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1. Introduction

1.1 The protein family of annexins

Annexins are intracellular Ca*"- and phospholipid-binding proteins composed of four (or eight in
annexin A6) so called “annexin repeats” following an unique N-terminal domain. The members
of this big protein family are described to be present in a great variety of organisms ranging from
fungi and protists to plants and vertebrates including humans. So far, more than 160 annexins
present in more than 65 different species are described. In 1999, a new annexin nomenclature was

proposed and accepted at the 50™ Harden Conference on Annexins held in the United Kingdom

(Table 1.).
Human gene  Non-human gene
Name Synonyms/Former name (s) symbol symbol
annexin Al lipocertin 1, annexin I ANHAL Anxal -
annexin A2 calpactin 1, annexin IT ANKAZ Arpcal
annexin A3 annexin ITT ANMAZ Arpza3
annexin A4 annexin IV ANIA4 Arpcad
annexin 45 annexin V ANZAS Arsas
annexin A6 annexin VI ANZAS Arsad
annexin A7 synexin, armezin VII ANXAT Aral
annexin A8 armezin VII AMNKAS Anxad
annexin A9 armezin X230 AINHAD Ana?
annexin A10 ANXALQ ArpcalQ Aplysia
annexin A1l annexin 31 ANIALL oot
annexin A12 unassigned 5
annexin 413 annexin X110 ANKATS Al 3| s
Gene
Name Organism/Former name symbol
armexin B2 3 species of insect, annexin TY Anxhd _—
annexin B10 4 species of msect, annexin X Anxhl10
annexinB11 1 species of nsect, anmexin Anxhll ANIMATL ANNEXTNZ
armexin B12 Cridaria, annexin 311 Arxh12 without HURATN
ORTOLOGE
3 species of flatwormns, 5 annexins
10 species of reundworms, 5 annexins —
(including Clelegars armexins XV -XVII, 2000
Gene
Name Organisms/Former name symbol
annexin C1 Dictyostelpim and —
Newrospora annexin XIV Anxel FUNGIAMOLDS and
Armexin C2-C5 4 species of fungi/ CLOSE RELATIVES
moldsfalveclates Anxc2-c5 —
Gene
Name Organism/Former name (s) symbol
annexin D1-D25 35 species mcluding PLANTS
annexin X VI and Anxdl-d25
annexins XXI1-320% —
Gene
Name Organism/Former name symbol
annexin E1 Giardia anmexin 350 Anzel
annexin E2 Giardia armexin XI5 Anxel FROTIETS
Armexin E3 Giardia annexin 22C Anxe3 —
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Table 1. (Previous page) The new annexin nomenclature. The five major annexin groups are shown (A-E). The
nomenclature is proposed by Morgan R. and Fernandez P. The picture is taken from the review published by Gerke
and Moss (2002). Although vertebrate annexins are unlikely to be widely represented in invertebrate species, the
oldest of this group like, annexins A7, A1l and A13 are possible exceptions. The annexin A1l ortholog has been
described in Aplysia.

1.2 The molecular structure of annexins

The property of annexins to bind phospholipids and Ca”" is based on their structure. Annexins are
composed of two typical domains, a divergent amino terminal domain and a conserved carboxy
terminal core domain. This later domain is formed by a fourfold repeat (eightfold in annexin A6),
with each repeat extending over approximately 70 amino acids and having a Ca*'-binding site.
The core domain forms a highly o-helical disc with its type II and type III Ca*"-binding sites
(Weng et al., 1993) facing the membrane when the protein associates with phospholipids. The
other (concave) side is facing the cell cytosol thus being open for interactions with possible
binding partners. The unique amino terminal domains of different annexins vary in their length
and amino acid composition. The C-terminal part of annexins is responsible for Ca’*’- and
phospholipid-binding and the N-terminal part is thought to confer functional diversity (Raynal
and Pollard, 1994).

N-terminal domain

Core domain

Fig.1. Primary structure of annexins. The core domain consists of four conserved repeats, eight in annexin A6.
The core domain is responsible for Ca*"- and phospholipid-binding. The core domains from different annexins show
45-55 % of homology while the N-terminal domains are variable.

Numerous crystal structures of annexin core domains which revealed the conservation of

annexin's three-dimensional fold are described (Huber et al., 1990; Lewit-Bentley et al.,
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1992; Weng et al., 1993; Kawasaki et al., 1996). Furthermore, site directed mutagenesis gave
valuable contribution to the characterization of certain amino acid residues and their importance
in the maintenance of the overall fold of annexin cores. For example, conserved arginine residues
present in each of the four annexin repeats were shown to be of crucial importance for stabilizing
the tertiary structure of annexin AS5. Substitution of different serine and threonine residues by
alanine and substitution of the unique tryptophane in the same annexin, resulted in an altered
membrane binding underlining the role of these amino acids in intermolecular contacts (Campos
et al., 1998; Campos et al., 1999). There are two types of Ca’"-binding sites present in annexin
core domains. They differ not only in their architecture but also in their affinity for the bivalent
cation. Three so-called type II sites are found in annexin repeats 2, 3 and 4, respectively. Two so-
called type III sites are located in the first repeat (Jost et al., 1994, Huber et al., 1990, Weng et
al., 1993). Site directed mutational analysis revealed that type II sites show higher affinity for
Ca®" compared to type III sites. Annexin A2 mutants, for example, with defects in the type II
and/or type III sites also show different subcellular distributions. The annexin A2 type III mutant
protein acquires the typical location in the cortical cytoskeleton observed for the wild-type
molecule. In contrast, mutation in the type II Ca**-binding site of annexin A2 changes
localization of the protein which then remains essentially cytosolic, as does a mutant protein
containing defects in both type II and type III Ca*"-binding sites (Jost et al., 1994). Furthermore,
thermodynamic analysis revealed cooperativity in the binding of Ca®" to annexin A1 (Rosengarth

etal., 2001).

Fig.2. Crystal structure of human annexin A5. Highly a-helical folding of the protein core forms a slightly curved
disk. The four annexin repeats are presented in different colors (repeat I: green; repeat II: blue; repeat III: red; repeat
IV: violet/cyan). The N-terminal domain is unstructured, presented in green and it extends along the concave side of
the molecule. Bound Ca*" are depicted as yellow balls. The high and low Ca®* forms are shown in violet and green
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respectively, revealing the conformational change in repeat I1I, which leads to an exposure of Trp-187 (Gerke and
Moss, 2002).

A similar approach in characterizing the N-terminal domain of annexin showed that replacement
of Trp-5 by alanine in the unique N-terminal domain of annexin A3 led to a much stronger
phospholipid binding (Hofmann et al., 2000). In accordance with this finding it is possible that
N-terminal domains of the smaller annexins affect the Ca’’-dependent phospholipid binding
through stabilizing or destabilizing slightly different conformations of the molecule. Also, unique
N-terminal domains can carry the binding sites for protein ligands (Mailliard et al, 1996;
Seemann et al., 1996) or posses sites for posttranslational modifications in these regions (Becker

etal., 1990).

1.3 Biochemical properties and functions of annexins

Ca2+-dependent phospholipid binding is shared by all annexins. However, individual members
differ in their Ca® sensitivity and phospholipid headgroup (phosphatidylserine,
phosphatidylinositol) specificity (Raynal and Pollard, 1994). Additional features of annexins
were revealed in in vitro studies of annexin A5 and annexin B12. These annexins exhibit a Ca**-
independent binding to negatively charged phospholipids under low pH conditions. In these
studies it has been proposed that protonation of a certain residue could induce a reversible
conformational change in the protein and lead to insertion into phospholipid bilayers (Koéhler et
al., 1997; Isas et al., 2000).

Although annexins have been known for more than 20 years their function remains elusive. A
role in regulation of membrane-cytoskeleton dynamics has been suggested (Alvarez-Martinez et
al., 1997; Gerke and Moss, 1997; Babiychuk et al., 1999). Since some annexins bind actin, an
involvement in exocytosis (Chasserot-Golaz et al., 1996; Rosales and Ernst, 1997; Iino et al.,
2000; Caohuy and Pollard, 2001; Salzer et al., 2002), in endocytosis (Futter et al., 1993; Grewal
et al., 2000) and phagocytosis (Diakonova et al., 1997; Majeed et al., 1998; Pittis and Garcia,
1999) has been proposed. Furthermore, annexins could participate in signaling events since, for

example, annexin A6 is found in association with activated PKC-a (Schmitz- Pfeiffer et al.,
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1998) and annexin A7 interacts with GTP and catalyzes its hydrolysis mediating thus the Ca"/
GTP signal during exocytotic membrane fusion (Caohuy et al., 1996). Recently, mutant mice
have been generated that either overexpress or lack a specific annexin. These studies showed that
overexpression of annexin A6 in the heart causes cardiac hypertrophy in mice (Gunteski-Hamblin
et al., 1996) whereas a mouse strain lacking this protein is rather mildly affected and suffers from
an increase in myocyte contractility and faster diastolic Ca*" removal from the cytoplasm (Song
et al., 2002). Mouse mutants lacking annexin A7 were reported by two groups. Whereas in one
case the knockout mice were inviable and even in the heterozygous condition animals suffered
from a defect in Ca®" signal transduction and in insulin secretion (Srivastava et al., 1999), in the
other case annexin A7 (-/-) mice were viable and exhibited an altered cell shortening-frequency

relationship when cardiomyocytes were stimulated with high frequencies (Herr et al., 2001).
1.4 Dictyostelium discoideum annexin

Dictyostelium cells harbor an annexin gene, which gives rise to two isoforms of approximately 47
and 51 kDa. At the time of its discovery this protein exhibited highest homology to annexin A7
(synexin) and hence it was called annexin 7 / synexin (Doring et al., 1991). This homology
extended not only along the annexin core domain but also throughout the amino terminal region,
which is unusually long in these two proteins. Moreover, the amino terminal sequences of both
proteins are subject to differential splicing yielding two isoforms (Bonfils et al., 1994; Magendzo
et al., 1991a; Magendzo et al., 1991b; Selbert et al., 1996). With the description of further
annexins phylogenetic studies became feasible and allowed a new classification of the annexin
proteins. This placed Dictyostelium annexin together with the Neurospora protein into a separate
group and is now called annexin C1 (proposed by Reginald Morgan and Maria-Pilar Fernandez,

1999).

1.5 The aim of the work

Dictyostelium discoideum annexin was previously described and characterized by Doring et al.

(1995). A Dictyostelium mutant in which the annexin gene was inactivated has been generated
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(SYN ). The mutant cells were nearly indistinguishable from wild type cells under normal
laboratory conditions. Only development was noticeably affected and retarded by more than four
hours. The cells were able to undergo development and to form fruiting bodies containing viable
spores. However, only a limited number of the cells participated in fruiting body formation.
Furthermore the fruiting bodies were significantly smaller. When the processes that involved
membrane trafficking such as phagocytosis, exocytosis, pinocytosis and secretion were tested, a
significant impairment was observed when the Ca>" concentrations in the surrounding medium
were strongly reduced, suggesting that annexin is involved in maintaining Ca®" homeostasis
(Doring et al., 1995).

This study was initiated to answer further questions regarding the cellular and subcellular
localization of Dictyostelium annexin, its dynamic behaviour and possible interactions with other
proteins.

To get further insight into the in vivo role of Dictyostelium annexin we have made use of a GFP-
tagged annexin fusion protein and studied its involvement in cellular processes in Dictyostelium
in vivo and in vitro, with emphasis on processes like pinocytosis, phagocytosis, osmoregulation
and development. Also, we studied the role of full length annexin and its core domain as well as a
mutated annexin variant in rescuing the previously described impairment in SYN  development.
To accomplish this, we have generated strains that express annexin as a full length annexin-GFP
fusion, the annexin core domain fused to GFP, or a mutated variant of full length annexin fused
to GFP as well. Moreover, the GFP-tag enabled easy visualization of fusion proteins in living and
fixed cells.

The ability of some annexins (A5 and B12) to bind to phospholipid vesicles independently of
Ca’" but under low pH conditions have been reported (Kéhler et al., 1997; Isas et al., 2000). We
analyzed whether relocalization of annexin from the cytoplasm to the plasma membrane upon a
decrease of the cytosolic pH could be observed as well in vivo.

Finally, in order to understand better the function of annexin, we focused also on the

identification of its possible binding partners.



2. Material and Methods

1. Material
1.1 Laboratory materials

Cellophane sheet, Dry ease

Centrifuge tubes, 15 ml, 50 ml

Coverslips (glass), @12 mm, @18 mm, @55 mm
Corex tube, 15 ml, 50 ml

Cryo tube, 1 ml

Electroporation cuvette, 2 mm electrode gap
Gel-drying frames

Hybridisation bag

Microcentrifuge tube, 1.5 ml, 2.2 ml
Micropipette, 1-20 ul, 10-200 pl, 100-1,000 pl
Micropipette tips

Needles (sterile), 18G—27G Terumo,
Nitrocellulose membrane, BA85

Parafilm

Pasteur pipette, 145 mm, 230 mm

PCR softtubes, 0.2 ml

Petri dish (35 mm, 60 mm, 100 mm)

Petri dish (90 mm)

Plastic cuvette, semi-micro

Plastic pipettes (sterile), 1 ml, 2 ml, 5 ml, 10 ml, 25 ml
Quartz cuvette, Infrasil

Quartz cuvette, semi-micro

Saran wrap

Scalpels (disposable), Nr. 10, 11, 15, 21

Slides, 76 x 26 mm

Syringes (sterile), 1 ml, 5 ml, 10 ml, 20 ml
Syringe filters (Acrodisc), 0.2 um, 0.45 pm
Tissue culture flasks, 25 cm?, 75 cm?, 175 cm?
Tissue culture dishes, 6 wells, 24 wells, 96 wells
Whatman 3MM filter paper

X-ray film, X-omat AR-5, 18 x 24 mm, 535 x 43 mm

1.2 Instruments and equipments

Centrifuges (microcentrifuges):

Centrifuge 5417 C

Centrifuge Sigma B.

Cold centrifuge Biofuge fresco
Centrifuges (table-top, cooling, low speed):

Novex

Greiner
Assistent

Corex

Nunc

Bio-Rad

Novex

Life technologies
Sarstedt

Gilson

QGreiner
Microlance
Schleicher and Schuell
American National Can
Volac

Biozym

Falcon

Greiner

Greiner

Greiner

Hellma

Perkin Elmer
Dow

Feather

Menzel

Amefa, Omnifix
Gelman Sciences
Nunc

Nunc

Whatman

Kodak

Eppendorf
Braun Biotech Instruments
Heraeus Instruments
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Centrifuge CS-6R
Centrifuge RT7
Centrifuge Allegra 21R

Centrifuges (cooling, high speed):

Beckman Avanti J25

Sorvall RC 5C plus
Centrifuge-rotors:

JA-10

JA-25.50

SLA-1500

SLA-3000

SS-34

Electrophoresis power supply, Power-pac-200, -300

Electroporation unit, Gene-Pulser
Freezer (-80 °C)
Freezer (-20 °C)
Gel-documentation unit
Heating block, DIGI-Block JR
Heating block, Dry-Block DB x 20
Ice machine
Incubators:
Incubator, microbiological
Incubator with shaker, Lab-Therm
Laminar flow, Hera Safe (HS 12)
Magnetic stirrer, MR 3001 K
Microscopes:
Light microscope, CH30
Light microscope, DMIL
Light microscope, CK2
Fluorescence microscope, DMR
Fluorescence microscope, 1X70
Confocal laser scan microscope, DM/IRBE
Stereo microscope, MZFLIII
Stereomicroscope, SZ4045TR
Oven, conventional
PCR machine, PCR-DNA Engine PTC-2000
pH-Meter
Refrigerator
Semi-dry blot apparatus, Trans-Blot SD
Shakers GFL
Sonicator, Ultra turrax T25 basic
Sonicator (water bath), Sonorex RK 52
Speed-vac concentrator, DNA 110

Beckman
Sorvall
Beckman

Beckman
Sorvall

Beckman
Beckman
Sorvall

Sorvall

Sorvall
Bio-Rad
Bio-Rad

Nunc

Siemens, Liebherr
MWG-Biotech
NeolLab
Techne

Ziegra

Heracus
Kuehner
Heraeus
Heidolph

Olympus
Leica
Olympus
Leica
Olympus
Leica

Leica
Olympus
Heraeus

MJ Research
Knick
Liebherr
Bio-Rad
Kuehner
IKA Labortechnik
Bandelin
Savant
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Spectrophotometer, Ultraspec 2000, UV/visible
Ultracentrifuges:

Optima TLX

Optima L-70K
Ultracentrifuge-rotors:

TLA 45

TLA 100.3

SW 41

UV- transilluminator, TFS-35 M

Vortex, REAX top

Waterbath

X-ray-film developing machine, FPM-100A

1.3 Kits

Nucleobond AX
NucleoSpin Extract 2 in 1
Nucleotrap

Original TA Cloning
pGEM-T Easy

Qiagen Midi- and Maxi-prep
Stratagene Prime It 11

1.4 Enzymes, antibodies, substrates, inhibitors and antibiotics

Enzymes used in the molecular biology experiments:

Calf Intestinal Alkaline Phosphatase (CIAP)
Klenow fragment (DNA polymerase)
Lysozyme

Restriction endonucleases

Ribonuclease A (RNase A)

T4 DNA ligase

Tag-polymerase

Primary antibodies:

Mouse anti-actin monoclonal antibody, Act 1-7
Mouse anti-GFP monoclonal antibody, K3-184-2
Mouse anti-comitin monoclonal antibody 190-340-2
Mouse anti-CsA monoclonal antibody 33-294-17
Mouse anti-vacuolin monoclonal antibody 221-1-1
Mouse anti-V/H"™ ATPase monoclonal antibody

Secondary antibodies:
Goat anti-mouse IgG, peroxidase conjugated

Pharmacia Biotech

Beckman
Beckman

Beckman
Beckman
Beckman

Faust
Heidolph
GFL
Fujifilm

Macherey-Nagel
Macherey-Nagel
Macherey-Nagel
Invitrogen
Promega

Qiagen
Stratagene

Roche
Roche
Sigma
Amersham
Sigma
Roche
Roche

(Simpson et al., 1984)
unpublished

(Weiner et al., 1993)
(Bertholdt et al., 1985)

(Rauchenberger et al., 1997)

(Jenne et al., 1998)

Sigma
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Sheep anti-mouse IgG, Cy3 conjugated

Substrates:
Hydrogen peroxide (H,0O5)

Inhibitors:
Phenylmethylsulphonylfluoride (PMSF)
Sodium fluoride

Sodium orthovanadate

Antibiotics:

Ampicillin

Blasticidin S
Dihydrostreptomycinsulphate
Geneticin (G418)

Tetracyclin

1.5 Chemicals and reagents

Sigma

Sigma

Sigma
Sigma
Sigma

Gruenenthal

ICN Biomedicals
Sigma

Life technologies
Sigma

Most of the chemicals and reagents were obtained either from Sigma, Fluka, Difco, Merck,

Roche, Roth or Serva. Those chemicals or reagents that were obtained from companies other

than those mentioned here are listed below.

Acetic acid (98-100%)

Acrylamide (Protogel: 30:0,8 AA/Bis-AA)
Agar-Agar (BRC-RG)

Agarose (Electrophoresis Grade)
Chloroform

Ethanol

Glycerine

Glycine
Isopropypl-pB-D-thiogalactopyranoside (IPTG)
Methanol

N- [2-Hydroxyethyl] piperazine-N’-2-
-ethanesulfonic acid (HEPES)

Nonidet P40

Peptone

Sodium hydroxide

TRIzol

Yeast extract

1.6 Media and buffers

All media and buffers were prepared with deionised water filtered through an ion-exchange unit

Riedel-de-Haen
National Diagnostics
Biomatic

Life technologies
Riedel-de-Haen
Riedel-de-Haen
Riedel-de-Haen
Riedel-de-Haen
Loewe Biochemica
Riedel-de-Haen

Biomol

Fluka

Oxoid
Riedel-de-Haen
Gibco BRL
Oxoid
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(Membra Pure). The media and buffers were sterilized by autoclaving at 120 °C and antibiotics
were added to the media after cooling to approx. 50 °C. For making agar plates, a semi-automatic

plate-pouring machine (Technomat) was used.

1.6.1 Media and buffers for Dictyostelium culture

AX2-medium, pH 6.7: 7.15 g yeast extract
(Claviez et al., 1982) 14.3 g peptone (proteose)
18.0 g maltose
0.486 g KH;, PO,
0.616 g Na,HPO4.2H,0

add H,O to make 1 liter

Phosphate agar plates, pH 6.0: 9 g agar
add Soerensen phosphate buffer, pH 6.0
to make 1 liter

Salt solution: 10 mM NacCl
(Bonner, 1947) 10 mM KCl
2.7 mM CaCl,
SM agar plates, pH 6.5: 9 g agar
(Sussman, 1951) 10 g peptone
10 g glucose

1 g yeast extract
1 g MgS0,4.7H,O

2.2 g KI‘12PO4

1 g K,HPO4

add H,O to make 1 liter
Soerensen phosphate buffer, pH 6.0: 2 mM Na,HPO,
(Malchow et al., 1972) 14.6 mM KH,PO4

1.6.2 Media for E. coli culture

LB medium, pH 7.4: 10 g bacto-tryptone
(Sambrook et al., 1989) 5 g yeast extract
10 g NaCl

adjust to pH 7.4 with 1 N NaOH
add H,O to make 1 liter
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For LB agar plates, 0.9 % (w/v) agar was added to the LB medium and the medium was then
autoclaved. For antibiotic selection of E. coli transformants, 50 mg/l ampicillin, kanamycin or
chloramphenicol was added to the autoclaved medium after cooling it to approx. 50 °C. For
blue/white selection of E. coli transformants, 10 pl 0.1 M IPTG and 30 pl X-gal solution (2 % in
dimethylformamide) was plated per 90 mm plate and the plate was incubated at 37 °C for at least

30 min before using.

SOC medium, pH 7.0: 20 g bacto-tryptone
(Sambrook et al., 1989) 5 g yeast extract

10 mM NacCl

2.5 mM KCl

dissolve in 900 ml deionised H,O

adjust to pH 7.0 with 1 N NaOH

The medium was autoclaved, cooled to approx. 50 °C
and then the following solutions, which were
separately sterilized by filtration (glucose) or
autoclaving, were added:

10 mM MgClL.6H,0O

10 mM MgS0,4.7H,0

20 mM Glucose

add H,O to make 1 liter

1.6.3. Buffers and other solutions

The buffers and solutions that were commonly used during the course of this study are mentioned

below.
10 x NCP-Puffer (pH 8.0): 12.1 g Tris/HCI
87.0 g NaCl
add H,O to make 995 ml
add 5.0 ml Tween 20 after autoclaving
PBG (pH 7.4): 0.5 % bovine serum albumin
0.1 % gelatin (cold-water fish skin)
in 1 x PBS,pH 7.4
1 x PBS (pH 7.4): 8.0 g NaCl

0.2 ¢ KH,PO,
1.15 g Na,HPO,
0.2 g KCI
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dissolve in 900 ml deionised H,O
adjust to pH 7.4
add H,O to make 1 liter, autoclave

TE buffer (pH 8.0): 10 mM Tris/HCI, pH 8.0
1 mM EDTA, pH 8.0

10 x TAE buffer (pH 8.3): 27.22 g Tris
13.6 g sodium acetate
3.72 g EDTA

add H,O to make 1 liter

1.7 Biological materials

Bacterial strains: E. coli DH5a Hanahan, 1983
E. coli XL1 blue Bullock et al., 1987
Klebsiella aeorgenes Williams and Newell,
1976

Dictyostelium discoideum strain:

AX2-214 An axenically growing derivative of wild strain, NC-
4 (Raper, 1935). Commonly referred to as AX2.

1.8 Plasmids

pDdA15¢gfp Neujahr et al., 1997

pDEX-RH Westphal et al., 1997

pGEM-T Easy Promega

pUC Pharmacia

pT7-7 Tabor, S. & Richardson, C. C. (1985)

1.9 Oligonucleotide primers

The oligonucleotide primers were designed on the basis of sequence information available and
ordered for synthesis to Sigma. Following is a list of the primers used for PCR, sequence analysis
or site directed mutagenesis during the course of the present investigation. The position and

orientation of the primers are indicated in the text when discussed.
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Name Sequence Analysis
AnnAl-Accl 5° 5-CTGTCGACATGTCCTATCCACCAAACC-3’ Site dir. mut. & PCR
AnnA2-Pstl 3> 5 -TCTGCAGTACCAATTTTACCTTCACCAGCTTTGTAGAGATC-3" Site dir. mut. &
Seq.
AnnB1-Accl 3’ 5-TGTCGACTTATGAGATAATATCTAATAATAATTTTTTG-3’ Site dir. mut. & PCR
AnnB2-Pst]l 57 5-GTAAAATTGGTACTGCAGAAAAGGAATTCATCAAAATTCTC-3’ Site dir. mut. &
Seq.
AnnCore-Accl 5’ 5°-CTGTCGACGGATATCATCAA-3’ PCR
SP6 universal 5-ATTTAGGTGACACTATAG-3’ Seq.
Syngr 3’ 5-CGCGGATCCTGAGATAATATCTAATAATAATTTT-3’ PCR
Syngu 5’ 5-CGCGGATCCATGTCCTATCCACCAAAC-3’ PCR
T7 universal 5-TAATACGACTCACTATAGGG -3’ Seq.

2. Cell biological methods
2.1 Growth of Dictyostelium
2.1.1 Growth in liquid nutrient medium (Claviez et al., 1982)

Dictyostelium discoideum AX2 and the derived transformants were grown in liquid AX2
medium containing dihydrostreptomycin (40 pg/ml) and other appropriate selective antibiotics at
21 °C either in a shaking-suspension in Erlenmeyer flasks with shaking at 160 rpm or on petri

dishes. For all the cell biological works, cultures were harvested at a density of 3-5 x 10° cells/ml.

2.1.2. Growth on SM agar plates

Dictyostelium cells were plated onto SM agar plates overlaid with Klebsiella aerogenes and
incubated at 21 °C for 3-4 days until Dictyostelium plaques appeared on the bacterial lawns.
To obtain single clones of Dictyostelium, 50-200 cells were suspended in 100 ul Soerensen
phosphate buffer and plated onto Klebsiella-overlaid SM agar plates. Single plaques obtained
after incubation at 21 °C for 3-4 days were picked up with sterile tooth-picks, transferred either
to new Klebsiella-overlaid SM agar plates or to separate petri dishes with AX2 medium
supplemented with dihydrostreptomycin (40 pg/ml) and ampicillin (50 pg/ml) (to eliminate the

bacteria) and any other appropriate selective antibiotic (depending upon mutant).
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2.2 Development of Dictyostelium

Development in Dictyostelium is induced by starvation. Cells grown to a density of 2-3 x 10°
cells/ml were pelleted by centrifugation at 2,000 rpm (Sorvall RT7 centrifuge) for 2 min at 4 °C
and were washed two times in an equal volume of cold Soerensen phosphate buffer in order to
remove all the nutrients present in the culture medium. 5 x 107 cells/ml were then
resuspended in 3 ml Soerensen phosphate buffer and evenly distributed onto phosphate-buffered agar
plates (90 mm) or water agar plates (90 mm). The plates were air dried and any excess liquid was
carefully aspirated without disturbing the cell layer. The plates were then incubated at 21 °C.
Different stages of development were observed and the images were captured at indicated time
points. For development in suspension culture, the cells were resuspended in Soerensen
phosphate buffer at a density of 1 x 107 cells/ml and were shaken at 160 pm

and 21 °C for desired time periods.

2.3 Preservation of Dictyostelium

Dictyostelium cells were allowed to grow in AX2 medium to a density of 4-5 x 10° cells/ml. 9 ml
of the dense grown culture were collected in a 15 ml Falcon tube on ice and supplemented with 1
ml horse serum and 1 ml DMSO. The contents were mixed by gentle pipetting, and aliquoted in
cryotubes (1 ml). The aliquots were incubated on ice for 60 min, followed by incubation at —20
OC for at least 2 hours. Finally, the aliquots were transferred to —80 °C for long term storage.

For reviving the frozen Dictyostelium cells, an aliquot was taken out from —80 °C and thawed
immediately at 37 °C in a waterbath. In order to remove DMSO, the cells were transferred to a
Falcon tube containing 30 ml AX2 medium and centrifuged at 2,000 rpm (Sorvall RT7
centrifuge) for 2 min at 4 °C. The cell pellet was resuspended in 10 ml of AX2 medium and 200
ul of the cell suspension was plated onto SM agar plates overlaid with Klebsiella while the
remaining cell suspension was transferred into a 100-mm petri dish (Falcon) and antibiotics were
added when appropriate. Cells in the petri dish were allowed to recover overnight at 21 °C and
the medium was changed the next day to remove the dead cells and the traces of DMSO,
whereas, the SM agar plates coated with cell suspension and bacteria were incubated at 21 °C

until plaques of Dictyostelium cells started to appear.
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2.4 Transformation of Dictyostelium cells by electroporation

The electroporation method for transformation of Dictyostelium cells described by de Hostos et
al. (1993) was followed with little modifications. Dictyostelium discoideum cells were grown
axenically in suspension culture to a density of 2-3 x 10° cells/ml. The cell suspension was
incubated on ice for 20 min and centrifuged at 2,000 rpm (Sorvall RT7 centrifuge) for 2 min at 4
°C to collect the cells. The cells were then washed with an equal volume of ice-cold
Soerensen phosphate buffer and afterwards with an equal volume of ice-cold electroporation-
buffer. After washings, the cells were resuspended in electroporation- buffer at a density of 1
x 10® cells/ml. For electroporation, 20-25 pg of the plasmid DNA was added to 500 pl of the cell
suspension and the cell-DNA mixture was transferred to a pre-chilled electroporation cuvette (2
mm electrode gap, Bio-Rad). Electroporation was

performed with an electroporation unit (Gene Pulser, Bio-Rad) set at 0.9 kV and 3 pF without the
pulse controller. After electroporation, the cells were immediately spread onto a 100-mm petri
dish and were allowed to sit for 10 min at 21 °C. Thereafter, 1 ml of healing-solution was added
dropwise onto the cells and the petri dish was incubated at 21 °C on a shaking platform at 50 rpm
for 15 min. 10 ml of AX2 medium was added into the petri dish and the cells were
allowed to recover overnight. The next day, the medium was replaced by the selection
medium containing appropriate antibiotic. To select for stable transformants, selection medium
was replaced every 24-48 hr until the control plate (containing cells electroporated without any

DNA) was clear of live cells.

Electroporation-buffer: 0.1 M Potassium phosphate buffer:
100 ml 0.1 M potassium phosphate buffer 170 ml 0.1 M KH2PO4
17.12 g sucrose 30 ml 0.1 M K2HPO4
add distilled H,O to make 1 litre adjust to pH 6.1
autoclave

Healing-solution:
150 pl 0.1 MgCl,
150 pl 0.1 CaCl,
10 ml electroporation-buffer




2. Material and Methods 19

2.5 Endocytosis and exocytosis assays

Fluid-phase endocytosis assays were performed according to the methods of Aubry et al. (1994).
Fluid-phase efflux assays were performed as described using TRITC-dextran (Buczynski, 1997).
Briefly, Dictyostelium cells were grown to < 5 x 10° cell/ml. The cells were centrifuged and
resuspended at 5 x 10°/ml in fresh axenic medium at 21°C and incubated for 15 min on a shaker
to allow cells to recuperate. Then TRITC-dextran was added to a final concentration of 2
mg/ml. Samples were withdrawn at different time intervals and the cells were pelleted after
incubating for 3 min with 100 pl of trypan blue (2 mg/ml) to remove non-specifically bound
marker. The pellet was resuspended in phosphate buffer and the fluorescence was measured
using a fluorimeter (544 nm excitation/574 nm emission). For fluid-phase exocytosis assays,
cells were pulsed with TRITC-dextran (2 mg/ml) for 2 hours, washed and resuspended in
fresh axenic medium. Fluorescence from the marker remaining in the cells was measured at
different time intervals as explained above.

Phagocytosis was performed according to Maniak et al. (1995). Briefly, Dictyostelium cells
were grown to < 5 x10%ml over 5 generations in axenic medium. Cells were centrifuged and
resuspended at 2 x 10°ml in fresh axenic medium at 21 °C. TRITC-labeled yeast cells
prepared according to Material and Methods 5.3 were added in a 5 fold excess (10° yeast
cells/ml stock). Cells were incubated on a rotary shaker at 160 rpm. Samples were taken at
different intervals and the fluorescence of non internalized yeasts was quenched by incubating for
3 min with 100 pl trypan blue (2 mg/ml). Cells were centrifuged again, resuspended in
phosphate buffer and the fluorescence was measured using a fluorimeter (544 nm excitation/574

nm emission).

3. Molecular biological methods
3.1 Purification of plasmid DNA

In general, for small cultures (3 ml) of E. coli transformants, the boiling method described by

Holmes and Quigley (1981) was used to extract plasmid DNA. This method is good for screening
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a large number of clones simultaneously for the desired recombinant plasmid. Briefly, single
transformants were picked up from the culture plate and were grown overnight

in 3 ml of LB media containing suitable antibiotic. Next day, the overnight grown E. coli cells
were pelleted by centrifugation at 6,000 rpm in a microcentrifuge for 3-5 min. The pellet was
then resuspended completely in 250 pl STET/lysozyme buffer and the suspension was incubated
at room temperature for 10 min to lyse the bacterial cells. The bacterial lysate was boiled at 100
OC for 1 min and was then centrifuged in an eppendorf centrifuge at maximum speed for 15 min
at room temperature. The plasmid DNA present in the supernatant was precipitated by adding
an equal volume of isopropanol and incubating at room temperature for 10 min. The precipitated
DNA was pelleted in the eppendorf centrifuge at 12,000 rpm for 15 min and the DNA pellet was
washed with 70 % ethanol, dried in a speed-vac concentrator and finally resuspended in 40 pul TE,

pH 8.0 containing RNase A at 1 pg/ml.

STET/lysozyme buffer, pH 8.0:
50 mM Tris/HCI, pH 8.0
50 mM EDTA
0.5 % Triton X-100
8.0 % SucroseAdd lysozyme at 1 mg/ml at the time of use.

Alternatively, for pure plasmid preparations in small and large scales (for sequencing, PCR or

transformations), kits provided either by Macherey-Nagel (Nucleobond AX kit for small scale
plasmid preparations) or by Qiagen (Qiagen Midi- and Maxi-Prep kit for large scale plasmid
preparations) were used. These kits have the following approach: first overnight culture of
bacteria containing the plasmid is pelleted and the cells are lysed by alkaline lysis. The freed
plasmid DNA is then adsorbed on a silica matrix, washed with ethanol, and then eluted with TE,
pH 8.0 or water. This method avoids the requirement of caesium chloride or phenol-chloroform

steps during purification.

3.2 Digestion with restriction enzymes

All restriction enzymes were obtained from NEB, Amersham or Life Technologies and the
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digestions were performed in the buffer systems and temperature conditions as recommended

by the manufacturers. The plasmid DNA was digested for 1-2 hr.

3.3 Dephosphorylation of DNA fragments

To avoid self-ligation of the vector having blunt ends or that has been digested with a single
restriction enzyme, 5’ ends of the linearised plasmids were dephosphorylated by calf-intestinal
akaline phosphatase (CIAP). Briefly, in a 50 pl reaction volume, 1-5 pg of the linearised
vector-DNA was incubated with 1 U calf-intestinal alkaline phosphatase in CIAP-buffer
(provided by the manufacturer) at 37 °C for 30 min. The reaction was stopped by heat-
inactivating the enzyme at 65 °C for 10 min. The dephosphorylated DNA was extracted once
with phenol-chloroform and precipitated with 2 vol. ethanol and 1/10 vol. 2 M sodium acetate,

pH 5.2.
3.4 Setting up of ligation reactions
A DNA fragment and the appropriate linearised plasmid were mixed in approximately equimolar

amounts. T4 DNA ligase and ATP were added as indicated below and the ligation reaction was
left overnight at 10-12 °C.

Ligation reaction 5 x Ligation buffer
Linearised vector DNA (200-400 ng) Supplied with the enzyme
DNA fragment by manufacturers

4 ul 5x ligation buffer

1ul 0.1 M ATP

1.5 U T4 Ligase
and water to make up to 20 pl.

3.5 PCR and generation of mutations by PCR-based site directed mutagenesis

For polymerase chain reaction (PCR) plasmid carrying annexin C1 cDNA (pT7-7) was used.
Dictyostelium annexin C1 sequence carrying a mutation at the position 293 where aspartic acid
(D) was replaced by alanine (A) was generated from wild type cDNA by PCR-based site directed
mutagenesis. In two separate PCR reactions using the primers AnnAl-Accl and AnnA2-Pstl in
the first and AnnB2-Pstl and AnnB1-Accl in the second, two halves of the annexin cDNA

carrying wanted mutation are generated. The products of both steps were used as a template for a
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new round of PCR in which AnnA1-Accl and AnnB1-Accl were used as the forward and reverse

primers, respectively. PCR products were cloned into the pGEM-T easy vector and verified by

sequencing.
PCR conditions:
Reaction-mix (50 pl final volume): Reaction programme:
1 pl template (50-200 ng DNA) 1-step 92 °C for 2 min
1 ul 5° primer (5 pmol/ul) 2-step 30 cycles of-
1 ul 3° primer (5 pmol/ul) 92 °C for 1 min
1 ul ANTP-mix (10 mM ) 51 °C for 1 min
5 ul 10x PCR buffer 72 °C for 2 min
1 pl Taq polymerase (1 U/pl) 3-step 72 °C for 10 min
40 pl H,O 4-step 4 °C till end

3.6 DNA agarose gel electrophoresis

Agarose gel electrophoresis was performed according to the method described by Sambrook et
al. (1989) to resolve and purify the DNA fragments. Electrophoresis was performed with 0.7 %
(w/v) agarose gels or with 1 % (w/v) agarose gels in 1 x TAE buffer submerged in a horizontal
electrophoresis tank containing 1 x TAE buffer at 1-5 V/cm. The percentage of agarose in the gel
was dependent on size of fragments to be resolved. DNA-size marker was always loaded along
with the DNA samples in order to estimate the size of the resolved DNA fragments in the
samples. The gel was run until the bromophenol blue dye present in theDNA-loading buffer had
migrated the appropriate distance through the gel. The gel was examined under UV light at
302 nm and was photographed using a gel-documentation system (MWG-Biotech).

DNA-size marker:

1 kb DNA Ladder (Life Technologies): 12,216; 11,198; 10,180; 9,162; 8,144, 7,126,
6,108; 5,090; 4,072; 3,054; 2,036; 1,636; 1,018;
506; 396; 344; 298; 220; 201; 154; 134; 75 bp
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3.7 Recovery of DNA fragments from agarose gel

DNA fragments from restriction enzyme digests or from PCR reactions were separated by
agarose gel electrophoresis and the gel piece containing the desired DNA fragment was carefully
and quickly excised while observing the ethidium bromide stained gel under a UV
transilluminator. The DNA fragment was then purified from the excised gel piece using the
Macherey-Nagel gel elution kit (NucleoSpin Extract 2 in 1), following the method described by

the manufacturers or by centrifugation through the glass wool followed by DNA precipitation.

3.8 Transformation of E. coli

3.8.1 Standard protocol for the preparation and transformation of competent cells
(Inoue et al., 1990)

Preparation of competent E. coli cells by SEM:

An overnight grown culture of E.coli (0.5 ml) was inoculated into 250 ml LB medium and
incubated at 18 °C, with shaking 250 rpm until an ODeoo of 0.4-0.6 was obtained. The bacteria
were then incubated on ice for 10 minutes and pelleted at 4 °C for 10 min at 4,000 rpm (Beckman
Avanti J25, rotor JA-25.50). The bacterial pellet was resuspended in 80 ml of ice- cold TB,
incubated on ice for 10 min and spun down as above. The cells pellet was gently resuspended in
20 ml of TB and DMSO was added with gentle swirling to a final concentration of 7 %. After
incubating on ice for 10 min, the cell suspension was aliquoted

200 pl/tube. The aliquots were then quickly frozen in a dry ice/ethanol bath and immediately
stored at —80 °C.

Standard protocol for SEM transformation:

Plasmid DNA (~50-100 ng of a ligase reaction or ~10 ng of a supercoiled plasmid) was mixed
with 100-200 pl of CaCl, -competent E.coli cells and incubated on ice for 30 min. The cells were
then heat-shocked at 42 °C for 45 s and immediately transferred to ice for 2 minutes. The cells

were then mixed with 1 ml of pre-warmed (at 37 °C) SOC medium and incubated at 37 °C with
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shaking at ~150 rpm for 45 min. Finally, the cells were pelleted at 20 °C for 30 s at 3,000 rpm, 2.
the bacterial pellet was resuspended in 100-200 pl of SOC medium and plated onto selection

plates. The transformants were allowed to grow overnight at 37 °C.

TB buffer:
10 mM HEPES
15 mM CacCl,
250 mM KClI
adjust pH to 6.7 with KOH
dissolve MnCl, to have a final concentration of 55 mM in TB buffer
all salts should be added as solids
Sterilized by filtration through 0.45 pm filter and stored at 4 °C

3.8.2 Transformation of E. coli cells by electroporation
Preparation of electroporation-competent E. coli cells:

An overnight grown culture of E. coli (5 ml) was inoculated into 1,000 ml of LB medium and
incubated at 37 °C with shaking at 250 rpm until an ODsoo of 0.4-0.6 was obtained. The culture
was then incubated on ice for 15-20 min. Thereafter, the culture was transferred to pre-chilled
500-ml centrifuge bottles (Beckman) and the cells were pelleted by centrifugation at 4,200 rpm
(Beckman Avanti J25, rotor JA-10) for 20 min at 4 °C. The bacterial pellet was

washed twice with an equal volume of ice-cold water and the cells were resuspended in 40 ml of
ice-cold 10 % glycerol, transferred to a pre-chilled 50-ml centrifuge tube and centrifuged at 3,000
rpm (Beckman Avanti J25, rotor JA-25.50) for 10 min at 4 °C. Finally, the cells were
resuspended in an equal volume of 10 % chilled glycerol and aliquoted (50-100 pl) in 1.5-ml
eppendorf tubes that have been placed in a dry ice/ethanol bath. The frozen aliquots were
immediately transferred to —80 °C for long-term storage.

Transformation of electroporation-competent E. coli cells:

Plasmid DNA (~20 ng dissolved in 5-10 pl ddH,0O) was mixed with 50-100 pl electroporation-
competent E. coli cells. The transformation mix was transferred to a 2 mm BioRad

electroporation cuvette (pre-chilled) and the cuvette was incubated on ice for 10 min. The DNA
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was then electroporated into competent E. coli cells using an electroporation unit (Gene Pulser,
Bio-rad ) set at 2.5 KV, 25 pF, 200 Q2. Immediatly after electroporation, 1 ml of pre-warmed (37
°C) SOC medium was added onto the transformed cells and the cells were incubated at 37 °C
with shaking at ~150 rpm for 45 min. Finally, the cells were pelleted at 20 °C for 30 s at 3,000
rpm, the bacterial pellet was resuspended in 100-200 pl of SOC medium and plated onto

selection plates. The transformants were allowed to grow overnight at 37 °C.

3.9 Glycerol stock of bacterial cultures

Glycerol stocks of all the bacterial strains/transformants were prepared for long-term storage. The
culture was grown overnight in LB medium with or without the selective antibiotic (depending
upon the bacterial transformation). 850 pl of overnight culture was added to 150 ul of sterile
glycerol in a 1.5 ml microcentrifuge tube, mixed well by vortexing and the tube was frozen on
dry ice and stored at —80 "C.

Alternatively, 950 pl of overnight culture was mixed with 70 pl of DMSO in a 1.5 ml

microcentrifuge tube and stored at —80 °C.

3.10 Construction of vectors

3.10.1 Vectors for expression of annexin as GFP-fusion proteins

Vectors were constructed that allowed expression of GFP fused to C- or N-terminus of annexin in
Dictyostelium cells under the control of the actin-15 promoter. Full length annexin was
amplified using the cDNA as source with appropriate primers carrying add-on BamHI-linkers or
Accl-linkers. The PCR product was digested with BamHI or Accl and cloned into similarly cut
pDdA15gfp (Neujahr et al., 1997) or Clal cut pDEX-RH (Westphal et al., 1997) expression
vectors. GFP was fused to the C- or N-terminus of Dictyostelium annexin, respectively. The full
length annexin carrying the mutation in its core domain was generated as previously described
(Material and Methods 3.5) and cloned into Clal cut pDEX-RH vector with GFP on its N-

terminal. For analysis of the function of annexin core domain, annexin cDNA was used for PCR
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reaction with appropriate primers carrying add-on Accl linkers and the PCR product was cloned
in Clal cut pDEX-RH vector. GFP was fused to N-terminus of annexin core. Single colonies
expressing annexin-GFP were further analysed. The resulting vectors were introduced into AX2
or SYN' (Doring et al., 1995) cells by electroporation. Since SYN cells already had G418
resistance, pUC vector carrying blasticidin resistance was introduced simultaniously. After
selection for growth in the presence of G418 or G418 and blasticidin, GFP-expressing
transformants were confirmed by visual inspection under a fluorescence microscope.

Furthermore, the size of expressed fusion protein was confirmed as well by Western blot.

3.11 DNA sequencing

Sequence of the PCR-amplified products or plasmid DNA was performed at the sequencing
facility of the Centre for Molecular Medicine, University of Cologne, Cologne by the
modified dideoxy nucleotide termination method using a Perkin Elmer ABI prism 377 DNA

sequencer.

3.12 Computer analyses

Sequencing analysis, homology searches, structural predictions and multiple alignment of
protein sequences were performed using the University of Wisconsin GCG software package

(Devereux et al., 1984) and Expasy Tools software, accessible on the world-wide web.

4. Biochemical methods
4.1 Preparation of total protein from Dictyostelium

1 x 107 to 5 x 10® Dictyostelium cells either vegetative or at different stages of development were
washed once in Soerensen phosphate buffer. Total protein was prepared by lysing the pellet of
cells in 500 pl 1 x SDS sample buffer. Equal amounts of protein (equivalent to 2 x 10° to 1 x 10’

cells/lane) were loaded onto discontinuous SDS-polyacrylamide gels.
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4.2 Subcellular fractionation

2 x 107 cells were resuspended in 1 ml of the lysis buffer and opened by sonication. Cytosol and
membranes were separated by centrifugation at 10,000 x g for 1 hour at 4 °C. Membrane pellet
was afterwards two times washed in lysis buffer at 10, 000 x g for 15 min. Supernatant was
further centifugated at 100,000 x g for 1 hour at 4 °C. Obtained pellet was than washed as
described and supernatant was collected. For the fractionation of membranes on sucrose gradient
8 x 10® cells were washed in Soerensen phosphate buffer and resuspended in a HEPES buffer.
The cells were opened by sonication, nuclei were removed by centrifugation at 720 x g and, after
separation of membranes from the cytosol by centrifugation at 100,000 x g for 1 hour, the
membrane pellet was loaded onto sucrose step gradient (2.45 M, 1.45M, 1.32 M, 1.16 M, 0.88 M
sucrose in HEPES buffer, pH 7.4). The gradients were centrifuged at 100,000 x g in a SW41
rotor (Beckman Coulter, Munich, FRG) for 18 hours at 4 °C. Fractions were afterwards
collected, corresponding to the layers of different density, checked for alkaline phosphatase
activity as plasma membrane marker (Loomis, 1969), acid phosphatase activity as lysosomal
marker (Loomis and Kuspa, 1984) and comitin as Golgi marker (Weiner et al., 1993). The
fractions were separated by SDS PAGE followed by immunoblotting.

Lysis buffer HEPES buffer
30 mM Tris-HCI, pH 7.0 30 mM HEPES, pH 7.4
0.5 mM PMSF 0.5 mM PMSF
5 mM benzamidine 5 mM benzamidine
30 % sucrose 2mM DTT
2mM DTT

4.3 Triton X-100 extraction of Dictyostelium cells

For preparation of the Triton X-100 insoluble fraction growth phase AX2 and annexin-GFP
expressing Dictyostelium cells were washed and resuspended in lysis buffer and lysed withl %
Triton X-100 in the presence or absence of 100 uM CaCl, for 15 min on ice. The Triton X-100-

insoluble material which included cytoskeleton associated proteins was pelleted at 4 °C for10 min
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at 14,000 x g. The supernatant was carefully collected and the pellet was washed twice and
finally resuspended in lysis buffer. Proteins of the Triton X-100-soluble and -insoluble fractions
were extracted in 2 x SDS sample buffer and resolved on SDS-polyacrylamide gels. The resolved
proteins were blotted onto a nitrocellulose membrane and the blot was subsequently probed with
anti annexin mAb 185-447-3 (Doring et al., 1995) and anti actin Act 1-7 antibody ( Simpson et
al., 1984).

Lysis buffer
10 mM HEPES, pH 7.4

138 mM KCl
3 mM MgCl,
Protease inhibitor cocktail (10 pg/ml of each inhibitor, Roche)

4.4 Gelfiltration

Analytical gel filtration employed the SMART System' (Amersham Biosciences). The
Superdex” 200 PC 3.2/30 column equilibrated in 100 mM NaCl in 0,33 x PBS pH 7.4, buffer,
operated at a flow rate of 6 ml/h. Thyreoglobulin (669 kDa), ferritin (440 kDa), aldolase (158
kDa), ovalbumin (43 kDa) and chymotrypsinogen (25 kDa) were used for Mw calibration. 10 pg
of each protein was loaded onto the column. Before loading, all the samples (the cells were
previously opened by sonication) and standards were purified by centrifugation at 4 °C, for 1
hour at 100,000 x g. The gel filtration technique is a method to separate proteins according to
their molecular mass. The principle of the gel filtration theory is that proteins occupy a volume
directly proportional to their molecular mass, and that they will diffuse and be separated through
a gel with different rates depending on their ability to enter the pores of the

gel matrix. Because the pore accessibility depends not only on the molecular mass but also on the
size of the molecule, proteins will be separated according to their molecular mass and size. It is
therefore possible that two proteins, even with the same molecular mass, but with a completely
different folding that leads to a different shape, volume and finally accessibility to the gel pore,
can be successfully separated by a gel filtration experiment. The samples were subsequently

analyzed by Western blotting.
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4.5 Isolation of phagosomes

Phagosomes from AX2 cells and cells expressing annexin-GFP were prepared as described
(Maniak et al., 1995) with some modifications. Cells were washed twice in Soerensen phosphate
buffer, resuspended at 4 x 10° cells/ml in nutrient medium and allowed to recover for 30 minutes
at 21 °C. Carboxylated para magnetic beads of 1-2 pm diameter (Polysciences Europe GmbH,
Eppelheim, FRG) were then added in a ratio of 100 beads per cell. The suspension was shaken
for 10 minutes and phagocytosis was stopped by centrifugation at 720 x g at 4 °C and by washing
three times with ice-cold Soerensen phosphate buffer. The pellet was resuspended to a cell
density of 5 x 10’/ml in homogenization buffer. Cells were opened

by three cycles of freezing in liquid nitrogen and thawing on ice. Phagosomes were separated
from the lysate by magnetic extraction and washed three times in homogenization buffer. For
determination of the protein concentration, phagosomes were kept at 95 °C for 5 minutes in lysis
buffer and for SDS-PAGE and immunoblotting in 2 x SDS sample buffer. The beads were

removed by centrifugation.

Homogenisation buffer Lysis buffer
30 mM Tris-HCI, pH 8.0 20 mM Tris-HCI, pH 8.0
30 % sucrose 0.1 % SDS
3mM DTT 1 mM DTT
3 mM benzamidine 10 mM EDTA
0.5 mM PMSF 0.5 mM PMSF

4.6 Immunoprecipitation experiments

300 ml of dense Dictyostelium shaking culture (5 x 10° cells / ml) was centrifuged at 2 000 x g
for 3 min at 4 °C. The cell pellet was washed twice in Soerensen phosphate buffer and
resuspended finally in immunoprecipitation (IP) buffer. The volume of the buffer depended on
the obtained amount of cells (for 1 g of the cell pellet 2 ml of the buffer was used). The cells were
than opened by sonication. The cell lysate was prior immunoprecipitation pre-cleared with
Protein sepharose A beads for 30 min and not opened cells and proteins non specifically bound to
the beads were removed by centrifugation (2,000 x g , for 3 min, at 4 °C). Cleared cell lysate was

than incubated with chosen anti body for 3-4 hours at 4 °C and the sepharose A beads were
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subsequently added. After incubation for 30—60 min the samples were centrifuged for 3 min at
2,000 x g and the beads pellet was washed several times in the IP buffer. Finally,the samples
were resuspended in the SDS-sample buffer and subsequently resolves by SDS-PAGE (see the
next chapter).

Immunoprecipitation buffer:

0.33 x PBS

2 mM benzamidine

4 mM DTT

0.5 mM PMSF

(Triton X-100 was added after the sonication to the final concentration of 0.5 %)

4.7 2D gel electrophoresis

Two dimensional electrophoresis (2D-electrophoresis) is a widely used method for the analysis of
complex protein mixtures extracted from cells, tissue or other biological samples. The technique
separates proteins according to two independent properties in two discrete steps: The first
dimension is an isoelectric focusing which separates proteins according to their isoelectric point
(pD); the second dimension is an SDS-PAGE which separates proteins according to their
molecular weights. Thus, every spot in 2D-electrophoresis provides information about protein’s
pl and molecular weight. Because the pl of unphosphorylated and phosphorylated proteins is
different, whereas the molecular masses are only marginally different, this method allows also the
detection of this covalent modification.

For isoelectric focusing, Multiphor II system (Amersham Biosciences) was used. The procedure
was performed as described in the manual supplied by manufacturer. Shortly, 5 x 10° cells were
pelleted, washed twice in Soerensen phosphate buffer and finally resuspended in 2D-lysis buffer.
DTT and IPG buffers were added to the mixture at a final concentration of 2 % (v/v) immediately
prior to use. Subsequently, a trace of bromphenol blue was added to the sample. Prior this step,
IPG strips (pI 3-10, 7 cm, Amersham Biosciences) were rehydrated (in an IPG-strip tray) in the
rehydration buffer over night at room temperature. To minimize evaporation and urea
crystallization, mineral oil was applied to cover the surface of the strip. The rehydrated IPG strips

were cleaned afterwards with water and transferred to adjacent grooves of the aligner in the
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imobiline dry strip tray. The strips were placed with the acidic (pointed) end at the top of the tray
near the anode, and the blunt end positioned at the bottom of the tray near the cathode. The
electrodes and the sample cups were carefully positioned and the samples were loaded into the
sample cups. To avoid urea crystallization, a drop of mineral oil was applied to cover the surface.
Isoelectric focusing was performed with a program described below. After finished first
dimension, the IPG strips were washed with water and incubated with SDS-equilibration buffer
for 20 min at room temperature. The second dimension was done as described in Material and
Methods 4.8. Western blotting (see Material and Methods 4.9) and immunodetection (Material
and Methods 4.10) followed.

2D-lysis buffer: Rehydration buffer:
8 M urea 8 M urea
4 % W/V CHAPS 4 % w/v CHAPS
2% DTT 1 % IPG buffer
40 mM Tris-HCI, pH 8.0 2% DTT

2 % IPG buffer
1 mM sodium orthovanadate
10 mM sodium fluoride
5 mM sodium pyrophosphate
10 mM B glycerophosphate
1 x complete mini protease inhibitor

SDS-equilibration buffer: Isoelectric focusing:
6 M urea 10 min 150 V
30 % (v/v) glycerol 90 min 150 V
2 % SDS (w/v) 30 min 300 V
2% DTT 4 hours 300 V
50 mM Tris-HCI, pH 8.8 10 min 3500 V

30 min 3000 V

16 hours 3000 V, at 16 °C

4.8 SDS-polyacrylamide gel electrophoresis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed using the discontinuous
buffer system of (Laemmli, 1970). Discontinuous polyacrylamide gels (10-15 % resolving gel, 5
% stacking gel) were prepared using glass plates of 10 cm x 7.5 cm dimensions and spacers of

0.5 mm thickness. A 12-well comb was generally used for formation of the wells in the stacking
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gel. The composition of 12 resolving and 12 stacking gels is given in the table below. Samples
were mixed with suitable volumes of SDS sample buffer, denatured by heating at 95 °C
for 5 min and loaded into the wells in the stacking gel. A molecular weight marker,
which was run simultaneously on the same gel in an adjacent well, was used as a standard to
establish the apparent molecular weights of proteins resolved on SDS- polyacrylamide gels. The
molecular weight markers were prepared according tomanufacturer’s specifications. After
loading the samples onto the gel, electrophoresis was performed in 1 x gel-running buffer at a
constant voltage of 100-150 V until the bromophenol blue dye front had reached the bottom edge
of the gel or had just run out of the gel. After the electrophoresis, the resolved proteins in the gel

were transferred onto a nitrocellulose membrane.

Components Resolving gel Stacking gel
10% 12% 15% 5%

Acrylamide/Bisacrylamide (30:0.8) [ml]: 19.7 23.6 30 4.08

1.5 M Tris/HCI, pH 8.8 [ml]: 16 16 16 -

0.5 M Tris/HCI, pH 6.8 [ml]: - - - 2.4

10 % SDS [pl]: 590 590 590 240

TEMED [ul]: 23 23 23 20

10 % APS [pl]: 240 240 240 360

Deionised H,O [ml]: 23.5 19.6 13.2 17.16

2 x SDS-sample buffer: Molecular weight markers:

100 (mM) Tris/HCI, pH 6.8 94, 67, 43, 30, 20.1, 14.4 kD

4 (% v/v) SDS

20 (% v/v) glycerine

0.2 (% v/v) bromophenol blue
4 (% v/v) B-mercaptoethanol

4.9 Western blotting using the semi-dry method

The proteins resolved by SDS-PAGE were electrophoretically transferred from the gel to a
nitrocellulose membrane by the method described by Towbin et al. (1979) with little

modifications. The transfer was performed using Towbin’s buffer in a semi-dry blot apparatus
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(Bio-Rad) at a constant voltage of 10 V for 45-90 min. The instructions provided along with the
semi-dry apparatus were followed in order to set up the transfer.

Transfer buffer:
39 mM glycine,
48 mM Tris/HCI, pH 8.3
and 10 % methanol

4.10 Immunodetection of membrane-bound proteins

The Western blot was immersed in blocking buffer and the blocking was performed with
gentle agitation either overnight at 4 °C or for 30 min. to 1 hour at room temperature.

After blocking, the blot was incubated at room temperature with gentle agitation with hybridoma
supernatant for 1-2 h. After incubation with primary antibody, the blot was washed 5-6 times
with 1 x NCP at room temperature for 5 min each with repeated agitation.

Following washings, the blot was incubated for 1 hr at room temperature with an appropriate
dilution (in 1 x NCP) of horse radish peroxidase-conjugated secondary antibody directed
against the primary antibody. After incubation with secondary antibody, the blot was washed as
described above. After washings, enhanced chemi-luminescence (ECL) detection system was
used. For this, the blot was incubated in ECL-detection-solution for 1-2 min and then wrapped in
saran wrap after removing the excess ECL-detection solution. A X-ray film was exposed to the

wrapped membrane for 1-30 min and the film was developed to observe the immunolabelled

protein.
ECL -detection solution: Blocking buffer :
2 ml 1 M Tris/HCI, pH 8.0 5 % milk powder in 1 x

200 ul 250 mM 3-aminonaphthylhydrazide in DMSO NCP
89 ul 90 mM p-Coumaric acid in DMSO

18 ml deionised H,O

6.1 ul 30 % H,0, (added just before using)
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5. Immunological methods
5.1 Indirect immunofluorescence of Dictyostelium cells
5.1.1 Preparation of Dictyostelium cells

Dictyostelium cells were grown in shaking culture to a density of 2-4 x 10° cells/ml. The
desired amount of cells was collected in a centrifuge tube, cells were then washed two times in
Soerensen phosphate buffer and finally resuspended in the same buffer at a density of 1 x 10°
cells/ml. Around 300 pl of the cell suspension was than pipetted onto the coverslips and cells
were allowed to attach for 20 min. Thereafter, cells attached onto the coverslip were fixed

immediately as described below.

5.1.2 Methanol fixation

After the cells attached to the coverslip, the supernatant was aspirated and the coverslip was
