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WhyReplicateDNA?

DNAisthegeneticmaterialthatdefineseverycell.Beforeacellduplicatesandis

dividedintonewdaughtercellsthrougheithermitosisormeiosis,biomoleculesand

organellesmustbecopiedtobedistributedamongthecells.DNA,foundwithinthe

nucleus,mustbereplicatedinordertoensurethateachnewcellreceivesthecorrect

numberofchromosomes.TheprocessofDNAduplicationiscalledDNAreplication.

Replicationfollowsseveralstepsthatinvolvemultipleproteinscalledreplication

enzymesandRNA.Ineukaryoticcells,suchasanimalcellsandplantcells,DNA

replicationoccursintheSphaseofinterphaseduringthecellcycle.Theprocessof

DNAreplicationisvitalforcellgrowth,repair,andreproductioninorganisms.

Deoxyribonucleicacid,commonlyknownasDNA,isanucleicacidthathasthree

maincomponents:adeoxyribosesugar,aphosphate,andanitrogenousbase.

SinceDNAcontainsthegeneticmaterialforanorganism,itisimportantthatitbe

copiedwhenacelldividesintodaughtercells.TheprocessthatcopiesDNAiscalled

replication.

ReplicationinvolvestheproductionofidenticalhelicesofDNAfrom onedouble-

strandedmoleculeofDNA.

EnzymesarevitaltoDNAreplicationsincetheycatalyzeveryimportantstepsinthe

process.

TheoverallDNAreplicationprocessisextremelyimportantforbothcellgrowthand

reproductioninorganisms.Itisalsovitalinthecellrepairprocess.

DNAStructure

DNAordeoxyribonucleicacidisatypeofmoleculeknownasanucleicacid.It

consistsofa5-carbondeoxyribosesugar,aphosphate,andanitrogenousbase.

Double-strandedDNAconsistsoftwospiralnucleicacidchainsthataretwistedinto

adoublehelixshape.ThistwistingallowsDNAtobemorecompact.Inordertofit

withinthenucleus,DNAispackedintotightlycoiledstructurescalledchromatin.

Chromatincondensestoform chromosomesduringcelldivision.PriortoDNA

replication,thechromatinloosensgivingcellreplicationmachineryaccesstothe

DNAstrands.

PreparationforReplication



Step1:ReplicationForkFormation

BeforeDNAcanbereplicated,thedoublestrandedmoleculemustbe“unzipped”into

twosinglestrands.DNAhasfourbasescalledadenine(A),thymine(T),cytosine(C)

andguanine(G)thatform pairsbetweenthetwostrands.Adenineonlypairswith

thymineandcytosineonlybindswithguanine.InordertounwindDNA,these

interactionsbetweenbasepairsmustbebroken.Thisisperformedbyanenzyme

knownasDNAhelicase.DNAhelicasedisruptsthehydrogenbondingbetweenbase

pairstoseparatethestrandsintoaYshapeknownasthereplicationfork.Thisarea

willbethetemplateforreplicationtobegin.

DNAisdirectionalinbothstrands,signifiedbya5'and3'end.Thisnotationsignifies

whichsidegroupisattachedtheDNAbackbone.The5'endhasaphosphate(P)

groupattached,whilethe3'endhasahydroxyl(OH)groupattached.This

directionalityisimportantforreplicationasitonlyprogressesinthe5'to3'direction.

However,thereplicationforkisbi-directional;onestrandisorientedinthe3'to5'

direction(leadingstrand)whiletheotherisoriented5'to3'(laggingstrand).Thetwo

sidesarethereforereplicatedwithtwodifferentprocessestoaccommodatethe

directionaldifference.

ReplicationBegins

Step2:PrimerBinding

Theleadingstrandisthesimplesttoreplicate.OncetheDNAstrandshavebeen

separated,ashortpieceofRNAcalledaprimerbindstothe3'endofthestrand.The

primeralwaysbindsasthestartingpointforreplication.Primersaregeneratedby

theenzymeDNAprimase.

DNAReplication:Elongation

DNApolymerases(blue)attachthemselvestotheDNAandelongatethenewstrands

byaddingnucleotidebases.

DNApolymerases(blue)attachthemselvestotheDNAandelongatethenew

strandsbyaddingnucleotidebases.

Step3:Elongation

EnzymesknownasDNApolymerasesareresponsiblecreatingthenewstrandbya

processcalledelongation.TherearefivedifferentknowntypesofDNApolymerases

inbacteriaandhumancells.InbacteriasuchasE.coli,polymeraseIIIisthemain

replicationenzyme,whilepolymeraseI,II,IVandVareresponsibleforerrorchecking

andrepair.DNApolymeraseIIIbindstothestrandatthesiteoftheprimerand

beginsaddingnewbasepairscomplementarytothestrandduringreplication.In

eukaryoticcells,polymerasesalpha,delta,andepsilonaretheprimarypolymerases

involvedinDNAreplication.Becausereplicationproceedsinthe5'to3'directionon

theleadingstrand,thenewlyformedstrandiscontinuous.Thelaggingstrandbegins



replicationbybindingwithmultipleprimers.Eachprimerisonlyseveralbasesapart.

DNApolymerasethenaddspiecesofDNA,calledOkazakifragments,tothestrand

betweenprimers.Thisprocessofreplicationisdiscontinuousasthenewlycreated

fragmentsaredisjointed.

Step4:Termination

Onceboththecontinuousanddiscontinuousstrandsareformed,anenzymecalled

exonucleaseremovesallRNAprimersfrom theoriginalstrands.Theseprimersare

thenreplacedwithappropriatebases.Anotherexonuclease“proofreads”thenewly

formedDNAtocheck,removeandreplaceanyerrors.AnotherenzymecalledDNA

ligasejoinsOkazakifragmentstogetherformingasingleunifiedstrand.Theendsof

thelinearDNApresentaproblem asDNApolymerasecanonlyaddnucleotidesinthe

5′to3′direction.TheendsoftheparentstrandsconsistofrepeatedDNAsequences

calledtelomeres.Telomeresactasprotectivecapsattheendofchromosomesto

preventnearbychromosomesfrom fusing.AspecialtypeofDNApolymerase

enzymecalledtelomerasecatalyzesthesynthesisoftelomeresequencesatthe

endsoftheDNA.Oncecompleted,theparentstrandanditscomplementaryDNA

strandcoilsintothefamiliardoublehelixshape.Intheend,replicationproducestwo

DNAmolecules,eachwithonestrandfrom theparentmoleculeandonenewstrand.

ReplicationEnzyme

DNAreplicationwouldnotoccurwithoutenzymesthatcatalyzevariousstepsinthe

process.EnzymesthatparticipateintheeukaryoticDNAreplicationprocessinclude:

DNAhelicase-unwindsandseparatesdoublestrandedDNAasitmovesalongthe

DNA.Itformsthereplicationforkbybreakinghydrogenbondsbetweennucleotide

pairsinDNA.

DNAprimase-atypeofRNApolymerasethatgeneratesRNAprimers.Primersare

shortRNAmoleculesthatactastemplatesforthestartingpointofDNAreplication.

DNApolymerases-synthesizenewDNAmoleculesbyaddingnucleotidestoleading

andlaggingDNAstrands.

TopoisomeraseorDNAGyrase-unwindsandrewindsDNAstrandstopreventthe

DNAfrom becomingtangledorsupercoiled.

Exonucleases-groupofenzymesthatremovenucleotidebasesfrom theendofa

DNAchain.

DNAligase-joinsDNAfragmentstogetherbyformingphosphodiesterbonds

betweennucleotides.
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