyl-

CoAisformed.

CoAiscleavedfrom thehighenergymoleculesuccinyl-CoA.Theenergyreleasedis

usedtoform GTP,whichcanbeusedtomakeATP.

Succinateisoxidizedtofumarate.FADservesastheelectronacceptor.Fumarate

reactswithwatertoform malate.

MalateisoxidizedgeneratingmoreNADH andregeneratingoxaloacetate,whichis

neededtoacceptthetwocarbonsfrom acetyl-CoAandcontinuethecycle.

ElectronTransportChain

Duringtheoxidationofglucosetosixcarbondioxidemoleculesbyglycolysisandthe

TCAcycle,asmanyasfourATPmoleculesaregeneratedbysubstrate-level

phosphorylation.Thus,theworkdonebythecellhasyieldedrelativelylittleATP.

However,inoxidizingglucose,thecellhasalsogeneratednumerousmoleculesof

NADHandFADH2.MostoftheATPgeneratedduringrespirationcomesfrom the

energyconservedwhentheseelectroncarriersareoxidizedbyanelectrontransport

chain.

Themitochondrialelectrontransportchainiscomposedofaseriesof

electroncarriersthatoperatetogethertotransferelectronsfrom donors,suchas

NADHandFADH2tooxygenmolecule.Theelectronsflowfrom carrierswithmore



negativereductionpotentialstothosewithmorepositivepotentialsandeventually

combinewithoxygenmoleculeandhydrogeniontoform water.Eachcarrierisin

turnreducedandthenreoxidized.Thusthecarriersareconstantlyrecycledas

electrontransportthroughthechainoccurs.

OxidativePhosphorylation

OxidativephosphorylationistheprocessbywhichATP issynthesizedastheresult

ofelectrontransportdrivenbytheoxidationofachemicalenergysource.The

mechanism bywhichoxidativephosphorylationtakesplaceisbestexplainedbythe

chemoiosmotichypothesis,whichwasformulatedbyBritishbiochemistPeter

Mitchell,statesthatmitochondrialelectrontransportchainsareorganizedsothat

protonsmoveacrosstheinnermembranefrom theinnermitochondrialmatrixtothe

intermembranespaceaselectronsaretransporteddownthechain.Inbacteriaand

archaea,theprotonsusuallyaremovedacrosstheplasmamembranefrom the

cytoplasm totheperiplasmicspace.
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