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Summary

Antibiotic resistancein bacteriaisolatedfrom food of animalorigin is now a commonphe-

nomenon. The oral cavity is the £rst placewherefood bornebacteriameetthe humanoral

micro¤ora.This would be the£rstopportunityfor a geneticexchangeof antibiotic resistance

genesfrom foodbacteriato oralmicroorganisms.

It wastheaimof thisstudyto isolateappropriaterecipientstrainsfor apossibleantibioticgene

transfer. Furthermore,thetransferof selectedantibioticresistancegenesshouldbeinvestigated.

A totalof 61oral streptococcifrom two healthy, non-hospitalisedpersonswasisolatedonnon-

selective agar. Antibiotic resistantstrainswere identi£edasS. salivariusandS. mitis by se-

quencingtheir sodAgene.Tetracycline resistancein ninestrainswasdueto theprotectionof

theribosomeencodedby tet(M) (8 strains)andtet(O) (1 strain). Erythromycinresistancewas

encodedby erm(B) in nine strainsandby mef(E) in eight strains. Threestrainscarriedboth

erythromycinresistancedeterminants.

In addition,the saliva of 14 healthy, non-hospitalisedpersonswasscreenedfor erythromycin

resistantstreptococci.Erythromycinresistantstrains(S. salivarius,S. mitis, S. cristatusand

S.parasanguinis) werefound in 11 persons.All streptococcicarriederm(B), 16 strainsaddi-

tionally mef(E).

Therewasno conjugal transferof antibiotic resistancesfrom food-borneenterococcito oral

streptococciusing £lter mating. On the contrary, erythromycinresistancegenesfrom two

S. salivarius and one S. mitis were transferredto E. faecalisJH2-2 at a frequency of 10¡ 5

to 10¡ 6 perdonorcell.

To elicit the origin of the mef(E) gene,a S. salivarius strain (Sp6) was chosenas a model

microorganismand adjacentsequenceswere determined.mef(E) was found to be part of a
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macrolideef¤uxgeneticassembly, 99.8% identicalatthenucleotidelevel to anelementisolated

from S.pneumoniae[50]. Similarassemblieswerefoundin all mef(E)-carryingstrains.

S. pneumoniaeR800could be transformedwith the macrolideef¤ux geneticassemblyfrom

S.salivariusandS.mitiswith asigni£cantfrequency .

In thisstudy, wefoundthemacrolideef¤uxgeneticassemblyfor the£rsttimein commensaloral

streptococciotherthanS.pneumoniae. Thisis alsothe£rstreportof asuccessfultransformation

of S.pneumoniaewith chromosomalS.salivariusDNA.



Zusammenfassung

BakterienausLebensmittelnweisenheutzutagevielfach Resistenzengegen Antibiotika auf.

Bei der Nahrungsaufnahmetreffen dieseBakterienals erstesauf Bakteriender menschlichen

Mundḧohle. Dies ist somit auchdie ersteMöglichkeit einer Übertragungder Antibiotikare-

sistenzenaufdieoraleMund¤ora.

DasZiel dieserStudiewar einerseits,geeigneteRezipienten-Sẗammefür einenAntibiotikare-

sistenztransferzuisolierenundzucharakterisieren,andererseitseinenmöglichenin vitro Trans-

fervonResistenzenvonBakterienausdemLebensmittelaufBakterienderMundhöhlenachzuweisen.

Zunächstwurden61 oraleStreptokokken von zwei gesunden,nicht hospitalisiertenPersonen

auf nicht selektivemAgar isoliert. AntibiotikaresistenteStämmewurdenanhandderSequenz

ihrer sodAGeneals S. salivariusund S. mitis identi£ziert. Für Tetrazyklinresistenzenwaren

in achtSẗammentet(M) undin einemStammtet(O) Geneverantwortlich, die beidefür riboso-

maleSchutzproteinekodieren.Erythromycinresistenzenwurdenin neunStämmenvonerm(B),

in achtSẗammenvon mef(E) kodiert. Drei StämmetrugenbeideErythromycinresistenzdeter-

minanten.

Zus̈atzlichwurdederSpeichelvon14gesunden,nichthospitalisiertenPersonengezieltaufery-

thromycinresistenteoraleStreptokokkenuntersucht.Aus 11 Personenkonntenerythromycin-

resistenteSẗammeisoliert werden,die zu denSpeciesS.salivarius,S.mitis, S.cristatusund

S.parasanguinisgeḧoren.Alle untersuchtenStreptokokkentrugendaserm(B) Gen,16Stämme

ebensodasmef(E) Gen.

Im “£lter mating-Test” konntekein konjugativer Transfervon Antibiotikaresistenzenvon En-

terokokken ausLebensmittelnauf oraleStreptokokken nachgewiesenwerden. Im Gegensatz

dazuwurdenErythromycinresistenzenvon zwei S. salivarius Stämmenund einemS. mitis

StammaufE. faecalisJH2-2mit einerFrequenzvon10¡ 5 to 10¡ 6 proDonorzelleübertragen.

v
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Um auf die Herkunftdesmef(E) Gensin S.salivariusSp6schliessenzu können,wurdendie

angrenzendenRegionensequenziert.mef(E) wurdeals Teil einesgenetischenElementesmit

demNamen“macrolideef¤uxgeneticassembly”identi£ziert.DiesesElementist aufNukleotid

Ebenezu 99,8 % identischmit einemElementvon S. pneumoniae[50]. Ähnliche Elemente

wurdenin allenisoliertenoralenmef(E) tragendenStreptokokkengefunden.

Das“macrolideef¤ux geneticassembly”Elementvon S.salivariusundS.mitis konntemittels

naẗurlicher Transformationmit einersigni£kantenTransferfrequenzauf S.pneumoniaeR800

übertragenwerden.

In dieserStudiekonnteerstmalsdas“macrolide ef¤ux geneticassembly”Elementin kom-

mensalen,oralenStreptokokken identi£ziertwerden.Dies ist auchderersteBericht übereine

erfolgreicheTransformationvonS.pneumoniaemit chromosomalerDNA vonS.salivarius.
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Chapter 1

Intr oduction

1.1 Oral streptococci

Oral streptococci

In humans,oral streptococciform an importantcomponentof the normalmicrobial ¤oraof

theoral cavity andtheupperrespiratorytract. They areGram-positive,catalase-negative,non-

sporingand non-motilecocci arrangedin pairs or chains. The G+C contentof their DNA

variesbetween36 % and46 %, which placestheminto the low G+C groupof bacteria[57].

Streptococcirequirenutritionally rich mediafor growth including aminoacids,carbohydrate

sources,fatty acids,vitamins, purinesand pyrimidines in addition to inorganic ions. They

typically grow within a rangeof 25-45±C but at an optimumtemperatureof 37±C in a CO2

enrichedatmosphere[58].

Thedescriptiveterm“viridans” streptococci[149] hasbeenusedsynonymouslywith oralstrepto-

cocciandrefersto thetypeof hemolysisproducedonbloodagar, whichcanbeidenti£edby its

greencoloration(®-hemolysis).However, thispropertydoesnotapplyfor all oralstreptococci,

sincehemolysisvariesconsiderablybetweenandwithin species.Apart from partial(®) hemol-

ysis,complete(¯ ) andabsenceof (° ) hemolysiscanbe observed. Therefore,the group“oral

streptococci”comprisestheviridansstreptococci[57, 58,169].

In the past,streptococciwere groupedon the basisof their patternof hemolysis,antigenic

1



2 Chapter1. Introduction

composition,growth characteristicsandbiochemicalreactions[17, 57, 80]. Thesephenotypic

testsare not suf£cient for the differentiationof this heterogenousgroup of microorganisms

asnot all strainswithin a given speciesmay be positive for a commontrait. Moreover, the

samestrain may exhibit biochemicalvariability [17, 64, 80, 158]. As a consequence,sev-

eralapproachesto identify oral streptococcibasedon theirgeneticrelationshipweredeveloped

[4, 72, 140, 144,145,171]. Kawamuraet al. compareddifferentgeneticmethodsfor theiden-

ti£cationof thecloselyrelatedmembersof the“mitis” group,like DNA-DNA hybridisationof

the16SrRNA gene,speciesspeci£cPCRof theddl geneencodingtheD-Alanine:D-Alanine

ligaseandcomparative analysisof thepartialsequencesof themanganese-dependentsuperox-

ide dismutase(sodA) gene[78]. This studycon£rmedthe£ndingsof Poyart et al. [126] who

proposedto sequencethesodAgeneasa reliableandreproduciblemethodfor identi£cationof

oral streptococci.Furthermore,thesodAsequenceof S.pneumoniaeseemsto behighly con-

servedwith only a few basepairsubstitutions.This might behelpful for thedifferentiationof

S.pneumoniaeandthecloselyrelatedS.mitis [78, 126].

Currently, oral streptococciaresubdivided into the “mitis”, “mutans”, “salivarius” and“angi-

nosus”groups. The “anginosus”groupis alsoreferredto asthe “milleri” group. Figure1.1

shows thephylogeneticrelationshipamongstreptococcalspeciesby 16SrRNA genesequence

analysis.In general,the phylogeneticpositionsarein agreementwith thoseinferredfrom an

analysisof thesodAsequences.Thetwo streptococciS.agalactiaeandS.mutansdid not clus-

ter with the speciesproposedby 16SrRNA analysis[126]. Comparisonof the sequencesof

therpoB gene,which encodestheRNA polymerasesubunit ¯ , revealeda similar geneticrela-

tionshipasthe16SrRNA andsodAsequences,with theexceptionof theclusteringwithin the

“anginosus”group[94].

In the pastfew years,the “mitis” group was extendedby threespecies,namelyS. cristatus

[56, 169], S.infantisandS.peroris [77]. Moreover, Trüperet al. proposedto revisethename

of somespecieswithin the“mitis” groupfor grammaticalreasons[164]. Streptococcussanguis

wascorrectedto S.sanguinis, Streptococcusparasanguisto S.parasanguinisandStreptococcus

crista to S.cristatus.

In Table1.1themostcommonstreptococciin thehumanmoutharelisted[57, 141,58,169].
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group

group
S. sanguinis

Figure1.1: Phylogeneticrelationshipamong34Streptococcusspeciesby 16SrRNA genesequenceanalysis.Dis-

tanceswerecalculatedby theneighbour-joining method.Grey-shadedzonesindicateclustersof oral streptococci.

Reproducedfrom Kawamuraetal. with permission[76].

Pathogenesisof oral streptococci

Althoughoral streptococciarecommensalinhabitantsof thehumanmouth,severalspeciesare

involved in different typesof diseases,including caries,pyogenicinfections,infective endo-

carditisandabscessesin variousorgans. They eitherovergrow the oral ¤oradueto environ-

mentalchangeswhich resultin anecologicalshift or escapetheir usualhabitatto establishat

othersites,especiallyin immunocompromisedpatients. As a consequence,oral streptococci

areregardedasopportunisticpathogensandarethereforeclassi£edinto thesafetycategory S2

[1] .

Dentalcariesis ademineralisationof theenamelcausedprimarily by mutansstreptococcisuch

as Streptococcusmutansand Streptococcussobrinus[89]. The utilisation of dietary carbo-

hydratesdecreasespH in the mouthwhich causesa shift in the plaquecompositionfavoring
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Table1.1: Streptococcicommonlyfoundin theoral cavity

Group Species Habitat

“anginosus” S.anginosus gingival crevice, toothsurface

S.constellatus

S.intermedius

“mitis” S.mitis mostcommongroup,saliva,dentalplaque

S.oralis

S.gordonii

S.sanguinis

S.parasanguinis

S.cristatus

S.infantis

S.peroris

“mutans” S.mutans dentalplaque,cariousteeth

S.sobrinus

“salivarius” S.salivarius saliva,dorsalsurfaceof thetongue

S.vestibularis vestibularmucosa

acidogenicbacteria.

Bacteriaof the“anginosus”groupareassociatedwith dentalabscesses[87]. Streptococcusangi-

nosuswaspredominantlyisolatedin 33 % of acutedentoalveolarabscesses,whereasStrepto-

coccusintermediusis foundto belesscommon[47].

This groupof bacteriais also frequentlyisolatedfrom purulentinfectionsof internalorgans

including the brain, liver, lungsandspleen[141, 170]. Sincestreptococciof the “anginosus”

groupdonotonly form partof thecommensal¤oraof theoral cavity andtheupperrespiratory

tractbut alsoof thegastrointestinaltractandthefemaleurogenitaltract,it is dif£cult to identify

theexactorigin of theinfectingorganism[58].

Robertset al. investigatedtheeffect of dentalproceduressuchastoothbrushing,scalingteeth,

rubberdamplacementor toothextractiononthedevelopmentof bacteraemia[134]. In all cases

ahighpercentageof positivebloodsampleswasobservedrangingbetween30% and40% .
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Oral streptococcilike Streptococcussalivarius, S.mitis, S.sanguinis, S.anginosusandS.mu-

tanshavebeenreportedascausativemicroorganismsfor bacterialmeningitis[22, 69].

Several studiesshowed a clearassociationbetweenstreptococciisolatedfrom the mouthand

thoseapparentin infective endocarditis[5, 19, 46, 131]. This severediseasewith a mortality

rateup to 50 % is mainly causedby streptococciof the “mitis” group. Douglaset al. found

S. sanguinis(31.9 %), S. oralis (29.8 %) and S. gordonii (12.7 %) to be the most common

pathogenicspeciesfollowedby S.mitis andS.parasanguinis[40]. Infective endocarditisis a

majorconcernin neutropenicpatientswith cancerexposedto chemotherapy [19, 131]. Fiehn

et al. found identical isolatesin the blood andthe oral cavity from two endocarditispatients

usingbiochemicalandgeneticalcomparison[46]. In addition,Bartzokaset al. investigated

thesourceof infectionsassociatedwith orthopaedicprosthesesin four adults[15]. This study

shows that the S. sanguinisisolatefrom the mouth was indistinguishablefrom that isolated

from theprosthesis.It is remarkableto noticethatall patientssufferedfrom severeperiodontal

diseaseandcaries.

Streptococcuspneumoniae

Streptococcuspneumoniaeis amammalianpathogenthatis geneticallycloselyrelatedto S.mi-

tis andS.oralis (Figure1.1) [76]. Like theoral streptococciS.pneumoniaeis a transientcom-

mensal,colonisingthe throatandupperrespiratorytract of 40 % of humans[63, 67]. As a

humanpathogen,S.pneumoniaeis themajorcausefor acuterespiratoryinfectionandotitis me-

dia andis responsiblefor pneumonia,bacteraemiaandmeningitisespeciallyin children[52].

Amongelderlypeople,S.pneumoniaecausescommunity-acquiredpneumoniaandmeningitis

[111]. Thevarioustypesof polysaccharidecapsulesareconsideredasthemainpathogenicity

factorsin S.pneumoniaewhichenablesthemto evadethehostimmuneresponse[67, 159].

Thegenomesof two S.pneumoniaestrainshave beenfully sequencedrecently, namelyof the

virulent strainTIGR4 (GenBankAcc. No. AE005672[159], www.tigr.org) andof the non-

encapsulatedstrainR6 (GenBankAcc. No. AE007317[67], www.lilly .com).
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1.2 Oral microbial communities

Oral bacteriaform communitieson distinctly differentsurfaces,includinghardenamelaswell

assoftepithelialcells.Thesebio£lmsarecharacterisedespeciallyby theirspeciesandtheirsub-

stratumcomposition.Currently, morethan500specieshave beenisolatedfrom oral surfaces.

Out of these,StreptococcusandActinomycesspeciesplay a major role asinitial colonisersof

the tooth surfacedue to variousadhesionmechanismswhich prevent themof beingwashed

away by theconstantsalivary ¤ow. Theseinitial microorganismsin turn provide severalrecep-

torsandadhesinsavailablefor speci£crecognitionamongmany differentspecieswhich results

in intragenericandintergenericcoaggregation[82, 172].

Within thesebio£lms,multicellularcommunicationis establishedby theexcretionof extracel-

lular peptidesor modi£edpeptides.A varietyof processesincludinggenetictransfer, antibiotic

production,growth and pathogenesisare regulatedby the so-calledquorumsensingmecha-

nismsthatusetwo-componentsignaltransductionsystemsto respondto extracellularpeptide

pheromones[41, 163].

Geneticexchangein bio£lms

Several studiesfocusedon geneticexchangein bacterialbio£lms by conjugation including

Pseudomonasputida [30], Escherichia coli [51], Alcaligeneseutrophus[59], Bacillus azoto-

formans[16], Bacillussubtilis, Enterococcusfaecalisandoralstreptococci[132,133]. Roberts

etal. demonstratedin vitro transferof aconjugativetransposonfrom eitherB.subtilis(Tn5397)

or S.salivarius(Tn916) to commensaloral streptococcalstrainsknown from oral bio£lm con-

sortia[132, 133]. Althoughtransferfrequenciesobservedwereratherlow, it wasdemonstrated

thatoral bacteriahave thepotentialto exchangegeneticinformationwithin a bio£lm. On the

contrary, HausnerandWuertz reportedconjugation ratesto be 1000-foldhigher in bacterial

bio£lmsthanthosedeterminedby classicalplating techniques[59]. Conjugationeventsseem

to be dependentespeciallyon bio£lm compositionandcontacttime, but not on nutrientcon-

centrations[59, 132].

In contrastto conjugation,geneticexchangein bio£lmsby naturaltransformationhasbeenless

well investigated. Li et al. showed in a recentstudy that bio£lm-grown Streptococcusmu-

tanscellscouldbetransformedwith freeDNA with transformationfrequencies10- to 600-fold

highercomparedto transferratesin planktoniccells [88]. It seemsthata bio£lm environment
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providesoptimalconditionsfor cell-cell signallingsystemsandenhancestheuptake of foreign

DNA by naturaltransformation.

1.3 Geneticcompetenceand natural transformation

The uptake of DNA from the environmentby S.pneumoniaeis a phenomenonthat hasbeen

alreadyobserved by Grif£th in 1928[53] andby Avery in 1944[11]. In contrastto arti£cial

physicochemicalmethodsto introduceDNA into cells, this mechanismis carriedout by cells

whichreacha£nitedevelopmentstateatsomepointduringgrowth calledcompetence.Among

oralstreptococci,speciesof the“mitis”, “mutans”and“anginosus”grouparecapableof natural

transformation[34]. Geneticcompetenceis usuallyexhibitedin theearlyhoursof exponential

growth. S.pneumoniae, S.oralis andS.mitis have narrow competencewindows of a few min-

utes[32, 60,138]contraryto S.gordonii strainswhichhaveacompetenceslot lastingfor hours

[93].

In thewell characterisedGram-positive bacteriaB. subtilisandS.pneumoniaenaturalgenetic

competenceis regulatedby speciesspeci£ccell-cell signals. Cells will develop competence

only in thepresenceof their own speciesandwill bethereforeexposedto DNA primarily from

geneticallysimilar cells [152]. In S. pneumoniaethe mechanismof geneticcompetenceand

naturaltransformationhasbeeninvestigatedanddescribedin detail [28, 54, 60, 68, 96, 98]. It

is assumed,thatthepneumococcalmodelcanbeappliedto thetransformableoralstreptococci,

sincesimilar genesresponsiblefor competencecouldbe identi£ed[62, 168]. Thestreptococ-

cal competence(com)locusconsistsof thecomoperonwith comC, comDandcomEencoding

the competencestimulatingpeptide,a histidinekinaseanda responseregulator respectively

[29, 60, 61,125]. Thetwo genescomAandcomBareresponsiblefor theexcretionof thecom-

petencestimulatingproteinfrom the cell [27, 68]. Furthermore,comXwasidenti£edby Lee

andMorrison[86]. It is assumed,thattheComXproteinis a competence-speci£ctranscription

modulator, probablyanalternatesigmafactorthatdirectstheRNA polymeraseto thepromoters

of thelatecompetencegenes,therebypromotingthesynthesisof theDNA uptakeandrecombi-

nationmachinery[34]. Moreover, ComX is requiredfor theexpressionof competence-speci£c

operonswhich containa cin-box(TACGAATA), anunusualperfectlyconservedconsensusse-

quence[23, 86].

In S.pneumoniaetheDNA uptake andprocessingis not speci£cto theorigin of theDNA se-

quences.DNA bindsat speci£creceptorson thecell surfaceandentersthecell singlestranded



8 Chapter1. Introduction

[107]. In the cell it is boundto a speci£ceclipseproteinandmay be integratedinto the host

chromosomeif suf£cientbasehomologyis present[90, 93].

Majewski et al. describedrecentlyseveralbarriersto geneticexchangebetweenstreptococcal

species[94]. Thesearemainly theformationof a donor-recipientDNA heteroduplex molecule

anditsevasionof therecipient'smismatchrepairsystem,bothprocessesinvolvedin interspecies

recombination.However, thisstudyprovedS.pneumoniaeto betransformablewith DNA from

variousstreptococcisuchas S. mitis, S. oralis, S. parasanguinis,S. cristatus,S. sanguinis,

S.anginosus,S.constellatus,S.intermedius. No transformantswereobtainedwith S.adjacens,

whereasS.salivariusandS.sobrinuswerenot tested.

1.4 Antibiotic resistancein oral streptococciand

S.pneumoniae

Tetracycline resistance

Tetracycline resistanceis mediatedby threedifferentmechanismsincluding the active ef¤ux

of thedrug, theprotectionof the ribosomesfrom theactionof tetracycline andtheenzymatic

alterationof tetracycline [106, 135, 153]. So far, the only known mechanismof tetracycline

resistancein streptococciof theoral andupperrespiratorytract is theprotectionof the30Sri-

bosomesubunit encodedmainlyby thetet(M) determinant,but alsoby thecloselyrelatedtet(O)

gene[39, 92, 97,157,173]. Moreover, tet(M) is oftenassociatedwith conjugative transposons

of theTn916-Tn1545family, whichmightexplain thebroaddisseminationof thisgenein both

Gram-positive andGram-negative bacteria[18, 33,92, 104, 132,133].

Surveysconductedthroughoutthepastdecaderevealedtetracycline resistanceratesin S.pneu-

moniaebetween12.9% and47.4% [37, 85,98, 116,146]. Thesedataarecomparableto those

obtainedfrom oral streptococciwhichvarybetween23% and39% [38, 70,174].

Erythr omycin resistance

Erythromycinis anantibioticof themacrolidefamily inhibiting theproteinsynthesisby bind-

ing to the50Sbacterialsubunit. Thetwo mainerythromycinresistancemechanismsin strepto-

cocci are 1) the methylation of a speci£cadenineresidueat position2058 in the target site
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(23SrRNA) and2) theactiveef¤uxof theantibiotic.Whereasthemodi£cationof the23SrRNA

conferscross-resistanceto macrolides,lincosamidesand streptogramins(MLSB-phenotype),

the active transportout of the cell is speci£cfor macrolides(M-phenotype)[117, 136, 166].

Few genesdominateerythromycinresistancein S.pneumoniaeandoral streptococci:erm(B)

which encodesa methyltransferaseandmef(A) conferringerythromycinresistanceby ef¤ux.

It is remarkableto notice, that the prevalenceof thesetwo mechanismsvariesbetweeniso-

latesfrom the USA andEurope.While erythromycinresistancein the USA is mainly dueto

a macrolideef¤ux pump,bacteriain Europearemore likely to carry an erm(B) determinant

[10, 35, 48, 65, 75, 99, 116, 119, 147,155]. Erythromycinresistanceratesin S.pneumoniae

andoral streptococcihave beenrising over thepastdecade[49, 99, 116] with resistancerates

up to 60% [10, 13,35, 38,70,85,119,174].

According to Robertset al., erythromycinresistancegenesvarying from eachother in their

aminoacidsequenceto lessthan80 % wereclassi£edasthesamegene[137]. Therefore,the

two ef¤ux genesmef(A) andmef(E) weresubsumedto mef(A) dueto 91 % aaidentity. How-

ever, in this studybothdenominationswerekeptfor easierdistinctionof S.pneumoniaestrains

andtheirgeneticelements.

Both mef genesweredetectedon geneticelementsin S.pneumoniae. The mef(A) genewas

locatedon the defective transposonTn1207.1[35, 143] andthe mef(E) genewasfound on a

macrolideef¤uxgeneticassembly[35,50]. ErmBwasalsoshown to belocatedonatransposon

(Tn3872) in S.pneumoniae[104].

1.5 Foodasa reservoir for antibiotic resistancegenes

Antibiotic resistancein bacteriaisolatedfrom food of animalorigin is now a commonphe-

nomenon. Several studiescon£rmedthe prevalenceof multi-resistantbacteriain raw-milk

cheeseandraw-sausage[3, 81, 120, 123, 121, 129]. The agriculturaland food sectorshave

contributedto this developmentby the useof antimicrobialsto increasegrowth andfeedef-

£cienciesin farm animals,for examplewith tylosin asa main inducerof crossresistanceto

macrolideantibiotics[2, 100,160]. Many of thesefood-borneantibioticresistantbacteriahar-

bouredresistancegeneson conjugative elementslike plasmidsor transposonsasshown espe-

cially in enterococci[2, 129,122, 148]. Microorganismsprevalentin fermentedraw products

areconsumedin high quantitiesin a viable state. Therefore,the oral cavity is the £rst place

wherefood bacteriameetthehumanbodymicro¤ora.This would be the£rstopportunityfor
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antibiotic resistantbacteriafrom food to donatetheir resistancegenesto membersof the hu-

manmicro¤oraor the otherway round,for the humanmicro¤orato receive resistancegenes

from thefoodmicro¤ora.Recently, theintegrationof aTn916-carryingplasmidinto theS.gor-

donii chromosomeby homologousrecombinationin thepresenceof humansaliva wasshown

by Merceret al. [108]. This studydemonstratesthatDNA cansurvive in saliva for suf£cient

time to transformcompetentcells.

Theaimof thisstudywasto characteriseantibioticresistancesin oral,commensalstreptococci

of healthy, non-hospitalisedpersonsasa basisfor investigationson potentialtransferof antibi-

otic resistancegenesfrom food-bornebacteriato theoral micro¤ora.Selectedrecipientstrains

shouldbeusedin transferexperimentswith enterococcalconjugative elements.



Chapter 2

Material and Methods

2.1 Bacterial strains and plasmids

All thestreptococcalstrainsusedin this studyarelistedin TableA.1, TableA.2 andTableA.3

in theAppendix. Isolatesthatwerefurthercharacterisedareshown in Table2.1. Strainswere

eitherisolatedfrom thesalivaof 13healthy personsor purchasedfrom theDeutscheSammlung

für Mikroorganismenund Zellkulturen (DSMZ, Braunschweig,Germany). The latter areall

typestrainsof variousoral streptococci.In addition,enterococciusedfor conjugationstudies

andtherespective transconjugantsandEscherichia coli strainsarelistedin Table2.1.

Plasmidsusedin thisstudyarelistedin Table2.2.

Table2.1: Bacterialstrains

Strains Relevant

properties

Comments Reference

Streptococcusstrains

Streptococcussalivarius

S30 Er mR source:person1 thisstudy

S32 Er mR , Lm R source:person1 thisstudy

S39 TetR source:person1 thisstudy

S40 TetR source:person1 thisstudy

S41 Er mR , Lm R source:person1 thisstudy

S48 Er mR , Lm R source:person1 thisstudy

S49 Er mR , Lm R source:person1 thisstudy

continuedonnext page

11
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Table2.1: continued

Strains Relevant

properties

Comments Reference

MS38 TetR source:person1 thisstudy

MS40 Er mR , Lm R source:person1 thisstudy

Sp3 Er mR source:person2 thisstudy

Sp6 Er mR source:person2 thisstudy

Sp9 Er mR source:person2 thisstudy

Zu3 Er mR source:person2 thisstudy

Zu4 TetR , E r mR ,

Lm R

source:person2 thisstudy

ZZ2 TetR , E r mR ,

Lm R

source:person2 thisstudy

Kg1 Er mR source:personK thisstudy

Kg2 Er mR source:personK thisstudy

Kg3 Er mR source:personK thisstudy

Kg4 Er mR source:personK thisstudy

Streptococcusmitis

MS30 Er mR source:person1 thisstudy

MS32 Er mR , Lm R source:person1 thisstudy

MS35 TetR , E r mR source:person1 thisstudy

Sch1 Er mR , Lm R source:person2 thisstudy

Sch4 TetR source:person2 thisstudy

Sch10 TetR source:person2 thisstudy

ZW6 TetR source:person2 thisstudy

Ag4 Er mR source:personA thisstudy

Dk2 Er mR , Lm R source:personD thisstudy

Dk3 Er mR , Lm R source:personD thisstudy

Dk4 Er mR , Lm R source:personD thisstudy

Streptococcusoralis

Z5 N orR source:person1 thisstudy

Streptococcussanguinis

Z9 source:person1 thisstudy

Streptococcusparasanguinis

Bk2 Er mR , Lm R source:personB thisstudy

Kk1 Er mR , Lm R source:personK thisstudy

continuedonnext page
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Table2.1: continued

Strains Relevant

properties

Comments Reference

Kk2 Er mR , Lm R source:personK thisstudy

Kk3 Er mR , Lm R source:personK thisstudy

Kk4 Er mR , Lm R source:personK thisstudy

Streptococcuscristatus

Bk3 Er mR source:personB thisstudy

Bk4 Er mR source:personB thisstudy

Bk5 Er mR source:personB thisstudy

DSM8249 TetR , typestrain DSMZ

Streptococcuspneumoniae

R800 non-encapsulated,derivativeof D39,re-

cipientstrainfor transformation

[7]

R304 Str R , Rif R ,

N ovR

R800 derivative, positive control for

transformation

[109]

RSp6II E r mR R800transformantfrom Sp6DNA thisstudy

RSp6III E r mR R800transformantfrom Sp6DNA thisstudy

RMS30III1 Er mR R800transformantfrom MS30DNA thisstudy

RMS30III2 Er mR R800transformantfrom MS30DNA thisstudy

RMS30IV1 Er mR R800transformantfrom MS30DNA thisstudy

RMS30IV2 Er mR R800transformantfrom MS30DNA thisstudy

RMS30IV3 Er mR R800transformantfrom MS30DNA thisstudy

RMS30IV4 Er mR R800transformantfrom MS30DNA thisstudy

RZu3IV Er mR R800transformantfrom Zu3DNA thisstudy

RDk3-1 Er mR , Lm R R800transformantfrom Dk3 DNA thisstudy

RDk3-2 Er mR , Lm R R800transformantfrom Dk3 DNA thisstudy

RDk3-3 Er mR , Lm R R800transformantfrom Dk3 DNA thisstudy

RDk3-4 Er mR , Lm R R800transformantfrom Dk3 DNA thisstudy

RDk4-1 Er mR , Lm R R800transformantfrom Dk4 DNA thisstudy

RDk4-2 Er mR , Lm R R800transformantfrom Dk4 DNA thisstudy

RDk4-3 Er mR , Lm R R800transformantfrom Dk4 DNA thisstudy

RDk4-4 Er mR , Lm R R800transformantfrom Dk4 DNA thisstudy

Streptococcusspecies

S31 N orR source:person1 thisstudy

S43 Er mR source:person1 thisstudy

continuedonnext page
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Table2.1: continued

Strains Relevant

properties

Comments Reference

Sch7 N orR source:person2 thisstudy

MZ3 N orR source:person1 thisstudy

MZ4 N orR source:person1 thisstudy

MS27 Er mR source:person1 thisstudy

Enterococcusfaecalis

FO1 TetR Donorstrainfor conjugation [43]

RE25 Er mR , CmR Donorstrainfor conjugation [42]

JH2-2 Rif R , F usR Recipientstrainfor conjugation [71]

JH-RE25 Er mR , CmR ,

Rif R , F usR

Transconjugantfrom E. faecalisRE25x

E. faecalisJH2-2

[120]

JH-DSM8249-19 TetR , Rif R ,

F usR

Transconjugant from S. cristatus

DSM8249x E. faecalisJH2-2

thisstudy

JH-DSM8249-20 TetR , Rif R ,

F usR

Transconjugant from S. cristatus

DSM8249x E. faecalisJH2-2

thisstudy

JH-DSM8249-21 TetR , Rif R ,

F usR

Transconjugant from S. cristatus

DSM8249x E. faecalisJH2-2

thisstudy

JH-DSM8249-22 TetR , Rif R ,

F usR

Transconjugant from S. cristatus

DSM8249x E. faecalisJH2-2

thisstudy

JH-Sp6-1 Er mR , Rif R ,

F usR

Transconjugantfrom S.salivariusSp6x

E. faecalisJH2-2

thisstudy

JH-Sp6-7 Er mR , Rif R ,

F usR

Transconjugantfrom S.salivariusSp6x

E. faecalisJH2-2

thisstudy

JH-Sp6-8 Er mR , Rif R ,

F usR

Transconjugantfrom S.salivariusSp6x

E. faecalisJH2-2

thisstudy

JH-Sp6-9 Er mR , Rif R ,

F usR

Transconjugantfrom S.salivariusSp6x

E. faecalisJH2-2

thisstudy

JH-Sp6-12 Er mR , Rif R ,

F usR

Transconjugantfrom S.salivariusSp6x

E. faecalisJH2-2

thisstudy

JH-ZZ2-1 Er mR , Rif R ,

F usR

Transconjugant from S. salivariusZZ2

x E. faecalisJH2-2

thisstudy

JH-ZZ2-2 Er mR , Rif R ,

F usR

Transconjugant from S. salivariusZZ2

x E. faecalisJH2-2

thisstudy

JH-MS32-2 Er mR , Rif R ,

F usR

Transconjugant from S. mitis MS32 x

E. faecalisJH2-2

thisstudy

continuedonnext page
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Table2.1: continued

Strains Relevant

properties

Comments Reference

Enterococcusspecies

RE39 Er mR donorstrainfor conjugation [42]

Escherichia coli

Epicurian

coli R° XL10-Gold

TetR , K anR ultracompetentcells Stratagene

Abbreviations: Er mR , erythromycinresistance;F usR , fusidic acid resistance;K anR , kanamycin

resistance;Lm R , lincosamideresistance;N ovR , novobiocinresistance;N orR , nor¤oxacinresistance;

Rif R , rifampicin resistance;Str R , streptomycinresistance;TetR , tetracycline resistance;DSMZ,

DeutscheSammlungfür MikroorganismenundZellkulturen.

Table2.2: Plasmids

Plasmid Size Relevantcharacteristics Reference

pUC18 2.7kb Am R , LacZ' [176]

pmefE 5.0kb Am R , pUC18 with a 2.3 kb EcoRI-HindIII fragmenthar-

bouringmef(E) from genomicDNA of S.salivariusSp6

thisstudy

pmefE-up 6.1kb Am R , pUC18with a 3.4 kb XbaI-PstI fragmentcontaining

upstreamsequenceof mef(E) from genomicDNA of S.sali-

variusSp6

thisstudy

pmd 5.7kb Am R , pUC18with a 3.0 kb EcoRI-PstI fragmentcontain-

ing downstreamsequenceof mef(E) from genomicDNA of

S.salivariusSp6

thisstudy

Abbreviation: Am R , ampicillin resistance.
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2.2 Growth conditions

Oral streptococciwerecultivatedon BHI agar (Biolife, Milan, Italy) andin StrepBasebroth

[58], respectively, andwereincubatedat 37±C in a CO2 enrichedatmosphere(GENboxCO2;

bioMérieux,Marcy l'Etoile, France)for 24–48h. S.pneumoniaewasgrown in Todd Hewitt

broth pH 6.8 (Biolife) supplementedwith 5 % yeastextract (Merck, Darmstadt,Germany) at

37±C in aCO2 enrichedatmosphereonly until anOD550 of 0.6-0.8wasobtainedasS.pneumo-

niaecellsautolysein prolongedstationaryphase.Enterococciwerepropagatedin BHI medium

aerobicallyat37±C overnight.Escherichia coli wascultivatedaerobicallyin LB medium[142]

at 37±C overnight.To maintainresistancegenesin streptococcierythromycinandtetracycline

wereaddedto a £nal concentrationof 5 ¹ g/ml. Antibiotics (Sigma)were routinely usedin

the following concentrationsif not mentionedelsewhere:ampicillin 50 ¹ g/ml, chlorampheni-

col 20 ¹ g/ml, erythromycin20 ¹ g/ml, fusidic acid 100 ¹ g/ml, kanamycin10 ¹ g/ml, rifampi-

cin 50 ¹ g/ml, tetracycline 10 ¹ g/ml. Isopropanol-̄ -D-thiogalactopyranosideand5-bromo-4-

chloro-3-indolyl-̄ -D-galactopyranosidewereaddedin LB agar platesto obtain£nal concen-

trationsof 0.04mM and40 ¹ g/ml respectively, for blue or white colony selectionof pUC18

transformantsof E. coli.

All mediawerepreparedwith distilledwaterandsterilisedby autoclaving at121±C for 15min.

A stockof all strainswaskeptat ¡ 70±C in theappropriatemediumcontaining33% glycerol.

2.3 Isolation of oral streptococcifr om saliva

Oralstreptococcifrom thesalivaof two healthy, non-hospitalisedpersonswereisolatedby plat-

ing 0.1 ml of serialdilutionsof saliva (10¡ 1 to 10¡ 7) on TYC agar [58] without any antibiotic

selectionpressureandincubatedat37±C in aCO2 enrichedatmosphereovernight.Thestrepto-

cocciproducedcharacteristicextracellularpolysaccharidesfrom thesucrosecontainedin TYC

giving thecoloniesdifferentshapes.Differentshapedcolonieswerepuri£edby repeatedstreak

cultures(£ve times) on TYC agar. Strain purity was regularly checked by microscopy and

colony morphology.
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2.3.1 Isolation of erythr omycin resistantoral streptococcifr om saliva

The oral ¤ora from 14 healthy personsin the laboratoryof food microbiology, ETH Zürich,

Switzerland,was screenedfor erythromycinresistantstreptococci. Samplesfrom the dor-

sal surfaceof the tonguewere taken with a sterile cotton swab. Bacteriawere isolatedon

BactoR° Mitis-SalivariusAgar (Difco, Detroit, MI, USA) supplementedwith BactoR° Chapman

Tellurite Solution (Difco) andwith 2 ¹ g of erythromycinper ml medium. Differentshaped

colonieswerepuri£edby repeatedstreakcultures.

2.4 Identi£cation of oral streptococci

2.4.1 Phenotypicidenti£cation

Isolateswereidenti£edasGram-positive,catalase-negativechainformingcocciby microscopy,

classicalGram-stainanddeterminationof catalaseactivity by directapplicationof 3 % H2O2

to thecolonies.Exopolysaccharideproductionwasdetectedon sucrose-containingagar (Sec-

tion 2.2). Hemolysiswastestedon Mueller Hinton agar (Biolife) supplementedwith 5 % de-

£brinatedsheepblood(Oxoid).

2.4.2 Genotypic identi£cation

Gram-positive,catalase-negativecocciwerecharacterisedby sequencingthesodAgeneencod-

ing a manganese-dependentsuperoxidedismutaseas describedby Poyart et al. [126] (Sec-

tion 2.8and2.11).

2.5 Determination of antibiotic resistance

Theminimal inhibitory concentration(MIC) wasdeterminedwith E-teststripes(AB Biodisk,

Sweden).Theantimicrobialagentstestedwereampicillin, penicillin G, chloramphenicol,ery-

thromycin,clindamycin,streptomycin,andnor¤oxacin.Clindamycinresistancewasalsotested
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by theagar diffusionmethod[14] usingdiscscontaining2 ¹ g of clindamycin.Testswerecar-

ried out in accordanceto theNCCLSguidelines[112]. EnterococcusfaecalisDSM2570was

usedasa referencestrain.

2.6 DNA isolation and gelelectrophoresis

2.6.1 Isolation of genomicDNA of Gram-positivebacteria

Cells from a 10 ml overnightculturewerecollectedby centrifugation(9200x g, 7 min, 4 ±C)

andwashedin 1 ml TESbuffer (6.7 % sucrose,50 mM Tris/HCl pH 8.0, 1 mM EDTA). The

pelletwasresuspendedin 300¹ l STETbuffer (8 % sucrose,5 % Triton-X-100,50mM Tris/HCl

pH 8.0,50mM EDTA) followedby additionof 75¹ l of lysozymesolution(30mglysozyme/ml

TES).Thecellswerelysedat 37±C for 20 min. After additionof 40 ¹ l 20 % SDSin 1 x TE

(10 mM Tris/HCl pH 8.0, 1mM EDTA) prewarmedat 37±C the cell lysatewas mixed vig-

orously for 30 s and incubatedat 37±C for 10 min followed by 10 min incubationat 65±C.

Another100 ¹ l of 1 x TE buffer wasaddedand the lysateextracted3 timeswith 1 volume

of phenol/chloroform/isoamylalcohol(24:24:1).Theaqueousphasewascarefullymixedwith

0.1vol of 5 M NaCland1 vol of isopropanolandDNA precipitatedonicefor 15min. DNA was

collectedby centrifugation(20800x g, 20 min, 4 ±C) andwashedwith ice cold 70 % ethanol.

DNA wasdriedby vacuumcentrifugation(SpeedVac,Savant,USA) andresuspendedin 50 ¹ l

TE-RNAsebuffer (10 ¹ g of boiledRNAse(Sigma)perml 1 x TE). For RNA degradationthe

samplewasincubatedat37±C for 10min andthenstoredat ¡ 20±C.

Finally, 3 ¹ l of theDNA preparationwastestedona0.8% agarosegel (Section2.6.5).

2.6.2 Small scaleplasmid DNA isolation of Gram-positive

bacteria

Plasmidswereisolatedby theprocedureof AndersonandMcKay [9] using10mgof lysozyme

perml for cell wall disruption.
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2.6.3 Small scaleplasmid DNA isolation of Escherichia coli

Small scaleplasmidDNA of Escherichia coli cells waspreparedfrom 1 ml of an overnight

cultureusingthe GFXTMMicro PlasmidPrepKit accordingto the manufacturer's instructions

(AmershamPharmaciaBiotechInc.).

2.6.4 Lar gescaleplasmid DNA isolation of Escherichia coli

Large scaleplasmidDNA of Escherichia coli cells waspreparedfrom 50 ml of an overnight

cultureusingtheDNA Puri£cationSystem(WizardR° PlusMidiprepsDNA Puri£cationSystem,

Promega, Madison,USA). WhenplasmidDNA wasusedfor sequencingpurposes,theeluate

wasprecipitatedwith 1 ml of ethanolat ¡ 72±C for 15min, collectedby centrifugation,washed

oncewith 70% ethanolandresuspendedin 100¹ l of H2O.

2.6.5 Agarosegelelectrophoresis

Total DNA preparationsandPCRproductswereseparatedin 0.8 % agarosegelspreparedin

1 x TAE buffer [142]. As referencesizemarkers for linear DNA fragments1 kb DNA lad-

der (GibcoBRL,Life TechnologiesAG, Switzerland;New EnglandBiolabsR° Inc.) wasused.

SupercoiledDNA ladder(Promega) waschosenasreferencesizemarker for covalentlyclosed

circular formsof plasmids.Agarosegel electrophoreseswereperformedin 1 x TAE at 100V

(Gel ElectrophoresisApparatusGNA 100,Pharmacia).Agarosegelswerestainedin 5 ¹ g of

ethidiumbromide(Sigma)perml for 10min andincubatedin awaterbathfor another10min to

removesurplusof ethidiumbromidefrom thegels.TheDNA in theagarosegelswasvisualised

usingultraviolet light atawavelengthof 302nmandthenphotographed(AlphaImagerTM2000,

Documentation& AnalysisSystem,Version4.0,Alpha Innotech,SanLeandra,CA, USA).
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2.6.6 Isolation andpuri£cation of DNA- andPCR-fragmentsfr omagarose

gels

DNA fragmentsdigestedwith restrictionenzymesandPCRproductswereisolatedfrom 0.8%

agarosegelsandpuri£edusingtheGFXTMPCRDNA andGel BandPuri£cationKit according

to themanufacturer'sinstructions(AmershamPharmaciaBiotechInc.,NJ,USA).Puri£edDNA

fragmentswereelutedwith 50 ¹ l H2O.

2.6.7 Quanti£cation of DNA

DNA amountswerequanti£edbygelelectrophoresisof thesampletogetherwith de£nedamounts

of ¸ -DNA (Gibco BRL) followed by densiometricanalyseswith the digital imagingsystem

(AlphaImagerTM2000,Alpha Innotech).

2.7 Restriction enzymeanalysis

Restrictionenzymeanalyseswere performedas describedby the manufacturer(Amersham

PharmaciaBiotechInc.; New EnglandBiolabsR° Inc.).

2.8 Polymerasechain reaction(PCR)

2.8.1 PCR primer

All PCRprimersweresynthesisedby Microsynth(Balgach,Switzerland)andarelisted in Ta-

ble2.3.
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Table2.3: Syntheticoligonucleotidesusedfor PCR

Designation Sequence(50 ! 30) Targetgene Reference

d1 CCITAYICITAYGAYGCIYTIGARCC sodA [126]

d2 ARRTARTAIGCRTGYTCCCAIACRTC

DI GAYACICCIGGICAYRTIGAYTT tetRIB [31]

DII GCCARWAIGGRTTIGGIGGIACYTC

tetM-f GACACGCCAGGACATATGG tet(M) [84]

tetM-r CGAGCAAGACCTTTAAG

erm-f GAAATIGGIIIIGGIAAAGGICA erm [115]

erm-r AAYTGRTTYTTIGTRAA

ermB-f GAAAARGTACTCAACCAAATA erm(B) [155]

ermB-r AGTAACGGTACTTAAATTGTTTAC

mefE-f ATGGAAAAATACAACAATTGGAAACGAmef(E) [115]

mefE-r TTATTTTAAATCTAATTTTCTAACCTC

mega-start CATGTTGAGGCGGTAAGTTTGC mega thisstudy

Tn1207-upz GCTCAACACCTAGCTTGCCTACAAG

Tn1207-down1 GATAACTGAGGTTAGAAAATTAG mega thisstudy

mega-end GTGCTGAGAGCTTTCTTCTATAC

megasur-down GTTTGCATTAGATTTATTAAATCTTG megasur thisstudy

megasur-up GTCGTCATCATTGACAATCACATG

mefE-down1 CTATAGTTTGCCAAATGATAAC mega thisstudy

Tn1207-up GTCGTTTCTATTCATATTGG

Singlelettercode:R: A or G; Y: C or T; W: A or T; I: A or C or G or T.

2.8.2 Standard PCR

Target DNA wasampli£edin 0.2 ml thin walled tubesusinga thermocycler equippedwith a

heatedlid (PersonalCycler, Biometra,Göttingen,Germany). A standard30¹ l reactionmixture

contained50-100ng of isolatedgenomicDNA, 0.2 mM of eachdATP, dCTP, dGTP, dTTP

(AmershamPharmaciaBiotech),1 U Taq DNA Polymerase(AmershamPharmaciaBiotech),

1 x standardPCRbuffer (AmershamPharmaciaBiotech),20 pmol of eachprimer, 250 ng of

BSA (AmershamPharmaciaBiotech),andautoclavedbidistilledwater. After aninitial heating

at 95±C for 3 min, the reactionmixture wasrun through35 cyclesof denaturationfor 40 s,

annealingfor 40 s,andelongationat 72±C. Theelongationtime for theTaq DNA Polymerase

was1 min for 1 kb of ampliconsize.Theannealingtemperature(TA ) wascalculatedusingthe

following formula:
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TA = [no. of GC] £ 4±C + [no. of AT] £ 2±C

To generatePCRproductsof increased£delity, PwoDNA Polymerase(Roche,Mannheim,Ger-

many) wasusedinsteadof Taq DNA Polymerase.ThePCRreactionswereperformedaccord-

ing to themanufacturer's instructions.PCRproductsampli£edwith aproofreadingpolymerase

weresequenceddirectly (Section2.11.1).

2.8.3 Long PCR

The“TaqPlusLongTMPCRSystem”(Stratagene,La Jolla,CA, USA) wasusedaccordingto the

manufacturer's instructionsto generatea6.2kb fragmentampli£edfrom genomicstreptococcal

DNA with theprimerpairmega-sur-down andmega-sur-up (Table2.3).

2.9 DNA hybridisation analysis

2.9.1 Southern blotting

DNA wastransferredto Nylon Plusmembranes(Perklin ElmerTMLife SciencesInc., Boston,

Massachusetts,USA) accordingto themethodof Southern[142] using0.4N NaOHastransfer

solution and a blotting equipment(Biometra,Göttingen,Germany). DNA was £xed to the

membraneby incubationat80±C for 30min.

2.9.2 Randomprimed DNA labelling

As probe,50-100ngof aPCRproductwaslabelledwith radioactive[®32P]ATP(3000Ci/mmol,

Perklin ElmerTMLife Sciences)accordingto the randompriming techniqueof Feinberg et al.

[45]. The probewaspuri£edusinga NICK column(AmershamPharmaciaBiotechInc.) to

remove surplusradioactivity. Prior to its use,theprobewasdenaturedat 95±C for 5 min and

kepton ice.
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2.9.3 Prehybridisation and hybridisation

Membraneswereincubatedin a Micro-4 oven (Hybaid)with 30 ml prehybridisationsolution

(5 x SSC,5 x Denhardts,0.25mgof sssDNA perml (Roche),0.05M sodiumphosphatebuffer,

pH 6.5) at 65±C. After 3 hoursthe prehybridisationsolutionwasreplacedwith 30 ml of hy-

bridisationsolution(5 x SSC,1 x Denhardts,0.5mg of sssDNA perml, 0.04M sodiumphos-

phatebuffer, pH 6.5)containingthelabelledDNA probe.Hybridisationwasperformedat65±C

overnight. Membraneswerewashed£ve timesfor 30 min in 2 x SSCwith 0.1 % SDSat hy-

bridisationtemperature.The wet membranesweresealedinto plasticbagsandhybridisation

fragmentswerevisualisedonX-ray £lms(Fuji RX, Fuji PhotoFilmsCoLTD, Japan).

2.9.4 Colony hybridization

Coloniesweretransferredto a sterilenylon-basedmembrane(PerklinElmerTM Life Sciences,

Boston,MA, USA) by plaquelifting. The cells were lysed by placing the membranewith

the colony sideupwardson a 3MM paper(Whatman),previously soaked with lysis solution

(10 mM Tris, pH 7.5; 0.25M sucrose,5 mg of lysozymeperml) for 1 h at 37±C. Denatura-

tion (0.5 NaOH,1 NaCl), neutralisation(1 M Tris-HCl, pH 8.0) followed by a washingstep

(2 x SSC,pH 7.0) wereperformedon 3MM Whatmanpapersoaked with the appropriateso-

lutionseachfor 4 min at roomtemperature.DNA was£xedto themembraneby incubationat

80±C for 10min andirradiationunderUV-light (302nm) for 4 min.

2.10 Ligation and transformation

2.10.1 Ligation of genomicDNA fragments into pUC18

GenomicDNA (2 ¹ g) wasdigestedwith 5 U of appropriaterestrictionenzymes(doubledigest)

andseparatedona0.8% agarosegelelectrophoresis(Section2.6.5).Thedesiredgenomicfrag-

mentsthatweredetectedby hybridisationexperimentsasdescribedin Section2.9werecutout

of thegelwith asterilescalpelandpuri£ed(Section2.6.6).InsertDNA wasmixedwith 250ng

of pUC18DNA digestedwith theappropriaterestrictionenzymesandreducedto a volumeof

13 ¹ l by vacuumcentrifugation.Thenreactionbuffer (OPA+ ; AmershamPharmaciaBiotech),
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BSA (New EnglandBiolabs),ATP(Sigma)(£nalconcentration1 mM), and7.5U T4 DNA Lig-

ase(AmershamPharmaciaBiotech) were addedto a total volume of 20 ¹ l and the ligation

mixtureincubatedat 10±C overnight.Thereactionwasstoppedby heattreatmentat 70±C for

10min andkepton ice.

2.10.2 Transformation of ligated plasmidsinto Escherichia coli

Theligationmixturewasreducedto a totalvolumeof 2 ¹ l by vacuumcentrifugationandtrans-

formedinto Escherichia coli (EpicurianColi R° XL-10 GoldR° UltracompetentCells; Stratagene

CloningSystems,La Jolla,CA, USA) by heatshockaccordingto themanufacturer's instruc-

tions. The transformantscontainingthe desiredDNA fragmentwereselectedby colony hy-

bridisation(Section2.9.4).

2.11 DNA sequencingand data analysis

2.11.1 Sequencingreaction

The nucleotidesequencesof clonedDNA fragments(Section2.10.1)or PCRproducts(Sec-

tion 2.8.2)weredeterminedusingan ABI PRISMR° 310 GeneticAnalyser(Applied Biosys-

tems,USA). The sequencingreactionswere performedaccordingto the manufacturer's in-

structions.DNA strandsweresequencedin both directionsusingM13/pUC18primers(New

EnglandBiolabsR° Inc.) andsyntheticoligonucleotideprimers(Microsynth).

2.11.2 Sequencedata analysis

DNA sequenceswereanalysedusingtheGCGsoftwarepackageof theUniversityof Wisconsin

GeneticsComputerGroup(Madison,Wisconsin,USA). In addition,sequencesandrespective

openreadingframeswerecomparedwith DNA andaminoacidsequencesfrom the databases

EMBL andGenBank. Comparisonto un£nishedgenomesof S. gordonii andC.dif£cile was

carriedout with databasesprovided by TIGR (URL: http://www.tigr.org) and the SangerIn-

stitute(URL: http://www.sanger.ac.uk)respectively. Dot plot analyseswerecalculatedby the
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OMIGA (v.2.0)program(OxfordMolecularLtd., UK). Predictionof transmembranehelicesin

proteinswasdonewith theTMHMM (v.2.0)program(CBS,BioCentrum-DTU,Denmark).Pu-

tativeconserveddomainswereanalysedby comparisonwith theConservedDomainDatabases

(NCBI, Bethesda,USA) [8].

2.12 Conjugation

2.12.1 Conjugation by £lter mating

Transferabilityof resistancemarkerswasexaminedusing£lter matings.Donor andrecipient

cells weregrown at 37±C overnight to the late logarithmic phase.Donor andrecipientcells

weremixedatvaryingratiosandpassedthroughasterilenitrocellulose0.45¹ m £lter(Filtropur

S;Sarstedt,Nümbrecht,Germany). The£lterwasincubatedright-sideuponBHI agarat37 ±C

for 15 h. The bacteriawerewashedfrom the £lter with 2 ml of salinesolution(0.9 % NaCl,

0.1 % peptone). Dilutions of the mating mixtureswere spreadonto agar platescontaining

appropriateselectiveantibioticsandincubatedfor 24-96h at37±C. As negativecontrols,donor

and recipientwere platedand incubatedon selective media. If streptococciwere chosenas

recipientcells, transconjugantsweregrown in a CO2 enrichedatmosphere.Concentrationsof

theantibioticsusedfor selectionof transconjugantsarelistedin Table3.2and3.3.

2.12.2 Conjugation by plate mating

Platematingswereperformedaccordingto Luna et al. [91]. Donor andrecipientcells were

mixedin varyingratiosandtransconjugantswereselectedonagarplatescontainingappropriate

antibiotics(Table3.2and3.3). Theplateswereincubatedat 37±C for 24-96h. If streptococci

wereusedasrecipientcells,transconjugantsweregrown in aCO2 enrichedatmosphere.
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2.13 Transformation of Streptococcuspneumoniae

Transferabilityof erythromycinresistancedeterminantsfromoralstreptococcitoS.pneumoniae

wasexaminedby in vitronaturaltransformationasreportedearlier[102]. RecipientstrainR800,

controlDNA of S.pneumoniaeR304,competence-stimulating-peptide(CSP),anda modi£ed

protocolwereprovidedby J.-P. Claverys(UniversityPaulSabatier, Toulouse,France).

Cells of S.pneumoniaeR800weregrown in THY pH 6.8 to early log phase(OD550 = 0:2)

andstoredin 1 ml aliquotssupplementedwith 10-15% glycerolat ¡ 80±C. For transformation,

cellsweregentlythawed,collectedby centrifugation(20800x g, 2 min, roomtemperature)and

resuspendedin 1 ml THY pH 8.0supplementedwith 1 mM CaCl2 and0.2% BSA (Amersham

PharmaciaBiotech). To inducecompetence100ng of CSPwereaddedto 1 ml precompetent

cells followedby an incubationat 37±C for 10-15min. Thesuspensionwasdivided into 100

¹ l aliquotsandcellsweretransformedwith 100-500ngof totalDNA or 40ngof a6.2kb PCR

productharbouringthe erythromycinresistancegene(megasur-down/megasur-up, Table2.3)

at 30±C for 20 min. The total volumeof transformedcells wasdiluted in 10 ml BHI blood

agar (Section2.2) andpouredinto a sterilepetri dish. For phenotypicexpression,plateswere

incubatedat 37±C for 2 h. To selectthe transformants,a second10 ml layer of BHI agar

containingtheappropriateantibiotic(2 x concentrated)waspouredontothebloodagar plates.

Erythromycinresistanttransformantswereselectedwith 2 ¹ g of erythromycinperml andstrep-

tomycin resistanttransformants(positive control)with 200 ¹ g of streptomycinperml. Plates

wereincubatedat37±C for 72h in aCO2 enrichedatmosphere.

2.14 Pulsed£eldgelelectrophoresis

Pulsed£eldgelelectrophoresiswasperformedasdescribedin thestandardprocedureby McEl-

listremetal. [105]. DNA fragmentswereseparatedin a1 % agarosegel in 0.5x TBE [142] on

theCHEF(clampedhomogeneouselectric£eld)systemCHEF-DRII (BioRad)at4 ±C at160V

for 24 h with a pulsetime rampingfrom 1 s to 30 s. After electrophoresis,thegel wasstained

with ethidiumbromidefor 40 min followedby a 40 min incubationin a waterbathto remove

surplusethidiumbromide(Section2.6.5).
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Results

3.1 Isolation and identi£cation of Streptococcus

strains

TheLaboratoryof FoodMicrobiology at theETH Zürich hasundertakenextensive researchin

characterisingantibiotic resistantfood-bornemicroorganisms[121, 122, 124,148,161]. Our

primaryapproachwasto isolateandcharacteriseoralstreptococciwhichcouldserveaspossible

recipientstrainsfor anin vitro genetransferfrom food-bornebacteriato theoralmicro¤ora.

All sampleswere taken from the saliva of healthy, non-hospitalisedpersonsworking at the

Laboratoryof FoodMicrobiology, ETH Zürich.

Bacteriaof thesaliva of two personswereisolatedon sucrosecontainingmedia,which allows

somespeciestoproducecharacteristicslimycoloniesasaresultof exopolysaccharideformation

from this substrate.Total countsof viablecellsperml werenot determined.Bacteriaforming

differentlyshapedcolonieswerechosenfor furtheranalysis.A totalof 61Gram-positivecocci,

catalase-negative isolateswereobtained(Table2.1andTableA.1).

Noneof the isolatesshowed ¯ -hemolysisgrowing on sheepblood agar, whereasmostof the

strainswere®-hemolytic.

Isolateswereidenti£edto specieslevel by sequencingaPCRproductof thesodAgeneencoding

27
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themanganese-dependentsuperoxiddismutasegene(sodA) of streptococci.Databaseanalysis

of theobtainedsequencesrevealedidentitiesto sodAgenesof oral streptococciwithin a range

of 92,3% to 99,7% at thenucleotidelevel. Isolatesturnedout to beS.salivariusandS.mitis

strains,but alsoS.oralis andS.sanguinis.

3.2 Determination of antibiotic resistances

3.2.1 Determination of the minimal inhibitory concentration

Determination in oral streptococci

Oral streptococciwerescreenedfor antibioticresistancesusingE-teststrips.Theantimicrobial

agentstestedincludedampicillin, penicillin G, chloramphenicol,erythromycin,clindamycin,

tetracycline, streptomycinandnor¤oxacin. In noneof the isolatesresistancesto ampicillin,

penicillin, and chloramphenicolwere detected. Resistanceto tetracycline was found in 10,

resistanceto erythromycinin 18strainsandresistanceto clindamycinin 6 strains.Streptomycin

resistancewasonly determinedfor 29streptococciisolatedfrom person1. Sincefor nor¤oxacin

andstreptomycintherehave beenno breakpointsde£nedfor oral streptococci,only theMIC 50

andMIC 90 valueswereevaluated.For nor¤oxacintheMIC 50 andMIC 90 valueswerecalculated

at 8 ¹ g/ml and48 ¹ g/ml, for streptomycinat 24 ¹ g/ml and48 ¹ g/ml respectively. A detailed

list of all MIC valuesof theinvestigatedisolatesis shown in AppendixA.1. Thedistributionof

resistancesfrom all oral streptococcitestedis shown in Figure3.1.

Determination in selectedstreptococcaltype strains

Amongeleventypestrainstested,nonewerefoundto beresistantto ampicillin, penicillin, ery-

thromycin,clindamycinandchloramphenicol.TheMIC valuesfor nor¤oxacinrangedbetween

3 ¹ g/ml and64 ¹ g/ml andthe MIC valuesfor streptomycinresistancebetween3 ¹ g/ml and

48 ¹ g/ml. Only onestrain,S.cristatusDSM8249wasresistantto tetracycline. A detailedlist

of all MIC valuesis shown in AppendixA.2.



3.2. Determinationof antibioticresistances 29

48

29

43

55
51

57

12

0 0 0 0
4

0 0

18

6
10

0
0

10

20

30

40

50

60

PG AM EM CM TC CL

Antimicrobial agent

N
um

be
r 

of
 s

tr
ai

ns
Sensitive

Intermediate

Resistant

Figure3.1: In vitro antibioticsusceptibilitiesof oral streptococciisolatedfrom humansaliva of two healthy per-

sons.Breakpointswereappliedaccordingto theguidelinesof NCCLS[112]. PG:penicillin G; AM: ampicillin;

EM: erythromycin;CM: clindamycin;TC: tetracycline; CL: chloramphenicol.Thenumberof sensitive, interme-

diateresistantandresistantstrainsis indicatedabove everycolumn.

3.2.2 Identi£cation of the tetracycline and erythr omycin resistancedeter-

minants

The antibiotic resistancedeterminantsof tetracycline anderythromycinresistantstrainswere

ampli£edby speci£cPCRandtheampliconspartially sequencedfor identi£cation.Thetetra-

cyclineresistantstrainscarrieda tet(M) genethatshowed98.9% - 100% identity to thetet(M)

genefrom S.pneumoniae(acc. no. X90939,[127]) with theexceptionof S.mitis MS35 that

possessedatet(O) geneidenticalto tet(O) from Campylobacterjejunii (acc.no. M18896,[95]).

Within the erythromycinresistantstrainsthe determinantserm(B) and mef(E) were nearly

equallydistributed. Sequencesof all erm(B) PCRproductswere100 % identical to erm(B)

from Enterococcusfaecalis(acc. no. U86375[114]) andsequencesof mef(E) PCRproducts

revealed100% identity to mef(E) from Streptococcuspneumoniae(acc. no. U83667[156]).

In addition,theantibiotic resistancegenes(tet(M), tet(O), erm(B), mef(E)) werelocalisedon

thechromosomeasdeterminedby Southernhybridisationwith an[®32P]-labelledPCRproduct

of therespectiveantibioticresistancedeterminantwith theexceptionof Streptococcuscristatus

DSM8249wherethe tetM determinantwaslocalisedon a plasmid.Table3.1 shows the tetra-

cycline anderythromycinresistantstrainswith the respective MIC, their antibiotic resistance

determinantsandtheirgenomiclocalisation.
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Table3.1: Characterisationof antibioticresistancedeterminants

Strain(Person) TCR MIC TC (¹ g/ml) EMR MIC EM (¹ g/ml) Genomicposition

S.salivarius

S32(1) erm(B) > 256 Chromosome

S39(1) tet(M) 32 Chromosome

S40(1) tet(M) 24 Chromosome

S41(1) erm(B) > 256 Chromosome

S48(1) erm(B) > 256 notdetected

S49(1) erm(B) > 256 Chromosome

MS38(1) tet(M) 16 Chromosome

MS40(1) erm(B) > 256 Chromosome

Sp3(2) mef(E) 6 notdetected

Sp6(2) mef(E) 16 Chromosome

Sp9(2) mef(E) 6 notdetected

Zu3 (2) mef(E) 32 notdetected

Zu4 (2) tet(M) 24 ermB,mefE > 256 notdetected

ZZ2 (2) tet(M) 32 ermB,mefE > 256 Chrom.(mef(E))

S.mitis

MS30(1) mef(E) 12 notdetected

MS32(1) ermB,mefE > 256 Chrom.(mef(E))

MS35(1) tet(O) 24 not tested 2 Chromosome

Sch1(2) erm(B) 6 notdetected

Sch4(2) tet(M) 12 notdetected

Sch10(2) tet(M) 24 notdetected

ZW6 (2) tet(M) 32 notdetected

S.cristatus

DSM8249 tet(M) 48 Plasmid

Streptococcussp.

S30(1) not tested 2 notdetected

S43(1) not tested 1 notdetected

MS27(1) not tested 8 notdetected

Abbreviations: TCR , tetracycline resistance;EMR , erythromycinresistance;erm(B), methylation;

mef(E), ef¤ux; tet(M), tet(O), ribosomalprotection.

The erythromycinresistancegeneerm(B) usually confershigh level resistanceto both ery-

thromycinandclindamycin,whereasmef(E) conferslow level resistanceto erythromycin,but
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susceptibilityto clindamycin. In this study, genotypeandphenotypedo not correlatein a few

cases.The erm(B) geneof S.mitis Sch1doesnot conferhigh level resistanceneitherto ery-

thromycin (8 ¹ g/ml) nor to clindamycin(12 ¹ g/ml). S. salivariusZu4 andZZ2 harbouring

botherm(B) andmef(E) genesshowedlow level resistanceto erythromycinat thetime of iso-

lation (4 ¹ g/ml), but high level resistancewhenretestedhalf a yearlater(> 256¹ g/ml), which

is consistentwith the genotype.S.mitis MS32 showed high level resistanceto erythromycin

(96 ¹ g/ml), but wassusceptibleto clindamycin(0.094¹ g/ml). At thetime of isolation,S.mi-

tis MS32 carrieda mef(E) gene,which was con£rmedby PCR with a speci£cprimer pair

(mefE-f, mefE-r; Table2.3),Southernhybridisationwith a mef(E) probeandpartialsequenc-

ing. However, in thecourseof this study, themef(E) genecouldno longerbedetectedin the

genomeof MS32. ErythromycinresistanceremainedsinceMS32 carriesan erm(B) geneas

well. S.mitis MS35 showed high level resistanceto erythromycin(192 ¹ g/ml), but suscepti-

bility to clindamycin(0.094¹ g/ml) at the time of isolation. Whenretestedhalf a year later,

thestrainshowed low level resistanceto erythromycin(2 ¹ g/ml). Theerythromycinresistant

determinantwasnot identi£edfor thatstrain.S.salivariusSp6andZu3andS.mitisMS30har-

bouringmef(E) werefoundto below level resistantto erythromycinwith varyingMIC values

between4 and32 ¹ g/ml.

3.3 Conjugal transfer of antibiotic resistances

To investigateoral streptococciaspotentialrecipientstrainsfor antibiotic resistancedetermi-

nantsfrom food-bornebacteria,matingexperimentswereperformed.Furthermore,the trans-

ferability of thedeterminedtetracycline anderythromycinresistancegeneswastestedin some

of thestreptococcalisolates.

3.3.1 Conjugal transfer attemptsof conjugativeelementsfr omfood-borne

enterococcito oral streptococci

Antibiotic resistantenterococciisolatedfrom food werefound to carry conjugative elements

[120]. StrainsRE25[148] andRE39[162] possesslargeconjugative plasmidsconferringery-

thromycinresistance(erm(B)), strainFO1[122] carriestheTn916-like transposonTnFO1con-

ferring tetracycline resistance(tet(M)). EnterococcusfaecalisRE25andFO1 aswell asEn-



32 Chapter3. Results

terococcussp. RE39wereusedasdonorstrainsin £lter matingexperiments. Furthermore,

transconjugantJH-RE25(RE25x JH2-2;[120]) wasusedasdonorstrain.Donorandrecipient

strainsweremixedin differentratios.In noneof theexperiments,whichareshown in Table3.2,

transconjugantswereobtained.

Table3.2: Lackof conjugal transferof conjugative elementsfrom food-borneenterococci

Donorx Recipient Ratio Method Selection Transconjugants

RE25x S31 1:2 £ltermating BHI nor20 ery20 cm20 no

RE25x MZ3 1:2 £ltermating BHI nor20 ery20 cm20 no

RE25x MZ4 1:2,1:1 £ltermating BHI nor20 ery20 cm20 no

RE25x Sch7 1:1 £ltermating BHI nor20 ery20 cm20 no

RE25x Z5 1:1 £ltermating BHI nor20 ery20 cm20 no

RE25x Sch7 3:1 platemating BHI nor20 ery10 no

RE25x MZ4 3:1 platemating BHI nor20 ery10 no

JH-RE25x Sch10 1:2 £ltermating BHI tet 5 ery5 no

JH-RE25x MS38 1:2 £ltermating BHI tet 5 ery5 no

JH-RE25x S40 1:2 £ltermating BHI tet 5 ery5 no

JH-RE25x MS38 3:1 platemating BHI tet 5 ery10 no

JH-RE25x S40 3:1 platemating BHI tet 5 ery10 no

RE39x S31 1:2 £ltermating BHI nor20 ery20 no

RE39x MZ3 1:2 £ltermating BHI nor20 ery20 no

RE39x MZ4 1:2 £ltermating BHI nor20 ery20 no

FO1x Z5 1:1 £ltermating BHI nor20 tet10 no

FO1x Sch7 1:1 £ltermating BHI nor20 tet10 no

FO1x MZ4 1:1 £ltermating BHI nor20 tet10 no

Ratio: Resultsof oneor two independentexperiments.

Abbreviations:ery5=10=20, erythromycin5/10/20¹ g/ml; cm20, chloramphenicol20¹ g/ml; tet 10, tetra-

cycline10 ¹ g/ml; nor20, nor¤oxacin20 ¹ g/ml.

3.3.2 Conjugal transfer of antibiotic resistancedeterminants

fr om oral streptococcito E. faecalis

Antibiotic resistancedeterminantsof tetracycline or erythromycinresistantoral streptococci

weretestedfor a possibletransferof resistancegenesinto E. faecalisJH2-2(Rif R, FusR) as

recipientstrain(Table3.3). Only thetetracycline resistanceof S.cristatusDSM8249[56] was
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transferableata frequency of 10¡ 7 perdonorcell by £ltermatingexperiments.Onthecontrary,

erythromycinresistancedeterminantsfrom S.salivariusSp6andZZ2 andS.mitisMS32could

be transferredinto JH2-2at a frequency of 10¡ 5 to 10¡ 6 per donorcell by platemating. The

resultsof both£lterandplatematingarelistedin Table3.3.

Table3.3: Conjugal transferof streptococcalantibioticresistancedeterminants

Donorx Recipient Ratio Method Selection Transconjugants

S39x JH2-2 1:1,1:3,3:1 £ltermating BHI tet 5 rif 50 fus100 no

S40x JH2-2 1:1,1:3,3:1 £ltermating BHI tet 5 rif 50 fus100 no

MS38x JH2-2 1:3,3:1 £ltermating BHI tet 5 rif 50 fus100 no

ZZ2 x JH2-2 1:1,3:1 £ltermating BHI tet 5 rif 50 fus100 no

Zu4x JH2-2 1:1,3:1 £ltermating BHI tet 5 rif 50 fus100 no

MS35x JH2-2 1:3 £ltermating BHI tet 5 rif 50 fus100 no

Sch4x JH2-2 1:1 £ltermating BHI tet 5 rif 50 fus100 no

Sch10x JH2-2 1:1 £ltermating BHI tet 5 rif 50 fus100 no

ZW6 x JH2-2 1:1 £ltermating BHI tet 5 rif 50 fus100 no

DSM8249x JH2-2 1:1,1:3,3:1 £ltermating BHI tet 5 rif 50 fus100 10¡ 7/donorcell

S32x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

S41x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

S48x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

S49x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

MS40x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

Sp3x JH2-2 1:1 £ltermating BHI ery1 rif 50 fus100 no

Sp6x JH2-2 1:1 £ltermating BHI ery1 rif 50 fus100 no

Sp9x JH2-2 1:1 £ltermating BHI ery1 rif 50 fus100 no

Zu3x JH2-2 1:1 £ltermating BHI ery1 rif 50 fus100 no

Zu4x JH2-2 1:1 £ltermating BHI ery1 rif 50 fus100 no

ZZ2 x JH2-2 1:1 £ltermating BHI ery1 rif 50 fus100 no

MS30x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

MS32x JH2-2 1:1 £ltermating BHI ery5 rif 50 fus100 no

Sp6x JH2-2 1:1,5:1 platemating BHI ery5 fus50 10¡ 5 to 10¡ 6/donorcell

ZZ2 x JH2-2 1:1,5:1 platemating BHI ery10 fus50 10¡ 5 to 10¡ 6/donorcell

MS32x JH2-2 1:1,5:1 platemating BHI ery10 fus50 10¡ 5 to 10¡ 6/donorcell

Abbreviations: ery1=5=10, erythromycin1/5/10 ¹ g/ml; tet 5, tetracycline 5 ¹ g/ml; rif 50, rifampicin

50 ¹ g/ml; fus100, fusidicacid100¹ g/ml
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3.3.3 No conjugal transfer of antibiotic resistancedeterminants between

oral streptococci

SinceS.cristatusDSM8249transferredtetracycline resistanceto JH2-2by conjugation,it was

usedasa donorstrainin a matingexperimentto S.salivariusS48. This experimentwasdone

twice at two differentratios(2:3, 1:1) andselectedon BHI ery5 tet5, but no transconjugants

wereobtained.

3.3.4 Characterisation of JH2-2 transconjugants

Tetracycline resistanttransconjugants

The tetracycline resistantEnterococcusfaecalisJH2-2 transconjugantsobtainedfrom a £lter

matingeventbetweenS.cristatusDSM8249andE. facalisJH2-2werecon£rmedto beentero-

cocciby growth in BHI brothsupplementedwith 6.5 % NaCl andat 45±C. Furthermore,the

minimalinhibitoryconcentrationof tetracyclinefor thetransconjugantsJH-DSM8249-20/21/22

in comparisonto thedonorandrecipientstrainwasdeterminedby usingE-teststrips.Transcon-

jugantsshowedthesameresistancepatternastheirparentstrains(Table3.4).

Table3.4: Antibiotic resistancepatternof transconjugantsof DSM8249x JH2-2.MIC values(¹ g/ml) weredeter-

minedfor tetracycline (TC) andfusidic acid(FU). High-level rifampicinresistance(RI) wastestedby growth on

agarsupplementedwith rifampicin(50 ¹ g/ml).

Designation MIC TC MIC FU RI50

DSM8249 64 24 —

JH2-2 0.38 > 256 +

JH-DSM8249-20 96 > 256 +

JH-DSM8249-21 48 > 256 +

JH-DSM8249-22 64 > 256 +

In addition, plasmidDNA was isolatedand separatedby agarosegel electrophoresis.JH-

DSM8249-19/20/22carrieda plasmidof thesamesizeasthedonorstrainDSM8249,whereas

in JH-DSM8249-21a largerplasmidwasdetected.By Southernhybridisationwith an[®32P]-
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labelledtet(M) probe,thetetracyclineresistancedeterminantwasfoundonall plasmids.Dueto

themigrationof DNA ontheagarosegel, it is dif£cult to determinewhethertet(M) wasalsolo-

calisedonthechromosome.No signalwasobtainedonJH2-2chromosomalDNA (Figure3.2).

504/527

12216

396

chr. DNA
Plasmid

1 2 3 4 5 6 7 M 1 2 3 4 5 6 7 M

A B

Figure 3.2: Identi£cationof the tet(M) genein transconjugants obtainedfrom a £lter mating event between

S.cristatusDSM8249andE. faecalisby plasmidDNA isolation,gel electrophoresisandSouthernhybridisation.

A: PlasmidDNA isolationseparatedona 0.8% agarosegelandstainedwith ethidiumbromide.B: Autoradiogra-

phy of membrane-boundDNA afterhybridisationwith an[®32P]-labelled0.4 kb probeof a tet(M) PCRproduct

(tetM-f/tetM-r; Table 2.3). Lane M: 1 kb DNA ladder(GibcoBRL) (in basepairs);1: S. cristatusDSM8249;

2: E. faecalisJH2-2;3: transconjugantJH-DSM-19;4: transconjugantJH-DSM-20;5: transconjugantJH-DSM-

21; 6: transconjugant JH-DSM-22;7: tet(M) PCRproduct(tetM-f/tetM-r; Table2.3). This £gureis graphically

enhancedfor betterreproduction.

Erythr omycin resistanttransconjugants

ErythromycinresistantJH2-2transconjugantswereobtainedwith S. salivariusSp6(mef(E))

andZZ2 (mef(E), erm(B)) andS.mitisMS32(mef(E), erm(B)) asdonorstrainsusingtheplate

matinginsteadof the£lter matingprocedure.TransconjugantsJH-Sp6-1,7,8,9,12,JH-ZZ2-1,2

andJH-MS32-2werefurthercharacterised.All transconjugantsshowedgrowth in thepresence

of 6.5% NaClandat45±C. Mef(E) couldbeampli£edwith aspeci£cprimerpair in transcon-

jugantsof Sp6x JH2-2andZZ2 x JH2-2,but not of MS32 x JH2-2. Obviously, the erm(B)

determinantwas transferredto JH2-2sincethe mef(E) genehasbeenlost during laboratory

transferandhandlingin MS32.
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3.4 A macrolide ef¤uxgeneticassemblyin oral

streptococci

In Europeerythromycinresistancein streptococciismainlyencodedby ribosomalRNA methyl-

transferases.However, thecurrentincreasein erythromycinresistanceseemsto bedueto the

acquisitionof genesencodingef¤ux pumps(mef(A) or mef(E)). Therefore,it wasdecidedto

identify the adjacentsequenceof a mef(E) determinantin order to £nd out more aboutthe

possibleorigin of thegeneandthemechanismof transfer.

3.4.1 Determination andanalysisof thenucleotidesequenceof themacrolide

ef¤uxgeneticassemblyin S.salivariusSp6and its adjacentsequences

Adjacentsequencesof mef(E) in S.salivariusSp6weredeterminedby sequencingthreeover-

lapping fragmentscloned into pUC18 vectorswhich resultedin the recombinantplasmids

pmefE,pmefE-upandpmd. A detaileddescriptionof theseplasmidsis providedin Table2.2.

Furthermore,a 3.1 kb PCR productampli£edwith the primer pair mefE-down1/Tn1207-up

(Table2.3)wasdirectlysequenced.

A totalnucleotidesequenceof 8889bpwith acalculatedG+Ccontentof 33.4% wasobtained.

At position782- 6292a 5.5 kb fragmentwasfoundto show high homologyto themacrolide

ef¤uxgeneticassemblypreviouslydescribedin S.pneumoniaeby GayandStephens[50] (acc.

no. AF274302).Themacrolideef¤ux geneticassemblyandits adjacentopenreadingframes

(ORF's) in S.salivariusSp6aredescribedin detail in thefollowing chapters.Figure3.3shows

thearrangementof thetenORF'swithin theobtainedsequenceof 8889bp in S.salivariusSp6.

The total nucleotidesequenceof themacrolideef¤ux geneticassemblyin S.salivariusSp6is

shown in AppendixB.

orf4orf1 orf2 orf3 orf5orf6 orfb orfc orfd

IR IR

orfa

Figure3.3: Linear mapof the macrolidegeneticassemblyandits adjacentopenreadingframesin S.salivarius

Sp6.Colouredarrows representopenreadingframes.Thegrey shadedbox in thebackgroundshows theposition

of themacrolideef¤uxgeneticassembly¤ankedby imperfectinvertedrepeats(IR). orfa-orfd indicateS.salivarius

sequences,orf1-orf6 openreadingframesof themacrolideef¤uxgeneticassembly.
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Table3.5lists theaminoacididentitiesof putativeproteinsencodedby theopenreadingframes

(ORF's) foundon the8889bpsequenceto sequencesavailablein publicdatabases.

Table3.5: Putativeproteinsencodedby themacrolideef¤uxgeneticassemblyandits adjacentsequencein S.sali-

variusSp6

ORF Nucleotide

position

(50 ! 30)

Putative

RBS

G+C

content%

Identi£cation

(highesthomology)

aaidentity

%

Accession

number

ORFa 2 - 559 25.4 Mob of pUA140 (S.mu-

tans)

22.9 AF068250

MefE 1888- 3105 aggaga 37.8 MefE (S.pneumoniae) 100 U83667

Mel 3225- 4688 aggagg 37.8 ABC-Transporter

(S.pneumoniae)

100 AF274302

ORF3 5105- 4806 aggagg 35.3 hypothetical protein

(S.pneumoniae)

100 AF274302

ORF4 5460- 5092 aaagga 37.4 hypothetical protein

(S.pneumoniae)

100 AF274302

ORF5 6235- 6047 37.6 UmuC MucB like pro-

tein (S.pneumoniae)

100 AF274302

ORF6 5808- 5473 gaggga 33.3 none 100 AF274302

ORFb 6445- 7082 aggagg 32.1 hydR(C. dif£cile) 32.5 AF109075

ORFc 7172- 7882 agagg 34.9 ABC transporter(Ther-

moanaerobacter teng-

concensis)

49 AE013051

ORFd 7836- 8888 aggaga 33.2 transmembraneprotein

(T. tengconcensis)

20 AE013051

Sequencesfound in the macrolide ef¤uxgeneticassemblyin S.salivariusSp6

ORF1: MefE

Thenucleotidesequenceof orf1 is locatedbetweenthepositions1888and3105,corresponding

to a proteinwith 406aa. A putative ribosomalbindingsitecouldbe located8 bp upstreamof

the ATG initiation codon. Databaseanalysisof the correspondingaasequencerevealed100

% identity to the mef(E) genefrom S.pneumoniae(acc. no. U83667;[156]). Furthermore,

it is closelyrelatedto the mef(A) genefrom S.pyogenes(acc. no. AF227521)andS.pneu-
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moniae(acc. no. 227520;[143]) with 88.1 % identity. Due to this high homology, mef(A)

andmef(E) wereproposedto be regardedasa singleclasscalledmef(A) [137]. The mef(A)

geneof S.pneumoniae(acc.no. 227520)is partof a 7.2kb defective transposondesignatedas

Tn1207.1, whichwill bedescribedin detail in thefollowing chapters.

Both the mef(E) and the mef(A) geneencodea macrolideef¤ux pump and confer the M-

phenotypeto streptococci.Within the 406 aaof mef(E) ten predictedtransmembrane-helices

wereidenti£ed.

Figure3.4showsanalignmentof theaasequenceof ORF1with MefA of Tn1207.1.

                     10        20        30        40        50        60
af 227520- or f  MEKYNNWKLKFYTI WAGQAVSLI TSAI LQMAI I FYLTEKTGSAMVLSMASLLGFLPYAVF
             | | | | | | | |  | | | : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | : | | | | | | : :
megaor f 1. pep MEKYNNWKRKFYAI WAGQAVSLI TSAI LQMAI I FYLTEKTGSAMVLSMASLVGFLPYAI L
                     10        20        30        40        50        60

                     70        80        90       100       110       120
af 227520- or f  GPAI GVLVDRHDRKKI MI GADLI I AAAGSVLTI VAFYMELPVWMVMI VLFI RSI GTAFHT
             | | | | | | | | | | | | | | | | | | | | | | | | | | | | : | | : | | | |  | | | | | | | : | | | | | | | | | | | | | | |
megaor f 1. pep GPAI GVLVDRHDRKKI MI GADLI I AAAGAVLAI VAFCMELPVWMI MI VLFI RSI GTAFHT
                     70        80        90       100       110       120

                    130       140       150       160       170       180
af 227520- or f  PALNAVTPLLVPEEQLTKCAGYSQSLQSI SYI VSPAVAALLYSVWELNAI I AI DVLGAVI
             | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | : | | | | | | | | | | | | | |
megaor f 1. pep PALNAVTPLLVPEEQLTKCAGYSQSLQSI SYI VSPAVAALLYSVWDLNAI I AI DVLGAVI
                    130       140       150       160       170       180

                    190       200       210       220       230       240
af 227520- or f  ASI TVAI VRI PKLGDRVQSLDPNFI REMQEGMAVLRQNKGLFALLLVGTLYMFVYMPI NA
             | | | | | | | | | | | | | | : : | | | | : | | | | | | | : | | : : | | | | | | | | | | | | | : | | | |  | | | | | | | |
megaor f 1. pep ASI TVAI VRI PKLGNQVQSLEPNFI REMKEGVVVLRQNKGLFALLLLGTLYTFVYMPI NA
                    190       200       210       220       230       240

                    250       260       270       280       290       300
af 227520- or f  LFPLI SMDYFNGTPVHI SI TEI SFASGMLI GGLLLGLFGNYQKRI LLI TASI FMMGI SLT
             | | | | | | | : : | | | | | | | | | | | | | | | |  | | |  | | | | | |  : | : : : | : : | | | | : | : | : | |  | | :
megaor f 1. pep LFPLI SMEHFNGTPVHI SI TEI SFAFGMLAGGLLLGRLGGFEKHVLLI TSSFFI MGTSLA
                    250       260       270       280       290       300

                    310       320       330       340       350       360
af 227520- or f  I SGLLPQSGFFI FVVCCAI MGLSVPFYSGVQTALFQEKI KPEYLGRVFSLTGSI MSLAMP
             : | | : | |  : | |  | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |  | | | | | | | | |
megaor f 1. pep VSGI LPPNGFVI FVVCCAI MGLSVPFYSGVQTALFQEKI KPEYLGRVFSLI GSI MSLAMP
                    310       320       330       340       350       360

                    370       380       390       400
af 227520- or f  I GLI LSALFADRI GVNHWFLLSGTLI I CI AI VCPMI NEI RKLDLK
             | | | | | | : : | | | : | | | | | | | | | | |  | | |  | | | | |  | | : | : | | | | | |
megaor f 1. pep I GLI LSGFFADKI GVNHWFLLSGI LI I GI AI VCQMI TEVRKLDLK
                    370       380       390       400

Figure3.4: Alignmentof theaasequenceof ORF1(406aa)from themacrolideef¤uxgeneticassemblyof S.sali-

variusSp6with MefA from S.pneumoniae(406aa;acc.no. AF227520)

ORF2: Mel

TheDNA sequenceof orf2 is locatedbetweenthenucleotides3225and4688andspeci£esfor a

putative488aaprotein.A putativeribosomalbindingsitecouldbedetermined8 bpupstreamof

theinitiation codonATG. Databaseanalysisof thecorrespondingaasequencerevealed100%
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identity to ORF2(Mel) of themacrolideef¤uxgeneticassemblyin S.pneumoniae. In addition,

Mel is 97.3% identicalto ORF5onTn1207.1and42.2% identicalin a483aaoverlapto MsrC,

aproteinconferringresistanceto macrolideandstreptograminB antibioticsin E. faecium(acc.

no. AY004350;[151]). Proteinshomologousto Mel belongall to theABC transporterfamily

andcontaintwo ATP-bindingdomains,eachof which containstwo ATP-bindingmotifs, WA

andWB, describedby Walker et al. [165]. Figure3.5shows anaasequencealignmentof Mel

(S.salivariusSp6),ORF5from Tn1207.1, andMsrCfrom Enterococcusfaecium, extendedwith

the two relatedABC transporterproteinsMsrA (Staphylococcusaureus, acc. no. AB016613;

37.8% identityin a471aaoverlap;[103]) andVgaB(Staphylococcusaureus, acc.no. U82085;

36.9% identity in a483aaoverlap;[6]).

ORF3: Hypothetical protein

The openreadingframe ORF3 hasa size of 100 aa and encodesa hypotheticalprotein. It

is locatedbetweenthe positions4806and5105on the complementDNA strand. A putative

ribosomalbindingsitecouldbedetermined6bpupstreamof theinitiationcodonATG.Database

analysisof the correspondingaasequencerevealed100 % identity to ORF3of the macrolide

ef¤uxgeneticassemblyin S.pneumoniaeand96% identityto ORF6of Tn1207.1. Furthermore,

ORF3is 51% identicalto ORF11from theconjugativetransposonTn5252from S.pneumoniae

(acc. no. L29324[110]) and48.9% identicalto ORFRfrom a partialsitespeci£cintegrative

conjugative elementICESt1in S.thermophilus(acc.no. AJ278471[21]). Theactualfunction

of thisproteinin any of themicroorganismsis unknown.

ORF4: Hypothetical protein

The openreadingframeORF4consistsof 123 aaandis locatedbetweenthe positions5092

and5460on thecomplementarystrand.A putative ribosomalbindingsitewasdetermined6 bp

upstreamof the initiation codonATG. The hypotheticalproteinORF4shows 100 % identity

to ORF4 from the macrolideef¤ux geneticassemblyin S. pneumoniae. Its N-terminal end

overlapswith the initiation codonof ORF3. Due to a deletionat position5441S.salivarius

Sp6possessesa 19 aalarger ORF4thanS.pneumoniae, but of the samesizeasORF7from

Tn1207.1, which reveals91.8% identity to ORF4.In addition,it is 41.2% identicalto ORF12

from theconjugative transposonTn5252in S.pneumoniae.
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               1                                           WA      50
     Mel - mega  ME. LI LKAKD I RVEFKGRDV LDI NELEVYD YDRI GLVGAN GAGKSTLLRV
or f 5- Tn1207. 1  ME. LI LKAKD I SVEFKGHDV LDI NELEVYD YDRI GLVGAN GAGKSTLFKV
Msr C- AY004350  MENLAVNI TN LQVSFGNQLE LSI DSLRVYQ QDRI GI I GEN GVGKSTLLKL
Msr A- AB016613  MEQYTI KFNQ I NHKLTDLRS LNI DHLYAYQ FEKI ALI GGN GTGKTTLLNM
  VgaB- U82085  ~~MLKI DMKN VKKYYADKLI  LNI KELKI YS GDKI GI VGKN GVGKTTLLKI
    Consensus  - - - - - - - - - -  - - - - - - - - - -  L- I - - L- - Y-  - - - I - - - G- N G- GK- TL- - -

               51                                                 100
     Mel - mega  LLG. . ELTPP GCKMNRLGEL AYI PQLD. . .  EVTLQEEKDF ALVGKLGVEQ
ORF5- Tn1207. 1  LLG. . ELI PP GCKMNHLGEL AYI PQLD. . .  EVTLQEEKDF ALVGKLGVEQ
Msr C- AY004350  I AG. . ELFPD HGKI QTEI TF NYLPQLTYLA EAKDLN. LEL ASHFQLRLEE
Msr A- AB016613  I AQ. . KTKPE SGTVETNGEI  QYFEQLNMDV E. NDFNTLDG SLMSELHI PM
  VgaB- U82085  I KGLI EI DEG NI I I SEKTTI  KYI SQL. . . .  EEPHSKI I DG KYASI FQVEN
    Consensus  - - - - - - - - - -  - - - - - - - - - -  - Y- - QL- - - -  E- - - - - - - - -  - - - - - - - - - -

               101                          WB                    150
     Mel - mega  LNI QTMSGGE ETRLKI AQAL SAQVHGI LAD EPTSHLDREG I DFLI GQLKY
ORF5- Tn1207. 1  LNI QTMSGGE ETRLKI AQAL SAQVHGI LAD EPTSHLDREG I DFLI GQLKY
Msr C- AY004350  TSERKWSGGE ERKI ELI RLL SSYEQGMLLD EPTTHLDRKS I DRLI EELRY
Msr A- AB016613  HTTDSMSGGE KAKYKLANVI  SNYSPI LLLD EPTNHLDKI G KDYLNNI LKY
  VgaB- U82085  KWNDNMSGGE KTRFKLAEGF QDQCSLMLVD EPTSNLDI EG I ELI TNTFKE
    Consensus  - - - - - - SGGE - - - - - - - - - -  - - - - - - - L- D EPT- - LD- - -  - - - - - - - - - -

               151                                                200
     Mel - mega  FTGALLVI SH DRYFLDEI VD KI WEL. KDGK I TEYWGNYSD YLRQKEEERK
ORF5- Tn1207. 1  FTGALLVI SH DRYFLDEI VD KI WEL. KDGK I TEYWGNYSD YLRQKEEERK
Msr C- AY004350  YYGTLVFVSH DRYFLDELAS KI WEV. KDGE I REFSGNYSA YLTQKELEKK
Msr A- AB016613  YYGTLI I VSH DRALI DQI AD TI WDI QEDGT I RVFKGNYTQ YQNQYEQEQL
  VgaB- U82085  YRDTFLVVSH DRI FLDQVCT KI FEI . ENGY I REFI GNYTN YI EQKEMLLR
    Consensus  - - - - - - - - SH DR- - - D- - - -  - I - - - - - - G-  I - - - - GNY- -  Y- - Q- E- - - -

               201                                                250
     Mel - mega  SQAAEYEQFI  AERARLERAA EEKRKQARKI  EQKAKGSSKK KSTEDGGRLA
ORF5- Tn1207. 1  RQAAEYEQFI  AERARLERAA EEKRKQARKI  EQKAKGSSKK KSTEGGGRLA
Msr C- AY004350  TQLREAESI M KEKKRLEKSI  QEKKKQAEKL EKVS. . SKKK KQQI RPDRLS
Msr A- AB016613  EQQRKYEQYI  SEKQRLSQAS KAKRNQAQQM AQAS. . SKQK NKSI APDRLS
  VgaB- U82085  KQQEEYEKYN SKRKQLEQAI  KLKENKAQGM I K. . . . PPSK TMGTSESRI .
    Consensus  - Q- - - - E- - -  - - - - - L- - - -  - - K- - - A- - -  - - - - - - - - - K - - - - - - - R- -

               251                                                300
     Mel - mega  HQKSI GSKEK KMYNAAKTLE HRI AALGKVE APEGI RRI RF RQSKALELHN
ORF5- Tn1207. 1  HQKSI GSKEK KMHNAAKSLE NRI AALGKVE APEGI RRI RF RQSKALELHN
Msr C- AY004350  SSKQKDSVQK AI QKNAKTLE RRLQKI GETT KPQQMKQI RF PVPKSLELHS
Msr A- AB016613  ASKQKGTVEK AAQKQAKHI E KRMEHLEEVE KPQSYHEFNF PQNKI YDI HN
  VgaB- U82085  WKMQHATKQK KMHRNTKSLE TRI DKLNHVE KI KELPSI KM DLPNREQFHG
    Consensus  - - - - - - - - - K - - - - - - K- - E - R- - - - - - - -  - - - - - - - - - -  - - - - - - - - H-

               301                                      WA        350
     Mel - mega  PYPI VGAEI N KVFGDKALFE NASFQI PLGA KVALT GGNGI  GKTTLI QMI L
ORF5- Tn1207. 1  PYPI VGAEI N KVFGDKALFE NASFQI PLGA KVALT GGNGT GKTTLI QMI L
Msr C- AY004350  RYPI MGQNVQ LERSGRTLLV NGDFQFSLGK KI AI VGENGS GKTTLLEHI R
Msr A- AB016613  NYPI I AQNLT LVKGSQKLLT QVRFQI PYGK NI ALVGANGV GKTTLLEAI Y
  VgaB- U82085  RNVI SLKNLS I KFNNQFLWR DASFVI KGGE KVAI I GNNGV GKTTLLKLI L
    Consensus  - - - I - - - - - -  - - - - - - - L- -  - - - F- - - - G-  - - A- - G- NG-  GKTTL- - - I -

               351                                                400
     Mel - mega  NHEEGI SI SP KAKI GYFAQN GYKYNSNQNV MEFMQKDCDY NI SEI RSVLA
ORF5- Tn1207. 1  NHEEGI SI SP KAKI GYFAQN GYKYNSNQNV MEFMQKDCDY NI SEI RSVLA
Msr C- AY004350  KQGEGI LLSP KVSFQVYQQK DYQMTSEESV I RFVMRQTEF SESLVRSLLN
Msr A- AB016613  HQI EGI DCSP KVQMAYYRQL AYEDMRDVSL LQYLMDETDS SESFSRAI LN
  VgaB- U82085  EKVESVI I SP SVKI GYVSQN LDVLQSHKSI  LENVMSTSI Q DETI ARI VLA
    Consensus  - - - E- - - - SP - - - - - - - - Q-  - - - - - - - - - -  - - - - - - - - - -  - - - - - R- - L-

               401                                    WB          450
     Mel - mega  SMGFKQNDI G KSLSVLSGGE I I KLLLAKML MGRYNI LI MD EPSNFLDI PS
ORF5- Tn1207. 1  SMGFKQNDI G KSLSVLSGGE I I KLLLAKML MGRYNI LI MD EPSNFLDI PS
Msr C- AY004350  HLGFAQETLA KPLCTLSGGE ATRLMI ALLF TKPSNVLLLD EPTNFI DMAT
Msr A- AB016613  NLGL. NEALE RSCNVLSGGE RTKLSLAVLF STKANMLI LD EPTNFLDI KT
  VgaB- U82085  RLHFYRNDVH KEI NVLSGGE QI KVAFAKLF VSDCNTLI LD EPTNYLDI DA
    Consensus  - - - - - - - - - -  - - - - - LSGGE - - - - - - A- - -  - - - - N- L- - D EP- N- - D- - -

               451                                                500
     Mel - mega  LEALEI LMKE YTGTI VFI TH DKRLLENVAD VVYEI RDKKI  NLKH* ~~~~~
ORF5- Tn1207. 1  LEALEI LMKE YTGTI VFI TH DKRLLENVAD VVYEI RDKKI  KLKH* ~~~~~
Msr C- AY004350  I EALEKLMQV YPGTI LFTSH DSYFVERTAD EVYEI KGQKI  KKVLTRNF* ~
Msr A- AB016613  LEALEMFMNK YPGI I LFTSH DTRFVKHVSD KKWELTGQSI  HDI T* ~~~~~
  VgaB- U82085  VEALEELLI T YEGVVLFASH DKKFI QNLAE QLLI I ENNKV KKFEGTYI EY
    Consensus  - EALE- - - - -  Y- G- - - F- - H D- - - - - - - - -  - - - - - - - - - -  - - - - - ~~~~~

Figure3.5: Alignmentof theaasequenceof Mel (macrolideef¤ux geneticassembly),ORF5(Tn1207.1), MsrC

(E. faecium), MsrA (S.aureus), andVgaB(S.aureus). Theconsensussequenceis givenbelow thealignment.The

ATP-bindingmotifsWA andWB describedby Walkeretal. [165] arehighlightedin bold type.
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ORF5: Hypothetical protein

ORF5 hasa length of 63 aa and is locatedbetweenthe nucleotides6047 and 6235 on the

complementaryDNA strand. Databaseanalysisof the correspondingaa sequencerevealed

100 % identity in a 46 aaoverlapwith ORF5from the macrolideef¤ux geneticassemblyin

S.pneumoniae. A deletionatposition6097truncatedORF5in S.salivariusthatonly has63aa

left comparedto 144 aa in S. pneumoniae. Therefore,no precedingribosomalbinding site

couldbe located.Furthermore,it shows 90.7% identity to ORF8from Tn1207.1. This ORF

is describedasa UmuC-MucB-like proteininvolvedin UV-resistance.Moreover, thetruncated

ORF5is 58.5% identicalin a41aaoverlapto ORF13from theconjugative transposonTn5252

in S.pneumoniae.

ORF6: Hypothetical protein

TheopenreadingframeORF6is locatedbetweenORF4andORF5at thenucleotidepositions

5473 and 5808 on the complementaryDNA strand. It is precededby a putative ribosomal

binding site located5 bp upstreamof the initiation codonATG. The sequenceof this ORF is

100 % identical to the sequenceof the macrolideef¤ux geneticassemblyin S. pneumoniae,

althoughit is not mentionedasanopenreadingframeby GayandStephens[50]. ORF6does

not exist on the defective transposonTn1207.1. Figure3.6 shows the alignmentof the DNA

sequencesadjacentto orf6 andcomparisonof the DNA sequencefrom the macrolideef¤ux

geneticassemblyto Tn1207.1. Databaseanalysisdoesnot revealany otherrelevanthomology

to known proteins.

IR: Imperfect inverted repeats

Gay andStephens[50] describedthe macrolideef¤ux geneticassemblyto be ¤anked by im-

perfectinvertedrepeatsof 9 bp each. Thesenucleotidesequencesare100 % identical to the

macrolideef¤uxgeneticassemblyisolatedfromS.salivariusSp6,wheretheIR sequencescould

belocatedbetweenthenucleotidepositions782and790andbetween6284and6292.
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Figure 3.6: Alignment of orf 6 and adjacentsequencesfrom the macrolideef¤ux geneticassembly(mega) in

S.salivariuswith thecorrespondingsequenceon Tn1207.1. Orf6 andtwelve subsequentnucleotidesaremissing

in Tn1207.1. Orf7 on Tn1207.1is greencoloured,whereasorf8 is shown in blue. The overlappingstopcodon

from orf8 andinitiation codonfrom orf7 is highlightedin red. Orf6 of themacrolideef¤ux geneticassemblyis

describedby purpleletters.

The macrolide ef¤uxgeneticassemblyin S.salivariusSp6

Thegeneticelementisolatedfrom S.salivariusSp6is highly homologousto therecentlychar-

acterisedmacrolideef¤ux geneticassemblyin S.pneumoniae(acc. no. 274302[50]) with an

identityof 99.8% at thenucleotidelevel. Twiceadeletionof asinglebasepairchangesthesize

of therespective ORFs.While ORF4is extendedby 19 aa,ORF5wastruncatedby a deletion.

A few moresinglebasepair deletionsandsomebasepairmismatchescouldbedeterminedin

non-codingregions. In themacrolideef¤ux geneticassemblyof S.pneumoniaea directrepeat

is locatedbetweenthe positions942 and957,which is missingin S.salivariusSp6. This 16

bp gapexistsalsoin Tn1207.1from S.pneumoniae(acc. no. 227520[143]) (Figure3.7). In

an overlapof 3967bp the macrolideef¤ux geneticassemblyof S.salivariusis 93.7% iden-

tical to the7.2 kbp defective transposonTn1207.1. Figure3.8 shows a schematiccomparison

of the openreadingframesfrom the macrolideef¤ux geneticassemblyfrom S. salivariusto

themacrolideef¤ux geneticassemblyfrom S.pneumoniaeandfrom Tn1207.1. In Figure3.9

andFigure3.10thealignmentsof themacrolideef¤ux geneticassemblyof S.salivariusto the

macrolideef¤ux geneticassemblyof S.pneumoniaeandto Tn1207.1respectively, aregivenin

a dot plot analysis.Figure3.10shows clearly thedelayedstartof homologybetweenthe two

differentgeneticelementsandthemissingORF6in Tn1207.1.

e– ChristinaStadler
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mega - S. salivarius Sp6

mega - S. pneumoniae

Tn1207.1 - S. pneumoniae

DR1 DR2

Figure3.7: Alignment of a part of the nucleotidesequencesof the macrolideef¤ux geneticassemblies(mega)

of S. salivarius, S. pneumoniaeand of Tn1207.1demonstratingthe 16 bp gap in the macrolideef¤ux genetic

assemblyfrom S. salivariusand from Tn1207.1. DR1 andDR2: direct repeat1 and2 in the macrolideef¤ux

geneticassemblyin S.pneumoniae

mega S. pneumoniae

mega S. salivarius

Tn1207.1 S. pneumoniae

mef(E)

mef(E)

mef(A)

Figure3.8: Comparisonof theopenreadingframestructuresof themacrolideef¤ux geneticassemblies(mega) in

S.salivariusSp6andS.pneumoniae(acc.no. AF274302)andof partsof Tn1207.1from S.pneumoniae(acc.no.

AF227520).IR: imperfectinvertedrepeats¤ankingthemacrolideef¤uxgeneticassemblyasdescribedby Gayand

Stephens[50]. Gap: Orf 6 presentin S.salivariusandS.pneumoniaeis missingin Tn1207.1of S.pneumoniae.

Orf 6 in S.pneumoniaeis notmentionedby GayandStephensandthecorrespondingarrow thereforenotcoloured.

Orf 's 1-3 upstreamof mef(A) in Tn1207.1, which show no homologiesto themacrolideef¤ux geneticassembly,

wereomitted.
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Figure 3.9: Dot plot analysisof the nucleotidesequencesof the macrolideef¤ux geneticassembly(mega) of

S.salivariusandof S.pneumoniae(OMIGA). Blackdotsrepresent100% identity, bluedotsascorerangebetween

83% and100%, reddotsbetween65% and83%.

Adjacent sequencesof the macrolide ef¤uxgeneticassemblyin S.salivariusSp6

ORFa: Hypothetical protein

Orfa is locatedbetweenthenucleotidepositions2 and559.The186aarepresenttheN-terminus

of a hypotheticalprotein.A 109aaoverlapshows 22.9% identity to aninternalpartof a Mob



44 Chapter3. Results

S
.

 
s

a
l

i
v

a
r

i
u

s
 S

p
6

 
-

 
m

e
g

a

S.  pneumoni ae -  Tn1207. 1

del et ed ORF6
( see Fi gur e 3. 8)

Figure3.10: Dot plot analysisof the nucleotidesequencesof the macrolideef¤ux geneticassembly(mega) of

S. salivariusandof Tn1207.1from S. pneumoniae(OMIGA). Black dotsrepresent100 % identity, blue dotsa

scorerangebetween83% and100%, reddotsbetween65% and83%.

proteinonPlasmidpUA140 isolatedfrom aS.mutansstrain(acc.no. AF068250).

ORFb: Hypothetical protein

The206aalargeORFbis locatedbetweenthepositions6445and7082.A putative ribosomal

binding site could be determined6 bp upstreamof the initiation codonATG. ORFbcontains

a putative conserved domainfor a bacterialregulator protein of the TetR family and shows

similaritiesto other transcriptionalregulatorproteinslike HydR of Clostridiumdif£cile (acc.

no. AF109075[44]) with anaminoacid identity of 32 % in a 152aaoverlap. Comparisonof

ORFbwith the un£nishedgenomeof S.gordonii revealed53 % identity within 197 aato the

fragmentbvs-1220.A 29 % identity at the aminoacid level to contig 1137of the un£nished

genomeof C. dif£cilewasdeterminedwithin a185bpoverlap.

ORFc: Hypothetical protein

ORFchasa lengthof 237aaandis locatedbetweenthenucleotidepositions7172and7882.A

putative ribosomalbindingsiteis located7 bp upstreamof theinitiation codonATG. Database

analysesrevealedidentitiesto ABC transporterproteinsfrom Thermoanaerobactertengconcen-

sis (49 %) (acc. no. AE013051[12]), C. perfringens(44 %) (acc. no. AP003186[150]) and

S.pneumoniae(38 %) (acc. no. AE008495[67]). Comparisonof ORFcwith the un£nished
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genomeof C. dif£cile revealed64 % identitiy to anaasequencelocatedon contig842. Theaa

sequenceof theun£nishedgenomeof S.gordonii oncontig835shows57% identity to ORFc.

ORFd: Hypothetical protein

ORFd is locatedbetweenthe nucleotidepositions7836 and 8888. Therefore,the DNA se-

quenceof orfc andorfd overlapby 47 bp. The351aaof ORFdrepresenttheC-terminusof a

hypotheticalprotein.A putative ribosomalbindingsitecouldbedetermined11 bp upstreamof

the initiation codonATG. Thenucleotidesequenceof theorfd fragmentencodesa transmem-

braneproteinwith at least7 transmembranehelices. Databaseanalysesrevealedhomologies

to membraneproteinsfrom C. acetobutylicum(acc. no. AE007540[113]) with 23 % identity

in a 145 aaoverlapandfrom Thermoanaerobactertengconcensis(acc. no. AE013051[12])

with a 20 % identity in a 313aaoverlap. ORFdis foundto be35 % and24 % identicalto the

un£nishedgenomesof S.gordonii andC. dif£cile respectively. ORFcandORFdarecollocated

in bothorganisms.

3.4.2 Detectionof the macrolide ef¤uxgeneticassemblyin

various oral streptococci

Since the macrolideef¤ux geneticassemblyhas beenfound in two different streptococcal

species,namelyS.pneumoniaeandS.salivarius, othermef(E) carryingstreptococcalisolates

were testedfor the presenceof this geneticelement. The macrolideef¤ux geneticassembly

wasampli£edwith the speci£cprimer pairsmega-start/Tn1207-upz(nucleotidepositions1 -

22/2741- 2717)andTn1207-down1/mega-end(nucleotidepositions2309- 2331/5531- 5509)

deducedfrom theS.pneumoniaesequenceresultingin two overlappingfragmentsof 2741bp

and3222bprespectively (Table2.3).Dueto variousdeletions(Section3.4)in themacrolideef-

¤uxgeneticassemblyof S.salivariusSp6thesetwo fragmentsarereducedto asizeof 2723bp

and3221bp respectively (Figure3.11). Fragmentssimilar to thepneumococcalmacrolideef-

¤uxgeneticassemblywereampli£edin S.salivariusZu3,Zu4,ZZ2 andS.mitisMS30. Strains

Sp3andSp9werenot investigated.

Furthermore,both PCRfragmentsweredigestedwith eitherAccI or SpeI. Fragmentsderived

from theS.salivariusstrainsZu3,Zu4,andZZ2 werefoundto beidenticalin sizeto S.salivar-

ius Sp6;only S.mitis strainMS30revealeda slightly differentrestrictionpattern.Figure3.12
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shows the restrictionenzymeanalysisof the macrolideef¤ux geneticassemblyof the three

streptococcalstrainsSp6,Zu3andMS30digestedwith AccI.

mel 3 4 56mef(E)IR IR

mega-start/Tn1207-upz
Tn1207-down1/mega-end

Figure3.11:Structureof themacrolideef¤uxgeneticassemblyin S.salivariusSp6.PCRFragmentsampli£edwith

the primer pairsmega-start/Tn1207-upzandTn1207-down1/mega-endareindicatedwith double-headedarrows

above thestructure.Restrictionsitesof thetwo restrictionendonucleasesAccI andSpeI aregivenbelow.

484 bp

1189 bp
1050 bp

2208 bp

1013 bp

1 2 3 4 5 6M
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Figure 3.12: Characterisationof the macrolideef¤ux geneticassembliesof S. salivarius and S. mitis by PCR

ampli£edby thespeci£cprimerpairsmega-start/Tn1207-upzandTn1207-down1/mega-end(Table2.3),digested

with AccI, separatedby agarosegel electrophoresis(0.8 %) andstainedwith ethidiumbromide. LaneM: 1 kb

DNA ladder(in kilobases,Biolabs). DigestedPCRproductsampli£edwith mega-start/Tn1207-upz(Lane1-3)

andwith Tn1207-down1/mega-end(Lane4-6) respectively. 1: Sp6;2: MS30;3: Zu3;4: Zu3;5: MS30;6: Sp6.
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3.4.3 Transformation of the macrolide ef¤uxgeneticassembliesof S.sali-

variusand S.mitis into S.pneumoniae

GayandStephensreportedthemacrolideef¤uxgeneticassemblyto betransferableto S.pneu-

moniaeR6,usinga6.3kb PCRproductthatincludesthemacrolideef¤uxgeneticassemblyand

adjacentregions,at a frequency of 2 x 10¡ 4 per¹ g DNA by in vitro transformation[50]. Since

naturaltransformationis known asa possiblemechanismof geneuptake in streptococci,the

macrolideef¤ux geneticassembliesof S.salivariusandS.mitis strainswereusedto determine

thepotentialtransferinto S.pneumoniaeR800,a non-encapsulatederythromycinsensitive R6

referencestrain[67, 101].

Transferof themacrolideef¤ux geneticassemblyof genomicDNA from S.salivariusSp6and

Zu3 andS.mitis MS30into S.pneumoniaeR800wasdemonstratedby in vitro transformation.

The macrolideef¤ux geneticassembliescould be transferredwith a low, but signi£cantfre-

quency, which means1-4 transformantsper107 recipientcellsand100ng transformingDNA.

SinceR800 is fully susceptibleto erythromycin,the MIC valuesof the transformantswere

comparableto thoseof the donorstrains(Table3.6). The transformantsproducedstrong®-

hemolysison bloodagar andautolysisin prolongedstationaryphaselike therecipientS.pneu-

moniaestrain. No transformantswere obtainedwith a 6.2 kbp PCR product including the

macrolideef¤uxgeneticassemblyandadjacentregions.

Table3.6: Minimal inhibitory concentrationsfor erythromycinresistanceof S.pneumoniaeR800transformants

(¹ g/ml)

Donor MIC Donor Recipient MIC Recipien t R800Transformants MIC Transforman ts

S.salivariusSp6 4-16 R800 0.032 RSp6II 16

RSp6III 32

S.salivariusZu3 4-32 R800 0.032 RZu3IV 24

S.mitisMS30 4-16 R800 0.032 RMS30III1 12

RMS30III2 8

RMS30IV1 16

RMS30IV2 12

RMS30IV3 12

RMS30IV4 12
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Detectionof the macrolide ef¤uxgeneticassemblyin R800transformants

Thegenotypeof theR800transformantswasdeterminedby speci£cPCRamplifying boththe

mef(E) gene(mefE-f, mefE-r; Table 2.3) and the macrolideef¤ux geneticassembly(mega-

start/Tn1207-upz,Tn1207-down1/mega-end;Table2.3) followedby restrictionenzymeanaly-

sis(Figure3.11).

PCRproductsspeci£cfor mef(E) andthemacrolideef¤ux geneticassemblyweredetectedin

all transformedR800strains.Theampli£edpartsof themacrolideef¤uxgeneticassemblywere

furtheranalysedby restrictionenzymeanalysiswith eitherAccI or SpeI. Therestrictionpatterns

of thosePCRproductswereidenticalto thoseof the respective donorstrains. In Figure3.13

therestrictionenzymeanalysesof themacrolideef¤uxgeneticassemblyampliconsof theR800

transformantsandtherespectivedonorstrainsdigestedwith SpeI areshown.

1 2 3 4 5 6 7 8 9 10 11M

A B

1 2 3 4 5 6 7 8 9 10 11 12M 12

3221 bp2723 bp 2577 bp

644 bp

1176 bp
1547 bp

Figure3.13: Characterisationof the macrolideef¤ux geneticassembliesof S. pneumoniaeR800after transfor-

mationwith DNA from S.salivariusandS.mitis usingPCRandspeci£cprimers. Fragmentswereseparatedby

agarosegelelectrophoresis(0.8%)andstainedwith ethidiumbromide.Lane1-9: R800transformants;Lane10-12:

DonorstrainsA: SpeI digestionof a 2.7kb PCRfragmentampli£edwith theprimerpair mega-start/Tn1207-upz.

B: SpeI digestionof a 3.2 kb PCRfragmentampli£edwith the primer pair Tn1207-down1/mega-end. LaneM:

1kb DNA ladder(in kilobases,Biolabs). 1: RSp6II; 2: RSp6III; 3: RMS30III1 ; 4: RMS30III2; 5: RM30IV1;

6: RMS30IV2;7: RMS30IV3;8: RMS30IV4;9: RZu3IV; 10:S.salivariusSp6;11:S.mitisMS30;12:S.salivar-

iusZu3.

Characterisation of S.pneumoniaeR800transformants by pulsed-£eldgelelectrophoresis

RecipientstrainR800,transformantsanddonorstrainswerecharacterisedby pulsed-£eldgel

electrophoresis(PFGE)usinggenomicDNA digestedwith SmaI. Transformantswereidenti-

£edasS.pneumoniaeby their identicalrestrictionendonucleasepatternto R800. Figure3.14
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andFigure3.15 show the pulsed-£eldgel electrophoresisof R800, its transformantsandthe

respective donorstrains.Sincetheproceduresfor cell lysis andendonucleaserestrictionwere

optimisedfor S.pneumoniaecells,genomicDNA fragmentsfrom thedonorstrainsS.salivarius

andS.mitis wereisolatedonly in low concentrations.In R800transformantsobtainedwith ge-

nomicDNA of S.mitisMS30theintegrationfragmentcouldnotbedetectedby PFGEfollowed

by DNA hybridisation(Figure3.14). Themacrolideef¤ux geneticassemblymustbelocalised

on a smallDNA fragmentthat run out of thegel sincemef(E) wasdetectedby PCR.In R800

transformantsobtainedby transformationof genomicDNA of S.salivariusSp6andZu3 the

macrolideef¤ux geneticassemblyintegratedinto a 291kbp fragment.Dueto this integration

thefragmentgained97kbp in size(Figure3.15).In strainRSp6IImef(E) couldbelocalisedon

that388kbp fragmentby Southernhybridisationasshown in Figure3.16.

48.5

97.0

145.5
194.0
242.5
291.0
339.5
388.0

1 2 3 4 5 6 7 8M

Figure3.14: Pulsed-£eldgel electrophoresisof SmaI digestedgenomicDNA from S. pneumoniaeR800trans-

formedwith the macrolideef¤ux geneticassemblyof S. mitis MS30 and from the donorstrain MS30 and re-

cipient strain R800. Lane M: LambdaLadderPFG Marker (in kilobases,Biolabs); 1: S. pneumoniaeR800;

2: R800-transformantRMS30III1;3: R800-transformantRMS30III2;4: R800-transformantRMS30IV1;5: R800-

transformantRMS30IV2;6: R800-transformantRMS30IV3;7: R800-transformantRMS30IV4;8: S.mitisMS30.
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48.5
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Figure3.15: Pulsed-£eldgel electrophoresisof SmaI digestedgenomicDNA from S. pneumoniaeR800trans-

formedwith themacrolideef¤ux geneticassembliesof S.salivariusSp6andZu3 andfrom thedonorstrainSp6

andthe recipientstrainR800. LaneM: LambdaLadderPFGMarker (in kilobases,Biolabs); 1: S.pneumoniae

R800;2: R800-transformantRSp6II; 3: R800-transformantRSp6III; 4: S.salivariusSp6;5: R800-transformant

RZu3IV.
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Figure3.16: Identi£cationof the S. pneumoniaechromosomalDNA fragmentcontainingthe S. salivariusSp6

macrolideef¤ux geneticassemblyby digestionwith SmaI, pulsed-£eldgel electrophoresis,andSouthernhybridi-

sation. A: 1 % agarosegel stainedwith ethidiumbromide. B: Autoradiography of membrane-boundDNA after

hybridisationwith an [®32P]-labelled1.2 kb probeof a mef(E)-PCRproduct. Lane M: LambdaLadderPFG

Marker (in kilobases,Biolabs);1: S.pneumoniaeR800;2: R800-transformantRSp6II.Arrows indicatethe frag-

mentinto whichthemacrolideef¤uxgeneticassemblyandadjacentsequencesof S.salivariusSp6haveintegrated.

This£gureis graphicallyenhancedfor betterreproduction.
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3.5 Prevalenceof erythr omycin resistantoral

streptococciin healthy persons

Sincewe wereableto isolatethe macrolideef¤ux geneticassemblyfrom the oral micro¤ora

of two healthy persons,we focusedon the prevalenceof this geneticelementwithin a larger

groupof healthy, non-hospitalisedpersons.Thesalivaof 14persons,all workingat theLabora-

tory of FoodMicrobiology, ETH Zürich,Switzerland,wasscreenedfor erythromycinresistant

streptococciusingselectivemediumsuppliedwith 2 ¹ g of erythromycinperml.

3.5.1 Characterisation of erythr omycin resistantoral

streptococci

Fromthesaliva of 14 personstested,erythromycinresistantmicroorganismscouldbeisolated

from thesaliva of 11 persons(A, B, D, E, F, G, H, I, K, M, P) resultingin 61 Gram-positive,

catalasenegative strains.Genesresponsiblefor erythromycinresistance(erm(B) andmef(E))

wereampli£edby speci£cPCR.erm(B) wasfound in all 61 strains.However, 16 strainshar-

bouredadditionallymef(E). Strainscarryingbotherm(B) andmef(E) wereisolatedfrom 4 dif-

ferent personsand identi£edas S. salivarius, S. mitis, S. parasanguinis, and S. cristatusby

sequencinga PCRproductspeci£cfor the manganesedependentsuperoxidedismutase.The

macrolideef¤ux geneticassemblycould be detectedby speci£cPCRusing the primer pairs

mega-start/Tn1207-upzandTn1207-down1/mega-end(Table2.3). Restrictionenzymeanaly-

sisof thoseproductswith AccI andSpeI respectively, revealedsimilar restrictionpatternsasin

S.salivariusSp6.Only S.mitis Ag4 showeda restrictionpatterncomparableto S.mitis MS30

(Figure3.12).

Only four erm(B) andmef(E) harbouringstrains(Bk2, Dk2, Dk3, andDk4) werefoundto be

high level resistantto erythromycinasit is typical for resistanceconferredby theerm(B) gene.

Clindamycinresistancewasdetectedonly in thesehigh level resistantstrains.Digestionof the

PCRproductsof erm(B) with XmnI resultedin two fragmentscomparableto thepositivecontrol

ampli£edfrom S.salivariusS49.Furthermore,PCRproductsof erm(B) from eightstrainswith

low level resistance(Bk3, Bk5, Kg1, Kg2, Kg3, Kk1, Kk2, Kk3) werecon£rmedaserm(B) by

Southernhybridisation(Figure3.17).

In addition, the erm(B) PCRproductsof Kk1 (low level resistantto erythromycin)andDk3
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500 bp
1000 bp

Figure3.17: Identi£cationof the erm(B) genein low level erythromycinresistantoral streptococciby speci£c

PCR(ermB-f, ermB-r; Table2.3) andSouthernhybridisation. A: 0.8 % agarosegel stainedwith ethidiumbro-

mide.B: Autoradiography of membrane-boundDNA afterhybridisationwith an[®32P]-labelled0.6kb probeof a

erm(B)-PCRproduct.LaneM: 1 kb DNA ladder(in kilobases,Biolabs).1: Bk5; 2: Kg1; 3: Kg2; 4: Kg3; 5: Kk1;

6: Kk2; 7: Kk3; 8: Bk3.

(high level resistantto erythromycin)werepartially sequenced.ThePCRproductsequenceof

Kk1 andDk3 showed100% identity to theerm(B) genesfrom E. faecalis(acc. no. U86375

[114]) andfrom E. faecium(acc.no. AF368302,[55]) respectively. Table3.7shows theresults

of the phenotypicand genotypiccharacterisationof the 16 mef(E) carrying strains. Strains

isolatedfrom theoral¤orabut not furtheranalysedarelistedin TableA.3 in theAppendix.

3.5.2 In vitro transformation of the erm(B) determinant fr om genomic

DNA of S.mitis into S.pneumoniae

S. pneumoniaeR800 was successfullytransformedwith genomicDNA from threeS. mitis

strains,Ag4, Dk3 andDk4 with frequenciesof 160, 21 and2 transformantsper 107 recipi-

ent cells and 100 ng transformingDNA respectively. Figure 3.18 shows the result of an in

vitro transformationexperimentwith S.pneumoniaeR800transformedwith genomicDNA of

S.mitisAg4.

SinceR800transformantsRAg4 hadautolysedduringa threedaysstorageat 4 ±C, only R800

transformantsderivedfrom genomicDNA of Dk3 andDk4 werefurtheranalysed.In contrast

to the in vitro transformationexperimentsconductedwith genomicDNA from S. salivarius

Sp6andZu3 andfrom S.mitis MS30 (Section3.4.3),neitherthe mef(E) determinantnor the
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Table3.7: Characterisationof erythromycinresistantoral streptococciisolatedonaselectiveagar from 11healthy

persons.

Strain Species Properties¤ MIC (¹ g/ml)

Ag4 S.mitis mega,erm(B) 24

Bk2 S.parasanguinis mega,erm(B), Lm R > 256

Bk3 S.cristatus mega,erm(B) 24

Bk4 S.cristatus mega,erm(B) 24

Bk5 S.cristatus mega,erm(B) 24

Dk2 S.mitis mega,erm(B), Lm R > 256

Dk3 S.mitis mega,erm(B), Lm R > 256

Dk4 S.mitis mega,erm(B), Lm R > 256

Kg1 S.salivarius mega,erm(B) 16

Kg2 S.salivarius mega,erm(B) 16

Kg3 S.salivarius mega,erm(B) 16

Kg4 S.salivarius mega,erm(B) 16

Kk1 S.parasanguinis mega,erm(B) 12

Kk2 S.parasanguinis mega,erm(B) 16

Kk3 S.parasanguinis mega,erm(B) 24

Kk4 S.parasanguinis mega,erm(B) 16

* Propertiesasjudgedby PCR(mega anderm(B)) andby theagardiffusionmethod(Lm R ).

Abbreviations:mega,macrolideef¤uxgeneticassembly;Lm R , lincosamideresistance

macrolideef¤ux geneticassemblycould be detectedin the transformantsRDk3 and RDk4.

Erythromycinresistancein all transformantswasencodedby theerm(B) gene,which wasam-

pli£edby speci£cPCR(ermB-f, ermB-r;Table2.3). All transformantswerefoundto behigh

level resistantto erythromycin,comparableto theMIC of therespective donorstrains(> 256

¹ g/ml),andclindamycinresistant.Integrationof theerm(B) geneinto thestreptococcalgenome

wasdemonstratedby Southernhybridisationof Sau3AI digestedgenomicDNA. Two different

integrationsiteswerefounddependeningon thedonorstrain(Figure3.19).
























































































































