
Lipid Metabolism

×Theoxidationof long-chainfatty acidsto acetyl-CoA is a centralenergyyielding

pathwayin manyorganismsandtissues.

× In mammalianheartand liver, for example,it providesas much as 80% of the

energeticneedsunderall physiologicalcircumstances.

×The electrons removed from fatty acids during oxidation pass through the

respiratorychain,driving ATP synthesis; the acetyl-CoA producedfrom the fatty

acids may be completelyoxidized to CO2 in the citric acid cycle, resulting in

furtherenergyconservation.

× In somespeciesandin sometissues,theacetyl-CoA hasalternativefates. In liver,

acetyl-CoA may be convertedto ketonebodiesð water-solublefuels exportedto

thebrainandothertissueswhenglucoseis notavailable.



× In vascularplants,acetyl-CoA servesprimarily asa biosyntheticprecursor,only

secondarilyasfuel.

×Although the biological role of fatty acid oxidation differs from organismto

organism,the mechanismis essentiallythe same; the repetitivefour-stepprocess

by which fatty acidsareconvertedinto acetyl-CoA, calledɓoxidation.

×Triacylglycerols(triglyceridesor neutral fats) are especiallysuitablefor storage

fuels.

×Thelong alkyl chainsof their constituentfatty acidsareessentiallyhydrocarbons,

highly reducedstructureswith an energyof completeoxidation (~38 kJ/g) more

thantwice thatfor thesameweightof carbohydrateor protein.

×This advantageis compoundedby the extremeinsolubility of lipids in water;

cellular triacylglycerols aggregatein lipid droplets, which do not raise the

osmolarityof thecytosol,andtheyareunsolvated.



×And becauseof their relativechemicalinertness,triacylglycerolscanbestoredin

largequantityin cells without the risk of undesiredchemicalreactionswith other

cellularconstituents.

×The propertiesthat make triacylglycerols good storagecompounds,however,

presentproblemsin their roleasfuels.

×Becausethey areinsolublein water,ingestedtriacylglycerolsmustbe emulsified

before they can be digestedby water-soluble enzymesin the intestine, and

triacylglycerolsabsorbedin the intestineor mobilized from storagetissuesmust

becarriedin thebloodboundto proteinsthatcounteracttheir insolubility.

×Also, to overcomethe relative stability of the CðC bondsin a fatty acid, the

carboxyl group at C-1 is activatedby attachmentto coenzymeA, which allows

stepwiseoxidation of the fatty acyl group at the C-3, or ɓ,positionðhencethe

nameɓoxidation.



×Cellscanobtainfatty acid fuels from four sources: fatsconsumedin thediet, fats

storedin cellsaslipid droplets,fatssynthesizedin oneorganfor exportto another,

andfatsobtainedby autophagy(whichdegradesthecellôsownorganelles).

×Somespeciesuseall four sourcesundervariouscircumstances,othersuseoneor

two.

×Vertebrates,for example,obtainfatsin thediet,mobilizefatsstoredin specialized

tissue (adiposetissue,consistingof cells called adipocytes),and, in the liver,

convertexcessdietarycarbohydratesto fatsfor exportto othertissues.

×During starvation,theycanrecyclelipids by autophagy. On average,40% or more

of the daily energyrequirementof humansin highly industrializedcountriesis

supplied by dietary triacylglycerols (although most nutritional guidelines

recommendnomorethan30% of daily caloricintakefrom fats).



×Triacylglycerolsprovide more than half the energyrequirementsof someorgans,

particularlytheliver, heart,andrestingskeletalmuscle.

×Storedtriacylglycerolsarevirtually the solesourceof energyin hibernatinganimals

andmigratingbirds.

×Protistsobtainfats by consumingorganismslower in the food chain,andsomealso

storefatsascytosoliclipid droplets.

×Vascularplantsmobilizefatsstoredin seedsduringgermination,but do not otherwise

dependon fatsfor energy.

× In vertebrates,beforeingestedtriacylglycerolscanbeabsorbedthroughthe intestinal

wall they must be convertedfrom insoluble macroscopicfat particles to finely

dispersedmicroscopicmicelles.

×This solubilization is carriedout by bile salts,suchas taurocholicacid, which are

synthesizedfrom cholesterolin the liver, storedin the gallbladder,andreleasedinto

thesmall intestineafteringestionof a fatty meal.





×Apolipoproteinsarelipid-bindingproteinsin thebloodthatareresponsiblefor the

transportof triacylglycerols, phospholipids,cholesterol,and cholesterylesters

betweenorgans.

×Apolipoproteins combine with lipids to form several classesof lipoprotein

particles,sphericalaggregateswith hydrophobiclipids at thecoreandhydrophilic

proteinsidechainsandlipid headgroupsat thesurface.

×Variouscombinationsof lipid andproteinproduceparticlesof different densities,

ranging from chylomicronsand very-low-density lipoproteins(VLDL) to very-

high-densitylipoproteins(VHDL), whichcanbeseparatedby ultracentrifugation.

×Theproteinmoietiesof lipoproteinsarerecognizedby receptorsoncell surfaces.





×Neutral lipids are storedin adipocytes(and in steroid-synthesizingcells of the

adrenalcortex, ovary, and testis) in the form of lipid droplets,with a core of

triacylglycerolsandsterolesterssurroundedby a monolayerof phospholipids.

×The surfaceof thesedropletsis coatedwith perilipins, a family of proteinsthat

restrictaccessto lipid droplets,preventinguntimelylipid mobilization.

×When hormonessignal the needfor metabolicenergy,triacylglycerolsstoredin

adiposetissueare mobilized (broughtout of storage)and transportedto tissues

(skeletalmuscle,heart,andrenalcortex)in which fatty acidscanbe oxidizedfor

energyproduction.

×The hormonesepinephrineand glucagon,secretedin responseto low blood

glucoselevelsor a fight-or-flight situation,stimulatetheenzymeadenylylcyclase

in the adipocyte plasma membrane,which producesthe intracellular second

messengercyclicAMP (cAMP).





×Cyclic AMPïdependentproteinkinase(PKA) triggerschangesthatopenthe lipid

droplet to the action of three cytosolic lipases, which act on tri-, di-, and

monoacylglycerols, releasingfatty acidsandglycerol.

×Thefatty acidsthusreleased(free fatty acids,FFAs)passfrom theadipocyteinto

theblood,wheretheybind to thebloodproteinserumalbumin.

×This protein(Mr 66,000), which makesup abouthalf of the total serumprotein,

noncovalentlybindsasmanyas10 fatty acidsperproteinmonomer.

×Bound to this solubleprotein, the otherwiseinsoluble fatty acidsare carried to

tissuessuchasskeletalmuscle,heart,andrenalcortex.

× In thesetarget tissues,fatty acids dissociatefrom albumin and are moved by

plasmamembranetransportersinto cellsto serveasfuel.

×About 95% of thebiologically availableenergyof triacylglycerolsresidesin their

threelong-chainfatty acids; only 5% is contributedby theglycerolmoiety.



×The glycerol released by lipase action is

phosphorylated by glycerol kinase, and the

resulting glycerol 3-phosphate is oxidized to

dihydroxyacetonephosphate.

×Theglycolytic enzymetriosephosphateisomerase

converts this compound to glyceraldehyde3-

phosphate,which is oxidizedvia glycolysis.



×The enzymesof fatty acid oxidation in animalcells are locatedin the mitochondrial

matrix.

×Thefatty acidswith chainlengthsof 12 or fewercarbonsentermitochondriawithout

thehelpof membranetransporters.

×Thosewith 14 or morecarbons,which constitutethemajority of theFFAsobtainedin

the diet or released from adipose tissue, cannot pass directly through the

mitochondrialmembranes: they must first undergothe threeenzymaticreactionsof

thecarnitineshuttle.

×The first reactionis catalyzedby a family of isozymesof acyl-CoA synthetase, each

specificfor fatty acidshavingeithershort,intermediate,or longcarbonchains.

×The isozymesarepresentin the outermitochondrialmembrane,wherethey promote

thegeneralreaction



×Thus,acylïCoA synthetasescatalyzethe formationof a thioesterlinkagebetween

the fatty acid carboxylgroupandthe thiol groupof coenzymeA to yield a fatty

acylïCoA, coupledto thecleavageof ATP toAMP andPPi.

×FattyacylïCoAs, like acetyl-CoA, arehigh-energycompounds; their hydrolysisto

FFAs and CoA has a large, negativestandardfree-energychangeȹGǋÁ= ī31

kJ/mol).

×Fatty acylïCoA estersformed on the cytosolic side of the outer mitochondrial

membranecanbetransportedinto themitochondrionandoxidizedto produceATP,

or theycanbeusedin thecytosolto synthesizemembranelipids.

×Fatty acids destinedfor mitochondrialoxidation are transientlyattachedto the

hydroxyl groupof carnitineto form fatty acylïcarnitineðthe secondreactionof

theshuttle.



× In thethird andfinal stepof thecarnitineshuttle,thefatty acyl groupis transferred

from carnitine to intramitochondrialcoenzymeA by carnitine acyltransferase2

(alsocalledCPT2).

×This isozyme,locatedon the inner face of the inner mitochondrialmembrane,

regeneratesfatty acylïCoA and releasesit, along with free carnitine, into the

matrix



×This three-step processfor transferring fatty acids into the mitochondrionð

esterificationto CoA, transesterificationto carnitine followed by transport,and

transesterificationbackto CoAðlinks two separatepoolsof coenzymeA andof

fatty acylïCoA, onein thecytosol,theotherin mitochondria.

×Thesepoolshavedifferent functions. CoenzymeA in the mitochondrialmatrix is

largely usedin oxidative degradationof pyruvate,fatty acids,and someamino

acids,whereascytosoliccoenzymeA is usedin thebiosynthesisof fatty acids.

×Fatty acylïCoA in the cytosolic pool can be used there for membranelipid

synthesisor can be movedinto the mitochondrialmatrix for oxidation and ATP

production.

×Conversionto the carnitineestercommitsthe fatty acyl moiety to the oxidative

fate.

×Thecarnitine-mediatedentryprocessis therate-limiting stepfor oxidationof fatty

acidsin mitochondriaandis acontrolpoint.



× In the first stage of ɓoxidation, fatty acids undergo oxidative removal of

successivetwo-carbonunits in the form of acetyl-CoA, startingfrom thecarboxyl

endof thefatty acyl chain.

×For example,the 16- carbonpalmitic acid (palmitateat pH 7) undergoesseven

passesthroughthe oxidativesequence,in eachpasslosing two carbonsasacetyl-

CoA.

×At the endof sevencyclesthe last two carbonsof palmitate(originally C-15 and

C- 16) remainasacetyl-CoA.

×The overall result is the conversionof the 16- carbonchainof palmitateto eight

two-carbonacetylgroupsof acetyl-CoAmolecules.

×Formationof eachacetyl-CoA requiresremovalof four hydrogenatoms(two pairs

of electronsandfour H+) from thefatty acylmoietyby dehydrogenases.



× In the secondstageof fatty acid oxidation, the acetyl groupsof acetyl- CoA are

oxidized to CO2 in the citric acid cycle, which also takes place in the

mitochondrialmatrix.

×Acetyl-CoA derived from fatty acids thus entersa final common pathway of

oxidation with the acetyl-CoA derivedfrom glucosevia glycolysis andpyruvate

oxidation.

×The first two stagesof fatty acid oxidationproducethe reducedelectroncarriers

NADH andFADH2 which in thethird stagedonateelectronsto themitochondrial

respiratory chain, through which the electrons pass to oxygen with the

concomitantphosphorylationof ADP toATP.

×Theenergyreleasedby fatty acidoxidationis thusconservedasATP.







×Fourenzyme-catalyzedreactionsmakeup thefirst stageof fatty acidoxidation.

×First, dehydrogenationof fatty acylïCoA producesa doublebondbetweentheŬ

andɓcarbonatoms(C-2 andC-3), yieldinga trans-ȹ2-enoyl-CoA.

×This first step is catalyzedby threeisozymesof acyl-CoA dehydrogenase, each

specific for a range of fatty-acyl chain lengths: very long chain acyl-CoA

dehydrogenase(VLCAD), acting on fatty acids of 12 to 18 carbons; medium-

chain(MCAD), 4 to 14carbons; andshort-chain(SCAD),4 to 8 carbons.

×VLCAD is in the inner mitochondrialmembrane; MCAD and SCAD are in the

matrix.

×All threeisozymesareflavoproteinswith tightly boundFAD asaprostheticgroup.

×The electronsremovedfrom the fatty acylïCoA are transferredto FAD, and the

reducedform of the dehydrogenaseimmediately donatesits electrons to an

electroncarrierof themitochondrialrespiratorychain.



×The oxidationcatalyzedby an acyl-CoA dehydrogenaseis analogousto succinate

dehydrogenationin thecitric acidcycle.

×Both reactionsthe enzymeis bound to the inner membrane,a double bond is

introducedinto a carboxylicacidbetweentheŬandɓcarbons,FAD is theelectron

acceptor,andelectronsfrom thereactionultimatelyentertherespiratorychainand

pass to O2, with the concomitantsynthesisof about 1.5 ATP moleculesper

electronpair.

× In the secondstepof theɓ-oxidationcycle, water is addedto the doublebondof

the trans-ȹ2-enoyl-CoA to form the L stereoisomerof ɓ-hydroxyacyl-CoA (3-

hydroxyacyl-CoA).

×This reaction,catalyzedby enoyl-CoA hydratase,is formally analogousto the

fumarasereactionin thecitric acidcycle,in which H2O addsacrossanŬ-ɓdouble

bond.



× In the third step,L-ɓ-hydroxyacyl-CoA is dehydrogenatedto form ɓ- ketoacyl-

CoA, by the actionof ɓ-hydroxyacyl-CoA dehydrogenase; NAD+ is the electron

acceptor.

×This enzymeis absolutelyspecific for the L stereoisomerof hydroxyacyl-CoA.

TheNADH formedin thereactiondonatesits electronsto NADH dehydrogenase,

an electroncarrierof the respiratorychain,andATP is formed from ADP as the

electronspassto O2.

×Thereactioncatalyzedbyɓ-hydroxyacyl-CoA dehydrogenaseis closelyanalogous

to themalatedehydrogenasereactionof thecitric acidcycle.



×The fourth and last step of the ɓ-oxidation cycle is catalyzedby acyl-CoA

acetyltransferase,morecommonlycalled thiolase, which promotesreactionof ɓ-

ketoacyl-CoA with a molecule of free coenzymeA to split off the carboxyl-

terminaltwo-carbonfragmentof theoriginal fatty acidasacetyl- CoA.

×Theotherproductis thecoenzymeA thioesterof the fatty acid,now shortenedby

two carbonatoms.

×This reaction is called thiolysis, by analogy with the processof hydrolysis,

becausethe ɓ-ketoacyl-CoA is cleaved by reaction with the thiol group of

coenzymeA.

×Thethiolasereactionis a reverseClaisencondensation.

×Thelastthreestepsof this four-stepsequencearecatalyzedby eitherof two setsof

enzymes,with the enzymesemployeddependingon the length of the fatty acyl

chain.



×For fatty acyl chainsof 12 or more carbons,the reactionsare catalyzedby a

multienzymecomplex associatedwith the inner mitochondrial membrane,the

trifunctionalprotein(TFP).

×TFP is a heterooctamerof Ŭ4ɓ4 subunits. EachŬsubunitcontainstwo activities,

the enoyl-CoA hydrataseand the ɓ-hydroxyacyl-CoA dehydrogenase; the ɓ

subunitscontainthethiolaseactivity.

×This tight associationof threeenzymesmay allow efficient substratechanneling

from oneactivesite to thenext,without diffusion of the intermediatesawayfrom

theenzymesurface.

×When TFP has shortenedthe fatty acyl chain to 12 or fewer carbons,further

oxidationsarecatalyzedby asetof four solubleenzymesin thematrix.



× In one passthroughtheɓ-oxidationsequence,one moleculeof acetyl-CoA, two

pairs of electrons,and four protons(H+) are removedfrom the long chain fatty

acylïCoA, shorteningit by two carbonatoms.

×The equationfor onepass,beginningwith the coenzymeA esterof our example,

palmitate,is;

×Following removalof oneacetyl-CoA unit from palmitoyl-CoA, the coenzymeA

thioesterof theshortenedfatty acid(now the14-carbonmyristate) remains.

×Themyristoyl-CoAcannow go throughanothersetof fourɓ-oxidationreactions,

×Altogether, sevenpassesthroughtheɓ-oxidationsequencearerequiredto oxidize

onemoleculeof palmitoyl-CoAto eightmoleculesof acetyl-CoA.



× In one passthroughtheɓ-oxidationsequence,one moleculeof acetyl-CoA, two

pairs of electrons,and four protons(H+) are removedfrom the long chain fatty

acylïCoA, shorteningit by two carbonatoms.

×The equationfor onepass,beginningwith the coenzymeA esterof our example,

palmitate,is;

×Following removalof oneacetyl-CoA unit from palmitoyl-CoA, the coenzymeA

thioesterof theshortenedfatty acid(now the14-carbonmyristate) remains.

×Themyristoyl-CoAcannow go throughanothersetof fourɓ-oxidationreactions,

×Altogether, sevenpassesthroughtheɓ-oxidationsequencearerequiredto oxidize

onemoleculeof palmitoyl-CoAto eightmoleculesof acetyl-CoA.



×Thusfour moleculesof ATP areformedfor eachtwo-carbonunit removedin one

passthroughthesequence(2.5 for NADH and1.5 for FADH2).

×Notethatwateris alsoproducedin this process. Eachpair of electronstransferred

from NADH or FADH2 to O2 yieldsoneH2O, referredto asñmetabolicwater.ò

× In hibernatinganimals,fatty acid oxidationprovidesmetabolicenergy,heat, and

waterðall essentialfor survival of an animalthat neithereatsnor drinks for long

periods.

×Camelsobtain water to supplementthe meagersupply availablein their natural

environmentby oxidationof fatsstoredin theirhump.

×The overall equationfor the oxidation of palmitoyl-CoA to eight moleculesof

acetyl-CoA, includingtheelectrontransfersandoxidativephosphorylations, is





×Thefatty acidoxidationsequencejust describedis typical whentheincomingfatty

acidis saturated(thatis, hasonly singlebondsin its carbonchain).

×However, most of the fatty acids in the triacylglycerols and phospholipidsof

animalsandplantsareunsaturated,havingoneor moredoublebonds.

×Thesebondsarein the cis configurationandcannotbe acteduponby enoyl-CoA

hydratase, theenzymecatalyzingtheadditionof H2O to the transdoublebondof

theȹ2-enoyl-CoAgeneratedduringɓoxidation.

×Two auxiliary enzymesare neededfor ɓoxidation of the commonunsaturated

fatty acids: anisomeraseanda reductase.







×Although mostnaturallyoccurringlipids containfatty acidswith an evennumber

of carbonatoms,fatty acidswith an odd numberof carbonsare commonin the

lipids of manyplantsandsomemarineorganisms.

×Cattle and other ruminant animals form large amounts of the three-carbon

propionate(CH3ðCH2ðCOOī)during fermentationof carbohydratesin the

rumen.

×The propionateis absorbedinto the blood and oxidized by the liver and other

tissues.

×Long-chainodd-numberfatty acidsareoxidizedin thesamepathwayastheeven-

numberacids,beginningat thecarboxylendof thechain.

×However,theendproductsareacetyl-CoAôsandpropionyl-CoA.

×The acetyl-CoA canbeoxidizedin the citric acid cycle,of course,but propionyl-

CoA entersadifferentpathway,havingthreeenzymes.





×Oxidationof fatty acidsconsumesa preciousfuel, andit is regulatedsoasto occur

only whentheorganismôsneedfor energyrequiresit.

× In theliver, fatty acylïCoA formedin thecytosolhastwo majorpathwaysopento

it: (1) ɓ oxidation by enzymes in mitochondria or (2) conversion into

triacylglycerolsandphospholipidsby enzymesin thecytosol.

×The pathwaytakendependson the rateof transferof long-chain fatty acylïCoA

into mitochondria.

×The three-stepprocess(carnitineshuttle)by which fatty acyl groupsare carried

from cytosolic fatty acylïCoA into the mitochondrialmatrix is rate-limiting for

fatty acidoxidationandis animportantpointof regulation.

×Once fatty acyl groupshave enteredthe mitochondrion,they are committedto

oxidationto acetyl-CoA.



×Malonyl-CoA, the first intermediatein the cytosolic biosynthesisof longchain

fatty acids from acetyl-CoA, increasesin concentrationwheneverthe animal is

well suppliedwith carbohydrate; excessglucosethatcannotbeoxidizedor stored

as glycogen is converted in the cytosol into fatty acids for storage as

triacylglycerol.

×The inhibition of carnitine acyltransferase1 by malonyl-CoA ensuresthat the

oxidation of fatty acids is inhibited wheneverthe liver is amply suppliedwith

glucoseasfuel andis activelymakingtriacylglycerolsfrom excessglucose.

×Two of the enzymesof ɓoxidationarealso regulatedby metabolitesthat signal

energysufficiency.

×When the [NADH]/[NAD+] ratio is high, ɓ-hydroxyacyl-CoA dehydrogenaseis

inhibited; in addition,highconcentrationsof acetyl-CoA inhibit thiolase.





×The mitochondrialmatrix is the major site of fatty acid oxidationin animalcells,

but in certaincells,othercompartmentsalsocontainenzymescapableof oxidizing

fatty acids to acetyl-CoA, by a pathway similar but not identical to that in

mitochondria.

× In plantcells,themajorsiteof ɓoxidationis notmitochondriabutperoxisomes.

× In peroxisomes,organellesfound in bothanimalandplantcells, the intermediates

for ɓoxidationof fatty acidsarecoenzymeA derivatives,andtheprocessconsists

of four steps,asin mitochondrialɓoxidation: (1) dehydrogenation,(2) additionof

water to the resultingdoublebond, (3) oxidationof theɓ-hydroxyacyl-CoA to a

ketone,and(4) thiolytic cleavageby coenzymeA.

×The identical reactionsalso occur in glyoxysomes, organellesfound only in

germinatingseeds.

×One differencebetweenthe peroxisomaland mitochondrialpathwaysis in the

chemistryof thefirst step.



× In peroxisomes,the flavoprotein acyl-CoA oxidasethat introducesthe double

bond passes electrons directly to O2, producing H2O2 (thus the name

ñperoxisomesò).

×This strongandpotentiallydamagingoxidantis immediatelycleavedto H2O and

O2 by catalase.

× In mitochondria,theelectronsremovedin thefirst oxidationsteppassthroughthe

respiratorychainto O2 to produceH2O, andthis processis accompaniedby ATP

synthesis.

× In peroxisomes,the energy releasedin the first oxidative step of fatty acid

breakdownis notconservedasATP, but is dissipatedasheat.





×Althoughmitochondrialɓoxidation,in which enzymesactat the carboxylendof

a fatty acid, is by far the most importantcatabolicfate for fatty acidsin animal

cells,thereis anotherpathwayin somespecies,includingvertebrates, thatinvolves

oxidation of the ɤ(omega)carbonðthe carbonmost distant from the carboxyl

group.

×The enzymesuniqueto ɤoxidation are locatedin the endoplasmicreticulum of

liver and kidney, and the preferredsubstratesare fatty acidsof 10 or 12 carbon

atoms.

× In mammals,ɤoxidationis normallya minor pathwayfor fatty acid degradation,

but whenɓoxidation is defective(becauseof mutationor a carnitinedeficiency,

for example) it becomesmoreimportant.





×Phytanicacid, a long-chain fatty acid with methyl branches,is derivedfrom the

phytol sidechainof chlorophyll.

×The presenceof a methyl group on the ɓcarbonof this fatty acid preventsthe

formationof aɓ-ketointermediate,makingitsɓoxidationimpossible.

×Humansobtainphytanicacid in the diet, primarily from dairy productsandfrom

the fats of ruminant animals; microorganismsin the rumen of theseanimals

producephytanicacidastheydigestplantchlorophyll.

×Thetypicalwesterndiet includes50 to 100mg of phytanicacidperday.

×Phytanicacid is metabolizedin peroxisomesby Ŭoxidation, in which a single

carbonis removedfrom thecarboxylendof theacid



× In humansand most other mammals,acetyl-CoA formed in the liver during

oxidationof fatty acidscaneitherenterthecitric acidcycleor undergoconversion

to theñketonebodies,òacetone,acetoacetate,andD-ɓ-hydroxybutyrate, for export

to othertissues.

×Acetone, producedin smallerquantitiesthantheotherketonebodies,is exhaled.

×Acetoacetateand D-ɓ-hydroxybutyrateare transportedby the blood to tissues

otherthanthe liver (extrahepatictissues),wheretheyareconvertedto acetyl-CoA

and oxidized in the citric acid cycle, providing much of the energyrequiredby

tissuessuchasskeletalandheartmuscleandtherenalcortex.

×The brain, which preferentially usesglucoseas fuel, can adapt to the use of

acetoacetateandD-ɓ-hydroxybutyrateunderstarvationconditions,whenglucose

is unavailable.



× In this situation,thebraincannotusefatty acidsasfuel, becausetheydo not cross

theblood-brainbarrier.



×D-ɓ-Hydroxybutyrate, synthesizedin the liver, passesinto the blood and thus to

othertissues,whereit is convertedin threestepsto acetyl-CoA.



×After the discoverythat fatty acid oxidationtakesplaceby the oxidativeremoval

of successive two- carbon (acetyl-CoA) units, biochemists thought the

biosynthesisof fatty acids might proceedby a simple reversal of the same

enzymaticsteps.

×However, astheywereto find out, fatty acidbiosynthesisandbreakdownoccurby

different pathways,arecatalyzedby different setsof enzymes,and takeplacein

differentpartsof thecell.

×Moreover,biosynthesisrequiresthe participationof a three-carbonintermediate,

malonyl-CoA, thatdoesnotappearin thepathof fatty acidbreakdown.



×The formation of malonyl-CoA from acetyl-CoA is an irreversible process,

catalyzedby acetyl-CoAcarboxylase.

×Theenzymecontainsa biotin prostheticgroupcovalentlyboundin amidelinkage

to theŮ-aminogroupof a Lys residuein oneof the threepolypeptidesor domains

of theenzymemolecule.



× In all organisms,thelong carbonchainsof fatty acidsareassembledin a repeating

four-step sequence, catalyzedby a systemcollectively referredto as fatty acid

synthase.

×A saturatedacyl groupproducedby eachfour-stepseriesof reactionsbecomesthe

substratefor subsequentcondensationwith anactivatedmalonylgroup.

×With eachpassagethrough the cycle, the fatty acyl chain is extendedby two

carbons.







×Step1 Condensation

×Thefirst reactionin theformationof a fatty

acidchainis a formal Claisencondensation

of the activatedacetyl and malonyl groups

to form acetoacetyl-ACP,

×Simultaneously, a molecule of CO2 is

produced.

× In this reaction, catalyzedby ɓ-ketoacyl-

ACP synthase, the acetyl group is

transferredfrom theCysðSH groupof the

enzymeto the malonyl groupon theðSH

of ACP, becomingthe methyl-terminal two

carbonunit of thenewacetoacetylgroup.





×Step2 Reductionof theCarbonylGroup

×Theacetoacetyl-ACPformedin thecondensationstepnow undergoesreductionof

thecarbonylgroupatC-3 to form D-ɓ-hydroxybutyryl-ACP.

×This reactionis catalyzedby ɓ-ketoacyl-ACP reductase(KR), and the electron

donoris NADPH.

×Step3 Dehydration

×The elements of water are now removed from C-2 and C-3 of D-ɓ-

hydroxybutyryl-ACP to yield a doublebond in the product,trans- ȹ2-butenoyl-

ACP.

×The enzymethat catalyzesthis dehydrationis ɓ-hydroxyacyl-ACP dehydratase

(DH).



×Step4 Reductionof theDoubleBond

×Finally, thedoublebondof trans-ȹ2-butenoyl-ACP is reduced(saturated)to form

butyryl-ACP by the action of enoyl-ACP reductase(ER); again,NADPH is the

electrondonor.





×Productionof the four-carbon,saturatedfatty acylïACP markscompletionof one

passthroughthefatty acidsynthasecomplex.

× In step 5 , the butyrylgroup is transferredfrom the phosphopantetheineðSH

groupof ACPto theCysðSH groupof ɓ-ketoacyl-ACPsynthase,which initially

boretheacetylgroup.

×To start the next cycle of four reactionsthat lengthensthe chain by two more

carbons (step 6 ), another malonyl group is linked to the now unoccupied

phosphopantetheineðSH groupof ACP.

×Condensationoccursasthe butyryl group,actinglike the acetylgroupin the first

cycle, is linked to two carbonsof themalonyl-ACP groupwith concurrentlossof

CO2.

×The productof this condensationis a six-carbonacyl group, covalentlyboundto

thephosphopantetheineðSH group.









×Seven cycles of condensationand reduction produce the 16-carbon saturated

palmitoylgroup,still boundtoACP.

×For reasonsnot well understood, chain elongation by the synthasecomplex

generallystopsat this point, and free palmitateis releasedfrom the ACP by a

hydrolyticactivity (thioesterase; TE) in themultifunctionalprotein.

×We can considerthe overall reactionfor the synthesisof palmitatefrom acetyl-

CoA in two parts.

×First, theformationof sevenmalonyl-CoAmolecules:

× thensevencyclesof condensationandreduction:



×Notice that only six net water moleculesare produced,becauseone is usedto

hydrolyzethethioesterlinking thepalmitateproductto theenzyme.

×Theoverallprocess

× In mosthighereukaryotes,thefatty acidsynthasecomplexis foundexclusivelyin

the cytosol, as are the biosyntheticenzymesfor nucleotides, amino acids, and

glucose.

×This locationsegregatessyntheticprocessesfrom degradativereactions,manyof

which takeplacein themitochondrialmatrix.





×When a cell or organismhas more than enoughmetabolicfuel to meet its energy

needs,the excessis generallyconvertedto fatty acidsand storedas lipids suchas

triacylglycerols.

×The reaction catalyzedby acetyl-CoA carboxylaseis the rate-limiting step in the

biosynthesisof fatty acids,andthis enzymeis animportantsiteof regulation.

× In vertebrates,palmitoyl-CoA, the principal product of fatty acid synthesis,is a

feedbackinhibitor of theenzyme; citrateis anallostericactivator.

×Citrate plays a central role in diverting cellular metabolismfrom the consumption

(oxidation)of metabolicfuel to thestorageof fuel asfatty acids.

×When the concentrationsof mitochondrialacetyl-CoA and ATP increase,citrate is

transportedout of mitochondria; it then becomesboth the precursorof cytosolic

acetyl-CoAandanallostericsignalfor theactivationof acetyl- CoAcarboxylase.

×At the sametime, citrate inhibits the activity of phosphofructokinase-1 reducingthe

flow of carbonthroughglycolysis.





×Palmitate,theprincipalproductof thefatty acidsynthasesystemin animalcells, is

theprecursorof otherlong-chainfatty acids.

× It maybelengthenedto form stearate(18:0) or evenlongersaturatedfatty acidsby

further additions of acetyl groups, through the action of fatty acid elongation

systemspresentin thesmoothendoplasmicreticulumandin mitochondria.

×The more active elongationsystemof the ER extendsthe 16-carbonchain of

palmitoyl-CoAby two carbons,forming stearoyl-CoA.

×Althoughdifferentenzymesystemsareused,andcoenzymeA ratherthanACP is

theacyl carrierin thereaction,themechanismof elongationin theER is otherwise

identicalto that in palmitatesynthesis: donationof two carbonsby malonyl-CoA,

followed by reduction, dehydration,and reduction to the saturated18-carbon

product, stearoyl-CoA.





×Palmitate and stearate serve as precursors of the two most common

monounsaturatedfatty acidsof animal tissues: palmitoleate, 16:1(ȹ9), andoleate,

18:1(ȹ9); bothof thesefatty acidshavea singlecis doublebondbetweenC-9 and

C-10.

×The doublebond is introducedintothe fatty acid chain by an oxidative reaction

catalyzedby fatty acylïCoAdesaturase,amixed-functionoxidase.

×Two different substrates,the fatty acid andNADPH, simultaneouslyundergotwo

electronoxidations.

×The path of electron flow includes a cytochrome(cytochromeb5) and a

flavoprotein (cytochrome b5 reductase),both of which, like fatty acylïCoA

desaturase,arein thesmoothER.

× In plants, oleate is producedby a stearoyl-ACP desaturase(SCD) that uses

reducedferredoxinastheelectrondonorin thechloroplaststroma.







×Eicosanoidsare a family of very potent biological signaling moleculesthat act as

short-rangemessengers,affectingtissuesnearthecellsthatproducethem.

× In responseto hormonalor otherstimuli, phospholipaseA2, presentin mosttypesof

mammaliancells, attacksmembranephospholipids,releasingarachidonatefrom the

middlecarbonof glycerol.

×Enzymesof the smoothER then convertarachidonateto prostaglandins,beginning

with the formation of prostaglandinH2 (PGH2), the immediateprecursorof many

otherprostaglandinsandthromboxanes.

×The two reactions that lead to PGH2 are catalyzedby a bifunctional enzyme,

cyclooxygenase(COX), alsocalledprostaglandinH2 synthase.

× In the first step,the cyclooxygenaseactivity introducesmolecularoxygento convert

arachidonateto PGG2.

×The secondstep,catalyzedby the peroxidaseactivity of COX, convertsPGG2 to

PGH2.







× In humans,theamountof body fat

staysrelatively constantover long

periods, although there may be

minor short-term changes as

caloricintakefluctuates.

×Carbohydrate, fat, or protein

ingestedin excessof energyneeds

is stored in the form of

triacylglycerolsthat can be drawn

uponfor energy,enablingthebody

to withstandperiodsof fasting.


