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InJapan,variousantimicrobiaicompoundshavebeeft

usedinfishcultuffeforthepreventionandtreatmepmtof
fishdiseases.HowevertheindiscrimiRateuseoftheses

antimicrobialagentshasbroughtaboutinfectionwith

ftiugtipledrug-resistantstrainsofpathogeRsincukured

fish.Eheefficacyofdrugsusedforpreventingtheinfection

hasbeenhinderedbyanincreaseofmukipledrug
resistanceinP.damselasubsp.pisciciaa.AmpicilliR(Ap)is

oneofthemostimportantandextensivelyused
antimicrobialcompoundinfishfarmsandotherdaytoday

iifenotonlyiRJgapaflbkgtaRsothroughouttheworld.]\)eegeto

theextensiveuseofAp,fishpathogenicbacteriahave

developedresistafteeagainstit(Kim&Aoki,a993a).

TheAprgeneshavebeenfogsndinvarioaxsbacterial

ckromosomes,inR-plasr\(xidsandagsewithintrapmsposable

elemeents(Heffronetal.,a97S).VariousdrrugresisSance

genescouldbelocatedandsequenced,fewexamapleKim&
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Aoki(g993b)couldlocateandseqasencetheCprgenefrem

atransferableRpgasmid.However,eheoccurifeficeofAprin

P.aaneselassp.piscicidathoughwasconfirmed,itNslocatiofi

wasuncXearandwasthompghttobelocatedoflthe
chffomesomeasitcouldnotbetransferredtoanothers

bactefia(Kim&Aoki,1993a).

Inthesecofidandthirdchapter,itwasobservedthat

theAp'determiRantfromP.aamselassp.ptscieiaacouXdbe

conjugailytraftsferredtoE.coli.Theaimofthestudyiftthis

chapterwastocRonetheAprgenefromthe6Skb
transferableR-plas]inidfromP.damselassp.pisciciaastrain

]PP8Sa7,analyseitNssequeRceandcompareitwithkfiown

sequencesthatarealreadyfepopted.

MATERMAMSAND]MEEwaODS

Basecrkeecfiaawarkgelaswafidi.Photobacteriesmdamselassp.

pisciciaastrainPP8S17studiedwasisolatedfromdiseased

cukurcedyellowtaiASeriolaqecinqeradiataift198Sin

Kyushwa,Japan.ThePP8S1ewstrainexpffessedApr,Cpr,Kxnr,

Nar,Oar,SaraftdTcr.EscherichiescoliKptpt12xl037Rpr

mautantstraiR(Iyobeetal.,1981,a994)wasusedasthe

ffecipientfoifcormjugaltfaptsfeffofdrasgffesistance.
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Escherichiaeoli[EM83stifeptomayciR-ifesistapmt(Smr)strain

pa-,thi,ara,dei(gac-pro),strA(fi8e,iacZ,degMlS)]was

usedascompetentcellfortransformaation.

rWheR-plasmidpPDP8Sa7fromPP8S17straimwas

usedasthesouffceeftheAprdeterminantandthevectors

pHSG398(Cpr)andpUCI9(Apr,lacZ)plasmidswere,used

fortheclofiingorfiucleotidesequenceanalysisoftheAp'

determiftaftt.

MedifiaseewadigffgweclaÅëgwadikthfi*mes.P.aamselassp,

pisciciaawasincubatedwithBHIbreth\(Difco,Becton-

Dickinsen,Sparks,Maryland,USA\)containing29oNaClat

28OCandE.coliwith][BbrothEl%bactothditryptone(Difco),

O.S%bactoyeastextract(Difco),1%NaCl,pH7.S]at37OC.

Muegler-Hintonmedi"m(Difco)containing2%NaCEand

1.S9oagarwasusedfordrugsusceptibiRitytest.BrlB-iactose

nutrientagarEi9obactopeptone(Difco),fl%beefextract

\(Difco\),a%lactose,O.OO4S9obromothymoliblue,O.S%NaCl,

a.Sojoagar,pH7.5]wasusedformatingassay.

ÅëowajaxgasMaeceewasdeifthsseey.Matingprocedures,the

calcaslatioptoftrafisferfreqasextcyofdrugresistance,and
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drugsusceptibilitytestoftrameseonjeugametsobtainedby

matingwereperforxnckedasdescribedinthesecondchapter.

"lhetraftseoymjugantsobtaiptedfrommatingwithShedonor

P.damselassp.pisciciaastrainsandtherecipientE.coliKw-

a2xaO37RprstrainwereusedforisolationofRe-pEasmids

whichwerefurtherusedforclonifigandnucieotide

sequeRceanallysisoftheAprdetefminant.

PMaswafidimathmefipueNeerkitowaawadieckeeffaceceecfisaSfiasen.R-

plasmidsofthetransconjugantsobSainedbyconjugag

transferassaywereextractedbythemethodofKadoand

Ltw(198a)andelectrophoresedofiO.7%agarosegeg,A

XargeamountofthepurifiedDNAwaspreparedbyrapid

alkalinehydrolysisandcesiumchloride/ethidiumbromide

densitygradientpurificationmeShod.ThedigestedDNAs

afterrestifictionendonucleasetreatmentwere
electrophoresedon1.09oiow-melting-pointagarosegel

\(Grosaetag.,1994\)forseparationoftheDNAfrragments.

RestrictiofiexxdenucleasesandT4DNAligasewexe

purchasedfremTakexaShuzoCo.Ltd.(Shiga,Sapan)and

usedaccordingtothespecificatiopmsofthemanufacturer.AII

otherDNAmanipulatioRsunlessspecifiedwereperformed
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asdeseribedbySambrooketal.(1989).

CRgewafiwag$ffAgerdieetreeecwafiwaeewaa.theDNAofpPDP8Sg7

wascoxxkp1eteEydigestedwiththeffestrictionefidonuc]ease

ffincgll.lkeresultipmgfragmentswereclonedintotheHinclll

siteefthevecterpHSG398.ThecompetentcellsofE.coli

JM83,whichwerepreparedaccordingtothemethodof

Hanahan(1983)withminermodificationswere
transformedwiththerecombinantplasmidDNAsbya
slightlymodifiedprocedureofLederbergandCohen(1974),

ClonescarryingtheAp'determinantwereseiectedon]B

agarpiatescontainingeitheroftlyAp(1OOpagmlqi)orAp

\(1OOpagm1tui\)incombinationwithCp\(2Spsgm1"i\)andX-gal

\(S-Brorno-4-Ch1oro-3-indo1yAtueP-ff\)-ga1actopyranoside,

Takara\)andgPTG.TherecombinantDNAinsertwasdigested

withHinclgafidwassubclonedintotheHinclEsiteofvector'

pUCI9.TherecombinantpRasmidscontainingtheApr

deterrk]imantwereusedasthesouffceofthedeterminank

anditNssasrroeendingsequences.

NwaÅëgeoefidieseeagewewaecfiwagthwadieepmeekysfis.the

sasbc]oRedfragmentcontainingtheAprdetermainarmtwas
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sequextcedbyShedideexychainterminatioanmethedeesing

aBig]DyeTermaiitatorCycgeSequencingkitandanABI377

DNAsequencer(ApptiedBiosystemas,USA).DNA
seq"eRcingwasperformedbyusingMl3forwardand
reverseprimexs.hater,internalsequeitcingprimerswexe

constructedfrorrttheavaigableDNAsequencestocomplete

theseqaxencewalk.rXheogigonucieotidesweresynthesised

byAmershamPharmacia(Tokyo,Japan)."rchenucgeotide

sequenceoftheAp'determiRantwasanalysedbyusing

theDNASISMacVer3.6\(HitachiSoftwareEngineeringCo.

Ltd.,Japan\).]Databasessimilaritysearchesforboththe

nucgeotidesearchesanddeducedamineacidsequences

werecarriedoutattheNationalCeRterofBiotechnology

Infoifmationwebsite.Multiplesequeficeagignmentefthe

deducedpeptidesequencewascaffriedoutbyusing
CLUSTALWovertheinterftet.Theidentificationofsignal

peptideswascarriedoutwiththeprogramSignalPVX.1at

thecenterforBiologicaiSeqanenceAxxalysisoverthe

internet(http://www.cbs.dtu.dk/services/SigmealP/)

[NielseR,etal,a997],

waydiff@gethttlaygeRoe.AhydffepathypRotofP.aesmsela
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ssp.ptscicidaAprdeterxifxinantORFaxkkinoacidsequeancewas

perforxK]edusingthearninoacidhydropathyvaluesofKyte

aftdDoogittle(1982).

RESWswS

Decwageceesfistthwheceerkgeeewasfferc

Transferfreqaseftciesefdrugresistancestraxxsferred

fromthedonorP.damselassp.pisciciaastrainstothe

xecipientE.coliKeza12xl037RprstrainareshowninTabXe1.

Apr,Cpr,]Kmr,SarandTc'(exceptNarandOar)carriedby

thedonorsweretransferredtotherecipient.ghetransfer

frequencieswereabout1Oti4foff]Kmr,SarorTcrandabout

1Oua6forAprorCp'.

Drugresistanceoftransconj"gantsobtainedby

matingwiththedonorP.damselassp.pisiciciaastraiftsand

therecipientE.coliK-g2xl037RprstrainisshowninTable

2 .Thetwanscenjugantsselectedwith]Km,SaexTc\(]Kma,Sa

or Tctrafisconjugants\)exhibitedKknr,SarandTcf.The

transconjesgantsselectedwithAporCp\(ApexCp
transconjaggawts\)expressedAprandCproffApr,Cpr,Kmr,
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uaffmaeetog@STran$terfrequeencyof drugresi$tance$
transfeerrectfromthevctonor Photodeaetetium
ctesmss/ev$uto$p.piscieictes strainPP8517tothe
reecipieentEschexiehiaeo/iK-fi2 x$037Rp'$train,

WhectonorexhibiteoApr,cpr, Kmr,Nar,$enr,anct Tcr•

$eetextforabbreviations

DonorDrugree$i$tanee Tran$ter
$trenintran$ferreect frequency

ppsswKmr $.3><$o"4

$enr 1."ax"lod'";

kr "l.2x"fio-`

Apr 5.3x$o"6
Cpr 3e2XfiOb6

Wcatots2Drugre$i$tanceoftransconjugennt$obtainectinmating
withthe denorPhotobacteriumctam$e/a $ub$p.piseieictff $trexin

PP85Wemnctthereecipientffseherichiaeo/i K-$2x1037Rp'$trenin.

$ymbol$:+, reesi$tant;-,$u$ceeptib[ee;anct 1,notctetermineect.Seee

teextferentobreviatien$

Dewnor Transconjugant$electect Re$i$tanceetoeenchctrug:
$trenin withinctivictualctrug$ Km$aTcAp cp
PP85W Km,$a,Tc-tran$conjugant mp ts

Ap,Cpdvem$conjugant tu-mm + +
Ap,Cp-tran$cenjugant + "



SarandTcr.

Ageeec@seegekeMeectrge$plagffeests

AgarosegelelectrophoresisofR-plasmidsin
transconj"ugantsselectedwithrespectivedrugsinmatiRg

withthedonorP.damselassp.pisciciaastrainPP8Sg7and

recipientE.coliK-12xlO37Rpr]mutafitisshowninFigl.

Km,SaerTctransconjugantsalwaysharbouredoRlyan

approximately12S-kbplasmid,whichenceded]Knkr,Sar

andTerandtheplasmidwastfansfexredatatraftsfer

fyequencyofabout10di4.ApapmdCptraftsconjugant

possessedoniyanapproximategy6Skbptasmid,which

codedAprandCprandwastraftsferredatafrequencyof

aboast10m6,orboth12Skbaftd6Skbplasmidsora

pfesaxmptivefusedplasmidthatmighthavepresumably

beenereatedbythefusioxxofthetwoplasmids\(12Skband

6Skbpiasmids\)EchapterShree].

ÅëNdympimggeffDNAffffthgmeewarkecmeececytpmgthlaeAgegegeeeme

\(PpmP-APgewaee\)ffec$magelasenengfidigePDP8Sgew
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Fig.1 Agarosegeleletrophoresisofplasmid DNAfromtransconjugants in

matingwith thedonorPhotobacteriumdamse/asubsp.piscicida strain 8517
andtherecipientEscherichia co/iK-12x1037Rprstrain.Lane A:

transconjugantsselectedwi'th SaandshowingresistancestoSa KmTc;laneB,
transconjugantsselectedwith Kmandshowingresistancesto SaKmTc;laneC,
transconjugantsselectedwith TcandshowingresistancestoSa KmTc;laneD,
transconjugantsselectedwith CpandshowingresistancestoCp Ap;laneE '

transconjugantsselectedwith ApandshowingresistancestoCp Ap;laneF '

transconjugantsselectedwith CpandshowingresistancestoSa KmTcCpApl
lane G,transconjugantsselectedwithApand showingresistancesto SaKmTc
CpAp;lane H,transconjugants selectedwith CpandshowingresistancestoSa
KmTcCpAp;andlane1, transconjugantsselectedwithApand showing
resistances toSaKmTcCpAp.



rMheclonedffincEIfragmentcarryingAprdeteriffxinantwas

approximaeely1.8kb.

NeecRee$rkRdieeseagaxeewaceeeepaasRystseewadiakedieediewecedieeRfikfiee$

gecfidseeqeeempecees

DNAsequenceofHincXIfragmentofpPDP8SWpgasmid

carffyingPDP-APisshowninFig.2.Nueleotideseq"ence

analysisofthea.8kbffincllfragmentharbouringApr

determinanttfevealedthefragmenttebe1S36bplong.

theanalysisfurtherrevealeda846bpiongopenreading

framee(ORF)oftheAprgenefromnucgeotide183toXO28.

EheAprgenewaspfedictedtocontain282amiRoacid

residueswhichhadacaiculatedmoXecularmassof3A,292

Da,asizeconsistentwiththoseofotherknowptclassAP-

lactamases(Ambler,1980).thefirstkftownbaseofthe

sequencefortheprokaryoticribosomeassociationoccurs

froma2nucleotideresidesesbeforetheATGimitiationcodon

andisS'-AGTCGAG-3'.The-1eupstreamregion\(Pribwaow

bex\)wasgocatedfremSlto46pmucgeotideffesidues

"pstreamoftheATGinitiationcodon,andwasfoundtobe

S'-TATTAT-3'.Allse,the-3SffegionwasfeuftdtobeS'-
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4GACTTATGCGTATGAGATTCAGATAGcaCSI-i"CCTTCATCCTAAGTCGAGCAGAAAATAA([)GC62
-35

63TCCATAAACACACTCATCTTTTCATACAAACTTAATATGAC(:)caCTGrcanTATATCTS22

a23"TTC\(iKliKii CTGumTA()GCTocGTAAATTCAGTCTTATTACATAAATumerTATC182

183ATGAAAAAATCAATCTTACTTTCGAGCTGTvrGvrCATTTCTTTTTTATCGACCGCTTCA242
MetLy$ Ly$$erlleLeuLeu$erSerCysLeuPhelle$erPheLeu$erThrAlaSer

243ACArrGAACGACTCGCTCTATTCTATAGAACAA()GCACCptrrGGGAosCATA(ixx)GTATCA302
ThrLeu A$nA$pSerLeuTyrSerlleGluGlnArgThrLeuGIyArglleGlyValSer

303GOif"Mt"TTAGATTCAACGGATCAACAATGGCACTATAAAamAATGAAAGGtrrCCCTATGATG362
ValLeu AspSerThrAspGlnGlnTrpHi$TyrLysGiyAsnGluArgPheProMetMet

363AGTACArCMGACATTAGCATGTGCAAAAATGeTACAGGACTCTGATAGAenCATTTTA422
SerThr PheLysThrLeuAlaCysAIaLysMetLeuGlnA$pSerAspArgAsplleLeu

423GATATAAGTACAATG(}X)GCCAGTAAAATCCGATGAACTAATCGCTTGGTCACCAATAACA482
Asplle SerThrMetAlaProValLy$SerAspGluLeulleAlaTrpSerProlleThr

483AAAAACATGGT-r\(iKSCAGTTCAATTACCATTGAAAATGCTTGTGAAGCTACGATGAAGACT542
LysAsn MetValGlySerSerlleThrIIeGluAsnAlaCy$GluAIaThrMetLysThr

543AGTGATAATACTGCTGCAAACATAGTCTTAAAGCACATCGGAGG()CCACAGGGTGTCACT602
SerA$p AsnThrAlaAIaAsnlleValLeuLysHi$lleGlyGlyProGlnGiyValThr

603GCTTTTCTACGTertGATCGGAGATAAAGTAACTCAATTAGATCGTTTTGAACCTGAACTA662
AlaPhe LeuArgLeulleGIyAspLysValThrGinLeuAspArgPheGluProGluLeu

663AACeAAGocAAAGCTGATGACCTACGTGATACAACGACGCCATTTocGATGAATAAGACC722
AsnGln AlaLysAlaAspAspLeuArgAspThrThrThrProPheAlaMetAsnLysThr

723CTATATCATATTTTArrCGAAGATGTATTAGCTCAAAATTCAAAAAAACAACTTAAGG,AvesL782
LeuTyr HislleLeuPheGluAspValLeuAlaGlnAsnSerLysLysGlnLeuLy$Glu

783TGGATGCAAGGvaACCACTGrrTCCGATTCTTTACTCCGTTCTGrTTACCAAAAGGGTGG842
TrpMet GlnGlyMi"hr"T"hrValSerASpSerLeuLeuArgSerValLeuProLysGly"rrp

843TCTATTGeAGATCGTTCTGGTGCAG\(}AGCTAACGGTrcGCGCGGTATTACAGCAGCAATT902
Serlle AlaAspArg$erGlyAlaGIyAIaAsnGlySerArgGiyIleThrAlaAIalie

9O3TGGACTGACenGosCGAGCCATTAATCATTAGCATCTACerGACACAAACCAACCTTTCT962
"rrpThr AspGIuArgGluProLeu11elleSerlleTyrLeuThrGlnThrA$nLeuSer

963ATGCCAGAACGTAATCAAGTrATTAATGAAATTGGTAAGGCTATTvreGAAGAGTATGCT1022
MetPro GIuArgAsnGlnValIIeAsnGlulleGlyLysAIallePheGluGluTyrAla

a023GTAAAATAACTAGATGAGATTGTCATACTGTTAACTGTCCCCrrCTTTTCTTGGCGTTCA1082
ValLys skftsk

aos3 GAAC\(iKiiTTATATimiTGACTTCTATTTTTGocGCTTCTTCCAATACTrrGCGCATCvrGPiMiMG1142

M43CTATCACTTG\(iXSGrrTTACCCCCCTGAGCTGTCACATCAACAGTGGTAAAGTTTTCATCCt202

S203AGCCAATCAGocCAC:TGATCGCTTTTthITCATCAAGTCAGCACGATAAATTTGA-rrGTAT1262

1263pal"TT(}X:iK) GTCCGTGAATGGTAGTTAGocGCTCTAGTCCAAAGGTCCCCTGAATCTTTTAGG1322

1323ATATGC\(X\)GCenAGT\(\)GCCATGCT\(}X\)GAGATCGAAA\(2XiKSTAGCAGocGGACGCTGCTACA1382

S383TGCTCTocGGTAATGCCATACTTTTTAAGATCGCGTAAATAAGCTGTATTAAACTGCATA1442

-



f443AAACCAACGTCATGCGTAocGTTTGAGTTTTTAACCCATTGCCCTGGTTTACCTGATTCT1502

1503TTTTCGGocACGGocAAAACAATG"rrGGCTGGTACTTCATAT`rrGGCAGCTGCTGAAATT1562

1563GAGCACACAACGcaCTCTTGTTCTAAAGGT\(iX[};CATATCTGCAATAAACGGTAACATGACG1622

1623TATrrCCTTACCAGTAGTAAGTCGGocCAGCCAACTCATTTTCTATATAAACCTCAGCGAa682

i683ATCGOrTCAGrrCTAGTACAACCTTTGG(iiX)GrrCTATAACCATCCCTATCACGTC1736

gegg,2Nucleotide$equenceofthe[\)NAfragmentcontainingtheB-lactamasegenefrom
Photobacteriumdam$e/asubsp,piscieidaplasmidpDP85Wanctpredictedaminoacid
sequenceofB-lactama$e,Aputativepromoterregionandpossibleribo$ometoincting
siteareunderlinect.
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TTGATT-3'fxom73tg68residues.

1thePew-APORFshewedainaxixnumofS8%DNA
hemologywithkwaownP-lactamaseORFsequencesofother

bacteriafromtkedatabank.Alignmaenesoftheaxxxinoacid

sequeRcesusingCLUSTALWoftheP.aamselassp.pisciciaa

Aprgene(PDP-AP)andthesequencesofS-lactaKnasesfrom

9otherbacteriaareshowitinFig.3.AlignmeAtreveaied

ShatatotagofS7aminoacidxesidueswereconservedinal1

theagigfiedsequences.Also,alEthealignedseq"enceswefe

froxifxGramnegativebacteria.themaximurrxhomoiogywas

seenwithtkeS-laetamasefromYibrioharveyi(S69o).In

additiofttoclassAP-lactamases,threeothermeieculaff

ciassesofP-lactamases(classB,C,andD)arerecogmeised

\(Ambler,198e\).Agignmentoftheaminoacidsequenceof

PDP-APandvariousotherclassesofP-iactamases\(ciassA,

B,CandD\)isshowninFig.4.PDP-APshowedmaximum
homogogy(S6%)withclassAP-lactamasesascomparedto

classB(11-g29o),eiassC(1O-11%)andcgassD(1e-149o).

AAignmentbetweenarninoacidsequencesofPDP-APandS

othefP-llactaitskasesbelongingtoelassAisshowitinFig.S.A

a9amineacidsignalpeptidewasdeducedforPDP-AP
\(Fig.S\).Fourrixx3portantstracturalfeaturesfoasitd
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PDP-AP 'pm"murmmumu"rpimwt"""""mu'mo'"""murm"mm"mu"mp'anananMKKS:LLSSCLFXSFLSTASTLNDSLYSreQRTLGRXG
AFZZ7649 --e--e-o--m-#"mmumo"mo"momo"moemrmnv"rmmotu""""anMKKWLLLGLLACSSATYAANLMKTSPRLKKH:SGRXG
AF03e945 --------t--anmmrmeum"umuawm"w""mMKgeLLAFSLLxePSVVgeASSSKgeQQVEQDVKAXEVSLSARXG
DB2va an"an"wanmu"n'w'an-"ua"um"ummmuaumddidi"wtath"MKFLLVFSLLuePSVVFASSSKFRQVewQDVKAXEVSLSARXG
ZZ89ss -n--4-----pt--t--m---•-•-----•-tu- MKFLLAFSLLXPSVVFASSSKFQQVEQDVKAXEVSLSARueG
AF07XSSS --- MLLYKeviCDNQNYGVTYMKFLLAFSLLXPSWFASSSKFQQVffQDVKAXewSLSAR:G
Aj277209 "--- MRNffVXSMWQRMKWGL-"---=e--CVLMLSGSAMAAPL"i"AQYVSTXAMi"QEEQRLHARXG
U14748 MYVLSVeeKP"rMLRNKgeAAGXGWLVCWASgeWauiMPVFALDT"ff"K=QAVQSny-ffssALHARVG
AgeBss73 ----ny---- MNVRKHKASFFS-#-#-m-m--VVX"itageLCL"iwwLSLNANATDSVLEAV"rr-NAE"rr"ELGARXG

ABSM" "m"mrmmmmomumoanmoanemrmMSXQHFR""-umw""'muVAL:PFFAAKLPVFAHPETLVKVKDAEDQLGARVG

:e*:*
PDP-AP VSVLDS-Å}-TDQQWHYKG-•NERmpMMSnvT"geKmuiMLACAKMLQDSDRonM:STMAPVKSDE=AW
AF2V649 VSVWDTQ"i"DEHWDYRG--DERFPMMSTFKTLACATMLSDMDNEKLDKNATAKVffRNMWW
AFe3094S VSVLDTQNGEYWDYNGe-NQRFPLTSTFKTXACAKLLYDAEQGKVNPNSTVEXKKADLVTY
DB2Ze VSVLDTQNGffYWDYNG-NQRFPLTSTFKTXACAKLLYDAmeQGKVNPNSTVEXKKADLVTY
ZZ89SS VSVLDTQNGEYWDYNG-4NQRFPLTSI"FKewi"MCAKLLYDAEQGKVNPNSTVEXKKADLV"rY
AFensss VSVLDTQNGEYWDYNG-NQRFPLTSTFKTXACAKLLYDAEQGKVNPNSTVEXKKADLVTY
AJ277Ze9 XAVLD"rATNSXTHYRG-bEERFPLNS"i"HKPLLCAALLREVDRKALALSASTQFasSQLVEY
UM748 MTVFDSNTG"iMTWNYRG-DERFPLNSTHKTFSCAALLAKVDGKSLSLGQSVSXSKEMLVTY
AFBS373 LAVHDE"r"GKRWEHKS-pNERFPLSSTFKTLACANVLQRVDLGKER:DRWRgeSKSNLVTY
ABS1241 YXffLDLNSGKXLESFRPEERFPMMSTFKVLLCGAVLSRVDAGQEQLGRRXHYSQNDLVEY*eee::***:**e*:*e:*:e

ee:::
PDP--AP SPXTKNMVGS--SXTXENACMTMKTSDNaniMAANXVLKHXGGPQGVTAFLRLXGDKV"ff"QLDR
AF2V649 SPVMDRMASQ-TTRXEHACEAAMLMSDN"1"AANXVLRsuGGPRGVTTgeLRSXGDKATRLDR
AFI3094S SPVXEKQVGQ"-AXTLDDACFATMTTSDNWi"AANXXLSAVGGPKGV"iMDFLRQXGDKE"if"RLDR
DB210 SPVreKQVGQ-AXTLDDACFATMTTSDNTAANXXLSAVGGSKGVTDFLRQXGDKETRLDR
ZZ89SS SPVXEKQVGQ--AXaniMLDDACFATM"I"TSDNTAAN:XLSAVGGPKGVTDFLRQncGDKETRLDR
AFensss SPVXEKQVGQ-AXTLDDACFATMTTSDN"i"AAN::LSAVGGPKGVTDgeLRQXGDKETRLDR
AJ277209 SPXTEKHVAPDAMSWAQLCSAAVSYSDNinldiAANL:ARKLNGPQAV"g"QgeLRDSGDgff"XTRLMR
UM748 SPXTEKSLSPE"i"V"r"FGK:CQAAVSYSDN"r"AANWFDA:GGATGFNAYMRSXGDEETQLDR
AFBS3BSPVTEKHVGKKGMSLAELCQATLSTSDNSAANFXLQAXGGPKALTKgeLRSXGDVTTRLDR
AB51241 SPVTEKHLTG-GMTVRELCSAAXTMSDNTAANLLLTTXGGPKELTAge-NMGDHVTRLDR

**: eee**::***:***e::e*eee::: ***:***
PDP-AP FffPELNQAKADDLRDeni""rWi"PNAMNKTLYH=reDVLAQNSKKQLKewMQGTTVSDSLLRSV
AF217649 FEPRLNEANPGDKRDTTTPNAMVNTLHTLLffGDALSYESRXQLK:WMQDNKVSDSLMRSV
AF03094S XEPDLNEGKLGDLRDT:-TPKAXASTLNQLLFGSIMLSEASQKKLESWMVNNQVTGNLLRSV
D13ZIO :mpDLNEGKLGDLRD"i"T"l"PKAXAS"iMLNKFLFGSALSEMNKKKLESWMVNNQVTGNLLRSV
M89SS :EPDLNKGKLGDLRD"if-"i""l"PKAXAS"l-LNKFLgeGSALSEMNQKKLESWMVNNQVTGNLLRSV
AF071SSS XEPDLNEGKLGDLRDTTTPKAXASTLNKFLFGSALSEMNQKKLESWMVNNQVavi"GNLLRSV
Aj277209 YEPELNSAXPGDERDSTTPVMAQTLNTLLLGNVLQPSSReeQLMQWMRDDKVADGLLRSV
UM748 KKasLNEG"g"PGDVRDTT"f-PNAMVNSLRK=LGDALSASSRSQLTQWMLDDQVAGALLRAS
AFBS3BWETELNEAVPGDKRDT"i"TPXAMVT"r"LEK-METLS:KSRQQLESWLKGNEVGDALFRKG
ABSZZ41WWELNffAXPNDanDTTMPAAMATTLRKLL-ff"GffLL"i"LASRQQLXDWMEADKVAGPLLRSA

*e **eee***:***::*:*e*e::**: *e*:*
PDP-AP LPKGWSMDRSGAGANGSRGXTAAXWTDEREPL=SXYtTQTNLSMPERNQVXNeeXGwaX
AFZV649 LPKGWSMDRSGAGGgeGSRGXTAMXWKENHKPVYXSXYXTETDLSLQARDQVXAQVSQLnc
AFe3094S LPVKWSXADRSGAGGgeGARSXTAXVWSEEKK"if":XVSXYLAQrmg"MSMAffRNDAXVKXGRsu
DB210 LPAGWNXADRSGAGGFGARSXani"AWWSEHQAPXXVSmaYLAQ"g-QASMAERNDArvKncGRSX
M89SS LPAGWNMDRSGAGGFGARSXWi"AWWSEHQAPxxVSncYLAQTQASMAwaNDMVKXGHSX
AFonss$ LPAGWN:ADRSGAGGFGARS:TAWWSEHQAP:XVSXYLAQTQASMAERNDAXVKXGHSX
N277Z09 LroGWKMDKmui"GAGDNGSRS:VSVVWPTSQKP-WXYXTQTPATMAQRDAMVRncESL
UZ4748 LPSDWKXADKTGAGGYGSRSXVAVXWPPSKQPLWGXYXTQT'KASMQASNQAMRXGWL
Azz3S373 VPSDWXVADRTGAGGYGSRAXTAVMWPPNRKPXVAALY:-i"E"rDASgeEwaNAVXAKXGffop
AgessZ24Z LPAGwaXADKSGAGERGSRGXMALGMGKPSRXWXYT"r"GSQATMDERNRQXAexGASL

:* *:**::****:*e*:::e:*:::: : *e:e:



PDP-dAP vaEYAVK----10e%
AF2V649 mawru..w-----4e-'-" S6%
AFe3094S FEVYlhlmaSQSR-49%
DB2iO MVY"i-SQSR---p48%
Z189ss MVYTSQSR--#48%
AFezasss FDVY"iMSQSR-48%
AJ277209 FSlarLAVYD---4Z%
UM748 KDanrvAp-----4e%
AFBS3BAKTVLMENSRN4e%
AB524Z :KHW-i-------37%

ffg.3 Amine-acict$equence em[ignmentofAprgeneeof thotouaeter/um
dam$e/a$ub$p.pi$eicictawith 9othewremminoaeictsequence$fremother
bewcteria. A$teri$k$incticate conservedexminoacict$inali Aprgenee
monomer$.The$equence$areincticatectbythgiracce$$ion ftumber$,
Abbreviation$: PDP#mAP,Aprgeneencoctedbyttepla$mictpPDee5fi7from
P.damse/a $ub$p.piseiclda; Ava17649,AprgenefromVibrto harveyi,

AFO3e945,Aprgewefrom Vibriocho/erae;Dl321O,Apr gewefrom
Ayoteus mirabilis'Z8955' ,AprgenefromSlaimone//a typhimurium;

AFO71555,Aprgenrefrom fseuctomonasaeruginosa;AJ2772O9,Aprgene
from Citrobaeterko$eri, U$4M8,AprgenefromAeromona$hyctrophilia;

AFI35373,Aprgenefrom Acinetobaeterea/coacetieu$vev esnitratu$I

Are51241,Aprgenetrom tseherichiaeo/Z



PDP--AP ---------thi----- MKKSXLLSSCLgeXSFLSTASTLNDSLYSXffQRTLGR:GVSVLDS---#--#
AFZV649 --------t-•-t-i-ti----- MKKLgeLLLGLLACSSAI"YAANLMKTSPRLKKHXSGRXGVSVWDTQe----
AFe30945 -------- MKFLLAFSLLXPSWFASSSKFQQVEQDVKAXEVSLSARXGVSVLD"ivaQ------
AAKB43e --------------- MKKLFVLCVCFLCSXmpiMAAGAALPDLKXffKLKffGVYVH"e"SFEmeVN"-p---
M6ssS6 an'manan"an"mrm=mua"anananMKTVFXLXSMLFPVAVMAQKSVKXSDDXSXTQLSDKVYMianYVSLAtu""mman
Aeleav --------- MFKTTLCALLXTASCSTFMPQQXNDZVHReniMXaniMMXEQQKXPGMAVAVXYQG
BAB1772Z58 MQQRQS:LWGAVA"i"LMWAGLAHAGEASPVDPLRPWDASXQPLLKeeHRWGMAVAVLKDG
S3867X MKTFAAYV:TACLSSTALASS:"if"ACLSSurf"ALASSXTew"iunFWTRVLCRSRHVFRACKssSK
S22683 -------------- MLKSTLLAFGLge:ALSARAENQAXAKLKRAGVDGT:V:eeSLTWg"GQ---

:

PDP-AP --WiunDQQW----HYKGNffRFPMMSTFKavi"LACAKMLQDseRDXLD:STMAPVKSDffLMWSPX
AF2V649 -4•-" i"DffHW---DYRGDERFPMMSTFKTLACATMLSDMDNEKLDKNATAKVEERNMWWSPV
AFe3e94S -- NGEYWh=•-s--DYNGNQRFPLTSTFKTXACAKLLYDAEQGKVNPNSTVexKKADLVTYSPV
MKB4•3O --a-a-------t--•-ew"--di"- GWGVVSKHGLVVLVNani"DAYL:DTP"m"""m"mtu"man"mF"i"ATDTEKLVNWFanan

M63SS6 -mn----t---t--- EXffGWGMVPSNGMXVXNNHQAALLD"iWP-----p-m---:NDAQTffMLVNWV"g"-
Aenee7 KPYYFTWGYADXAKKQPVTQQTLFELGSVSKTFTGVLGGDAXARGE:KLSDPTTKYWPEL
BAB7Zss8 KAHYFNYGVANRESGASVSEQ"i"LFDXGSVSKIML"rAltiLGAYAWKGAMQLDDKASRHAPWL
S386n LACA"i"NN---LARASKEYLPASTFKXPNAXXGLETG------"-=-•-----VXKNEHQXFKWD-D-a
S22683 -- RLVHN---DPRAQQRYPAASTFKVLNTLXALEEG-•-dt-----•-m•-•---A:SGENQ:FHWN---

PDP--AP avixuKNMV-=--"-m#p-----GSSXTXENACEATMKTSDNTAANXVLKKXGGPQGVTAFLRL:GDKV"iumQ
AF2V649 MDRMA------il---SQeniuaTRXEHACEAAMLMSDN"rAANXVLRSXGGPRGVTWLRSXGDKATR
AF03094S XEKQV--e"-----GQAXTLDDACFATMTTSDNTAANXXLSAVGGPKGVTDgeLRQ:GDKE"if"R
AAKB43e -m--e----th•-------d••- VERGYK:KG"ifM:SSHFHSDS"l"GG:EWLNSQsuPTYASELTNELLKKDGK
M63ss6 -m----------m-m"- DSLHAKVTTFXPNHWHGDCXGGLGYLQRKGVQSYANQMTXDLAKEKGL
Aezoo7 TAKQWNG:TLLHLA"r"YTAGGLPLQVPDEVKSSSDLLRFYQNWQPAWAPGTQRLYANSSXG
BAB7ZZS8 KGSVFDS:TMGELATYSAGGLPLQFPEEVDSSEKMRAYYRQWAPVYSPGSHRQYSNPSXG
S386n -------d-t-#----m•- GKPRAMKQWERDLSLRGAZQVSAVPVFQQXAREVGEVRMQKYLKKFSY
S22683 e------"---v----- GTQYS:ANWNQDQTLDSAFKVSCVWCYQQ:ALRVGALKYPAYXQQ"i"NY

e

PDP--Ap LDRFgeELNmu""mrmmu"mmanmuanQAKADDLRDTTTPNAMNKTLYH=FenVLAQNSKmuKQLKEWM
AF2V649 LDRFEPRLNmum"""'mtu""mm"rp"tu'EANPGDKRDTTTPNAMVNTMTLLEGDALSYESR'mXQLK:WM
AFe30945 LDR:EPDLN----------i-t--KGKLGDLRD"ranr"if"PKA:AS"g"LNQLLFGSTLSEASQ-KKLESWM

AAKB43e VQAKNSFSG-t----•----d----VSYWLVKNKXEVFYPGPGH"i"QDNVWWLPEKKXL-FGGCFVK
M635S6 PVPEHGFTDS------b-s-`-•-tLTVSLDGMPLQCYYLGGGHATDN:VVWLPTENXL-aFGGCMLK
Aezeo7 LFGALAVKPSGLSFEQAMQTRVFQPLKLNHTWXNVPPAEEKNYAWGYRE\(iKA-=VHVSPGA
BAB7Z158 LFGHLAASSLKQPFAQLMEQTLLPGLGMHHTYVNVPKQAMASYAYGYSKEDKPXRVNPGM
S3867i (iNQNTSGG:--------"-DKFWLEGQLRXSAVNQVEFLESLKNKLSASKE----NQL:VK
SZ26g3 (SHLLffPFNG#-•------m-----TEFWLDGSLTXSAffQVAFLRQVVgRKLPFKAS=--SYDSLKK

PDP--AP QGoui"aniMVSDS-RSVLPKGWSZADRSGAGAamp"-•-#--ni----p---------NGSRGXTAA:WTDER

AF2V649 QDNKVSDSLMRSVLPKGWSXADRSGAGG--e------Å}---d--•----"---geGSRGX"T"AMXWKENH
AFe3094S VNNQVTGNLLRSVLPVKWSXADRSGAGG---t-------------p-----bgeGARSXTAXVWSEEK
AAKB43e PVGLGNLGDANreAWPKSAKXLMSKYGmutu"moanrm"mananan"motu"anananan"mmemumuanmu`m"mKAKLWSSHS

M635S6 DNQA"T"SXGNXSDADVTAWPKTLDKVKAK"pmmmmmmh'h"'pt'ptmuwhtw'""'tu"muFPmmutu"SARYWPGHG

Aezeov LDAEAYGVKST:EDMARWVQSNLKPLDXNEKTLQQGXQLAQSRYWQTGDMYQGLGWewLD
BAB:72Z58 LADKAYGXKlai"SSADLLAFVKAN:GGVDDKALQQAXSL"l"HKG--HYSVGGM"iuaQGLGWESYA
S386n EALVTeeAPewYLVHSKavi"GFSGVGTESNP-----------"-----th------•---GVAwwVGWVEKGAff
S22683 VMFADENAQYRLYAKTGWATRMnvi"PSVG"pttu"pt'pm""mrm"m"mmu"m"rmrmrmrmmorm"mananrmtuanWYVGYVffAKDV



PDP-sAPEPLXXSXYLTQ"iwnNLSMPERNQVXNE:GKAXgeffeeYAVK-------di-d------------e-----•-ti---
AeeV649KPVYXSXYXTffTDLSLQARDQV:AQVSQLXuawwtudiindituld""mtuim#"mo"m"mmuptptmrwrmrmrmrmanrm----
Agee3094SKI"Z:VS:YLAQ"imuEASMAERNDAXVK:GRSXFEVYTSQSR---------m---------=-"d-"--nyb-----
AAKZ343eE:GDASLLKRTWmeQAVKGLNESKKPSQPSNutmpmmpm"mum"mmomo"rmannrm'"di""th"m"m"on"""anw""""diwwdi"va"diin•

M6gss6DyGGrmrnvEL:EHTKQ:vNQy:EsTsKp-p--#-=•-e---"-----------t-m-•-----ny-h=-•m-in-------•--------

Aenee7WPVNPDSX:NGSDNK:AMARPVKA:TPPTPAVRASWVHKTGATGGFGSYVAFWffKELG
BAB72ss8YPVreQ"iMLLAGNSAKVXLEANPTAAPRESGSQVLFNKTG---S"i"NGFGAYVAgeVPARGXG
S38672VYFFAFNMDXDNENKLPLRKS:PlriKXMASmeG::GG----ny-------------lt-----ti-t----
S2Z683VWLFALNLATRDANDLPLRTQXAKDALKAXGAgePeniuaK---n------di----•---s-----d----d---•

PDP--APm---sm----t--•t----==m'm-p-'----emmamaen'th-wldta(1OO.O%)
AF2Z7649la'dn"mbtwm"'"mmarmrmmo'ca"tuua"mo"di""um'th"la'd"tu""'la'"""'m"'"mmmCIas$A(55.79%)

AFeS094S--------b-------------------------Cla$$A(dq$8,22%)
AAKB430mu"uamoumla""di'wmin'di""'"m""pm'mm'nyrp"mp'mrman"mo'anumthb'tt'la"ditaClas$B(1i,38%)

M63556-----q-mp--m-•-m-e----•--t-t-------ti--------m•---Clen$$B(12,O4"/o)

AOZOe7:VMMNKNYPNPARVDAAWQ:LNALQ--Clas$C(11,340/.)
BABMas8XVMLANRNYPXPARVKAAHAXLAQLAGCIen$$C(SO.990/.)
S3867X--------------------------CIa$$D(10.46%)
SZ2683-t-li-d-----rpny---------------"•-------d-tms-Cla$SD(13.840/c)

gefig.agCompari$enofAprgeneefPhotobaeterimdamse/es$ub$p.
pi$cieldawithvariou$eia$$esofts-Iactama$es.The$eqvencesexew
indicateobytheiraece$$ionnumber$.Abbreviation$:PDP-AP,Apr
geneencoctedbythepia$mictpPDP85WfremP.ctam$e/a$ub$p,
piseielda;AF2V649,AprgenefromVlorioharyeyi;AF030945,Ap'
genewfromWbrioeho/erae;AAK13430,AprgenefromK/ebsie//a
pnevmoniae;M63556,AprgenefremBaeterolde$fragi/is;AOIO07,
Aprgenetremff$cheriehiaeo/i;BAB72158,Aprgenefromes$eheriehia
eo/i;S3867fl,AprgenefromE$eherlehiaeo/i;S22683,Aprgenetrorn
P$euctomonas$p.



PDP--AP mu"m"""man"-"didi"tu'"m MKKS.irkL.S;SCLf:'Z'Sf:LSmu'""""'m'mm""mman""umhm'wla'"di"""morm"m7TASTLNDSLYSXepRT

AFZ:Z.77649 ----------- MKKLFLkk<YkkACSSA7va------------------YAANLMKTSPRLKKMX
AFe3e94S mu"an"nv"tt"diwta MKFLLAFSkLXPSYYfASSSrmmumormunuadiwbditudiutut'qmp"mom"KFQQVesQDVKA:EVSL

AFB53B MNVRKHKASFFSYVJrifthCkttSLAIATV-----------------"TDSVLanVTNAETme
S23929 --ti---im-----e------------did-ti----4----m------muewuaw"uaw-rm""mu"rm"m"rmanmmmurm""" QTADVQQKLAKLERQS
M3e97 MKNKKMLKJr6MCVGXkGLSXrsLYrF7r\(7GMqveAKffKTGQVKHKNQA1-HKswSQLexKF

PDP-AP LGR:GVSVLDS-TDQQWHYKGNERgePMTF LACAKMLQDSDRDXLDXSTMAPVKSDwa
AF2Z7649 SGRXGVSVWDTQMrDEHWDYRGDERFPMTge LACATMLSDMDNEKLDKNATAKVeeRN
AFe3a94S SARXGVSVLDTQNGEYWDYNGNQRFPLTF :ACAKLLYDAEQGKVNPNSTVerKKAD
AFB53B GARXGLAVHDLffTGKRWewKSNffRFPLSTF MCANVLQRVDLGKERXDRWRFSmsN
S23929 GGRLGVALXNaniWADNSQXLYRADERFAMCTS MAVAAVLKKSESEPN-NQRVerKKSD
ABe97 DARLGVYA:DTGTNQMiMXAYRPNERFAFTY LAAGVLLQ---QNSTKKLosV:TYTKan

*e* e e eee**e ***ee e e ee eeeeee
PDP-AP LXAWSPXewiuaKNMVG-SS:T:ENACEATMKDN AAN:VLKH:GGPQGVruiMAFLRLXGDKVT
AFZ:Z.1?764-9 MWWSPVMDRMAS--QTTR:EHACEAAMLDN AANXVLRS:GGPRGVTTFLRS:GDKAT
AFe3e945 LVTYSPV:EKQVG-QA:TLDDACFATMTDN AAN::LSAVGGPKGVTDFLRQXGDKET
AFBSB73 LVTYSPVTEKHVGKKGMSLAELCQATLSDN AANF:LQArGGPKALTKKRSXGDDTT
SZ3929 LVNYNP:AEKHVD-•GTMSLAELSAAALQYDN AMNKL:SHVGGPASVTAFARQLGDETF
A23e97 LVDYSPVTEKHVD-b-iMGMTLGEXAEAAVRYDN AGNXLFHKXGGPKGYffKALRKMGDRVT

"ee *e e*ee *** **eee****e**eeee eeeee eeeee
PDP-APQLDRFELNQAKADDLRDTTTPNAMNKTLYH:LNDVLAQNSKKQLKewMQGTTVSDSL
AF2177649RLDRFRLNEANPGDKRDTTTPNAMVNMi-LHTLLEGDALSYESRXQLKXWMQDNKVSDSL
AFe30945RLDRXDLNEGKLGDLRDTTTPKAXASTLNQ-FGSTLSEASQKKLasWMVNNQVMiMGNL
AFX35373RLDRMNEAVPGDKRDTTTP:AMVTTLEKLLXDETLS:KSRQQLESWLKGNEVGDAL
SZ3929RLDRTLNTAXPGDPRD"r"TSPRAMAQTLRNLTLGKALGDSQRAQLVTWMKGN"rTGAAS
A23e97MSDRFELNEAXPGDXRDTSTAKA:ARNLKDFTVGNALPHQKRN:LXMEWMKGNATGDKL

** * ** * ***ee*e * e*e**eee e eeee e eeeeeeeeePDP-tAP LRSVLPKGWS:ADSG GANGSRGXTMXWTDERewLXXSXYLTQTNLSMPERNQVXNE:
AF217649 MRSVLPKGWSXADSG GGFGSRGXTAM:WKENHKPVYXSXY:"iMETDLSLQARDQVXAQV
AFe3094S LRSVLPVKWSXADSG GGFGARSXTAXVWSffKKTXXVSXYLAQTEASMAERNDAXVKX
AFB53B FRKGVPSDWXVADTG GGYGSRAXTAVMWPPNRKPXVAALYXTffTDASFeeRNAV:AKX
S239Z9 XQAGLPASWWGDTG GDYGTTND:AVXWPKDRAPLXLVTYFTQPQPKAESRRDVMSA
A23e97 :RAGVPTDWVDADSG GSYGTRNDXAZVWPPNRSPX=AXLSSKDEKEATYDNQLXKEA

ee .* ** ee*e **e* e*
eee e ee ee e eeeeeeeeeePDP-AP GKAXFEEYAVK--t---- Photohactentm damseZasubsp.pisctcida

AFZ:Z.176449 SQ=-----..la.pttu....im.ma Vibrioharveyi
AF030945 GRSXFEVYTSQSR----Vibriocholerue
AFBS37S GEQXAKTVLMENSRNActnetobacter calcoaceticus
SZ3929 AKXVTNGLtu"an----n-- KZebsieZla oxyteca
M3097 AEVVXDAXK-=----mmu.BactRu$eceeveus

e

eee
vatg.5Amino acidseq"ence alignmemet ofAprgencofPhotobacterim
damselasubsp.pisciciaa withvarious classAP-lactaxxxases.The
seq"encesaxe indicated bytheir eaccesslon numbers.Abbreviatiens:
PDP-AP,Aprgeneencodedbythe plasmid pPDP8SWfromP.aamsela
s"bsp.piscicid a PP8SW estram; AF217649,Ap'genefiforrxYibrio
harveyi,eAFO3O94S,Ap r geflefrom ]/ibrio cholerese,"AFI3S373,Ap'
gemeefrom Acinetobacter ceslcoaceticeess S23929,Ap'gencfrem
Klebsiellaoxytoca;A23O97 ,Aprgene frem Bacillesscereees.Araxbller's
standard itumea}eringofB-lactaittaaseswas used.Censervedaxxkinoacid
residuesare shown with afiasterisk below.Cbfiservedamiiteacid
fegiofisimportant for catalySicfunctioft of6-llactamasesareboxed.
ThesigpmalpeptEdesequence isindicated initalics.



censervediftcaassA6-lactamaaseswerepresepmtinthe

ded"cedastskineacidsequencesofPDP-AP,whichincl"ded

apmSTKFaceivesitetetradatposition70to73accordingto

AmbXerNsstandardnumberingofclassAfi-lactamases

\(Ambler,etal.,1991\).ThisSer-X-XlavaLystetradis

characteristicofserine6-lactamases.AnSDNEoop
chawacteristicofclassAP-lactamaseswaslocatedatposition

13Ote132onPDP-AP,aswel]astheuniqueG]uresidueat

position166.lastly,anRSGtriadwasestabfiishedat

position234to236ofiPDP-AP.Normaliy,thetriadatthis

positionisKTGfewtheotherserinefi-lactamases\(ciassC

andD\)andtheRSGsubstitutionifseenisonlyinelassA6-

lacatamases.theGlyatposition236isalwaysconserved

\(Matagne&Frere,1995\).

Seeagwaeewaceekomagfiggywfitrkogkeerces-kthcememethsees

DatabaseseaxchesofPDP-APferfi-lactaxxxasegenes

generatedamaximumhomoiogyofS89owithotherfi-
lactamasesinthedatabase.Thehighestlevegofamaimoacid

sequenceidentity(S691o)wasshowRfoxthe6-Ractamase

fromVibrtohesrveyiHB3(Teo,etal.,2000).
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waydiec*pgeabeygeR$rk

ffydropathyplotofP.aaneselassp.piseicidaPDP-AP

\(Fig.6\)usimgtheaminoacidhydropathyvaluesofKyteaRd

Mtoolittie(a982)indicatedthatPDP-APisagaobauXarsoluble

proteinquietusualofotherknownP-Xactamases.

DRSÅëIVSSMON

theresistaRcestoAp,Cp,]Km,SaandTccarriedbyP.

desmselassp.piscicidastrainPP8S17weretraRsferredtoE,

coliK-12xl037Rprstrain.thetransferabilityofehe

resistancesdifferedwiththepattern\(differeRS
combinationsofdrvgresistancemarkexs\){Chaptertwo].

Theresistancesineachdonorwereseperatelytxafismitted

bythe6SkbplasmidbearingApr,CprandTcrata
frequencyofabout10ew6andthe12Skbplasmidcarrying

Km'andSaratafrequencyofabout10di4becausethe

ifesistancesareseparategytifansferredwheRAprwas

tffansferred(asagsodiscasssedinchaptertwo).Theffeswiting

transconjugantsharboasredeachorbothefthetwo
pXasmids,orthepresumptivefusedplasmidfxomethetwe

7g
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pgasmids,whichweredependentaspontransferfrequencies

oftheplasmids.Theseresultsarethesameasthose
discussediRchapterthffee.Thereferethepresepmtresuks

•leaderedencetothepreviowgsresgsftts.

ERthisstudy,wehavecaonedaftAprgeflefroma6S

kbplasmidofP.aamselassp.pisciciaa.E.coline83cells

harbouringffecombinantplasmid\(pHSG398havinga

fragmentofpPDP8S17\)hadahighlyeievatedleveRof
resistaficetoApcomparedtothatofthehoststraiRalone,

indicatingthattheclo"edinsertdidcontaintheApr

determinant.

SequenceanaiysisoftheAprgenedemofistratedthat

theydidnothavehomology\(maximumofS89ohomology

withV.harveyi\)toanyotherfi-gactamasegenes.Atthe

amineacidlevel,PDP-APpossessedlowlevelsofhomogogy

\(\(S6%\)tootherclassAP-lactamasesandregionswhich

werestronglycomeservedareiftRplicatedinenzyme
catalysis.

"]keffesuXtsobtaipmedindicatethatthecalculated

twolecularnaassof31,292Daofthededucedagxitinoacid

sequencesofPDP-APwasconsistepmtwiththemassesof

kRownclassA6-lactaxnaseaminoacidseqanextces.fihe
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highestlevelofidentity(S6%)wasshownfortheclassA6-

lactax#kasefremg/ibrtoharveyiHB3(Teo,etal.,2OOO).This

cleargycewafirggxedthatthePDP-APApfdetermipmantisnone

otherthaitthe6-lactamasegene.Tk}erefoxe,PDP-APisa

globularsoluebleenzymebelongingtothecllassAP-

lactamasesandisartovelanddistinctlydifferentP-

lactamasefromtheotherkRownP-lactamases,

ThegeneticmechanismofAprinP.damselassp.

piscicidaisverycomplexandtheaboveifesuksattesttoit.

Since,P.damselassp.pisciciaaisgenera11yincontactwith

yeilowtailaRdmarinewater,itmayacquireforeigft

bactefialgenes,themechanismofwhickisstilgpoorly

kpmown.ChemotherapeuticagentssuchasamoxieiRRin,Ap,

florfepmieel,fiumequine,novobiocin,oxolinicacid,SaandTc

havebeenusedfortreatmentofpseudotubercuiosisinfish

farms(Aoki,1992)andtherecentriseintheoccurrenceof

bacteriaistrainsresistaxxttopmewchemotherapeuticagents

hasbeeRextraordinarilyqasickameongfishpathogens.So,it

canbesupposedthatresistapmceisconferxedbymoRecsular

x]kechaptismsthatenableeasyaquisitionoftheresistance

genesforffecentlyintrodascedcherrxotherapeuticagents.

,ffhedyfiamicsofinfectiousdrugxesistancedissemaination
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outsidetheiaborateryisinherentlycomaplexaitdinvegvesa

hostofvariables.Forexaxnple,Schabergandcoworkers

\(Schabergetal.,1977\)keavereportedthetffansferofR-

pgasmidsfroxnSerratiamarcescenstoE.coliiR"ffine!Also

mostorganismsthataequixeR-plasmidsdonotpersistift

theecologicalnicheinwhichtheyfipmdthemeselves.Fora

newlytransferredRplasmidtosuifvive,itmustfindahost

endowedwithexeeptionalsurvivalvaluewheRantibiotics

arepresentaswellaswhentheyarenot(Elwell,1994),

WethereforesuspectthatplasmidpPDP8517inP.

aamselassp.pisciciaamayhaveoriginaglybeenacryptic

plasmid(Zhao&Aoki,1992)intowhichtheP-lactamase

genemayhavebeefladdedbytfanspositionfromaTn3like

transposon.\)E{owever,wedonotruReoutthepossibilityof

theP-gactamasegenetobepresentonthechfomosometoo.

ThisisbecausethegefiewasquiteunstabReanddifficulitto

isolate.lhisassumptionisagsesuppertedbythefactthat

thepresenceofmukiplecopiesofageneinabacteriumis

oftenasourceofgeneticinstabilitydesetothe
receinbimatienbetweeRthesamegenesashomologous

recombinationismainlygovernedbytherecAgefie
product(Mil]er&Kokjohn,199O).Therefore,itismore

likelythattheP-lactamasegeneinP.desneselassp.pisciciaa
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camefroMKxaTxt3llikeSransposoRamechanismsimilar to

thatinffaemophilecsspecies(Ellwell,A994).

ToowaxkitowledgethisisthefirsteverreporSofa 6-

llactamasegeptehavingbeenisolatedfxomafishpathogeitic

bacteifia.thisreportisalsosignificantasitdiffersfrem the

previousffeportsabeectthestatusofAp'ifesistanceiR Pe

damselassp,piscicida(Kim&Aekag1993a)andproposesan

akogetherdifferentcoptceptofAprinP.aamsela ssp.

pisciciaa.Aiso,itthrowslightonthemechanism of

iRheritanceofresistancegenesfromfereignDNAinto the

pllasmidDNAofP,damselassp.piscicidaandthedangers of

indiscriminateuseofafttibioticsingeneralandAp in

particular.

Furtherworkhastobedonetover'ifywhether the

non-tfaRsferable6-lactamasegemeefromP.aamsela ssp.

piscicidaisencodediftpgasmidorinchromosomaEDNA and

togetmoreinsightaboutthemechanismoftransfer of

resistantgenes.orrwoifkisthebegiRninginthatdiffection

asithascAear]ydisprovedthepresentassumptieftof the

AprtebecoRfimedtotheehromosomalDNAandproposes

analtogethernewtheoryofAp'transferinP.aamsela ssp.

piseicidainparticu1arandfishpathogefticbacteria in
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general.

Futuxeworkwillinvolvestudyingthemaechanismof

transferofthe6-lactamasegeneaswellasthepurification

andcharacterizationofthe6-lactamaseenzymefrom

pPDP8SW.

SWMIMiARY

Anovel6-lactamasegenehasbeenfoundtobelocated

ona6SkbR-plasmidfromastrainofP.damselassp.
piscicidaafishpathogenisolatedfromculturedye11owtail

Seriolagutngueradiata.[MheR-plasmidcontained

ampicillin(Ap)resistanceandcouldbeconjugaliy

transferredtoE.coliK-12x1O37Rpr.1[heApresistance

geneencodingP-lactamasewaslocalisedtoa1,8kbHincgl

Efragmentofa65kbtransferableRpiasnkidpP]DP8S17
isolatedfromP.damselassp.piscicidastrainPP8S17and

wasclonedintotheplasrr\)idvectorpHSG398.The
ftucleotidesequenceanalysisreveaiedthe1.8kbfragment

tobe1,736bplong.TheanalysisalsoidentifiedanORF

encodingaproteinof282aminoacidresidueswitha
calculatedmolecularmassof31,292daltons.Homology
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betweenthepredictedaminoacidsequencesforthisP-

lactamasegene(PDP-AP)andothefP-lactamaseproteins

fromotherbacteriarafigedfrom38-S6%.Aminoacid

regtonsimportantforthecatalyticfunctionandfound

conservedinclassA6-lactamaseswerepresentiftPDP-AP

indicatingthatitbeiongedtoclassA.:thepossibilityofthe

genebeinglocatedoRaTn3liketransposonisalsodiseussed.

"]Mhisisthefirsteverreportofcloningandsequerecingofa

P-lactamasegenefromP.damselassp.piscicida.
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