
Identification of a Novel Bacterial Killing 

Nanomachine in Pseudomonas Putida IsoF

Dissertation 
zur 

Erlangung der naturwissenschaftlichen Doktorwürde 
(Dr. sc. nat.) 
vorgelegt der 

Mathematisch-naturwissenschaftlichen Fakultät 

der
Universität Zürich

von 
Gabriela Purtschert Montenegro

aus 

Ecuador

Promotionskommission

Prof. Dr. Leo Eberl (Vorsitz) 
Prof. Dr. Jakob Pernthaler 

Dr. Gabriela Pessi

Zürich, 2022



Table of Contents

Summary....................................................................................................................................5

Table of Contents...................................................................................................................... 7

Chapter I

General Introduction................................................................................................................ 13

1.1 The Pseudomonas genus..............................................................................................13

1.2 ‘Accessory’ genome of the Pseudomonas putida group.............................................. 14

1.2.1 Genomic islands (GEIs) in the P. putida group...................................................... 15

1.2.2 Previous work leading to this study........................................................................ 16

1.3 Beneficial plant-microbe interactions in the rhizosphere.............................................. 17

1.4 Bacterial biofilms............................................................................................................ 19

1.4.1 Biofilm development................................................................................................20

1.4.2 Mechanisms of interbacterial competition in biofilm communities.........................21

1.5 Secretion systems in bacteria....................................................................................... 21

1.5.1 Bacterial defence mechanisms.............................................................................. 22

1.5.2 Antibacterial effectors and their mode of action.....................................................23

1.5.3. Type VI secretion system...................................................................................... 24

1.5.4 Type IV secretion systems..................................................................................... 26

1.5.4.1 Type IVA secretion system.............................................................................. 26

1.5.4.2 Type IVB secretion system.............................................................................. 27

1.6 Objective of the study........................................................................................................31

1.7 References........................................................................................................................33

Chapter II

Genome plasticity of plant-associated Pseudomonas strains is driven by HGT of genomic 

islands..................................................................................................................................... 43

2.1 Abstract..........................................................................................................................45

2.2 Introduction....................................................................................................................46

2.3 Results........................................................................................................................... 47

2.3.1 General genome characteristics and phylogeny.................................................... 47

7



2.3.2 P. putida IsoF harbors a diverse set of unique genomic islands............................ 49

3.2.3 PAls might be involved in IsoF fitness and adaptability.......................................... 53

3.2.4 Putative genomic islands of IsoF............................................................................... 54

3.2.5 The ppu QS system and the putisolvin biosynthesis cluster are encoded by

genomic islands.................................................................................................................. 55

3.2.6 IsoF carries a unique GEI encoding a T4BSS which functions as a bacterial killing

device................................................................................................................................... 56

2.4 Discussion......................................................................................................................... 58

2.5 Methods............................................................................................................................. 60

2.6 Supplementary Data......................................................................................................... 62

2.6.1 Supplementary Figures............................................................................................. 62

2.6.2 Supplementary Tables.............................................................................................. 64

2.7 References....................................................................................................................... 69

2.8 Author contributions......................................................................................................... 75

Chapter III

IsoF employs a type IVB secretion system to kill bacteria in a contact-dependent manner ..77

3.1 Abstract............................................................................................................................79

3.2 Introduction..................................................................................................................... 80

3.3. Results........................................................................................................................... 82

3.3.1 IsoF exhibits contact-dependent antagonism against a wide range of Gram

negative bacteria............................................................................................................... 82

3.3.2 IsoF utilizes a type IVB secretion system for bacterial killing...................................83

3.3.3 The kib gene cluster is part of a unique genomic island present in only few

Pseudomonas strains......................................................................................................... 86

3.3.4 The kib gene cluster encodes an effector-immunity pair (E-l pair)......................... 88

3.3.5 Identification of a kib immunity protein through transposon sequencing................89

3.3.6 Colony variants of A32-33 exhibited resistance against IsoF’s effector delivery ...92

3.4 Discussion........................................................................................................................95

3.5 Methods............................................................................................................................ 99

3.6 Supplementary Data.......................................................................................................105



3.6.1 Supplementary Figures......................................................................................... 105

3.6.2 Supplementary Tables.......................................................................................... 114

3.7 References...................................................................................................................130

Chapter IV

Exploring the ecological consequences of interbacterial contact-dependent competition in 

IsoF........................................................................................................................................ 139

4.1 Abstract......................................................................................................................... 141

4.2 Introduction...................................................................................................................142

4.3. Results.........................................................................................................................144

4.3.1 The kib killing system enables IsoF to invade an established biofilm.................. 144

4.3.3 IsoF is able to persist in the rhizosphere and protect tomato plants from two major

phytopathogens.............................................................................................................. 153

4.3.4 K/b-mediated killing allows IsoF to protect tomato plants from the phytopathogen

Rastonia solanacearum................................................................................................. 156

4.4 Discussion................................................................................................................... 159

4.5 Materials and Methods................................................................................................ 161

4.6 Supplementary Data.................................................................................................... 166

4.6.1 Supplementary Figures.........................................................................................166

4.6.2 Supplementary Tables.......................................................................................... 171

4.7 References.................................................................................................................. 174

Chapter V

General discussion and future perspectives.........................................................................183

5.1 References...................................................................................................................188

Appendix................................................................................................................................ 193

Abbreviations......................................................................................................................193

List of Figures.....................................................................................................................196

List of Tables..................................................................................................................... 200

Curriculum Vitae.................................................................................................................... 201

Acknowledgements............................................................................................................... 205


