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Phosphatidylinositol 3,4,5-trispho-
sphate (PtdIns(3,4,5)P3) is a key

signaling molecule in chemotaxis, a
directed cell migration toward chemo-
attractants. PtdIns(3,4,5)P3 is transiently
generated by chemotactic stimulation
and activates reorganization of the actin
cytoskeleton at the leading edge of
migrating cells. In a recent study, we
demonstrated that PtdIns(3,4,5)P3
directly binds to three members of the
actin-based motor protein myosin I
(myosin ID, IE and IF) in Dictyostelium
discoideum and recruits these proteins to
the plasma membrane of the leading
edge. The PtdIns(3,4,5)P3-regulated
membrane recruitment of myosin I
induced chemoattractant-stimulated actin
polymerization and was therefore
required for chemotaxis. Similarly,
human myosin IF was translocated to
the plasma membrane through interac-
tions with PtdIns(3,4,5)P3 upon chemo-
tactic stimulation in a neutrophil cell line.
Interestingly, we also found that the three
PtdIns(3,4,5)P3-binding myosin I pro-
teins function in phagocytosis, which
involves both PtdIns(3,4,5)P3 signaling
and actin cytoskeleton remodeling. Our
findings provide an evolutionarily con-
served mechanism by which class I
myosin transmits PtdIns(3,4,5)P3 signals
to the actin cytoskeleton.

Chemotaxis plays important roles in a
variety of biological processes, such as
embryonic development, axon guidance,
wound healing and immune responses.
In addition to normal physiology, chemo-
tactic migration is also linked to many
pathological conditions. For instance,

chemotaxis of tumor cells leads to cancer
metastasis, while unwanted immune cell
chemotaxis causes chronic inflammatory
diseases.1-5 In chemotaxis, chemoattrac-
tants such as growth factors, insulin and
chemokines bind to their receptors on
the cell surface. The majority of chemo-
attractant receptors are either seven-trans-
membrane G-protein-coupled receptors or
receptor tyrosine kinase receptors.6-8

Among downstream mechanisms of
these receptors, the lipid molecule
PtdIns(3,4,5)P3 plays critical roles in
intracellular chemotactic signaling.
PtdIns(3,4,5)P3 is produced in the plasma
membrane by PI3-kinase (PI3K) and is
turned over by the PI3-phosphatase
[phosphatase and tensin homolog
(PTEN)] or PI5-phosphatase (SHIP1).9-18

PI3Ks are activated upon chemotactic
stimulation and are transiently associated
with the plasma membrane at the leading
edge of migrating cells. PI3Ks convert
phosphatidylinositol (4,5)-bisphosphate
(PtdIns(4,5)P2) to PtdIns(3,4,5)P3.
Conversely, PTEN and SHIP1 degrade
PtdIns(3,4,5)P3. Therefore, PI3K and
PTEN/SHIP1 provide regulation of
PtdIns(3,4,5)P3 production, with syn-
thesis occurring at the leading edge and
degradation at the rear.

To identify novel components that
mediate PtdIns(3,4,5)P3 signaling in
chemotaxis, we used a proteomic
approach involving affinity purification
of PtdIns(3,4,5)P3-binding proteins from
Dictyostelium cytosol and their identifi-
cation using mass spectrometry.19 Our
experiments identified five PH domain-
containing proteins, including two pre-
viously characterized proteins, PhdA and
PKB, and three novel proteins that we
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named PhdB, PhdG, and PhdI. We have
shown that PhdB, PhdG and PhdI bind
specifically to PtdIns(3,4,5)P3 through PH
domains in vitro and in vivo, and that
these proteins are functionally important
for chemotaxis. In addition to PH
domain-containing proteins, we identified
three class I myosin proteins, including
myosin ID, IE and IF.

In our recent study, we showed that
myosin ID, IE and IF are required for
chemotaxis using a gene knockout
approach.20 Cells lacking these class I
myosins were defective in chemoattrac-
tant-stimulated actin polymerization.
Myosin I is a monomeric, actin-based
motor protein with ATPase activity and
has been shown to function in membrane-
cytoskeletal interactions, including vesicle
transport along actin filaments and regu-
lation of plasma membrane tension.21-23

Myosin I molecules also have a tail
homology (TH) domain that contains a
putative PH domain phosphatidylinositol-
binding motif. Previous studies have
shown that the TH domain preferentially
binds to acidic phospholipids such as
phosphatidylserine and PtdIns(4,5)P2.
These phospholipids are relatively abund-
ant in biological membranes and may
not change their levels in response to
intracellular signaling. In contrast,
PtdIns(3,4,5)P3 levels are highly regulated
and function as signaling mechanisms.
Our finding that myosin ID, IE and IF
interact with PtdIns(3,4,5)P3 suggests that
these myosin molecules are regulated by
PtdIns(3,4,5)P3.

We demonstrated that myosin ID, IE
and IF specifically bind to PtdIns(3,4,5)P3
in lipid dot-blot and liposome binding
assays (Fig. 1).20 For these assay, we
expressed myosin I as green fluorescent
protein (GFP) fusion proteins in
Dictyostelium cells. The total cell lysate
was incubated with nitrocellulose mem-
branes or liposomes carrying different
lipids, and interactions of myosin I-GFP
with phospholipids were detected using
anti-GFP antibodies. To determine whe-
tehr these myosin I proteins directly bind
to PtdIns(3,4,5)P3, we immunopurified
myosin IE-GFP from Dictyostelium cells
and incubated it with fluorescently labeled
PtdIns(3,4,5)P3. In this in vitro binding
assay, beads carrying myosin IE-GFP

specifically associated with PtdIns(3,4,5)
P3. The PtdIns(3,4,5)P3-myosin I interac-
tions are mediated by TH1 domain as
mutations in this domain abolished the
lipid-protein interaction. Furthermore, we
showed that human myosin IF, which has
been suggested to bind to PtdIns(3,4,5)P3
in a previous proteomic study,24 also binds
to PtdIns(3,4,5)P3 in a lipid dot-blot assay,
and that mutations in the TH domain of
human myosin IF blocked its interaction
with PtdIns(3,4,5)P3. These data indicate
that the ability of TH domain-containing
myosin I to bind to PtdIns(3,4,5)P3 is
evolutionarily conserved.

In chemotaxing cells, PtdIns(3,4,5)P3-
binding myosin I is located at the leading
edge.20 This localization is mediated by
interactions with PtdIns(3,4,5)P3 since

mutations that block PtdIns(3,4,5)P3
interactions inhibited myosin I’s locali-
zation at the leading edge and function
in chemoattractant-stimulated actin
polymerization, resulting in chemotaxis
defects. Similarly, human myosin IF fused
to yellow fluorescent protein (YFP-myosin
IF) was recruited to the plasma membrane
in COS-7 cells upon stimulation with
epidermal growth factor, which increases
PtdIns(3,4,5)P3 levels in the plasma mem-
brane. When expressed in the human
neutrophil cell line HL-60, YFP-myosin
IF was located at the leading edge of
migrating cells within 5 min after stimu-
lation with a chemoattractant, N-formyl-
methionine-leucine-phenylalanine. These
membrane translocations also depend on

Figure 1. Lipid dot blot assay. Whole cell lysates
were prepared from Dictyostelium cells expressing
myosin IE fused to green fluorescent protein and
incubated with nitrocellulose membranes carrying
different phosphatidylinositols (Echelon). Lipid–
protein interactions were detected with anti-GFP
antibodies.

Figure 2. Localization of endogenous
myosin IF in HL-60 cells. HL-60 cells were
stimulated with N-formyl-methionine-
leucine-phenylalanine and subjected to
immunofluorescence with anti-myosin IF
antibodies (M-41, Santa Cruz). Myosin IF is
located at the leading edge.

Figure 3. Model for PtdIns(3,4,5)P3-binding myosin I. PtdIns(3,4,5)P3 recruits myosin I to the plasma
membrane of the leading edge and activates actin polymerization during chemotaxis and
phagocytosis.

ARTICLE ADDENDUM

www.landesbioscience.com Communicative & Integrative Biology 295



© 2012 Landes Bioscience.

Do not distribute.

PtdIns(3,4,5)P3 as both the PI3-kinase
inhibitor LY294002 and mutations in the
TH1 domain completely blocked the trans-
location. We also confirmed the localization
for endogenous myosin IF using immuno-
fluorescence with anti-myosin IF antibodies
in HL-60 cells (Fig. 2).

In addition to chemotaxis, we found
that PtdIns(3,4,5)P3-binding myosin Is
are also important for phagocytosis.20

Like chemotaxis, PtdIns(3,4,5)P3 is
generated at phagocytic cups and likely
rearranges the actin cytoskeleton to engulf
bacteria and yeast cells. We showed that

PtdIns(3,4,5)P3-binding myosin Is are
recruited to phagocytic cups in a
PtdIns(3,4,5)P3-dependent manner and
required for completion of phagocytosis.
Mutations in the TH1 domain inhibited
myosin I’s recruitment to phagocytic cups
and phagocytosis.

In chemotaxis and phagocytosis,
PtdIns(3,4,5)P3 serves as a conserved signal-
ing molecule which controls the actin
cytoskeleton. Although additional, parallel
signaling pathways exist, our recent findings
and other previous studies suggest that
myosin I plays important roles in these

dynamic processes (Fig. 3). Considering that
only a subset of myosin I binds to PtdIns
(3,4,5)P3, different myosin I molecules are
likely regulated by different mechanisms and
act on distinct steps in intracellular signaling
and actin cytoskeleton reorganization. It is of
great interest to decipher how myosin I
functions in dynamics of biological mem-
branes and the cytoskeleton.
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