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Q1.Explaintheprocessof“ATPsynthesiscoupledwithelectronflow”.

Q2.Writethereactionsthatarecatalyzedbythefollowingenzymes.

i.AcylCoAdehydrogenase

ii.Adenosinedeaminase

iii.Nucleotidase

iv.Gluconolactonase

v.Enoyl-CoAhydratase

Q3.Definenucleotide,nucleosideanddifferentiatebetweenDNAandRNA.

Q4.WhyDickensandHorecker’sPathwayiscalledHMPpathway.Enlistthe

enzymesusedinPPPPathway.

Q5.Whatisthefunctionofcarnitineshuttlesystem?Writedownthestages

andstepsinvolvedinBetaoxidationofLipids.
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Question2.

Answer.A

submittedbyandro(147),2monthsago

FattyAciddegradation

-Occursinmitochondriaorperoxisomes

Firststep-uptakeofthefattyacidsbythecellandadditionofCoAtothem

Secondstep-UptakeoftheFattyAcylCoAmoleculeintothemitochondriaby

theCarnitineShuttle*(whichinvolvesremovalandthenadditionoftheCoA

moleculeagaintothefattyacidonceinsidethemitochondria)

Onceinthemitochondriathefattyacidmayundergo,Beta-oxidation(a

processinwhichafattyacidisoxidized/cleavedattheBetacarbonto



AcetylCoAinseveralcycles)

AnAcylCoAdehydrogenasecatalyzestheinitialstep.

LookoutforHypoketoticHypoglycemiaindefectsoffattyaciddegradation

The2mainsubtypestobeawareofare-aproblem withthecarnitineshuttle

(systemiccarnitinedeficiency)-orwithanAcylCoAdehydrogenase(eg

MCADdeficiency)

notyasupremeIt'sactuallyfunnybecausethequestionstem makesit

seemlikeit'sanMCADdeficiency(presenceofdicarboxylicacid)andallthe

symptoms,butthentreatitwithMCAD.Whatever,Igotitrightbutitjustfelt

likeaweirdquestiontome.+1amonthago

nbmeanswersownersucksyeahIwasconfusedtoobutIalsothinkthe

negativeserum carnitineissupposedtohelpr/oMCADdeficiencysincethat

usuallyhaselevatedserum carnitine.+amonthago

baja_blastIfCarnitinewasanoptionhere,howcouldwedifferentiatethis

from primarycarnitinedeficiency?Wouldithavebeenpossible?+4amonth

ago

melanomathepresenceofdicarboxylicaciduriaismorerelatedto

mcad/lcaddeficiency.thepatientreceivesmedium chaintryglicerides



becausehehastheenzymetometabolizeit.+123daysago

melanomabutnoforthelongchain+23daysago

Answer2B.

===========

Adenosinedeaminaseisanenzymeinvolvedinpurinemetabolism.Itis

neededforthebreakdownofadenosinefrom foodandfortheturnoverof

nucleicacidsintissues.Itsprimaryfunctioninhumansisthedevelopment

andmaintenanceoftheimmunesystem.

Answer2C.

==========

Anucleotidaseisahydrolyticenzymethatcatalyzesthehydrolysisofa

nucleotideintoanucleosideandaphosphate.Anucleotide+H₂O=a

nucleoside+phosphateForexample,itconvertsadenosinemonophosphate

toadenosine,andguanosinemonophosphatetoguanosine.

Answer2D.

==========

Inenzymology,agluconolactonaseisanenzymethatcatalyzesthechemical



reactionD-glucono-1,5-lactone+H₂OD-gluconateThus,thetwosubstratesof

thisenzymeareD-glucono-1,5-lactoneandH₂O,whereasitsproductisD-

gluconate.

Answer2.D.

Enoyl-CoAhydrataseorcrotonaseisanenzymethathydratesthedouble

bondbetweenthesecondandthirdcarbonson2-trans/cis-enoyl-CoA:ECHis

essentialtometabolizingfattyacidsinbetaoxidationtoproducebothacetyl

CoAandenergyintheform ofATP

=========================================

Question.1.

Answer.

SynthesisCoupledtoRespiratoryElectronFlow

Wenowturntothemostfundamentalquestionaboutmitochondrialoxidative

phosphorylation:howdoestheflowofelectronsthroughtherespiratorychain

channelenergyintothesynthesisofATP?Wehaveseenthatelectron

transferthroughtherespiratorychainreleasesmorethanenoughfreeenergy

toform ATP.Mitochondrialoxidativephosphorylationthereforeposesno

thermodynamicproblem.However,onecannotdeducefrom thermodynamic



considerationsthechemicalmechanism bywhichenergyreleasedinone

exergonicreaction(theoxidationofNADHbyO2)ischanneledintoasecond,

endergonic,reaction(thecondensationofADPandPi).Todescribethe

processofoxidativephosphorylationcompletely,weneedtoidentifythe

physicalandchemicalchangesthatresultfrom electronflowandcauseADP

phosphorylation-themechanism thatcouplesoxidationwith

phosphorylation.

Webeginourdiscussionbyconsideringthestoichiometryofoxidationand

phosphorylationinisolatedmitochondriaandtheevidenceforobligatory

couplingofthetwoprocesses.Thechemiosmoticinterpretationofoxidative

phosphorylationisthenpresented,withthemajorlinesofevidencethat

supportit.TheenzymeATPsynthase,whichisdirectlyresponsibleforATP

synthesis,istheequivalentofanF-typeATP-dependentprotonpumpworking

inreverse;theflowofprotonsdowntheirelectrochemicalgradientthrough

this"pump"drivesthecondensationofPi andADP.Wedescribealsothe

membranetransportsystemsthatmovesubstrates,products,andreducing

equivalentsbetweenthecytosolandthemitochondrialmatrix.Havinglooked

indetailatthecouplingofATPsynthesistoelectronflow,wewillseethatin

themitochondriaofsometissuesthetwoprocessesaredeliberately



"uncoupled"toproduceheat.

WeconcludewithasummaryoftheoverallregulationofATPproducing

processesinthecell,andalookattwofurtherinterestingaspectsof

mitochondria:themitochondrialgenome(andtheeffectsofmutations

therein)andthelikelyevolutionaryoriginsoftheseorganelles.

PhosphorylationofADPIsCoupledtoElectronTransfer

WhenisolatedmitochondriaaresuspendedinabuffercontainingADP,Pi,

andanoxidizablesubstratesuchassuccinate,threeeasilymeasured

processesoccur:(1)thesubstrateisoxidized(succinateyieldsfumarate),(2)

O2 isconsumed(respirationoccurs),and(3)ATPissynthesized.Careful

experimentalmeasurementsofthestoichiometryofelectrontransferto

O2 andtheassociatedsynthesisofATPshowthatwithNADHaselectron

donor,mitochondriasynthesizenearly3.0ATPperpairofelectronspassedto

O2,andwithsuccinatenearly2.0ATPperelectronpair.Oxygenconsumption

andATPsynthesisaredependentuponsubstrateoxidation,ascanbeseenin

theexperimentsdiagrammedinFigure18-13.

Figure18-13 ElectrontransfertoO2 istightlycoupledtoATPsynthesisin



mitochondria,asisdemonstratedintheseexperiments.Mitochondriaare

suspendedinabufferedmedium,andanO2 electrodeisusedtomonitor

O2 consumption.Atintervals,samplesareremovedandassayedforthe

presenceofATP.(a)TheadditionofADPandPi aloneresultsinlittleorno

increaseineitherrespiration(O2 consumption;black)orATPsynthesis(red).

Whensuccinateisadded,respirationbeginsimmediatelyandATPis

synthesized.Theadditionofcyanide(CN- ),whichblockselectrontransfer

betweencytochromeoxidaseandO2,inhibitsbothrespirationandATP

synthesis.(b)Mitochondriaprovidedwithsuccinaterespireandsynthesize

ATPonlywhenADPandPi areadded.Subsequentadditionofventuricidinor

oligomycin,inhibitorsofATPsynthase,blocksbothATPsynthesisand

respiration.Dinitrophenol(DNP)allowsrespirationtocontinuewithoutATP

synthesis;DNPactsasanuncoupler.

BecausetheenergyofsubstrateoxidationdrivesATPsynthesisin

mitochondria,itisnotsurprisingthatinhibitorsofthepassageofelectronsto

O2 (e.g.,cyanideion,carbonmonoxide,andantimycinA)blockATPsynthesis

(Fig.18-13a).Itisperhapsnotsoobviousthattheconverseistrue:inhibition

ofATPsynthesisblockselectrontransferinintactmitochondria.This

obligatorycouplingcanbedemonstratedinisolatedmitochondriaby



providingO2 andoxidizablesubstrates,butnotADP(Fig.18-13b).Under

theseconditions,noATPsynthesiscanoccur,andelectrontransfertoO2 is

alsostrikinglyreduced.Couplingofoxidationandphosphorylationcanalso

bedemonstratedusingoligomycinorventuricidin,toxicantibioticsthatbind

totheATPsynthaseinmitochondria.Thesecompoundsarepotentinhibitors

ofbothATPsynthesisandthetransferofelectronsthroughthechainof

carrierstoO2 Becauseoligomycinisknownnottointeractdirectlywiththe

electroncarriersbutonlywithATPsynthase,itfollowsthatelectrontransfer

andATPsynthesisareobligatorilycoupled;neitherreactionoccurswithout

theother.

Thereare,however,certainconditionsandreagentsthatuncoupleoxidation

from phosphorylation.Whenintactmitochondriaaredisruptedbytreatment

withdetergentorphysicalshear,theresultingmemfbranefragmentsarestill

capableofcatalyzingelectrontransferfrom succinateorNADHtoO2,butno

ATPsynthesisiscoupledtothisrespiration.Certainchemicalcompounds

alsocauseuncouplingwithoutdisruptingmitochondrialstructure.The

chemicaluncouplersinclude2,4-dinitrophenol(DNP)andagroupof

compoundsrelatedtocarbonylcyanidephenylhydrazone.Allofthese

uncouplersareweakacidswithhydrophobicproperties.Ionophores(p.560)



alsouncoupleoxidativephosphorylation.Theseagentsbindtoinorganicions

andsurroundthem withhydrophobicmoieties;theionophore-metalion

complexespasseasilythroughmembranes.Weshallseelaterhowthe

chemiosmotictheoryaccountsfortheactionofuncouplers.

==============================================

Question5.

Answer.

Thecarnitineshuttleisresponsiblefortransferringlong-chainfattyacids

acrossthebarrieroftheinnermitochondrialmembranetogainaccesstothe

enzymesofbeta-oxidation.

Betaoxidationtakesplaceinfoursteps:dehydrogenation,hydration,

oxidationandthyolisis.Eachstepiscatalyzedbyadistinctenzyme.Briefly,

eachcycleofthisprocessbeginswithanacyl-CoAchainandendswithone

acetyl-CoA,oneFADH2,oneNADHandwater,andtheacyl-CoAchain

becomestwocarbonsshorter.

=============================================

Question4.



Answer.

The pentosephosphatepathway (alsocalledthe phosphogluconate

pathway andthe hexosemonophosphateshunt)isa metabolic

pathway parallelto glycolysis.Itgenerates NADPH and pentoses (5-

carbon sugars)aswellas ribose5-phosphate,aprecursorforthesynthesis

of Nucleotides.Whilethepentosephosphatepathwaydoesinvolveoxidation

of glucose,itsprimaryroleis anabolic ratherthan catabolic.Thepathwayis

especiallyimportantin redbloodcells (erythrocytes).

Therearetwodistinctphasesinthepathway.Thefirstisthe oxidative phase,

inwhichNADPHisgenerated,andthesecondisthenon-

oxidative synthesis of5-carbonsugars.Formostorganisms,thepentose

phosphatepathwaytakesplaceinthe cytosol;inplants,moststepstake

placein plastids.[1]

Similarto glycolysis,thepentosephosphatepathwayappearstohaveavery

ancientevolutionaryorigin.Thereactionsofthispathwayaremostlyenzyme-

catalyzedinmoderncells,however,theyalsooccurnon-enzymaticallyunder

conditionsthatreplicatethoseofthe Archean ocean,andarecatalyzed

by metalions,particularly ferrous ions(Fe(II)).[2] Thissuggeststhatthe

originsofthepathwaycoulddatebacktotheprebioticworld.



Theconversionof6-phosphogluconolactoneto6-phosphogluconateis

by6-phosphogluconolactonase(PGLS).

Glucose-6-PhosphateDehydrogenase:G6PDH....

6-Phosphogluconolactonase:PGLS....

Hexose-6-PhosphateDehydrogenase:H6PDH....

6-PhosphogluconateDehydrogenase....

Non-OxidativeReactionsofthe PPP.

=========================================

Question3

Answer.

Deoxyribonucleicacid(DNA)andRibonucleicacid(RNA)areperhapsthe

mostimportantmoleculesincellbiology,responsibleforthestorageand

readingofgeneticinformationthatunderpinsalllife.Theyarebothlinear

polymers,consistingofsugars,phosphatesandbases,buttherearesome

keydifferenceswhichseparatethetwo1.Thesedistinctionsenablethetwo

moleculestoworktogetherandfulfiltheiressentialroles.Here,welookat5

keydifferencesbetweenDNAandRNA.Beforewedelveintothedifferences,



wetakealookatthesetwonucleicacidsside-by-side.

bodyText

AComparisonoftheHelixandBaseStructureofRNAandDNA

DNAvs.RNA–AComparisonChart

Comparison

DNA

RNA

FullName

DeoxyribonucleicAcid

RibonucleicAcid

Function

DNAreplicatesandstoresgeneticinformation.Itisablueprintforallgenetic

informationcontainedwithinanorganism

RNAconvertsthegeneticinformationcontainedwithinDNAtoaformatused

tobuildproteins,andthenmovesittoribosomalproteinfactories.

Structure



DNAconsistsoftwostrands,arrangedinadoublehelix.Thesestrandsare

madeupofsubunitscallednucleotides.Eachnucleotidecontainsa

phosphate,a5-carbonsugarmoleculeandanitrogenousbase.

RNAonlyhasonestrand,butlikeDNA,ismadeupofnucleotides.RNA

strandsareshorterthanDNAstrands.RNAsometimesformsasecondary

doublehelixstructure,butonlyintermittently.

Length

DNAisamuchlongerpolymerthanRNA.Achromosome,forexample,isa

single,longDNAmolecule,whichwouldbeseveralcentimetresinlength

whenunravelled.

RNAmoleculesarevariableinlength,butmuchshorterthanlongDNA

polymers.AlargeRNAmoleculemightonlybeafewthousandbasepairs

long.

Sugar

ThesugarinDNAisdeoxyribose,whichcontainsonelesshydroxylgroup

thanRNA’sribose.

RNAcontainsribosesugarmolecules,withoutthehydroxylmodificationsof

deoxyribose.



Bases

ThebasesinDNAareAdenine(‘A’),Thymine(‘T’),Guanine(‘G’)andCytosine

(‘C’).

RNAsharesAdenine(‘A’),Guanine(‘G’)andCytosine(‘C’)withDNA,but

containsUracil(‘U’)ratherthanThymine.

BasePairs

AdenineandThyminepair(A-T)

CytosineandGuaninepair(C-G)

AdenineandUracilpair(A-U)

CytosineandGuaninepair(C-G)

Location

DNAisfoundinthenucleus,withasmallamountofDNAalsopresentin

mitochondria.

RNAformsinthenucleolus,andthenmovestospecialisedregionsofthe

cytoplasm dependingonthetypeofRNAformed.

Reactivity Duetoitsdeoxyribosesugar,whichcontainsonelessoxygen-

containinghydroxylgroup,DNAisamorestablemoleculethanRNA,whichis



usefulforamoleculewhichhasthetaskofkeepinggeneticinformationsafe.

RNA,containingaribosesugar,ismorereactivethanDNAandisnot

stableinalkalineconditions.RNA’slargerhelicalgroovesmeanitismore

easilysubjecttoattackbyenzymes.

Ultraviolet(UV)Sensitivity DNAisvulnerabletodamagebyultravioletlight.

RNAismoreresistanttodamagefrom UVlightthanDNA.

WhatarethekeydifferencesbetweenDNAandRNA?

Function

DNAencodesallgeneticinformation,andistheblueprintfrom whichall

biologicallifeiscreated.Andthat’sonlyintheshort-term.Inthelong-term,

DNAisastoragedevice,abiologicalflashdrivethatallowstheblueprintof

lifetobepassedbetweengenerations2.RNAfunctionsasthereaderthat

decodesthisflashdrive.Thisreadingprocessismulti-stepandthereare

specializedRNAsforeachofthesesteps.Below,welookinmoredetailatthe

threemostimportanttypesofRNA.

WhatarethethreetypesofRNA?

MessengerRNA(mRNA)copiesportionsofgeneticcode,aprocesscalled

transcription,andtransportsthesecopiestoribosomes,whicharethe



cellularfactoriesthatfacilitatetheproductionofproteinsfrom thiscode.

TransferRNA(tRNA)isresponsibleforbringingaminoacids,basicprotein

buildingblocks,totheseproteinfactories,inresponsetothecoded

instructionsintroducedbythemRNA.Thisprotein-buildingprocessiscalled

translation.

Finally,RibosomalRNA(rRNA)isacomponentoftheribosomefactoryitself

withoutwhichproteinproductionwouldnotoccur3.

Sugar

BothDNAandRNAarebuiltwithasugarbackbone,butwhereasthesugarin

DNAiscalleddeoxyribose(leftinimage),thesugarinRNAiscalledsimply

ribose(rightinimage).The‘deoxy’prefixdenotesthat,whilstRNAhastwo

hydroxyl(-OH)groupsattachedtoitscarbonbackbone,DNAhasonlyone,

andhasalonehydrogenatom attachedinstead.RNA’sextrahydroxylgroup

provesusefulintheprocessofconvertinggeneticcodeintomRNAsthatcan

bemadeintoproteins,whilstthedeoxyribosesugargivesDNAmore

stability4.

bodyText

TheChemicalStructuresofDeoxyribose(left)andRibose(right)



Sugars

Bases

ThenitrogenbasesinDNAarethebasicunitsofgeneticcode,andtheir

correctorderingandpairingisessentialtobiologicalfunction.Thefourbases

thatmakeupthiscodeareadenine(A),thymine(T),guanine(G)andcytosine

(C).Basespairofftogetherinadoublehelixstructure,thesepairsbeingA

andT,andCandG.RNAdoesn’tcontainthyminebases,replacingthem with

uracilbases(U),whichpairtoadenine1.

Structure

WhilsttheubiquityofFrancisCrickandJamesWatson’s(orshouldthatbe

RosalindFranklin’s?)DNAdoublehelixmeansthatthetwo-strandedstructure

ofDNAstructureiscommonknowledge,RNA’ssinglestrandedformatisnot

aswellknown.RNAcanform intodouble-strandedstructures,suchasduring

translation,whenmRNAandtRNAmoleculespair.DNApolymersarealso

muchlongerthanRNApolymers;the2.3m longhumangenomeconsistsof

46chromosomes,eachofwhichisasingle,longDNAmolecule.RNA

molecules,bycomparison,aremuchshorter4.

Location



Eukaryoticcells,includingallanimalandplantcells,housethegreatmajority

oftheirDNAinthenucleus,whereitexistsinatightlycompressedform,

calledachromosome5.ThissqueezedformatmeanstheDNAcanbeeasily

storedandtransferred.InadditiontonuclearDNA,someDNAispresentin

energy-producingmitochondria,smallorganellesfoundfree-floatinginthe

cytoplasm,theareaofthecelloutsidethenucleus.

ThethreetypesofRNAarefoundindifferentlocations.mRNAismadeinthe

nucleus,witheachmRNAfragmentcopiedfrom itsrelativepieceofDNA,

beforeleavingthenucleusandenteringthecytoplasm.Thefragmentsare

thenshuttledaroundthecellasneeded,movedalongbythecell’sinternal

transportsystem,thecytoskeleton.tRNA,likemRNA,isafree-roaming

moleculethatmovesaroundthecytoplasm.Ifitreceivesthecorrectsignal

from theribosome,itwillthenhuntdownaminoacidsubunitsinthe

cytoplasm andbringthem totheribosometobebuiltintoproteins5.rRNA,as

previouslymentioned,isfoundaspartofribosomes.Ribosomesareformed

inanareaofthenucleuscalledthenucleolus,beforebeingexportedtothe

cytoplasm,wheresomeribosomesfloatfreely.Othercytoplasmicribosomes

boundtotheendoplasmicreticulum,amembranousstructurethathelps

processproteinsandexportthem from thecell6.




