
1.DNA,shortfordeoxyribonucleicacid,istheself-replicatingmaterialwhichispresent

innearlyalllivingorganismsasthemainconstituentofchromosomes.Itisthe

fundamentalcarrierofgeneticinformation,presentinvirtuallyeverycellinyourbody.

Double-helixDNAismadeoftwoasymmetricalstrands.Eachstrandismadeof

nucleotideslineduponeaftertheother,andthesenucleotidesareboundto

correspondingonesontheotherstrandtocreatealadder-likestructure.DNAismade

upoffournucleotides—thebuildingblocksofnucleicacids—whicharecomposedof

anitrogenousbase,afive-carbonsugar(riboseordeoxyribose),andatleastone

phosphategroup.

Adenine(A),Thymine(T),Guanine(G),andCytosine(C)arecallednucleotides.AandG

arecalledPurineswhileTandCarecalledPyrimidines.Accordingtotherulesofbase

pairing,AalwayspairswithT,andCalwayspairswithG.

Beforeacellduplicatesordivides,througheithermitosisormeiosis,DNAmustbe

replicatedtoensurethateachnewcellreceivesthecorrectnumberofchromosomes.

Thisprocessoccursinalllivingorganismsandisthebasisforbiologicalinheritance.

DNAreplicationoccursinseveralstepsthatinvolvemultipleproteinscalledreplication

enzymes,aswellasRNA.DNAreplicationisvitalforcellgrowth,repair,and

reproductioninorganisms.

DNAreplicationsteps

TherearethreemainstepstoDNAreplication:initiation,elongation,andtermination.

Inordertofitwithinacell’snucleus,DNAispackedintotightlycoiledstructurescalled



chromatin,whichloosenspriortoreplication,allowingthecellreplicationmachineryto

accesstheDNAstrands.

BeforeDNAreplicationcanbegin,thedoublehelixstructureoftheDNAmoleculeshas

tobe‘unzipped.’Helicase,anenzyme,isintegraltothisprocess,breakingthehydrogen

bondsthatholdthecomplementarybasesofDNAtogether(AwithTandCwithG).The

separationcreatesa‘Y’shapecalledareplicationforkandthetwosinglestrandsof

DNAnowactastemplatesformakingnewstrandsofDNA.

Next,theSingle-StrandedDNABindingProtein(SSBProtein)bindstothenowsingle-

strandedDNA,preventingtheseparatingstrandsfrom joiningagain.

Thetwostrandsofthedouble-helixDNAarejoinedtogetherbycross-bars,twisted

around.Forthistowork,eachDNAstrandrunsinoppositedirection.

ReplicationofleadingandlaggingstrandsofDNA.Credit:GenomeResearchLimited.

Oneofthestrandsisorientedinthe3’to5’direction(towardsthereplicationfork),this

istheleadingstrand.Theotherstrandisorientedinthe5’to3’direction(awayfrom the

replicationfork),thisisthelaggingstrand.

Becausetheenzymethatcarriesoutthereplication,DNApolymerase,onlyfunctionsin

the5′to3′direction,thismeansthatthedaughterstrandssynthesizethroughdifferent

methods,oneaddingnucleotidesonebyoneinthedirectionofthereplicationfork,the

otherabletoaddnucleotidesonlyinchunks.Thefirststrand,whichreplicates

nucleotidesonebyoneistheleadingstrand;theotherstrand,whichreplicatesin

chunks,isthelaggingstrand.



Thenotations5′and3′mean“fiveprime”and“threeprime,”whichindicatethecarbon

numbersintheDNA’ssugarbackbone.Thesenumbersindicateend-to-endchemical

orientation,withthenumbers5and3representingthefifthandthirdcarbonatom ofthe

sugarringrespectively.The5′carbonhasaphosphategroupattachedtoitandthe3′

carbonahydroxyl(-OH)group.It’sthisasymmetrythatgivesaDNAstranda“direction,”

allowingforeasybindingbetweennucleotidesoftheoppositestrands.

It’simportanttonotethatthetwosidesarereplicatedthroughtwodifferentprocesses

inordertoaccommodatethedirectionaldifference.

Leadingstrand LaggingStrand

AshortpieceofRNAcalledaprimer,whichisproducedbyanenzymecalledprimase,

bindstotheendoftheleadingstrandinthe5’to3’direction.Theprimeractsasthe

startingpointforDNAsynthesis.

EnzymescalledDNApolymerasesgeneratenewcomplementarynucleotidebases(the

A,C,G,andT)andareresponsibleforcreatingthenewstrandbyaprocesscalled

elongation.Ineukaryoticcells,polymerasesalpha,delta,andepsilonaretheprimary

polymerasesinvolvedinDNAreplication.

Thissortofreplicationiscalled‘continuous.’

ThelaggingstrandbeginsthereplicationprocessbybindingwithmultipleRNAprimers,

tgeneratedbytheprimaseenzyme,atvariouspointsalongthelaggingstrand.

ChunksofDNA,calledOkazakifragments,areaddedtothelaggingstrandbetweenthe

primers,alsointhe5’to3’direction.

Thistypeofreplicationiscalled‘discontinuous’,astheOkazakifragmentswillneedto

bejoineduplater.



Aftertheformationofboththecontinuousanddiscontinuousstrands,anenzymecalled

exonucleaseremovesallRNAprimersfrom theoriginalstrands.Thegapswherethe

primer(s)hadbeenarethenfilledbyyetmorecomplementarynucleotides.

Anotherenzyme“proofreads”thenewlyformedstrandsinordertomakesurethereare

noerrors.

TheenzymeDNAligasethenjoinsOkazakifragmentstogether,formingasingleunified

strand.

AspecialtypeofDNApolymeraseenzymecalledtelomerasecatalyzesthesynthesisof

telomeresequencesattheendsoftheDNA.Telomeresareregionsofrepetitive

nucleotidesequencesateachendofachromatid,whichprotecttheendofthe

chromosomefrom deteriorationorfrom fusionwithneighboringchromosomes.Think

ofshoelacecaps.Telomeresarealsoabiomarkerofaging,withtelomeresshortening

witheachcellulardivisionor,inotherwords,asyouadvanceinage.Asacell’s

telomeresshorten,itlosesitsabilitytofunctionnormally.Basically,shortertelomeres

makeyoumoresusceptibletoanumberofdiseases,suchascancerorcardiovascular

disease.

Finally,theparentstrandanditscomplementaryDNAstrandcoilsintothefamiliar

doublehelixshape.TheresultistwoDNAmoleculesconsistingofonenewandoneold

chainofnucleotides.Eachofthesetwodaughterhelicesisanearlyexactcopyofthe

parentalhelix(itisnot100%thesameduetomutations).

Thehumangenome—meaningthecompletesetofgenespresentinacell’snucleus—

iscomprisedof3billionbasepairs.Remarkably,ittakesverylittletimeforour

biologicalmachinerytocopysomethingthisexceedinglylong.Everycellcompletesthe

entireprocessinjustonehour.

2.TheprocessofDNAreplicationiscatalyzedbyatypeofenzymecalledDNA



polymerase(polymeaningmany,mermeaningpieces,and–asemeaningenzyme;so

anenzymethatattachesmanypiecesofDNA).ObserveFigure1:thedoublehelixofthe

originalDNAmoleculeseparates(blue)andnewstrandsaremadetomatchthe

separatedstrands.TheresultwillbetwoDNAmolecules,eachcontaininganoldanda

newstrand.Therefore,DNAreplicationiscalledsemiconservative.Theterm

semiconservativereferstothefactthathalfoftheoriginalmolecule(oneofthetwo

strandsinthedoublehelix)is“conserved”inthenewmolecule.Theoriginalstrandis

referredtoasthetemplatestrandbecauseitprovidestheinformation,ortemplate,for

thenewlysynthesizedstrand.

DNAreplicationreliesonthedouble-strandednatureofthemolecule.Onedouble

strandedDNAmolecule,whenreplicated,willbecometwodouble-strandedmolecules,

eachcontainingoneoriginalstrandandonenewlysynthesizedstrand.Youremember

thatthetwostrandsofDNArunantiparallel:onefrom the5′tothe3′,andtheotherfrom

the3′tothe5′.ThesynthesisofthenewDNAstrandcanonlyhappeninonedirection:

from the5′tothe3′end.Inotherwords,thenewbasesarealwaysaddedtothe3′end

ofthenewlysynthesizedDNAstrand.Soifthenewnucleotideisalwaysaddedtothe3′

endofanexistingnucleotide,wheredoesthefirstnucleotidecomefrom?Infact,DNA

polymeraseneedsan“anchor”tostartaddingnucleotides:ashortsequenceofDNAor

RNAthatiscomplementarytothetemplatestrandwillworktoprovideafree3′end.

Thissequenceiscalledaprimer(Figure2).

HowdoesDNApolymeraseknowinwhatordertoaddnucleotides?Specificbase

pairinginDNAisthekeytocopyingtheDNA:ifyouknowthesequenceofonestrand,

youcanusebasepairingrulestobuildtheotherstrand.Basesform pairs(basepairs)in

averyspecificway.Figure3showshowA(adenine)pairswithT(thymine)andG

(guanine)pairswithC(cytosine).Itisimportanttorememberthatthisbindingis

specific:TpairswithA,butnotwithC.Themolecularrecognitionoccursbecauseofthe

abilityofbasestoform specifichydrogenbonds:atomsalignjustrighttomake

hydrogenbondspossible.Alsonotethatalargerbase(purine,AorG)alwayspairswith

asmallerbase(pyrimidine,CorT).


