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Summary

Antibiotic resistancen bacteriaisolatedfrom food of animal origin is now a commonphe-
nomenon. The oral cavity is the £rst placewherefood bornebacteriameetthe humanoral
microaora. This would be the £rst opportunityfor a geneticexchangeof antibiotic resistance
genedrom food bacteriato oral microoiganisms.

It wastheaim of this studyto isolateappropriateecipientstrainsfor a possibleantibioticgene
transfer Furthermorethetransferof selectedntibioticresistancgeneshouldbeinvesticated.

A total of 61 oral streptococcfrom two healtly, non-hospitaliseghersonsvasisolatedon non-
selectve agar. Antibiotic resistantstrainswereidentifedas S. salivariusand S. mitis by se-
guencingtheir sodAgene. Tetragcline resistancen nine strainswasdueto the protectionof
theribosomeencodedy tet(M) (8 strains)andtet(O) (1 strain). Erythromycinresistancavas
encodedby erm(B) in nine strainsandby mef(E) in eight strains. Threestrainscarriedboth
erythromycinresistanceleterminants.

In addition, the saliva of 14 healtly, non-hospitaliseghersonsvas screenedor erythromycin
resistantstreptococci. Erythromycinresistantstrains(S. salivarius, S. mitis, S. cristatusand
S. parasanguiniy werefoundin 11 persons.All streptococctarriederm(B), 16 strainsaddi-
tionally mef(E).

Therewas no conjuaal transferof antibiotic resistance$rom food-borneenterococcto oral
streptococciusing £Iter mating. On the contrary erythromycinresistancegenesfrom two
S. salivarius and one S. mitis were transferredto E. faecalisJH2-2 at a frequeng of 10 °
to 10 © perdonorcell.

To elicit the origin of the mef(E) gene,a S. salivarius strain (Sp6) was chosenas a model
microomganismand adjacentsequencesvere determined. mef(E) was found to be part of a



macrolideefaux geneticassembly99.8% identicalatthenucleotiddevel to anelemenisolated
from S.pneumoniag¢s0]. Similarassembliesverefoundin all mef(E)-carryingstrains.

S. pneumoniaer800 could be transformedwith the macrolideefaux geneticassemblyfrom
S.salivariusandS. mitis with a signiEcantirequeny .

In thisstudy we foundthemacrolideefaux geneticassemblyor the£rsttimein commensabral
streptococcotherthanS.pneumoniaeThisis alsothe£rstreportof asuccessfulransformation
of S.pneumoniaavith chromosomas. salivariusDNA.



Zusammenfassung

Bakterienaus Lebensmittelnweisenheutzutagevielfach Resistenzemgegen Antibiotika auf.
Bei der Nahrungsaufnahmeeffen dieseBakterienals erstesauf Bakteriender menschlichen
Mundhbhle. Dies ist somit auchdie ersteMdglichkeit einer Ubertragungder Antibiotikare-
sistenzerauf die oraleMund=ora.

DasZiel dieserStudiewar einerseitsgeeigneteRezipienten-&mmefir einenAntibiotikare-
sistenztransfezuisolierenundzu charakterisierergndererseitsinenmoglichenin vitro Trans-
fervonResistenzemon BakterierausdemLebensmitteufBakterienderMundhohlenachzuweisen.

Zunachstwurden61 orale Streptolokken von zwei gesundennicht hospitalisierterPersonen
auf nicht selektvem Agar isoliert. Antibiotikaresistente&Stammewurdenanhandder Sequenz
ihrer sodAGeneals S. salivariusund S. mitis identi£ziert. Fur Tetrazyklinresistenzewaren
in achtStammentet(M) undin einemStammtet(O) Geneverantvortlich, die beidefir riboso-
maleSchutzprotein&odieren.Erythromycinresistenzenurdenin neunStammervon erm(B),
in achtStammenvon mef(E) kodiert. Drei StammetrugenbeideErythromycinresistenzdeter
minanten.

ZusatzlichwurdederSpeichelvon 14 gesundemichthospitalisierteriPersonemgezieltaufery-
thromycinresistenterale Streptolokken untersucht.Aus 11 Personerkonntenerythromycin-
resistenteStammeisoliert werden,die zu den SpeciesS. salivarius, S. mitis, S. cristatusund
S.parasanguiniggehbren.Alle untersuchte®treptolokkentrugendaserm(B) Gen,16 Stamme
ebensalasmef(E) Gen.

Im “£lter mating-Test” konntekein konjugativer Transfervon Antibiotikaresistenzeron En-
terokokken ausLebensmittelnauf orale Streptolokken nachg&iesenwerden. Im Gegensatz
dazuwurden Erythromycinresistenzewon zwei S. salivarius Stammenund einem S. mitis
Stammauf E. faecalisJH2-2mit einerFrequenz/on 10' ° to 10 © pro Donorzellelibertragen.
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Vi

Um auf die Herkunftdesmef(E) Gensin S. salivarius Sp6schliesserzu konnen,wurdendie

angrenzendeRegionensequenziertmef(E) wurdeals Teil einesgenetischerklementesnit

demNamen*macrolideefaux geneticassembly’identi£ziert.DiesesElementst auf Nukleotid

Ebenezu 99,8 % identischmit einemElementvon S. pneumoniad50]. Ahnliche Elemente
wurdenin allenisoliertenoralenmef(E) tragenderstreptolokkengefunden.

Das“macrolideefaux geneticassembly’Elementvon S. salivariusund S. mitis konntemittels
natirlicher Transformatiormit einer signiEkantenTransferfrequenauf S. pneumoniadRr800
ubertragerwerden.

In dieserStudie konnte erstmalsdas “macrolide efaux geneticassembly”’Elementin kom-
mensalenpralenStreptolokkenidenti£ziertwerden.Diesist auchder ersteBericht Ubereine
erfolgreicheTransformatiorvon S.pneumoniaenit chromosomaleDPNA von S.salivarius
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Chapter 1

Intr oduction

1.1 Oral streptococci

Oral streptococci

In humans,oral streptococciform an importantcomponentof the normal microbial @ora of
the oral cavity andthe upperrespiratorytract. They are Gram-positve, catalase-ngative, non-
sporingand non-motile cocci arrangedin pairs or chains. The G+C contentof their DNA
variesbetween36 % and46 %, which placestheminto the low G+C groupof bacteria[57].
Streptococcrequirenutritionally rich mediafor growth including amino acids, carbolydrate
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 CO,
enrichedatmospher¢58].

Thedescriptveterm*“viridans” streptococcj149] hasbeenusedsynorymouslywith oral strepto-
cocciandrefersto thetype of hemolysigproducedn bloodagar, which canbeidentiEedby its
greencoloration(®-hemolysis).However, this propertydoesnot applyfor all oral streptococci,
sincehemolysisvariesconsiderabljpetweerandwithin speciesApartfrom partial (®) hemol-
ysis,complete( ) andabsencef (°) hemolysiscanbe obsered. Therefore the group“oral
streptococci'comprisegheviridansstreptococc|57, 58, 169.

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

1



2 Chapterl. Introduction

composition grownth characteristicendbiochemicalreactiong17, 57, 80]. Thesephenotypic
testsare not sufEcientfor the differentiationof this heterogenougroup of microoilganisms
asnot all strainswithin a given speciesmay be positive for a commontrait. Moreover, the
samestrain may exhibit biochemicalvariability [17, 64, 80, 158. As a consequenceser-

eralapproacheto identify oral streptococcbasedn their geneticrelationshipveredeveloped
[4, 72,140, 144,145,171]. Kawamuraetal. comparedlifferentgeneticmethoddor theiden-
tifcationof the closelyrelatedmemberf the “mitis” group,like DNA-DNA hybridisationof

the 165rRNA gene,speciesspeci£cPCR of the ddl geneencodingthe D-Alanine:D-Alanine
ligaseandcomparatie analysisof the partial sequencesf the mangnese-dependestiperox-
ide dismutasgsodA gene[78]. This studyconfErmedhe £ndingsof Poyartetal. [126] who

proposedo sequencéhe sodAgeneasareliableandreproduciblemethodfor identi£cationof

oral streptococci.Furthermorethe sodAsequenc®f S. pneumoniaeseemso be highly con-
sened with only a few basepaisubstitutions.This might be helpful for the differentiationof

S.pneumonia@andthecloselyrelatedS.mitis[78, 126].

Currently oral streptococcare subdvidedinto the “mitis”, “mutans”, “salivarius” and“angi-
nosus”groups. The “anginosus”groupis alsoreferredto asthe “milleri” group. Figure1.1
shaws the phylogeneticrelationshipamongstreptococcaspeciedy 16 SrRNA genesequence
analysis. In generalthe phylogeneticpositionsarein agreementvith thoseinferredfrom an
analysisof the sodAsequenceslhetwo streptococcB. agalactiaeandS. mutansdid not clus-
ter with the speciesproposedby 16SrRNA analysis[126]. Comparisorof the sequencesf
therpoB gene,which encodegshe RNA polymerasesutunit , revealeda similar geneticrela-
tionshipasthe 16SrRNA andsodAsequencesyith the exceptionof the clusteringwithin the
“anginosus’group[94].

In the pastfew years,the “mitis” group was extendedby three speciesnamelyS. cristatus

[56, 169], S.infantisandS. peroris [77]. Moreover, Truperetal. proposedo revisethe name

of somespeciewithin the“mitis” groupfor grammaticaleason$164]. Streptococcusanguis
wascorrectedo S.sanguinis Streptococcuparasanguigo S.parasanguinisandStreptococcus
cristato S.cristatus

In Tablel.1themostcommonstreptococcin the humanmoutharelisted[57, 141,58, 169.
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group
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Figurel.1: Phylogeneticrelationshipamong34 Streptococcuspeciedy 16 SrRNA genesequencanalysis Dis-
tanceswerecalculatedby the neighboutjoining method.Grey-shadedzonesindicateclustersof oral streptococci.
Reproducedrom Kawamuraetal. with permissior{76].

Pathogenesif oral streptococci

Althoughoral streptococcarecommensainhabitantsof the humanmouth,sereralspeciesare
involved in differenttypesof diseasesincluding caries,pyogenicinfections,infective endo-
carditisandabscessem variousorgans. They eitherovergrow the oral aoradueto erviron-
mentalchangesvhich resultin an ecologicalshift or escapeheir usualhabitatto establishat
othersites,especiallyin immunocompromisegatients. As a consequencegral streptococci
areregardedasopportunistigpathogensindarethereforeclassifednto the safetycateyory S2

[1] .

Dentalcariesis ademineralisatiof the enamelcausedrimarily by mutansstreptococcsuch
as Streptococcusnutansand Streptococcussobrinus[89]. The utilisation of dietary carbo-
hydratesdecreasepH in the mouthwhich causesa shift in the plaquecompositionfavoring
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Tablel.1: Streptococccommonlyfoundin 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.vestilularis vestitlular mucosa

acidogenidacteria.

Bacteriaof the“anginosus’groupareassociatewith dentalabscessd87]. Streptococcuangi-
nosuswas predominantlyisolatedin 33 % of acutedentoaleolarabscessesyhereasStrepto-
coccusntermediuss foundto belesscommon[47].

This group of bacteriais also frequentlyisolatedfrom purulentinfectionsof internal organs
including the brain, liver, lungsandspleen[141, 170]. Sincestreptococcof the “anginosus”
groupdo notonly form partof the commensatoraof the oral cavity andthe upperrespiratory
tractbut alsoof the gastrointestinairactandthefemaleurogenitaltract, it is difEcultto identify

theexactorigin of theinfectingorganism[58].

Robertsetal. investigatedthe effect of dentalproceduresuchastoothbrushing,scalingteeth,
rubberdamplacemenbr toothextractiononthedevelopmenibf bacteraemi@l34]. In all cases
a high percentagef positve blood samplesvasobsenedrangingbetweer80 % and40 % .
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Oral streptococclik e Streptococcusalivarius S. mitis, S.sanguinis S.anginosusandS. mu-
tanshave beenreportedascausatre microorganismsfor bacterialmeningitis[22, 69].

Several studiesshaved a clearassociatiorbetweenstreptococcisolatedfrom the mouthand
thoseapparenin infective endocarditig5, 19, 46, 131]. This severediseasawvith a mortality
rateup to 50 % is mainly causedby streptococcof the “mitis” group. Douglaset al. found
S. sanguinis(31.9 %), S. oralis (29.8 %) and S. gordonii (12.7 %) to be the mostcommon
pathogenicspeciedollowed by S. mitis andS. parasanguinig40]. Infective endocarditiss a
major concernin neutropenigatientswith cancerexposedto chemotherap[19, 131]. Fiehn
etal. foundidenticalisolatesin the blood andthe oral cavity from two endocarditigpatients
using biochemicaland geneticalcomparison46]. In addition, Bartzokaset al. investicated
the sourceof infectionsassociateavith orthopaedigrosthese# four adults[15]. This study
shaws that the S. sanguinisisolate from the mouth was indistinguishablegrom that isolated
from the prosthesislt is remarkabldo noticethatall patientssufferedfrom severeperiodontal
diseasandcaries.

Streptococcupneumoniae

Streptococcupneumoniaés amammaliarpathogerthatis geneticallycloselyrelatedto S.mi-
tis andS.oralis (Figure1.1)[76]. Like the oral streptococch. pneumoniaés atransientcom-
mensal,colonisingthe throatand upperrespiratorytract of 40 % of humans[63, 67]. As a
humanpathogenS.pneumoniaés themajorcausdor acuterespiratoryinfectionandotitis me-
dia andis responsibldor pneumoniapacteraemiandmeningitisespeciallyin children[52].
Amongelderly people,S. pneumoniagausesommunity-acquireghpneumoniaand meningitis
[111]. Thevarioustypesof polysaccharideapsulesare consideredasthe main pathogenicity
factorsin S.pneumoniaavhich enablegshemto evadethehostimmunerespons¢67, 159.
The genomesf two S. pneumoniaestrainshave beenfully sequencedecently namelyof the
virulent strain TIGR4 (GenBankAcc. No. AE005672[159], www.tigr.org) and of the non-
encapsulatedtrainR6 (GenBankAcc. No. AE007317[67], www.lilly .com).
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1.2 Oral microbial communities

Oral bacteriaform communitieson distinctly differentsurfaces ncluding hardenamelaswell
assoftepithelialcells. Thesebio£lmsarecharacterisedspeciallyby their speciesandtheir sub-
stratumcomposition.Currently morethan500 specieshave beenisolatedfrom oral surfaces.
Out of these,Streptococcusand Actinomycespecieplay a major role asinitial colonisersof
the tooth surfacedue to variousadhesiomrmechanismsvhich prevent them of beingwashed
away by the constansalivary @ow. Theseinitial microoiganismsn turn provide severalrecep-
torsandadhesinsvailablefor speciEaecognitionamongmary differentspeciesvhichresults
in intrageneria@andintergenericcoaggreation[82, 172].

Within thesebio£lms, multicellularcommunicatioris establishedby the excretionof extracel-
lular peptidesor modi£edpeptides A varietyof processesicludinggenetictransfer antibiotic
production,growth and pathogenesiare regulatedby the so-calledquorumsensingmecha-
nismsthat usetwo-componensignaltransductiorsystemdo respondo extracellularpeptide
pheromonef1, 163].

Geneticexchangen bio£lms

Several studiesfocusedon geneticexchangein bacterialbio£lms by conjugation including
Pseudomonaputida [30], Esderichia coli [51], Alcaligeneseutrophus[59], Bacillus azoto-
formang[16], Bacillussubtilis Entelococcudaecalisandoral streptococcj132,133. Roberts
etal. demonstrateth vitro transferof aconjugative transposorfrom eitherB. subtilis(Tn5397)
or S.salivarius(Tn916) to commensabral streptococcastrainsknown from oral bio£lm con-
sortia[132, 133. Althoughtransferfrequencie®bseredwereratherlow, it wasdemonstrated
that oral bacteriahave the potentialto exchangegeneticinformationwithin a bio£lm. On the
contrary Hausnerand Wuertz reportedconjugation ratesto be 1000-fold higherin bacterial
bio£lmsthanthosedeterminedoy classicalplatingtechniqueg59]. Conjugation eventsseem
to be dependenespeciallyon bio£lm compositionand contacttime, but not on nutrientcon-
centrationg59, 132].

In contrasto conjugation,geneticexchangan bio£lmsby naturaltransformatiorhasbeenless
well investicated. Li etal. shaved in a recentstudy that bio£lm-gravn Streptococcusnu-
tanscellscouldbetransformedvith free DNA with transformatiorfrequencied.0-to 600-fold
highercomparedo transferratesin planktoniccells[88]. It seemdhata bio£lm environment
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providesoptimal conditionsfor cell-cell signallingsystemsaindenhanceshe uptale of foreign
DNA by naturaltransformation.

1.3 Geneticcompetenceand natural transformation

The uptale of DNA from the ervironmentby S. pneumoniags a phenomenointhat hasbeen
alreadyobsened by GrifEth in 1928[53] andby Avery in 1944[11]. In contrastto arti£cial
physicochemicamethodso introduceDNA into cells, this mechanisms carriedout by cells
whichreacha £nitedevelopmentstateat somepoint duringgrowth calledcompetenceAmong
oral streptococcispecie®f the“mitis”, “mutans”and“anginosus’grouparecapableof natural
transformatiorj34]. Geneticcompetencés usuallyexhibitedin the early hoursof exponential
growth. S.pneumoniagS. oralis andS. mitis have narrov competencavindows of afew min-
utes[32, 60, 138] contraryto S.gordonii strainswhich have acompetencsilotlastingfor hours
[93].

In the well characterise@Gram-positve bacteriaB. subtilisand S. pneumoniaenaturalgenetic
competencas regulatedby speciesspecifccell-cell signals. Cells will develop competence
only in the presencef their own speciesaandwill bethereforeexposedo DNA primarily from
geneticallysimilar cells [152]. In S.pneumoniaghe mechanisnof geneticcompetencend
naturaltransformatiorhasbeeninvesticatedanddescribedn detail[28, 54, 60, 68, 96, 99]. It
is assumedthatthe pneumococcahodelcanbeappliedto thetransformableral streptococci,
sincesimilar genesresponsibldor competenceould beidentifed[62, 168. The streptococ-
cal competencécom)locusconsistf the comoperonwith comG comDandcomEencoding
the competencestimulating peptide,a histidine kinaseand a responseaegulator respectiely
[29, 60, 61,125]. Thetwo genescomAandcomBareresponsibldor the excretionof the com-
petencestimulatingproteinfrom the cell [27, 68]. FurthermorecomXwasidentifedby Lee
andMorrison[86]. It is assumedthatthe ComX proteinis a competence-specifitanscription
modulatoy probablyanalternatesigmafactorthatdirectsthe RNA polymeraséo the promoters
of thelatecompetencgenestherebypromotingthe synthesiof the DNA uptale andrecombi-
nationmachinery[34]. Moreover, ComXis requiredfor the expressiorof competence-specifc
operonswhich containa cin-box (TACGAATA), anunusualperfectlyconsered consensuse-
guencq?23, 86].

In S.pneumoniagehe DNA uptale andprocessings not specifcto the origin of the DNA se-
guencesDNA bindsat speci£Eaeceptoronthe cell surfaceandentersthe cell singlestranded
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[107]. In thecell it is boundto a specifceclipseproteinand may be integratedinto the host
chromosomeéf sufEcientbasehomologyis presen{90, 93].

Majewski et al. describedecentlysereralbarriersto geneticexchangebetweenstreptococcal
specieg94]. Thesearemainly theformationof a donorrecipientDNA heteroduple molecule
andits evasionof therecipients mismatchrepairsystempothprocessemvolvedin interspecies
recombinationHowever, this studyproved S.pneumoniaéo betransformablevith DNA from
various streptococcisuchas S. mitis, S. oralis, S. parasanguinis,S. cristatus, S. sanguinis,
S.anginosussS.constellatusS.intermedius No transformantsvereobtainedwith S.adjacens
whereasS.salivariusandS. sobrinuswerenottested.

1.4 Antibiotic resistancdn oral streptococciand
S.pneumoniae

Tetracyclineresistance

Tetrag/cline resistancas mediatedby threedifferent mechanismsncluding the active efaux
of the drug, the protectionof the ribosomedrom the actionof tetragcline andthe enzymatic
alterationof tetragcline [106, 135 153]. Sofar, the only knowvn mechanisnof tetragcline
resistancen streptococcof the oral andupperrespiratorytractis the protectionof the 30Sri-
bosomesulunitencodednainly by thetet(M) determinantbut alsoby thecloselyrelatedtet(O)
gene[39, 92, 97,157,173]. Moreover, tet(M) is oftenassociateavith conjugative transposons
of the Tn916-Tn1545family, which might explain the broaddisseminatiorof this genein both
Gram-positve andGram-ngative bacterig 18, 33,92, 104, 132,133.

Sunweys conductedhroughouthe pastdecadeevealedtetragcline resistanceatesin S.pneu-
moniaebetweenl2.9% and47.4% [37, 85,98, 116,146]. Thesedataarecomparabld¢o those
obtainedrom oral streptococciwhich vary betweer23 % and39 % [38, 70,174].

Erythr omycin resistance

Erythromycinis an antibiotic of the macrolidefamily inhibiting the proteinsynthesigy bind-
ing to the 50Sbacterialsukunit. Thetwo mainerythromycinresistancenechanism# strepto-
cocci are 1) the mettylation of a speci£cadenineresidueat position 2058 in the target site
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(23SrRNA) and?2) theactive efaux of theantibiotic. Whereashemodi£catiorof the23SrRNA
conferscross-resistance® macrolides,lincosamidesand streptogramingMLSg-phenotype),
the active transportout of the cell is speci£cfor macrolides(M-phenotype)117, 136, 166].
Few genesdominateerythromycinresistancen S. pneumoniaendoral streptococci:erm(B)
which encodesa mettyltransferaseand mef(A) conferringerythromycinresistanceoy efaux.
It is remarkableto notice, that the prevalenceof thesetwo mechanismwariesbetweeniso-
latesfrom the USA and Europe. While erythromycinresistancen the USA is mainly dueto
a macrolideefaux pump, bacteriain Europeare morelikely to carry an erm(B) determinant
[10, 35, 48,65, 75,99,116, 119 147,155]. Erythromycinresistanceatesin S. pneumoniae
andoral streptococchave beenrising over the pastdecaddq49, 99, 116] with resistanceates
upto 60% [10, 13,35, 38,70,85,119,174.

Accordingto Robertset al., erythromycinresistancegenesvarying from eachotherin their
aminoacid sequencéo lessthan80 % wereclassiEedasthe samegene[137]. Thereforethe
two efaux geneamef(A) andmef(E) weresubsumedo mef(A) dueto 91 % aaidentity. How-
ever, in this studybothdenominationsverekeptfor easieristinctionof S.pneumoniaetrains
andtheir geneticelements.

Both mef geneswere detectedon geneticelementsn S. pneumoniae The mef(A) genewas
locatedon the defectve transposonn1207.1[35, 143 andthe mef(E) genewasfound on a
macrolideefaux geneticassembly35, 50]. ErmBwasalsoshavn to belocatedonatransposon
(Tn3872 in S.pneumoniag104).

1.5 Foodasaresewoir for antibiotic resistancegenes

Antibiotic resistancen bacteriaisolatedfrom food of animal origin is now a commonphe-
nomenon. Several studiescon£rmedthe prevalenceof multi-resistantbacteriain raw-milk
cheeseandraw-sausagg3, 81, 120,123,121,129. The agriculturalandfood sectorshave
contributedto this developmentby the useof antimicrobialsto increasegronth andfeed ef-
£cienciesin farm animals,for examplewith tylosin asa main inducerof crossresistanceo
macrolideantibiotics[2, 100,160. Many of thesefood-borneantibioticresistanbacteriahar
bouredresistancggeneson conjugative elementdik e plasmidsor transposonasshovn espe-
cially in enterococc[2, 129,122 148]. Microorganismsprevalentin fermentedraw products
areconsumedn high quantitiesin a viable state. Therefore the oral cavity is the £rst place
wherefood bacteriameetthe humanbody microzora. This would be the £rstopportunityfor
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antibiotic resistantbacteriafrom food to donatetheir resistancegenesto membersof the hu-
man microaoraor the otherway round, for the humanmicrocorato receve resistancegenes
from thefood microaora.Recentlytheintegrationof a Tn916-carryingplasmidinto the S.gor-

donii chromosomédosy homologousecombinatiorin the presencef humansalva wasshavn

by Merceretal. [108]. This studydemonstratethat DNA cansurvive in saliva for sufEcient
time to transformcompetentells.

Theaim of this studywasto characterisantibioticresistances oral, commensastreptococci
of healtty, non-hospitaliseghersonsasa basisfor investigationson potentialtransferof antibi-
otic resistancgenedrom food-bornebacteriato the oral microcora.Selectedecipientstrains
shouldbe usedin transferexperimentswvith enterococcatonjucative elements.



Chapter 2

Material and Methods

2.1 Bacterial strains and plasmids

All the streptococcastrainsusedin this studyarelistedin TableA.1, TableA.2 andTableA.3
in the Appendix. Isolatesthatwerefurther characterisedreshavn in Table2.1. Strainswere

eitherisolatedfrom thesaliva of 13 healtly personsr purchasedrom the Deutstie Sammlung

fur Mikroorganismenund Zellkulturen (DSMZ, BraunschweigGermary). The latter are alll

type strainsof variousoral streptococci.ln addition,enterococcusedfor conjugation studies

andtherespectre transconjugntsandEsderichia coli strainsarelistedin Table2.1.

Plasmidsusedin this studyarelistedin Table2.2.

Table2.1: Bacterialstrains

Strains Relevant Comments Reference
properties

Streptococcustrains

Streptococcusalivarius

S30 ErmR source:personl this study

S32 ErmR,LmR source:personl this study

S39 TetR source:personl this study

S40 TetR source:personl this study

S41 ErmR, LmR source:personl this study

S48 ErmR,LmR source:personl this study

S49 ErmR, LmR source:personl this study

11

continuedon next page
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Table2.1: continued
Strains Relevant Comments Reference
properties
MS38 TetR source:personl this study
MS40 ErmR, LmR source:personl this study
Sp3 ErmR source:person? this study
Sp6 ErmR source:person? this study
Sp9 ErmR source:person2 this study
Zu3 ErmR source:person? this study
Zu4 Tet?, ErmR, source:person2 this study
LmR
272 TetR, ErmR, source:person2 this study
LmR
Kgl ErmR source:personk this study
Kg2 ErmR source:personK this study
Kg3 ErmR source:persorK this study
Kg4 ErmR source:personK this study
Streptococcusnitis
MS30 ErmR source:personl this study
MS32 ErmR, LmR source:personl this study
MS35 Tet?, ErmR source:personl this study
Schl ErmR, LmR source:person2 this study
Sch4 TetR source:person? this study
Sch10 TetR source:person2 this study
ZW6 TetR source:person? this study
Ag4 ErmR source:personA this study
Dk2 ErmR, LmR source:persorD this study
Dk3 ErmR,LmR source:personD this study
Dk4 ErmR,LmR source:persorD this study
Streptococcusralis
Z5 N orR source:personl this study
Streptococcusanguinis
Z9 source:personl this study
Streptococcuparasanguinis
Bk2 ErmR, LmR source:personB this study
Kk1 ErmR, LmR source:persorkK this study

continuedon next page
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Table2.1: continued

Strains Relevant Comments Reference
properties
Kk2 ErmR,LmR source:persorkK this study
Kk3 ErmR, LmR source:personk this study
Kk4 ErmR, LmR source:personk this study
Streptococcugristatus
Bk3 ErmR source:personB this study
Bk4 ErmR source:personB this study
Bk5 ErmR source:personB this study
DSM8249 TetR, typestrain DSMZ
Streptococcupneumoniae
R800 non-encapsulatedgrivative of D39, re- [7]
cipientstrainfor transformation
R304 StrR, Rif R, R800 derivative, positive control for [109]
N oWR transformation
RSpéll ErmR R800transformanfrom Sp6DNA this study
RSp6lII ErmR R800transformanfrom Sp6DNA this study
RMS30l1111 ErmR R800transformanfrom MS30DNA this study
RMS301112 ErmR R800transformanfrom MS30DNA this study
RMS30I1V1 ErmR R800transformanfrom MS30DNA this study
RMS301V2 ErmR R800transformanfrom MS30DNA this study
RMS301V3 ErmR R800transformanfrom MS30DNA this study
RMS301V4 ErmR R800transformanfrom MS30DNA this study
RZu3IV ErmR R800transformanfrom Zu3 DNA this study
RDk3-1 ErmR, LmR R800transformanfrom Dk3 DNA this study
RDk3-2 ErmR, LmR R800transformanfrom Dk3 DNA this study
RDk3-3 ErmR, LmR R800transformanfrom Dk3 DNA this study
RDk3-4 ErmR,LmR R800transformanfrom Dk3 DNA this study
RDk4-1 ErmR,LmR R800transformanfrom Dk4 DNA this study
RDk4-2 ErmR, LmR R800transformanfrom Dk4 DNA this study
RDk4-3 ErmR, LmR R800transformanfrom Dk4 DNA this study
RDk4-4 ErmR,LmR R800transformanfrom Dk4 DNA this study
Streptococcuspecies
S31 NorR source:personl this study
S43 ErmR source:personl this study

continuedon next page
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Table2.1: continued

Strains Relevant Comments Reference
properties

Sch7 N orR source:person? this study

MZ3 N orR source:personl this study

Mz4 N orR source:personl this study

MS27 ErmR source:personl this study

Enterococcudaecalis

FO1 TetR Donorstrainfor conjugation [43]

RE25 ErmR, CmR Donorstrainfor conjugation [42]

JH2-2 Rif R, FusR Recipientstrainfor conjugation [71]

JH-RE25 ErmR, CmR, Transconjugntfrom E. faecalisRE25x [120]
Rif R, FusR E.faecalisJH2-2

JH-DSM8249-19 TetR, Rif R, Transconjugnt from S. cristatus this study
FusR DSM8249x E. faecalisJH2-2

JH-DSM8249-20 Tet?, RIif R, Transconjugnt from S. cristatus this study
FusR DSM8249x E. faecalisJH2-2

JH-DSM8249-21 TetR, Rif R, Transconjugnt from S. cristatus this study
FusR DSM8249x E. faecalisJH2-2

JH-DSM8249-22 Tet?, RIif R, Transconjugnt from S. cristatus this study
FusR DSM8249x E. faecalisJH2-2

JH-Sp6-1 ErmR, Rif R, Transconjugntfrom S.salivariusSp6x this study
FusR E.faecalisJH2-2

JH-Sp6-7 ErmR, Rif R, Transconjugntfrom S.salivariusSp6x this study
FusR E.faecalisJH2-2

JH-Sp6-8 ErmR, Rif R, Transconjugntfrom S.salivariusSp6x this study
FusR E.faecalisJH2-2

JH-Sp6-9 ErmR, Rif R, Transconjugntfrom S.salivariusSp6x this study
FusR E.faecalisJH2-2

JH-Sp6-12 ErmR, Rif R, Transconjugntfrom S.salivariusSp6x this study
FusR E.faecalisJH2-2

JH-2Z2-1 ErmR, Rif R, Transconjugnt from S. salivarius ZZ2 this study
FusR x E. faecalisJH2-2

JH-Z2Z2-2 ErmR, Rif R, Transconjugnt from S. salivarius ZZ2 this study
FusR x E. faecalisJH2-2

JH-MS32-2 ErmR, Rif R, Transconjugnt from S. mitis MS32 x this study
FusR E.faecalisJH2-2

continuedon next page
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Table2.1: continued

Strains Relevant Comments Reference
properties

Enterococcusspecies

RE39 ErmR donorstrainfor conjugation [42]

Esdherichia coli

Epicurian Tet?, K anR ultracompetentells Stratagene

coli® XL10-Gold

Abbreviations: ErmR, erythromycinresistancef usR, fusidic acid resistanceK anR, kanamycin

resistancetm R, lincosamidaesistancel ovR, novobiocinresistanceN orR , noraoxacimresistance;

Rif R, rifampicin resistanceStr R, streptomycinresistanceT et?, tetragcline resistance DSMZ,
Deutsdie Sammlundir Mikroorganismerund Zellkulturen.

Table2.2: Plasmids

Plasmid Size

Relevantcharacteristics

Reference

puUC18 2.7kb
pmefE 5.0kb

pmefE-up 6.1kb

pmd 5.7kb

AmR LaczZ'

AmR | pUC18with a 2.3 kb EcarI-HindIll fragmenthar
bouringmef(E) from genomicDNA of S.salivariusSp6
AmR pUC18with a 3.4 kb Xba-Pst fragmentcontaining
upstreansequencef mef(E) from genomicDNA of S.sali-
variusSp6

AmR | puUC18with a 3.0 kb EcoRI-Pst fragmentcontain-
ing downstreamsequenc®f mef(E) from genomicDNA of
S.salivariusSp6

[176]
this study

this study

this study

Abbreviation: AmR , ampicillin resistance.
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2.2 Growth conditions

Oral streptococcivere cultivatedon BHI agar (Biolife, Milan, Italy) andin StrepBasebroth
[58], respectiely, andwereincubatedat 37*C in a CO, enrichedatmospherédGENboxCO5;
bioMérieux, Marcy I'Etoile, France)for 24—-48h. S.pneumoniaavasgrovn in Todd Hewitt
broth pH 6.8 (Biolife) supplementeavith 5 % yeastextract (Merck, DarmstadtGermary) at
37*C in aCO; enrichedatmospherenly until anODss of 0.6-0.8wasobtainedasS.pneumo-
niaecellsautolysen prolongedstationaryphase Enterococciverepropagtedin BHI medium
aerobicallyat 37*C overnight. Esderichia coli wascultivatedaerobicallyin LB medium[142]
at 37*C overnight. To maintainresistancegenesn streptococcerythromycinandtetragcline
were addedto a £nal concentratiorof 5 1 g/ml. Antibiotics (Sigma)were routinely usedin
thefollowing concentrationg not mentionedelsevhere: ampicillin 50 * g/ml, chlorampheni-
col 20t g/ml, erythromycin20* g/ml, fusidic acid 100t g/ml, kanamycinl0 * g/ml, rifampi-
cin 501 g/ml, tetrag/cline 10t g/ml. Isopropanol- -D-thiogalactopyranosideand 5-bromo-4-
chloro-3-indolyl- -D-galactopyranosidewereaddedin LB agar platesto obtain£nal concen-
trationsof 0.04 mM and40 * g/ml respecitrely, for blue or white colory selectionof puC18
transformantsf E. coli.

All mediawerepreparedvith distilled waterandsterilisedby autoclaing at 121*C for 15 min.
A stockof all strainswaskeptatj 70*C in theappropriatenediumcontaining33 % glycerol.

2.3 Isolation of oral streptococcifrom saliva

Oral streptococcirom the saliva of two healtty, non-hospitalisegersonsvereisolatedby plat-

ing 0.1 ml of serialdilutions of saliva (10' * to 10 7) on TYC agar [58] without ary antibiotic
selectiorpressurandincubatecat37*C in aCO, enrichedatmospherevernight. Thestrepto-
cocciproducedcharacteristiextracellularpolysaccharideBom the sucrosecontainedn TYC

giving the coloniesdifferentshapesDifferentshapedolonieswerepurifedby repeatedtreak
cultures(£ve times)on TYC agar. Strain purity was regularly checled by microscoy and
colory morphology
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2.3.1 Isolation of erythr omycin resistantoral streptococcifrom saliva

The oral morafrom 14 healtty personsn the laboratoryof food microbiology ETH Zlirich,

Switzerland,was screenedor erythromycinresistantstreptococci. Samplesfrom the dor-

sal surface of the tonguewere taken with a sterile cotton swah Bacteriawere isolatedon

Bacto® Mitis-Salivarius Agar (Difco, Detroit, MI, USA) supplementedvith Bacto® Chapman
Tellurite Solution (Difco) andwith 2 1 g of erythromycinper ml medium. Differentshaped
colonieswerepurifedby repeatedtreakcultures.

2.4 |dentiEcation of oral streptococci

2.4.1 PhenotypicidentiEcation

IsolateswereidentifedasGram-positve, catalase-ngative chainforming cocciby microscop,

classicalGram-stainand determinatiorof catalaseactvity by directapplicationof 3 % H,0O,

to the colonies. Exopolysaccharidproductionwas detectedn sucrose-containinggar (Sec-
tion 2.2). Hemolysiswastestedon Mueller Hinton agar (Biolife) supplementeavith 5 % de-
£brinatedsheeplood (Oxoid).

2.4.2 Genotypicidenti£cation

Gram-positve, catalase-rgative cocciwerecharacterisetly sequencinghe sodAgeneencod-
ing a mangnese-dependestperoxidedismutaseas describedby Poyart et al. [126] (Sec-
tion 2.8and2.11).

2.5 Determination of antibiotic resistance

The minimal inhibitory concentratior(MIC) wasdeterminedvith E-teststripes(AB Biodisk,
Sweden).The antimicrobialagentgestedwereampicillin, penicillin G, chloramphenicolery-
thromycin,clindamycin,streptomycinandnoraoxacin.Clindamycinresistancevasalsotested
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by the agar diffusion method[14] usingdiscscontaining2 ! g of clindamycin. Testswerecar
ried out in accordanceo the NCCLS guidelines[112]. EntelococcusfaecalisDSM2570was
usedasareferencestrain.

2.6 DNA isolation and gel electrophoresis

2.6.1 Isolation of genomicDNA of Gram-positive bacteria

Cellsfrom a 10 ml overnightculturewerecollectedby centrifugation (9200x g, 7 min, 4*C)

andwashedn 1 ml TES buffer (6.7 % sucrosep0 mM Tris/HCI pH 8.0,1 mM EDTA). The
pelletwasresuspendeith 300t | STET buffer (8 % sucrose5 % Triton-X-100,50mM Tris/HCI

pH8.0,50mM EDTA) followedby additionof 751 | of lysozymesolution(30 mglysozyme/mi
TES). The cellswerelysedat 37*C for 20 min. After additionof 4011 20% SDSin 1 x TE

(20 mM Tris/HCI pH 8.0, 1ImM EDTA) prewvarmedat 37*C the cell lysate was mixed vig-

orouslyfor 30 s andincubatedat 37*C for 10 min followed by 10 min incubationat 65*C.

Another1001 1| of 1 x TE buffer wasaddedandthe lysate extracted3 timeswith 1 volume
of phenol/chloroform/isoamylalcoh¢24:24:1). The aqueougphasewas carefully mixed with

0.1vol of 5M NaCland1 vol of isopropanobndDNA precipitatednicefor 15min. DNA was
collectedby centrifugation (20800x g, 20 min, 4*C) andwashedwith ice cold 70 % ethanol.
DNA wasdried by vacuumcentrifugation (Speedvac, Savant,USA) andresuspendeih 501 |

TE-RNAse buffer (10 g of boiled RNAse (Sigma)perml 1 x TE). For RNA degradationthe
samplewasincubatecat 37*C for 10 min andthenstoredat 20*C.

Finally, 31 | of the DNA preparatiorwastestedona 0.8 % agarosegel (Section2.6.5).

2.6.2 Small scaleplasmid DNA isolation of Gram-positive
bacteria

Plasmidswereisolatedby the procedureof AndersorandMcKay [9] using10 mg of lysozyme
perml for cell wall disruption.
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2.6.3 Small scaleplasmid DNA isolation of Esdherichia coli

Small scaleplasmidDNA of Esderichia coli cells was preparedrom 1 ml of an overnight
cultureusingthe GFX™Micro PlasmidPrepKit accordingto the manufcturers instructions
(AmershanmPharmacidiotechinc.).

2.6.4 Largescaleplasmid DNA isolation of Escherichia coli

Large scaleplasmidDNA of Esderichia coli cells waspreparedrom 50 ml of an overnight
cultureusingthe DNA Puri£cationSystem(Wizard® PlusMidiprepsDNA Puri£catiorSystem,
Promea, Madison,USA). WhenplasmidDNA wasusedfor sequencingurposesthe eluate
wasprecipitatedvith 1 ml of ethanolatj 72*C for 15min, collectedby centrifugation,washed
oncewith 70% ethanolandresuspendenh 1001 | of H,O.

2.6.5 Agarosegelelectrophoresis

Total DNA preparation&nd PCR productswere separatedn 0.8 % agarosegelspreparedn

1 x TAE buffer [142]. As referencesize markersfor linear DNA fragmentsl kb DNA lad-
der (GibcoBRL, Life TechnologiesAG, Switzerland;New EnglandBiolabs® Inc.) wasused.
SupercoiledDNA ladder(Promega) waschoserasreferencesizemarker for covalently closed
circularformsof plasmids.Agarosegel electrophoresewereperformedin 1 x TAE at 100V

(Gel Electrophoresif\pparatusGNA 100, Pharmacia).Agarosegelswerestainedin 51 g of

ethidiumbromide(Sigma)perml for 10 min andincubatedn awaterbathfor anotherlOminto

remove surplusof ethidiumbromidefrom thegels. The DNA in theagarosegelswasvisualised
usingultraviolet light atawavelengthof 302nm andthenphotographedAlphalmagef™ 2000,
Documentatior& AnalysisSystemVersion4.0,Alphalnnotech . SanLeandraCA, USA).
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2.6.6 Isolation and puri£cation of DNA- and PCR-fragmentsfr om agarose
gels

DNA fragmentgdigestedwith restrictionenzymesandPCRproductswereisolatedfrom 0.8 %
acprosegelsandpurifedusingthe GFX™PCRDNA andGel BandPuri£cationKit according
to themanuhcturersinstructiond AmershanfPharmacidiotechinc.,NJ,USA). PurifEedDNA

fragmentsvereelutedwith 501 | H,0.

2.6.7 QuantiEcation of DNA

DNA amountsverequanti£edy gelelectrophoresief thesampleogethemwith deEnecamounts
of . -DNA (Gibco BRL) followed by densiometricanalyseswith the digital imaging system
(AlphalmagefM2000,Alpha Innotech).

2.7 Restriction enzymeanalysis

Restrictionenzymeanalyseswere performedas describedby the manufcturer(Amersham
Pharmaciaiotechinc.; New EnglandBiolabs® Inc.).

2.8 Polymerasechainreaction(PCR)

2.8.1 PCR primer

All PCRprimersweresynthesisedby Microsynth(Balgach, Switzerland)andarelistedin Ta-
ble2.3.
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Table2.3: Syntheticoligonucleotidesisedfor PCR

Designation  Sequenc¢s®! 39 Tamgetgene Reference
di CCITAYICITAYGAYGCIYTIGARCC sodA [126]
d2 ARRTARTAIGCRTGYTCCCAIACRTC

DI GAYACICCIGGICAYRTIGAYTT tetris [31]
DIl GCCARWAIGGRTTIGGIGGIACYTC

tetM-f GACACGCCAGGACATATGG tet(M) [84]
tetM-r CGAGCAAGACCTTTAAG

erm-f GAAATIGGINIGGIAAAGGICA erm [115]
erm-r AAYTGRTTYTTIGTRAA

ermB-f GAAAARGTACTCAACCAAATA erm(B) [155]
ermB-r AGTAACGGTACTTAAATTGTTTAC

mefE-f ATGGAAAAATACAACAATTGGAAACGANEf(E) [115]
mefE-r TTATTTTAAATCTAATTTTCTAACCTC

mega-start CATGTTGAGGCGGTAAGTTTGC mega this study
Tn1207-upz GCTCAACACCTAGCTTGCCTACAAG

Tn1207-dovnl GATAACTGAGGTTAGAAAATTAG mega this study
mega-end GTGCTGAGAGCTTTCTTCTATAC

megasurdovn GTTTGCATTAGATTTATTAAATCTTG mejasur  thisstudy
megasurup GTCGTCATCATTGACAATCACATG

mefE-davnl CTATAGTTTGCCAAATGATAAC mega this study
Tn1207-up GTCGTTTCTATTCATATTGG

Singlelettercode:R: AorG;Y:CorT; W: AorT;l: AorCorGorT.

2.8.2 Standard PCR

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

heatedid (PersonaCycler, Biometra,Gottingen,Germauy). A standard@0? | reactionmixture
contained50-100ng of isolatedgenomicDNA, 0.2 mM of eachdATP, dCTR dGTR dTTP
(AmershamPharmaciaBiotech),1 U Tag DNA Polymerasé AmershamPharmaciaBiotech),

1 x standard®CR buffer (AmershamPharmaciaBiotech),20 pmol of eachprimer, 250 ng of

BSA (AmershamPharmacidiotech),andautoclaedbidistilled water After aninitial heating
at 95*C for 3 min, the reactionmixture was run through35 cycles of denaturatiorfor 40 s,
annealingor 40 s, andelongationat 72*C. Theelongationtime for the Tag DNA Polymerase

was1 min for 1 kb of ampliconsize. TheannealingemperaturéT,) wascalculatedusingthe

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

To generaté®CRproductsf increaseddelity, PwoDNA PolymeraséRoche Mannheim Ger
mary) wasusedinsteadof Tag DNA PolymeraseThe PCRreactionswvereperformedaccord-
ing to themanugcturersinstructions PCRproductsamplifedwith a proofreadingpolymerase
weresequencedirectly (Section2.11.1).

2.8.3 Long PCR

The“TagPlusLong™PCRSystem”(Stratagend,a Jolla,CA, USA) wasusedaccordingo the
manufBcturersinstructiongo generata 6.2 kb fragmentampliEedfrom genomicstreptococcal
DNA with the primerpair mega-surdonvn andmega-surup (Table2.3).

2.9 DNA hybridisation analysis

2.9.1 Southem blotting

DNA wastransferredo Nylon Plus membranegPerklin Eimer'™Life Sciencednc., Boston,
Massachusett&)SA) accordingto themethodof Southerr{142] using0.4N NaOHastransfer
solution and a blotting equipment(Biometra, Gottingen, Germary). DNA was £xed to the
membrandy incubationat 80*C for 30 min.

2.9.2 Randomprimed DNA labelling

As probe 50-100ng of aPCRproductwaslabelledwith radioactie [®*2P]ATP (3000Ci/mmol,
Perklin EImer™Life Scienceshaccordingto the randompriming techniqueof Feinbeg et al.
[45]. The probewaspurifedusinga NICK column(AmershamPharmaciaBiotechlInc.) to
remove surplusradioactvity. Prior to its use,the probewasdenaturedat 95*C for 5 min and
keptonice.
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2.9.3 Prehybridisation and hybridisation

Membranesvereincubatedn a Micro-4 oven (Hybaid) with 30 ml prehybridisationsolution
(5x SSC,5 x Denhardts).25mgof sssDM perml (Roche),0.05M sodiumphosphatéuffer,
pH 6.5) at 65*C. After 3 hoursthe pretybridisationsolutionwasreplacedwith 30 ml of hy-
bridisationsolution(5 x SSC,1 x Denhardts0.5 mg of sssDM perml, 0.04M sodiumphos-
phatebuffer, pH 6.5) containingthelabelledDNA probe.Hybridisationwasperformedat65*C
overnight. Membranesverewashedtve timesfor 30 min in 2 x SSCwith 0.1 % SDSat hy-
bridisationtemperature.The wet membranesvere sealedinto plasticbagsand hybridisation
fragmentsverevisualisedon X-ray £lms (Fuji RX, Fuji PhotoFilms CoLTD, Japan).

2.9.4 Colony hybridization

Coloniesweretransferredo a sterile nylon-basednembrangPerklin EImer™ Life Sciences,
Boston,MA, USA) by plaquelifting. The cells were lysed by placing the membranewith
the colory sideupwardson a 3MM paper(Whatman),previously soaled with lysis solution
(10 mM Tris, pH 7.5;0.25M sucroseb mg of lysozymeperml) for 1 h at 37*C. Denatura-
tion (0.5 NaOH, 1 NaCl), neutralisation(1 M Tris-HCI, pH 8.0) followed by a washingstep
(2 x SSC,pH 7.0) were performedon 3MM Whatmanpapersoalked with the appropriateso-
lutions eachfor 4 min atroomtemperatureDNA was£xedto the membrandyy incubationat
80*C for 10 min andirradiationunderUV-light (302nm) for 4 min.

2.10 Ligation and transformation

2.10.1 Ligation of genomicDNA fragmentsinto pUC18

GenomicDNA (21 g) wasdigestedwith 5 U of appropriatgestrictionenzymegdoubledigest)
andseparatedna0.8% agarosegel electrophoresiéSection2.6.5). Thedesiredgenomicfrag-
mentsthatweredetectedy hybridisationexperimentsasdescribedn Section2.9werecut out
of thegelwith a sterilescalpelandpuri£ed(Section2.6.6).InsertDNA wasmixedwith 250ng
of pUC18DNA digestedwith the appropriaterestrictionenzymesandreducedo a volumeof
131 | by vacuumcentrifugation. Thenreactionbuffer (OPA* ; AmershamPharmacidiotech),
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BSA (New EnglandBiolabs),ATP (Sigma)(Enatoncentratiorl mM), and7.5U T4 DNA Lig-
ase(AmershamPharmaciaBiotech) were addedto a total volume of 20 1| andthe ligation
mixtureincubatedat 10*C overnight. Thereactionwasstoppedy heattreatmentat 70*C for
10 min andkeptonice.

2.10.2 Transformation of ligated plasmidsinto Escherichia coli

Theligationmixturewasreducedo atotal volumeof 2 * | by vacuumcentrifugationandtrans-
formedinto Esderichia coli (EpicurianColi® XL-10 Gold® UltracompetentCells; Stratagene
Cloning Systems]a Jolla, CA, USA) by heatshockaccordingto the manufcturers instruc-
tions. The transformantsontainingthe desiredDNA fragmentwere selectedoy colory hy-
bridisation(Section2.9.4).

2.11 DNA sequencingand data analysis

2.11.1 Sequencingreaction

The nucleotidesequencesf clonedDNA fragments(Section2.10.1)or PCR products(Sec-
tion 2.8.2) were determinedusingan ABI PRISM® 310 GeneticAnalyser(Applied Biosys-
tems, USA). The sequencingeactionswere performedaccordingto the manufcturers in-
structions. DNA strandswere sequencedh both directionsusingM13/pUC18primers(New
EnglandBiolabs® Inc.) andsyntheticoligonucleotidgorimers(Microsynth).

2.11.2 Sequencalata analysis

DNA sequencewereanalysedisingthe GCGsoftwarepackagenf the Universityof Wisconsin
GeneticsComputerGroup (Madison,Wisconsin,USA). In addition,sequenceandrespectie
openreadingframeswere comparedvith DNA andaminoacidsequencefrom the databases
EMBL and GenBank. Comparisonto unf£nishedgenomesf S. gordonii and C.difEcile was
carriedout with databasegrovided by TIGR (URL: http://wwwtigr.org) andthe Sangern-
stitute (URL.: http://wwwsangerc.uk)respectrely. Dot plot analysesvere calculatedby the
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OMIGA (v.2.0)program(Oxford MolecularLtd., UK). Predictionof transmembrankelicesin
proteinswasdonewith the TMHMM (v.2.0)program(CBS,BioCentrum-DTU Denmark).Pu-
tative consereddomainswereanalysedy comparisorwith the Consered DomainDatabases
(NCBI, BethesdalUSA) [8].

2.12 Conjugation

2.12.1 Conjugation by £Ilter mating

Transferabilityof resistancanarkers was examinedusing £lter matings. Donor andrecipient
cellsweregrown at 37*C overnightto the late logarithmic phase. Donor and recipientcells
weremixedatvaryingratiosandpassedhrougha sterilenitrocellulose0.45* m £lter (Filtropur
S; SarstedtNumbrechtGermary). The £lter wasincubatedight-sideup on BHI agarat37*C
for 15 h. The bacteriawerewashedfrom the £lter with 2 ml of salinesolution(0.9 % NacCl,
0.1 % peptone). Dilutions of the mating mixtureswere spreadonto agar platescontaining
appropriateselectve antibioticsandincubatedor 24-96h at37*C. As negative controls,donor
andrecipientwere platedand incubatedon selectve media. If streptococciwere chosenas
recipientcells, transconjugntsweregrowvn in a CO, enrichedatmosphereConcentration®f
theantibioticsusedfor selectionof transconjugntsarelistedin Table3.2and3.3.

2.12.2 Conjugation by plate mating

Platematingswere performedaccordingto Lunaetal. [91]. Donorandrecipientcells were
mixedin varyingratiosandtransconjugntswereselectedn agar platescontainingappropriate
antibiotics(Table3.2and3.3). The plateswereincubatedat 37*C for 24-96h. If streptococci
wereusedasrecipientcells, transconjugntsweregrovn in aCO, enrichedatmosphere.
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2.13 Transformation of Streptococcupneumoniae

Transferabilityof erythromycirresistanceeterminantérom oral streptococcio S.pneumoniae
wasexaminedby in vitro naturaltransformatiorasreportedearlier[102]. RecipientstrainR800,
control DNA of S. pneumoniadk304,competence-stimulating-peptid€SP),anda modifed
protocolwereprovidedby J.-P Claverys(University Paul Sabatier Toulouse France).

Cellsof S. pneumoniadR800weregrown in THY pH 6.8 to earlylog phase(ODssp = 0:2)
andstoredin 1 ml aliquotssupplementedith 10-15% glycerolatj 80*C. For transformation,
cellsweregentlythaved, collectedby centrifugation (20800x g, 2 min, roomtemperatureand
resuspendeth 1 ml THY pH 8.0supplementedvith 1 mM CaCl, and0.2% BSA (Amersham
PharmaciaBiotech). To inducecompetencd 00 ng of CSPwereaddedto 1 ml precompetent
cellsfollowed by anincubationat 37*C for 10-15min. The suspensionvasdividedinto 100
1] aliquotsandcellsweretransformedvith 100-500ng of total DNA or 40ngof a6.2kb PCR
productharbouringthe erythromycinresistancegene(megasurdown/megasurup, Table 2.3)
at 30*C for 20 min. The total volume of transformedcells wasdiluted in 10 ml BHI blood
agar (Section2.2) andpouredinto a sterile petri dish. For phenotypicexpression plateswere
incubatedat 37*C for 2 h. To selectthe transformantsa second10 ml layer of BHI agar
containingthe appropriateantibiotic (2 x concentratedjvaspouredontothe blood agar plates.
Erythromycinresistantransformantsvereselectedvith 21 g of erythromycinperml andstrep-
tomycinresistantransformantgpositive control) with 2001 g of streptomycinperml. Plates
wereincubatedat 37*C for 72hin aCO, enrichedatmosphere.

2.14 Pulsed£eldgelelectrophoresis

PulsecEeldgelelectrophoresisiasperformedasdescribedn thestandargrocedurdy McEIl-

listremetal. [105]. DNA fragmentsvereseparateth a1 % agarosegelin 0.5x TBE [142] on

the CHEF (clampedhomogeneouslectric£eld)systemCHEF-DRII (BioRad)at4 *C at 160V

for 24 h with a pulsetime rampingfrom 1 sto 30 s. After electrophoresighe gel wasstained
with ethidiumbromidefor 40 min followed by 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

The Laboratoryof Food Microbiology atthe ETH Zurrich hasundertalen extensve researchn

characterisin@ntibiotic resistanffood-bornemicrooiganisms[121, 122 124,148,161]. Our

primaryapproactwasto isolateandcharacteriseral streptococcwhich couldsene aspossible
recipientstrainsfor anin vitro genetransferfrom food-bornebacteriato the oral microcora.

All sampleswere taken from the saliva of healtty, non-hospitalisegpersonsworking at the
Laboratoryof FoodMicrobiology, ETH Zurich.

Bacteriaof the saliva of two personsvereisolatedon sucrosecontainingmedia,which allows
somespeciedo producecharacteristislimy coloniesasaresultof exopolysaccharideormation
from this substrate Total countsof viable cells per ml werenot determined Bacteriaforming
differentlyshapedolonieswerechoserfor furtheranalysis A total of 61 Gram-positve cocci,
catalase-rgative isolateswereobtained Table2.1 andTableA.1).

None of the isolatesshaved -hemolysisgrowing on sheepblood agar, whereasnostof the
strainswere®-hemolytic.

Isolateswereidentifedto speciedevel by sequencing PCRproductof thesodAgeneencoding

27
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the mangnese-dependestiperoxiddismutasegene(sodA of streptococciDatabasanalysis
of the obtainedsequencesevealedidentitiesto sodAgenesof oral streptococcwithin arange
of 92,3% to 99,7% atthe nucleotidelevel. Isolatesturnedoutto be S.salivariusandS. mitis
strainsbut alsoS.oralis andS.sanguinis

3.2 Determination of antibiotic resistances

3.2.1 Determination of the minimal inhibitory concentration

Determination in oral streptococci

Oral streptococciverescreenedor antibioticresistancessingE-teststrips. The antimicrobial
agentstestedincludedampicillin, penicillin G, chloramphenicolerythromycin,clindamycin,
tetragcline, streptomycinand noraoxacin. In noneof the isolatesresistanceso ampicillin,
penicillin, and chloramphenicolvere detected. Resistanceo tetragcline was found in 10,
resistanceéo erythromycinin 18 strainsandresistanceo clindamycinin 6 strains.Streptomycin
resistancavasonly determinedor 29 streptococcisolatedfrom personl. Sincefor noraoxacin
andstreptomycintherehave beenno breakpointsieEnedor oral streptococcipnly the MIC g
andMIC o valueswereevaluated For noraoxacirnthe MIC 5o andMIC o valueswerecalculated
at81 g/mland481 g/ml, for streptomycinat 24 1 g/ml and48* g/ml respectiely. A detailed
list of all MIC valuesof theinvestigatedisolatess shavn in AppendixA.1. Thedistribution of
resistancefrom all oral streptococctesteds shavn in Figure3.1.

Determination in selectedstreptococcaltype strains

Amongeleventypestrainstestednonewerefoundto beresistanto ampicillin, penicillin, ery-

thromycin,clindamycinandchloramphenicolThe MIC valuesfor noraoxacinrangedoetween
31 g/ml and64 * g/ml andthe MIC valuesfor streptomycinresistanceoetween3 * g/ml and
481 g/ml. Only onestrain,S. cristatusDSM8249wasresistanto tetragcline. A detailedlist

of all MIC valuesis shavn in AppendixA.2.
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Figure3.1: In vitro antibiotic susceptibilitiesof oral streptococcisolatedfrom humansaliva of two healtty per
sons.Breakpointswereappliedaccordingto the guidelinesof NCCLS[112]. PG: penicillin G; AM: ampicillin;
EM: erythromycin;CM: clindamycin;TC: tetragcline; CL: chloramphenicol The numberof sensitve, interme-
diateresistanandresistanstrainsis indicatedabore every column.

3.2.2 ldenti£cation of the tetracycline and erythr omycin resistancedeter-
minants

The antibiotic resistancaleterminant®of tetragcline and erythromycinresistantstrainswere
amplifedby speciEcPCRandthe ampliconspartially sequencedor identiEcation. The tetra-
cyclineresistanstrainscarriedatet(M) genethatshoved98.9% - 100% identity to thetet(M)
genefrom S.pneumoniadacc. no. X90939,[127]) with the exceptionof S. mitis MS35 that
possessedtet(O) geneidenticalto tet(O) from Campylobactejejunii (acc.no. M18896,[95]).
Within the erythromycinresistantstrainsthe determinantserm(B) and mef(E) were nearly
equally distributed. Sequencesf all erm(B) PCR productswere 100 % identicalto erm(B)
from Enteiococcusfaecalis(acc. no. U86375[114]) andsequencesf mef(E) PCR products
revealed100 % identity to mef(E) from Streptococcupneumoniagacc. no. U83667[156]).
In addition,the antibiotic resistancegyenegtet(M), tet(O), erm(B), mef(E)) werelocalisedon
thechromosomeasdeterminedy Southerrhybridisationwith an[®3?P]-labelledPCRproduct
of therespecttre antibioticresistanc&eterminantvith the exceptionof Streptococcusristatus
DSM8249wherethe tetM determinantvaslocalisedon a plasmid. Table 3.1 shavs the tetra-
cycline and erythromycinresistantstrainswith the respectire MIC, their antibiotic resistance
determinant&indtheir genomiclocalisation.
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Table3.1: Characterisationf antibioticresistanc&leterminants

Strain(Person) TCR  MICtc (*g/ml) EMR MICew (tg/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
272 (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 nottested 2 Chromosome
Schl(2) erm(B) 6 notdetected
Sch4(2) tet(M) 12 notdetected
Sch10(2) tet(M) 24 notdetected
Z\W6 (2) tet(M) 32 notdetected
S.cristatus

DSM8249 tet(M) 48 Plasmid
Streptococcusp.

S30(1) nottested 2 notdetected
S43(1) nottested 1 notdetected
MS27(1) nottested 8 notdetected

Abbreviations: TCR, tetragcline resistance EMR, erythromycinresistanceermB), methylation;
mef(E), efaux; tet(M), tet(O), ribosomalprotection.

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

thromycinandclindamycin,whereasnef(E) conferslow level resistancéo erythromycin,but
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susceptibilityto clindamycin. In this study genotypeand phenotypedo not correlatein a few
cases.The erm(B) geneof S.mitis Schldoesnot conferhigh level resistanceneitherto ery-
thromycin (8 * g/ml) nor to clindamycin(12 * g/ml). S. salivariusZu4 andZZ2 harbouring
botherm(B) andmef(E) genesshavedlow level resistanceo erythromycinat the time of iso-
lation (4 * g/ml), but high level resistanceavhenretestecdhalf ayearlater (> 2561 g/ml), which
is consistenwith the genotype.S. mitis MS32 shaved high level resistancdo erythromycin
(961 g/ml), but wassusceptiblgo clindamycin(0.094* g/ml). At thetime of isolation,S. mi-
tis MS32 carrieda mef(E) gene,which was confrmedby PCR with a speciEcprimer pair
(mefE-f, mefE-r; Table 2.3), Southernybridisationwith a mef(E) probeandpartial sequenc-
ing. However, in the courseof this study the mef(E) genecould no longerbe detectedn the
genomeof MS32. ErythromycinresistancegemainedsinceMS32 carriesan erm(B) geneas
well. S.mitis MS35 shaved high level resistanceo erythromycin(192* g/ml), but suscepti-
bility to clindamycin(0.0941 g/ml) at the time of isolation. Whenretestedhalf a yearlater,
the strainshaved low level resistanceo erythromycin(2 * g/ml). The erythromycinresistant
determinantvasnotidentifedfor thatstrain.S.salivariusSp6andZu3 andS. mitisMS30har
bouringmef(E) werefoundto below level resistanto erythromycinwith varying MIC values
betweerd and321 g/ml.

3.3 Conjugal transfer of antibiotic resistances

To investicate oral streptococcias potentialrecipientstrainsfor antibiotic resistancaletermi-
nantsfrom food-bornebacteria,matingexperimentswere performed. Furthermorethe trans-
ferability of the determinedetragcline anderythromycinresistancgenesvastestedn some
of the streptococcaikolates.

3.3.1 Conjugal transfer attemptsof conjugative elementsr omfood-bome
enterococcito oral streptococci

Antibiotic resistantenterococcisolatedfrom food were found to carry conjugative elements
[120Q]. StrainsRE25[148] andRE39[162] possessarge conjugative plasmidsconferringery-
thromycinresistancéerm(B)), strainFO1[122] carriestheTn916-like transposod nFO1 con-
ferring tetragcline resistancgtet(M)). EntelococcusfaecalisRE25and FO1 aswell asEn-
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terococcussp. RE39were usedas donor strainsin £lter mating experiments. Furthermore,
transconjugntJH-RE25(RE25x JH2-2;[120]) wasusedasdonorstrain. Donorandrecipient
strainsweremixedin differentratios.In noneof theexperimentswhichareshovnin Table3.2,

transconjugntswereobtained.

Table3.2: Lack of conjugal transferof conjugative elementfrom food-borneenterococci

Donorx Recipient Ratio Method Selection Transconjugnts
RE25x S31 1:2 £lter mating BHI noryg ery,p cmyg no
RE25x MZ3 1:2 £lter mating BHI noryg eryzg cmyg no
RE25x MZ4 1:.2,1:1 £ltermating BHI nor,q ery,g chyg no
RE25x Sch7 1:1 £lter mating BHI noryq ery,g cmyg no
RE25x Z5 11 £lter mating BHI noryg ery,p cmyg no
RE25x Sch7 31 platemating BHI nory eryio no
RE25x MZ4 3:1 platemating BHI noryg eryio no
JH-RE25x Sch10 1:2 Elter mating BHI tets erys no
JH-RE25x MS38 1:2 £lter mating BHI tets erys no
JH-RE25x S40 1:2 £lter mating BHI tets erys no
JH-RE25x MS38 3:1 platemating BHI tets eryig no
JH-RE25x S40 3:1 platemating BHI tets erysg no
RE39x S31 1:2 £lter mating BHI noryg eryy no
RE39x MZ3 1:2 £lter mating BHI noryg eryy no
RE39x MZ4 1:2 £lter mating BHI noryg eryy no
FO1x 75 1:1 £lter mating BHI nor,q tetqg no
FO1x Sch7 11 £lter mating BHI nor,q tetp no
FOl1x Mz4 1:1 £lter mating BHI norq tet g no

Ratio: Resultsof oneor two independenéxperiments.

Abbreviations:erys-1g-29, €rythromycins/10/20* g/ml; cmyg, chloramphenica20* g/ml; tet o, tetra-
cycline 101 g/ml; noryg, noraoxacin20* g/ml.

3.3.2 Conjugal transfer of antibiotic resistancedeterminants
from oral streptococcito E. faecalis

Antibiotic resistancaleterminantf tetragcline or erythromycinresistantoral streptococci
weretestedfor a possibletransferof resistancegenesinto E. faecalisJH2-2 (Rif R, Fus®) as
recipientstrain(Table3.3). Only the tetragcline resistancef S. cristatusDSM8249[56] was
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transferablatafrequeny of 10 7 perdonorcell by £lter matingexperiments Onthecontrary
erythromycinresistanceleterminantfrom S.salivariusSp6andZZ2 andS. mitis MS32 could
be transferrednto JH2-2at a frequeng of 10 ° to 10 © perdonorcell by platemating. The
resultsof both£lter andplatematingarelistedin Table3.3.

Table3.3: Conjugnl transferof streptococcahntibioticresistanceleterminants

Donorx Recipient Ratio Method Selection Transconjugnts
S39x JH2-2 1:1,1:3,3:1 £ltermating BHI tet 5 rif 5o fusigg no

S40x JH2-2 1:1,1:3,3:1  £ltermating BHI tet 5 rif 5o fusioo no

MS38x JH2-2 1:3,3:1 £lter mating BHI tet 5 rif 5o fusioo no

272 x JH2-2 1:1,3:1 Elter mating BHI tet g rifsg fusigo no

Zudx JH2-2 1:1,3:1 £lter mating BHI tet 5 rif 5o fusigg no

MS35x JH2-2 1:3 £lter mating BHI tet 5 rif 5o fus;gg no

Sch4x JH2-2 1:1 £lter mating BHI tet 5 rif 5o fus;gg no

Sch10x JH2-2 1:1 £lter mating BHI tet s rifgg fusigo no

ZW6 x JH2-2 1:1 £lter mating BHI tet 5 rif 5o fusigg no
DSM8249x JH2-2 1:1,1:3,3:1 £ltermating BHI tet 5 rif 5o fusioo 10" “/donorcell
S32x JH2-2 1:1 £lter mating BHI erys rif 59 fus;gg no

S41x JH2-2 1:1 £lter mating BHI erys rifsg fusigo no

S48x JH2-2 11 £lter mating BHI erys rifsg fusigo no

S49x JH2-2 11 £lter mating BHI erys rifso fusigo no

MS40x JH2-2 1:1 £lter mating BHI erys rifso fusioo no

Sp3x JH2-2 1:1 £lter mating BHI ery; rifsg fusigo no

Sp6x JH2-2 11 £lter mating BHI ery; rifsg fusigo no

Sp9x JH2-2 11 £lter mating BHI ery; rifso fusigo no

Zu3x JH2-2 1:1 £lter mating BHI ery; rifsg fusioo no

Zudx JH2-2 11 £lter mating BHI ery; rifsg fusigo no

272 x JH2-2 1:1 £lter mating BHI ery; rifsg fusigo no

MS30x JH2-2 11 £lter mating BHI erys rifso fusigo no

MS32x JH2-2 1:1 £lter mating BHI erys rifso fusigo no

Sp6x JH2-2 1:1,5:1 platemating BHI erys fussg 10 5 to 10 8/donorcell
7272 x JH2-2 1:1,5:1 platemating BHI ery;o fussg 10 5to 10 8/donorcell
MS32x JH2-2 1:1,5:1 platemating BHI ery;q fussg 10 ° to 10 8/donorcell

Abbreviations: ery;-s=19, erythromycin1/5/101 g/ml; tets, tetragcline 5 * g/ml; rifgg, rifampicin
501 g/ml; fus, o, fusidicacid 100t g/ml
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3.3.3 No conjugal transfer of antibiotic resistancedeterminants between

oral streptococci

SinceS.cristatusDSM8249transferredetragcline resistanceéo JH2-2by conjugation, it was
usedasadonorstrainin a matingexperimentto S. salivariusS48. This experimentwasdone
twice at two differentratios (2:3, 1:1) and selectedon BHI erys tets, but no transconjugnts
wereobtained.

3.3.4 Characterisation of JH2-2 transconjugants
Tetracyclineresistanttransconjugants

The tetragcline resistantEnteiococcusfaecalisJH2-2 transconjugntsobtainedfrom a £lter
matingeventbetweersS. cristatusDSM8249andE. facalisJH2-2wereconf£rmedo beentero-
cocciby growth in BHI broth supplementedavith 6.5% NaCl andat 45*C. Furthermorethe
minimalinhibitory concentratiomf tetrag/clinefor thetransconjugntsJH-DSM8249-20/21/22
in comparisorio thedonorandrecipientstrainwasdeterminedy usingE-teststrips. Transcon-
jugantsshavedthe sameresistancgatternastheir parentstrains(Table3.4).

Table3.4: Antibiotic resistancgatternof transconjugntsof DSM8249x JH2-2.MIC values(* g/ml) weredeter
minedfor tetrag/cline (TC) andfusidic acid (FU). High-level rifampicinresistancé€RI) wastestedby growth on
agar supplementedith rifampicin(50* g/ml).

Designation MIC ¢ MIC ry Rlsg
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, plasmid DNA was isolatedand separatedy agarosegel electrophoresis.JH-
DSM8249-19/20/2Zarrieda plasmidof the samesizeasthe donorstrainDSM8249,whereas
in JH-DSM8249-21a larger plasmidwasdetected By Southerrhybridisationwith an [®3%2P]-
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labelledtet(M) probe thetetragcline resistanceleterminantvasfoundonall plasmids.Dueto
themigrationof DNA ontheagarosegel, it is difEcultto determinevhethertet(M) wasalsolo-
calisedonthechromosomeNo signalwasobtainedon JH2-2chromosomaDNA (Figure3.2).

1 2 3 45 6 7 M 1 2 3 45 6 7 M

SRS ees

Figure 3.2: Identi£cationof the tet(M) genein transconjugnts obtainedfrom a £lter mating event between
S.cristatusDSM8249andE. faecalisby plasmidDNA isolation,gel electrophoresiand Southerrhybridisation.
A: PlasmidDNA isolationseparate@dn a 0.8 % agarosegel andstainedwith ethidiumbromide.B: Autoradiogra-
phy of membrane-boun®NA after hybridisationwith an [®*2P]-labelled0.4 kb probeof atetM) PCRproduct
(tetM-f/tetM-r; Table 2.3). LaneM: 1 kb DNA ladder(GibcoBRL) (in basepairs);l: S. cristatus DSM8249;
2: E. faecalisJH2-2; 3: transconjugnt JH-DSM-19;4: transconjugnt JH-DSM-20;5: transconjugnt JH-DSM-
21; 6: transconjugnt JH-DSM-22;7: tet(M) PCR product(tetM-f/tetM-r; Table2.3). This £gureis graphically
enhancedor betterreproduction.

Erythr omycin resistanttransconjugants

ErythromycinresistantJH2-2 transconjugntswere obtainedwith S. salivarius Sp6 (mef(E))
andzz2 (mef(E), erm(B)) andS.mitis MS32 (mef(E), erm(B)) asdonorstrainsusingthe plate
matinginsteadof the £lter matingprocedure TransconjugntsJH-Sp6-1,7,8,9,121H-2Z72-1,2
andJH-MS32-2werefurthercharacterisedAll transconjugntsshavedgrowth in thepresence
of 6.5% NaClandat45*C. Mef(E) couldbe amplifedwith a speciEgorimerpairin transcon-
jugantsof Sp6x JH2-2andZZ2 x JH2-2,but not of MS32 x JH2-2. Obviously, the erm(B)
determinantwvas transferredo JH2-2 sincethe mef(E) genehasbeenlost during laboratory
transferandhandlingin MS32.
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3.4 A macrolide efaux geneticassemblyin oral

streptococci

In Europeerythromyecirresistancen streptococcis mainlyencodedy ribosomaRNA methyl-
transferasesHowever, the currentincreasan erythromycinresistanceseemso be dueto the
acquisitionof genesencodingefaux pumps(mef(A) or mef(E)). Therefore,it wasdecidedto
identify the adjacentsequenceof a mef(E) determinantn orderto £nd out more aboutthe
possibleorigin of thegeneandthe mechanisnof transfer

3.4.1 Determination and analysisof the nucleotidesequencef the macrolide
efauxgeneticassemblyin S.salivariusSp6and its adjacentsequences

Adjacentsequencesf mef(E) in S.salivariusSp6weredeterminediy sequencinghreeover-
lapping fragmentscloned into pUC18 vectorswhich resultedin the recombinantplasmids
pmefE, pmefE-upandpmd. A detaileddescriptionof theseplasmidsis providedin Table2.2.
Furthermorea 3.1 kb PCR productamplifedwith the primer pair mefE-davn1/Tn1207-up
(Table2.3)wasdirectly sequenced.

A total nucleotidesequencef 8889bp with a calculateds+C contentof 33.4% wasobtained.
At position782- 6292a 5.5 kb fragmentwasfoundto shav high homologyto the macrolide
efaux geneticassemblypreviously describedn S.pneumoniady GayandStephen$50] (acc.
no. AF274302). The macrolideefaux geneticassemblyandits adjacentopenreadingframes
(ORF's)in S.salivariusSp6aredescribedn detailin thefollowing chaptersFigure3.3shawvs

thearrangemendf theten ORF's within the obtainedsequencef 8889bpin S.salivariusSp6.
Thetotal nucleotidesequenc®f the macrolideefaux geneticassemblyin S. salivariusSp6is

shavn in AppendixB.

-IIZIR: ; ee—— X © :‘5?‘“

orfa orfl orf2 orf3 orf4 orf6 orf5 orfb orfc orfd

Figure 3.3: Linear map of the macrolidegeneticassemblyandits adjacentopenreadingframesin S. salivarius
Sp6. Colouredarrowns represenbpenreadingframes.The grey shadedoxin the backgroundshavs the position
of themacrolideefaux geneticassemblyankedby imperfectinvertedrepeatgIR). orfa-orfd indicateS. salivarius
sequencexrfl-orfé openreadingframesof the macrolideefaux geneticassembly
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Table3.5liststheaminoacididentitiesof putative proteinsencodedy theopenreadingframes
(ORF's) foundonthe 8889bp sequencéo sequenceavailablein public databases.

Table3.5: Putatie proteinsencodedy the macrolideefaux geneticassemblhyandits adjacensequencén S.sali-
varius Sp6

ORF Nucleotide Putative G+C Identi£cation aaidentity  Accession
position RBS content% (highesthomology) % number
B 39

ORFa 2-559 25.4 Mob of pUA140 (S.mu- 22.9 AF068250
tang

MefE  1888-3105 agmc 37.8 MefE (S.pneumoniag 100 U83667

Mel 3225- 4688 agmgg 37.8 ABC-Transporter 100 AF274302
(S.pneumoniag

ORF3 5105- 4806 agogg 35.3 hypothetical protein 100 AF274302
(S.pneumoniap

ORF4  5460- 5092 aaaga 37.4 hypothetical protein 100 AF274302
(S.pneumoniag

ORF5 6235- 6047 37.6 UmuC MucB like pro- 100 AF274302
tein (S.pneumoniak

ORF6 5808-5473 gagg@ 33.3 none 100 AF274302

ORFb 6445-7082  agogg 32.1 hydR (C. difEcile) 32.5 AF109075

ORFc 7172-7882 agagg 34.9 ABC transporter(Ther 49 AE013051
moanaeobacter teng-
concensiy

ORFd 7836- 8888 agame 33.2 transmembrane protein 20 AE013051

(T. tengconcens)s

Sequencesound in the macrolide efaux geneticassemblyin S. salivariusSp6

ORF1: MefE

Thenucleotidesequencef orfl is locatedbetweerthe positions1888and3105,corresponding
to a proteinwith 406 aa. A putative ribosomalbinding site could be located8 bp upstreanof
the ATG initiation codon. Databasenalysisof the correspondingaa sequenceevealed100
% identity to the mef(E) genefrom S. pneumoniagacc. no. U83667;[156]). Furthermore,
it is closelyrelatedto the mef(A) genefrom S. pyagenes(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) were proposedo be regardedasa singleclasscalledmef(A) [137]. The mef(A)

geneof S.pneumoniadacc.no. 227520)is partof a 7.2 kb defectve transposomlesignatecs
Tn1207.1 whichwill bedescribedn detailin thefollowing chapters.

Both the mef(E) and the mef(A) geneencodea macrolideefaux pump and confer the M-
phenotypeo streptococci.Within the 406 aaof mef(E) ten predictedtransmembrane-helices
wereidentif£ed.

Figure3.4 shavs analignmentof theaasequencef ORF1with MefA of Tn1207.1

10 20 30 40 50 60
af 227520- or f  MEKYNNVKLKFYTI WAGQAVSLI TSAI LQVAI | FYLTEKTGSAMVL SMASLLGFLPYAVF
CLCPELEE PP e s Ly e

megaor f 1. pep MEKYNNVKRKFYAI WAGQAVSLI TSAI LQVAI | FYLTEKTGSAMVLSMASLVGFLPYAI L
10 20 30 40 50 60

70 80 90 100 110 120

af 227520- or f  GPAI GVLVDRHDRKKI M GADLI | AAAGSVLTI VAFYMELPVWWM VLFI RS GTAFHT
AR R R R R R R R R AR A N A AN

megaor f 1. pep GPAl GVLVDRHDRKKI M GADLI | AAAGAVLAI VAFCVELPVWW M VLFI RSI GTAFHT
70 80 90 100 110 120

130 140 150 160 170 180
af 227520- or f  PALNAVTPLLVPEEQLTKCAGYSQSLQS! SYI VSPAVAALLYSWELNAI | Al DVLGAVI
PEVEEELEEER R e e e e e e e e e P e

megaor f 1. pep PALNAVTPLLVPEEQLTKCAGYSQSLQS! SYI VSPAVAALLYSWWDLNAI | Al DVLGAVI
130 140 150 160 170 180

190 200 210 220 230 240
af 227520- or f  ASI TVAI VRI PKLGDRVQSLDPNFI REMQEGVAVL RQNKGLFALLLVGTL YMFVYNPI NA
R A A e R AN A A

megaor f 1. pep ASI TVAI VRI PKLGNQVQSLEPNFI REMKEGVWVLRQNKGLFALLLLGTLYTFVYNPI NA
190 200 210 220 230 240

250 260 270 280 290 300
af 227520- or f LFPLI SMDYFNGTPVHI S TEI SFASGWMLI GGLLLGLFGNYQKRI LLI TASI FMVGI SLT
R R R R A R R e A A A R A R A

megaor f 1. pep LFPLI SVEHFNGTPVHI S TEI SFAFGMLAGGLLLGRLGGFEKHVLLI TSSFFI MGTSLA
250 260 270 280 290 300

310 320 330 340 350 360
af 227520-or f | SGLLPQSGFFI FWCCAI MaLSVPFYSGVQTALFGEKI KPEYLGRVFSLTGS! MSLAVP
SR T PR e e e e e e e e

megaor f 1. pep VSG LPPNGFVI FWOCAI ML SVPFYSGVQTALFQEKI KPEYLGRVFSLI GSI MELAMP
310 320 330 340 350 360

370 380 390 400

LSALFADRI GVNHWFLLSGTLI | CI Al VCPM NEI RKLDLK

PP e PErer s it

LSGFFADKI GVNHWFLLSGI LI | G Al VOQM TEVRKLDLK
370 380 390 400

af 227520-orf |G

I GLI
111
nmegaor f 1. pep | GLI

Figure3.4: Alignmentof theaasequencef ORF1(406aa)from the macrolideefaux geneticassemblyof S.sali-
varius Spéwith MefA from S.pneumoniag€406aa;acc.no. AF227520)

ORF2: Mel

TheDNA sequencef orf2 is locatedbetweerthenucleotide8225and4688andspecifedor a
putatve 488aaprotein.A putative ribosomabindingsite couldbedetermined bp upstreanof
theinitiation codonATG. Databasenalysisof the correspondingasequenceevealed100 %
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identityto ORF2(Mel) of themacrolideefaux geneticassemblyn S.pneumoniaeln addition,
Mel is 97.3% identicalto ORF50n Tn1207.1and42.2% identicalin a483aaoverlapto MsrC,
aproteinconferringresistancéo macrolideandstreptogramirB antibioticsin E. faecium(acc.
no. AY004350;[151]). Proteinshomologoudo Mel belongall to the ABC transportefamily
andcontaintwo ATP-bindingdomains,eachof which containstwo ATP-bindingmotifs, WA
andWB, describedy Walker etal. [165]. Figure3.5shavs anaasequencalignmentof Mel
(S.salivariusSp6),ORF5from Tn1207.1 andMsrCfrom Entelococcudaecium extendedwith
thetwo relatedABC transporteiproteinsMsrA (Staphylococcuaureus acc. no. AB016613;
37.8% identityin a471aaoverlap;[103]) andVgaB (Staphylococcuaureus 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 positions4806 and 5105 on the complemenDNA strand. A putatve
ribosomabindingsitecouldbedetermined bp upstreanof theinitiation codonATG. Database
analysisof the correspondingaasequenceevealed100 % identity to ORF3of the macrolide
efauxgeneticassemblyn S.pneumonia@and96 % identityto ORF60f Tn1207.1 Furthermore,
ORF3is 51 % identicalto ORF11from theconjugative transposoi n5252from S.pneumoniae
(acc.no. L29324[110]) and48.9% identicalto ORFRfrom a partial site specif£cintegrative
conjugative elementiCEStlin S.thermophilugacc. no. AJ278471]21]). Theactualfunction
of this proteinin ary of the microoilganismss unknowvn.

ORF4: Hypothetical protein

The openreadingframe ORF4 consistsof 123 aaandis locatedbetweenthe positions5092
and5460onthecomplementargtrand.A putative ribosomalbindingsitewasdetermined bp
upstreanof the initiation codonATG. The hypotheticalprotein ORF4 shavs 100 % identity
to ORF4from the macrolideefaux geneticassemblyin S. pneumoniae Its N-terminalend
overlapswith the initiation codonof ORF3. Due to a deletionat position5441S. salivarius
Sp6 possessea 19 aalarger ORF4than S. pneumoniagbut of the samesize as ORF7from
Tn1207.1 whichreveals91.8% identity to ORF4.In addition,it is 41.2% identicalto ORF12
from the conjugative transposoin5252in S.pneumoniae
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1 WA 50

Mel -mega ME. LI LKAKD | RVEFKGRDV LDI NELEVYD YDRI GLV GAN GAGKSTLLRV
orf5-Tn1207.1 ME. LI LKAKD | SVEFKGHDV LDI NELEVYD YDRI GLVGAN GAGKSTLFKV
Msr C- AY004350 MENLAVNI TN LQVSFGNQLE LSI DSLRVYQ QDRI Gl | GEN GVGKSTLLKL

Msr A- AB016613  MEQYTI KFNQ | NHKLTDLRS LNI DHLYAYQ FEKI ALl GGN GTGKTTLLNM
VgaB- U82085 ~~M_KI DIMKN VKKYYADKLI LN KELKI'YS GDKI Gl VGKN GVGKTTLLKI
Consensus  ---------- a----o---- L-1--L--Y- ---1---GN G GK-TL---

51 100

Mel -mega LLG . ELTPP GCKMNRLGEL AY!I PQLD... EVTLQEEKDF ALVGKLGVEQ
ORF5-Tn1207.1 LLG . ELI PP GCKMNHLGEL AYI PQLD... EVTLQEEKDF ALVGKLGVEQ
Msr C- AY004350 | AG . ELFPD HGKI QTEI TF NYLPQLTYLA EAKDLN. LEL ASHFQLRLEE
Msr A- AB016613 | AQ . KTKPE SGTVETNGEI QYFEQLNVDV E. NDFNTLDG SLMSELH PM
VgaB- U82085 | KGLI EI DEG NI I | SEKTTI KYI SQL.... EEPHSKI | DG KYASI FQVEN
Consensus  ---------- o--------- AY--Q---- BEreeeiien meeeees

101 B 150

Mel - mega LNl QTMSGGE ETRLKI AQAL SAQVHG LAD EPTSHLDREG | DFLI GQLKY
ORF5-Tn1207.1 LN QTMSGGE ETRLKI AQAL SAQVHG LAD EPTSHLDREG | DFLI GQLKY
Msr C- AY004350 TSERKWSGGE ERKI ELI RLL SSYEQGWMLLD EPTTHLDRKS | DRLI EELRY
Msr A- AB016613 HTTDSMSGGE KAKYKLANVI SNYSPI LLLD EPTNHLDKI G KDYLNNI LKY
VgaB- UB2085 KWANDNMVBGGE KTRFKLAEGF QDQCSLM.VD EPTSNLDI EG | ELI TNTFKE
Consensus  ------ SGGE ---------- ---e--- L-D EPT--LD--- ----------

151 200

Mel -mega  FTGALLVI SH DRYFLDEI VD KI WEL. KDGK | TEYWGNYSD YLRQKEEERK
ORF5-Tn1207.1 FTGALLVI SH DRYFLDEI VD KI VEL. KDGK | TEYWGNYSD YLRQKEEERK
Msr C- AY004350 YYGTLVFVSH DRYFLDELAS KI VEV. KDGE | REFSGNYSA YLTQKELEKK
Msr A- AB016613  YYGTLI | VSH DRALI DQI AD TI WDI QEDGT | RVFKGNYTQ YQNQYEQEQL
VgaB- U82085 YRDTFLWSH DRI FLDQVCT KI FEI . ENGY | REFI GNYTN Yl EQKEMLLR
Consensus  -------- SHDR---D---- -l------ G |----G\Y-- Y--QE----

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 KQQ RPDRLS
Msr A- AB016613 EQORKYEQYI SEKQRLSQAS KAKRNQAQQM AQAS. . SKQK NKSI APDRLS
VgaB- U82085 KQQEEYEKYN SKRKQLEQAI KLKENKAQGM | K. ... PPSK TMGTSESRI .
Consensus  -Q---E--- ----- L---- --K--A - e Ko--eee-- R--

251 300

Mel - mega  HQKSI GSKEK KMYNAAKTLE HRI AALGKVE APEGQ RRI RF RQSKALELHN
ORF5-Tn1207.1 HQKSI GSKEK KMHNAAKSLE NRI AALGKVE APEG RRI RF RQSKALELHN
Msr C- AY004350 SSKQKDSVQK Al QKNAKTLE RRLQKI GETT KPQQWKQ RF PVPKSLELHS
Msr A- AB016613 ASKQKGTVEK AAQKQAKHI E KRVEHLEEVE KPQSYHEFNF PQNKI YDI HN
VgaB- Us2085 WKMQHATKQK KMHRNTKSLE TRI DKLNHVE KI KELPSI KM DLPNREQFHG
Consensus  --------- K------ Gl S S o i H

301 WA 350

Mel -mega  PYPI VGAEI N KVFGDKALFE NASFQ PLGA KVALTGGNG GKTTLI QM L
ORF5-Tn1207.1 PYPI VGAEI N KVFGDKALFE NASFQ PLGA KVALT GGNGT GKTTLI QM L
Msr C- AY004350 RYPI MGONVQ LERSGRTLLV NGDFQFSLGK KI Al VGENGS GKTTLLEHI R
Msr A- AB016613  NYPI | AONLT LVKGSQKLLT QVRFQ PYGK NI ALVGANGV GKTTLLEAI'Y
VgaB- UB2085 RNVI SLKNLS | KFNNQFLWR DASFVI KGGE KVAI | GNNGV GKTTLLKLI L
Consensus  ---l------ ------- L-- ---F----G --A-- GNG CKTTL---1-

351 400

Mel - mega  NHEEG SI SP KAKI GYFAQN GYKYNSNONV MEFMOQKDCDY NI SEI RSVLA
ORF5-Tn1207.1 NHEEG S| SP KAKI GYFAQN GYKYNSNQ\V MEFMKDCDY NI SEI RSVLA
Msr C- AY004350 KQGEG LLSP KVSFQVYQQK DYQMISEESV | RFVMRQTEF SESLVRSLLN
Msr A- AB016613 HQ EG DCSP KVQVAYYRQL AYEDVRDVSL LQYLMDETDS SESFSRAI LN
VgaB- UB2085 EKVESVI | SP SVKI GYVSQN LDVLQSHKSI LENVMSTSI Q DETI ARI VLA
Consensus ---E----SP -------- Q —-mmmmmm e oo R--L-

401 VB 450

Mel - mega  SMGFKQNDI G KSLSVLSGGE | | KLLLAKM. MGRYNI LI MD EPSNFLDI PS
ORF5-Tn1207.1 SMGFKQNDI G KSLSVLSGCE | | KLLLAKML MGRYNI LI MD EPSNFLDI PS
Msr C- AY004350 HLGFAQETLA KPLCTLSGGE ATRLM ALLF TKPSNVLLLD EPTNFI DVAT
Msr A- AB016613 NLGL. NEALE RSCNVLSGGE RTKLSLAVLF STKANM.I LD EPTNFLDI KT
VgaB- UB2085 RLHFYRNDVH KEI NVLSGGE QI KVAFAKLF VSDCNTLI LD EPTNYLDI DA
Consensus  ---------- ----- LSGCE ------ A-- ----NL--D EP-N--D---

451 500

Mel - mega LEALEI LMKE YTGTI VFI TH DKRLLENVAD VWYEI RDKKI  NLKHf ~~~~~
ORF5-Tn1207.1 LEALEI LMKE YTGTI VFI TH DKRLLENVAD WWYEI RDKKI = KLKH* ~~~~~
Msr C- AY004350 | EALEKLMQV YPGTI LFTSH DSYFVERTAD EVYElI KGQKI  KKVLTRNF* ~
Msr A- AB016613 LEALEMFM\K YPQ | LFTSH DTRFVKHVSD KKWELTGQSI HDI T* ~~~~~
VgaB- UB2085 VEALEELLI T YEGWLFASH DKKFI QNLAE QLLI | ENNKV KKFEGTYI EY
Consensus - EALE----- Y-G--F--HD------ee cccnenncn-- -

Figure3.5: Alignment of the aasequencef Mel (macrolideefeux geneticassembly) ORF5(Tn1207.3, MsrC
(E. faecium), MsrA (S.aureug, andVgaB (S.aureug. Theconsensusequencés givenbelov thealignment.The
ATP-bindingmotifs WA andWB describedy Walker etal. [165] arehighlightedin bold type.
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ORF5: Hypothetical protein

ORF5 hasa length of 63 aaandis locatedbetweenthe nucleotides6047 and 6235 on the
complementaryDNA strand. Databaseanalysisof the correspondingaa sequenceevealed
100 % identity in a 46 aaoverlapwith ORF5from the macrolideefaux geneticassemblyin
S.pneumoniaeA deletionat position6097truncatedORF5in S.salivariusthatonly has63 aa
left comparedto 144 aain S. pneumoniae Therefore,no precedingribosomalbinding site
couldbelocated. Furthermorejt shavs 90.7 % identity to ORF8from Tn1207.1 This ORF
is describecasa UmuC-MucB-like proteininvolvedin UV-resistanceMoreover, thetruncated
ORFb5is 58.5% identicalin a41 aaoverlapto ORF13from the conjugative transposoin5252
in S.pneumoniae

ORF6: Hypothetical protein

The openreadingframe ORF6is locatedbetweenORF4andORF5at the nucleotidepositions
5473 and 5808 on the complementaryDNA strand. It is precededby a putatve ribosomal
binding site located5 bp upstreanof theinitiation codonATG. The sequencef this ORFis

100 % identicalto the sequencef the macrolideefeux geneticassemblyin S. pneumoniag
althoughit is not mentionedasan openreadingframeby Gay and Stephen$50]. ORF6does
not exist on the defectve transposormn1207.1 Figure 3.6 shavs the alignmentof the DNA

sequencegadjacentto orf6 and comparisonof the DNA sequencdrom the macrolideefaux

geneticassemblyto Tn1207.1 Databasenalysisdoesnot reveal ary otherrelevanthomology
to known proteins.

IR: Imperfect inverted repeats

Gay and Stepheng50] describedhe macrolideefaux geneticassemblyto be canked by im-
perfectinvertedrepeatsof 9 bp each. Thesenucleotidesequenceare 100 % identicalto the
macrolideefauxgeneticassemblysolatedfrom S.salivariusSp6,wherethelR sequencesould
belocatedbetweerthe nucleotidepositions782and790andbetweer6284and6292.
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Figure 3.6: Alignment of orf6 and adjacentsequence$rom the macrolideefaux geneticassembly(mega) in
S.salivariuswith the correspondingequenc®n Tn1207.1 Orf6 andtwelve subsequentucleotidesare missing
in Tn1207.1 Orf7 on Tn1207.1is greencoloured,whereasrf8 is shavn in blue. The overlappingstopcodon
from orf8 andinitiation codonfrom orf7 is highlightedin red. Orf6 of the macrolideefoux geneticassemblyis
describeddy purpleletters.

The macrolide efaux geneticassemblyin S. salivarius Sp6

The geneticelementisolatedfrom S.salivariusSp6is highly homologoudo therecentlychar
acterisednacrolideefaux geneticassemblyin S.pneumoniadacc. no. 274302[50]) with an
identity of 99.8% atthenucleotiddevel. Twice a deletionof asinglebasepaichangeshesize
of therespectre ORFs.While ORF4is extendedby 19 aa,ORF5wastruncatedoy a deletion.
A few moresinglebasepair deletionsand somebasepaimismatchesould be determinedn
non-codingregions. In the macrolideefaux geneticassemblyof S.pneumonia&a directrepeat
is locatedbetweenthe positions942 and 957, which is missingin S. salivarius Sp6. This 16
bp gap existsalsoin Tn1207.1from S.pneumoniad€acc. no. 227520[143]) (Figure3.7). In
anoverlapof 3967 bp the macrolideefaux geneticassemblyof S. salivariusis 93.7 % iden-
tical to the 7.2 kbp defectve transposon1207.1 Figure 3.8 shavs a schematiccomparison
of the openreadingframesfrom the macrolideefaux geneticassemblyfrom S. salivariusto
the macrolideefaux geneticassemblyfrom S. pneumonia@andfrom Tn1207.1 In Figure3.9
andFigure3.10thealignmentsf the macrolideefaux geneticassemblyof S.salivariusto the
macrolideefaux geneticassemblyof S.pneumonia@ndto Tn1207.1respectiely, aregivenin
a dot plot analysis.Figure 3.10shaws clearly the delayedstartof homologybetweerthe two
differentgeneticelementsandthe missingORF6in Tn1207.1

e — ChristinaStadler
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1700 TTAGTTACGGTGAGGATATTGG. .. vvnvvnnnnn.. TTATTTAACTATACCTTTATTTAACTATGTCTT 1755 mega- S salivarius Spé
PR et FEETTEEEE e e e
3065 TTAGTTACGGTGAGGATATTGG . « v v v eveennennn TTATTTAACTATACCTTTATTTAACTATGTCTT 3120  Tnl1207.1- S pneumoniae
FEEEEErrrrr el FEEErrrrrr e e
920 TTAGTTACGGTGAGGATATTGGTTATTTAACTATACCTTTATTTAACTATACCTTTATTTAACTATGTCTT 991 mega- S pneumoniae
DRL " DR2 "

Figure3.7: Alignment of a part of the nucleotidesequencesf the macrolideefaux geneticassembliegmega)
of S.salivarius S. pneumoniaeand of Tn1207.1demonstratinghe 16 bp gap in the macrolideefaux genetic
assemblyfrom S. salivariusandfrom Tn1207.1 DR1 andDR2: directrepeatl and?2 in the macrolideefaux
geneticassemblyn S.pneumoniae

—— :—:h |4 j mega S. salivarius
IR mef(E) mel orf3 orf4 orf6  orfSIR
C———— ). T W megas pneumoniae
IR mef(E) mel orf3 orf4 orf6 orf5 IR
) 4= @ 701207.1S preumoniae
mef(A) orfs orf6 orf7 gap orf8

Figure3.8: Comparisorof the openreadingframestructuref the macrolideefaux geneticassembliegmega) in
S.salivariusSp6andS.pneumoniadacc.no. AF274302)andof partsof Tn1207.1from S.pneumoniadacc.no.
AF227520).IR: imperfectinvertedrepeatsrankingthe macrolideefaux geneticassemblasdescribedy Gayand
Stepheng$50]. Gap: Orf6 presenin S.salivariusandS. pneumoniagés missingin Tn1207.1of S.pneumoniae
Orf6in S.pneumoniadés notmentionedy GayandStephenandthecorrespondingrrav thereforenot coloured.
Orf's 1-3 upstreanof mef(A) in Tn1207.1 which shav no homologiego the macrolideefaux geneticassembly
wereomitted.

mega

16 bp gap
(see Figure 3.7)

l

S. pneunoni ae -

S. salivarius Sp6 - nega

Figure 3.9: Dot plot analysisof the nucleotidesequencesf the macrolideefaux geneticassembly(mega) of
S.salivariusandof S.pneumonia¢dOMIGA). Black dotsrepreseni00% identity, bluedotsa scorerangebetween
83 % and100%, reddotsbetweer65 % and83 %.

Adjacent sequence®f the macrolide efaux geneticassemblyin S. salivarius Sp6

ORFa: Hypothetical protein

Orfaislocatedbetweerthenucleotidepositions2 and559. The186aarepresentheN-terminus
of a hypotheticalprotein. A 109 aaoverlapshowvs 22.9% identity to aninternalpartof a Mob
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del eted ORF6 —
(see Figure 3.8)

mega

S. salivarius Sp6 -

S. pneunoni ae - Tn1207.1

Figure 3.10: Dot plot analysisof the nucleotidesequencesf the macrolideefaux geneticassembly(mega) of
S.salivariusandof Tn1207.1from S. pneumoniag OMIGA). Black dotsrepresentL00 % identity, blue dotsa
scorerangebetweer83 % and100%, red dotsbetweer65 % and83 %.

proteinon PlasmidpUA140isolatedfrom a S.mutansstrain(acc.no. AF068250).

ORFb: Hypothetical protein

The 206 aalarge ORFbis locatedbetweerthe positions6445and7082. A putatve ribosomal
binding site could be determineds bp upstreanof the initiation codonATG. ORFb contains
a putatve consered domainfor a bacterialregulator protein of the TetR family and shaws

similaritiesto othertranscriptionalkregulator proteinslike HydR of ClostridiumdifEcile (acc.

no. AF109075[44]) with anaminoacididentity of 32 % in a 152 aaoverlap. Comparisorof

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

fragmentbvs-1220. A 29 % identity at the aminoacid level to contig 1137 of the un£nished
genomeof C. difEcile wasdeterminedvithin a 185bp overlap.

ORFc: Hypothetical protein

ORFchasalengthof 237aaandis locatedbetweerthe nucleotidepositions7172and7882. A
putatve ribosomalbindingsiteis located7 bp upstreanof theinitiation codonATG. Database
analysesevealeddentitiesto ABC transporteproteinsfrom Thermoanaebactertengconcen-
Sis (49 %) (acc. no. AE013051[12]), C. perfringens(44 %) (acc. no. AP003186[150]) and
S. pneumoniadg38 %) (acc. no. AE008495[67]). Comparisorof ORFcwith the un£nished
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genomeof C. difEcile revealed64 % identitiy to anaasequencéocatedon contig842. Theaa
sequencef theun£nishedgenomeof S.gordonii on contig835shavs 57 % identity to ORFc.

ORFd: Hypothetical protein

ORFdis locatedbetweenthe nucleotidepositions7836 and 8888. Therefore,the DNA se-
guenceof orfc andorfd overlapby 47 bp. The 351 aaof ORFdrepresenthe C-terminusof a
hypotheticalprotein. A putative ribosomalbindingsite couldbe determinedL1 bp upstreanof
theinitiation codonATG. The nucleotidesequenc®f the orfd fragmentencodesa transmem-
braneproteinwith at least7 transmembrangelices. Databaseanalysegevealedhomologies
to membranegoroteinsfrom C. acetolutylicum(acc. no. AE007540[113]) with 23 % identity
in a 145 aaoverlapandfrom Thermoanaabactertengconcensigacc. no. AE013051[12])
with a 20 % identity in a 313 aaoverlap. ORFdis foundto be 35 % and24 % identicalto the
un£nishedyenomef S.gordonii andC. difEcile respectrely. ORFcandORFdarecollocated
in bothorganisms.

3.4.2 Detectionof the macrolide efaux geneticassemblyin
various oral streptococci

Since the macrolideefaux geneticassemblyhas beenfound in two different streptococcal
speciesnpamelyS. pneumoniaandS. salivarius othermef(E) carryingstreptococcaisolates
weretestedfor the presenceof this geneticelement. The macrolideefaux geneticassembly
was amplifedwith the specif£cprimer pairs mega-start/Tn1207-upfucleotidepositionsl -
22/2741- 2717)andTn1207-devn1l/mega-end(nucleotidepositions2309- 2331/5531- 5509)
deducedrom the S. pneumoniaesequenceesultingin two overlappingfragmentsof 2741bp
and3222bprespectrely (Table2.3). Dueto variousdeletiongSection3.4)in themacrolideef-
aux geneticassemblyof S.salivariusSp6thesetwo fragmentsarereducedo asizeof 2723bp
and3221bprespectrely (Figure3.11). Fragmentsimilar to the pneumococcamacrolideef-
aux geneticassemblyereamplifedn S.salivariusZu3,Zu4,ZZ2 andS.mitisMS30. Strains
Sp3andSp9werenotinvesticated.

Furthermorepoth PCR fragmentswere digestedwith eitherAcd or Spé. Fragmentderived
from theS.salivariusstrainsZu3, Zu4,andZZ2 werefoundto beidenticalin sizeto S.salivar-
ius Sp6;only S. mitis strainMS30revealeda slightly differentrestrictionpattern.Figure3.12
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shaws the restrictionenzymeanalysisof the macrolideefaux geneticassemblyof the three
streptococcasdtrainsSp6,Zu3 andMS30digestedwith Acd.

1 mega-start/ Tn1207-upz 2723
2291 ~ Tnl1207-downl/mega-end 5510

A

IR mef(E)m —mmemel) 48K 4 I 6 —#11IR
484 1176 1673 4498 4867
Accl  Spel Accl Accl Spel

Figure3.11: Structureof themacrolideefaux geneticassemblyn S.salivariusSp6.PCRFragmentamplifedwith
the primer pairsmega-start/Tn1207-upand Tn1207-devn1l/meja-endareindicatedwith double-headedrrovs
above the structure Restrictionsitesof thetwo restrictionendonucleasescd andSpe aregivenbelow.

2208 bp
1189 bp
1050 bp— 1013 bp
484bp__,

Figure 3.12: Characterisatioof the macrolideefaux geneticassemblieof S. salivariusand S. mitis by PCR
amplifedby the speciEcprimer pairsmega-start/Tn1207-upandTn1207-devnl/meya-end(Table2.3), digested
with Acd, separatedy agarosegel electrophoresi¢0.8 %) and stainedwith ethidiumbromide. LaneM: 1 kb
DNA ladder(in kilobases Biolabs). DigestedPCR productsamplifedwith mega-start/Tn1207-upgLane 1-3)
andwith Tn1207-devn1l/meya-end(Lane4-6) respectrely. 1: Sp6;2: MS30;3: Zu3;4: Zu3;5: MS30;6: Sp6.
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3.4.3 Transformation of the macrolide efaux geneticassemblieof S. sali-
variusand S. mitisinto S. pneumoniae

GayandStephenseportedthe macrolideefaux geneticassemblyto betransferabldo S.pneu-
moniaeR6,usinga 6.3kb PCRproductthatincludesthemacrolideefaux geneticassemblyand
adjacentegions,atafrequeny of 2 x 10' 4 pert g DNA by in vitro transformatiorf50]. Since
naturaltransformationis known asa possiblemechanisnof geneuptale in streptococcithe
macrolideefaux geneticassembliesf S.salivariusandS. mitis strainswereusedto determine
the potentialtransferinto S. pneumoniadk800,a non-encapsulateerythromycinsensitve R6
referencestrain[67, 101].

Transferof the macrolideefaux geneticassemblyof genomicDNA from S.salivariusSp6and
Zu3 andS.mitisMS30into S.pneumoniadk800wasdemonstrateddy in vitro transformation.
The macrolideefaux geneticassembliecould be transferredwith a low, but signiEcantfre-
queng, which meansl-4 transformantper 10’ recipientcells and 100 ng transformingDNA.
SinceR800 s fully susceptiblego erythromycin,the MIC valuesof the transformantsvere
comparableo thoseof the donorstrains(Table 3.6). The transformantgroducedstrong®-
hemolysison bloodagar andautolysisin prolongedstationaryphasdik e therecipientS.pneu-
moniaestrain. No transformantsvere obtainedwith a 6.2 kbp PCR productincluding the
macrolideefaux geneticassemblyandadjacentegions.

Table 3.6: Minimal inhibitory concentrationgor erythromycinresistancef S. pneumoniadr800transformants
(* g/ml)

DOﬂOI’ MIC Donor ReCIpIent Mlc Recipien t RSOOTranSfOTmantS M |C Transforman ts
S.salivariusSp6 4-16 R800 0.032 RSp6ll 16
RSpé6llI 32
S.salivariusZu3 4-32 R800 0.032 RZu3IV 24
S.mitisMS30 4-16 R800 0.032 RMS30l1111 12
RMS30I112 8
RMS301V1 16
RMS301V2 12
RMS30IV3 12

RMS301V4 12
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Detectionof the macrolide efaux geneticassemblyin R800transformants

The genotypeof the R800transformantsvasdeterminedy speciEcPCRamplifying boththe
mef(E) gene(mefE-f, mefE-r; Table 2.3) and the macrolideefaux geneticassembly(mega-
start/Tn1207-upZn1207-devnl/maa-end;Table2.3) followed by restrictionenzymeanaly-
sis(Figure3.11).

PCRproductsspeci£cfor mef(E) andthe macrolideefaux geneticassemblyweredetectedn
all transformedR800strains. Theampli£edpartsof themacrolideefaux geneticassemblyvere
furtheranalysedy restrictionenzymeanalysiswith eitherAcd or Spé. Therestrictionpatterns
of thosePCR productswereidenticalto thoseof the respectre donorstrains. In Figure3.13
therestrictionenzymeanalyse®f themacrolideefaux geneticassemblyampliconsof the R800
transformantaindtherespectie donorstrainsdigestedvith Spe areshowvn.

1 2 34 5 6 7 89 M101112 1 2 34 5 6 7 8 9 MI10 11 12

2723 p

1547 bp
1176 bp

A

Figure 3.13: Characterisatiomf the macrolideefaux geneticassemblie®f S. pneumoniadR800 after transfor
mationwith DNA from S. salivariusandS. mitis using PCRand specifcprimers. Fragmentsvere separatedby
acprosgyelelectrophoresif€).8%) andstainedwith ethidiumbromide.Lanel-9: R800transformants.anel0-12:
DonorstrainsA: Spé digestionof a 2.7 kb PCRfragmentamplifedwith the primer pair mega-start/Tn1207-upz.
B: Spé digestionof a 3.2 kb PCRfragmentamplifedwith the primer pair Tn1207-devnl/meya-end. Lane M:
1kb DNA ladder(in kilobasesBiolabs). 1: RSp6ll; 2: RSp6lll; 3: RMS30l1111 ; 4: RMS30I112; 5: RM30IV1;
6: RMS301V2;7: RMS30IV3;8: RMS30IV4;9: RZu3lV, 10: S.salivariusSp6;11: S.mitisMS30;12: S.salivar-
ius Zu3.

Characterisation of S. pneumoniaeR800transformants by pulsed-£eldgel electrophoresis

Recipientstrain R800, transformant@&nd donor strainswere characterisethy pulsed-£eldyel
electrophoresi$PFGE)usinggenomicDNA digestedwith Smad. Transformantsvereidenti-
f£edasS. pneumoniadoy their identicalrestrictionendonucleaspatternto R800. Figure 3.14
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andFigure 3.15 showv the pulsed-£eldgel electrophoresisf R800, its transformantandthe
respectre donorstrains. Sincethe proceduresgor cell lysis andendonucleaseestrictionwere
optimisedfor S.pneumoniaeells,genomicDNA fragmentdrom thedonorstrainsS.salivarius
andS. mitis wereisolatedonly in low concentrationsin R800transformant®btainedwith ge-
nomicDNA of S.mitis MS30theintegrationfragmentcouldnotbe detectedy PFGEfollowed
by DNA hybridisation(Figure3.14). The macrolideefaux geneticassemblymustbelocalised
onasmallDNA fragmentthatrun out of the gel sincemef(E) wasdetectecby PCR.In R800
transformantobtainedby transformatiorof genomicDNA of S. salivarius Sp6and Zu3 the
macrolideefaux geneticassemblyintegratedinto a 291 kbp fragment. Due to this integration
thefragmentgained97 kbpin size(Figure3.15).In strainRSp6limef(E) couldbelocalisedon
that388kbp fragmentby Southerrybridisationasshavn in Figure3.16.

Figure 3.14: Pulsed-£eldyel electrophoresi®f Sma digestedgenomicDNA from S. pneumoniaeR800trans-
formed with the macrolideefaux geneticassemblyof S. mitis MS30 and from the donor strain MS30 and re-
cipient strain R800. Lane M: LambdalLadderPFG Marker (in kilobases,Biolabs); 1: S. pneumoniaeRr800;
2: R800-transformarf®RMS30I111; 3: R800-transformarf®RMS30I112; 4: R800-transformarfRMS30IV1;5: R800-
transformanRMS301V2;6: R800-transformarRMS301V3; 7: R800-transformarRMS301V4;8: S.mitis MS30.
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Figure 3.15: Pulsed-£eldyel electrophoresi®f Sma digestedgenomicDNA from S. pneumoniaeR800trans-
formedwith the macrolideefoux geneticassembliesf S. salivarius Sp6andZu3 andfrom the donorstrainSp6
andtherecipientstrainR800. Lane M: LambdaladderPFG Marker (in kilobasesBiolabs); 1: S. pneumoniae
R800; 2: R800-transformanRSp6ll; 3: R800-transformanRSp6lll; 4: S. salivarius Sp6; 5: R800-transformant
RZu3IV.

388.0

Figure 3.16: Identi£cationof the S. pneumoniaechromosomaDNA fragmentcontainingthe S. salivarius Sp6
macrolideefaux geneticassemblby digestionwith Smad, pulsed-£eldyel electrophoresisand Southerrhybridi-

sation. A: 1 % agarosegel stainedwith ethidiumbromide. B: Autoradiograpk of membrane-boun®NA after
hybridisationwith an [®32P]-labelled 1.2 kb probe of a mef(E)-PCR product. Lane M: LambdalLadderPFG
Marker (in kilobasesBiolabs);1: S. pneumoniadk800;2: R800-transformanRSp6lIl. Arrows indicatethe frag-
mentinto whichthemacrolideefaux geneticassemblyandadjacensequencesf S.salivariusSp6have integrated.
This £gureis graphicallyenhancedor betterreproduction.
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3.5 Prevalenceof erythromycin resistantoral
streptococciin healthy persons

Sincewe were ableto isolatethe macrolideefaux geneticassemblyfrom the oral microzora
of two healtly personswe focusedon the prevalenceof this geneticelementwithin a larger
groupof healtty, non-hospitalisegpersonsThesaliva of 14 personsall working atthe Labora-
tory of FoodMicrobiology, ETH Zirich, Switzerlandwasscreenedor erythromycinresistant
streptococcusingselectve mediumsuppliedwith 2 * g of erythromycinperml.

3.5.1 Characterisation of erythr omycin resistantoral
streptococci

Fromthe saliva of 14 persondested.erythromycinresistanimicrooiganismscould beisolated
from the salva of 11 persongA, B, D, E,F, G, H, |, K, M, P) resultingin 61 Gram-positve,
catalaseneggative strains. Genesresponsibldor erythromycinresistancéerm(B) and mef(E))
wereamplifedby speciEcPCR.erm(B) wasfoundin all 61 strains. However, 16 strainshar
bouredadditionallymef(E). Strainscarryingbotherm(B) andmef(E) wereisolatedfrom 4 dif-
ferentpersonsandidentifedas S. salivariug S. mitis, S. parasanguinis and S. cristatusby
sequencing PCR productspecifcfor the mangnesedependensuperoxidedismutase.The
macrolideefaux geneticassemblycould be detectedby speciEcPCR using the primer pairs
mega-start/Tn1207-upand Tn1207-devnl/mega-end(Table 2.3). Restrictionenzymeanaly-
sisof thoseproductswith Acd andSpé respectiely, revealedsimilar restrictionpatternsasin
S.salivariusSp6. Only S.mitis Ag4 shaved a restrictionpatterncomparabldo S. mitis MS30
(Figure3.12).

Only four erm(B) andmef(E) harbouringstrains(Bk2, Dk2, Dk3, and Dk4) werefoundto be
high level resistanto erythromycinasit is typical for resistanceonferredby theerm(B) gene.
Clindamycinresistancavasdetectednly in thesehigh level resistanstrains.Digestionof the
PCRproductsf erm(B) with Xmn resultedn two fragmentomparablé¢o thepositive control
amplifedfrom S.salivariusS49.FurthermorePCRproductsof erm(B) from eightstrainswith
low level resistancéBk3, Bk5, Kgl, Kg2, Kg3, Kk1, Kk2, Kk3) wereconErmedaserm(B) by
Southerrybridisation(Figure3.17).

In addition, the erm(B) PCR productsof Kk1 (low level resistantto erythromycin)and Dk3



52 Chapter3. Results

M 1 2 3 4 5 6 7 8

Figure 3.17: Identi£cationof the erm(B) genein low level erythromycinresistantoral streptococcby specifc
PCR (ermB-f, ermB-r; Table 2.3) and Southernhybridisation. A: 0.8 % agarosegel stainedwith ethidiumbro-
mide. B: Autoradiograpli of membrane-bounBNA afterhybridisationwith an[®3?P]-labelled0.6 kb probeof a
erm(B)-PCRproduct.LaneM: 1 kb DNA ladder(in kilobasesBiolabs).1: Bk5; 2: Kg1; 3: Kg2; 4: Kg3; 5: Kk1;
6: Kk2; 7: Kk3; 8: BK3.

(high level resistanto erythromycin)werepartially sequencedThe PCRproductsequencef
Kk1 andDk3 shaved 100 % identity to the erm(B) genesfrom E. faecalis(acc. no. U86375
[114]) andfrom E. faecium(acc.no. AF368302[55]) respectrely. Table3.7 shavs theresults
of the phenotypicand genotypiccharacterisatiorf the 16 mef(E) carrying strains. Strains
isolatedfrom the oral @orabut not furtheranalysedarelistedin TableA.3 in the Appendix.

3.5.2 In vitro transformation of the erm(B) determinant from genomic
DNA of S. mitisinto S.pneumoniae

S. pneumoniaeR800 was successfullytransformedwith genomicDNA from three S. mitis
strains,Ag4, Dk3 and Dk4 with frequenciesof 160, 21 and 2 transformantsper 10 recipi-
ent cells and 100 ng transformingDNA respectrely. Figure 3.18 shavs the resultof anin
vitro transformatiorexperimentwith S.pneumoniadr800transformedvith genomicDNA of
S.mitisAg4.

SinceR800transformant®RAg4 hadautolysedduring a threedaysstorageat 4 *C, only R800
transformantslerved from genomicDNA of Dk3 andDk4 werefurtheranalysed.n contrast
to the in vitro transformationexperimentsconductedwith genomicDNA from S. salivarius
Sp6andZu3 andfrom S. mitis MS30 (Section3.4.3), neitherthe mef(E) determinannor the
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Table3.7: Characterisationf erythromycinresistanbral streptococcisolatedon a selectve agar from 11 healtly
persons.

Strain  Species Properties® MIC (* g/ml)
Ag4 S.mitis mega, erm(B) 24
Bk2 S.parasanguinis mega, erm(B), LmR > 256
Bk3 S.cristatus mega, ermB) 24
Bk4 S.cristatus mega, ermB) 24
Bk5 S.cristatus mega, erm(B) 24
Dk2  S.mitis mega, erm(B), Lm R > 256
Dk3  S.mitis mega, erm(B), LmR > 256
Dk4  S.mitis mega, erm(B), LmR > 256
Kgl S.salivarius mega, ermB) 16
Kg2 S.salivarius mega, ermB) 16
Kg3 S.salivarius mega, erm(B) 16
Kg4  S.salivarius mega, erm(B) 16
Kk1 S.parasanguinis mega, ermB) 12
Kk2 S.parasanguinis mega, ermB) 16
Kk3 S.parasanguinis mega, erm(B) 24
Kk4 S.parasanguinis mega, erm(B) 16

* Propertiesasjudgedby PCR(mega anderm(B)) andby the agar diffusionmethod(Lm R).
Abbreviations: mega, macrolideefaux geneticassemblyL.m R, lincosamideresistance

macrolideefaux geneticassemblycould be detectedn the transformantd®RDk3 and RDk4.
Erythromycinresistancén all transformantsvasencodedy theerm(B) gene which wasam-
plifed by speci£EcPCR (ermB-f, ermB-r; Table2.3). All transformantsverefoundto be high
level resistanto erythromycin,comparabldo the MIC of the respectie donorstrains(> 256
1 g/ml), andclindamycinresistantintegrationof theerm(B) geneinto thestreptococcajenome
wasdemonstratethy Southerrmybridisationof SatBAl digestedgenomicDNA. Two different
integrationsiteswerefounddependeningn thedonorstrain(Figure3.19).




















































































































































































