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Regulation and recycling of myosin V

Kenneth A Taylor

Recently there has been considerable progress in our
understanding of regulation for unconventional myosin-V
through elucidation of the structure of its inactive conformation
and the factors that affect stability of this conformation. The
inactive conformation is a folded compact structure
characterized by interactions between the myosin head and the
C-terminal cargo binding domain. Concentrations of Ca%*
greater than 10 uM disrupt folding. The 3-D structure
determined by cryoelectron tomography of 2-D arrays in one
study and electron micrographs of isolated molecules reported
in another reveal similar features, but suggest different F-actin
affinities for the inactive conformation. This has raised the
question of how inactive myosin-V is recycled to other sites for
additional rounds of cargo transport.
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Introduction

The most widely pursued questions regarding the func-
tion of molecular motors pertain to the active state: the
degree to which it is processive, its step size and speed,
and what kind of cargo is transported. Equally important,
however, is the mechanism by which the motor is turned
off and how effectively the ATPase activity is inhibited.
T'he kinetic state in which the inhibited conformation is
trapped is also important because this will determine the
affinity of the inhibited form for its track.

Related to the question of regulation is the concept of
motor recycling; once the motor reaches the end of its
filament track, how is it inactivated and returned to a
plausible starting position for another active cycle? For
most cytoplasmic motors, the existence and structure of
an inactive conformation is unknown. Moreover, it is
usually assumed that the inactive motor simply diffuses
passively to a new location. Other mechanisms to accom-
plish this goal include more active return via a companion

but oppositely directed motor, or via treadmilling or
retrograde movement of the motor’s track.

The two families of microtubule-based motors move in
opposite directions; the kinesins are largely plus-end
directed, whereas the dyneins are minus-end-directed,
thereby permitting one family to act as the retrograde
transporter of the other. Among myosins, all but one are
plus-end directed; only myosin VI is known to be minus-
end directed. Although it is possible that other minus-end
directed myosins may be found, it remains likely that they
will be rare. Thus, myosin recycling is possibly more
complex than it is for microtubule based motors.

"This review discusses recent progress toward understand-
ing regulation of myosin-V, the most extensively studied
of the ‘cargo carrying’ unconventional myosins, and the
structure of its inactive conformation. It then explores the
question of myosin-V ‘recycling’, or, to put it in a different
way, how to return myosin-V to a plausible starting
position for reuse.

Myosin-V regulation

Myosin-V is found in a wide variety of eukaryotic organ-
isms and is involved in diverse cellular processes, such as
vesicle, mRNA and melanosome transport (reviewed by
[1]). Myosin-V has two heavy chains folded into an
obligate dimer. Each heavy chain forms a motor domain,
which contains the catalytic and actin binding activities,
followed by a neck region that consists of a long a-helix
containing six tandem IQ motifs with the sequence
10QxxxRGxxxR, each of which binds calmodulin (CaM)
or a CaM-like light chain that stiffens the a-helix into a
lever arm (Figure 1a). These ‘head’ and neck domains are
connected to a largely a-helical coiled-coil tail domain
interrupted by two disordered domains. A cargo binding
domain (CBD) occupies the C-terminus. Some isoforms
of myosin V can bind one class of dynein light chain at a
location within the second of the two disordered domains
of the tail (Figure 1a) [2]. A number of laboratories have
established that the myosin-V dimer is a processive motor
with a step size equal to the crossover repeat of the F-
actin filaments, 36 nm, on which it walks.

Initial characterization of chicken brain myosin-V showed
a large increase in A'TPase activity on addition of F-actin
as well as an effect of [Ca**] on both ATPase and motility
[3]. In EGTA, addition of F-actin increased ATPase
activity by 25-30 fold but in 10 uM [Ca**], actin activated
A'TPase activity increased ~200 fold. This modest
(approximately eight-fold) effect of [Ca®*] has been
observed in numerous laboratories and suggested ATPase
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Diagram of myosin-V in the active and inactive 14S conformation. (a) This shows a schematic view of active myosin-V with a vesicle bound to

the cargo binding domain (CBD). Actin is light blue. Each myosin-V heavy chain has a motor domain (MD; red) and a lever arm (cyan) that has

six calmodulin light chains (green) bound. An elongated rod domain has three predicted coiled-coil segments; the first (cyan) is broken at the PEST
site, which begins at residue V1105, the second (blue) after residue A1234, the third (blue) extends to the CBD. The dynein light chain, labeled
DLC, binds within the second uncoiled region. (b) Myosin-V in the inactive conformation folds up using interactions between the CBD and the
motor domain. Binding to actin is limited to one head per actin filament. The structure has an asymmetric placement of the first coiled-coil
segment relative to the CBDs. This might allow for further folding of the rod along the paired CBDs as suggested in reference [32]. If the inactive
conformation binds actin strongly, it will stay bound while actin monomer addition to the (+) end displaces the actin filament toward the (-)

end. (c) Electron micrograph of folded myosin-V bound to actin showing single headed actin binding. Same coloring scheme as in (b).

Adapted from reference [23].

activity might be regulated. Surprisingly, in 10 pM
[Ca**], where steady state ATPase assays showed high
activity, /z vitro motility assays showed reduced actin
movement. This calcium effect on motility is now
thought to be due to dissociation of one or more CaM
from the myosin-V lever arm because addition of ~10 uM
excess CaM rescues motility even in 10 pM [Ca%*] but
does so only partially [3,4°,5]. CaM dissociation would
cause the lever arm to become too flexible to commu-
nicate strain between forward and trailing heads, thereby
disrupting processive movement [6].

In standard motility assays where the myosin-V is
immobilized on a nitrocellulose substrate and the F-actin
filament is allowed to move, full length myosin-V moves
F-actin filaments as well or better in EGTA as in high
[Ca®*] [3,7-10]. This effect is thought to be due to
unfolding of the inhibited conformation by the immobi-
lizing nitrocellulose. Recent studies using TIRF, in
which the F-actin filament is held stationary on the
substrate and the myosin-V allowed to move, have sup-
ported this interpretation [11°°]. Shortening of myosin-V

processive runs was observed at [Ca®*] as low as 1 M
with progressive shortening as [Ca®*] increased to
100 uM. The effect is observed in both a regulated, full
length construct and an unregulated two-headed HMM
construct. Movement, albeit shorter, was observed in
~12% of full length constructs even in EGTA, a pro-
portion of activated molecules consistent with the eight-
fold increase in steady state actin activated ATPase
activity in 10 pM [Ca%*]. Thus, transient dissociation of
CaM can terminate a processive run.

Small amounts of unregulated protein can have a large
effect on steady state ATPase assays of an inhibited state.
Highest levels of regulation are usually obtained using
single turnover kinetic measurements, where each mol-
ecule contributes only one cycle to the measurements.
With such methods, the highest levels of regulation
observed for myosin-V are 50-fold [11*°]. By comparison,
in smooth muscle myosin-II, a species that is regulated by
phosphorylation of its regulatory light chain (RL.C) rather
than Ca®* binding but which like myosin-V also folds into
a compact conformation in its inhibited state (for a review

Current Opinion in Cell Biology 2007, 19:67-74

www.sciencedirect.com



see [12]), the levels of inhibition can be as high as 1000-
fold [13]. Thus, myosin-V exhibits relatively poor inhi-
bition compared with some myosin-II species. Other, as
yet undetermined, factors may contribute to the regula-
tion 7z vive but in the absence of such unknown factors, it
remains to be determined whether or not the observed
levels of regulation are sufficient to account for myosin-V
behavior in living cells.

Myosin-V has unusually strong affinity for F-actin in its
weak binding kinetic intermediates. Virtually all of a
suspension of full length myosin-V sediments in
0.3 wM actin, 13 uM [Ca**] and ATP~S, a non-hydrolyz-
able analog of ATP [14]. Under the same conditions but
in EGTA, very little myosin-V sediments with actin. The
myosin-V—F-actin affinity in the weak binding states was
recently investigated using ATPvyS and two mutations in
the switch Il region that eliminated ATP cleavage but not
ATP binding [15]. The dissociation constant for actin
binding in 50 mM KCI with ATPvS was 13 uM, while the
switch Il mutations trapped two distinct states, one with a
Kp for actin binding of ~2 uM and the other with a K, of
~0.2 puM. These F-actin affinities are 100-1000 fold
higher than myosin-II in ATPvS for which the dis-
sociation constant from F-actin is ~1 mM at physiological
salt concentration [16]. By comparison, the Kp for myo-
sin-V-F-actin binding in ADP is 7.6 nM [17].

Effects of Ca®* and calmodulin on myosin V
The six IQ motifs of the myosin-V lever arm, while highly
conserved, are not identical in sequence therefore allow-
ing a complex response to changes in [Ca®*]. Ca®* binding
can increase the affinity of CaM for some myosin-V IQ
motifs and decrease the affinity for others [18]. In
addition, crystal structures of the CaM-like light chains
from myo2p, a myosin-V isoform from Saccharomyces
cerevisiae, show two conformations, one that is closed with
both lobes binding the IQ motif and another, open
conformation with the N-terminal lobe dissociated from
the IQ motif [19]. Thus, detachment of only one lobe of
CaM from the IQ motif is possible without complete
dissociation. Both dissociation and single lobe detach-
ment by a CaM would increase flexibility in the lever by
increasing the length of unstabilized a-helix.

Between one and two CaMs are thought to be dissociable
from each myosin-V lever arm. Several studies observed
CaM dissociation from 1Q2, which is generally complete in
10 uM [Ca**] [4°,8,20], while another shows that CaM
affinity for IQ2 is the weakest of the six motifs in myosin-V
[18]. One study at variance to these results identifies CaM
dissociation from 1Q6 [9], which is nearest the junction
between the two heads. CaM dissociation from IQ2 would
probably be more effective than dissociation from 1Q6 in
uncoupling conformational changes in the motor domain
from the rod domain and companion head because of the
greater reduction in effective lever arm length.
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Although complete dissociation would be the most effec-
tive for changing the lever arm stiffness, and could
account for observations in which added CaM only par-
tially restores motility, dissociation by one lobe of CaM
could provide an intermediate level of response. One
suggested possibility is the binding of CaM across two
IQ motifs [18], an event that would produce a dramatic
change in lever arm direction if one CaM lobe detached
adjacent to an IQ motif with no bound CaM. However,
this has not yet been visualized directly by EM. Another
possibility is binding of another protein by the detached
CaM lobe [19].

Structure of the myosin V inactive state

Three groups have studied the structure of the myosin-V
inhibited conformation, and all have reached a similar
conclusion; the inhibited (off-state) involves folding from
an open, active conformation, which has a sedimentation
coefficient of ~108S, into a closed, inhibited conformation
that sediments at 14S [4°,20,21°,22°]. The 14S conformer
is formed only by full length myosin-V, and does not
require binding by the dynein light chain. The 14S
conformer is stabilized in EGTA and disrupted by
[Ca®] in excess of 10 pM, even in the presence of
6 pM excess CaM added to prevent dissociation [4°].
This implies that a structural change in CaM while still
bound to the lever arm, such as dissociation of one lobe, is
sufficient to disrupt folding of the 14S structure.

The first 3-D images of the 14S structure were recently
obtained from paracrystalline 2-D arrays formed on a lipid
monolayer [23°°]. These were obtained using the new
technique of cryoelectron tomography [24°]. The resol-
ution of the 3-D image was 2.4 nm, which was sufficient to
provide an envelope into which crystal structures of the
motor domain, lever arm and a coiled-coil a-helix model
could be placed. The result showed that the postpower
stroke lever arm orientation typical of strong F-actin-
binding states fits the reconstruction best. This was
confirmed by decorating F-actin at low protein concen-
tration. F-actin binding by only one head was seen in
these images (Figure 1c). Neither head is sterically
blocked for actin binding, but the 14S conformation
restricts both heads from binding simultaneously. Bind-
ing to two actin filaments ~24 nm apart would not be
restricted.

The CBD density was juxtaposed with loop 1 of the
motor domain (Figure 2), a structure that in myosin-II is
known to modulate the rate of nucleotide binding and
release [25], suggesting that ATPase inhibition was due to
reduced rates of nucleotide exchange. This suggestion
has found support from studies of ADP release by full
length myosin-V, which showed that in EGTA, ADP
release was slowed even in the presence of F-actin
[11°°,26°°]. On the other hand, ATP binding to nucleo-
tide-free, full-length myosin-V (presumably in the folded,
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Figure 2
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(a) Image of the Liu et al. 3-D reconstruction of the inactive conformer of myosin-V [23°°] with the crystal structure of the CBD [31°°] modeled in.
The two CBDs, colored yellow and orange, and are placed between the motor domains, colored red and magenta. These CBDs probably come
from adjacent molecules through domain swapping. In (a) and (b), the regions of the motor domain involved in CBD interaction are colored green
(loop 1) and two other sites [27°°] are colored cyan. These sites all occur on the same side of the motor domain. The CBD can be modeled into
the map density in numerous ways, but the one shown comes near to both sets of interaction sites. The CaM light chain bound to 1Q1 is colored
green. (b) Higher magnification view showing the relationship of the CBD interaction sites with the actin binding surface. (c) Yeast CBD crystal
structure shown as a ribbon diagram for the two domains (domain 1 in blue; domain 2 in red). Those residues involved in vacuole-specific
interactions on domain 1 are rendered in space filling and colored cyan; those residues involved in secretory vesicle transport (domain 2) are
rendered in yellow. Note that these two regions are placed on opposite sides of the CBD.

14S conformation) shows no [Ca®*] dependence. This
implies that if folding to the 14S conformation occurs with
ADP bound in the active site, which 7z vivo would occur
while actin bound, exchange of ATP for ADP will be
slowed. Biochemically, strong F-actin-binding by the 14S
structure in ADP was found to be limited to a single head
[26°°], a result in agreement with the structural studies.

A second study [27°°] reported averaged projections from
electron micrographs of negatively stained specimens of
the 14S myosin-V conformation. They also concluded the
14S conformation was stabilized by a CBD-motor domain
interaction but at a different site on the motor domain
(Figure 2a,b). They went on to show that when an HMM
fragment of myosin-V that lacked the CBD was incubated

with an exogeneous dimeric CBD, it could produce a
structure similar in conformation to the 14S particle
formed from intact myosin-V. In contrast to the studies
mentioned above, the conditions used here produced a
14S conformation with weak F-actin affinity consistent
with a prehydrolysis state with bound but uncleaved
ATP. In agreement with this, they were unable to dec-
orate F-actin at low F-actin concentrations.

The 14S conformation can be formed in the absence of
nucleotide, in ADP and with ATP [4°,23°°,27°°]. Ironi-
cally, all three states correspond to conformations with the
post-powerstroke lever arm orientation, but they each
have dramatically different affinities for F-actin. In
50 mM KCI, the corresponding myosin-V affinities for
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actin are 4.9 pM, 7.6 nM and13 pM (ATP~S), respect-
ively [15,17]. Which is most important 7z vive depends on
which dominates in the steady state and that may depend
on whether folding occurs with ADP bound in the active
site.

Identical 2-D arrays of myosin-V form in ADP with or
without 20 mM inorganic phosphate. Under similar con-
ditions of ADP and phosphate, smooth muscle myosin-I1
folds into a closed, inactive form with a prepowerstroke
lever arm orientation. [28,29] A similar result was
expected with myosin-V. That 20 mM inorganic phos-
phate seems to have no effect on the 14S structure
suggests that the folded myosin-V conformation is highly
specific for lever arm orientation.

Superficial comparison of the two structures suggests that
the conformation in the arrays, although unambiguously a
folded conformation, is different from the one observed in
individual molecules (Figure 2). The high protein con-
centrations produced in ordered arrays facilitates the inter-
change (swapping) of domains between adjacent
molecules and this would occur if it led to a more stable
structure (this is a common crystallization artifact [30]). It
is therefore possible that the close proximity of myosin-V
motor domains and CBDs among adjacent molecules in
the arrays is facilitating intermolecular interactions. This is
not expected to change how the domains interact with
each other. Based on their different relative degrees of
A'TPase inhibition, the 14S conformation is not as stable as
the folded inhibited structure of dephosphorylated smooth
muscle myosin II and HMM, for which domain swapping
did not occur in 2-D arrays [28,29]. This effect may also
underlie the strong F-actin affinity observed for myosin-V
in ATP and high [Ca®*] [14], conditions that would prevent
folding to the 14S conformation, but not intermolecular
head—CBD interactions. I/z#fermolecular head—CBD inter-
actions would provide cooperative effects in actin-bound
myosin-V that are not observed with isolated molecules in
the folded, 14S conformation, which is characterized by
intramolecular head—CBD interactions.

The structure of the CBD from yeast myosin-V has
recently been solved [31°°]. The structure consists of
two five-helix bundles that share one long oa-helix
(Figure 2c). The overall dimensions are 9.5 x 2.5 x
3.0 nm. The five helices of each subdomain are largely
oriented along the long axis. Each subdomain has two or
three additional small «a-helices. Yeast myosin-V is
involved in both vacuole inheritance as well as secretory
vesicle transport. The requisite binding activities are
localized to opposite sides of the separate subdomains.

Interactions between the myosin-V rod and its CBD were
examined using HMM constructs with rod domains trun-
cated to different lengths in the presence of exogencous,
monomeric CBD [32°°]. The segment of the initial
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coiled-coil between V1105 and A1234 (Figure 1la) was
found to be critical to obtain regulation while segments
closer to the CBD were not. Because the CBD construct
behaved as a monomer, whereas in the 14S conformation
the two CBDs are closely juxtaposed, a plausible expla-
nation is that the critical rod regions may be facilitating
dimerization of the CBD monomers, which is necessary to
stabilize the closed conformation. This region includes
two segments of coiled-coil separated from the first seg-
ment by what is called the PEST site. In both of the EM
studies [23°°,27°°], the initial segment of rod lies closer to
one myosin-V head and its CBD than the other. It may be
that the rod domain placement incorporates a 90° change
in direction at the CBD, thereby enabling rod a-helices to
line up parallel with CBD «-helices, which would
increase the potential for stabilizing interactions.

Myosin-V recycling on treadmilling F-actin
Myosin-V is localized to sites where F-actin is turning
over rapidly [33-35]. F-actin concentration is high in
these locations and the filaments are uniformly oriented
with plus-ends towards the plasma membrane. Once
myosin-V reaches the plus-end, it will presumably remain
there until its cargo unloads and it can fold into the
inactive conformation. If it is to be reused, it must be
returned by some mechanism to the beginning of the
track or some other location where needed. Diffusion is
one possibility. However, for 14S myosin-V to diffuse
efficiently, it must have very low affinity for F-actin which
does not appear to be the case. Another possibility is
transport of myosin-V to a new location but this would
require colocalization with myosin-VI, which is not gener-
ally observed. Transport along microtubules by cyto-
plasmic dynein would be important for long distance
recycling, but would not help myosin-V escape dense
actin matrices, which usually exclude microtubules. Kine-
sin transport of myosin-V will generally move it toward
the cell periphery, the same direction it would move
actively on actin (reviewed in [36]).

Retrograde actin flow or actin treadmilling provides an
alternative to a companion motor or simple diffusion
(Figure 1b). The relative importance of retrograde trans-
port on treadmilling actin filaments compared to diffusion
depends on the lifetime of the actin attached state. The
molecule’s facility for diffusion to the minus-end depends
on the lifetime of the actin detached state, which in turn
depends on the actin concentration and the actin bundle
environment (Box 1).

There is currently disagreement over the F-actin affinity
of the closed 14S conformation of myosin-V [23°°,27°°].
Actin binding appears to be possible for only one of the
two myosin-V heads, but if that head has eADP bound, its
lifetime could be ~30 sec, allowing ~3 wm of retrograde
movement (Box 1). On the other hand, actin-bound
myosin-V in the prehydrolysis ATP state would have a
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Box 1 Diffusion versus treadmilling

The balance between diffusion and retrograde flow depends on (a) diffusion coefficient, D, (b) actin concentration, (c) lifetime of the detached state,
tqet, (d) lifetime of the attached state, t,, and (e) valency, which is 2 for myosin-V. The diffusion coefficient of myosin-V is not known, but for
spherical volumes, it scales with the cube root of the molecular weight (MW). Using the diffusion coefficient for G-actin, MW 42 kDa, is 5 pumz/sec
[40], the diffusion coefficient of dimeric myosin-V, MW 608 kDa, would be about 2 um?/sec. This is probably an overestimate because 14S myosin-
V is not spherical, although it is relatively compact.

Myosin-V localizes to regions of high actin turnover indicative of active treadmilling. In these regions, the F-actin concentration is high, but not
precisely known and difficult to estimate as the filament arrangement is not precise. For active myosin-V to operate within a dense actin network
might require an ~40 nm interfilament spacing, which is a spacing typical for crosslinking by a-actinin, a relatively long F-actin crosslinker. A
hexagonal array of actin filaments with 40 nm interfilament spacing would have an F-actin concentration of 435 wM. By comparison, the F-actin
concentration in some striated muscles, such as insect fibrillar flight muscle, is 770 wM. In the 14S conformation, myosin-V could bind two actin
filaments spaced ~24 nm apart. The F-actin concentration would then be 1.2 mM.

Lifetimes for the attached (A M:nucleotide) and detached (M-nucleotide) states can be predicted from the forward (k,) and reverse (k_) rate
constants that comprise the dissociation constant (Kp). These are usually measured for single-headed constructs with one or two IQ motifs with
CaM bound making them appropriate for 14S myosin-V. These are known for myosin-V ADP in 50 mM KCI [17].

A M*ADP=A + M*ADP KD =7.6nM (1)
d[M°ADP]/dt = k [AM®ADP]  k = 0.032sec”" (2)
d[AM®ADP]/dt = 2k_[A][M*ADP]  k_ =4.2uM 'sec™’ (3)
Diffusion distance = 2(Dtqg;)"/ (4)

The factor 2 in Equation (3) is needed because myosin-V has two heads. The inverse of forward rate constant gives the attached state lifetime,
tat = 31.25 sec. The reverse rate constant times the F-actin concentration, 435 uM, gives the detached state lifetime, tqet = 0.27 msec. The
corresponding forward rate constant for myosin-V in ATP has been measured in 100 mM NaCl (k, = 850 sec™") but not the reverse rate constant
[8]. Assigning an equilibrium constant of Kp = 100 wM, based on an eight-fold increase due to the higher ionic strength (see below) and a Ky of
13 pM in 50 mM KCI [15], gives a reverse rate constant of k_ = 8.5 uM~" sec™". The lifetime of the attached state would be t, = 1.2 msec and for
the same actin concentrations, tyet = 0.13 msec. This estimate for the detached state lifetime is rather unsatisfactory as it involves both an
extrapolation for the salt effect (see below) as well as a mixture of experimental conditions, one of which measured Kp using ATPyS whereas the
other measured k, in ATP.

Rates of actin retrograde flow are ~100 nm/sec [41] which gives a distance of 3.1 um for myosin-V-ADP movement by retrograde flow while
attached to actin. This would allow myosin-V to move almost the length of the leading edge, about 5 um, in one attachment. For myosin-V-ATP the
movement would be insignificant, only 0.12 nm.

The diffusion distance (Equation 4) for myosin-V-ADP while detached from actin is 10 nm. For myosin-V-ATP the distance would be 33 nm, based
on the assumption given above. Diffusion would dominate for myosin-V-ATP, but would be in any direction. Note that diffusion distance scales as
the square root of the change in actin concentration. Thus, for 24 nm interfilament spacing, diffusion distance would be 6 nm and 20 nm for the
myosin-V-ADP and myosin-V-ATP states.

Other contributing factors are cooperative effects on myosin-V actin binding and the effect of ionic strength on the rate constants. Filament
spacings near 24 nm would allow for 2-headed, 2-filament binding within the actin meshwork and cooperative effects, ignored here, would then
become important. At the same time, such a dense actin network might limit the active state of myosin-V to the periphery the filament network.

Kps are generally salt dependent, especially for the weak binding states. For the myosin-V-ADP state, in 50 mM KCI the equilibrium constant is
Kp =7.6 nM [17] and in 100 mM NaCl, Kp = 61 nM [8], which is an eight-fold increase in Kp for a two-fold increase in ionic strength.

lifetime of 1 msec; retrograde motion would be insignif-
icant compared to that of diffusion. Nevertheless, the
time that myosin-V would spend bound to actin in high
actin concentration would be 10 times as long as the time
spent detached from actin. This would slow the rate of
diffusion to about three times that of treadmilling for the
same distance. Moreover, in the absence of a concen-
tration gradient, diffusion would be unbiased with respect
to any direction not blocked by the plasma membrane,
whereas treadmilling is always in the same direction.

Retrograde movement of myosin-V has not been
reported. On the other hand, dramatic fluorescent micro-
scopy images of myosin-X movement along filopodia have
been reported [37]. Myosin-X exhibits rapid anterograde
flow toward the filopodium tip and slower retrograde flow

toward the cell body, a phenomenon that has been named
intrafilopodial motility. Filopodia have much more favor-
able actin bundle geometry for visualization than lamel-
lapodia, but the structure of the retrograde moving
myosin-X is unknown. However, many of the relevant
rate constants have been measured [38°] and these show
that myosin-X affinities for F-actin in the strong actin
binding states are roughly comparable to the weak bind-
ing states of myosin-V.

Conclusions

The structure and characteristics of the inhibited state of
myosin-V fits well into the emerging theme in which
inactive states of cytoplasmic motors are characterized by
folded conformations involving interactions between the
CBD and the motor domain, as in myosin-V, or regions
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close to the motor domain, such as the neck coiled-coil in
kinesins (reviewed by [39]). Kinesin inactive states
appear to be weak microtubule binders, consistent with
recycling via diffusion or dynein transport. On the other
hand, the inhibited conformation of myosin-V can be
formed under conditions of widely different actin affinity.
Consequently, the recycling mechanism is not as clear.
Treadmilling and retrograde F-actin flow provides a
mechanism for recycling myosin-V within locations where
the F-actin concentration is high and diffusion would be
retarded due to myosin-V’s relatively high actin affinity
even in the weak binding states. Ultimately, the import-
ance of treadmilling for 7z vivo function of myosin-V can
best be established by direct visualization, as has been
done for myosin-X. Other unresolved issues include the
circumstances under which myosin-V releases cargo and
its catalytic state when folding occurs 7z vive. Finally,
there is the question of why myosin-V is poorly regulated
relative to other myosins. Are there other as yet undis-
covered factors? There is still much to be discovered in
the regulation and recycling of cytoplasmic myosins.
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