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Abstract

MYO18A is a divergent member of the myosin family characterized by the presence of an amino-
terminal PDZ domain. MYO18A has been found in a few different complexes involved in
intracellular transport processes. MYO18A is found in a complex with LURAP1 and MRCK that
functions in retrograde treadmilling of actin. It also has been found in a complex with PAK2,
BP1X, and GIT1, functioning to transport that protein complex from focal adhesions to the leading
edge. Finally, a high proportion of MYO18A is found in complex with GOLPHS3 at the #rans
Golgi, where it functions to promote vesicle budding for Golgi-to-plasma membrane trafficking.
Interestingly, MYO18A has been implicated as a cancer driver, as have other components of the
GOLPH3 pathway. It remains uncertain as to whether or not MYO18A has intrinsic motor activity.
While many questions remain, MYO18A is a fascinatingly unique myosin that is essential in
higher organisms.
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1. Introduction

MYO18A is an unconventional myaosin that has been implicated in multiple cellular
processes. It has roles in retrograde treadmilling of actin and in the function of focal
adhesions. It also plays an important role at the Golgi as part of the machinery for vesicle
exit for Golgi-to-plasma membrane trafficking. There remain many questions about its
function and controversies in the literature that have yet to be resolved. Nevertheless, it is
clear that MYO18A is an interesting protein whose study promises to provide insight into a
range of biology.

“Corresponding author: sjfield@ucsd.edu.

Conflict of interest
We have no conflicts to report.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buschman and Field Page 2

2. Discovery of MYO18A as a Novel PDZ-Containing Myosin

MYO18A was first identified in 2000 by Obinata and colleagues in a screen for genes that
are up-regulated in stromal cell lines with increased capacity to support hematopoietic stem
cells (presumably via secretion of paracrine growth factors) (Furusawa et al., 2000). Their
further characterization of MYO18A (referred to as MysPDZ) reported ubiquitous
expression in all tissues, detection of multiple splice forms, and subcellular localization of
both the endogenous protein and exogenously expressed, tagged protein at the ER and Golgi
(Furusawa et al., 2000; Mori et al., 2003, 2005). Analysis of MYO18A domain structure
revealed a core myosin-homology region, closest in homology to myosin Il but fairly
divergent, an extended coiled-coil region at the C-terminus, and an extended N-terminus
(Figure 1). The N-terminal portion of the protein was recognized to contain a Lys-Glu (KE)
repeat region. In addition, unique among myosins, the MYO18A N-terminal portion
includes a PDZ domain, which is a critical defining feature of MYO18A across species.
PDZ domains typically enable protein-protein interactions often by binding to a PDZ motif
found at the C-terminus of some proteins. However, there also are examples of PDZ domain
interactions with internal protein sequences (Harris and Lim, 2001) and with lipids
(Zimmermann, 2006). PDZ domains are frequently observed in proteins involved in
intracellular signal transduction pathways. Thus, even early on it seemed that MYO18A may
be involved in signaling. Bolstering this idea, unbiased analysis of protein phosphorylation
in myeloblastic cells in response to macrophage colony stimulating factor (CSF-1) identified
prominent tyrosine phosphorylation of MYO18A (Cross et al., 2004). Indeed, subsequent
unbiased proteomic analyses have identified abundant phosphorylation of MYO18A on Ser,
Thr, and Tyr, in addition to other post-translational modifications such as lysine
ubiquitination, acetylation, and methylation (Hornbeck et al., 2015). The function, if any, of
these modifications remains largely unknown.

3. A Role for MYO18A in Retrograde Actin Treadmilling

Tan et al. identified MYO18A in a complex with Myotonic dystrophy kinase-related
CDC42-binding kinase (MRCK) and Leucine-rich adaptor protein 1 (LURAP1, also known
as LRAP35a) (Tan et al., 2008). Unbiased experiments to identify proteins that co-
immunoprecipate with LURAP1 identified MYO18A. They found that LURAP1 bridges
from MRCK to MYO18A, and that MRCK is capable of phosphorylating MYO18A.
Functional experiments revealed that overexpression of MRCK, LURAP1, or MYO18A
resulted in an increase in cellular protrusions. Further experiments indicated this phenotype
to be due to a role of the complex in retrograde flow of the actomyosin network in the cell
lamella and the center of the cell. Finally, these authors provided evidence that the MRCK-
LURAP1-MYO18A complex is required for normal cell migration.

4. A Role for MYO18A in Linking Focal Adhesions to Membrane Ruffles

MYO18A has also been found to play a role in the turnover of focal adhesions and their
function in regulating membrane ruffles. In a pair of studies, Hsu et al. found that MYO18A
interacts with the PAK2/BPIX/GIT1 complex (Hsu et al., 2010, 2014). Interestingly, the C-
terminus of BP1X does contain a consensus PDZ motif, but the data suggest that the BPIX C-
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terminus interacts with the C-terminal globular domain of MYO18A, rather than the PDZ
domain (Hsu et al., 2014). They found that depletion of MYO18A does not alter the
formation of the PAK2/BPIX/GIT1 complex, however it alters the localization of the
complex. Under normal conditions in epithelial cells, the PAK2/BPIX/GIT1 complex cycles
(or traffics) between the leading edge (membrane ruffles and lamellipodia), focal adhesions,
and the cytoplasm. Depletion of MYO18A, or disruption of the MYO18A-BPIX interaction,
results in the accumulation of the PAK2/BPIX/GIT1 complex in focal adhesions. A
consequence of this focal adhesion accumulation of the PAK2/BPIX/GIT1 complex is
decreased focal adhesion turnover, with a resultant increase in both the size and number of
focal adhesions. This occurs together with a reduction in active membrane ruffles and is
associated with decreased cell migration. These data suggest a model in which MYO18A
transports the PAK2/BPIX/GIT1 complex from mature focal adhesions to membrane ruffles,
and that this drives cell migration.

5. A Role for MYO18A in Lung Surfactant Function

Chroneos and colleagues report a role for MYQO18A as a receptor for lung surfactant protein
A, SP-A (Sever-Chroneos et al., 2011; Yang et al., 2005, 2015). They provide evidence of an
interaction between MYO18A and SP-A, and propose that there exists a cryptic
transmembrane domain in MYO18A that results in the extracellular localization of the motor
and C-terminal domains. Certainly, this would provide an unexpected twist to MYO18A
function. However, important questions remain as how a protein that is generally observed to
be cytosolic, lacks a definitive export signal sequence, and lacks a definitive transmembrane
domain could act as a receptor for molecules found in the extracellular space. Additional
studies will be needed to understand whether MYO18A truly plays this intriguing role.

6. MYO18A Has a Key Role in Golgi Function Via an Interaction with

GOLPHS

6.1 The PI4P/GOLPH3/MYO18A/F-actin complex

GOLPH3 is an abundant protein that is highly localized to the cytosolic face of the frans
Golgi (Figure 2; Bell et al., 2001; Dippold et al., 2009; Wu et al., 2000). In a screen for
phosphoinositide binding proteins we identified GOLPH3 as a novel PI4P-binding protein
(Dippold et al., 2009). P14P is highly abundant at the #rans Golgi (Godi et al., 1999, 2004).
GOLPH3 binding to trans Golgi P14P results in localization of GOLPH3 to the #rans Golgi
(Dippold et al., 2009). We found that siRNA knockdown of GOLPH3 results in compaction
of the Golgi and arrest of Golgi-to-plasma membrane trafficking (Dippold et al., 2009),
mimicking the effect of depolymerization of F-actin (Dippold et al., 2009; Egea et al., 2006;
Hirschberg et al., 1998; Lazaro-Diéguez et al., 2007). The similarity of the phenotypes
suggested a link between GOLPH3 and F-actin. Thus, it was gratifying that unbiased
detection of GOLPH3 interacting proteins by immunoprecipitation/mass spectrometry
(IP/MS) identified MYO18A (Dippold et al., 2009). Further experiments indicated that
quantitative IP of endogenous GOLPH3 would co-IP as much as two-thirds of endogenous
MYO18A, indicating a robust interaction between the endogenous proteins (Dippold et al.,
2009; Farber-Katz et al., 2014; Ng et al., 2013). Furthermore, the purified proteins interact
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directly with each other /n vitro (Dippold et al., 2009; Farber-Katz et al., 2014; Taft et al.,
2013). In agreement with Mori, et al. (Mori et al., 2005) we found that MYO18A localizes
in part to the Golgi, and further, the Golgi localization of MYO18A is dependent on
GOLPH3 (Dippold et al., 2009). Our data indicate that the PI4P/GOLPH3/MYO18A/F-actin
complex functions to pull on the #rans Golgi membrane to extract vesicles for forward
trafficking to the plasma membrane (Bishé et al., 2012; Dippold et al., 2009; Farber-Katz et
al., 2014; Ng et al., 2013; Xing et al., 2016).

6.2 The GOLPH3/MYO18A Interaction is Regulated

The interaction between GOLPH3 and MYO18A undergoes physiological regulation as part
of the cellular response to DNA damage (Farber-Katz et al., 2014). In response to agents that
cause double-stranded DNA breaks, activated DNA-PK directly phosphorylates GOLPH3 on
Thr143 and Thr148. This phosphorylated form of GOLPH3 interacts more tightly with
MYO18A, as observed both with endogenous proteins in cells, and with bacterially
expressed, purified proteins /n vitro (Farber-Katz et al., 2014). Moreover, this enhanced
interaction between GOLPH3 and MYO18A is responsible for fragmentation of the Golgi
that occurs in response to DNA damage.

6.3 A Role for the Golgi GOLPH3/MYO18A Complex in Cell migration

MYO18A also plays a role in cell migration as a key component of the GOLPH3 pathway at
the Golgi. Overexpression of GOLPH3 has been shown by several groups to promote
increased cell migration (Isaji et al., 2014; Tokuda et al., 2014; Xing et al., 2016). It has long
been known that a key initiating step in cell migration is reorientation or polarization of the
Golgi towards the leading edge of the cell (Kupfer et al., 1982; Millarte and Farhan, 2012).
Our lab showed that the GOLPH3 pathway drives cell migration by promoting Golgi
reorientation towards the leading edge and by increasing directional trafficking of cargoes
towards the leading edge (Xing et al., 2016). Furthermore, we found that all components of
the Golgi GOLPH3 pathway (P14P, GOLPH3, MYO18A and F-actin) are required for
reorientation of the Golgi and efficient cell migration.

6.4 Loss of MYO18A Phenocopies Loss of GOLPH3

Consistent with MYO18A acting in concert with GOLPH3, siRNA knockdown of MYO18A
phenocopies knockdown of GOLPH3. For example, knockdown of GOLPH3 (or depletion
of P14P, or depolymerization of F-actin) causes the Golgi ribbon to collapse into a compact
ball as observed by light microscopy and causes the normally flattened frans Golgi cisternae
to round-up as observed by electron microscopy (Dippold et al., 2009; Ng et al., 2013).
Knockdown of GOLPH3 also causes arrest of Golgi-to-plasma membrane trafficking (as
assessed by unbiased 35S-methionine pulse-chase to measure overall secretion, quantitative
assessment of trafficking of ts045-VSVG-EGFP, or secretion of hepatitis C virus from
infected cells). Knockdown of MYO18A completely recapitulates these phenotypes (Bishé
etal., 2012; Dippold et al., 2009; Ng et al., 2013). Knockdown of GOLPH3 also prevents
DNA damage-induced dispersal of the Golgi and results in enhanced cell death following
DNA damage. Again, knockdown of MYO18A reproduces these phenotypes (Farber-Katz et
al., 2014). In cell culture wound healing experiments to assess cell migration, knockdown of
GOLPH3 interferes with reorientation of the Golgi toward the wound edge and inhibits cell
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migration. Knockdown of MYO18A results in the same defects in Golgi reorientation and
impaired cell migration (Xing et al., 2016). Moreover, epistasis experiments reveal that the
ability of overexpressed GOLPHS3 to accelerate Golgi reorientation toward the wound edge
is dependent on MYO18A and F-actin (Xing et al., 2016). The observation that knockdown
of MYO18A thoroughly phenocopies knockdown of GOLPH3 argues strongly that they
function in concert. Moreover, the fact that knockdown of MYO18A is epistatic to
overexpression of GOLPH3 indicates that the function of GOLPH3 depends on MYO18A.

6.5 GOLPHS3L Reveals the Importance of the GOLPH3/MYO18A Interaction

GOLPH3L is a paralog of GOLPH3, found in vertebrates. It serves as an experiment of
nature revealing the importance of the interaction between GOLPH3 and MYO18A.
GOLPH3L is highly similar to GOLPH3, and like GOLPH3 binds tightly and specifically to
P14P, and thus localizes to the Golgi (Ng et al., 2013). However, the Golgi phenotype due to
knockdown or overexpression of GOLPH3L is opposite to that of GOLPH3. Knockdown of
GOLPH3L causes Golgi expansion, while overexpression of GOLPH3L causes Golgi
compaction. The explanation for the disparity between the effect of perturbing GOLPH3L
versus GOLPH3 became clear with the discovery that while GOLPH3 interacts tightly with
MYO18A, GOLPH3L does not. Furthermore, epistasis analysis indicates that GOLPH3L’s
ability to influence the Golgi is dependent on both GOLPH3 and MYO18A. Thus,
GOLPH3L acts as an endogenous dominant-negative inhibitor of the GOLPH3/MYO18A
complex.

7. A Role for MYO18A in Cancer
7.1 MYO18A Drives Cancers

To identify new cancer driver genes, Sanchez-Garcia et al. developed a new algorithm
(Helios) to mine The Cancer Genome Atlas (TCGA) breast cancer database (Sanchez-Garcia
et al., 2014). This analysis identified several well established oncogenes (such as MYC,
ERBB2/Neu, and cyclin D1) as cancer drivers. Along with the well characterized cancer
driving genes, they identified several novel putative cancer drivers, including MYO18A.
Further validating their Helios analysis system, several of these previously unknown cancer
drivers were validated as bona fide oncogenes in cell transformation models. The robust
validation of Helios provides some assurance that their identification of MYO18A as a
cancer driver is also true. However, direct experimental evidence is lacking. Still, Makowska
et al. find that MYQO18A is overexpressed in metastatic prostate cancer cell lines (Makowska
et al., 2015). In addition, the MYO18A gene has been found in fusions with the PDGFR,
FGFR, and MLL genes in cancers (Sheng et al., 2017; Ussowicz et al., 2012; Walz et al.,
2005, 2009). While PDGFR, FGFR, and MLL are known cancer drivers, it remains possible
that the MYO18A portion of these fusions is also driving these cancers.

7.2 Multiple Components of the GOLPH3 Pathway Are Cancer Drivers

Notably, other components of the GOLPH3 pathway are also cancer drivers. GOLPH3 itself
is an oncogene that is amplified and/or overexpressed in many cancers (Buschman et al.,
2015; Scott et al., 2009). PITPNCL1 is a member of the family of phosphatidylinositol
transfer proteins (PITPs) and is a cancer driver (Halberg et al., 2016; Png et al., 2011).
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Strikingly, the phenotypes due to overexpression of PITPNC1 are dependent on GOLPH3,
indicating that PITPNC1 acts via the GOLPH3/MYO18A pathway (Halberg et al., 2016).
The Golgi localized Pl-4-kinases, P14Klla (Li et al., 2010) and PI4KIIIB (Curtis et al.,
2012) have also been proposed to be cancer drivers. Taken together, the data suggest that the
components of the GOLPH3 pathway, including MYO18A, drive oncogenesis through their
function at the Golgi (Buschman et al., 2015; Farber-Katz et al., 2014; Xing et al., 2016).

7.3 MYO18A Drives Migration of Prostate Cancer Cells

A role for MYO18A in cell migration and actin organization was reported in studies
performed in prostate cancer cells (Makowska et al., 2015). This work showed that
MYO18A expression (along with several other myosins) is increased in invasive prostate
cancer cell lines, supporting the idea that MYO18A plays a role in oncogeneses and/or
metastasis. Furthermore, depletion of MYO18A from PC-3 prostate cancer cells results in
altered actin cytoskeleton (particularly non-muscle myosin 2A fibers) and impaired cell
migration and invasion. Specifically, they found that MYO18A depletion has no effect on
cell migratory speed, but instead impairs persistent movement, and thus productive
migration.

Although the study in prostate cancer did not propose a mechanism, it is notable that three
mechanisms have already been proposed for MYO18A’s contribution to cell migration. Tan
et al. suggested that MYQO18A’s role in retrograde treadmilling of actin contributes to cell
migration (Tan et al., 2008). Hsu et al. proposed that MYO18A’s role in trafficking of the
PAK2/BPIX/GIT1 complex from focal adhesions to membrane ruffles is important for cell
migration (Hsu et al., 2010, 2014). Finally, Xing et al. (our work) indicated a role for
MYO18A in Golgi re-orientation and directional trafficking towards the leading edge, which
are known to be important for cell migration (Kupfer et al., 1982; Millarte and Farhan, 2012;
Xing et al., 2016). These proposed mechanisms are not mutually exclusive, and thus it is
certainly possible that all three contribute to the requirement for MYO18A for normal and
invasive cell migration.

8. Is MYO18A a Motor?

The myosin family of proteins is known by their ability to bind actin and to use the energy
from hydrolysis of ATP to translocate on actin filaments. Since MYO18A is clearly a
member of the myosin family by homology, it is natural to wonder whether it likewise acts
as a motor on actin. Unexpectedly, when Isogawa et al. characterized the interaction of
human MYO18A with F-actin /n vitro, they were unable to detect an interaction between the
motor domain and F-actin, even after depletion of ATP, which for other myosins results in a
tight rigor complex (Isogawa et al., 2005). They did find that a region of the N-terminus of
MYO18A, between the KE and PDZ domains did bind F-actin, although this binding was
unaffected by depletion of ATP. Together with the observation that key residues found in
other myosins are not conserved in MYO18A, the authors proposed that MYO18A may not
act as a motor.

Subsequent studies of MYO18A /n vitro have cast further suspicion on the ability of
MYO18A to act as a motor. Characterization of fruit fly MYO18A observed no ability to
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bind or hydrolyze ATP (Guzik-Lendrum et al., 2011). The same group examined mouse
MYO18A and found that while it could bind to myosin light chains, it bound ATP only
weakly, hydrolyzing it quite inefficiently (Guzik-Lendrum et al., 2013). They also observed
only weak binding to actin filaments that was unregulated by nucleotide or addition of
GOLPHS3. Because of the weak actin binding, in this study the authors were unable to see
binding of MYO18A to actin filaments as observed by the formation of barbed arrows by
electron microscopy.

Taft et al. examined human MYO18A Jn vitro, and observed two actin binding sites per
monomer, yielding four sites per MYO18A dimer (Taft et al., 2013). The motor domain was
found to bind equally well to ATP and ADP, and to bind actin better in the presence of ADP
compared to in the presence of ATP or in the absence of nucleotide. Furthermore, the KE-
PDZ region of the N-terminus was also found to bind to actin (as was previously observed
by Isogawa et al.), and although this binding was not regulated by nucleotides, it was
enhanced five-fold by the addition of GOLPH3 protein. Taft et al, were readily able to
observe the formation of barbed arrows on actin filaments indicating efficient decoration by
MYO18A.

The differences observed by these different groups could be due to species differences (fruit
fly vs. mouse vs. human). However, it seems more likely to represent experimental
differences, including the use of different fragments of MYO18A by each group. Perhaps
more significant, Isogawa and Taft used bacterially expressed MYO18A, which is likely to
be devoid of regulatory post-translational modifications. Guzik-Lendrum et al., in their
studies chose to use protein produced using the baculovirus/Sf9 system, which may bear
random post-translational modifications. Differences in post-translational modifications may
significantly affect MYO18A activity. Nevertheless, every group reported detecting little or
no ATP hydrolysis by MYO18A, raising doubts as to its ability to act as a motor.

Unlike the experiments performed /n vitro, experiments performed in live cells suggest that
the putative ATP catalytic site, as identified by homology to other myosins, is functionally
important. Tan et al. observed that overexpression of the putative ATPase-defective
MYO18A mutant G520D/K521E behaved similarly to depletion of MRCK or MYQ18A,
causing a marked reduction in the actomyosin network in the lamellar and subnuclear
regions (Tan et al., 2008). This suggested that the ATPase activity is required for MYO18A
function in cells, and that the ATPase-defective mutant behaves as a dominant-negative.

In Dippold et al. we used knockdown/rescue experiments to test the function of MYO18A at
the Golgi (Dippold et al., 2009). siRNA knockdown of MYO18A in human cells resulted in
Golgi compaction. Normal Golgi morphology could be rescued by expression of murine
wild-type MYO18A (which is resistant to the human-targeted siRNA), but not by expression
of the putative ATPase-defective mutant, G520S/K521A. The fact that subtle mutation in the
putative ATP catalytic site renders MYO18A nonfunctional in cells for both Tan et al. and
Dippold et al. strongly raises suspicion that MYO18A catalyzes nucleotide hydrolysis /n
VIvo.
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The difference in conclusions offered by the biochemical experiments performed /in vitro
and the functional experiments performed in live cells could be explained in a number of
ways. It is possible that the point mutations used in the cell-based experiments alter
MYO18A function in some other unforeseen manner that has nothing to do with nucleotide
hydrolysis, and, in fact, MYO18A is not a motor. It is noteworthy that all of the cell-based
functions for MYO18A, such as actomyosin treadmilling, trafficking of the PAK2/BP1X/
GIT1 complex, or Golgi vesicle budding in concert with GOLPH3, could involve additional
motor proteins that interact either directly or indirectly with MYO18A to generate the
proposed forces. Indeed, MYO18A has been found to co-assemble with non-muscle myosin
2 both /n vitroand in live cells (Billington et al., 2015). It is certainly possible that
MYO18A depends on co-assembled non-muscle myosin 2 to generate force.

On the other hand, it is important to maintain a healthy skepticism when interpreting the
lack of an activity observed in experiments performed /n vitro (and, more generally, for any
negative data). There are many ways for an experiment to fail, including the use of
inappropriate buffer conditions, the lack of critical cofactors, missing partner proteins, or
inappropriate post-translational modifications. Indeed, GOLPH3 and MYO18A are both
heavily post-translationally modified, and at least some of these modifications are
functionally important (Bell et al., 2001; Farber-Katz et al., 2014; Hornbeck et al., 2015; Wu
et al., 2000). As a cautionary tale, the literature provides many examples of kinase family
proteins that were proclaimed to be pseudokinases for many years based on lack of activity
in vitro, and lack of key amino acid residues that were supposedly critical for function.
Examples include CASK (Mukherjee et al., 2008), Erb3/HER3 (Shi et al., 2010), Wnk1 (Xu
et al., 2000) and Haspin (Eswaran et al., 2009) that eventually were proven to be active
kinases both /n vitroand in vivo. At present the data are not sufficiently compelling to
determine whether MYO18A does or does not function as a motor. Clearly, additional data
are needed.

9. Function of MYO18A in Model Organisms
9.1 Mhcl is the Drosophila MYO18A Ortholog

Two studies have examined the function of the MYO18A ortholog found in Drosophila
melanogaster, which is called Mhcl (myosin heavy chain-like). Ivanov et al. performed a
large scale RNAI screen to identify genes that are required for normal embryonic
development of the nervous system (Ivanov et al., 2004). They screened RNAI targeted to
3,314 genes, and found 43 that interfere with normal neural development, including Mhcl.
Injection of RNAI specific for Mhcl resulted in dramatic loss of central and peripheral
neurons in fly embryos.

Bonn et al. investigated the expression pattern of Mhcl mMRNA, noting that the levels
increased sharply in myoblast founder cells just before and during the process of myoblast
fusion that gives rise to mature myotubes (Bonn et al., 2013). They observed Mhcl protein
adjacent to the sarcomeric Z-discs in mature myotubes. In developing myaoblasts and
myotubes they observed GFP-Mhcl in myaoblast founder cells at the membrane where fusion
occurs with fusion competent myoblast cells. From this and other data they proposed a role
for Mhcl in myoblast fusion. Interestingly, myoblast fusion is known to be dependent on
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Golgi-derived vesicles (Doberstein et al., 1997; Lu et al., 2001), raising the possibility that
this function in myoblasts actually reflects a role for Mhcl at the Golgi.

These authors then generated a genetic deletion of the Mhcl locus (deleting Mhcl plus five
adjacent genes) (Bonn et al., 2013). This homozygous deletion of Mhcl was uniformly lethal
by the first larval stage. The authors did not observe abnormalities of muscle, or any other
abnormalities in the embryos, oddly in disagreement with the results of Ivanov et al. (Ivanov
et al., 2004). Bonn et al. proposed that in Drosophila other myosins are able to compensate
for the loss of Mhcl (MYO18A).

It is perhaps worth observing that MYO18A appears late in evolution, and there is no
ortholog of MYO18A in simpler eukaryotes such as yeast. Nevertheless, GOLPH3 is
conserved back through yeast. In the budding yeast Saccharomyces cerevisiae, Golgi-to-
plasma membrane trafficking is dependent on PI14P (Audhya et al., 2000; Hama et al., 1999;
Walch-Solimena and Novick, 1999) and the yeast type V myosin (MYO2) (Govindan et al.,
1995; Johnston et al., 1991; Santiago-Tirado et al., 2011; Schott et al., 1999). In fact, the
yeast type V myosin has been reported to indirectly interact with P14P via an unknown
adaptor protein (Santiago-Tirado et al., 2011). GOLPH3 (VPS74 in yeast) is an obvious
candidate, since in mammals it does serve to bind P14P and bridge to a myosin. It seems
likely that prior to the evolution of MYO18A that other myosins functioned with GOLPHS3,
so perhaps it is not surprising that in early organisms that have a MYO18A ortholog (e.g.,
Drosophila) that some of its function is dispensable.

9.2 MYO18A in Zebrafish

In zebrafish, gene duplication gave rise to two MYO18A genes, myol8aa and myol8ab. In a
pair of publications, Cao et al. have studied the function of the two MYO18A genes in
zebrafish (Cao et al., 2014, 2016). Using in situ hybridization they detected ubiquitous
expression of both genes, with enrichment in the somites. Knockdown of the expression of
both of the MYO18A genes using morpholino oligos resulted in disrupted integrity of
myofibers, decreased adhesion of myoblasts on laminin substrate, and disruption of the
Golgi. In vertebrates, MYO18A apparently has multiple, non-redundant functions.

9.3 MYO18A in Humans

In humans, the EXAC database catalogs mutations found in unbiased whole exome
sequencing of a large number of humans (Lek et al., 2016). The EXAC group found that the
frequency of inactivating mutations found in MYO18A is exceptionally low, even in persons
that have a second, wild-type gene. They conclude with an extremely high degree of
statistical confidence that MYO18A exhibits haploinsufficiency in humans. Apparently even
a subtle change in MYOL18A levels due to loss of a single allele results in lethality,
consistent with the idea that MYO18A carries out an essential function.

10. Conclusion

MYO18A is an essential myosin in higher eukaryotes. It plays a role in a variety of
intracellular transport processes, including retrograde treadmilling of actin and transport of
the PAK2/BPIX/GIT1 complex from focal adhesions to membrane ruffles. A high proportion
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of MYO18A is found in a complex with GOLPH3, functioning at the #rans Golgi to
participate in driving vesicle budding for forward trafficking to the plasma membrane.
Whether these transport functions of MYO18A involve direct motor function by MYO18A
or an interaction with another myosin motor remains uncertain. Nevertheless, it is clear that
MYO18A is a unique and interesting protein at the crossroads of signal transduction and
intracellular transport.
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Fig. 1.
Protein domain structure and protein interaction sites of MYO18A. See text for details and

references.
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Fig. 2.
MYQO18A is a critical component of the Golgi GOLPH3 pathway. See text for details and
references.
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