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PDK1-mediated activation of MRCK
regulates directional cell migration and
lamellipodia retraction
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D

irectional cell migration is of paramount importance in both physiological and pathological processes, such as development, wound healing,
immune response, and cancer invasion. Here, we report
that 3-phosphoinositide-dependent kinase 1 (PDK1) regulates epithelial directional migration and invasion by
binding and activating myotonic dystrophy kinase–related
CDC42-binding kinase  (MRCK). We show that the effect of PDK1 on cell migration does not involve its kinase
activity but instead relies on its ability to bind membrane

phosphatidylinositol (3,4,5)-trisphosphate. Upon epidermal growth factor (EGF) stimulation, PDK1 and MRCK
colocalize at the cell membrane in lamellipodia. We demonstrate that PDK1 positively modulates MRCK activity
and drives its localization within lamellipodia. Likewise,
the retraction phase of lamellipodia is controlled by PDK1
through an MRCK-dependent mechanism. In summary,
we discovered a functional pathway involving PDK1mediated activation of MRCK, which links EGF signaling
to myosin contraction and directional migration.

Introduction
Directional cell migration is of paramount importance in both
physiological and pathological processes, such as wound healing
and tumor metastasis (Yamaguchi et al., 2005). Among the different types of directed cell migration, chemotaxis, i.e., migration
toward a soluble chemotactic agent, is probably the most studied
(Roussos et al., 2011). Because of its ability to bind to phosphatidylinositol (3,4,5)-trisphosphate (PIP3) produced at the leading edge, 3-phosphoinositide–dependent kinase 1 (PDK1) has
been recognized as a key regulator of cell migration and chemotaxis. Its role in this process was proved in different cell types
and organisms including endothelial cells (Primo et al., 2007),
smooth muscle cells (Weber et al., 2004), T lymphocytes (Waugh
et al., 2009), neutrophils (Yagi et al., 2009), and Dictyostelium
discoideum (Liao et al., 2010). PDK1 is a serine/threonine
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kinase that phosphorylates residues in the activation segment
of AGC (cAMP-dependent protein kinase A, cGMP-dependent
protein kinase G, and phospholipid-dependent protein kinase C)
family proteins (Alessi et al., 1997; Pearce et al., 2010). PDK1
recognizes phosphoinositides phosphorylated in position 3 by
phosphatidylinositol 3 kinase (PI3K), through its C-terminal
pleckstrin homology (PH) domain. This event localizes PDK1 to
the plasma membrane, where it phosphorylates Akt (Currie et al.,
1999). PDK1 substrates lacking the PH domain, such as p70S6K,
SGK, RSK, and PKC isoforms (Toker and Newton, 2000), require
a different mechanism for their activation. In this case, PDK1
binds the hydrophobic motif (HM) on these substrates through its
PDK1-interacting fragment (PIF)-binding pocket, leading to their
phosphorylation and full activation (Biondi et al., 2001).
Different mechanisms have been proposed to explain the
role of PDK1 in cell migration. The concomitant localization of
PDK1 and Akt at the cellular leading edge is essential for endothelial cell chemotaxis and angiogenesis (Primo et al., 2007).
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