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A
ll members of the myosin su-
perfamily of actin-based molec-
ular motors are thought to use
the energy from ATP hydrolysis

to generate force and motion. Some
myosins are capable of forming parallel
coiled-coil dimers by virtue of a coiled-coil
domain that is C-terminal to the motor
catalytic region (head) (1). This form of
dimerization is thought to be essential for
the hand-over-hand processive walking
mechanism of myosins that function as
intracellular transporters (2). In this
walking mechanism the mechanochemi-
cal properties of the motors are such that
the likelihood of at least one head of
the dimer being attached to the actin fil-
ament is high, owing to a step size that
closely matches the helical pitch of the
actin filament and a strain-gating mech-
anism in which the enzymatic cycles of the
two heads are coordinated (2). Processive
walking allows for multiple successive
steps and long-distance transport along
a single actin filament. In a study pre-
sented in PNAS, Lu et al. (3) demon-
strate an antiparallel dimerization
mechanism in myosin X (MYO10) and
suggest that this structural arrangement
allows more efficient processive walking
in the parallel actin bundles of filopodia.
In addition, Lu et al. (3) demonstrate that
formation of the antiparallel coiled coil
enhances the ability of MYO10 to induce
filopodia formation.
A highly debated topic has been how

different classes of myosin function within
the diverse actin-based structures (e.g.,
parallel bundles, antiparallel bundles, and
branched/cross-linked networks) that exist
in cells and whether there are specific
domains of myosin required for efficient
movement and/or force generation in
these actin-based structures. Recently,
work by Brawley and Rock (4) demon-
strated that when single molecules of
MYO5, MYO6, or MYO10 were exposed
to Triton-extracted cytoskeletons of
a number of cell types, the patterns of
“traffic” for each myosin were different,
suggesting motor specificity for different
actin network architectures. Lu et al. pro-
pose that the antiparallel dimerization
may be important for MYO10 to walk in
a “straddle-like” fashion, with each head
associated with an adjacent actin filament
within the actin bundles, in addition to
walking in a manner more similar to the

single-filament mechanism described for
class V myosins. Previous single-molecule
studies by the Goldman laboratory support
a straddle-like walking model: this work
demonstrated that MYO10 takes ∼34-nm
steps on single actin filaments and both
34-nm and 18-nm steps on fascin-bundled
actin (5). The steps size in myosins is
thought to be determined by the length of
the lever arm domain (6), a region that
binds calmodulin or calmodulin-like light
chains. Interestingly, MYO10 only has
three calmodulin-binding IQ motifs and
produces steps of 34 nm, which is nearly
the same as the 36-nm steps produced by
MYO5 that contains six IQ motifs. Studies
have demonstrated that MYO10 contains
a single α-helical domain (SAH) that can
extend the lever arm (7), although it is
possible that the antiparallel coiled coil
also plays a role in extending the lever
arm. Work from the Rock group (8) also
demonstrated that single molecules of
purified MYO10 took steps of ∼20 nm and
were capable of moving laterally across the
actin bundle. Lateral steps have been
hypothesized to allow for obstacle avoid-
ance. Lu et al. emphasize that the previous
single-molecule work with MYO10 clearly

demonstrates that this motor can walk
along a single or bundled actin structure.
Therefore, they suggest that the antipar-
allel geometry of the MYO10 structure
may allow it to walk more efficiently
among the different actin structures it
encounters in the cell. Many of the in vitro
studies performed with MYO10 have used
constructs containing a forced-dimer,
GCN4, or MYO5 parallel coiled-coil do-
main at the C terminus (5, 8, 9). There-
fore, single-molecule studies that can
examine MYO10 stepping with and with-
out disruption of the antiparallel di-
merization region characterized by Lu
et al. may further clarify the MYO10
walking mechanism and its importance for
movement in filopodia.
One of the cellular roles of MYO10 that

has been well characterized is its ability to
stimulate the formation of filopodia (10).
These structures contain a core of fascin-
bundled parallel actin and can protrude
from the surface of the cell either a short
distance or many microns, depending
upon the cell type. The seminal work by
Berg and Cheney (11) demonstrated that
although full-length GFP-MYO10 and
truncated forms of MYO10 containing the
putative dimerization region could localize
to existing filopodia, the full-length form
of MYO10 was required for stimulation of
filopodial formation in COS7 cells (cells
that lacked high numbers of filopodia),
and that these filopodia were also longer
than those from control cells. Addition-
ally, ectopic expression of a MYO10 con-
struct consisting of just the dimerization
region resulted in a decrease in the num-
ber of filopodia in HeLa cells, a cell line
with a high density of filopodial structures
(12). By engineering versions of MYO10
with a variety of dimerization mechanisms
and others with alterations that would
prevent antiparallel dimerization, Lu et al.
demonstrate that GFP-tagged versions of
MYO10 that contain the tail domain and
endogenous ability to form antiparallel
dimers show the strongest localization to
filopodial tips in HeLa and COS7 cells.
Additionally, it was only the wild-type

Fig. 1. Cartoon representation of the proposed
MYO10 dimer formed by the antiparallel coiled-
coil domain, which differs from the parallel coiled
coil of motors like MYO5 (Inset). The tail domain
of MYO10 contains several subdomains, including
a PEST region (red), three PH domains (green), a
myosin tail homology 4 domain (orange), and a
FERM domain (purple). The geometry of MYO10
dimers may relate to its motility and function in par-
allel actin bundles and other actin-based structures.

Author contributions: O.A.Q. and C.M.Y. wrote the paper.

The authors declare no conflict of interest.

See companion article on page 17388.
1To whom correspondence should be addressed. E-mail:
cmy11@psu.edu.

www.pnas.org/cgi/doi/10.1073/pnas.1216035109 PNAS | October 23, 2012 | vol. 109 | no. 43 | 17313–17314

C
O
M
M
E
N
T
A
R
Y

http://www.pnas.org/content/109/43/17388/1
mailto:cmy11@psu.edu


GFP construct that was able to increase
the number of filopodia per cell in both
cell types, which is in agreement with the
work from the Cheney laboratory (11, 12).
The work by Tokuo et al. (13) demon-
strated that MYO10 constructs forced to
dimerize by fusion to FK506 binding pro-
tein (FKBP, which dimerizes in the pres-
ence of a specific small molecule) were
also capable of enhancing the formation of
actin-based protrusions in COS7 cells via
a mechanism that was sensitive to lever-
arm length. Although these data may seem
contradictory, a possible explanation may
be that the mechanisms of dimerization
used by Tokuo created a dimer with
a molecular geometry and spacing more
similar to the native geometry formed by
the antiparallel dimer than what was ach-
ieved with the GCN4 forced dimer. Ad-
ditionally, the work by Tokuo et al. (13)
reported an increase in the number of
“microspikes,” or short filopodia-like
structures. Constructs lacking the myosin
tail homology 4 (MyTH4) domain have
been shown to lack the ability to stimulate
the formation of dorsal filopodia (12).
Expression of FERM domain-deleted
MYO10 still resulted in increased num-
bers of filopodia; however, those filopodia
were shorter than filopodia from cells

expressing full-length MYO10 (14).
Similarly, the truncated, MYO10 forced-
dimer constructs may be able to stimulate

The geometry of MYO10

dimers may relate to its

motility and function in

parallel actin bundles

and other actin-based

structures.

the filopodial initiation event by stimulat-
ing actin filament convergence at sites of
filopodial initiation, but because they lack
the tail domain these constructs have an
impaired ability to support elongation of
nascent filopodia through interactions with
either cell surface receptors that may sta-
bilize the filopodial tip as a point of future
elongation (15, 16), or with the actin reg-
ulatory machinery itself (17, 18).
The geometry of MYO10 and mecha-

nism of proposed motility raise questions
relating to how this structural information
relates to the function of MYO10 (Fig. 1).

(i) Can full length MYO10 form either
antiparallel or parallel dimers, as was in-
vestigated in scallop myosin II (19)? (ii)
How does the geometry of MYO10 relate
to its roles in other cellular architecture,
such as phagocytic cups (20), osteoclast
podosomes (21), junctional assemblies in
epithelial cells (22), and mitotic spindles
(23, 24)? (iii) Do MYO10 dimers
contain a strong bias toward which head
dissociates from the track during stepping
(as is the case with dimeric kinesins and
MYO5), or is there a weaker strain gating
as has been demonstrated with dynein
(25)? (iv) Does the antiparallel di-
merization play a role in cargo binding or
phospholipid-dependent regulation (26)?
Studies into the structure of MYO10

have already broadened our under-
standing of the variety of functional
domains that can be found in myosin
molecules (27), and the work by Lu et al.
continues to build on that heritage. As our
understanding of the diversity of myosin
molecules continues to grow (28), detailed
study of the nanomechanics of these yet-
to-be-characterized molecular motors are
bound to yield other novel structure–
function relationships, enhancing our
understanding of the inner workings of
motile mechanisms in cells.
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