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1  INTRODUCTION

The ability of eukaryotic cells to adopt a variety of shapes and to carry out coordinated

and directed movements depends on a complex network of protein filaments that extend

throughout the cytoplasm. This network is called cytoskeleton, although, unlike a

skeleton made of bone, it is highly dynamic and reorganizes continuously as the cell

changes shape, divides, and responds to its environment. The diverse activities of the

cytoskeleton depend on three types of protein filaments: actin filaments, microtubules,

and intermediate filaments. Each type of filament is formed from a different protein

subunit: actin filaments from actin, microtubules from tubulin and intermediate

filaments from a family of related fibrous proteins, such as vimentin or lamin (Alberts et

al., 1994, chapter 16, The Cytoskeleton).

Actin filaments in non-muscle cells are highly dynamic and play a critical role in

numerous cellular processes, including endocytosis, cell movement, cytokinesis and

polarized cell growth. In order to understand the mechanisms underlying these actin-

driven processes, it is essential to understand precisely how actin filament dynamics is

regulated in cells. The cellular actin cytoskeleton is organized in a variety of spatially

and temporally controlled assemblies of actin filaments. Actin filaments are organized

into various arrays such as stress fibers, lamellipodial networks, filopodial bundles,

dorsal arcs, peripheral concave or convex bundles as well as geodesic arrays (Small,

1988; Heath and Holifield, 1993; Small et al., 1998). The organization of each of these

assemblies is controlled and stabilized by specific sets of actin-associated proteins,

conferring on them different functions. However, it is not known how many

functionally different actin arrays exist in cells and how their spatial and temporal

organization is regulated and coordinated. An asymmetric and polarized organization of

the different actin arrays in cells is fundamental for cell migration, growth, division,

differentiation and defense (Verkhovsky et al., 1998; Weiner et al., 1999).

The induction and maintenance of a polarized distribution of different actin arrays is

dependent on extracellular and intracellular signals. Actin filament organization into

specific types of structures is mainly regulated by small GTPases known as Rho, Rac

and Cdc42, and phosphoinositide 3-kinases (PI 3-kinases). Rho activity is required for
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stress fiber formation and Rac and Cdc42 for the formation of lamellipodia and

filopodia, respectively (Hall, 1998). PI 3-kinase regulates the polarity of the cells and

directed cell migration by phosphorylating phosphoinositides (PIs) at the three position

of the inositol ring producing specific messenger molecules at the plasma membrane

(Meili et al., 1999; Servant et al., 2000; Rickert et al., 2000; Chung et al., 2001).

Although it is not clear how PI 3-kinases affect the actin cytoskeleton, there is evidence

(see e.g., Tiam1; Fleming et al., 2000) to suggest that they do so via pleckstrin

homology (PH) domain containing proteins. The PH domain is a structural module of

approximately 100-120 amino acid residues (Haslam et al., 1993; Mayer et al., 1993;

Gibson et al., 1994; Musacchio et al., 1993) and several different PH-domains have

been demonstrated to bind with high specificity to differently phosphorylated

phosphoinositides (Kavran et al., 1998; Rameh et al., 1997a). The central players

controlling the regulation of the actin cytoskeleton, the Rho-proteins and PI 3-kinases,

are themselves under strict regulation. Rho proteins switch between an active GTP-

bound and an inactive GDP-bound form. They are regulated directly by activating

guanine nucleotide exchange factors (GEFs) and inactivating GTPase activating

proteins (GAPs) (Hall, 1998; Van Aelst and D´Souza-Schorey, 1997). The lipid

products of PI 3-kinases regulate many of these GEFs and GAPs, at least in vitro (Han

et al., 1998; Fleming et al., 2000; Das et al., 2000). PI 3-kinases in turn, are regulated by

many signaling pathways, for example, by trimeric G proteins and tyrosine-

phosphorylation (Hirsch et al., 2000; Li et al., 2000; Sasaki et al., 2000; Haugh et al.,

2000 ).

An especially interesting example of a Rho-GAP is the class IXb myosin formerly

called myr 5 (fifth unconventional myosin from rat), because it provides the first direct

link between Rho GTPases and the actin cytoskeleton (Reinhard et al., 1995; Müller et

al., 1997). It inactivates Rho in vivo, but how it is recruited to the active Rho in cells is

still unknown. Active Rho resides on the plasma membrane, but myosin 9b itself does

not have any known membrane binding domains. Hence, it was speculated that myosin

9b is recruited to the plasma membrane by an unknown binding partner. One such

potential candidate was found in a two-hybrid-screen (unpublished observations, Martin

Hund). This candidate protein, called SWAP-70, exhibits a PH domain. The PH-domain

sequence of SWAP-70 revealed a good fit to a consensus motif (Isakoff et al., 1998;

Ferguson et al., 2000; Thomas et al., 2001) which predicts high affinity binding to
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PI(3,4)P2, a signaling molecule produced by PI 3-kinase. Furthermore, it has been

reported that in B cells the stimulation of the B cell receptor led to a translocation of

SWAP-70 to the plasma membrane and this translocation required a functional PH

domain (Masat et al., 2000a). Therefore, SWAP-70 could be a missing link involved in

recruiting cytosolic myosin 9b to the plasma membrane, the site of active Rho.

SWAP-70 was originally identified as a B cell-specific component of an isotype switch

recombination complex called SWAP (Borggrefe et al., 1998). Although SWAP-70 was

considered to be expressed in B cells only (Borggrefe et al., 1998 and 1999; Masat et

al., 2000a), Ishikawa et al. (1998) were able to detect RNA expression by RT-PCR in a

variety of different tissues. This result suggested that SWAP-70 could have a more

widespread function.

1.1  Aims of the study

The aims of this study were to characterize the SWAP-70 protein function and its

regulation by phosphoinositides in vivo and the physiological significance of the

interaction between myosin 9b and SWAP-70. The results should help in elucidating the

pathway leading to Rho inactivation by myosin 9b, along with a more general

understanding of actin cytoskeleton organization and dynamics.


