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Question:listandexplainfourmechanismofantimicrobialresistance.

1.Productionofdruginactivatingenzymes

2.Modificationofanexistingtarget

3.Limitingdruguptake

4.Drugefflux

1.Productionofdruginactivatingenzymes:Therearetwomainwaysinwhich

bacteriainactivatedrugs;byactualdegradationofthedrug,orbytransferofa

chemicalgrouptothedrug.Theβ-lactamasesareaverylargegroupofdrug

hydrolyzingenzymes.Anotherdrugthatcanbeinactivatedbyhydroxylationis

tetracycline.Druginactivationbytransferofachemicalgrouptothedrugmost

commonlyusestransferofacetyl,phosphoryl,andadenylgroups.Therearea

largenumberoftransferasesthathavebeenidentified.Acetylationisthemost

diverselyusedmechanism,andisknowntobeusedagainsttheaminoglycosides,

chloramphenicol,thestreptogramins,andthefluoroquinolones.Phosphorylation

andadenylationareknowntobeusedprimarilyagainsttheaminoglycosides.The

mostwidelyusedgroupofantimicrobialagentsaretheβ-lactamdrugs.The

membersofthisdruggroupallshareaspecificcorestructurewhichconsistsofa

four-sidedβ-lactamring.Resistancetotheβ-lactamdrugsoccursthroughthree

generalmechanisms:

(1)PreventingtheinteractionbetweenthetargetPBPandthedrug,usuallyby

modifyingtheabilityofthedrugtobindtothePBP(thisismediatedby

alterationstoexistingPBPsoracquisitionofotherPBPs.

(2)Thepresenceofeffluxpumpsthatcanextrudeβ-lactamdrugs



(3)Hydrolysisofthedrugbyβ-lactamaseenzymes.Theβ-lactamases(originally

calledpenicillinasesandcephalosporinase)inactivateβ-lactamdrugsby

hydrolyzingaspecificsiteintheβ-lactamringstructure,causingtheringtoopen.

Theopen-ringdrugsarenotabletobindtotheirtargetPBPproteins.Theknown

β-lactamasesarewide-spread,andthegroupcontainsenzymesthatareableto

inactivateanyofthecurrentβ-lactamdrugs.Theproductionofβ-lactamasesis

themostcommonresistancemechanismusedbygramnegativebacteriaagainst

β-lactamdrugs,andthemostimportantresistancemechanismagainstpenicillin

andcephalosporindrugs.Theβ-lactamaseenzymesareclassifiedbasedontheir

molecularstructureand/orfunctionalcharacteristics.Structurallytheyare

placedintofourmaincategories(A,B,C,orD).Therearethreefunctional

groupingsbasedonthesubstratespecificity:thecephalosporinase,theserineβ-

lactamases,andthemetallo(zinc-dependent)β-lactamases.Theseenzymesmay

alsobecommonlyknownbytheirenzymefamily;forexample:theTEM(named

afterthefirstpatient)family,theSHV(sulphydrylvariable)family,andtheCTX

(preferentiallyhydrolyzecefotaxime)family.Gramnegativebacteriamay

produceβ-lactamasesfromallfourstructuralgroups.Theβ-lactamasesfoundin

grampositivebacteriaaremainlyfromgroupA,withsomefromgroupB.

2.Modificationofanexistingtarget:Therearemultiplecomponentsinthe

bacterialcellthatmaybetargetsofantimicrobialagents;andtherearejustas

manytargetsthatmaybemodifiedbythebacteriatoenableresistancetothose

drugs.Onemechanismofresistancetotheβ-lactamdrugsusedalmost

exclusivelybygrampositivebacteriaisviaalterationsinthestructureand/or

numberofPBPs(penicillin-bindingproteins).PBPsareTranspeptidasesinvolved

intheconstructionofpeptidoglycaninthecellwall.Achangeinthenumber

(increaseinPBPsthathaveadecreaseindrugbindingability,ordecreaseinPBPs

withnormaldrugbinding)ofPBPsimpactstheamountofdrugthatcanbindto

thattarget.Achangeinstructure(e.g.PBP2ainS.aureusbyacquisitionofthe

mecAgene)maydecreasetheabilityofthedrugtobind,ortotallyinhibitdrug

binding.Theglycopeptides(e.g.vancomycin)alsoworkbyinhibitingcellwall

synthesis,andlipopeptides(e.g.daptomycin)workbydepolarizingthecell



membrane.Gramnegativebacteria(thickLPSlayer)haveintrinsicresistanceto

thesedrugs.Resistancetovancomycinhasbecomeamajorissueinthe

enterococci(VRE—vancomycin-resistantenterococci)andinStaphylococcus

aureus(MRSA).Resistanceismediatedthroughacquisitionofvangeneswhich

resultsinchangesinthestructureofpeptidoglycanprecursorsthatcausea

decreaseinthebindingabilityofvancomycin.Daptomycinrequiresthepresence

ofcalciumforbinding.Mutationsingenes(e.g.mprF)changethechargeofthe

cellmembranesurfacetopositive,inhibitingthebindingofcalcium,and

therefore,daptomycin.Resistancetodrugsthattargettheribosomalsubunits

mayoccurviaribosomalmutation(aminoglycosides,oxazolidinones),ribosomal

subunitmethylation(aminoglycosides,macrolides—grampositivebacteria,

oxazolidinones,streptogramins)mostcommonlyinvolvingermgenes,or

ribosomalprotection(tetracycline’s).Thesemechanismsinterferewiththeability

ofthedrugtobindtotheribosome.Thelevelofdruginterferencevariesgreatly

amongthesemechanisms.

3.Limitingdruguptake:Asalreadymentioned,thereisanaturaldifferenceinthe

abilityofbacteriatolimittheuptakeofantimicrobialagents.Thestructureand

functionsoftheLPSlayeringramnegativebacteriaprovidesabarriertocertain

typesofmolecules.Thisgivesthosebacteriainnateresistancetocertaingroups

oflargeantimicrobialagents.Themycobacteriahaveanoutermembranethat

hasahighlipidcontent,andsohydrophobicdrugssuchasrifampicinandthe

fluoroquinoloneshaveaneasieraccesstothecell,buthydrophilicdrugshave

limitedaccess.Bacteriathatlackacellwall,suchasMycoplasmaandrelated

species,arethereforeintrinsicallyresistanttoalldrugsthattargetthecellwall

includingβ-lactamsandglycopeptides.Grampositivebacteriadonotpossessan

outermembrane,andrestrictingdrugaccessisnotasprevalent.Inthe

enterococci,thefactthatpolarmoleculeshavedifficultypenetratingthecell

wallgivesintrinsicresistancetoaminoglycosides.Anothergrampositivebacteria,

Staphylococcusaureus,recentlyhasdevelopedresistancetovancomycin.In

thosebacteriawithlargeoutermembranes,substancesoftenenterthecell

throughporinchannels.Theporinchannelsingramnegativebacteriagenerally



allowaccesstohydrophilicmolecules.Therearetwomainwaysinwhichporin

changescanlimitdruguptake:adecreaseinthenumberofporinspresent,and

mutationsthatchangetheselectivityoftheporinchannel.Membersofthe

Enterobacteriaceaeareknowntobecomeresistantduetoreducingthenumber

ofporins(andsometimestoppingproductionentirelyofcertainporins).Asa

group,thesebacteriareduceporinnumberasamechanismforresistanceto

carbapenems.Mutationsthatcausechangeswithintheporinchannelhavebeen

seeninE.aerogeneswhichthenbecomeresistanttoimipenemandcertain

cephalosporin,andinNeisseriagonorrheawhichthenbecomeresistanttoβ-

lactamsandtetracycline.

4.Drugefflux:Bacteriapossesschromosomallyencodedgenesforeffluxpumps.

Someareexpressedconstitutively,andothersareinducedoroverexpressed

(high-levelresistanceisusuallyviaamutationthatmodifiesthetransport

channel)undercertainenvironmentalstimuliorwhenasuitablesubstrateis

present.Theeffluxpumpsfunctionprimarilytoridthebacterialcelloftoxic

substances,andmanyofthesepumpswilltransportalargevarietyofcompounds

(multi-drug[MDR]effluxpumps).Theresistancecapabilityofmanyofthese

pumpsisinfluencedbywhatcarbonsourceisavailable.Mostbacteriapossess

manydifferenttypesofeffluxpumps.Therearefivemainfamiliesofefflux

pumpsinbacteriaclassifiedbasedonstructureandenergysource:theATP-

bindingcassette(ABC)family,themultidrugandtoxiccompoundextrusion

(MATE)family,thesmallmultidrugresistance(SMR)family,themajorfacilitator

superfamily(MFS),andtheresistance-nodulation-celldivision(RND)family.Most

oftheseeffluxpumpfamiliesaresingle-componentpumpswhichtransport

substratesacrossthecytoplasmicmembrane.TheRNDfamilyaremulti-

componentpumps(foundalmostexclusivelyingramnegativebacteria)that

functioninassociationwithaperiplasmicmembranefusionprotein(MFP)andan

outermembraneprotein(OMP-porin)toeffluxsubstrateacrosstheentirecell

envelope.Thereareinstanceswhereothereffluxfamilymembersactwithother

cellularcomponentsasmulticomponentpumpsingramnegativebacteria.One

memberoftheABCfamily,MacB,worksasatripartitepump(MacAB-TolC)to



extrudemacrolidedrugs.AmemberoftheMFS,EmrB,worksasatripartitepump

(EmrAB-TolC)toextrudenalidixicacidinE.coli.Effluxpumpsfoundingram

positivebacteriamayconferintrinsicresistancebecauseofbeingencodedonthe

chromosome.ThesepumpsincludemembersoftheMATEandMFSfamiliesand

effluxfluoroquinolones.Therearealsogrampositiveeffluxpumpsknowntobe

carriedonplasmids.Currently,thecharacterizedpumpsingrampositivebacteria

arefromtheMFSfamily.Effluxpumpsfoundingramnegativebacteriaare

widelydistributedandmaycomefromallfiveofthefamilies,withthemost

clinicallysignificantpumpsbelongingtotheRNDfamily


