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The actin-activated ATPase activity of full-length mamma-
lian myosin Va is well regulated by Ca”>*, whereas that of trun-
cated myosin Va without the C-terminal globular tail domain
(GTD) is not. Here, we have found that exogenous GTD is capa-
ble of inhibiting the actin-activated ATPase activity of GTD-
deleted myosin Va. A series of truncated constructs of myosin
Va further showed that the entire length of the first coiled-coil
(coil-1) of the tail domain is critical for GTD-dependent regula-
tion of myosin Va and that deletion of 58 residues from the
C-terminal end of coil-1 markedly hampered regulation. Nega-
tive staining electron microscopy revealed that GTD-deleted
myosin Va formed a “Y”-shaped structure, which was converted
to a triangular shape, similar to the structure of full-length myo-
sin Va in the inhibited state, by addition of exogenous GTD. In
contrast, the triangular shape was not observed when the C-ter-
minal 58 residues of coil-1 were deleted, even in the presence of
exogenous GTD. Based on these results, we propose a model for
the formation of the inhibited state of myosin Va. GTD binds to
the C-terminal end of coil-1. The neck-tail junction of myosin
Va is flexible, and the long neck enables the head domain to
reach the GTD associated with the end of coil-1. Once the head
interacts with the GTD, the triangular inhibited conformation is
stabilized. Consistent with this model, we found that shortening
of the neck of myosin Va by two IQ motifs abolished the regula-
tion by GTD, whereas regulation was partially restored by short-
ening of coil-1 by an amount comparable to that of the two IQ
motifs.

Class V myosin is considered one of the oldest classes of
myosin, being distributed from low eukaryotes, such as yeast, to
vertebrate cells (1, 2). In mammalian cells, there are three dis-
tinct subclasses of myosin V, named myosin Va, Vb, and Vc
(3-5). Myosin Va is one of the best characterized motor pro-
teins of the myosin superfamily. Myosin Va is a processive
motor, which undergoes multiple catalytic cycles coupled to
multiple mechanical advances for each diffusional encounter
with its actin track (6 —10). This property allows single or a few
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myosin Va molecules to support movements of an organelle
along actin filaments with a large step approximating the
36-nm pseudo repeat of the track.

Myosin Va consists of two identical heavy chains that dimer-
ize through the formation of a coiled-coil structure to form a
homodimer. At the N terminus is the motor domain containing
the ATP and actin binding sites. The motor domain is followed
by a neck that consists of six IQ motifs with the consensus
sequence IQXXXRGXXXR, which act as the binding sites for
calmodulins or myosin light chains. The next ~500 amino acids
are predicted to form a series of coiled-coils separated by sev-
eral flexible regions. The last ~400 amino acids form a globular
tail domain (3). This C-terminal globular tail domain (GTD),
in conjunction with a portion of the coiled-coil region, mediates
myosin Va binding to specific membrane-bound organelles
such as melanosomes (11).

One of the most important questions is how the motor func-
tion of myosin Va is regulated. If myosin Va were constantly
active, then the high concentrations of myosin Va found in
brain (3) would consume substantial amounts of ATP. There-
fore, it is desirable that the mechanoenzymatic activities of
myosin Va is regulated in vivo. However, the molecular mech-
anism of myosin Va regulation is not well understood.

The ATPase activities of tissue-isolated myosin Va (3, 12)
and baculovirus-expressed full-length myosin Va (13, 14) are
well regulated, the actin-activated ATPase activity of myosin
Va being significantly increased by micromolar concentrations
of Ca®*. Sedimentation velocity analysis showed that the myo-
sin Va undergoes a Ca®*-induced conformational transition
from 14 S to 11 S (12—14). Electron microscopy revealed that at
low ionic strength, myosin Va has an extended conformation in
high Ca®" whereas it forms a folded shape in the presence of
EGTA, in which the tail domain is folded back toward the head
(12). The conformational transition is closely correlated with
activation of the actin-activated ATPase activity of myosin Va
(13). On the other hand, truncated myosin Va without the glob-
ular tail domain is not regulated by Ca®>* (15, 16) and does not
undergo a large conformational transition like full-length myo-
sin Va (13, 14). These results suggest that the tail domain plays
a key role in the Ca>"-dependent regulation of myosin Va, by
inhibiting the ATPase of the head (12—14). In this model, myo-
sin Va in the inhibited state is in a folded conformation such

2 The abbreviations used are: GTD, C-terminal globular tail domain of myosin
Va; DTT, dithiothreitol; McM5, melanocyte-type myosin Va; PEP, phos-
phoenol pyruvate; TCEP, Tris [2-carboxyethyl]phosphine; Ni-NTA, nickel-
nitrilotriacetic acid; aa, amino acids; MOPS, 4-morpholinepropanesulfonic
acid.
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