UNIVERSITY OF
TECHNOLOGY SYDNEY

Faculty of Science

Research Degree Thesis

Written Work Submission

Elena Martinez

Genetic context and mobilization of class 1 integrons in

Pseudomonas aeruginosa: Are plasmids redundant?



PhD by Research

Supervisor Professor Hatch Stokes

2013



DISCLAIMER

“I certify that this thesis has not already been submitted for any degree and is not being
submitted as part of a candidature for another degree. I also certify that the thesis has been
written by me and that any help that I have received in preparing this thesis, and all sources

used, have been acknowledged in the thesis”

I also consent for one copy of the thesis to be held in the UTS library

Final word count: 60.270

Signature of candidate




Acknowledgements

I would like to thank my supervisor Professor Hatch Stokes for the support he gave me before
and during my candidature. I am immensely grateful for the teaching, guidance and patience
that he has offered to me and which has help me to become a better researcher and person. I
would also to thank the Stokes group for their assistance and time that they have dedicated to
me, in and out of the laboratory. My appreciation also goes out to Professor Ian Charles,
Professor Liz Harry and Professor Steve Djordjevic for their support and collaboration. I
would also like to thank the level 6 laboratory support staff, postdoctoral fellows and other
professors for their patience and assistance with my project. I would like also to thank all my
fellow PhD students for their friendships and support in good and tough moments during the

past three years. Their friendship has been invaluable for me.

I would like to thank the University of Technology, Sydney for the UTS international
research (IRS) scholarship and for the UTS President’s (UTSP) scholarship, which allow me
to successfully complete my PhD project. My appreciation also goes to the people in the
Faculty of Science administration for their support and advice, in particular to Rochelle
Seneviratne. I would like also to acknowledge the excellent proof editing of this thesis by

Joanne Watson.

A big thank you goes out to all the people involved in my project and without them
collaboration this project could not have been possible. In Australia, to Dr John Merlino from

Concord Repatriation General Hospital Microbiology department and Nola Hitchick from



Sydney Adventist Hospital Microbiology unit for providing and collecting clinical samples.
In Argentina to Daniela Centrén from Instituto de Microbiologia y Parasitologia Médica,
Universidad de Buenos Aires for the collection of clinical samples from that country. In
Colombia to Javier Escobar from the Laboratorio de Genética Molecular Bacteriana,
Universidad del Bosque and Aura Lucia Leal from Universidad Nacional de Colombia for
their generosity in the contribution of an extensive collection of isolates; and also a special
thanks to Natasha Vanegas for making possible this collaboration. Finally, in Uruguay to
Carolina Marquez and Ana Ingold from Catedra de Microbiologia, Instituto de Quimica
Biologica, Facultad de Ciencias for their support and in helping me to come to Australia.

Thanks to them also for their constant encouragement.

Last but not least to a special thanks to my family for providing the emotional and financial
support that allowed me to undertake my PhD in Australia and to continue doing the research
which is my passion. Specially, I would like to thank them for their love, patience and

guidance in the stressful moments.



Table of contents

DIESCIAIMET ..ottt ettt et sa e et be e b eanenaeens i
ACKNOWICAGEIMENIES. ...ttt ettt et st b e et sbeeenbeensee e il
LSt Of fIGUIES.....c.ooiiiiii ettt ettt ettt et et X
LISt OF £aDIeS....c..ooiiiiiii et Xiii
ADDIeVIATIONS. .....cc..oiiiiiiiiiii ettt e XV
ADSEIACE. ...ttt ettt b ettt ettt ae et naeen Xix
Publications arising from this Work................ccoooiiiiii XX1
Chapter 1. INtrodUCHION. .......cccuiiiiiii e e e et e e e e e e s reeeeeseeesaeeennes 1
L1 INErOAUCTION. ¢ttt ettt et ettt et e st e et e st e enneeenee 2

1.2 Antibiotics and the rise of antibiotic resSiStance............cceeveeriierieeiiienieeiieeieeeeeee. 4

1.3 Genomic MODIHZAION. ........eeiiiiiiiiiieiiiee ettt 7

1.4 Genetic elements in the mobile ZenOmMe...........cccueeiiiiiiiiiiiniiieeeeeeee e 10

141 PlasmidS.....cooeiiiieiiieeiieie e 10

1.4.2  TranSPOSOMS. ...ccceceuvrieeeriiieeeaiiteeeestteeeeesttreeeessreeeeasseeeeessssaaeeenssseeesnnnes 11

1.4.3 Integrative and conjugative elements............cccceeevienieniienienieeneee. 13

1.4.4  Genomic IS1ands.........cccoeiiiiiiiiiiiiii e 14

1.5 Integrons: structure and eVOIULION. .......cceiiiiieiiiiiieiie et 17

1.5.1 The integron recombination SYSteIM.........ccceerueerueerieeneerieenieenieeieennes 20

1.5.2 Phylogeny of iNt@Zrons. ........ccueerieriieriieniieiieeie et 23

1.5.3 Multidrug resistance IMNtEZIONS. .......eeveereeriiierieeiierieeieesieeeiee e sieans 24

1.6 Class 1 INEEEIOMS. ...cuuietieiiiieiie ettt ettt ettt et ettt et e et e seee e e e saeeenneeeneas 26

1.7 Association of clinical class 1 integron and variants with other mobile elements.29

1.7.1 Association with plasmids..........cccceeviieeiiiiiiiiiecie e 29

1.7.2  Association With tranSpOSONS.........cccueeerireeiiieeiieeeee e eereeeevee e 30

1.7.3  Association with InSertion SEqUENCES..........cceerevrrercreeercreeenrreerreeeenns 32

1.7.4 Association of class 1 integrons with genomic islands........................ 34

1.8 Gene Cassettes as a source of antibiotic reSIStance..........ceeveeerieerieerieenieesieeneeene 36

1.8.1 The major families of resistance gene cassettes products.................... 37

1.8.1.1 B-lactamases. .......cccueeeuieeiiieecieeecree et e et e e e e e 37

1.8.1.2 Adenyltranferases and acetyltransferases..........cc.ccceecverueenennns 41

1.8.1.3 Chloramphenicol acetyltransferase and efflux pump............... 41



1.8.1.4 Dihydrofolate reductase..........ccocvveeeeuveeeiiieeiiee e 42

1.9 Pseudomonas aeruginosa: clinical relevance and multi drug resistance.............. 43
110 Biases 1N analySiS.....cccuieruieriieniieiiieiie ettt ettt et 48
1.11  Project objectives and CONCIUSIONS...........oevuieriieiiiiniieiieiie e 51
Chapter 2. Materials and Methods..........ccc.iieiiiiiiiiicecceece e 52
IMLALRTIALS. ...ttt ettt et e et e b e ettt e et e e bt e et ebeesaneen 53
2.1 Buffers and SOIULIONS. ......cccuiiiuiiiiieiieeeee et 53
2.2 Broth, agar and Media..........cocceeiiiiiiiiiiee e 55
2.3 Culture conditions and storage of bacteria...........ccoceeveiiiieiiiiiiiieeeee e, 57
2.4 BaCterial STraINS. ....ceieieiieeiieiie ettt et ettt ettt et 58
2.5 ANEIDIOTICS ..ttt ettt ettt et e sttt ettt e st e bt et eneas 60
P O30 5 511113 ¢SSP SUPRR 60
2.7 ENZYINCS.c.uiieiiiieeeiee ettt ettt ettt e ettt e ettt e st e et e e et e e e bt e e satee e 61
2.8 Vectors and plasmids.........ccueeecuiieiiiiieiiiieeeiie e s 61
2.9 Commercial kits and chemicals............ccoooiiiiiiiiiiiiiee e 63
IMEEEIOMS. ...ttt ettt et et e e e at e bt e ae e et e ateenbeesneeenneas 64
2.10 DINA @XITACHION. ¢...eeuteeiieeiieetie ettt eiee et et te et estee st e ebeesaeeesteesabeenbeesneeeseesnseeseans 64
2.10.1 XS BUITCT .. 64

2.10.2 LySiS OF CelL.uuiiiiiiiiiiiieeiie et 64

2.10.3 Ethanol precipitation of DNA.......ccccoooiiiiiiieeeeeee e 65

2.10.4 DNA and plasmid extraction with commercial Kits...............c.ceeuvennee. 65
2.10.4.1 DNA extraction for fosmid library.........c.ccoeoeniiiniiniinnnns 65

2.10.4.2 Plasmid eXtraction...........c.cevueerieeiiienieeiiiesie e 65

2.10.5 Phenol/ chloroform purification (for fosmid library)..........c.ccccuveenee.. 66

2.11 Polymerase Chain T€aCTION. .......ccuieruiiiiieriiietiesiie ettt ettt 66
2.12 Agarose gel electrophOreSIS. ......cevuuieiieriieiieeie e e 67
2.13 Quantification of DNA SamMPIES.......ccccveeiiiiiiiiiieciie et 68
2.14 DNA gel extraction and PCR clean up.........c.cooceviiiiieniiieiiiieciieceecee e 68
2.15 FOSMIA LIDTATY...cuviiiiiiiieiie ettt ettt e 69
2.16 Sequence and bioinformatics analysis..........cceevvueriieriiiriieniiieieree e 70
2.17 Random amplification of polymorphic DNA (RAPD).......ccccvvevviiiiiiieiieen. 71
2.18 Pulse field gel electrophoresis for Pseudomonas aeruginosa.............................. 71
2.19 Identification of plasmid by PCR incompatibility typing...........cccceeeuierveeueenen. 73
2.20 Determination of antibiotic TeSISTANCE. .......cccueerieriiieiieeiierie ettt 73

Vi



2.20.1 Disk diffusion mMeEthod...........eee oot 73

2.20.2 Broth micro-dilution method...........cccoceeiiiiiniininiiniicccee 74
221 CIONINE. ..ttt ettt ettt e et e b e et e et e st e e bt e snteebeesnbeenseesnees 76
2.22 Transformation Of E. COli.........coccovuivuiioiiniiiiiiiiiiiiecseeieecetee e 77
2.23 Quantification of gene expression by real time reverse transcriptase PCR......... 78

2.24 Screening for IS26 and determination of cell copy number by real time PCR....79

2.25 Assays for measuring excision of DNA from oprD...........ccccceveiiiiiiniieneenne. 80
2.25.1 Semi-quantifiCatioN........c.eeccuiieeiieeeeiieeeree et e e e eeaee e e e e e sareees 80

2.25.2 Antibiotic and UV effect.........coooueiiiiiiiiiiiiiieeee e 81

2.25.3 GIOWING CUTUTE. ... eeeiiieiiieiie e 81

2.26 Antibiotic resistance selection for transposition of IS26...........cccceevvveeiieennnnn, 82
2.27 Assay to determine excision of GI1 from its chromosomal location................... 82
2.28 Detection of GI1 circles outside the cell............ccooviiiiiiiiiiiiiieee, 83
2.29 Induction of competence via electroporation............cccuveeeuieeeieeerieeeriee e 84
2.30 Conjugation of GI1 into different recipients.........cccceeveeeerienieeniienieeiieeieeeeee. 85
2.31 Natural transformation of GIL........ccccoiiiiiiiiiiiiiie e 85
2.31.1 Natural transformation in patChes..........ccccveevieeerieeecieeeieecee e 85

2.31.2 Natural transformation in broth...........c.ccoeciiiiiiiiiiiiieee 86
Chapter 3. Genetic context of class 1 integrons in Pseudomonas aeruginosa strains............ 87

3.1 Diversity of mobile gene cassettes arrays in Pseudomonas aeruginosa hospital

SETAIIIS. .ottt ettt ettt et et e et e bt e e a bt et e e eab e et e e eae e et e e eat e e bt e ent e et e e snte e bt e enteenbeennreens 88
3.1.1 Clinical class 1 INtEZIONS. ......ceeuieriieriieriieeieeiie ettt 88

3.1.2 CaSSELE AITAYS. . eevueieeiiiieeriiieeiiee ettt ettt st sbt e st e st e st e e as 92

3.2 Genetic context of class 1 integrons in P. aeruginosa clinical isolates................. 99
3.2.1 Genetic contexts of class 1 integrons harbouring addA6-gcuD............ 101

3.2.2 Genetic contexts and location of the second class 1 integron............... 110

3.2.2.1 Isolate C79 — SYdNeY......ccccueeevrieeiiieeiee et 112

3.2.2.2 Isolate UO9 — UTUGUAY.....ccueevuermieierienieeieeiesieeieeee e 114

3.2.2.3 Isolate U61 — UTUgUAY.....ccueeveermieierienieeieeienieeieeee e 115

3.2.2.4 Isolate PAE2003 — Argentina.........cccceeveeeieeniieniieniienieeieans 117

3.2.2.5 Isolate PS68 — Colombia.........ccceeveiiiieniiiiieniciiececeee, 119

3.3 Location of multi resistant integrons/transposons: plasmid or chromosomes.....121
3.3.1 Presence of GI1 and transposon Tn6/762...........ccccceevveecrieeecreeencneeennnn. 121

3.3.2 Presence of GI2 and TNOI63.......cccoeiiiiiiiiiiiiieieeeee e 127

vii



3.3.3 IS26 associated with class 1 InteErons..........cceeveerueereirnieenieerieenieenen. 128

3.3.4 The unknown IS.......ccoiiiiiiiiiiiii e 131

3.3.5 Plasmid screening by incompatibility group multiplex PCR................ 132

3.4 A new gene cassette in a class 1 INteZIrON.......ccueeriiriiieiieiiieie e 134

3.4.1 Cloning of gene cassette GCUT7S....ccuuiuiiiianiieiieie et 136

3.4.2 Antibiotic resistance profile of gcu75 clones..........ccoeveeviiinieniieenene 139

3.5 DISCUSSION. ...ttt ettt ettt ettt st sb et sbeenes 140
Chapter 4. Class 1 integrons without a 3’- Conserved Segment............cccceevveriieenienieennen. 144
4.1 Class 1 integrons without a 3’- Conserved Segment..........ccccevveevieniiieneeniennnen. 145

4.2 Study of genetic context of class 1 integron without a 3’-CS in isolate PS38.....151

4.3 DISCUSSION. ..ttt ettt ettt ettt se et e st ebeesbe et saeenae et eebeesbeetesaee e 154

Chapter 5. Multi drug resistance in Pseudomonas aeruginosa is commonly driven by

multiple cooperating mechanisms in clinical iSolates...........c.oceioiiiiiiiiiiiiieiieeeee, 156
5.1 Efflux pumps: MeXB and MeXY .....cccviiiiiiiiiieeiieceiee et 157
5.2 AmpC mediated reSIStANCE. ....cvvieeiieeeiiieciieecieeeeeeesree e e e e e iaeeeaeeeeaeeeenreees 162
5.3 Porin OprD and antibioticC r€SIStanCe.........c.ueeveveeerieeerieeeriieeeieeeevee e evvee e 164
5.4 Cooperating chromosomal mechanisms in mediating resistance......................... 167
5.5 DASCUSSION. ...eutiiitieiie ettt ettt et ettt e sttt e eat e et e sateebeesaeeenseesseesnseenneeenne 170
Chapter 6. in vivo detection of excision of IS26 from the chromosome..............ccccceceeennee. 172
6.1 in vivo rearrangements involving IS26 in 0prD...........cccccevceieiiiiiiiniiiiiiieee, 173
6.2 Mobilization of IS26 — linked integron through antibiotic pressure.................... 180
0.3 DISCUSSION.....eeuiiieitieiieeitt et et ettt et e st estt e et e e beeeateesbeeeabeesbeesaseesneeenbeenseesnseans 184
Chapter 7. Detection of excision of Genomic Island 1 from its chromosomal location....... 187
7.1 Study of structure and excision of GI1 from their chromosomal location........... 188
7.2 Lateral gene transfer of GIL.........ccoooiiiiiiiiiiiiie e 196
7.3 DISCUSSION. ...eeuteeeiiieteeeitterite et et e et esteesabeesaeeeabe e beeeabeesbeeenseaseesateesneesnseenseesnseans 198
Final diSCUSSION...........oooiiiiiiiii et 201
APPEIAIX Aottt e e e st e e e ettt e e e e areee e s abaee e e ataee e e raeeeeanbraeeearareeeanns 206
APPENAIX Bi...ooooeiiii e e e e st e e e et a e e e entreeeeanaaaeens 214
APPENUIX C..oooeeee ettt e e et e e e ettt e e e ettt e e e e et a e e e e aaaee e e taeeeeanbraeeennnraaeeanns 221
REFCIICES........ooiiiiiiiiie et et 226

viii



List of Figures

Figure 1.1 Evolution of antibiotic development in the last half of the 20" Century................. 5
Figure 1.2 Mechanism of lateral gene transfer (LGT)........ccoooieiiiiiiiiiiieeeeeee 8

Figure 1.3 Schematic structures of transposons frequently recovered in clinical and

ENVIrONMENtAl SAMPLES....ccuviiiiiiieiiii ettt et e et e e s e e e e beeesbaeesaneeennseeenns 13
Figure 1.4 Identified gene cassettes in class 1 integrons reported from 1991 to 2012............ 17
Figure 1.5 Integron structure and model of circular gene cassette capture............cceeveeenneenee. 19
Figure 1.6 Diagram Of @] STEE........cccueiiiiiiiieiiieiiecee et 21
Figure 1.7 General structure of the affC Site..........ceevieiiiiiiiiiiiieiieieee e 22

Figure 1.8 Generalised structure of a clinical class 1 integron where the 3’-CS has led to the

partial 10ss of the 1727 MOAUIE............ocouiiiiiiieeee e e e 26
Figure 1.9 Common structure of class 1 integrons recovered in clinical isolates.................... 28
Figure 1.10 Mobile genetic elements found in association with class 1 integrons.................. 31
Figure 1.11 Genetic context of ISCR/ found in association with class 1 integrons................ 33
Figure 1.12 The family tree of B-1actamases..........cceevuieriieiiiiiiieniieiee e 38
Figure 1.13 Worlwide dissemination of metallo-B-lactamases............ccceeceeeiieniiniiianieniennnen. 40

Figure 1.14 Schematic illustration of structure and function of the MexAB-OprM and related

SffIUX PUMPS 1N P. GOFUZINOSA. ...ttt ettt 45
Figure 1.15 Mechanism involved in regulation of ampC eXpression..........cceceeeeeeeveereeenieenne 46
Figure 2.1 Cloning and expression vectors pJAK17 and pMMBGO67.........cccoooiiiiiiiiiinnienne. 62
Figure 2.2 pPCC2FOS™ VeCtOr MAP..........veveeeeeeeeeeeeeeeeeeeeeeee oo, 62

Figure 2.3 Oligonucleotides and insertion point of insert into Copy control vector

DOC2EOS ™ ettt 70



Figure 3.1 Generalised structure of a clinical class 1 iIntegron............cceceeveeriiienienieiniennns 88

Figure 3.2 Location of primers used for the screen of int// and cassette array in clinical class

174 (o) s OO SO PROPSTRPRRUUPRPO 92
Figure 3.3 Location of primers used for the screen of cassette array aadA46-gcuD ................ 93

Figure 3.4 Structure of class 1 integron harbouring the cassette array aadA46-gcuD in the five

1IBraries CONSIIUCTEM. .....cviiuiiriiiieiiiieeicrt ettt ettt 101

Figure 3.5 Tn/403-like module and integron inSertion POINtS.........ccueevueereeeeiieeneeeiieereeneenns 102
Figure 3.6 Sequence from IR at left end of TnO762.........ccooviiiiiiiiiiiiieee 103
Figure 3.7 Structure 0f TNOTO2.......cc..ooiuiiiiieieeeee ettt 104
Figure 3.8 Structure of Tn6762 compared with Tn6060 (GQ161847)......ccvvuveiviiiiiiiananne 106
Figure 3.9 Schematic drawing of rearrangement region in GI1...........cooceeiiiiiiiiieninnneenen. 108
Figure 3.10 Boundary of insertion point of GI1 in the core genome............cccceevverieeiennn. 109
Figure 3.11 Structure Of TNOZ03.....cc..ooiiiiieeee e 112
Figure 3.12 Structure and location of IS26-linked integron in U09...........cccceieniiiininnenne. 115
Figure 3.13 Structure and location of IS26-linked integron in U61........c..cccevieniiiinninennn. 116
Figure 3.14 Structure of 2.3 kb array in isolate PAE2003..........ccccooviiiiiiiiiiieeeeen 118
Figure 3.15 Structure of second array in isolate PSO8...........ccccoiiiiiiiiiiiiicee, 119
Figure 3.16 Location of primers for screening of GI1 and Tn6762............cccceveveiieniiannen. 122
Figure 3.17 Schematic drawing of rearrangement region in GI1...........ccoocceiiiiiniininen. 125
Figure 3.18 Schematic drawing of GI1 in isolate PS26.........ccccoooiiiiiiiiiniiiiicceeee, 126
Figure 3.19 Structure of Tn6/63 in GI2, isolate C79.......cccooeviiiiiiiiiiiiiiieeceeeeeeee 127
Figure 3.20 Possible orientations of IS26 into the oprD gene...........cocceeveieiiiniienieniiieene 129
Figure 3.21 Schematic representation of insertion of IS26 into oprD...........ccccceeveeeivennnnnne. 130



Figure 3.22 Representation of the chromosome of Pseudomonas aeruginosa strain PAO1 and

the location of the clinical class 1 integrons in respect Of it.........cceeveeriiierieniieniiiiierieeene 133
Figure 3.23 Nucleotide sequence of gene cassette QCu7....couviiiiieiieniienieeeeieeeeee e 135
Figure 3.24 Amplification of gene and its insertion iNtO VECLOTS.......cevueeruierieeniieeieeniieeieans 137
Figure 3.25 Protein alignment of cloned gene geu75......cocvviiiiiiiiiiiiiiiieeeeeeeee 138
Figure 4.1 Common structures of class 1 integrons recovered in clinical isolates................ 145

Figure 4.2 Representation of class 1 integron/Tn402 and the primers used for screen iR

oS 1 (O OO PROTPRROPPPRUPRON 147
Figure 4.3 Class 1 integron within Tn402-like tranSposon.............ccecueevuierieeiienieeneeneeeen. 148
Figure 4.4 Structure of class 1 integron harbouring the #niR gene in the isolate PS38.......... 151
Figure 4.5 Representation of primer location to screen for tni module in PS38.................. 153
Figure 5.1 Relative expression of the gene mexY and mexB...........cccoecueeviiniienienieciiennne, 161
Figure 5.2 Relative expression of gene ampC............cooceeiieiiiiiiiniiiiiieeeeeee e 163
Figure 6.1 IS26 elements in oprD of U09 and PAE2003..........cccoviiiiriiniiiinieneecneeene, 174
Figure 6.2 Screening protocol and PCR of oprD gene in U09 and PAE2003....................... 175
Figure 6.3 Screening protocol and PCR of oprD gene in U09 under antibiotic stress.......... 177
Figure 6.4 Screening protocol and PCR of oprD gene in U09 under UV stress..........cc.c...... 178
Figure 6.5 Time course of oprD PCR amplification in UQ9...........cccoovieviiiiniiiiiiieiieees 179
Figure 6.6 Structure and location of IS26-linked Integron...........ccccueeieeniieiiiniiiiiecieeee 181

Figure 6.7 Location of primers for screening for the movement of the [S26-linked integron

FTOM LYSR .ottt ettt ettt ettt et eas 182
Figure 6.8 Structure and location of IS26-linked integron in U61-Merl, U61 and U09....... 186
Figure 7.1 Boundary of insertion point of GI1 in the core genome...........cccceveeeieieneenieenee. 190

Figure 7.2 Schematic representation of GI1 in their chromosomal location.......................... 190

Xi



Figure 7.3 Representation of circular GI1.........c.cooiiiiiiiiiiiiiiee e 191

Figure 7.4 Time course of circular GI1 PCR amplification in C79.........ccccceeviiiiinninninnnnen. 192
Figure 7.5 Sequence of attGI1 site in circular GI1........occoooiiiiiiiiiniiiee e, 193
Figure 7.6 Sample process to determine GI1 outside the cell............ooooveriiiiiiiiiiiniiniis 194
Figure 7.7 Amplification of circular GI1 from the supernatant of C79..........c.ccccevieeninnen. 195

xii



List of Tables

Table 1.1 The increase in identified cassette associated resistance and other genes in class 1

integrons from clinical 1SOlates OVEr tIME.........eeiuieiieiiieiiecie et 37
Table 2.1 Antibiotics kept in powder and dissolved to concentration for posterior use.......... 60
Table 2.2 Antib1otics 10 diSK . ..c.eeiiiiiiiiieie e 60
Table 2.3 Enzymes used and their reStriction SIte...........cccvieeeuireeciieeeiieeeieeeereeesreeeeveeeeeree s 61
Table 2.4 List of commercial kits and chemicals used. .............cccoiviiiiiniiiiii, 63
Table 2.5 Scheme for preparing antibiotic dilutions for broth micro dilution......................... 75
Table 2.6 Antibiotic selection for natural transformation study. ..........ccoeceeiieniiiiieniienennee. 86

Table 3.1 Distribution of isolates positive for int// and cassette array in the four countries

SEUAICA. ..ttt ettt et et st a et et sb e 91
Table 3.2 Presence of cassette array aadA6-gcuD in isolates surveyed. ........ccccceevvevieeneenee. 94
Table 3.3 Second cassette array recovered in isolates presenting the aadA6-gcuD. ............... 95
Table 3.4 Other cassette arrays recovered in the four countries surveyed...........cocceeeeeenennee. 98
Table 3.5 Isolates selected for fosmid library construction. ...........cccoeceeeiieniieiienienieenee 100

Table 3.6 Comparison of GI1 between first report and the five isolates studied in detail..... 108

Table 3.7 Characteristics of the five isolates studied by fosmid library.............ccocerrinnenn 111
Table 3.8 Isolates that amplified for the presence of GI1..........ccccvieviiiieiiiiciiecee e, 122
Table 3.9 Isolates presenting GI1 and its variations. ...........cccceeveeerieerieesiienieeieesie e 125
Table 3.10 IS26 screening and association with int/] and oprD. ............cccoeeieiiiiiiieennnnne. 130
Table 3.11 P. aeruginosa isolates presenting plasmids according to incompatibility PCR and

SEQUETICE. ..uvvveeeeuerreeeeuereeeeaseseeeeeassseeeaasssseesasnssseeeasssseeesasssseesansssasesensssseesanssseeessnssseeessnsseeesans 132
Table 3.12 Summary of sampled Strains. ........c.ccecerieririiriineee e 133
Table 3.13 Vectors and E.coli Strains USEd. ..........cocuerueeviiriiniiiiiniiieeieeeeie e 136

Table 3.14 Amino acid changes in the four transconjugants studied for the gcu75 gene......139
Table 4.1 Isolates screened for the presence of iR and cassette array associated............... 147
Table 4.2 Isolates positive for amplification of tniR which cassette array was amplified..... 148
Table 4.3 Isolates recovered from 2005 to 2008 in ICU, Hospital San Jeronimo, Monteria-

L0701 0) 14103 - F PP 150
Table 5.1 Genetic analysis of selected Strains. .........ccoeceeiiiiiiieriiieiiee e 159
Table 5.2 Gene expression of efflux pumps and their antibiotic profile to carbapenems. ....160
Table 5.3 Gene expression of chromosomal encoded ampC and carbapenems profile......... 162

Table 5.4 Gene expression and SeqUENCE OF OPFD..........cccveeecuieeeciieeeieeeee et 165

xiii



Table 5.5 Data collected from the 11 isolates studied for gene expression, oprD sequence and

DI ZENICS. ...t ettt ettt e at e e ab e ateebe e e eaee 167
Table 7.1 Conjugation of isolates harbouring GI1/Tn6762 to different recipients and

(o701 a L8 ) 0 SO UOUSPRPSRR 196
Table 7.2 Natural transformation of GIT/Tn. .....ccccooviiiiiiiiiiii e 197

Xiv



Abbreviations

°C Degrees Celsius

3’-CS Class 1 integron 3’- conserved segment
5’-CS Class 1 integron 5’- conserved segment
aacA/C Aminoglycoside acetyltransferase gene
aadA/B Aminoglycoside adenylyltransferase gene
aph Aminoglycoside phosphotransferase gene
AR Antibiotic resistance

attC Gene cassette associated recombination site
attl Integron associated recombination site
Austral Hospital Universitario Austral

bla B-lactamase gene

BLAST Basic Local Alignment Search Tool
Bocagrande Hospital de Bocagrande

bp Base pair

CAS Clinica Fundacion Amigos de la Salud
CCM Clinica Central de Monteria

CH/ Concord Concord Repatriation General Hospital
Clinicas Hospital de Clinicas Jose de San Martin
Cm Chloramphenicol

cml Chloramphenicol exporter gene

dfrA Dihydrofolate reductase gene

dH,O Distilled, sterilized water

DNA Deoxyribonucleic acid

DR Direct repeats

Durand Hospital Carlos G Durand

EDTA Ethylenediaminetetraacetic acid

EtBr Ethidium Bromide

XV



EtOH Ethanol

Favaloro Fundacion Favaloro-Hospital Universitario
Garrahan Hospital de Pediatria Prof Dr Juan P Garrahan
HCFA Hospital Central de las Fuerzas Armadas
hr/s Hour/s

ICE Integrating Conjugative Elements

Inc Incompatibility

intll Class 1 integron integrase gene

IR Inverted Repeat

IS Insertion Sequence

JPC Clinica Jorge Pifieros Corpas

kb Kilo base/s

Kennedy Hospital Kennedy

Km Kanamycin

LB agar Luria-Bertani agar

LGT Lateral Gene Transfer

M Molar

Militar Hospital Militar Central

min/m Minutes

Mitre Sanatorio de la Trinidad Mitre

mL Micro litre/s

MLST Multi Locus Sequence Typing

mM Millimolar

MqH,0 Mili Q water

MSU Mid-Stream Urine

N/A Not applicable

NCBI National Centre for Biotechnology Information
ng Nanogram/s

Occidente Clinica de Occidente

OD Optical density
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Olaya Policlinico Olaya

ORF/orf Open Reading Frame

P. Cassette Promoter- Integron associated
PCR Polymerase chain reaction

PFGE Pulse Field Gel Electrophoresis

qac Quaternary ammonium compound resistance gene
Quemados Hospital de Quemados

res Site-specific Resolution site

RFLP Restriction Fragment Length Polymorphism
rpm Revolutions per minute

Samaritana Hospital Universitario la Samaritana

SAN/ San Adventist Sydney Adventist Hospital.

Santa Clara

Hospital Santa Clara

San Ignacio

Hospital Universitario San Ignacio

San Jeronimo

Hospital San Jerénimo

San Rafael Hospital Universitario Clinica San Rafael
sec/s Second/s

SPC Clinica San Pedro Claver
sull Sulfonamide resistance gene
TAE Tris-acetate

Tn Transposon

tni Transposition genes

tnpA Transposase gene

tnpR Resolvase gene

tra genes Conjugal Transfer genes
Tunal Hospital el Tunal

uv Ultraviolet

A% Volt/s

Vol Volume/s

w/v weight/volume
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Zayma Clinica Zayma
A Deletion of
ug Microgram/s
ul Micro litre/s
uM Micromolar/s

XViii



Abstract

Antibiotic resistance is a global problem with some predicting a return to the pre antibiotic
era where a bacterial infection was commonly fatal. Pseudomonas aeruginosa is one example
of this problem. This bacterium is a major cause of infection especially in cystic fibrosis
sufferers and in burns victims. The rising rates of adverse outcomes are partly a consequence
of strains commonly displaying multi-drug resistance (MDR) profiles. MDR is driven by a
number of intrinsic mechanisms in P. aeruginosa clinical isolates as well as by the capture of
diverse resistance-mediating genes by Lateral Gene Transfer (LGT). LGT and intrinsic
factors often act cooperatively to generate complex MDR phenotypes. While these complex
interactions have been examined in a small number of isolates there has not been a
comprehensive survey of strains on a global scale. Thus it is not clear what mechanisms and
genes may be important in influencing the evolution of MDR at regional or global levels.
Also, in some isolates, resistance profiles cannot always be explained by identifying the
common resistance determining pathways, suggesting that additional mechanisms of
resistance may be emerging in P. aeruginosa. The focus of this project was to
comprehensively study the major mechanisms responsible for antibiotic resistance in P.

aeruginosa strains from diverse geographical areas.

Pathogenic P. aeruginosa isolates from four countries (Australia and three South American
countries) were characterized by PCR to identify mobile elements and their genetic context.
Also, quantitative expression analysis for activity of several pathways that influence

antibiotic resistance was assessed and culture experiments were conducted to test how

XiX



random movement of mobile elements during growth may influence resistance to some

antibiotics.

Data presented in this thesis indicated that, in most strains, antibiotic resistance was being
driven by changes in multiple pathways (including overexpression of AmpC and two efflux
pumps) and by the presence or absence of genes acquired by Lateral Gene Transfer (LGT).
Class 1 integrons, elements important in the spread of antibiotic resistance genes in Gram-
negative bacteria, were most frequently recovered in South American countries. Many class 1
integrons were mapped to a specific location within the genome. Regardless of country of
origin all these mapped integrons were found to be in the chromosome, often in Genomic
islands, and not on a plasmid despite data in the literature implying the opposite. The
association of class 1 integrons with genomic islands may be an important mechanism
driving LGT in P. aeruginosa. Also, a newly emerging mechanism involving the insertion
sequence 1S26 was identified that is capable of mobilizing resistance and other genes. This
[S26-mediated mechanism may allow phenotype switching in clonal lines in a way that is

likely to further exacerbate the treatment of infections mediated by P. aeruginosa.

Data presented here suggested that P. aeruginosa strains are evolving to become multidrug
resistant in increasingly complex ways. This is occurring by single strains acquiring changes
in numerous known pathways as well as by newly emerging resistance mechanisms in this

species.
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