
3

TABLE OF CONTENTS

1 INTRODUCTION 5
1.1 BACTERIAL CONJUGATION.......................................................................................................... 5

1.2 VIRULENCE-ASSOCIATED TYPE IV SECRETION SYSTEMS ............................................................ 7

1.3 THE VIRB/VIRD4 TRANSPORT MACHINERY OF TYPE IV SECRETION......................................... 12

1.4 THE ROLE OF VIRD4/TRAG-LIKE PROTEINS IN T4SS................................................................ 13

1.5 THE AIM OF THIS WORK ............................................................................................................ 14

2 MATERIALS 15
2.1 BACTERIAL STRAINS................................................................................................................. 15

2.2 PLASMIDS AND PHAGES ............................................................................................................ 16

2.3 MEDIA ...................................................................................................................................... 17

2.4 REAGENTS AND MATERIALS...................................................................................................... 18

2.5 BUFFERS................................................................................................................................... 19

3 METHODS 20
3.1 DNA TECHNIQUES.................................................................................................................... 20

3.1.1 Molecular cloning techniques.........................................................................................................20
3.1.2 Polymerase chain reaction (PCR) techniques ................................................................................20
3.1.3 DNA sequencing .............................................................................................................................20
3.1.4 Construction of plasmids ................................................................................................................21
3.1.5 32P-labelling of DNA fragments......................................................................................................23
3.1.6 Generation and isolation of TraG insertion mutants TraGi31 .......................................................23

3.2 CHARACTERIZATION OF TRAGI31 MUTANT PROTEINS.............................................................. 26

3.3 CONJUGATIONS......................................................................................................................... 27

3.4 PROTEIN PURIFICATION............................................................................................................. 27
3.4.1 Purification of RP4 TraG and TraGK187T....................................................................................29

3.4.2 Purification of RP4 TraG�2 and TraG�2K187T and R388 TrwB�1.............................................29
3.4.3 Purification of F TraD....................................................................................................................30

3.4.4 Purification of HP0524�1 ..............................................................................................................31

3.5 GEL FILTRATION ....................................................................................................................... 31

3.6 GLYCEROL GRADIENT CENTRIFUGATION .................................................................................. 31

3.7 NUCLEOSIDE TRIPHOSPHATE HYDROLASE (NTPASE) ASSAY .................................................... 32

3.8 FRAGMENT RETARDATION ASSAY............................................................................................. 32
3.8.1 Fragment retardation with �-32P-labeled DNA fragments..............................................................33
3.8.2 Fragment retardation with non-labeled DNA fragments................................................................33

3.9 ELECTROPHORESIS TECHNIQUES............................................................................................... 34
3.9.1 DNA electrophoresis ......................................................................................................................34
3.9.2 SDS-Polyacrylamide gel electrophoresis (SDS-PAGE)..................................................................34

3.10 IMMUNOBLOT ANALYSIS (WESTERN BLOT) .............................................................................. 35

3.11 TRANSMISSION ELECTRON MICROSCOPY .................................................................................. 36

3.12 PROTEIN INTERACTION ANALYSIS BY SURFACE PLASMON RESONANCE (SPR) .......................... 36

3.13 NUCLEOTIDE BINDING ASSAY ................................................................................................... 37

3.14 SEQUENCE ALIGNMENT OF TRAG-LIKE PROTEINS..................................................................... 38



4

4 RESULTS 39
4.1 TRAG-LIKE PROTEINS CONTAIN TWO CONSERVED DOMAINS THAT PROBABLY FORM A

NUCLEOTIDE BINDING POCKET.................................................................................................. 39

4.2 THE TOPOLOGY OF INTEGRAL MEMBRANE PROTEIN TRAG RESEMBLES THE TOPOLOGY OF
F TRAD AND TI VIRD4 ............................................................................................................ 43

4.3 MUTATIONAL ANALYSIS OF TRAG ALLOWED THE IDENTIFICATION OF FUNCTIONALLY
ESSENTIAL DOMAINS................................................................................................................. 45

4.4 TRAG-LIKE PROTEINS ORIGINATING FROM CONJUGATIVE TRANSFER SYSTEMS RP4, F AND
R388 AND FROM THE TYPE IV SECRETION SYSTEM OF H. PYLORI WERE PURIFIED .................... 46

4.4.1 Purification of RP4 TraG and TraGK187T....................................................................................48

4.4.2 Purification of truncated RP4 TraG derivatives TraG�2 and TraG�2K187T ...............................48
4.4.3 Purification of F TraD....................................................................................................................50

4.4.4 Purification of H. pylori HP0524�1...............................................................................................50

4.4.5 Purification of R388 TrwB�1 .........................................................................................................51

4.5 THE MEMBRANE ANCHOR IS RESPONSIBLE FOR OLIGOMERIZATION OF TRAG AND TRWB ........ 52

4.6 TRAG-LIKE PROTEINS DO NOT HYDROLYZE NUCLEOTIDES BUT BIND TO NUCLEOSIDE DI-
AND TRIPHOSPHATES ................................................................................................................ 54

4.6.1 TraG-like proteins do not hydrolyze NTPs in vitro.........................................................................54

4.6.2 TraG�2 and TrwB�1 bind ATP and ADP. .....................................................................................56

4.6.3 The dissociation constants (Kd) for nucleotide binding of TraG�2 and TrwB�1 were
determined to be in the 10-1 mM range...........................................................................................57

4.6.4 Mutation in the putative nucleotide binding site of TraG (TraG�2K187T) causes reduction
of its ATP- and ADP-binding ability...............................................................................................59

4.6.5 TNP-ATP-binding of TraG�2 and TrwB�1 is inhibited in the presence of Mg2+ and DNA
and is competed by other nucleotides. ............................................................................................60

4.7 TRAG-LIKE PROTEINS BIND TO DNA VIA THE CYTOPLASMIC DOMAIN ...................................... 61
4.7.1 TraG, TraD and HP0524�1 bind to DNA with varying specificity for ss- or ds-DNA ...................61
4.7.2 Removal of the membrane anchor of TraG or point mutation in the putative P-loop motif

does not affect the DNA binding ability of TraG ............................................................................62

4.7.3 Dissociation constants for dsDNA-binding of TraG�2 and TrwB�1 were determined. .................63

4.7.4 dsDNA binding of TraG�2 and TrwB�1 is competed by ssDNA and is weakly inhibited by
the presence of Mg2+ and nucleotides.............................................................................................64

4.8 TRAG OLIGOMERS INTERACT WITH THE RELAXASE TRAI OF RP4 ............................................ 65
4.8.1 TraG binds tightly and specifically to TraI.....................................................................................65
4.8.2 The membrane anchor of TraG is essential for interaction with TraI ............................................66

5 DISCUSSION 69
5.1 SEQUENTIAL AND STRUCTURAL CONSERVATION OF TRAG-LIKE PROTEINS .............................. 69

5.2 TRAG-LIKE PROTEINS ARE OLIGOMERIC PROTEINS THAT BIND TO DNA, NUCLEOTIDES AND
RELAXASE BUT DO NOT HYDROLYZE NTPS IN VITRO................................................................. 72

5.3 FUNCTIONAL DISSECTION OF DNA-, NUCLEOTIDE- AND RELAXASE-BINDING ACTIVITIES
OF RP4 TRAG........................................................................................................................... 76

5.4 THE ROLE OF TRAG-LIKE PROTEINS IN TYPE IV SECRETION SYSTEMS ...................................... 78

5.5 PERSPECTIVES .......................................................................................................................... 82

6 SUMMARY 83

7 ZUSAMMENFASSUNG 84

8 REFERENCES 85

9 ABBREVIATIONS 91


	1 Introduction
	2 Materials
	3 Methods
	4 Results
	4.1 TraG-like proteins contain two conserved domains that probably form a nucleotide binding pocket
	4.2 The topology of integral membrane protein TraG resembles the topology of F TraD and Ti VirD4
	4.3 Mutational analysis of TraG allowed the identification of functionally essential domains
	4.4 TraG-like proteins originating from conjugative transfer systems RP4, F and R388 and from the type IV secretion system of H. pylori were purified
	4.5 The membrane anchor is responsible for oligomerization of TraG and TrwB
	4.6 TraG-like proteins do not hydrolyze nucleotides but bind to nucleoside di- and triphosphates
	4.7 TraG-like proteins bind to DNA via the cytoplasmic domain
	4.8 TraG oligomers interact with the relaxase TraI of RP4

	5 Discussion
	5.1 Sequential and structural conservation of TraG-like proteins
	5.2 TraG-like proteins are oligomeric proteins that bind to DNA, nucleotides and relaxase but do not hydrolyze NTPs in vitro
	5.3 Functional dissection of DNA-, nucleotide- and relaxase-binding activities of RP4 TraG
	5.4 The role of TraG-like proteins in type IV secretion systems
	5.5 Perspectives

	6 Summary
	7 Zusammenfassung
	8 References
	9 Abbreviations



