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4  RESULTS

4.1  SWAP-70 is widely expressed

SWAP-70 has been reported to be a B-cell specific protein (Borggrefe et al., 1998 and

1999; Masat et al., 2000a). However, Ishikawa et al. (1998) had reported the cloning of

SWAP-70 (KIAA0640) from a human brain cDNA library. Furthermore, RT-PCR

experiments had detected SWAP-70 mRNA expression in all of the ten different tissues

analyzed (Ishikawa et al., 1998). In addition, our SWAP-70 cDNA was derived from a

WI-38 lung fibroblast cDNA library. To assess the expression of SWAP-70 protein in

various rat tissues and cell lines, we raised polyclonal antibodies specific for SWAP-70.

Affinity purified antibodies, GK1 and GK2, recognized on immunoblots a single protein

band of the expected molecular mass of 70 kD (Fig. 16A). SWAP-70 was detected in

every tissue tested, being most abundant in spleen and fairly abundant in kidney, lung

and liver. SWAP-70 was also expressed in human monocytes and macrophages, the

human cell lines WI-38, HeLa, HtTA-1 HeLa and HMEC-1, in the mouse cell lines

Swiss3T3, NIH3T3, and B16F1, in the rat cell line NRK and in MDCKC7 cells from

Madin-Darby canine and in endothelial EAhy cells (Fig. 16A-C). Northern blot analysis

revealed a similar tissue distribution of mRNA expression (Fig. 17).
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Figure 16.  SWAP-70 is
widely expressed. Equal
amounts of protein from
different tissues and cell
homogena tes  were
immunoblotted with the
affinity purified SWAP-
70 antibodies GK2 and
GK1 (A) or with GK2
only (B,C). Tissues and
cells are indicated above
each lane. Molecular
mass standards in
kilodaltons are shown in
the middle (A) or on the
left (B,C).

Figure 17. Expression pattern of SWAP-70 mRNA.
Northern blots (Clontech) with equal amounts of mRNA
from different adult rat tissues were hybridized with a
fragment of human SWAP-70 cDNA. The size standards are
indicated on the right in kilobases. Probed tissues were heart
(1), brain (2), spleen (3), lung (4), liver (5), skeletal muscle
(6), kidney (7) and testis (8). This figure was provided by
Georg Kalhammer.

4.2  SWAP-70 associates with actin filament arrays generated behind

actively protruding lamellipodia that lack myosin II

In B16F1 mouse melanoma cells, SWAP-70 exhibited in many cells a diffuse

localization. However, in cells with circular membrane ruffles (actin clouds: Ballestrem
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et al., 1998), SWAP-70 was localized specifically on filaments immediately adjacent to

the actin clouds (Fig. 18). Using glutaraldehyde to preserve actin filaments and double

labeling with phalloidin, it could be demonstrated that SWAP-70 colocalized with very

fine, loose actin filament arrays (Fig. 18C-F) that were easily overlooked against the

more prominent actin networks of lamellipodia and stress fibre bundles. Therefore

SWAP- 70 highlighted a subset of actin filament arrays that were not assembled into

distinct filament bundles.

Figure 18. Endogenous SWAP-70 associates with a subset of loose actin filament arrays. B16F1 cells
were plated on 25 µg/ml laminin for 5 h before paraformaldehyde (protocol A) (A, B) or glutaraldehyde
(protocol D) (C, D) fixation and double labeling with SWAP-70 antibody GK2 (A, C) and phalloidin (B,
D). Areas boxed in C and D are shown at higher magnification in E and F, respectively. Arrows in E and
F show the colocalization of SWAP-70 (E) with fine actin filament bundles (F). Bars: A-D, 10 µm; E and
F, 100 nm.
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To investigate the SWAP-70 localization in live cells, we expressed a fusion protein of

SWAP-70 with green fluorescent protein (GFP) at its N- or C-terminus. Both constructs

localized in the same way as endogenous SWAP-70, when expressed at low levels (Fig.

19A) and exhibited the expected molecular weight when probed by immunoblotting

with antibodies directed against SWAP-70 or GFP (Fig. 19B,C; only data from the N-

terminal fusion are shown).

Figure 19. GFP-SWAP-70.
(A) 30 h after transfection with
GFP-SWAP-70, B16F1 cells
were replated on laminin
coated coverslips and after an
additional 5 hours fixed with
paraformaldehyde (protocol A)
and stained with Alexa 594-
phalloidin. Bars, 10 µm. (B, C)
B16F1 cells were transfected
with GFP- (lanes 1,3) or GFP-
SWAP-70- (lanes 2,4) plasmids
for 30 h and then analyzed by
wes te rn  b lo t t ing  wi th
polyclonal affinity purified
SWAP-70 antibody GK2 (B) or
monoclonal GFP antibody (α-
GFP2) (C). Equal amounts of
protein (B: 10µg; C: 40 µ g)
from cell homogenates were
loaded. The *a-c indicates the
size of the different proteins: a
(~100 kD): GFP-SWAP-70; b
(70 kD): endogenous SWAP-
70; and c (~30 kD): GFP.

In resting, non-motile cells, GFP-SWAP-70 was distributed diffusely. However, when

cells started to extend lamellipodia, GFP-SWAP-70 became concentrated in fine, loose

actin filament arrays located in the lamellae regions (Fig. 20A, video 1). The GFP-

SWAP-70 labeled filaments followed the direction of extension, but did not extend into

lamellipodia (Fig. 20B, video 2). In cells switching from protrusion to retraction of

lamellipodia, GFP-SWAP-70 became frequently localized to the cell edge, whereby the

filamentous localization was gradually lost (Fig. 20C, video 3). In summary, the

filamentous GFP-SWAP-70 localization was strictly coupled to lamellipodia extension

and as such was highly dynamic.
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Figure 20. SWAP-70
localizes to loose actin
filament arrays located
behind actively extending
lamellipodia. B16F1 cells
were transfected with
GFP-SWAP-70, replated
on laminin  coated
coverslips and images
were acquired 1 h (A) or 4
h (B,C) after replating.

Corresponding
fluorescence and phase
contrast images are
shown. (A) Spreading cell.
T h e  l a m e l l i p o d i u m
protrudes, achieves its
maximal size at the 600 s
time point and then
collapses. (B) Slowly
migrating cell, which is
changing the direction of
migration. (C) Ruffling
cell  with SWAP-70
localizing to the cell edge
of retracting area. Bars, 10
µm.
Corresponding videos 1,2
and 3 are included on
Thesis-CD.
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Figure 21. SWAP-70 does not localize on myosin II containing actin fibers. B16F1 cells were transfected
with GFP-SWAP-70 and fixed by protocol F (A-C) or protocol A (D-R). Cells were labeled for myosin II
(B) by non-muscle myosin antibody BT-561, for tropomyosin (E) by tropomyosin antibody TM311, for
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α-tubulin (H) by tubulin antibody, for vimentin (K) by vimentin antibody, for α-actinin (N) by α-actinin
antbody BM-75.2 and for vinculin (Q) by vinculin antibody hVin1. Bar, 10 µm.

Significantly, the SWAP-70 stained filament arrays were found to lack non-muscle

myosin II (Fig. 21A-C). These filaments were neither colocalizing with tropomyosin

(Fig. 21D-F), microtubules (Fig. 21G-I), vimentin (Fig. 21J-L), α-actinin (Fig. 21M-O)

or vinculin (Fig. 21P-R).

In addition to filamentous staining, bright SWAP-70 staining was also observed in

association with macropinocytosis. SWAP-70 was highly concentrated on

macropinocytotic vesicles just as they budded from the plasma membrane (small

pictures 4 and 5 in Fig. 22, video 4). This association was only transient and

disappeared rapidly as the vesicles moved towards the cell center (small pictures 6-8 in

Fig. 22, video 4).

Figure 22. Bright SWAP-70 staining is
observed in association with macropinocytosis.
B16F1 cells were transfected with GFP-SWAP-
70, replated on laminin coated coverslips and
images were acquired 4 h after replating.
Corresponding fluorescence and phase contrast
images are shown. Area boxed in whole cell
figure is shown at higher magnification in a
time series of frames taken at 20 s time
intervals. The whole cell figure corresponds to
small figure 5. Bar in big figure, 10 µm; in
small figure 5 µm. Corresponding video 4 is
included on Thesis-CD.
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4.3 Aluminum fluoride and vanadate induce lamellipodial extension

and SWAP-70 recruitment to loose actin filament arrays

To test whether activation of signal transduction leads to an increased number of cells

with filamentous SWAP-70 localization, I treated cells with AlF4
-, an activator of

trimeric G proteins (Sternweis and Gilman, 1982; Chabre, 1990), or with vanadate, an

inhibitor of protein-tyrosine phosphatases (Swarup et al., 1982). Treatment of cells with

AlF4
- induced a significant increase in number of cells with motile and extending

lamellipodia. These lamellipodia exhibited a smooth front edge almost devoid of

filopodia (Fig. 23B and 24A, video 5). Concomitantly, AlF4
- also caused a significant

increase in number of cells with filamentous SWAP-70 localization from 16,4% in

control cells to 60,8% in cells treated with AlF4
- (Fig. 23G). The actin filament arrays

labeled with endogenous SWAP-70 were observed along the entire width of the

lamellae behind the motile lamellipodia. The filament arrays were often oriented in the

direction of protrusion covering a length of about 10 µm. Videomicroscopy of cells

expressing GFP-SWAP-70 demonstrated persistent lamellipodia extension and a

constant flow of GFP-SWAP-70 labeled fine actin filament arrays towards the cell

center after AlF4
- treatment (Fig. 24A, video 5). The front of the fine actin arrays

labeled by GFP-SWAP-70 followed the extending lamellipodia with the same speed

(video 6).

Addition of vanadate to B16F1 cells increased the number of cells that contained the

rosettes of dynamic actin “spots”, referred to here as actin clouds, from 10,5 % to 30,9%

(Fig. 23D,G). Within the regions limited by actin clouds, fine actin filament arrays

prominently labeled by SWAP-70 were always observed. The increase in number of

cells with actin clouds upon vanadate treatment was paralleled by the increase in cells

exhibiting filamentous SWAP-70 localization (Fig. 23G). Videomicroscopy of vanadate

treated cells confirmed that the actin clouds were highly dynamic structures (Fig. 24B,

video 7).

4.3.1  A specific inhibitor of PI 3-kinase inhibits cell extension and abolishes

detection of the loose actin filament arrays
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PI 3-kinase activity has been implicated in cell motility. Both AlF4
- and vanadate are

likely to increase PI 3-kinase activity in B16F1 cells. To test for a possible involvement

of PI 3-kinase activity in cell protrusion and SWAP-70 recruitment, we treated the cells

with wortmannin, a specific inhibitor of PI 3-kinase (Arcaro and Wymann, 1993;

Thelen et al., 1994). Application of wortmannin to cells abolished filamentous SWAP-

70 localization completely (Fig. 23G).  The subsequent stimulation of cells with either

AlF4
- or vanadate was not able to overcome the loss of filamentous SWAP-70

localization induced by wortmannin (Fig. 23E-G), indicating that these agents increase

filamentous SWAP-70 localization by increasing PI 3-kinase activity. Wortmannin also

caused a stop of lamellipodial extension and a loss of actin clouds (Fig. 24C, video 8,

Fig. 23G), so PI 3-kinase activity might be needed for filamentous SWAP-70

localization by promoting cell motility and/or for production of 3-phosphoinositides

serving as ligands for the SWAP-70 PH-domain.

4.3.2  PDGF does not induce SWAP-70 recruitment to actin filament arrays

The behavior of SWAP-70 upon stimulation of cells with the growth factor PDGF

(platelet-derived growth factor), which has been reported to activate Rac via elevated

levels of PI(3,4,5)P3 (Hawkins et al., 1995), was examined. PDGF induced enhanced

ruffling on the lamellipodia, but no translocation of SWAP-70 was observed by

videomicroscopy (Fig. 25). Treatment of the same cells with AlF4
- after PDGF

treatment caused an immediate recruitment of SWAP-70 to the actin filament arrays.

(Fig. 25- 10,5 min. AlF). After changing the PDGF to AlF4
-, cells adopted a typical

AlF4
--phenotype with very smooth lamellipodia and they migrated persistently. That

PDGF did not have an effect on SWAP-70 localization in cells was confirmed by

counting the fixed cells with a filamentous staining (Fig. 26). Neither epidermal growth

factor nor bradykinin and LPA (lysophosphatidic acid), which activate cdc42 and Rho,

respectively (Nobes and Hall, 1995; Kozma et al., 1995; Ridley and Hall, 1992),

affected SWAP-70 localization. The analysis was mainly performed to investigate the

signaling pathways affected by AlF4
- and therefore, sub-optimal conditions for these

agents were used. From all factors tested in this experiment, only AlF4
- caused an

enhanced location of SWAP-70 to actin filament arrays (Fig. 26).
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Figure 23. Treatment of cells with AlF4
- or

vanadate enhances the localization of
SWAP-70 with loose actin filament arrays
and treatment with wortmannin abolishes
it. (A-F) B16F1 cells were either treated
with AlF4

- for 20 min. (A, B),  vanadate for
15 min. (C, D) or wortmannin for 30 min.
followed by AlF4

- for 20 min. (E, F). Cells
were fixed with paraformaldehyde
(A,B,E,F) or glutaraldehyde (C,D) and
stained with SWAP-70 antibody GK2
(A,C,E) and phalloidin (B,D,F). Bars, 10
µm. (G) Quantitative analysis of cells with
filamentous SWAP-70 localization or with
actin clouds after various treatments. M:
fresh medium 15-20 min.; WM:
wortmannin 30 min + fresh medium 15-20
min.; A: AlF4

- 20 min.; WA: wortmannin
30 min. + AlF4

- 20 min.; V: vanadate 15
min.; WV: wortmannin 30 min. + vanadate
15 min.. Cells were fixed with
paraformaldehyde and stained with SWAP-
70 antibody GK2 and phalloidin. Data
represent the mean of three independent
experiments. At least 300 cells were
counted per experiment and treatment. Bars
on gray background labeled in italics
represent the proportion of cells with actin
clouds after the indicated treatments. In
three independent experiments, between
200 and 300 cells for each treatment were
counted.



RESULTS 63

Figure 24. AlF4
- and vanadate

treatments translocate SWAP-
70 to loose actin filament
arrays and wortmannin
abol ishes  the  f i lament
association of SWAP-70.
B16F1 cells were transfected
with GFP-SWAP-70, replated
on laminin coated coverslips
and images were acquired 4 h
after replating. Corresponding
fluorescence and phase contrast
i m a g e s  a r e  s h o w n .
Pharmacological agents were
added during the video taping
in fresh growth medium (here
shown as time point 0 s). (A)
AlF4

- treated cell, (B) vanadate
treated cell and (C) AlF4

- and
wortmannin (0 s) treated cell.
Bars, 10 µm. Corresponding
videos 5, 7 and 8 are included
on Thesis-CD.
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Figure 25. PDGF does not induce the translocation of SWAP-70 to loose actin filament arrays. B16F1
cells were transfected with GFP-SWAP-70, replated on laminin coated coverslips and images were
acquired 4 h after replating. Corresponding fluorescence and phase contrast images are shown. PDGF was
added during the video taping in fresh growth medium (here shown as time point 0 s) and AlF4

- was
added 10,5 minutes later (0 s AlF). Bars, 10 µm. The corresponding videos 9A and B are included on
Thesis-CD.
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Figure 26. Quantitative analysis
of cells with filamentous SWAP-
70 localization after various
treatments. Med: fresh medium,
AlF: AlF4

-, PDGF: 5 ng/ml
PDGF, EGF: 0,2 ng/ml EGF,
Brad: 1 µM Bradykinin, LPA: 1
µM LPA. The cells were
incubated for 20 min. with each
agent. Cells were fixed with
paraformaldehyde and stained
with SWAP-70 antibody GK2.
Data represent the mean of two
independent experiments. At
least 300 cells were counted per
experiment and treatment.

4.4  The PH domain of SWAP-70 binds phosphoinositides

4.4.1  A comparison of the SWAP-70 PH domain with other PH domains

Alignment of the SWAP-70 PH domain sequence with other PH domain sequences

reveals that SWAP-70 contains a series of amino acids in the β1- and β2-strands which

are conserved among PI(3,4,5)P3 or PI(3,4)P2 binding PH domains (Isakoff  et al., 1998,

see Fig. 13) with the exception of the first conserved arginine/lysine in the β2-strand,

which corresponds to threonine in SWAP-70. However, this residue is known to be

involved in binding to phosphate-1 and should not affect binding specificity (Isakoff et

al., 1998; Ferguson et al., 2000). According to Ferguson et al. (2000), it can be

predicted that the SWAP-70 PH domain will preferentially bind to PI(3,4)P2 as

compared to PI(3,4,5)P3, because its loop between the β1- and β2-strands is short and it

has no other extra loops to support binding of D-5 phosphate.

consensus:[MLVIFY]X K X  [GASP]X*[KR]*X   X[RK]X R X[FL]

SWAP-70   M      M K K   G    H  RRK N   W T  E R W F

In further support of this notion, a comparison of the SWAP-70 β1-β2-loop sequence

with the corresponding sequences of TAPP1 and DAPP1 reveals that SWAP-70 has a

bulky histidine residue at the site of the D-5 phosphate binding pocket (underlined
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residue in alignment below). DAPP1 which binds equally well to PI(3,4)P2 and

PI(3,4,5)P3 has in that position a small glycine, whereas TAPP1 which binds

specifically only to PI(3,4)P2 has a larger alanine residue. Mutations of this residue have

been shown to alter the binding specificities of these two PH domains (Thomas et al.,

2001, see Fig. 15). The histidine residue found in SWAP-70 is even bigger than the

alanine in TAPP1 suggesting that SWAP-70 will bind specifically PI(3,4)P2.

     β1   loop  β2

DAPP1 171 LTKQ GGLVKT WKTRWF

TAPP1 198 CVKQ GAVMKN WKRRYE

SWAP-70 217 MMKK GHRRKN WTERWF

4.4.2 The PH domain of SWAP-70 binds phosphoinositides in vitro

In vitro phospholipid binding studies were performed with purified glutathione S-

transferase (GST) -SWAP-70 and GST-PH fusion proteins (Fig. 27). PIP-strips

containing equal amounts of different phospholipids immobilized on nitrocellulose were

incubated with the fusion proteins. Both fusion proteins bound specifically to a number

of phosphorylated phosphoinositides, namely phosphatidylinositol (3)-phosphate,

phosphatidylinositol (4)-phosphate, phosphatidylinositol (5)-phosphate,

phosphatidylinositol (3,4)-bisphosphate, phosphatidylinositol(3,5)-bisphosphate, and

phosphatidylinositol(4,5)-bisphosphate. Only very weak binding was observed to

PI(3,4,5)P3 and no binding was observed to phosphatidylinositol,

phosphatidylethanolamine, phosphatidylcholine and phosphatidylserine. Interestingly,

the fusion proteins also interacted with phosphatidic acid. Control experiments with

GST alone detected no binding (data not shown).

4.4.3  Mutations in the PH domain alter the binding pattern of SWAP-70

To modify or delete the phosphoinositide binding, we constructed two PH domain

mutants. Based on previous studies with PH domains, we speculated that R230 might be

important for binding to the 3-phosphate. Therefore, we mutated this residue to a

cysteine as in a mutant of Btk that causes agammaglobulinemia (de Weers et al., 1994).
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Introduction of this mutation caused a specific reduction of the binding of GST-SWAP-

70 and GST-PH to PI(3,4)P2 (Fig. 27). To abolish the binding of the SWAP-70 PH

domain to phosphoinositides, we mutated the two positively charged arginine residues

223 and 224 in the β1 -β2-loop to negatively charged glutamic acid residues. As

predicted, the introduction of these two point mutations abolished phosphoinositide and

also phosphatidic acid binding (Fig. 27).

Figure 27. The PH domain of SWAP-70 binds phosphoinositides in vitro. GST-SWAP-70 constructs
were expressed in E. coli and purified. The PIP-strips were incubated with different fusion proteins
indicated on top of each PIP-strip at concentrations of 0,5 µg/ml (SWAP-wt, SWAP-R/C, SWAP-RR/EE
and PH-RR/EE) or 0,01 µg/ml (PH-wt and PH-R/C). Bound fusion proteins were detected by indirect
immunostaining. The GST-SWAP-70 fusion proteins were detected by GK2 antibody and the GST-PH
fusion proteins with GST antibody. The phospholipids (100 pmol) spotted on PIP-strips were:
phosphatidylinositol (PtdIns), phosphatidylcholine (PC), inositol(1,3,4,5)-tetraphosphate (I(1,3,4,5)P4),
phosphatidylinositol(3,5)-bisphosphate (PI(3,5)P2), phosphatidylinositol (3)-phosphate (PI(3)P),
phosphatidic acid (PA), phosphatidylinositol (4)-phosphate (PI(4)P), phosphatidylinositol(4,5)-
bisphosphate (PI(4,5)P2), phosphatidylinositol (5)-phosphate (PI(5)P), phosphatidylserine (PS),
phosphatidylethanolamine (PE), phosphatidylinositol(3,4,5)-trisphosphate (PI(3,4,5)P3), and
phosphatidylinositol(3,4)-bisphosphate (PI(3,4)P2).

4.5  The PH-domain is necessary for localization of SWAP-70 to the

loose actin filament arrays

Next we investigated how the altered phospholipid binding by the mutant PH domains

affected the cellular localization of SWAP-70. The mutated residues are highlighted in

figure 28B. Both constructs (GFP-SWAP-70-RR/EE and GFP-SWAP-70-R/C)



RESULTS68

exhibited the expected molecular weight when probed by immunoblotting with

antibodies directed against GFP (Fig. 28C).

Figure 28. GFP-SWAP-70-constructs.
(A) Schematic representation of SWAP-
70 GFP-fusion proteins. (B) Residues
conserved in PH domains binding to
PI(3,4)P2 and PI(3,4,5)P3 (Isakoff et al.,
1998) are aligned to the SWAP-70
sequence. Mutated residues in constructs
R230C (R/C) and RR223,224EE
(RR/EE) are indicated in bold. (C)
B16F1 cells were transfected with
different GFP-SWAP-70-constructs for
30 h and then analyzed by western
blotting with monoclonal GFP antibody
(α-GFP2). Equal amounts of protein (40
µg) from cell homogenates were loaded.
Cells were transfected with the following
constructs: lane 1: pEGFP-C1; lane 2:
GFP-SWAP-70; lane 3: GFP-SWAP-
R230C; lane 4:  GFP-SWAP-
RR223,224EE; lane 5: GFP-SWAP(205-
585); lane 6: GFP-SWAP(1-313) and
lane 7: PH(205-313)-GFP. The *a-e
indicates the size of the different
constructs: a (~100 kD): GFP-SWAP-70;
b (~75 kD): GFP-SWAP(205-585); c
(~67 kD): GFP-SWAP(1-313); d (~43
kD): PH(205-313)-GFP and e (~30 kD):
GFP.

GFP-SWAP-70-RR/EE no longer localized to the fine, loose actin filament arrays

demonstrating that phospholipid binding to the PH domain is necessary for the specific

subcellular localization of SWAP-70 (Fig. 29A). Occasionally GFP-SWAP-70-RR/EE

exhibited a faint colocalization with the phalloidin staining. Introduction of the PH

domain R/C mutation into GFP-SWAP-70 appeared to reduce the SWAP-70 actin

filament association (Fig. 29C-F), which was confirmed by counting the cells having

filamentous SWAP-70 (Fig. 29I). To compare the localization of wild type SWAP-70

and SWAP-70-R/C directly in the same cells, cells were co-transfected with CFP-

SWAP-70 and YFP-SWAP-70-R/C. As shown in figure 29 G and H, YFP-SWAP-70-



RESULTS 69

R/C exhibited an equal intensity of cytoplasmic staining to CFP-SWAP-70, but a much

fainter labeling of the fine actin filament arrays. This result suggests that PI(3,4)P2

could be the physiological ligand of the SWAP-70 PH-domain, because the R/C

mutation specifically reduced the binding to this phosphoinositide in vitro.

Furthermore, the SWAP-70 localization was abolished by inhibition of PI 3-kinase that

is needed for PI(3,4)P2 production.

Figure 29. The PH-domain is necessary for proper localization of SWAP-70 to loose actin filament
arrays. B16F1 cells were transfected with GFP-SWAP-RR/EE (A, B), GFP-SWAP-70 (C,D), GFP-
SWAP-R/C (E,F) or co-transfected with CFP-SWAP-70 (G) and YFP-SWAP-R/C (H). All cells were
fixed with protocol A and GFP-SWAP-fusion proteins transfected cells were stained with Alexa 594-
phalloidin (B,D,F). The cell shown in G and H was treated with AlF4

- for 20 min. before fixation.
Fluorescence images of representative cells are shown. Bars, 10 µm.. (I) Quantitative analysis of cells
with filamentous SWAP-70 localization after various treatments. Medium: fresh medium 20 min.; AlF:
AlF4

- 20 min.; Vanadate: vanadate 15 min.. Cells were fixed with protocol A. At least 200 cells were
counted per treatment.

4.6  PI(3,4)P2 is an in vivo ligand of the SWAP-70 PH-domain

Levels of PI(3,4)P2 can be elevated in cells by various agonists. Oxidative stress

induced by H2O2 leads to a large and sustained elevation of PI(3,4)P2 in numerous cell
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lines, including Swiss3T3 (Van der Kaay et al., 1999). GFP-SWAP-70 localization

changed from mostly cytoplasmic to being associated with the plasma membrane and

fine actin filament arrays upon stimulation of Swiss3T3 cells with 1 mM H2O2 (Fig. 30

A,B). A quantitative translocation of GFP-SWAP-70 from the cytosol to the plasma

membrane and to fine actin filament arrays was also observed in B16F1 cells stimulated

with H2O2 (Fig. 30 C-F, video 10). The staining of fine actin filament arrays was no

longer restricted to lamellae behind extending lamellipodia and to the vicinity of

dynamic actin clouds, but was observed throughout the cells. The elevation of PI(3,4)P2

induced by oxidative stress also caused a redistribution of the SWAP-70 PH-domain

(PH-GFP) from the cytosol to the plasma membrane (Fig. 30 G-J, video 11). However,

no fine actin filament arrays were stained by the isolated PH-domain indicating that it is

not sufficient for proper localization of SWAP-70. The GFP-SWAP-70-R/C mutant that

exhibits a compromised in vitro binding to the PI(3,4)P2 demonstrated an impaired

translocation to the plasma membrane and to the fine actin filament arrays when cells

were stimulated by H2O2 (Fig. 30 K,L). The stimulated PI(3,4)P2 production is blocked

by inhibition of PI 3-kinase activity and so was the translocation of SWAP-70.

Inactivation of PI 3-kinase by wortmannin before H2O2 stimulation of the cells

abolished the translocation of GFP-SWAP-70 to the plasma membrane and the fine

actin filament arrays. However, to obtain a complete inhibition of SWAP-70

translocation, wortmannin concentrations were needed that are sufficient to inhibit also

the less sensitive class II PI 3-kinase members (Virbasius et al., 1996) (Fig. 30M). In

conclusion, elevation of PI(3,4)P2 levels are sufficient to induce SWAP-70 plasma

membrane and fine actin filament localization. The PH domain of SWAP-70 is

necessary, but not sufficient for proper SWAP-70 localization.
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Figure 30. Oxidative stress induces the translocation of SWAP-70 from the cytosol to the plasma
membrane and fine actin filament bundles that is inhibited by wortmannin. (A,B) Swiss3T3 cells were
transfected with GFP-SWAP-70 and treated either with fresh medium alone (A, -ox) or fresh medium
supplemented with 1 mM H2O2 (B, +ox) for 6 min. before fixation with protocol A. (C-L) B16F1 cells
were transfected with GFP-SWAP-70 (C-F), PH-GFP (G-J) or cotransfected with CFP-SWAP-70 and
YFP-SWAP-70-R/C (K,L). Cells in C-J were monitored before (-ox) and after the addition of 1 mM H2O2

(+ox) by fluorescence and phase contrast video microscopy. 1 mM H2O2 was added at time point 0 s. (K,
L) Cells cotransfected with CFP-SWAP-70 (K) and YFP-SWAP-70-R/C (L) were incubated with 1 mM
H2O2 for 6 min. before fixation (protocol A) and viewed by double fluorescence microscopy. Bars, 10
µm. (M) Quantitative analysis of inhibition by different wortmannin concentrations of the oxidative stress
induced GFP-SWAP-70 translocation. B16F1 cells transfected with GFP-SWAP-70 were pretreated with
different wortmannin concentrations before oxidative stress treatment (1 mM H2O2 in full-medium for 6
min.). Cells were fixed and the proportion of cells lacking cytosolic GFP-SWAP-70 was determined.
Values represent the mean of at least 200 cells analyzed in each of three independent experiments.
Corresponding videos 10 and 11 are included on Thesis-CD.
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4.7  The C-terminal region of SWAP-70 contains actin filament

targeting information

To identify the region of SWAP-70 that associates with actin filament arrays, we

truncated SWAP-70 after the PH domain and expressed it as GFP-SWAP(1-313) fusion

protein. GFP-SWAP(1-313) failed to associate with actin filaments and was diffusely

distributed (Fig. 29 A,B).  Truncation of the N-terminal region yielded the GFP-

SWAP(205-585) fusion protein. In contrast to GFP-SWAP(1-313), this fusion protein

containing the PH domain and the C-terminal region localized to actin filaments (Fig.

31 C,D). This places the actin filament-binding region to the C-terminal region of

SWAP-70. Importantly, the GFP-SWAP(205-585) was not restricted to the subset of

loose actin filament arrays, but was located on actin filament bundles in general, with

the exception of those in focal contacts (see insets in Fig. 31 C,D). Therefore, the

specificity for binding to a subset of actin filaments must be controlled by the N-

terminal region. The very C-terminal region is involved in actin filament binding as

truncation of the last 60 amino acids compromised the targeting to loose actin filament

arrays (Fig. 31 E, F). This construct was still enriched in areas of the loose actin

filament arrays labeled by SWAP-70. However, in these areas it exhibited a diffuse or

spotty and only occasionally a filamentous localization. It also localized partly to the

plasma membrane. Schematic representations of SWAP(1-313) and SWAP(205-585)

GFP-fusion proteins are shown in figure 28 A. Both fusion proteins expressed in B16F1

cells exhibited the expected molecular weights (Fig. 28 C).
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Figure 31. Truncation of
both, the N-terminal region
or the C-terminal region of
SWAP-70 abolishes the
localization to the subset of
loose actin filament arrays.
B16F1 cells were transfected
with GFP-SWAP(1-313) (A,
B) or GFP-SWAP(205-585)
(C, D) and double stained
with Alexa 594-phalloidin
(B, D). The cell in C, D was
fixed in the presence of
Triton X-100 to improve
visibility of colocalization of
GFP-SWAP(205-585) with
F-actin. The arrows in C, D
point at the regions enlarged
in the insets. In the insets the
lack of GFP-SWAP(205-
585) in focal contacts is
shown. (E, F) B16F1 cells
were cotransfected with
CFP-SWAP-70 (E) and
YFP-SWAP(1-525) missing
the C-terminal 60 amino
acids (F). Cells were fixed
by protocol A and viewed in
the fluorescence microscope.
Bars, 10 µm. Figure E-F was
p r o v i d e d  b y  P i a
Oberbanscheidt.
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The association of several SWAP-70-constructs with cellular structures was also

analyzed by subcellular fractionation. In comparison to the other constructs, GFP-

SWAP(205-585) was abundant in the nuclear pellet, suggesting that it was associated

with insoluble compartments like the plasma membrane and the actin cytoskeleton (Fig.

32). A nuclear localization can be excluded by the immunofluoresence observations.

Figure 32. GFP-SWAP(205-585) is more
abundant in the nuclear pellet than GFP-SWAP-70
or GFP-SWAP(1-313). HtTa-1 HeLa cells were
transfected with GFP-SWAP-70 (wt), GFP-
SWAP(1-313) or GFP-SWAP(205-585) encoding
plasmids. Cells were lysed as described in methods
and fractionated into nuclear pellet and post-
nuclear supernatant. The post-nuclear supernatant
was fractionated further into high-speed pellet and
high-speed supernatant. Aliquots of each fraction
were analyzed by Western blot using anti-GFP
antibody α-GFP1. 1) cell homogenate; 2) nuclear

pellet; 3) post-nuclear supernatant; 4) high-speed pellet; 5) high-speed supernatant.

Interestingly, GFP-SWAP-70 or GFP-SWAP(205-585) overexpression induced a

relocalization of endogenous SWAP-70 to particular areas within the cells (Fig. 33 A-

H). In cells expressing very high levels of either of the two GFP-constructs, the

endogenous SWAP-70 exhibited a spotty staining suggestive of a vesicular localization

(Fig. 33 I-N). Neither the GFP-SWAP(1-313) nor GFP-PH(205-313) caused a

relocalization of endogenous SWAP-70 (data not shown). The introduction of the

mutations R230C or RR223,224EE to the GFP-SWAP-70 did not abolish the

relocalization of endogenous SWAP-70, showing that it was not PH-domain dependent

(Fig. 33 I-N). The relocalization was neither dependent on the GFP-tag nor a possible

interference of the GFP with the N-terminus because SWAP-70-HA overexpression

caused a the similar translocation of endogenous SWAP-70 (data not shown). The effect

was seen also in HtTa-1 HeLa cells (Fig. 33 L-N). These results suggest that

overexpression of the C-terminal region of SWAP-70 induces the relocalization of

endogenous SWAP-70 to particular areas.
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Figure 33. Overexpression of the C-terminal fragment of SWAP-70 induces the relocalization of the
endogenous SWAP-70 to particular areas and/or vesicles. (A-K) B16F1 cells were transfected with GFP-
SWAP(205-585) (A-D), GFP-SWAP-70 (E-H) or GFP-SWAP-70-RR/EE (I-K). The HtTa-1 Hela cells
were transfected with GFP-SWAP-70-R/C (L-N). All cells were fixed using protocol A. The endogenous
SWAP-70 was labeled by GK2 (B,F,J,L) and F-actin by Alexa 594-phalloidin (C,G).
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4.8  SWAP-70 exhibits filamentous staining not only in B16F1 cells

In most HtTa-1 HeLa cells, SWAP-70 was localized diffusely being slightly more

concentrated in the area of ruffles (Fig. 34). In some cells, the SWAP-70 antibody GK2

stained the area of the golgi-compartment (Fig. 35). This staining was especially

obvious when cells were permeabilized with Triton-X-100 instead of saponin. However,

another SWAP-70 antibody GK1 stained only weakly the golgi area (Fig. 35).

In a few HtTa-1 HeLa cells, SWAP-70 exhibited also a filamentous staining. To achieve

a better visualization of these filaments, HtTa-1 HeLa cells were transfected with GFP-

SWAP-70 and fixed with a mixture of glutaraldehyde and PFA. To remove the free

cytoplasmic protein, cells were extracted with Triton-X-100 during the fixation. In the

HtTa-1 HeLa cells processed on this way, SWAP-70 positive filaments were seen on

the dorsal side of the lamellae. As in B16F1 cells, the filaments did not extend into the

tip of the lamellipodia (Fig. 36).

A filamentous SWAP-70 staining was also observed in REF52 cells. In REF52 cells the

filament arrays labeled by SWAP-70 were generally shorter and the fluorescence was

fainter than in B16F1 cells (Figures 37 and 38). The SWAP-70 highlighted actin arrays

were concentrated in areas of intense ruffling and lamellipodial protrusion. The REF52

cells are generally non-motile and strongly attached to the substrate. These cells can be

forced to migrate by the local application of myosin light chain kinase inhibitor ML7,

which inhibits myosin light chain kinase and causes a release of focal contacts resulting

in retraction of the cell rear and protrusion on the opposite side of the cell. The REF52

cells transfected with GFP-SWAP-70 and treated with ML7, exhibited a polar

accumulation of SWAP-70 labeled actin arrays behind the leading edge (Fig. 37, video

12). The filament arrays were most prominent behind area of strong ruffling or

protrusion. Interestingly, SWAP-70 labeled actin arrays were noticed also in the middle

of the cell during strong forward translocation of the cell body (Fig. 37 540 s-810 s,

video 12). As in B16F1 and Swiss3T3 cells, treatment of REF52 cells with H2O2

induced SWAP-70 association with plasma membrane and fine actin filament arrays,

but excluding the stress fibres (Fig. 38). The other cells studied (NIH3T3, Swiss3T3 and

NRK), did not have any clear filamentous SWAP-70 staining as compared to the

staining observed in B16F1 or REF52 cells (data not shown).
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Figure 34. Endogenous SWAP-70 localizes diffusely in HtTa-1 HeLa cells and is enriched in ruffles.
HtTa-1 HeLa cells were plated on coverslips and fixed using protocol A. Cells were labeled with SWAP-
70 antibody GK2 (A) and phalloidin (B). The corresponding phase contrast image is shown in C. Bar, 10
µm.

Figure 35. Endogenous SWAP-70 localizes to the golgi area. HtTa-1 HeLa cells were plated on
coverslips and fixed either by protocol A (Saponin) or by protocol C (Triton). SWAP-70 was stained by
SWAP-70 antibodies GK1 (GK1) or GK2 (GK2). Bars, 10 µm.
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Figure 36. SWAP-70 localizes to filaments in
HtTa-1 HeLa cells. HtTa-1 HeLa cells were plated
on coverslips, transfected with GFP-SWAP-70 and
fixed using protocol B. F-actin was labeled by
Alexa-594 phalloidin. Images were acquired by a
Zeiss Axiophot fluorescence microscope. The
upper row (A-D) shows cells photographed by
focusing on the dorsal side of the cells, the lower
row (E-H) shows the same cells photographed in
focus. The filaments seen in figure A are shown at
higher magnification in I. (A, E, I) GFP-SWAP-70;
(B,F) phalloidin; (C,G) merge; (D,H) phase
contrast. Bars, 10 µm.

Figure 37. GFP-SWAP-70 associates with filament arrays generated behind ruffling edges in REF52
cells. REF52 cells were transfected with GFP-SWAP-70 and forced to migrate by local application of
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ML7 myosin light chain inhibitor using a micro-needle. The needle can be seen in the phase contrast
figures, squirting the inhibitor over the cell rear on the lower left hand side in the figure. Bar, 10 µm. The
areas of intense ruffling are marked by asterisks (*). Corresponding video 12 is included on Thesis-CD.

Figure 38. Oxidative stress induces the SWAP-70 association with the plasma membrane and fine actin
filament arrays in REF52 cells. REF52 cells were transfected with GFP-SWAP-70 and treated either with
fresh medium (A,B, -ox) or fresh medium supplemented with 1 mM H2O2 (C,D, +ox) for 10 min. before
fixation with protocol B. Bars, 10 µm.

4.9  Overexpression of SWAP-70 alters the actin organization in

lamellipodia

Since SWAP-70 localizes specifically to a subset of loose actin filament arrays behind

extending lamellipodia and to regions limited by dynamic actin clouds, overexpression

of SWAP-70 might disturb actin organization and cell motility. This is exactly what was

found. Overexpression of SWAP-70 in HtTa-1 HeLa cells altered the actin organization

and led to the loss of lamellipodia and the formation of highly refractile retraction fibre-

like extensions (Fig. 39A-C). The cells adopted a rounded or spindle shaped

morphology. Also in B16F1 cells overexpression of SWAP-70 altered the lamellipodial

morphology and actin organization (Fig. 39D-F). The lamellipodia were no longer
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nicely extended and had very irregular edges. These irregular edges were apparently

small circular ruffles. The actin filaments showed a similar irregular arrangement. The

severity of these effects was dependent on the SWAP-70 expression level. Cells with

very low expression levels used for the video microscopy exhibited no obvious

alterations. Stimulation of cells overexpressing SWAP-70 with aluminum fluoride was

able to overcome the SWAP-70 overexpression phenotype and rescued the lamellipodia.

A SWAP-70 overexpression phenotype was not so obvious in Swiss3T3 cells as in

HtTa-1 HeLa and B16F1 cells, but also in these cells, the overexpression caused

occasionally a loss of stress fibers and an increase in neurite-like extensions (Fig 39 G-

I). NRK cells expressed SWAP-70 only at low levels and this might be the reason why

in these cells no phenotype was observed (Fig. 39 J,K).

The changes in lamellipodial morphology depended on the correct targeting of SWAP-

70. Overexpression of the mutant SWAP-70-RR/EE, lacking phosphoinositide binding,

did not alter the lamellipodial morphology. Overexpression of the mutant SWAP-70-

R/C exhibiting a reduced targeting to specific subsets of actin filament arrays induced

less severe changes in lamellipodial morphology than wild type SWAP-70. These

results demonstrate that SWAP-70 can interfere in a phosphoinositide signaling-

dependent manner with cellular actin organization.

Neither the overexpression of the N-terminal nor the C-terminal construct caused this

phenotype. These results suggest that the overexpression phenotype requires the

complete protein and that one part of the protein, especially the PH-domain, is not

sufficient (Fig. 31 B, D).
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Figure 39. Overexpression of SWAP-70 alters the actin organization. (A-C) HtTa-1 HeLa cells were
transfected with GFP-SWAP-70, fixed with protocol D and double stained with SWAP-70 antibody GK2
(A) and Alexa 594-phalloidin (B). The corresponding phase contrast image is shown in C. (D-F) B16F1
cells were transfected with GFP-SWAP-70, fixed with protocol A and stained with Alexa594-phalloidin
(E). Swiss3T3 cells (G-I) or NRK cells (J-K) were transfected with GFP-SWAP-70, fixed with protocol
A and stained with Rhodamine-phalloidin (H,K). GFP-SWAP-70 fluorescence is shown in D, G and J and
the corresponding phase contrast images in F and in I. Bars, 10 µm.

4.10  SWAP-70 and rat myosin 9b interact weakly

To test the physiological significance of the two-hybrid interaction of SWAP-70 and

myosin 9b, SWAP-70 and myosin 9b were immunoprecipitated from cell lysates.
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Figure 40. SWAP-70 and
myosin 9b interact weakly.
(A) SWAP-70 and myosin
9 b  w e r e  i m m u n o -
precipitated from clarified
lysates of NRK (lanes 1, 3,
5) and HtTa-1 HeLa (lanes
2, 4, 6) cells with
antibodies against SWAP-
70 (GK1) (lanes 1-2),
myosin 9b (Tü55) (lanes 5-
6) or buffer (lanes 3-4).
Proteins bound to the
antibodies were pulled
down by Sepharose A
beads. Bound proteins were
eluted by boiling the beads
in Laemmli-buffer. The
eluates were analysed by
Western blot for the
presence of myosin 9b
(antibody FP3/F8) and
SWAP-70 (antibody GK2).
(B) GST-SWAP-70 and
GST prote ins  were
expressed in E. coli and
bound to glutathione-
Sepharose 4B. HtTa-1
HeLa cells were lysed in
IP-buffer, centrifuged and
the supernatant  was
incubated with the GST-
SWAP-70- or  GST-
sepharose beads. Bound
proteins were eluted by
glutathione. The samples
were analyzed by Western
blot using a myosin 9b
antibody FP3/F8 (upper
row) or by coomassie blue
staining of separated
proteins (below the myosin
9b row). Lanes represent
the following samples:
Lanes 1-4: eluates 1-4 from

GST-SWAP-70-sepharose
precipitation; Lanes 5-8:
eluates 1-4 from GST-
sepharose precipitation;
Lanes 9-10: supernatants

(flow through) from GST-SWAP-70 precipitation (9) and from GST precipitation (10); Lanes 11-12:
boiled beads after elution of protein bound to GST-SWAP-70 (11) and GST (12). (C) Specificity of GST-
SWAP-70 precipitations probed with antibodies against several different myosins. Each row was probed
with an antibody specific for a particular myosin, namely: myr 7, antibody Tü78; myosin 9b, antibody
FP3/F8; myr 4, antibody SA522; myr 1, antibody Tü 29 and myr 2, antibody Tü 49. The lanes represent
the following samples: Lanes 1, 4 and 7 show the lysates used for precipitation, lanes 2, 5 and 8 show
eluates from the GST-precipitations and lanes 3, 6 and 9 show the eluates from GST-SWAP-70
precipitations. Lanes 1-3 represent experiments done with lysates of B16F1 cells. Lanes 4-6 represent
experiments done with lysates in buffer IP2 instead of IP. Lanes 7-9 represent the results of an experiment
performed as in B.
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SWAP-70 was detected in myosin 9b precipitates (Fig. 40A). Vice versa, only a tiny

fraction of myosin 9b was precipitated together with SWAP-70 (data not shown). To

increase the amount of myosin 9b precipitated with SWAP-70, GST-SWAP-70 was

expressed in bacteria and bound to glutathione-sepharose beads. These SWAP-70 beads

were then used to pull down myosin 9b from cell lysates. This experiment yielded a

small amount of bound myosin 9b (Fig. 40B), suggesting a weak interaction between

SWAP-70 and myosin 9b. The experiment was repeated many times with different

extracts from HtTa-1 HeLa and B16F1 cells and the specificity of the interaction was

determined by the ability to pull down various other myosins (Fig. 40C).

Next the SWAP-70 - myosin 9b interaction was studied by sucrose gradient

centrifugation of cell lysates. In case that SWAP-70 and myosin 9b do form a complex

in cells, they would be found at a higher sucrose density than the monomeric single

proteins. At first, purified GST-SWAP-70 was centrifuged alone to see if SWAP-70 is a

dimer or multimer by itself. The analysis of the sucrose gradient samples determined a

molecular mass of 118 kD for the 96 kD GST-SWAP-70 protein (70 kD SWAP-70 + 26

kD GST) (Fig. 41 A and B), demonstrating that SWAP-70 is a monomer. Next the

molecular mass of SWAP-70 in cell lysates was determined by sucrose gradient

centrifugation. SWAP-70 migrated as a single peak with a MW of 60 kD (Fig. 41 C-F).

This suggests that SWAP-70 and myosin 9b do not exist in a stable complex in cells, or

if so, only a minor amount of cellular SWAP-70 is present in such complex. As a

control, the MW of myr 3 (calculated MW 126 kD, with 1 calmodulin ~ 145 kD) was

analyzed by sucrose density centrifugation, and a MW of 158 kD was determined (Fig.

41 C-F). Some myr 3 was also found at the bottom of the gradient suggesting the

binding to large complexes such as the actin cytoskeleton (data not shown).
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Figure 41. SWAP-70 is a monomer. (A-B) GST-SWAP-70 was expressed in E. coli and purified with
glutathione sepharose 4B. Purified GST-SWAP-70 was loaded onto a step sucrose gradient (6,5-17%)
with marker proteins and centrifuged. Fractions were collected from the bottom and analyzed. (A)
Numbers 43-28 represent the collected fractions. "GST-SWAP" shows the size of GST-SWAP-70 in
SDS-PAGE. Numbers 45, 68, 158 and 240 represent the position of marker proteins, which were:
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).  (B) Semilogarithmic plot of fraction number
versus molecular weight. The native molecular weight of GST-SWAP-70 was determined to be 118 kD
(calculated 96 kD). (C-E) A postnuclear supernatant was prepared from HtTa-1 HeLa cells and loaded
onto a step sucrose gradient (6,5-17%). In parallel a similar sucrose gradient was loaded with marker
proteins. Gradients were centrifuged and fractions collected from the bottom. Protein content of the
fractions was analyzed by SDS-PAGE and Coomassie Blue staining for the marker proteins (C) and by
immunoblotting using antibodies against SWAP-70 (GK2) and myr3 (Tü 41) (D). Fraction numbers are
indicated on top and molecular weight on the left. "SWAP" indicates the position of SWAP-70 and "myr
3" the position of myr 3. (E) Sucrose density was measured by refractometry (Rf) and plotted against the
molecular mass of the marker proteins. A molecular mass of 60 kD was determined for SWAP-70
(calculated 70 kD) and a molecular mass of 158 kD for myr 3 (MW with calmodulin ~145 kD).

4.11  Myosin 9b and SWAP-70 co-localize in HeLa cells, but not in

B16F1 cells.

In HtTa-1 HeLa cells SWAP-70 and myosin 9b exhibited a similar staining pattern.

Because myosin 9b caused a very strong Rho-GAP effect in these cells (Müller et al.,

1997), a myosin 9b carrying an inactive Rho-GAP domain was expressed (Myosin 9b-
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R1695M). Cells expressing this mutant myosin 9b had a normal morphology and

showed a colocalization of myosin 9b with SWAP-70. Myosin 9b and SWAP-70 co-

localized in dynamic regions of the cell periphery, such as ruffles and lamellipodia (Fig.

42 A,B). In contrast, in B16F1 cells there was no obvious co-localization of SWAP-70

with myosin 9b observed. Myosin 9b localized to lamellipodia as in HeLa cells whereas

SWAP-70 associated with fine actin filament arrays in lamellae and was excluded from

the lamellipodia (Fig. 42 C-E).

Figure 42. Myosin 9b and SWAP-70 co-localize in HeLa cells. (A-B) HtTa-1 HeLa cells were plated on
coverslips and co-transfected with HA-tagged SWAP-70 and HA-tagged Myosin 9b-R1695M. Cells were
fixed using protocol A and double labeled with antibodies against myosin 9b (FP3/F8) (A) and SWAP-70
(GK2) (B). (C-E) B16F1 cells were transfected with GFP-myosin 9b (C), replated on fibronectin, fixed
(protocol A) and double stained with an antibody against SWAP-70 (GK2) (D) and phalloidin (E).

In subcellular fractionation experiments of HtTa-1 HeLa cells a substantial amount of

myosin 9b was found in the high-speed pellet, suggesting an interaction with the

cytoskeleton. SWAP-70 was also detected in the high-speed pellet, but a comparably

larger amount appeared to be cytosolic (Fig. 43).
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Figure 43. Subfractionation of myosin 9b and
SWAP-70. HtTa-1 HeLa cells were transfected
with HA-tagged myosin 9b or with GFP-SWAP-
70. Cells were lysed, nuclei were pelleted and the
post-nuclear supernatant centrifuged at high-speed
resulting in a high-speed pellet and a high-speed
supernatant. Aliquots of each fraction were
analyzed by Western blotting using antibodies
against the HA-tag (HA.11) (myosin 9b) and
against GFP (α-GFP1) (SWAP-70). 1) cell
homogenate; 2) nuclear pellet; 3) post-nuclear
supernatant; 4) high-speed pellet; 5) high-speed
supernatant.

4.12  Myosin 9b localization is not altered by pharmacological agents

that cause a relocalization of SWAP-70

The dynamic GFP-myosin 9b localization in living cells was studied by treatment of the

cells with the same agents that were shown to cause a relocalization of SWAP-70.

Under normal conditions, myosin 9b localized to protruding lamellipodia and to ruffles

of actin clouds (Fig 44 A-0 min., video 13). When lamellipodia extension stopped and

actin cloud ruffles were distributed throughout the cell, myosin 9b was found in these

ruffles (44A-6,5 min., video 13). AlF4
- treatment caused the formation of smooth

lamellipodia and lamellae without any obvious surface ruffles. No obvious changes in

myosin 9b localization were observed (44 B-13,5 min., video 14). Vanadate did not

cause any relocalization of myosin 9b. Myosin 9b localized to lamellipodia and the

ruffle ring of actin cloud independently of the presence of vanadate (Fig. 44 C –15,5

min., video 15). Treatment of cells with H2O2, that caused the relocalization of SWAP-

70 from the cytoplasm to the plasma membrane and actin filaments, did also not cause

any relocalization of myosin 9b (Fig. 44 D-9,5 min., video 16). In summary,

pharmacological agents that caused a relocalization of SWAP-70 did not affect myosin

9b localization.
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Figure 44. Myosin 9b localization does not change with pharmacological treatments of cells. B16F1 cells
were transfected with GFP-myosin 9b, replated on laminin coated coverslips and images were acquired 4
h after replating. Corresponding fluorescence and phase contrast images are shown. (A) non-treated cell
(B) AlF4

- treated cell (C) Vanadate treated cell (D) H2O2 treated cell. Bars, 10 µm. Corresponding videos
13-16 are included on Thesis-CD.

4.13  Overexpression of rat myosin 9b in B16F1 cells alters actin

organization and cell morphology

Overexpression of myosin 9b in HtTa-1 HeLa cells resulted due to inactivation of Rho

in a loss of stress fibers and focal contacts (Müller et al., 1997). Similar changes in the

actin organization were also observed in B16F1 cells upon overexpression of GFP-

myosin 9b (Fig. 45). In addition, B16F1 cells exhibited the random formation of F-
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actin-rich lamellipodia. The cellular consequences of the inhibition of Rho-signaling by

GFP-myosin 9b Rho-GAP were compared to the cellular consequences induced by the

inhibition of the Rho effector Rho-kinase ROCK. The ROCK inhibitor Y-27632 also

induced the loss of stress fibers and the formation of many filopodia was apparent (Fig.

46). Although there were similarities in the changes of the actin organization, the

differences seen suggest that ROCK is not the only Rho effector in B16F1 cells. The

myosin 9b induced phenotype was dependent on the myosin 9b-expression level.

Figure 45. Overexpression of myosin 9b in B16F1 cells induces the loss of stress fibres and the random
formation of actin-rich lamellipodia. B16F1 cells were transfected with GFP-myosin 9b, replated on
fibronectin coated coverslips and fixed with protocol A. F-actin was labeled with Alexa-594 phalloidin.
(A) GFP-myosin 9b fluorescense, (B) Phalloidin staining. The thick arrow points to a cell with a high
expression level of myosin 9b, the thin arrows point to cells with moderate expression levels of myosin
9b. Bars, 10 µm.

A B
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Figure 46. Inhibition of Rho-signaling in B16F1 cells with myosin 9b-RhoGAP and ROCK inhibitor. A)
B16F1 cells were transfected with GFP-myosin 9b, replated on fibronectin coated coverslips and fixed
with protocol A. F-actin was labeled with Alexa-594 phalloidin. B) B16F1 cells were plated on laminin
coated coverslips, treated with 100 µM ROCK inhibitor Y-27632 for 15 min. and fixed with protocol A.
F-actin was labeled with Alexa-594 phalloidin.


