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Abstract

This review focuses on recent advances in the understanding of the organization and roles of actin
filaments, and associated myosin motor proteins, in regulating the structure and function of the
axon shaft. “Patches’ of actin filaments have emerged as a major type of actin filament
organization in axons. In the distal axon, patches function as precursors to the formation of
filopodia and branches. At the axon initial segment, patches locally capture membranous
organelles and contribute to polarized trafficking. The trapping function of patches at the initial
segment can be ascribed to interactions with myosin motors, and likely also appliesto patchesin
the more distal axon. Finally, submembranous rings of actin filaments were recently described in
axons, which form an actin-spectrin cytoskeleton, likely contributing to the maintenance of axon
integrity. Continued investigation into the roles of axonal actin filaments and myosins will shed
light on fundamental aspects of the development, adult function and the repair of axonsin the
nervous system.

Neurons are the only cells that extend processes which attain distances of up to meters from
the cell body. These processes are termed axons, and they are the “cables’ that allow
neurons to establish synaptic connections and circuits. The formation and maintenance of
axonsis strictly dependent on the microtubule cytoskel eton. Microtubules serve as the main
structural elements of axons, and are indispensable for the ability of the neuronal cell body
to transport organelles and proteins to the distal-most segments of the axon. However, axons
are not mere cables, but rather exhibit avariety of localized functions along their length
(e.g., synapse formation and the establishment of branches). In the context of the response of
the nervous system to injury, it is now understood that the ability of axonsto undergo
structural remodeling is a fundamental aspect of endogenous attempts at repair (Onifer et al.,
2011). Thus, understanding the cell biology of the axon shaft will provide insights into both
developmental and regenerative/repair processes. This review focuses on recent advancesin
the understanding of the role and organization of actin filaments and myosin motor proteins
along axons.
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The actin filament cytoskeleton of the axon

Growth cones are motile structures present at the tips of developing axons, and allow the
axon to be guided to its appropriate target during development. The growth cone has
received significant attention, and much has been |learned about actin filament organization
and dynamics in this specialized cellular domain. Indeed, this has been the topic of previous
detailed reviews (e.g., Dent et al., 2011, Vitriol et al., 2012), and is only briefly summarized
here. Growth cones range in morphologies in vitro and in vivo and can exhibit only
filopodia, only lamellipodia, lamellipodia and filopodia, or none of these protrusive
structures. It isimportant to note that the morphology of growth conesis highly dynamic
and can vary strikingly from one moment to the next. Filopodia are finger-like protrusions
supported by a bundle of actin filaments interconnected with other popul ations of filaments
present in the growth cone body. In contrast, lamellipodia contain complex meshworks of
actin filaments with varied orientation. Filopodia and lamellipodia characterize the
peripheral domain of the growth cone. The central domain of the growth cone, where the
axon shaft terminates, is enriched in microtubule tips and organelles. In the central domain
actin filaments are often observed as accumulations which likely reflect sites of substratum
attachment. The transition zone is the domain of the growth cone between the peripheral and
central domains. In this zone, the peripheral domain actin filaments often form bundles
running from one side to the other of the growth cone, termed arcs. Arcs are considered to
be one of the major sites for actomyosin contractility in growth cones, which drives the
retrograde flow of filaments from the peripheral domain toward the central domain of the
growth cone. The growth cone is a polarized structure and protrusive activity sharply
decreases at the neck of the growth cone as it transitions into the main axon shaft. Arc-like
structure has also been detailed at the growth cone neck where they promote the bundling of
microtubules as the growth cone advances. The rest of this section reviews recent advances
in the understanding of the organization and dynamics of the actin filament cytoskeleton of
the axon shaft, with emphasis on the functional significance of these structures.

Patches of actin filaments have been described along axonsin vivo and in vitro (Figure 1;
Andersen et al, 2011; Spillane et al., 2011; reviewed in Gallo, 2011, 2013). Both in axons
and dendrites, these patches have filaments organized in the form of meshworks (Korobova
and Svitkina, 2010; Spillane et a., 2011; Watanabe et al. 2012), similar to those observed in
the lamellipodia of growth cones. However, unlike lamellipodia, these patches are not
protrusive structures, although as noted later they serve as precursors to the formation of
axonal filopodia along distal axons (Loudon et al., 2006; Mingorance-Le Meur and

O’ Connor, 2009; Ketschek and Gallo, 2010; Spillane et al., 2011; Spillane et al., 2012;
Gallo, 2011, 2013). Although patches give rise to filopodia, once the filopodium is formed
the patch often does not persist at the base of the filopodium, which has a much longer
duration. Actin patches have been reported in the axon initial segment (AlS) (Watanabe et
al. 2012) and along the more distal axon shaft (Spillane et al., 2011). At the AIS, these
patches serve to capture axonal transport cargoes and limit their advance into the axon
(Figure 1; Watanabe et al. 2012). Thus, AlS actin patches have been proposed to be a
component of the filtering mechanisms underlying the exclusion of non-axonal cargoes. It
will be of interest in future studies to determine if these patches contain dynamic filaments
which undergo rapid turnover, or whether they represent a population of relatively stable
filaments. Similarly, it will be important to address the signaling mechanisms that regulate
these patches and the molecular composition of actin regulatory proteins found in these
structures. AlS actin patches are further discussed in alater section with emphasis on the
roles of myosins.

Actin patches have also been described in the more distal axon, where they serve as
precursors to the formation of axonal filopodia (Figure 1; Gallo, 2013), the first step in the
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generation of axon collateral branches (Gallo, 2011). In this review they will be termed
distal axon patches (DAPs) to differentiate them from the patches reported at the AIS. DAPs
are dynamic, undergoing initiation, elaboration and eventual dissipation with mean durations
of 20-30 sec in vitro and in vivo (Ketschek and Gallo, 2010; Spillane et a., 2011). The
Arp2/3 complex is an actin filament nucleating system which generates dendritic filament
arrays by nucleating the formation of new filaments from existing “mother” filaments. DAPs
require Arp2/3 function for their formation and elaboration along the axon shaft (Spillane et
al., 2011). Consistently, they also contain Arp2/3 regulatory proteins such as cortactin and
WAVE (Mingorance-Le Meur and O’ Connor, 2009; Spillane et al., 2011, 2012). The nature
of the nucleating mechanisms that give rise to the mother filaments used by the Arp2/3
complex to generate dendritic networks in these structures are not known, but may involve
single filament nucleators such as formins or cordon-bleu (Kessels et al., 2011). Roles for
the Racl GTPase, which activates WAVE proteins and in turn the Arp2/3 complex, and
cortactin have been described for the formation of actin patches and emergence of filopodia
from patches, respectively (Mingorance-Le Meur and O’ Connor, 2009; Spillane et ., 2011,
2012). Septin 6 also targets to DA Ps and promotes the emergence of filopodia, without
affecting other aspects of DAP dynamics (Hu et al., 2012). The initiation and subsequent
elaboration of DAPsin sensory axonsis driven by localized microdomains of
phosphoinositide-3 kinase (PI3K) signaling (Ketschek and Gallo, 2010). The lipid product
of PI3K, PIP3, forms microdomains along axons which correlate spatiotemporally with
DAPs. In the context of NGF signaling, which promotes the formation of DAPs along
sensory axons, the PI3K pathway also drives the intra-axonal protein synthesis of cortactin,
WAVEL and the Arp2/3 subunit Arp2 (Spillane et a., 2012). This axonal protein synthesis
isinturn required for NGF to increase the rate of formation of DAPs. Finaly, actin patches
have also been described in dendrites, in vitro and in vivo, where they also serve as
precursors to the formation of filopodia (Andersen et al., 2005; Korobova and Svitkina,
2010).

In hippocampal and cortical neurons, both in vitro and in situ, lamellipodia formed at the
base of the axon undergo anterograde movements toward the growth cone (Ruthel and
Banker, 1998, 1999). These motile lamellipodia have been termed axona waves. To date,
waves have not been reported in peripheral nervous system neurons. Similar to DAPs, the
actin filaments in the waves are dynamic and undergo turnover, and waves contribute to the
emergence of collateral branches from axons (Flynn et al., 2009; Tint et al., 2009).
Interestingly, the localization of waves correlates with transported accumulations of
doublecortin, a microtubule and actin filament binding molecule (Tint et al., 2009). If waves
do not give rise to branches while en route to the growth cone, the arrival of awave at the
growth cone correlates with a preceding retraction of the axon tip followed by a bout of
extension (Ruthel and Banker, 1999), perhaps reflecting atemporary reorganization of the
growth cone cytoskeleton. It will be of interest to further determine the biological
significance and relevance of these interesting structures.

The organization of axonal sub-membranous cytoskeleton has received minimal attention. A
recent study using super-resol ution microscopy provided novel insightsinto the organization
of the actin and spectrin cytoskel eton of hippocampal neuronsin vitro and invivo (Xu et a.,
2013). This study reports that, following 5-7 days in vitro, the axon distal to the AIS
developsrings of actin filaments spaced approximately 200 nm apart. The rings are
separated by, and presumably connect to, rings of spectrin. Spectrin has well established
roles in the formation of the sub-membranous cytoskeleton of a variety of non-neuronal
cells. However, in non-neuronal cells spectrin forms a network of filaments with nodes
containing small actin filaments. The organization of the alternating actin filament and
spectrin ringsin hippocampal axons thus represents a rather different organization of these
molecules, which may however serve similar functions. C elegans spectrin mutants exhibit
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fragile axons that break in response to the norma movements of the animal (Hammarlund et
al., 2007), strongly implicating the spectrin-actin cytoskeleton in providing a mechanical
framework for protecting axons from mechanical damage. Future studies will be required to
address whether these actin rings are a general characteristic of axons (e.g., are they present
in al axons), and how other axonal actin structures relate to the rings. For example, what is
the relationship between rings and DAPs? are rings locally disrupted when DAPs form or do
they coexist? Importantly, what are the functions of rings and how do they contribute to
axonal biology.

Asageneral rule, axonsthat have extended more than a couple of hundred micrometers
exhibit low levels of detectable actin filaments, and as noted above the filaments are present
as DAPs or rings. In contrast, in the dendrites of cultured hippocampal neurons actin
filament bundles run longitudinal to the main axis of the dendrite, and can criss-cross the
dendrite (Xu et al., 2013). Semaphorins are a class of repellent signals that generally cause
growth cone collapse and axon retraction (Bagri et al., 2003). Treatment of sensory neurons
with semaphorin-3A (sema3A) causes pronounced myosin |1 dependent retraction of
sensory axonsin vitro (Gallo, 2006). This observation is, at face value, puzzling as myosin

Il requires actin filaments to generate contractile forces, and sema3A causes the
depolymerization of actin filaments in growth cones, where actin filaments are present at the
highest levels. However, two publications noted that although sema3A induces the loss of
growth cone actin filamentsit also induces the formation of actin filament bundles along the
distal axon shaft (Gallo, 2006; Brown and Bridgman, 2009). These actin filament bundles
are generaly aligned in parallel with the axis of the axon, but can also meander from one
side to the other perhaps forming a cage-like structure along the axonal microtubule array. It
has been proposed that the role of these axonal filament bundlesisto serve asmyosin ||
substrata for force generation (Gallo, 2006). By analogy to the role of myosin I contractility
in driving the retrograde flow of actin filamentsin lamellipodia, myosin Il activity may
drive the coal escence of the longitudinal bundles toward the radial center of the axon shaft
generating compressive forces. These compressive forces may then destabilize the
microtubule array and contribute to axon retraction. The mechanism for the formation of
sema3A induced actin filament bundlesis not known. Sema3A inhibits PI3K activity and
inhibition of PI3K activity promotes the formation of axonal actin bundles (Orlovaet a.,
2007), in contrast to the requirement of PI3K for generating DAPs. Thus, the levels of PI3K
in axons appear to be determinants of whether the axon generates DAPs or longitudinal
bundles. Furthermore, sema3A treatment blocks formation of new DAPS, but some DAPs
are retained which appear to be relatively stable (i.e., they have prolonged durations) (Gallo,
2006). In unpublished work (G Gallo), we have observed that the formation of sema3A-
induced longitudinal bundles appearsto begin at DAP-like structures. Longitudina bundles
seem to initially arise from these DAP-like structures and then elongate. Thus, DAPs may be
multifunctional structures dependent on the levels of PI3K signaling in axons, a venue for
future analysis.

Actin translated at the cell body undergoes slow axonal transport in component B (SCh)
along with many other proteins (Black and Lasek, 1979). The net rate of SCb is generally
similar to the rate of active axon extension, suggesting that transported actin may suffice to
sustain axon extension. However, axons also contain -actin mRNA which is actively
translated intra-axonally in response to extracellular signals (e.g., neurotrophins) in vivo in
the embryonic spinal cord (Williset al., 2007; Spillane et al., 2012). To date there has not
been detailed analysis of the relative contribution of transported and locally synthesized
actin to the filaments present along axons or in growth cones. While arole for -actin
tranglation in growth cone guidance by attractants is compelling (Jung et al., 2012), there has
not been a direct demonstration that the translated actin is incorporated into actin filaments,
or which populations of actin filamentsit contributes to. Actin filaments have many rolesin
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cellsranging from driving surface protrusion, serving as substrates for signaling and
metabolic pathways, generating contractile structures, and serving as scaffolds for capturing
organelles (e.g., mitochondria). Future studies will be required to address whether the
transported actin and locally translated actin may be used preferentially to drive these varied
functions of actin filaments. Finally, actin filaments have rolesin regulating trand ation both
in non-neuronal cells (Stapulionis et a., 1997) and the localized translation of MRNASs along
axons (Sotelo-Silveira et al., 2008). Axonal MRNAs and trandlational machinery are found
to be preferentially associated with actin filaments in submembranous plagues (Koenig,
2009). It will be of interest to further dissect the role of actin filamentsin the regulation of
intraraxonal trangd ation and determine if DAPs, bundles, or novel structures contribute to
this process.

Myosins in the axon

In contrast to the relatively clear picture that emerges of the structure of actin within axons,
the role of myosinsin this compartment remains less well defined. This section will
concentrate on two aspects of myosin function that arise from interaction with actin patches.
We will discuss experiments that suggest that Myosin Vainteracts with actin patchesin AIS
to prevent the movement of vesicles carrying dendritic proteins to the distal axon. In
addition, we will explore several experiments that suggest that myosin motors modulate
trafficking in the axon beyond the AlS. Note that this review will not cover the role of
myosin motors in the growth cone or in axon guidance, as there are several excellent
reviews on that topic (eg. Vallee et al., 2009).

The results of a number of recent experiments are consistent with actin and myosin motors
playing important roles in the targeting of proteins to the dendritic compartment. In
particular, disruption of the function of Myosin Va, either by expression of a dominant
negative variant or through siRNA-mediated knockdown, results in mislocalization of
dendritic transmembrane proteins to the axon (Lewis et al. 2009). Similarly,
depolymerization of actin filaments with Cytochalasin D results in nonspecific localization
of dendritic transmembrane proteins (Lewis et al. 2009). Thus, Myosin Va appearsto play a
permissive role in the localization of dendritic proteins. Other experiments suggest that its
role may also beinstructive. A fusion protein consisting of aMyosin Vahinding domain
from Melanophilin and the nonneuronal protein CD8 localizes specificaly in the
somatodendritic compartment, in dramatic contrast to the nonspecific localization of CD8
alone. In addition, afusion of the same Myosin Va binding domain to Channelrhodopsin
targetsit efficiently to the somatodendritic domains of layer 11/111 cortical neuronsin slices
cut from mice that were electroporated in utero. In similar cellsin control mice
Channelrhodopsin alone localizes to both axons and dendrites. Thus, there is experimental
evidence that interaction with Myosin Vais both necessary and sufficient to mediate
localization of proteins to the somatodendritic compartment.

Thelocation at which Myosin Va exerts its effect was studied by examining the movements
of vesicles containing dendritic transmembrane proteins following rel ease from the Golgi.
Such post-Golgi vesicles entered both dendrites and axons, suggesting that dendritic
targeting was not achieved through specific association with microtubules that project to the
dendrites (Al-Bassam et al. 2012). Once in the axon, however, these vesicles amost all
halted, and many reversed direction and moved towards the cell body. These results are
consistent with halting and reversing events seen in experiments with unregul ated,
exogenously tagged dendritic proteins (Burack et al., 2000). In dramatic contrast to the
halting and reversing of vesicles containing dendritic proteins, those containing axonally or
nonspecifically localized proteins do not stop and reverse within the AIS, but proceed
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unimpeded to the distal axon. Thus, vesicles would appear to be differentialy trafficked
within the axon initial segment depending on whether their cargos are dendritic or axonal.

A number of experiments suggest that actin filaments within the initial segment might play a
role in the trafficking events of dendritic vesicles. Surface proteins encounter an actin-
dependent barrier within the AlSthat prevents them from diffusing from the somato the
distal axon and vice versa along the cell membrane (Winckler et al. 1999).
Depolymerization of actin filaments with Latrunculin breaks down this barrier, allowing
proteins to pass between the two compartments. Disruption of actin filaments with
Cytochalasin D aso eliminates stopping and reversing events of vesicles carrying dendritic
proteins within the AlS, suggesting that intact actin filaments are necessary for correct
trafficking of these vesicles (Al-Bassam et al. 2012). Similar results were obtained by
blocking Myosin Va function with a dominant negative variant, suggesting that Myosin Va
plays a permissive role in trafficking of dendritic vesicles. Finally, afusion of a nonspecific
protein with aMyosin Vabinding domain is sufficient to cause vesicles containing it to halt
and reverse within the AIS, in contrast to the trafficking of vesicles containing only
nonspecifically localized proteins. Thus, the above experiments suggest that actinis
necessary for halting and reversing within the AlS, and interaction with functional Myosin
Vais both necessary and sufficient for these events.

Although the above results clearly point to the participation of actin and Myosin Vain the
trafficking of dendritic proteins within the AlS, the mechanism by which thisis mediated
has not been unambiguously determined. However, a hint about a possible mechanism
comes from experiments that show that Myosin V1 is both necessary and sufficient to
mediate localization of proteins to the surface of the axon (Lewis et al. 2011). Myosin Va
and Myosin VI move in opposite directions on actin filaments, with Myosin Vamoving to
the plus, or barbed, end (Cheney et al. 1993), and Myosin VI moving to the minus, or
pointed end (Wells et al. 1999). In asimple model that can explain these results actin
filaments within the AlS are oriented in parallel so that their plus ends face the cell body
(Arnold 2009). If vesicles carrying dendritic proteins are associated with Myosin Vathen
when they interact with these filaments in the Al S they would be carried towards the cell
body, whereas those associated with Myosin VI would proceed to the distal axon. If one
posited that vesicles carrying dendritic proteins interact with both Myosin Vaand akinesin
motor that binds to microtubules projecting to either the axon or to the dendrites, this model
could account for vesicle trafficking seen in pulse/chase experiments. Kinesin- and Myosin
Va-bound vesicles would be randomly carried to either axons or dendrites by the kinesin
motor. Once in the axon, the vesicles would interact with actin filaments which would tend
to drive the vesicles backwards towards the cell body, causing them to halt and reverse.
Conversely, vesicles carrying axonal proteins would be pulled towards the distal axon asa
result of the interaction of Myosin VI with the actin filaments.

Further evidence for this model is provided by the discovery of small actin networks,
analogous to the actin patches observed in more distal parts of the axon, that are observable
by light and electron microscopy (Watanabe et al. 2012). These actin patches are located
approximately 10-15 microns from the cell body within the AIS, where halting and
reversing events occur. Experiments where Myosin Vaand Myosin VI are inducibly
attached to labeled peroxisomes corroborate these results. Both myosin motors tend to move
the peroxisomes for short distances (1 micron or less) at positions approximately 10-15
microns from the cell body. In addition, comparisons of phalloidin labeling with maps of
peroxisome movement within the same cells show that movements colocalize with actin
patches. Furthermore, when movements of vesicles containing dendritic proteins are
compared with maps of actin patches from the same cells, it is apparent that halting and
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reversing events are overwhelmingly likely to occur at locations where actin patches are
present.

In addition to the parallel filament model described above another model suggests that actin
might constitute a barrier in the AlS based on the size of proteins (Song et al. 2009). This
hypothesis was suggested by experiments showing that large, inert moleculesinjected into
the cell body of wild-type neurons do not diffuse beyond the Al'S, whereas, disruption of
actin filaments allows such molecules to diffuse to the distal axon. However, it is not clear
how such a model might work given that there is no evidence that dendritic proteins are
larger than axonal ones. Additionally, even if dendritic proteins were considerably larger
than axonal proteins, the cross-section of the transport vesicle is large enough that it is hard
to imagine that the combined size of the vesicle and the proteins on its surface would be
sufficiently different for axonal vs. dendritic vesicles to enable filtering based on size
(Hirokawa et al. 1991).

A third hypothesis suggests that kinesins are *“smart motors’ that target proteins specifically
to the somatodendritic compartment through preferential interaction with microtubules that
project to the dendrites (Burack et al. 2000). In the case of dendritic proteins this model is
unlikely because kinesins that carry dendritic proteins exclusively, such as Kif17, target to
both axons and dendrites when they function in an autonomous manner due to deletion of
their tail domains (Setou et al. 2000, Nakata & Hirokawa 2003). Furthermore, both dendritic
and axonal proteins are transported by Kif5, akinesin motor (Setou et al. 2002, Nakajima et
al. 2012, Kamal et al. 2001, Kamal et al. 2000). Thus, it would appear that kinesin motors
require additional information to transport vesicles specifically to the somatodendritic
compartment.

Finally, experiments showing that peroxisomes inducibly attached to dynein do not enter the
axon, suggested that perhaps dynein motors mediated transport of dendritic proteins
(Kapitein et al. 2010). However, such experiments don’t, in fact, provide direct evidence
that dyneinis actually involved in localization of dendritic proteins. Instead, they Indicate
that microtubulesin the axon are polarized in asingle direction with their plus ends facing
distally, afact that has been recognized for thirty years (Baas et al. 1988). Experiments that
show that blocking dynein function by overexpression of dynamitin indicate that dyneinis
necessary for localization of dendritic proteins. However, blocking dynein function in this
manner leads to generalized degradation of neuronal structure and morphology, suggesting
that the effects on trafficking could be secondary (Zheng et al. 2008). Nonetheless, the role
of dynein in the AIS merits further study. Vesicles were observed to return to the cell body
over distances longer than the diameter of actin patches and to move at velocities that are
greater than those usually associated with Myosin Va (Al-Bassam et a. 2012). Thus, it is
tempting to speculate that filtering of dendritic proteins occursin atwo step process where
vesicles carrying dendritic proteins halt and reverse for short distances as a result of
interaction of Myosin Vawith actin filaments. Subsequently, these vesicles might move
back to the cell body on microtubules, possibly as aresult of movement mediated by dynein.

In addition to preventing vesicles carrying dendritic proteins from moving distally in the
axon beyond the AIS myosin motors also modulate trafficking in more distal regions of the
axon. Studies exploring the role of myosin motors in the axon have found two main results.
Myosin motors either restrict the transport of organelles within the axon or facilitate it.
Dominant negative variants of Myosin Va decrease the velocity of retrograde movements of
large dense core vesicles in proximal and distal axons (Bittins et al. 2010). Similarly,
expression of dominant negative variants of Myosin Va as well as knockdown of Myosin Va
through expression of sSIRNA facilitates anterograde transport of particles containing ZBP
(Zipcode binding protein) throughout the axon (Nalavadi et al. 2012). These results are
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consistent with the aforementioned experiments where Myosin Vaimpeded anterograde
transport and facilitated retrograde transport within the AIS (Al-Bassam et a. 2012). They
are also partially consistent with experimentsin D. melanogaster showing that the action of
Myosin V impedes both anterograde and retrograde movements of mitochondria (Pathak et
al. 2010). Surprisingly, in this context Myosin VI was found to specifically block retrograde
transport, which is the opposite of what one would predict from the results of experiments
where Myosin VI was found to be necessary and sufficient for axonal targeting. This could
indicate either species differences or differencesin actin orientation between the AlS and the
distal axon. In addition to acting as a brake on organelle and mRNA transport, Myosin Va
was also found to facilitate the transport of Neurofilaments by decreasing pausesin
movements (Alami et al. 2009). This facilitation might occur through the transport of
neurofilaments back to microtubules by Myosin Va following detachment of kinesin motors.
Thisideais consistent with work showing that in Myosin Vamutant mice reduced
movement of vesicles was seen in areas that were poor in microtubules (Bridgman 1999).

In conclusion, myosin motors play diverse roles within the axon that are till being
elucidated. Perhaps the best characterized motor is Myosin Va, which isinvolved in
localization of proteins to the somatodendritic compartment and in regulating transport of
MRNAS, dense core vesicles, mitochondria and neurofilaments. In addition, Myosin V1 is
involved in the localization of axonal proteins and modulates mitochondrial movements.
More study is needed to fully elucidate these roles and determine their functional
significance.

Final remarks

Two major forms of actin filament organization predominate in the axon shaft: patches and
rings. Actin patches have both protrusive functions, serving as precursors to the formation of
filopodia, and also serve as anchoring sites for myosin motors and their associated cargoes.
While the anchoring function of patchesisbest understood at AlS, it seems likely they may
also serve similar functionsin the more distal axon. Actin patches may reflect important
organizational centers with the axon, serving to bring together a variety of molecules and
organellesin space and time. The functions of axonal rings of actin filaments remain to be
elucidated, but they may similarly serve anchoring functions or generate localized
architectural domains along the axon shaft. Additional work will be required to further
address the structural and molecular composition of patches and rings, and unveil additional
functions for these cytoskeletal structures.
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Figure 1.

Schematic representation of the functions of actin filament patches in neurons. The false
colored panel shows a cultured E8 chicken forebrain neuron stained with phalloidin to
specifically reveal actin filaments. The left and right columns beneath show the roles of
actin filament patches at the axon initial segment and along the distal axon, respectively.
Patches at the initial segment capture vesicles incorrectly being transported anterogradely
into the axon. When the vesicle is released from the patch, it then undergoes retrograde
transport back to the soma. Along the distal axon, actin patches serve as precursors to the
emergence of filopodia. The formation of filopodiais the first step in axon branching.
Similar to patches at the initial segment, actin patches along the distal axon may aso serve
to locally capture vesicular cargoes, but this has not been directly determined.
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