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Non-muscle myosin 2 at a glance
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ABSTRACT
Non-muscle myosin 2 (NM2) motors are the major contractile
machines in most cell types. Unsurprisingly, these ubiquitously
expressed actin-based motors power a plethora of subcellular,
cellular and multicellular processes. In this Cell Science at a
Glance article and the accompanying poster, we review the
biochemical properties and mechanisms of regulation of this
myosin. We highlight the central role of NM2 in multiple
fundamental cellular processes, which include cell migration,
cytokinesis, epithelial barrier function and tissue morphogenesis. In
addition, we highlight recent studies using advanced imaging
technologies that have revealed aspects of NM2 assembly hitherto
inaccessible. This article will hopefully appeal to both cytoskeletal

enthusiasts and investigators from outside the cytoskeleton field who
have interests in one of the many basic cellular processes requiring
actomyosin force production.

KEY WORDS: Actin, Contractility, Myosin

Introduction
Experimentation in most, if not all, eukaryotic model organisms has
revealed critical roles for non-muscle myosin 2 (NM2) motors in
numerous fundamental and specialized cellular processes (note: for
simplicity, we use ‘NM2’ throughout, despite discussing key
research from species without muscles, where the term ‘non-
muscle’ does not apply). Common to most of these NM2-based
cellular processes is the ability of the myosin to produce contractile
force in cooperation with actin filaments. To accomplish this, NM2
assembles into small bipolar filaments with motor domains at both
ends. When these motors engage actin filaments of opposing
orientation, they drive the sliding of these actin filaments past each
other, resulting in contraction (as in the muscle sarcomere). The
beauty of this seemingly simple process is that cells can regulate in
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space and time where contraction occurs by regulating where and
when NM2 monomers are assembled into filaments. As cells and
multicellular systems evolved complexity, the contexts in which
NM2-based force production functions also multiplied. Here, we
briefly summarize decades of NM2 research, highlighting recent
advances in the field that have answered existing questions and
posed new ones.

Biochemistry and structure
Mechanochemical cycle
The motor activity of myosins involves binding to F-actin,
hydrolysis of ATP stimulated by actin binding, and a resulting
power stroke. Collectively, this process is referred to as the myosin
mechanochemical cycle or the cross-bridge cycle. Characteristics of
this cycle have been investigated extensively and reviewed
previously for myosins in general and for NM2 motors in
particular (De La Cruz and Ostap, 2004; Heissler and Sellers,
2016). In simplest form (see poster), myosins start their ATPase
cycle in a nucleotide-free state bound strongly to actin (actin-bound
myosin, AM). Upon binding of ATP (to give AM-ATP), myosin
enters a weak actin-binding state (in which the myosin can detach
from actin, M-ATP) that persists following the hydrolysis of ATP to
bound ADP-Pi (as either AM-ADP-Pi or M-ADP-Pi). Subsequent
Pi release is coupled to the myosin undergoing its power stroke on
actin and generation of the strong actin-binding ADP-bound myosin
(AM-ADP). Finally, ADP release regenerates the initial nucleotide-
free myosin. The NM2 mechanochemical cycle can be stalled in
the weak actin-binding ADP-Pi-bound state by the cell-permeant
small molecule blebbistatin and its derivatives (Képiró et al., 2014;
Straight et al., 2003; Várkuti et al., 2016).
The kinetics of each step in this cycle can be tuned to drive specificity

and function. For instance, the fraction of the total mechanochemical
cycle spent in the strong actin-binding state is termed the ‘duty ratio’.
Processive myosins that ‘walk’ along filamentous actin (such as myosin
V and myosin VI) display a high duty ratio, whereas muscle myosins
display low duty ratios, avoiding drag on the system. Unsurprisingly,
two of the three mammalian NM2 isoforms (NM2A and NM2C) have
duty ratios that are similar to muscle myosin (∼5–10%) (Harris and
Warshaw, 1993; Uyeda et al., 1990). However, NM2B has a higher
duty ratio (∼25–40%) (Pato et al., 1996; Wang et al., 2003), potentially
tuning it for tensile force production. In vitro, NM2B, and to a lesser
extent NM2A, can move processively on actin (Melli et al., 2018)
despite each individual monomer being a non-processive motor.
Finally, resistive loads on myosins may dramatically alter
equilibrium constants measured in solution (Kovacs et al., 2007).
This range and tunability in duty ratio may prove functionally
critical, enabling low duty ratio NM2 to generate rapid contractile
forces and high duty ratio NM2 to build tension.

Structures
NM2 is a hexamer consisting of two ∼200 kDa myosin heavy chains
(MHCs), two ∼17 kDa essential light chains (ELCs) and two
∼20 kDa regulatory light chains (RLCs) (see poster). This hexamer is
referred to as a ‘monomer’ because it self-associates into polymers or
filaments. The vast majority of NM2-dependent cellular processes
require filaments (for exceptions see Laplante et al., 2016; Shutova
et al., 2014). EachMHC consists of (1) the N-terminal motor domain,
(2) a short neck region, (3) a long parallelα-helix that dimerizes into a
coiled coil and (4) a C-terminal, non-helical tailpiece (Brito and
Sousa, 2020).
NM2 exists in a dynamic equilibrium between monomers and

filaments. There are two monomer conformations: a folded,

autoinhibited ‘10S’ conformation that is mechanically and
enzymatically silent, and an extended ‘6S’ conformation that is
assembly competent and capable of being activated by F-actin
(Suzuki et al., 1978; Trybus et al., 1982) (see poster). Examples of
the 10S conformation have been found in evolutionarily distant
species (Jung et al., 2008a), suggesting that folding of NM2 plays a
central role in controlling its cellular functions. The 10S
conformation has two key structural components (Jung et al.,
2008b; Trybus et al., 1982; Yang et al., 2020). First, the interacting
heads motif (IHM) involves the motor domains folding back onto
the N terminus of the coiled-coil tail and asymmetric docking of one
head onto the other head (Wendt et al., 1999). This limits actin
binding and nucleotide exchange, essentially locking the myosin in
an inactive state (Cross et al., 1988). Second, the tail bends
twice to wrap around the IHM. Regulating conversion of the
10S conformation to the 6S conformation, accomplished by
phosphorylation of conserved residues on the RLCs, is the nexus
for regulating NM2 function in cells (Craig et al., 1983; Kendrick-
Jones et al., 1987).

Assembly and regulation
Filament assembly
NM2 coiled coils display the traditional heptad repeat, as well as a
28-amino-acid repeat with alternating charge distributions that
enable the staggering of tails as they assemble into the bipolar
filament (McLachlan and Karn, 1982). In mammalian NM2, the
heptad repeat is imperfect, and includes three ‘extra’ amino acids, or
‘skip’ residues. Two of these are located near the bend positions in
the tail and potentially destabilize the coiled coil to allow bending
into the 10S conformation (Burgess et al., 2007). NM2 tail domains
self-associate in both parallel and antiparallel fashion to create
∼300 nm-long bipolar filaments with clusters of motors at opposing
ends and the overlapping tail domains in the middle. Once
assembled, the motors at opposing ends of the filament engage
antiparallel actin filaments and hydrolyze ATP to produce
contractile events.

Depending on species and isoform, ∼15–30 NM2 monomers
self-associate into the bipolar filament (Billington et al., 2013;
Niederman and Pollard, 1975). Assembly might include dimer and
tetramer intermediates (Liu et al., 2017; Sinard et al., 1989) and is
aided by filamentous actin (Applegate and Pardee, 1992). Cell-
based fluorescence recovery after photobleaching (FRAP)
experiments demonstrate that monomers exchange into and out of
established filaments with half-lives on the order of tens of seconds
(Sandquist and Means, 2008). This flux appears to be critical for
NM2 function in cells, as mutants that lock NM2 into an assembled
state often fail to fully rescue NM2 loss-of-function phenotypes
(Beach and Egelhoff, 2009; Egelhoff et al., 1993).

The basic functional model is that folded 10S monomers are free
to diffuse throughout the cell until a spatially restricted signaling
event driving RLC phosphorylation produces 6S monomers, which
then readily self-associate to form bipolar filaments and drive
contractile events (see poster). While this model represents a
fundamental aspect of NM2 biology, recent live-cell imaging
studies have provided mechanistic insight into the assembly of
higher-order NM2 structures in cells. Specifically, live-cell
structured-illumination microscopy (SIM) has revealed nascent
NM2 filaments appearing and then undergoing a partitioning
process to produce NM2 clusters (Beach et al., 2017). Similar
clusters are observed in fixed imaging of contractile ring formation
(Henson et al., 2017), and other studies have used high-resolution
imaging to observe the expansion of initial filaments into
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sarcomere-like stacks (Fenix et al., 2016). Individual NM2
filaments and small clusters are typically seen in regions with a
high ratio of filamentous actin to filamentous NM2. As dynamic
partitioning and expansion produce more NM2 filaments and the
density increases, crosslinking (in collaboration with other actin-
binding proteins) and force production drive the higher-order acto-
NM2 organization. Notably, in silico experiments have become
powerful tools to explore principles of actomyosin self-organization
(Linsmeier et al., 2016; Rubinstein and Mogilner, 2017).

Regulation of filament assembly and motor activity
RLC phosphorylation activates NM2 by disrupting key
intramolecular interactions that stabilize the 10S conformation.
Functionally, this phosphorylation serves two purposes. First, it
undocks the motor domains in the IHM to allow actin binding,
nucleotide exchange and the resumption of the mechanochemical
cycle. Second, it shifts the equilibrium towards the extended 6S
monomer, thereby promoting filament assembly (Cremo et al.,
1995; Ikebe and Hartshorne, 1985).
The efficacy of RLC phosphorylation on NM2 places the kinases

and phosphatase front and center in controlling NM2 function. Two
kinases have a dominant role: RhoA-activated Rho-associated
coiled-coil kinases (ROCKs) and Ca2+/calmodulin-activated
myosin light chain kinases (MLCKs) (Adelstein and Klee, 1981;
Amano et al., 1996). ROCK kinases also inactivate myosin
phosphatases (Kimura et al., 1996), thereby enhancing NM2
activity. Thus, two paramount signaling pathways (RhoA and
Ca2+) are funneled to actomyosin through RLC phosphorylation.
Phosphorylation of other residues near the N terminus of the RLC

by protein kinase C (at Ser1, Ser2 and Thr9, and possibly at Thr7
and Thr10) all appear to inhibit the activation of NM2 by reducing
its actin-activated ATPase activity or by inhibiting the interaction
between the RLC and activating kinases, such as MLCKs (Naka
et al., 1983; Nishikawa et al., 1983). This inhibitory RLC
phosphorylation is critical for mesenchymal chemotactic
migration by preventing NM2 activation at the leading edge and
enabling asymmetric force production (Asokan et al., 2014), similar
to other leading-edge myosin inhibitory pathways (Steimle et al.,
2001).
Perhaps because RLC phosphorylation potently promotes the

assembly and activation of mammalian NM2 isoforms, regulation
of NM2 by MHC phosphorylation has not received as much
attention, despite being known for decades (Muhlrad and Oplatka,
1977). In single-cell organisms, such as Acanthamoeba and
Dictyostelium, MHC rather than RLC phosphorylation is the
primary modulator of assembly, with phosphorylation of the tail
domains inhibiting rather than promoting filament assembly
(Egelhoff et al., 1993; Liu et al., 2013; Redowicz et al., 1994).
Similarly, in mammalian systems, in vitro (Dulyaninova et al.,
2005) and cellular studies (Dulyaninova et al., 2007) suggest that
tail phosphorylation also shifts the equilibrium towards the
monomeric form. However, in contrast to this inhibitory model,
MHC phosphorylation might enhance the activity of mammalian
NM2 by promoting filament recycling in vivo, providing a source of
monomers for nascent filament assembly (Breckenridge et al.,
2009). Interestingly, despite these studies of divergent species,
experimentation in other model systems (including yeast, worms
and flies) has been lacking and should be explored. Importantly, the
kinases implicated in MHC phosphorylation (e.g. protein kinase C)
further diversify the modulatory inputs acting on NM2 beyond the
key RLC phosphorylation pathways, potentially enabling
involvement and modulation in a broader range of cellular

processes (Clark et al., 2008; Even-Faitelson and Ravid, 2006;
Kelley et al., 1991).

Interactors and diversity
Binding partners
Numerous binding partners have been suggested for NM2 (see
poster), but many of them have not been carefully verified for direct
interactions using purified components. An exception is S100A4
(also known as metastasin), which is a protein upregulated and
involved in metastatic and invasive cells (Stewart et al., 2016).
Significant biochemical and structural studies support a model in
which S100A4 binds to the C terminus of the coiled coil in a Ca2+-
dependent manner (potentially binding a single MHC) and disrupts
coiled-coil formation and filament assembly (Badyal et al., 2011;
Dulyaninova et al., 2005; Ramagopal et al., 2013). Although
S100A4 appears to be specific for the NM2A isoform, the extensive
and diverse S100 family of proteins may provide unique
opportunities for isoform-specific and tissue-specific NM2
regulation (Du et al., 2012).

Isoforms and paralogs
Whereas Dictyostelium, budding yeast, flies and worms possess a
single gene encoding NM2MHC (De Lozanne et al., 1985; Kiehart
et al., 1989), fission yeast, zebrafish and other organisms possess
multiple copies. Mammals possess three MHC genes (MYH9,
MYH10 and MYH14) that produce three NM2 isoforms (NM2A,
NM2B and NM2C, respectively) (Leal et al., 2003; Simons et al.,
1991; Toothaker et al., 1991). Although these isoforms are
differentially expressed in cells and tissues (Otterpohl et al., 2017;
Wang et al., 2010), most cells express multiple isoforms. Knockout
or replacement studies in mice have demonstrated both unique and
redundant roles for these three NM2 isoforms during development
(Wang et al., 2011). Recent imaging (Beach et al., 2014) and
electron microscopy (EM) (Shutova et al., 2014) studies have shown
that NM2A, NM2B and NM2C co-assemble to form heterotypic
filaments (see poster). In addition, myosin 18A (MYO18A) has
recently been demonstrated to co-assemble with NM2 to make
mixed filaments (Billington et al., 2015). MYO18A has many splice
variants and protein–protein interaction domains, and is expressed
from flies to humans but lacks motor activity (Guzik-Lendrum et al.,
2013), possibly potentiating the interaction potential for mixed
NM2 filaments. Therefore, cells are not limited to three simple NM2
filament types but rather can form a vast range of filament
compositions depending on the isoforms they express. Given that
NM2A, NM2B and NM2C (and their splice variants) possess
significant differences in enzymatic properties and filament
stabilities (Golomb et al., 2004; Kim et al., 2008; Pato et al.,
1996; Wang et al., 2003), co-assembly should serve to greatly
expand the biophysical, functional and interaction potential of
NM2.

Cellular functions
Given the enormous diversity of cellular functions supported by
NM2 motors, we cannot discuss all of them here. Instead, we
concentrate on processes where NM2 has been extensively
investigated.

Cell migration
Cortical actomyosin is a determinant in defining cell shape and
transforming cell shape throughout biology. Cell migration provides
an intimate example of this. The classic, mesenchymal mode of cell
migration involves protrusion of the cell leading edge,
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establishment of integrin-based adhesions with the substratum,
transport of the cell body and nucleus forward and dissolution of
posterior adhesions. The force associated with actin retrograde flow
alone appears sufficient to open integrins and maintain nascent
adhesions and focal contacts independently of NM2 (Choi et al.,
2008; Galbraith et al., 2007). NM2 filaments are largely absent from
leading-edge lamellipodia where focal contacts are found (Asokan
et al., 2014), and they begin to accumulate just behind the
lamellipodium in anterior lamella (Verkhovsky and Borisy, 1993),
where focal adhesions also begin to form (Wilkinson et al., 2005).
As these NM2 filaments move rearward with actin retrograde flow,
they coalesce into larger actomyosin structures, such as ventral
stress fibers and transverse arcs (Burnette et al., 2014). Importantly,
the forces generated by these larger acto-NM2 structures are
required for the maturation of focal contacts into focal adhesions,
and for the maintenance of focal adhesions (Choi et al., 2008) (see
poster). A major mechanism for this is that several key proteins
present within focal adhesions (e.g. talins and vinculin) are
mechanosensitive and require large forces to become fully active
(del Rio et al., 2009; Kuo et al., 2011; Zhou et al., 2017).
In addition to its roles in the anterior of migrating cells, NM2 has

important roles at the rear, sides and center of cells. Many of these
functions can be extended to other migration modes, such as
amoeboid migration. Most polarized cells display a concentration
gradient of NM2 filaments, with the filaments enriched towards the
rear, driven by actin retrograde flow (Kolega and Taylor, 1993).
Enrichment of these posterior structures promotes contraction to
drive forward locomotion (Guo and Wang, 2012). Cortical
actomyosin at the sides of migrating cells prevents lateral
protrusions, enhancing polarity and directional persistence (Doyle
et al., 2009; Lo et al., 2004). NM2 in the cell center (in part
associated with subnuclear stress fibers) plays a role in nuclear
positioning (Gomes et al., 2005; Luxton et al., 2010) and in
translocating the nucleus forward (Rujano et al., 2013; Schenk et al.,
2009). Although this can be seen in two-dimensional settings (Guo
and Wang, 2012), it is especially relevant in three-dimensional and
in vivo settings, where cells require more contractile force to squeeze
the nucleus through tight spaces (Lämmermann et al., 2008;
Thomas et al., 2015). Finally, cells must disassemble their posterior
adhesions to enable forward movement (Guo and Wang, 2012).
While a role for NM2 in the disassembly of posterior adhesions
appears to be at odds with its role in the assembly of anterior
adhesions, inhibition of NM2 activity frequently results in a
dramatic elongation of the cell posterior due to an inability to release
from the substratum.

Cell division
Assembly of the actomyosin contractile ring (CR) following
metaphase–anaphase transition is a prerequisite for reliable,
efficient cell division in nearly all eukaryotes (De Lozanne and
Spudich, 1987; Lord et al., 2005; Straight et al., 2003). In
combination with membrane deposition (Dyer et al., 2007) and
actin depolymerization (Mendes Pinto et al., 2012), NM2-based
contraction is the principal mechanism for physically separating
daughter cells (Mabuchi and Okuno, 1977; Straight et al., 2003)
(see poster). To drive cell division, the actomyosin CR must
assemble, constrict and disassemble with precise spatiotemporal
fidelity. Early experimentation (Rappaport, 1961; Wolpert, 1961)
showed that signals emanating from the midzone region between the
separating chromatids establish CR formation. We now know that
the molecular orchestrator of this process is the highly conserved
centralspindlin signaling pathway (Yüce et al., 2005).

Centralspindlin, a heterotetramer of the kinesin MKLP1 (also
known as KIF23) and CYK4 (also known as RACGAP1), localizes
to the plus ends of midzone microtubules (Raich et al., 1998) and
recruits the RhoGEF ECT2. This leads to RhoA-mediated activation
of ROCKs and citron kinase (Madaule et al., 1998) to activate NM2
via RLC phosphorylation (Yamashiro et al., 2003). In addition,
RhoA recruits and activates formins, such as mDia1 (also known as
DIAPH1), to nucleate actin filaments (Tolliday et al., 2002). In so
doing, centralspindlin signaling drives the coordinated assembly of
the two main CR components and appears to be the dominant
conserved pathway for building a CR.

Several proteins that localize to the furrow also interact with
NM2, including supervillin (Chen et al., 2003), anillin (Straight
et al., 2005) and septins (Joo et al., 2007). Anillin is a highly
conserved cell division scaffold (Sohrmann et al., 1996; Straight
et al., 2005). In fission yeast, anillin is an early component of
CR nodes and is critical for downstream recruitment of NM2 and
signaling components (Akamatsu et al., 2014; Sun et al., 2015).
Although anillin is not required to initiate CR assembly or for
the initial recruitment of NM2 in mammals, its loss results in the
furrow undergoing lateral oscillations (Hickson and O’Farrell,
2008; Piekny and Glotzer, 2008) or being mispositioned (Maddox
et al., 2007). Septins are also a highly conserved contributor
to cell division. In budding yeast, they are thought to recruit NM2
monomers to specialized nodes with the adaptor protein Bni5 (Fang
et al., 2010). In mammalian cells, septins might bind directly to
NM2 tail domains to stabilize NM2 filaments at the furrow (Joo
et al., 2007).

Finally, actomyosin networks can move laterally along the cortex
towards the midzone via cortical flow (Cao and Wang, 1990).
Cortical flow is a principal component of the ‘polar relaxation’
model, which posits that inhibitory cues, delivered via astral
microtubules, relax cortical tension at the poles. This creates a
tension gradient where midzone actomyosin contraction drives both
CR ingression and pulls additional cortical material inward
(Khaliullin et al., 2018) aided by polar membrane deposition
(Gudejko et al., 2012) (see poster).

Cell–cell contacts
Another area of active research revolves around NM2 function at
cell–cell contacts within epithelial and endothelial sheets. NM2
supports a wide range of processes in these sheets, including cell
extrusion (Rosenblatt et al., 2001), convergent extension (Simões
et al., 2014) and epithelial–mesenchymal transitions (Beach and
Egelhoff, 2009). Here, we briefly explore the roles of NM2 in
steady-state epithelial junctions and in dynamic remodeling during
apical constriction.

NM2 filaments are abundant in the actin-rich apicolateral domain
of polarized epithelia, where they are typically oriented parallel to
the cell–cell contact and sometimes in near-perfect register across
the contact (Ebrahim et al., 2013) (see poster). NM2 associates with
the two major junctional complexes present in polarized epithelia:
tight junctions (TJs) and adherens junctions (AJs). TJs contain
claudin and occludin transmembrane proteins and contribute to
barrier function, whereas AJs contain the cadherin transmembrane
proteins that engage the cytoskeleton through α-catenins, β-catenin
(also known as CTNNB1), vinculin and others (Yamada et al.,
2005) to mechanically couple neighboring cells. Although NM2
contributions at junctional complexes are still being revealed (Conti
et al., 2004; Naydenov et al., 2016; Smutny et al., 2010), both
barrier function and cell–cell mechanical coupling can be attenuated
in the absence of NM2. As in focal adhesions, some of the adaptor
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proteins present at TJs and AJs are mechanosensitive and require
tension for full activation (Yonemura et al., 2010). It is likely that
NM2-based contractility contributes to generating this tension, but
this does not exclude roles for myosin-mediated actin crosslinking.
NM2 filaments can also be found at the basal domain (Santa-Cruz
Mateos et al., 2020), where they likely contribute to integrin-
dependent cell–matrix adhesion as described above.

Mechanotransduction
The central role that actomyosin plays in the generation of
forces within cells, as well as in the ability of cells to sense
these forces (mechanosensation) and convert mechanical
information into biochemical and electrochemical information
(mechanotransduction), places NM2 at the crux of mechanics
across cell biology, as we briefly summarize here.
One mechanism involving NM2 likely operates through focal

adhesion maturation and integrin signaling (Kuo et al., 2011).
Although many consequences of integrin activation are realized
immediately in membrane-proximal regions, significant signaling
materializes over longer distances and times, especially at the
transcriptional and/or translational level. The exact pathways
leading to these longer-term impacts might vary depending on the
extracellular matrix, integrin isoform and other factors, but common
elements include FAK (also known as PTK2), Src and ILK
kinase signaling (reviewed in Harburger and Calderwood, 2009).
A second mechanism by which NM2 could contribute to
mechanotransduction is through actin interactions and
stabilization of filamentous actin (Laevsky and Knecht, 2003).
Multiple transcription factors, including YAP (YAP1) and TAZ
(WWTR1; referred to collectively as YAP/TAZ) and
megakaryocytic acute leukemia/serum response factor (MAL/
SRF) (Connelly et al., 2010; Dupont et al., 2011), are thought to be
in part modulated by G-actin and F-actin levels. Third, NM2
could contribute through mechanically activated ion channels,
as NM2-mediated forces have been implicated in activating
the Piezo family of mechanosensitive Ca2+ channels (Piezo1
and Piezo2) (Pathak et al., 2014). Interestingly, Piezo activity
might be specifically enhanced at adhesions that generate
high traction forces (Ellefsen et al., 2019). Finally, mechanical
coupling of actomyosin with the nucleus can alter
nucleocytoplasmic transport (Andreu et al., 2022), especially of
YAP1 (Elosegui-Artola et al., 2017), or connect to the nuclear
lamina via the LINC complex to alter internuclear biochemical
processes (reviewed in Athirasala et al., 2017). Consistent with
this idea, nuclear lamins supporting the inner nuclear membrane
are mechanosensitive and can significantly influence both
chromatin remodeling and transcriptional activity (Lammerding
et al., 2004; Le et al., 2016).
In addition to generating or transmitting mechanical forces,

NM2 motors are likely to be mechanosensitive. In response to
resistive load, NM2 may decrease the rate of ADP release,
effectively increasing its duty ratio (Kovacs et al., 2007). This
would enable NM2 to maintain tensile stress and transmit
mechanical forces in tissues. Additionally, the binding of NM2
to F-actin is proposed to be cooperative in a mechanosensitive
fashion, such that small conformational changes in the actin
filament created by previously bound NM2 promotes additional
NM2 binding (Tokuraku et al., 2009; Uyeda et al., 2011).
Complicating the matter, modulators of NM2, such as RhoA, are
also mechanosensitive and subject to NM2 activity (Munjal et al.,
2015; Priya et al., 2015), thereby creating the potential for highly
complex feedback systems.

Conclusions
Perhaps the most exciting aspect of current and future studies of
NM2 biology is that they require the coalescence of many
disciplines to fully understand the contributions of this molecule
across multiple scales. For example, how do cells use a motor that
takes 7-nm steps and assembles filaments 300 nm long to drive
changes in tissue architecture four or five orders of magnitude
larger? Only a combination of biophysics, cell biology, imaging,
developmental biology, molecular modeling and more will allow us
to answer this and other fundamental questions with mechanistic
clarity.
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Yüce, O., Piekny, A. and Glotzer, M. (2005). An ECT2-centralspindlin complex
regulates the localization and function of RhoA. J. Cell Biol. 170, 571-582. doi:10.
1083/jcb.200501097

Zhou, D. W., Lee, T. T., Weng, S., Fu, J. and Garcıá, A. J. (2017). Effects of
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