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3.2  Special materials

Coverslips and glass slides Assistent, GLW

Dialysis-membrane Spectra/Por

Nitrocellulose Sartorius

PIP-strips Echelon Inc., U.S.A.

Plastic materials for cell culture Greiner and TPP

Sterilfilters for bottles Steritop

X-Ray films Kodak X-Omat AR

3.3  General buffers

TBS: PBS:

50 mM Tris-HCl pH 7,4 150 mM NaCl

150 mM NaCl 3,0 mM Na2HPO4

1,5 mM KH2PO4

pH 7,4

3.4  Antibodies

Polyclonal antibodies from rabbit:

Name                             Antigen                Reference                                 

BT-561 myosin II (non-muscle) Biomedical Technologies Inc.

GK1 SWAP-70 Hilpelä et al., 2002

GK2 SWAP-70 Hilpelä et al., 2002

HA.11 HA-tag HISS Diagnostics

SA522 myr 4 Antibody sheet 109, Group Bähler

Tü29 myr 1 Ruppert et al., 1995

Tü 41 myr 3 Stöffler et al., 1995
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Tü 49 myr 2 Ruppert et al., 1995

Tü 55 Myr 5 Reinhard et al., 1995

Tü 78 myr 7 Chieregatti et al., 1998

Polyclonal antibodies from goat:

Name                             Antigen                Reference                                           

α-vimentin vimentin A gift from P. Traub (Heidelberg, Germany)

α-GST GST Pharmacia

Monoclonal antibodies from mouse:

Name                             Against                 Reference                                           

FP3/F8 myr5 Chieregatti et al., 1998

Anti-α-actinin BM-75.2 α-actinin Sigma (A 5044)

α-GFP1 GFP A gift from G. Gerisch (Martinsried,Germany)

α-GFP2 GFP A gift from M. Maniak (Kassel, Germany)

α-tubulin(MAB 19.01.93) tubulin A gift from A. Matus (Basel, Switzerland)

α-tropomyosin(TM311) tropomyosin Sigma (T 2780)

hVin 1 vinculin Sigma (V 9131)

Secondary antibodies and phalloidins:

Antigen                Antibody    Coupled to            Reference                                 Using c*

Rabbit IgG Goat Peroxidase Dianova WB 1:5000

Mouse IgG Goat Peroxidase Dianova WB 1:3000

Goat IgG Rabbit Peroxidase Sigma WB 1:5000

Goat IgG Rabbit Alkaline Sigma WB 1:5000

Phosphatase

Rabbit IgG Goat Rhodamine Jackson ImmunoResearch IF 1:150

Rabbit IgG Goat FITC Jackson ImmunoResearch IF 1:150

Rabbit IgG Goat AMCA Jackson ImmunoResearch IF 1:150

Mouse IgG Goat Rhodamine Jackson ImmunoResearch IF 1:150
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Mouse IgG Goat FITC Jackson ImmunoResearch IF 1:150

Mouse IgG Goat AMCA Jackson ImmunoResearch IF 1:150

F-actin (phalloidin) 594-Alexa Molecular Probes IF 1:75

F-actin (phalloidin) Rhodamine Molecular Probes IF 1:150

F-actin (phalloidin) FITC Molecular Probes IF 1:150

*WB = using concentration in Western blots, IF = using concentration in

immunofluorescence

3.5  Enzymes

Lysozyme Roth

Restriction endonucleases with buffers Roche

RNase A Roche

T4-DNA-ligase with buffer Roche

Trypsin for cell culture Gibco

Vent-DNA-polymerase with buffer New England Biolabs

3.6  Equipment

Equipment                                Reference             Type                                                    

Software used in application

Bacteria shaker Infors Multitron

Balances Sartorius

Block heater Stuart Scientific

Techne

CCD cameras Hamamatsu C 4880, cooled

Software: High Performance Image Control (Hipic)

Princeton Research Instruments



MATERIALS AND METHODS36

cooled, back-illuminated

Software: IPLab software (Scananalytics)

Centrifuges Beckman Optima Ultracentrifuge MAX-E

L8-50 M/E

Dupont Sorvall RC5C

Heraeus Biofuge 15

Sigma 113

Roth Micro centrifuge SD

Cell culture CO2 incubator Heraeus BBD6220

Cell culture hoods Heraeus

BDK

DNA Gel electrophoresis Made by workshop in Munich

DNA Gel photographing

system Biometra BioDocAnalyze

Software: BioDocAnalyze Image Aquisition and Analysis

DNAThermal cycler Perkin Elmer

Fluorescence microscope Zeiss Axiophot

Axiovert (inverted) S100TV

Magnetic stirrers Ikamag

Micro injector Eppendorf

Microscope Olympus CK40 (inverted)

Open heating chamber Warner instruments

Phospho-imager

chemiluminescence Fuji

Software: Image reader LAS-1000 V2.0, L Process,

Image Gauge 3.12

Rotors Beckman TLA 100.3

TLA 110

TLA 100

SW40 Ti

70.1 Ti

Dupont GSA

SS34
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SDS-Gel electrophoresis

system Hoefer

Shaker for gel staining GFL 3006

Spectrophotometer Pharmacia

Biotech Ultrospec 2000

Vortex Bender-Hobein Vortex-Genie 2

Waterbaths GFL

Haake

Western blot system Hoefer

3.7  Molecular cloning

3.7.1  Vectors

pGEX-4T-1 Pharmacia

pEGFP-C1 Clontech

pECFP-C1 Clontech

pEYFP-C1 Clontech

pEGFP-N1 Clontech

pUHD10-3 A kind gift from M. Gossen (Resnitzky et al., 1994).

Myr5 in pBSK Müller et al. 1997

Myr5 in pUHD Müller et al. 1997

Myr5 R1695M in pUHD Müller et al. 1997

SWAP-70 in JG4-5 (PRR2-BP K2) Master thesis of Martin Hund

3.7.2  Oligonucleotides

F = Forward primer

R = Reverse primer

Italics = tag (HA in MB364, HA in MB365, HA in MB410)

underlined = Restriction enzyme site



MATERIALS AND METHODS38

Bold = point mutations (in MB457-MB460)

All primers shown in 5´-3´ direction

PCR primers for SWAP-70:

MB364-F CTAGTGCAATGTACCCATACGATGTTCCAGATTACGCTTGC (overhang

of SpeI, HA-tag, overhang of NotI)

MB365-R GGCCGCAAGCGTAATCTGGAACATCGTATGGGTACATTGCA

(overhang of NotI, HA-tag, overhang of SpeI)

MB399-F GGCTCGAGGGAGCTTGAAGGAGGAGCTG (before KspI-s.)

MB410-R GGGGATCCTCAAGCGTAATCTGGAACATCGTATGGGTATCCCTC

CGTGGTCTTTTTCTCTTTCC (contains HA and BamHI-s)

MB411-F GGCTCGAGGGAGCTTGAAGGAGGAGCTG (contains XhoI-s)

MB412-R CACAGAGGGTCCAACACATCC (after EcoRI-site)

MB418-F GGGGATCCATGGCAATTAATGAAGTCTTTAATG (cont. BamHI-s)

MB419-R GGCTCGAGTCAAGGGCTGCCCAGCTTCAACAG (contains XhoI-s)

MB420-R GGGGATCCTCAAGGGCTGCCCAGCTTCAACAG (cont. BamHI)

MB421-F GGCTCGAGGGATGGCAATTAATGAAGTCTTTAATG (cont. XhoI-s)

MB422-R GGGGATCCTCACTCCGTGGTCTTTTTCTCTT (cont. BamHI-s)

MB432-F GGGGATCCGGGAGCTTGAAGGAGGAGCTG (cont. BamHI-s

MB433BR GGCTCGAGTCACTCCGTGGTCTTTTTCTCTT (contains XhoI-s)

MB433-F GGGAATTCATGGCAATTAATGAAGTCTTTAATG (cont. EcoRI-s)

MB434-R GGGGATCCCCAGGGCTGCCCAGCTTCAACAGA (cont. BamH1-s)

MB457-F GCAGGGTTACATGATGAAAAAGGGCCACGAAGAGAAAA

ACTGGACTG

MB458-R CAGTCCAGTTTTTCTCTTCGTGGCCCTTTTTCATCATGTA

ACCCTGC

MB459-F CCACAGACGGAAAAACTGGACTGAATGCTGGTTTGTACT

AAAACCC

MB460-R GGGTTTTAGTACAAACCAGCATTCAGTCCAGTTTTTCCG

TCTGTGG

MB489-F GCAAGCACTTGAGCAGTACGAGG (before Van91I)

MB490-R CGGGATCCCCCTCCGTGGTCTTTTTCTCTTTCC (cont. BamHI-s)
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PCR primers for myr5:

MB445-F GGCTCGAGGGAGTGCTCACGAGGCTGGCAGCTCAGG (XhoI-s)

MB446-R CGGGGCTTCTGGAGCCGACTGAGGG (after KspI-site)

3.7.3  Standard techniques for molecular cloning

Agarose gel electrophoresis, restriction endonuclease digestion, ethanol precipitation,

ligation and transformation in E.Coli were performed according to Sambrook et al.

(1989) and Ausubel et al. (1990). Plasmid purification (Maxi and Midi-kits, Qiagen),

DNA gel extraction (Gel extraction kit, Qiagen) and PCR-product blunt-end ligation

(SureClone Kit, Pharmacia) were done according to the recommendations of the

manufacturers. Plasmid minipreps for rapid screening of positive clones were prepared

by the "boiling prep" - method (Holmes and Quigley, 1981).

3.7.4  PCR

The following reaction conditions were typically used:

Reaction constituents in 50 µl:

10 ng template, plasmid DNA

50 pmol Forward primer

50 pmol Reverse primer

0,2 mM dNTP-mix

5 µl 10 X Vent-buffer

1 U Vent polymerase

filled up to 50 µl with H2O

Temperature profile

94 °C 5 min. (denaturation)

20 cycles:  94 °C 1 min. (denaturation)

55 °C 1 min. (primer annealing)

72 °C 1 min. (DNA synthesis)

72 °C 10 min. (completion of DNA synthesis of fragments)
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These conditions varied depending on size of PCR product (big fragments: more

template DNA and more time for DNA synthesis) and calculated annealing temperature

of each primer.

3.7.5  Construction of plasmids for protein expression in eukaryotic cells

HA-SWAP-70 in pUHD10-3

SWAP-70 with an N-terminal hemagglutinin (HA) -tag followed by a short 19 residue

linker sequence was cloned into pUHD 10-3. Two annealed complementary

oligonucleotides MB364 and MB365 encoding SpeI, HA-tag and NotI sequences, a

NotI/blunted Bsu 36I SWAP-70 fragment cut out from PRR-2-BP K2 plasmid and

pUHD 10-3 previously modified by insertion of SpeI/EcoRV sites between EcoRI and

BamHI sites were ligated. This resulted in a plasmid encoding amino acids

MYPYDVPDYACGRRGWLGRRGWRGSRAAA followed by the complete SWAP-70

coding sequence.

SWAP-70-HA in pUHD10-3

The cDNA encoding SWAP-70 with a C-terminal HA-tag was amplified by PCR

(primers MB399 and MB410). The PCR fragment KspI-SWAP-70-HA-BamHI was

cloned into KspI/BamHI sites of pUHD 10-3.

GFP-SWAP-70 in pEGFP-C1

For construction of the GFP-SWAP-70 plasmid, the 5´-region of SWAP-70 was

amplified by PCR using the primers MB411 and MB412. The forward primer MB411

contained an XhoI restriction site and two guanine nucleotides for accommodation of

the reading frame. It lacked the SWAP-70 start codon. The PCR fragment was cloned

into the XhoI and EcoRI restriction sites of the pEGFP-C1 vector. The missing region

of SWAP-70 was excised with EcoRI/BamHI from pUHD-HA-SWAP-70 and ligated

into the corresponding sites of the pEGFP-C1 vector.

SWAP-70-GFP in pEGFP-N1

SWAP-70-HA was excised with KspI (5´of the start codon) and with BamHI (3´of the

stop codon) from pUHD-SWAP-70-HA resulting a complete SWAP-70 sequence. This

fragment was ligated into the corresponding sites of the pEGFP-N1 vector. From this
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subclone the 3´-region of SWAP-70 was excised with Van91I and BamHI and replaced

by a PCR-product (primers MB489 and MB490) that had the STOP codon of SWAP-70

deleted and two extra guanosine nucleotides and a BamHI restriction site added to clone

it in frame with GFP.

GFP-SWAP(1-313) in pEGFP-C1

The SWAP-70 cDNA fragment encompassing amino acids 1-313 was amplified by

PCR to construct GFP-SWAP(1-313). The primers used were MB411 and MB420. The

5´-end of SWAP-70 was identical to the GFP-SWAP-70 construct. A stop codon was

added after the nucleotides encoding amino acid 313. The PCR fragment was cloned

into the XhoI and BamHI restriction sites of the pEGFP-C1 vector.

SWAP(1-313)-GFP in pEGFP-N1

The SWAP-70 cDNA fragment encompassing amino acids 1-313 was amplified by

PCR using primers MB399 and MB434. The primer MB434 contained after codon 313

two additional guanines and a BamHI site. The PCR fragment was cloned into the KspI

and BamHI restriction sites of the pEGFP-N1 vector.

GFP-SWAP(205-585) in pEPGFP-C1

A SWAP-70 cDNA fragment encompassing amino acids 205-585 was amplified by

PCR to construct GFP-SWAP(205-585). The primers used were MB421 and MB422.

The PCR fragment was cloned into the XhoI and BamHI restriction sites of the pEGFP-

C1 vector.

PH-(205-313)-GFP in pEGFP-N1

The PH(205-313)-GFP plasmid was constructed by PCR using primers MB433-F and

MB434. The PCR fragment containing an inserted start codon at the 5´-end and two

additional guanines and a BamHI site after codon 313, was inserted into the EcoRI and

BamHI restriction sites of the pEGFP-N1 vector.

GFP-SWAP-70-R230C and GFP-SWAP-70-RR223,224EE in pEGFP-C1

The mutations R230C and RR223,224EE in GFP-SWAP-70 were introduced by the

QuickChange site-directed mutagenesis kit. Primers encoding the R230C mutation were
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MB459 and MB460 and primers encoding the RR223,224EE mutations were MB457

and MB458.

CFP-SWAP-70 in pECFP-C1 and YFP-SWAP-70-R230C in pEYFP-C1

The SWAP-70 cDNAs were transferred from the GFP-SWAP-70 and GFP-SWAP-70-

R230C plasmids into the pECFP-C1 and the pEYFP-C1 vectors, respectively, using the

XhoI and BamHI restriction sites.

GFP-Myr5 in pEGFP-C1

For construction of the GFP-myr5 plasmid, the 3´-region of myr5 was excised with

KspI and EcoRV (blunt-end) from pBSK-myr5 and inserted into the KspI and SmaI

sites of the pEGFP-C1 vector. The missing 5´-region of myr5 was amplified by PCR

using the primers MB445 and MB446, which yielded a cDNA fragment lacking the myr

5 start codon but exhibiting instead a XhoI site and the additional bases. The PCR

fragment was cloned into the XhoI and KspI restriction sites of the GFP-3´-myr5

subclone resulting in full length myr5 in pEGFP-C1 vector.

3.7.6  Construction of plasmids for GST-fusion protein expression in E. Coli

GST-SWAP-70 in pGEX4T-1

The cDNA coding for SWAP-70 was amplified by PCR using primers MB432 and

MB433BR and the PCR fragment was cloned into the BamHI and XhoI restriction sites

of the pGEX4T-1 vector yielding plasmid GST-SWAP-70. The start codon was

replaced by a BamHI site.

GST-PH(205-313) in pGEX4T-1

The cDNA coding for the PH domain (aa205-313) was amplified by PCR using primers

MB418 and MB419. The PCR fragment BamHI-PH(205-313)-STOP-XhoI was cloned

into the BamHI and XhoI restriction sites of the pGEX4T-1 vector  yielding plasmid

GST-PH (205-313).
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GST-SWAP-70-R230C and GST-SWAP-70-RR223,224EE in pGEX-4T-1

GST-SWAP-R230C and GST-SWAP-RR223,224EE plasmids were obtained by

QuickChange site-directed mutagenesis as described above for the GFP plasmids using

GST-SWAP-70 as a template.

GST-PH(205-313)-R230C and GST-PH(205-313)-RR223,224EE in pGEX-4T-1

For cloning of the GST-PH-R230C and GST-PH-RR223,224EE plasmids, the mutated

SWAP-70 cDNAs served as templates for the initial PCR using primers MB418 and

MB419. Amplified cDNA fragments were cloned into the BamHI and XhoI sites of the

pGEX-4T-1 vector.

All PCR-products were verified by DNA sequencing.

3.8  Protein purification and analysis

3.8.1  Standard protein analysis

Protein concentrations were determined according to Bradford (1976) using BSA as a

standard, Sodium dodecyl sulphate- polyacrylamide gel electrophoresis (SDS-PAGE)

was processed according to Laemmli (1970), and immunoblotting was performed

according to Towbin et al. (1979). Signals in immunoblotting were detected using either

the ECL system (Amersham) or SuperSignal West Pico Chemiluminescent substrate

reagent (Pierce).

3.8.2  Preparation of cell and tissue extracts

Cells were grown on Ø 60 mm or Ø 94 mm culture dishes, transfected if needed (see

below) and grown to 80-90 % confluence. Cells were washed three times with PBS,

harvested by scraping and collected by centrifugation. Cells were lysed in five volumes

of lysis buffer and probes for SDS-PAGE and determination of protein concentration

were prepared.

Tissue samples were prepared as described (Chieregatti et al. 1998).
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Lysis buffer:

20 mM Hepes, pH 7.4

100 mM NaCl

1 mM MgCl2

0,5 mM EGTA

1 mM β-mercaptoethanol

0,5 % NP-40

3.8.3  Sucrose gradient sedimentation

The HtTa-1 HeLa cells were grown to 80 % confluence, washed three times with PBS,

harvested by scraping and collected by centrifugation. Cells were resuspended in

sucrose gradient (SG) lysis buffer and homogenized by passing them thirty times

through a 27-gauge needle. The cell homogenate was centrifuged at 15000 rpm for 30

min. in a table top centrifuge at 4 °C and the supernatant was collected.

The calibration sample contained 100 µg each of the following protein standards:

albumin from chicken (Mw 45.000), albumin from bovine serum (Mw 68.000), aldolase

(Mw 158.000 -subunit 40.000) and catalase (Mw 240.000 -subunit 60.000).

GST-SWAP-70 was expressed in E. Coli, purified as described below (3.8.5) and

dialysed against PBS. The GST-SWAP-70 sample contained 100 µg GST-SWAP-70

and for calibration 100 µg of each protein standards (see above).

1 ml of each sample was loaded on top of 11 ml sucrose step-gradients (6,5%-17 %;

w/w, each step 0,5 %) and centrifuged in an ultracentrifuge at 4 °C for 16 hours at 30

000 rpm. using SW 40 rotor. Fractions of 8-drops (~220 µl) were collected beginning

from the bottom of the tubes. Samples were analyzed by SDS-PAGE and samples from

HtTa-1 HeLa cell lysate also by immunoblotting. Sucrose densities of collected samples

were measured by refractometry.

SG lysis buffer: Sucrose gradients:

20 mM Hepes, pH 7.4 10 % Glycerol

150 mM NaCl 1X Buffer (SG lysis buffer or PBS)

2 mM MgCl2 6,5-17 % Sucrose



MATERIALS AND METHODS 45

3.8.4  E. Coli bacteria strains

DH5α

XL1-Blue

3.8.5 Expression and purification of GST-fusion proteins

GST-SWAP-70 and GST-PH fusion proteins were expressed in E. coli (DH5α or

XL1Blue for GST-PH domains) and purified over Glutathione Sepharose-4B as

recommended by the manufacturer (Pharmacia). Briefly, bacteria harboring the GST-

fusion protein plasmid were diluted 1:10 in the morning and then grown till they

reached on O.D.600 = 0.6. Protein expression was induced by 0.1 mM IPTG at + 21 °C

for 4-5 h (PH domains at +30 °C). Bacteria were harvested by centrifugation and

resuspensed in bacterial lysis buffer without NP-40. Resuspended bacteria were

sonicated, then NP-40 was added and the lysate incubated on ice for 10 min.. The lysate

was centrifuged in a Sorvall SS34 rotor at 18 000 rpm for 30 min.. Glutathione

sepharose-4B was washed and pre-equilibrated in bacterial lysis buffer. The supernatant

of the lysate was added to the Glutathione sepharose-4B beads and rotated for 1 h.

Beads were washed four times with bacterial lysis buffer (2 x) and PBS (2 x) and bound

protein was eluted with 10 mM glutathione in elution buffer for 3 X 1,5 hours and 1 X

o/n. Eluates were analyzed by SDS-PAGE, pooled and dialysed against dialysis buffer.

The dialysed fusion protein was clarified in a table top centrifuge at 14 000 rpm for 10

min. and at 40 000 rpm for 1 h in the Ti 70.1 rotor in the ultra centrifuge. Protein

concentrations were determined by the Bradford assay and purified protein was used for

further experiments. All steps were performed in 0-5 °C degrees.

Bacterial lysis buffer: Elution buffer:

25 mM Hepes, pH 7.4 50 mM Tris, pH 8.0

1 mM EDTA 10 mM glutathione

100 mM KCl 10 % sucrose

10 % Sucrose

0,5 % NP-40 added after sonication Dialyse buffer:

from 20 % stock solution PBS

10 µg/ml Leupeptin 1 mM β-Mercaptoethanol
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10 µg/ml Aprotinin 1 mM MgCl2

0,1 mg/ml Pefablock 2 mM NaN3

3.8.6  GST-SWAP-70 pull down assay

GST-SWAP-70 was expressed in bacteria and bound to Glutathione sepharose beads as

described above. GST-SWAP-70-sepharose beads were washed and equilibrated in IP-

buffer (or IP2). As a negative control, GST was expressed alone and processed as GST-

SWAP-70. Simultaneously, the eukaryotic cells were grown on cell culture plates (10X

Ø150 mm), washed three times with PBS, harvested by scraping and collected by

centrifugation. Cells were lysed in IP-buffer and the in-soluble material was pelleted by

centrifugation (Sorvall 18000 rpm 30 min SS34). The supernatant was added to the

GST-SWAP-70-sepharose beads and the mixture was rotated o/n at + 4 °C. Next day,

the sepharose beads were washed three times and bound proteins were eluted with

elution buffer for 2,5 h, 3 h, 3 h and o/n. Aliquots from the eluates were separated on

SDS-PAGE and transferred to nitrocellulose, followed by immunoblotting with myr5

antibodies.

IP-buffer: IP2-buffer:

20 mM Hepes, pH 7.4 20 mM Hepes, pH 7.4

150 mM NaCl 75 mM NaCl

250 mM Sucrose 250 mM sucrose

1 % NP-40 0,5 % NP-40

10 µg/ml Leupeptin 1 mM β-mercaptoethanol

10 µg/ml Aprotinin 2 mM MgCl2

0,1 mg/ml Pefablock 10 µg/ml Leupeptin

10 µg/ml Aprotinin

0,1 mg/ml Pefablock

3.8.7  Immunoprecipitation

Eukaryotic cells were grown on cell culture plates (4X Ø94 mm), washed three times

with PBS, harvested by scraping and collected by centrifugation. Cells were lysed
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(above 3.8.2) in a threefold volume of lysis-buffer to the cell volume (v/v) and the in-

soluble material was pelleted by centrifugation (Ultra centrifuge, rotor Ti 100.3, 40 000

rpm 50 min.). Cell lysates (75 µl) were incubated with 5 µg myr 5 (Tü 55) or SWAP-70

(GK1) antibodies over night. The following day, protein A sepharose (30 µl) that had

been pre-equilibrated in PBS was added and samples were incubated for 2 hours.

Protein A sepharose beads were washed and bound proteins were eluted by boiling in

laemmli sample buffer. Eluted proteins were separated on SDS-PAGE and probed by

immunoblotting. All steps before protein denaturation were performed between 0-5 °C.

3.9  Phospholipid binding assay

Nitrocellulose strips containing spots of equal amounts (100 pmoles) of different

phospholipids (PIP-Strips) were purchased from Echelon (U.S.A.). Phospholipid-

binding assays were performed as recommended by the manufacturer. Briefly, the PIP-

strips were blocked with 3 % fatty acid free BSA in TBS-T buffer and incubated with

the GST-SWAP fusion proteins o/n at + 4 °C. Strips were washed with TBS-T buffer

and bound protein was visualized by standard immunodetection. GST-SWAP-70 fusion

proteins were detected by SWAP-70 antibody GK2 and GST-PH fusion proteins were

detected by anti-GST antibody. Secondary antibodies were either coupled to peroxidase

and detected by chemiluminescence or to alkaline phosphatase and detected by

NBT/BCIP color reaction.

TBS-T buffer: Detection buffer for NBT/BCIP color reaction:

10 mM Tris, pH 8.0 100 mM Tris, pH 9.5

150 mM NaCl 100 mM NaCl

0,1 % Tween-20 50 mM MgCl2

TE buffer to stop the color reaction:

10 mM Tris, pH 8.0

1 mM EDTA
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3.10  Methods of cell biology

3.10.1  Eukaryotic cell lines

Cell line                         Origin                                                                                         

B16F1 Mouse melanoma cells

EAhy Endothelial cells

HeLa Human cervix carcinoma cells

HtTa-1 HeLa Human cervix carcinoma cells (Gossen and Bujard, 1992)

HMEC-1 Human dermal microvascular endothelial cells

MDCKC7 Madin-Darby canine kidney cells (epithelial cells)

NIH3T3 Mouse fibroblasts

NRK Rat kidney fibroblasts (Normal Rat Kidney)

REF52 Rat fibroblasts

Swiss3T3 Mouse fibroblasts

WI-38 Human lung fibroblasts

3.10.2  Cell Culture

All cell lines were cultured in DMEM / 10 % FCS / 2 mM L-Glutamin / 0.1 mg/ml

Penicillin/Streptomycin at 37 °C in a humidified atmosphere with 5 % CO2. B16F1 cells

used for video microscopy were maintained in high glucose (4500 mg/l) DMEM

supplemented with 10 % FCS (PAA). For observation by video microscopy B16F1 cells

were transferred to Ham´s F12 medium containing 10 % FCS (PAA).

B16F1 cells were replated on laminin or fibronectin coated coverslips 4-6 hours prior to

analysis. Cover slips were coated for 1 h with laminin (25 µg/ml) in laminin coating

buffer and rinsed with PBS immediately before plating of cells. Fibronectin coated

coverslips were produced similarly, with the exception that a fibronectin was used in

concentration of 50 µg/ml and PBS was used as a coating buffer.

Laminin coating buffer:

50 mM Tris, pH 7.5

150 mM NaCl
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3.10.3  Cell transfections

For immunofluorescence microscopy Swiss3T3, NRK and HtTA-1 HeLa cells were

plated on sterile cover slips and transfected with Fugene reagent. The Fugene reagent

was first dissolved in DMEM and after 5 min. the solution was added dropwise to the

plasmid DNA. This transfection mixture was incubated for 15 min. at RT before adding

to the cells. Typical amounts used for four Ø 15 mm dishes were 96 µl DMEM, 3 µl

Fugene reagent and 1 µg DNA (1 µl). B16F1 cells were cultured on Ø 30 mm dishes

and transfected by using Superfect reagent. A typical transfection mixture contained

300 µl DMEM, 6 µl Superfect and 1 µg plasmid DNA. This transfection mixture was

incubated for 15 min. at RT before mixing with 1,5 ml culture medium and adding it to

the cells. The cells were incubated 4-14 hours with the transfection mixture before

washing the cells.

3.10.4  Pharmacological treatments

Pharmacological agents used as activators or inhibitors were:

Drug:                               Using concentration                                    Reference

AlF4
- 50 µM AlCl3 and 30 mM NaF Merck

Bradykinin 1 µM Sigma

EGF 0,2 ng/ml Sigma

H2O2  1 mM Merck

LPA 1 µM Sigma

ML7 150 µM Sigma

PDGF-BB 5 ng/ml Sigma

vanadate (Na3VO4 )* 1 mM Sigma

wortmannin 100 (-1000) nM Sigma

Y-27632 100 µM Mitsubishi Pharma

*Na3VO4  was prepared according to the recommendations of the manufacturer

(Sigma). Briefly, the pH of a 100 mM vanadate stock solution was adjusted to 10, and
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to ensure the presence of monomers, the solution was boiled until translucent and the

pH readjusted to 10.

All drugs were diluted from stock solutions into complete growth medium and then

added to the cells by replacing the growth medium.

3.10.5  Immunostaining

Cells were fixed and extracted in either of five different ways.

Protocol A

This fixation procedure was used as a standard protocol. Cells were fixed in 4 %

paraformaldehyde (PFA) for 30 min. Free aldehyde groups were blocked with 0.1 M

glycine and then cells were permeabilized in 0.05 % Saponin for 20 min. Unspecific

binding sites were blocked with 5 % NGS (Normal Goat Serum). All reagents were

buffered with PBS.

Protocol B

To remove cytosolic proteins, cells were treated with 0,1 % Triton-X-100 in the

presence of 4 % PFA for 3 minutes followed by 4% PFA for 30 min.. Cells were then

processed as in protocol A, but without permeabilization.

Protocol C

In this protocol cells were permeabilized after fixation with Triton-X-100 instead of

Saponin. Cells were fixed in 3 % paraformaldehyde for 20 min. Excess of PFA was

washed away with PBS and free aldehyde groups were blocked with 50 mM NH4Cl for

10 min.. Cells were again rinsed with PBS and permeabilized in 0.2 % Triton X-100 for

5 min. followed by several rinses with PBS and blocking of unspecific binding sites

with 0,2 % Gelatin. All reagents were buffered with PBS.

Protocol D

To achieve better actin cytoskeleton preservation, cells were sometimes fixed with

glutaraldehyde. The cells were first extracted with 0.25 % Triton X-100 in the presence

of 0.5 % glutaraldehyde for 1 min. and then fixed further with 1 % glutaraldehyde for
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15 min. Free aldehyde groups were blocked with 0.5 mg/ml boric acid and unspecific

binding sites with 5 % NGS in PBS. Triton X-100, glutaraldehyde and boric acid were

buffered with CB-buffer.

CB-buffer:

10 mM MES, pH 6.1

150 mM NaCl

5 mM EGTA

5 mM glucose

5 mM MgCl2

Protocol E

The disadvantages of using glutaraldehyde as a fixative are its high auto-fluorescence

especially in the nuclear area and that it damages the fluorescence of GFP. Therefore, it

is sometimes worthwhile to use a mixture of glutaraldehyde and PFA. This Protocol E

preserves the actin cytoskeleton better than PFA alone but it does not destroy the GFP-

fluorescence. The cells were first incubated with 3 % PFA in the presence of 0,2 %

glutaraldehyde and 0,1 % Triton X-100 for 15 min. Extraction with Triton X-100 in this

phase removes the free cytosolic proteins. Cells were rinsed with CB buffer (above) and

free aldehyde groups were blocked with 0.5 mg/ml boric acid and unspecific binding

sites with 5 % NGS in PBS.

Antibody stainings

Cells were washed with PBS and incubated with primary antibodies or phalloidin

coupled to FITC, rhodamine or Alexa-594 for 1 h. Cells were washed three times with

PBS and incubated with secondary antibodies coupled to FITC, rhodamine or AMCA

for 1 h, washed again three times with PBS and mounted with Mowiol (pH 9.0, contains

DABCO to reduce the bleaching of FITC) and stored at + 4 °C in the dark.

3.10.6  Fluorescence and video microscopy

The cells were analyzed with a Zeiss Axiophot fluorescence microscope, using 63x or

100x objectives. Images were acquired with a dual mode cooled charged-coupled-
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device (CCD) camera C 4880 controlled by High Performance Image Control (Hipic)

software. Images were imported and processed in Adobe Photoshop 5.5.

Video microscopy of B16F1 cells was performed in the laboratory of Victor Small

(Institute of Molecular Biology, Austrian Academy of Sciences, Salzburg, Austria).

B16F1 cells were mounted in an open heating chamber at 37 °C on an inverted

microscope (Axiovert S100TV; Zeiss) equipped for epifluorescence and phase-contrast

microscopy, using a 40x or 100x objective. Data were acquired with a back-illuminated,

cooled CCD camera driven by IPLab software and with computer controlled shutters in

the transmitted and epifluorescence light paths to minimize radiation damage to cells.

3.10.7  Forced polarity experiment

Unpolarized REF52 cells can be forced to polarize by treating them with myosin-light

chain inhibitor ML7 at one end of the cell. ML7 causes the release of focal contacts

leading to a retraction of the treated cell end. Retraction of one end leads to protrusion

of the other end, resulting in a polarized and crawling cell. The cells were handled as

described above for videomicroscopy and ML7 was squirted with a micro- needle over

the edge of a cell.


