
Impact of Dynamin II Domains on the

Function of Dynamin II in Vesicle Formation

at the Trans-Golgi-Network

Inauguraldissertation zur Erlangung

der Doktorwürdeim Fachbereich

Biologie, Chemie, Pharmazie der Freien Universität Berlin

eingereicht von Jiaxin Dong

aus Peking, VR China

Berlin 2001



Die vorliegende Arbeit wurde in der Zeit von November 1997 bis November 2000

unter der Anleitung von Dr. Peter Westermann am Max-Delbrück-Centrum für

Molekulare Medizin durchgeführt

1. Gutachter: Prof. Dr. U. Heinemann
2. Gutachter: Prof. Dr. R. Erdmann

Eingereicht am  21  Nov  2000
Tag der mündlichen Prüfung: 25  Apr  2001



For my wife, Zhenju



                                                                                                                                                                  contents

=============================================================================

Contents

Abbreviations

I   Introduction 1

1.1 Vesicular transport of newly synthesized proteins between

the TGN and the plasma membrane 3

1.2 Vesicular transport 4

     1.2.1 Formation of vesicles at donor membranes 4

     1.2.2 Transport of vesicles 6

     1.2.3 Fusion of vesicles with acceptor membrane 7

1.3 Regulation of vesicular transport 8

     1.3.1 Small GTPases 8

     1.3.2 Trimeric G proteins 10

     1.3.3 Phosphoinositides 10

1.4 The dynamin family 12

     1.4.1 Domain structure of dynamins 16

     1.4.2 The role of dynamin in endocytosis 20

     1.4.3 Function of dynamin II in the formation of post-Golgi vesicles 21

1.5 Aim of the study 23

1.5.1 Functions of dynamin II domains PHD and PRD in vesicle

         formation at the TGN 23

     1.5.2 Subcellular localization of dynamin II domains and endogenous dynamin II 24

     1.5.3 Binding proteins of dynamin II domains 24

II   Materials and Methods 25

2.1 Materials 25

     2.1.1 Enzymes and antibodies 25

     2.1.2 Vectors and cDNAs 26

     2.1.3 Proteins 26

     2.1.4 Lipids 26

     2.1.5 E.coli strains 26

     2.1.6 Cell lines, media and antibiotics 27



                                                                                                                                                                  contents

=============================================================================

     2.1.7 Solutions and buffers 27

     2.1.8 Equipments 28

2.2 Methods 28

     2.2.1 Amplification of DNA fragments coding for dynamin II domain

  PHD, PRD and PCP by polymerase chain reaction (PCR) 28

          2.2.1.1 Primer design 28

          2.2.1.2 PCR reaction and product analysis 29

          2.2.1.3 Purification of PCR products 30

     2.2.2 Construction of plasmids 30

          2.2.2.1 Plasmids used for expression of PHD, PRD, and PCP in E. coli 30

          2.2.2.2 Plasmids used for expression of dynamin II domains in mammalian cells 32

     2.2.3 Expression and purification of recombinant dynamin II domains in E.coli 34

          2.2.3.1 Cultivation and sonication of transformed E.coli 34

          2.2.3.2 Purification of the (His)6 -tagged proteins by Ni-NTA-agarose

          affinity chromatography 35

          2.2.3.3 Purification of the S-peptide-tagged proteins by S-protein agarose

          affinity chromatography 35

          2.2.3.4 Superdex-75 column chromatography 35

     2.2.4 Determination of protein concentration 36

     2.2.5 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and

  Western blotting 36

     2.2.6 Binding of proteins to lipids measured by a dot blot assay 36

     2.2.7 Binding of proteins to biological membranes 37

     2.2.8 Preparation of erythrocyte inside-out vesicles (IOV) 37

     2.2.9 Preparation of protein extracts 38

          2.2.9.1 Preparation of rat brain proteins 38

          2.2.9.2 Preparation of total proteins of HepG2 cells 38

     2.2.10 Purification of amphiphysin II SH3 domains (GST-SH3A) 38

     2.2.11 CD and fluorescence spectra of PHD and PRD and determination

    of secondary structure 39

     2.2.12 Cell culture 39

     2.2.13 Preparation of Golgi-enriched membranes and cytosolic proteins 39



                                                                                                                                                                  contents

=============================================================================

     2.2.14 In vitro assay of post-Golgi vesicle formation 40

          2.2.14.1 Labeling of proteoglycans and preparation of

            Golgi-enriched membranes 40

          2.2.14.2 In vitro budding assay 40

          2.2.14.3 Determination of [35S]-sulfated HSPGs 40

     2.2.15 Secretion of HSPGs by 293 cells 41

     2.2.16 Calcium phosphate-mediated transfection of mammalian cells

    and establishment of stable cell lines 41

     2.2.17 Detection of immunofluorescence by confocal microscopy 42

     2.2.18 Identification of dynamin II binding proteins 42

          2.2.18.1 Binding of the SH3 domain of amphiphysin II to PRD and PCP 43

          2.2.18.2 Binding of the SH3 domain of syndapin to PRD 43

          2.2.18.3 Identification of binding proteins by affinity chromatography 43

          2.2.18.4 Mass spechrometric peptide sequencing 43

     2.2.19 Sedimentation analysis of cytosolic dynamin II 44

III   Results and Discussion 45

3.1 Cloning of dynamin II domains 45

     3.1.1 PCR amplification of DNAs coding for pleckstrin-homology

  domain (PHD), proline-rich domain (PRD) and the C-terminal

  half domain (PCP) of dynamin II 45

     3.1.2 Cloning and DNA sequencing of PCR products 46

     3.1.3 Subcloning of dynamin II domains into prokaryotic expression vectors 47

     3.1.4 Subcloning of dynamin II domains into mammalian expression vectors 47

3.2 Expression and purification of dynamin II domains 48

     3.2.1 Expression of dynamin II domains with a C-terminal (His)6 tag 48

     3.2.2 Purification of PHD-his protein 50

     3.2.3 Purification of PRD-his and PCP-his proteins 50

     3.2.4 Expression of dynamin II domains with an N-terminal (His)6 tag 53

     3.2.5 Purification of his-s-PHD 54

     3.2.6 Purification of his-s-PRD 54

     3.2.7 Purification of his-s-PCP 54

3.3 Conformation of dynamin II domains, PHD and PRD 57

3.4 The PRD of dynamin II interacts with SH3 domains of amphiphysin II and



                                                                                                                                                                  contents

=============================================================================

    syndapin 60

3.5 Both PHD and PRD mediate binding of dynamin II to plasma membrane and

      Golgi membrane 62

3.6 Impact of dynamin II and its domains on vesicle formation at the TGN 65

     3.6.1 In vitro vesicle formation at the TGN 65

     3.6.2 Binding of PRD to the Golgi membranes inhibits formation of the

  constitutive vesicles at the TGN 66

     3.6.3 Golgi-bound dynamin II was released by PRD 69

3.7 The impact of dynamin II domains on HSPG secretion by cultivated cells 70

     3.7.1 PRD or PCP strongly inhibits secretion of HSPG by 293 cells 70

     3.7.2 Reduced secretion of HSPG correlates with reduced dynamin II

  attached to the Golgi 73

3.8 Dynamin II binding proteins 74

     3.8.1 Proteins of rat brain that bind to PRD 75

     3.8.2 Proteins of HepG2 cells that bind to PRD 77

3.9 Intracellular localization of dynamin II and its domains 80

3.10 The assembly of dynamin II is inhibited by PRD and PCP 85

IV   Major contributions to the structure and function of dynamin II 88

V   Summary (Zusammenfassung) 90

VI   References 94

Appendix          118

Publication          127

Acknowledgements                      128

Curriculum Vitae          129



                                                                                                                                                         abbreviations

=============================================================================

Abbreviations:

AP-1, AP-2, AP3 adaptor protein complex 1, 2 or 3
Arf ADP-ribosylation factor
CBB coomassie brilliant blue
CD cicular dichrorism
CCD coil-coil domain
COP I, COP II coatomer protein I or II
DMEM Dulbecco´s Modified Eagle Medium
DTE dithioeythrol
DTT dithiothreitol
EB ethidium bromide
EDTA ethylene diaminetetraacetic acid
EGTA ethyleneglycol bis(2-aminoethyl-ether) tetraacetic acid
EEA1 early endosome associated protein 1
EGFP Enhanced green fluorescent protein
ER endoplasmic reticulum
ERGIC ER-Golgi intermediate compartment
FCS fetal calf serum
GAP GTPase activating protein
GDP guanosine diphosphate
GED: GTPase effector domain
GEFs guanine nucleotide exchange factors
GFP green fluorescent protein
Grb2 Growth factor receptor-bound protein 2
GTP guanosine triphosphate
GST glutathione S-transferase
hCgB human chromogranin B
HEPES N-2-hydroxyethylpiperazine-N´-2-ethanesulfonic acid
HPLC high-pressure liquid chromatography
his-s-PHD N-terminally (His)6  and S-peptide tagged PHD of dynamin II
his-s-PRD N-terminally (His)6  and S-peptide tagged PRD of dynamin II
his-s-PCP N-terminally (His)6  and S-peptide tagged PCP of dynamin II
HSPG heparan sulfate proteoglycan
IOV inside-out-vesicle
IP inositol phosphates
IPTG isopropyl β-D-thiogalactopyranoside
LAMP-1 lysosome associated membrane protein 1
LB Luria-Bertani medium
M6P mannose-6-phosphate
M6PR mannose-6-phosphate receptor
ME β-mercaptoethanol
MT microtubule
NBB native binding buffer
NMR nuclear magnetic resonance
PCR polymerase chain reaction
PCP C-terminal half of dynamin II consisting of PHD, GED and PRD
PCP-his C-terminally (His)6-tagged PCP of dynamin II
PHD pleckstrin-homology domain
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PHD-his C-terminally (His)6-tagged PHD of dynamin II
pI isoelectric point
PI3K phosphatidylinositol 3 kinase (PtdIns-3 kinase)
PI(3)P phosphatidylinositol 3-phosphate
PI(4)P phosphatidylinositol 4-phosphate
PI(3,4,5)P3 phosphatidylinositol 3,4,5-trisphosphate
PI(4,5)P2 phosphatidylinositol 4,5-bisphosphate
pIgR polymeric immunoglobulin G receptor
PIT protease inhibitor tablet
PKC protein kinase C
PLC phospholipase C
PLD phospholipase D
PNS postnuclear supernatant
PRD proline-rich domain
PRD-his C-terminally (His)6-tagged PRD of dynamin II
PtIns phosphatidylinositol
SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis
SH3 Src homology domain 3
Tfn transferrin
TfnR transferrin receptor
TGN trans-Golgi-network
Tris tris(hydroxymethyl)aminomethane
SNAP-25 synaptosomal-associated protein of 25 kD
SNARE soluble N-ethylmaleimide-sensitive factor attachment protein

receptor
VAMP vesicle-associated membrane protein
VSVG vesicular stomatitis virus G protein


