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Restrictionenzyme,alsocalledrestrictionendonuclease,aproteinproducedbybacteria
thatcleavesDNAatspecificsitesalongthemolecule.Inthebacterialcell,restriction
enzymescleaveforeignDNA,thuseliminatinginfectingorganisms.Restrictionenzymes
canbeisolatedfrom bacterialcellsandusedinthelaboratorytomanipulatefragments
ofDNA,suchasthosethatcontaingenes;forthisreasontheyareindispensibletoolsof
recombinantDNAtechnology(geneticengineering).
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Abacterium usesarestrictionenzymetodefendagainstbacterialvirusescalled
bacteriophages,orphages.Whenaphageinfectsabacterium,itinsertsitsDNAintothe



bacterialcellsothatitmightbereplicated.Therestrictionenzymepreventsreplication
ofthephageDNAbycuttingitintomanypieces.Restrictionenzymeswerenamedfor
theirabilitytorestrict,orlimit,thenumberofstrainsofbacteriophagethatcaninfecta
bacterium.

Eachrestrictionenzymerecognizesashort,specificsequenceofnucleotidebases(the
fourbasicchemicalsubunitsofthelineardouble-strandedDNAmolecule—adenine,
cytosine,thymine,andguanine).Theseregionsarecalledrecognitionsequences,or
recognitionsites,andarerandomlydistributedthroughouttheDNA.Differentbacterial
speciesmakerestrictionenzymesthatrecognizedifferentnucleotidesequences.

Whenarestrictionendonucleaserecognizesasequence,itsnipsthroughtheDNAmoleculeby

catalyzingthehydrolysis(splittingofachemicalbondbyadditionofawatermolecule)ofthe

bondbetweenadjacentnucleotides.BacteriapreventtheirownDNAfrom beingdegradedinthis

mannerbydisguisingtheirrecognitionsequences.Enzymescalledmethylasesaddmethyl

groups(—CH3)toadenineorcytosinebaseswithintherecognitionsequence,whichisthus

modifiedandprotectedfrom theendonuclease.Therestrictionenzymeanditscorresponding

methylaseconstitutetherestriction-modificationsystem ofabacterialspecies.Traditionally,

fourtypesofrestrictionenzymesarerecognized,designatedI,II,III,andIV,whichdiffer

primarilyinstructure,cleavagesite,specificity,andcofactors.TypesIandIIIenzymesare

similarinthatbothrestrictionandmethylaseactivitiesarecarriedoutbyonelargeenzyme

complex,incontrasttothetypeIIsystem,inwhichtherestrictionenzymeisindependentofits

methylase.TypeIIrestrictionenzymesalsodifferfrom typesIandIIIinthattheycleaveDNAat

specificsiteswithintherecognitionsite;theotherscleaveDNArandomly,sometimeshundreds

ofbasesfrom therecognitionsequence.SeveralthousandtypeIIrestrictionenzymeshave

beenidentifiedfrom avarietyofbacterialspecies.Theseenzymesrecognizeafewhundred

distinctsequences,generallyfourtoeightbasesinlength.TypeIVrestrictionenzymescleave

onlymethylatedDNAandshowweaksequencespecificity.Restrictionenzymeswere

discoveredandcharacterizedinthelate1960sandearly1970sbymolecularbiologistsWerner

Arber,HamiltonO.Smith,andDanielNathans.TheabilityoftheenzymestocutDNAatprecise

locationsenabledresearcherstoisolategene-containingfragmentsandrecombinethem with

othermoleculesofDNA—i.e.,toclonegenes.Thenamesofrestrictionenzymesarederived

from thegenus,species,andstraindesignationsofthebacteriathatproducethem;forexample,

theenzymeEcoRIisproducedbyEscherichiacolistrainRY13.Itisthoughtthatrestriction

enzymesoriginatedfrom acommonancestralproteinandevolvedtorecognizespecific

sequencesthroughprocessessuchasgeneticrecombinationandgeneamplification.


