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ABSTRACT:. Myosin XVIII is the recently identified 18th class of myosins, and its members are composed
of a unique N-terminal domain, a motor domain with an unusual sequence around the ATPase site, one
IQ motif, a segmented coiled-coil region for dimerization, and a C-terminal globular tail. To gain insight
into the functions of this uniqgue myosin, we characterized its human homologue, MYO18A, focusing on
the functional roles of the characteristic N-terminal domain that contains a PDZ module known to mediate
protein—protein interaction. GFP-tagged full-length and C-terminally truncated MYO18A molecules that
were expressed in HelLa cells exhibited colocalization with actin filaments. Chemical cross-linking of
these molecules showed that they form stable dimers as expected from their putative coiled-coil tails.
Cosedimentation of the various types of truncated MYO18A constructs with actin flaments indicated the
presence of an ATP-insensitive actin-binding site in the N-terminal domain. Further studies on truncated
constructs of the N-terminal domain indicated that this actin-binding site is located outside the PDZ module,
but within the middle region of this domain, which does not show any homology with the known actin-
binding motifs. These results imply that this dimeric myosin might stably cross-link actin filaments by
two ATP-insensitive actin-binding sites at the N-terminal domains for higher-order organization of the
actin cytoskeleton.

Myosin superfamily proteins, now grouped into 18 classes, Myosin XVIIIA has two splice variants, designated @s
play fundamental roles in various cellular functions, including andg in humans and mice. Myosin XVIII& is composed
intracellular transport, cellular movements, maintenance of of a unique N-terminal domain containing a PDxiodule
cell shape, and signal transductida-@). A myosin molecule known to act as a scaffold for holding signaling protein
is typically composed of three regions: a motor domain, a complexes together, a motor domain, one 1Q motif, a
neck domain with an IQ motif, and a C-terminal tail. The segmented coiled-coil region, and a C-terminal globular tail.
motor domain is highly conserved among all myosin classes Myosin XVIIIA § lacks this unique N-terminal domaid,(
and is responsible for generating directed movement along5). Myosin XVIIIB has an architecture similar to that of
actin filaments, powered by ATP hydrolysis. The tail domain myosin XVIIIA except that the PDZ module in the N-
sequences are very divergent, and contain many differentterminal domain is replaced with a stretch of sequence with
functional motifs that target myosin molecules to specific unknown function 8). In addition to the unique N-terminal
cellular localizations or mediate interactions with specific domain, sequences of motor domains of myosin XVIII
proteins. In many cases, the tail domain includes a coiled- subfamily members show several unusual features. First, a
coil domain for dimerizationX). flexible loop is inserted at the highly conserved switch 2

Myosin XVIII was recently identified as the 18th class of region in the ATPase site (Figure 1). Second, the most
myosins; it has two subclasses, A and B. Myosin XVIIIA conserved glutamic acid in the switch 2 region (Figure 1,
was first isolated from bone marrow stromal cells of mice asterisk) is changed to glutamine in all members of myosin
and designated as MysPD2Z)( Myosin XVIIIA has also XVIII. This conserved glutamic acid is expected to hold the
been found in humans and flie$<7). In mice, this myosin attacking water for ATP hydrolysis9). Considering that
is abundantly expressed in stromal cell lines, showing high mutation of this strategically critical residue to any other
supportive activity for hematopoietic cell development, residue abolishes the cellular functions of myosin Il in
though it is also expressed rather ubiquitously in muscle cells Dictyosteliumcells (0), a glutamine residue in place of
and other tissuest). glutamic acid might affect the ATPase cycle. Thus, these
unusual sequence features of myosin XVIII subfamily
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Organism Class

Dm 18A
Hs 18B
Hs 1A
Hs 2
Hs 5A
Hs 6

Ficure 1: Amino acid sequence alignment of the switch 2 region
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vector (BD Biosciences Clontech) to introduce the BamHI
and Notl sites into its multi cloning site. M18A (full-length),
HMM, HMM AN, ND, and ND-motor (amino acids4054,
1-1349, 334-1349, 1-344, and 41190, respectively) were
amplified by PCR using human MYO18A cDNA (KIAA
0216) as a template. M18A and ND-motor were subcloned
into the modified pEGFP-C3 vector at its Bglll and Notl
sites. HMM, HMMAN, and ND were subcloned into the

of MYO18A and -B, and other classes of myosin. The bar denotes modified pEGFP-N3 vector at its BamHI and Notl sites. The

the unique insertion found only in myosin XVIIIl. The asterisk GCN4 leucine zipper sequence was fused with HMM
denotes the highly conserved glutamic acid, which is converted to '

glutamine only in myosin XVIIl. Gene names and accession
numbers are as follows: Hs 18A (MYO18A, D86970), Mm 18A
(MysPDZ, AB026497), Dm 18A (Mhcl, AY051503), Hs 18B
(MYO18B, AJ310931), Hs 1A (MYO1A, BC059387), Hs 2A
(myosin heavy chain lla, skeletal muscle, adult, AF111784), Hs
5A (MYOS5A, U90942), Hs 6 (MYO6, U90236), Hs 9A (MYO9A,
AF117888), and Hs 10 (MYO10, AF234532). Hs standsHomo
sapiens Mm for Mus musculusand Dm forDrosophila melano-
gaster

divergent members of the myosin superfamiy. (

HMM AN, and ND in their C-terminal Notl sites. MIDDLE-
PDZ, PDZ, and MIDDLE (amino acids 1616, 217344,
and 108-344, respectively) were amplified by PCR and
subcloned into pGEX-6P-2 (Amersham Biosciences, Piscat-
away, NJ) at its BamHI and Notl sites. The GCN4 leucine
zipper sequence was fused with MIDDLE-PDZ, PDZ, and
MIDDLE in their C-terminal Notl sites.

To amplify MIDDLE-PDZ (RG/AA) and MIDDLE-PDZ
(VL/AA) fragments by PCR, synthesized oligonucleotides
5'-GGATCCGGTGAGGAGGGTAGCTTCGCCGC-

It has been reported that the expression level of myosin cTcGGTGCTGC-3and 5-GGATCCGGTGAGGAGGG-

XVIIA is correlated with the hematopoietic supportive
ability of stromal cells 4). Myosin XVIIIAf is expressed
in all tested hematopoietic cell lines, while myosin XVIJA

TAGCTTCCGTGGCTCGGCCGCCCAGCGGGCAGgere
used as sense primers, respectively, ar@SGAAGAA-
CAGATTGCAGCAGAAGAGGCGGCCGC-3was used as

is expressed in only a subset of these cell lines. Furthermore g antisense primer. Amplified fragments were subcloned

expression of myosin XVIlIA is induced upon differentia-
tion of macrophagesj. Although these observations might
suggest that myosin XVIIIA plays a role in the hematopoietic
system, cell biological and biochemical characterizations of

this unusual myosin, necessary for understanding its cellular

roles, are absent.

To gain some insight into the functions of myosin XVIIIA,
we characterized its human homologue, MYO18A, focusing
on the functional roles of the unique N-terminal domain,
which contains a PDZ module. Using deletion mutants of
MYO18A, we found that there is an ATP-insensitive actin-
binding site in the N-terminal domain. Further deletion

into pGEX-6P-2 at its BamHI and Notl sites. The GCN4
leucine zipper sequence was fused with MIDDLE-PDZ (RG/
AA) and MIDDLE-PDZ (VL/AA) in their C-terminal Notl
sites.

Cell Culture and TransfectiorHeLa was obtained from
the RIKEN (Ibaragi, Japan) cell bank. HelLa cells were
maintained at 37C in MEM supplemented with 20 mM
glucose and 10% heat-inactivated fetal bovine serum (FBS).
Cells were transfected with FUGENE6 (Roche, Basel,
Switzerland) according to the manufacturer’s protocol.

Fluorescence Microscopywelve to fourteen hours after
transfection, HelLa cells were fixed with 4% paraformalde-

studies showed that this actin-binding site is located outside hyde in phosphate-buffered saline (PBS) at room temperature

the PDZ module, indicating that the N-terminal domain
characteristic of myosin XVIIIA has two functional modules,
an ATP-insensitive actin-binding site and a PDZ module.

EXPERIMENTAL PROCEDURES

Expression Construct® pBluescript Il SK&) plasmid
(Stratagene, La Jolla, CA) containing human MYO18A
cDNA (GenBank accession no. D86970, gene no. KIAA
0216) was obtained from Kazusa DNA Research Institute.
A plasmid containing the GCN4 leucine zippéd) sequence
(VKQLEDKVEELASKNYHLENEVARLKKLYV) was kindly
provided by R. D. Vale (University of California, San
Francisco, CA).

Synthesized oligonucleotides;-BCGAGTCGACCGG-
GAATTCTAGACCCGGGCGGCCGCG-3and 3-GATC-
CGCGGCCGCCCGGGTCTAGAATTCCCGGTCGAC;3
were annealed with each other and ligated into XH&&mHI|
sites of a pEGFP-C3 vector (BD Biosciences Clontech,
Franklin Lakes, NJ) to introduce the Notl sites into its multi
cloning site. Synthesized oligonucleotidesCTAGCGCCA-
CCATGGATCCCGGGTCGACCGGTACCGCGGCCGCCA-3
and B-GATCTGGCGGCCGCGGTACCGGTCGACCC-
GGGATCCATGGTGGCG-3 were annealed with each
other and ligated into NheiBamHI sites of a pEGFP-N3

for 30 min and permeabilized with 0.2% Triton-X 100 in
PBS for 10 min. Permeabilized cells were stained with 6
ng/mL tetramethylrhodamine isothiocyanate-coupled phal-
loidin (TRITC-Phalloidin, Sigma, St. Louis, MO) in PBS
to visualize the actin cytoskeleton. Cells were observed
with an LSM510 laser scanning microscope (Carl Zeiss,
Oberkochen, Germany).

Chemical Cross-Linkinglhis was performed by using the
homobifunctional cross-linking agent bis(sulfosuccinimidyl)
suberate (BY that was purchased from Pierce (Rockford,
IL). Twelve to sixteen hours after transfection, one 60 mm
dish of HelLa cells expressing GFP-M18A, HMM-GFP,
HMM AN-GFP, or GFP-ND-motor constructs were harvested
in 0.5 mL of lysis buffer A [20 mM MOPS (pH 7.4), 150
mM NacCl, 1% IGEPAL CA-630 (Sigma), 1 mM EDTA, 1
mM dithiothreitol, and 1 tablet/7 mL of Complete Mini
(Roche)] and gently shaken at°€ for 1 h. The resulting
lysate was centrifuged at 2169@or 15 min at 4°C. The
resulting supernatant was mixed with a final concentration
of 2 mM BS, and incubated on ice for 4 min. After
incubation, a final concentration of 50 mM Tris was added
to quench the cross-linking reaction. The sample was then
mixed with an equal volume of phosphate gel sample buffer
(56.6 mM NaHPOQ,, 143.6 mM NaHPQ,, 2% SDS, 8 M
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urea, 2% 2-mercaptoethanol, and 0.01% bromophenol blue)
and incubated at 37C for 2 min. SDS phosphate gels (3.5%
acrylamide, 28.3 mM NalPQ,, 71.8 mM NaHPQ,, and

1% SDS) were prepared as described in Sigma technical
bulletin MWS-877X. A cross-linked phosphorylabemo-

lecular mass marker (Sigma) was used to calibrate the gels.

Samples were resolved by SBBAGE using these SDS

phosphate gels and the molecular mass marker mentioned

above, and then examined by immunoblotting with an anti-
GFP antibody (BD Biosciences Clontech).

Actin Preparation Actin was prepared from rabbit skeletal
muscle according to the method of Spudich and WH3j,(
and further purified by gel filtration using a Sephadex G-100
column (Amersham Biosciences). Purified G-actin was
polymerized in F buffer [2 mM Tris-HCI (pH 8.0), 50 mM
KCI, 2 mM MgCl,, 0.2 mM CacC}, 0.2 mM ATP, and 0.1
mM dithiothreitol].

Actin Cosedimentation Assay with Proteins Expressed in
HelLa Cells.Twelve to sixteen hours after transfection, 100
mm dishes (one dish for ND-GFP, two dishes for HMM-
GFP, and four dishes for HMM-GFP) of Hela cells
expressing ND-GFP, HMMN-GFP, or HMM-GFP con-
structs were harvested and lysed with sonication in 1.1 mL
of lysis buffer B [20 mM MOPS (pH 7.4), 150 mM NacCl,
10 mM MgCh, 1 mM EGTA, 1 mM dithiothreitol, 0.2 mg/
mL soybean trypsin inhibitor, 0.5 mM phenylmethanesulfo-
nyl fluoride, and 1 tablet/7 mL of Complete Mini (Roche)].
The resulting lysate was centrifuged at 4369 15 min
at 4°C, and the supernatant was mixed with 0.2 mg/mL (a
final concentration) actin filaments with or without 0.02 unit/
uL hexokinase (Sigma) and 50 mM glucose (final concentra-
tions). Hexokinase and glucose were added to deplete ATP,
in the lysates13). Mixed samples were then incubated for
10 min at room temperature. After incubation, a final ATP
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Ficure 2: Schematic diagram of GFP-tagged full-length and
truncated MYO18A constructs expressed in HelLa cells. For
colocalization,++, +, and — represent strong, positive, and no
colocalization of the GFP-tagged construct with actin cytoskeletons,
respectively. For cosedimentatioh;t, +, and— represent strong,
positive, and no cosedimentation with actin filaments, respectively.

supernatants and pellets were resolved by SBAGE, and
the gels were stained with Coomassie Brilliant Blue.

RESULTS

Expression of the Full-Length and C-Terminally Truncated
MYO18A Molecules and Their Subcellular Localizatidn.
gain insight into the cellular functions of MYO18A, we first
observed cellular localization of the full-length protein GFP-
M18A (Figure 2) constructed by fusing GFP at the N-
terminus of MYO18A. GFP was attached at the N-terminus
because the tail domain of unconventional myosins often
plays a critical role in cellular localization and protein
protein interactions14—18). The construct was expressed
in HelLa cells, and the transfected cells were fixed to observe
GFP fluorescence. GFP-M18A diffusely localized in the
cytoplasm, as well as colocalizing with actin filaments
(Figure 3A—C), consistent with a previous repoB)(

To identify the domain responsible for the colocalization

concentration of 1 mM was added to samples that did not ;¢ pyoO18A with actin. we also expressed a heavy mer-
contain hexokinase and glucose to ensure a sufficient amo“”bmyosin (HMM)-like éonstruct HMM-GFP (Figure 2)

of ATP in these mixtures. Then all samples were centrifuged
at 43600@ for 10 min at 4°C. Supernatants were removed
and pellets resuspended in an equal volume of PBS. The
supernatants and pellets were resolved by SBAGE
followed by immunoblotting with an anti-GFP antibody (BD
Biosciences Clontech).

Actin Cosedimentation Assay with GST Fusion Proteins
GST fusion proteins were expressedescherichia colstrain
BL21 and lysed with sonication in lysis buffer C [10 mM
NaHPQ;,, 1.8 mM KH,PQ, (pH 7.3), 140 mM NaCl, 2.7
mM KCI, 1 mM dithiothreitol, and 1 mM phenylmethane-
sulfonyl fluoride]. The resulting lysates were centrifuged at
43600@ for 15 min at 4°C, and then proteins were purified
from the soluble fractions with glutathioré&epharose 4B
(Amersham Biosciences) according to the manufacturer’'s
protocol. Unless otherwise stated, fused GST was removed
by cleavage of the recombinant proteins with PreScission
protease [40 units per 1 mL of glutathioch8epharose 4B
bed in 50 mM Tris-HCI (pH 7.0), 150 mM NaCl, 1 mM
EDTA, and 1 mM dithiothreitol at 4C for 4 h]. MIDDLE-
PDZ was not cleaved from GST.

The purified proteins were mixed with 0.2 mg/mL (a final
concentration) actin filaments and centrifuged at 436000
for 10 min at 4°C. The supernatants were removed and
pellets resuspended in an equal volume of PBS. The

which has the truncated coiled-coil tail with 15 heptad repeats
followed by a leucine zipper sequence of GCN4 for trig-
gering coiled-coil formationX9). GFP was further fused to
the C-terminus of GCN4 leucine zipper to visualize the
protein in vivo. This HMM-GFP expressed in HelLa cells
strongly colocalized with actin filaments with much less
diffuse localization in the cytoplasm (Figure 3iB) com-
pared to the full-length construct. This result indicates that
the actin-binding site is not in the C-terminal part of the tail
domain deleted to construct this HMM-GFP, but is in the
motor domain or in the unique N-terminal domain. However,
when the N-terminal domain of HMM was deleted to mimic
the myosin XVIIIAS variant, the resulting HMMN-GFP
(Figure 2) did not bind to actin filaments. It was only
diffusely distributed in the cytoplasm (Figure 3@, con-
sistent with the recent observation that the myosin XVHIA
variant exhibited diffuse localization in the cytoplasB). (
These observations imply that a stable actin-binding site is
present in the unique N-terminal domain of MYO18A.

Chemical Cross-Linking of Full-Length GFP-M18A, HMM-
GFP, and HMMAN-GFP. For further analyses, it needs to
be ascertained if GFP-M18A, HMM-GFP, and HMW-
GFP form dimers as expected from the coiled-coil structures
of their tail regions, since their in vivo localization and
affinity with actin filaments might be affected by their higher-
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Ficure 3: N-Terminal domain of MYO18A that is required for
cellular colocalization with actin filaments. HelLa cells expressing
GFP-tagged MYO18A constructs were fixed and observed by
fluorescence microscopy. GFP fluorescence shows localization of
the MYO18A constructs (A, D, and G). Actin filaments are
visualized with TRITC-phalloidin (B, E, and H). Corresponding
overlaid images are also shown (C, F, and I)=—@) Full-length
GFP-M18A localizes diffusedly in the cytoplasm and also colo-
calizes with actin filaments. (BF) HMM-GFP strongly colocalizes
with actin filaments. (G-1) HMM AN-GFP localizes diffusedly only

in the cytoplasm but not to actin filaments. Bars areub® long.

order structures. It has recently been shown that myosin VI
with a putative coiled-coil structure at its tail is present as a
monomeric protein in vivoZ0). Chemical cross-linking with
BS® [bis(sulfosuccinimidyl) suberate], which has an arm
length of 11.4 A and cross-links with two side chains of
lysine residues, was performed on the lysate of HeLa cells
expressing GFP-M18A, HMM-GFP, or HMMN-GFP.
SDS-PAGE of cross-linked products and visualization of
these polypeptide chains with an anti-GFP antibody showed
that these molecules easily formed cross-linked dimers
(Figure 4). Under the same cross-linking conditions, mon-
omeric GFP-ND-motor molecules (Figure 2), which com-
pletely lost their coiled-coll tail, were not cross-linked (Figure
4). The experiments indicate that full-length MYO18A and
its truncated derivatives with coiled-coil tails are actually
present as dimers.

Cosedimentation with Actin Filameni&/e then performed
actin cosedimentation with HMM-GFP or HMIN-GFP in
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Ficure 4: Chemical cross-linking of GFP-M18A, HMM-GFP,
HMM AN-GFP, and GFP-ND-motor. HelLa cells expressing each
construct were lysed. After centrifugation, the supernatant was
incubated on ice with 2 mM BSor 4 min. Controls without BS
were left on ice for 4 min. Samples were subjected to 3.5%
acrylamide SDSPAGE gels and detected by Western blotting
using an anti-GFP antibody. Molecular mass markers (kilodaltons)
are given at the left. Predicted molecular masses are as follows:
260 kDa for GFP-M18A, 180 kDa for HMM-GFP, 140 kDa for
HMM AN-GFP, and 160 kDa for GFP-ND-motor.

ATP Hexoki + glucose
Actin + - + -
5 P 5 P S P S P
HMM-GFP —— -
HMMAN-GFP  -— — — —
ND-GFP L — — — | —— e

Ficure 5: N-Terminal domain contains an ATP-insensitive actin-
binding site(s). High-speed supernatants were obtained from HelLa
cells expressing MYO18A constructs. The supernatants were mixed
with (+) or without (—) actin filaments in the presence of 1 mM
ATP or in the presence of 0.02 upit/ hexokinase and 50 mM
glucose to deplete ATP. The samples were then centrifuged at
43600@. Resulting supernatants (S) and pellets (P) were subjected
to SDS-PAGE and detected by Western blotting using an anti-
GFP antibody. HMM-GFP and ND-GFP cosedimented with actin
filaments in the presence of ATP or in the presence of hexokinase
and glucose to deplete ATP, whereas HMM-GFP did not under

the same conditions.

its C-terminus (designated as ND-GFP, Figure 2) cosedi-
mented with actin filaments irrespective of ATP concentra-
tion (Figure 5).

It has been well established that conventional myosin |l
and unconventional myosins cosediment with actin filaments
in the absence of ATP to form a rigor comple¥3( 21—

25). Unlike these myosins, HMMN-GFP, which contains
a motor domain but not the N-terminal ATP-insensitive actin-

the lysate of HeLa cells expressing these proteins. As shownbinding site, did not cosediment with actin filaments even

in Figure 5, HMM-GFP cosedimented well with actin
filaments added to cell lysates both in the presence of 1 mM

after depletion of ATP as shown above. This is another
unique feature of this unusual myosin.

ATP and in the presence of an excess amount of hexokinase Identification of the ATP-Insensit Actin-Binding Site-

and glucose to deplete ATP in the cell lysates (see Experi-
mental Procedures). Unlike HMM-GFP, HMAN-GFP did
not cosediment with actin filaments in the presence of ATP

(s) in the N-Terminal DomainThe actin-binding site was
located within the N-terminal domain, which is divided into
three regions: the N-terminal region rich in K and E (residues

or in the presence of hexokinase and glucose (Figure 5); thus1—107), the C-terminal PDZ module (residues 2BA4),

it is very likely that the stable ATP-insensitive actin-binding
site is not in the MYO18A motor domain, but in the
N-terminal domain. This notion was further confirmed by

and the middle region without any particular motif or
characteristic sequences (residues-1285). Hereafter, these
three are designated as “KE”, “PDZ”, and “MIDDLE"

performing actin cosedimentation with a construct containing regions. We searched for the ATP-insensitive actin-binding
the N-terminal domain alone. This N-terminal domain site in these regions using deletion constructs of the N-
construct fused with the GCN4 leucine zipper and GFP at terminal domain. First, the KE region was deleted from the
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KIDDLE Q dimeric construct containing only the MIDDLE region with-
¥ 1 ) ¥ _Coiled-coil out the PDZ module (MIDDLE, Figure 6) cosedimented with
el | actin filaments (Figure 7), though the binding was weaker

than that of the MIDDLE-PDZ fragment. Approximately half

MIDDLE-PDZ + of the MIDDLE fragment remained in the supernatant even
pDz - in the presence of an excess of actin filaments. This result
MIDDLE + implies either that the MIDDLE region primarily contributes
MIDDLE-PDZ (RG/AA) ++ to actin binding with a secondary, weak contribution of the
SFFiGSVLQR PDZ module or that the truncation to generate the MIDDLE
AA fragment affects its affinity with actin filaments.
MIDDLE-PDZ (VI/AA) [____ - The actin binding activity of the MIDDLE region was
" SFRGSVLAR further confirmed by introducing point mutations to destroy
A*A the binding activity. To select targets for mutations, we
FIGURE 6. Schematic diagram of deletion constructs of the cOmpared the sequences of the N-terminal domains of
N-terminal domain expressed B coli strain BL21. For cosedi- ~MYO18A and -B, since it has recently been shown that the

mentation, ++, +, and — represent strong, positive, and no N-terminal domain of MYO18B alone exhibits colocalization

cosedimentation with actin filaments, respectively. KE stands for \yith actin filaments in vivo when expressed as a GFP fusion

the KE rich region, MIDDLE for the MIDDLE region, PDZ for p P .

the PDZ module, and IQ for the IQ moti. prot.em (personal communication by J. Yukota and R AJ_|ma,
National Cancer Center, Tokyo, Japan). As shown in Figure

__ MIDDLE-PDZ 8, there is a cluster of identical residues at the N-terminal
metn: sk a= end of the MIDDLE region of the two types of myosins.
S P S P . .
: We targeted this cluster for mutations and made two mutants
MIDDLEPDZ> S I of the MIDDLE-PDZ construct in which R114 and G115 or
Actink-FETHENN - V117 and L118 were mutated to alanine residues [MIDDLE-
PDZ MIDDLE PDZ (RG/AA) and MIDDLE-PDZ (VL/AA), respectively
Actin__ + - + : (Figure 6)]. As shown in Figure 9, the former cosedimented
S P s P s P s P with actin filaments, but the latter lost its binding activity.
Actine! - [ — The R114 and G115 residues might be located on the surface

of the MIDDLE region, while the V117 and L118 residues
; might be embedded inside as the hydrophobic core. There-
PDZr > = - —— fore, the latter mutations might affect the overall structure
' of the actin-binding site and be more effective in abolishing
actin binding activity than the former. Although we cannot
Ficure 7: MIDDLE region (MIDDLE), but not the PDZ region  exclude the possibility that the effect of VL/AA mutations
(PDZ), of the N-terminal domain exhibits actin-binding activity. \yas not localized in the MIDDLE region due to propagation

Bacterially expressed and purified deletion constructs of the .
N-terminal domain were centrifuged at 43690th (+) or without of structural changes, the results shown here collectively

(—) actin filaments. Resulting supernatants (S) and pellets (P) wereindicate that the MIDDLE region of the N-terminal domain
subjected to SDSPAGE and stained with Coomassie Brilliant  (residues 108216), which shows no homology to any actin-

Blue. The positions of each construct (MIDDLE-PDZ, PDZ, and pinding motifs or other functional module, contains the ATP-
MIDDLE) and actin on the gels are indicated. MIDDLE-PDZ and  ,sensitive actin-binding site.

MIDDLE cosedimented with actin filaments, but PDZ did not.

N-terminal domain and the resulting MIDDLE-PDZ region DISCUSSION

was fused to the GCN4 leucine zipper for dimerization  This study identified an ATP-insensitive actin-binding site
(Figure 6). The dimeric constructs were used here to mimic at the MIDDLE region of the N-terminal domain of
the dimeric structure of MYO18A. This bacterially expressed MYO18A. This MIDDLE region does not contain any
construct designated as MIDDLE-PDZ cosedimented with sequence homologous to the known actin-binding motifs.
actin filaments (Figure 7), showing that the MIDDLE and/ Monomeric unconventional myosins such as amoeboid
or PDZ regions contain the actin-binding site. Next, the myosin | have an ATP-insensitive actin-binding site, such
dimeric deletion construct containing only the PDZ module as the GPA module in the tail domai@€g). This type of
(PDZ, Figure 6) was used for cosedimentation. This construct myosin cross-links two actin filaments and generates sliding

did not cosediment with actin filaments (Figure 7), suggesting between them by anchoring itself on one filament through
that the actin-binding site is outside this PDZ module. The the ATP-insensitive actin-binding site in the tail and interact-

MIDDLE® —— —

*% k%
MYO18A 107 GEEESEEE}%E -----------------------------------------------------
MYO18B 144 F R N[ DPDSAKPEKTHPHDAPPCKTS PPATDTGKEKKGETSRTPCGSQASTEILAPKA
MYO18A 125 ----- ESGEQK ——————————— QNEEME —————— a&;FSFSQ ----- RSADESASETSTRSE- - ------
MYO18B 214 EKTRT DPGQGTVALKKGEEGESINfGKGLGTPWT TELKEAEPQGKDIOGTRPQAQ VRPGKAE
MYO18A 159 -HSHRIZSPQ RTL------ I LEJQHP IPRPE- - - - -AIFELVTKWF P LPPVVPLIZPP
MYO18B 284 KEGLEIITNTIYHKGNVSKDVGS] ﬁPQI KWGEF LGREEKWDGIFONKKD KAEKTGEIZOT
Ficure 8: Amino acid sequence of the MIDDLE region of MYO18A compared with the corresponding region of MYO18B. Identical

residues are highlighted in black. Residues mutated to alanine in MIDDLE-PDZ (RG/AA) or MIDDLE-PDZ (VL/AA) constructs are denoted
with asterisks.
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MIDDLE-PDZ (RG/AA)  MIDDLE-PDZ (VL/AA)
Actin + - + -
S P s P § P s P

-

-—

Actinh ——

MIDDLE-PDZ® —

Ficure 9: Point mutations in the MIDDLE region affect the actin
binding activity of the MIDDLE-PDZ construct. Bacterially
expressed and purified MIDDLE-PDZ constructs with point muta-
tions at R114 and G115 [MIDDLE-PDZ (RG/AA)] or V117 and
L118 [MIDDLE-PDZ (VL/AA)] were centrifuged at 4360@Pwith

(+) or without () actin filaments. Resulting supernatants (S) and
pellets (P) were subjected to SBBAGE and stained with
Coomassie Brilliant Blue. The positions of each construct [MIDDLE-
PDZ (RG/AA) and MIDDLE-PDZ (VL/AA)] and actin on the gels
are given. MIDDLE-PDZ (RG/AA) cosedimented with actin
filaments, but MIDDLE-PDZ (VL/AA) did not.

ing with another filament through the motor domain in an
ATP-dependent way. However, the two ATP-insensitive
actin-binding sites in the dimeric MYO18A molecule stably
cross-link actin filaments possibly for organizing a higher-
order actin structure.

In this context, it must be noted that the colocalization of
MYO18A with actin cytoskeletons is less striking for the
full-length construct compared to the HMM-type construct
lacking some of the tail domain. Thus, the deleted domain
of MYO18A might regulate stable, ATP-insensitive cross-
linking of actin filaments by the N-terminal domains. Proteins
interacting with the PDZ module might also regulate actin
cross-linking, although the binding partners of the PDZ
module remain to be identified. Further studies are required
to elucidate regulation of cross-linking of actin filaments by
MYO18A.

Among members of the myosin superfamily, the myosin

XVIII subfamily members have the most divergent sequences
(6). The unusual sequences around the ATPase site of 12-

MYO18A, as described in the introductory section above,
might affect its enzymatic behavior as a myosin. This notion
is consistent with our observation that the motor domain of
MYO18A did not cosediment with actin filaments even after
depletion of ATP. The lack of the ability of the MYO18A
motor domain to form a rigorlike complex with actin
filaments and the presence of the two ATP-insensitive actin-
binding sites at the N-terminal domains of the dimeric
molecule collectively suggest that this uniqgue myosin would
not act as an active motor that slides along actin filaments.
Instead, this myosin might stably cross-link actin filaments
by the two ATP-insensitive actin-binding sites at the N-
terminal domains for higher-order organization of the actin
cytoskeleton.

After this paper had been submitted, similar results were
reported by Mori et al.Z7), who identified the actin-binding
site at a region outside the PDZ module in the N-terminal
domain of MYO18A by immunoprecipitation. In general,
protein—protein interactions identified by immunoprecipi-
tation could be mediated by a third protein. Our results
reported here directly identified the stable actin-binding site
by coprecipitation of purified fragments with actin filaments.
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