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Abstract—In addition to the intracellular transport of particles (cargo) along microtubules, there are in the cell two actin-
based transport systems. In the actomyosin system the transport is driven by myosin, which moves the cargo along actin
microfilaments. This transport requires the hydrolysis of ATP in the myosin molecule motor domain that induces confor-
mational changes in the molecule resulting in the myosin movement along the actin filament. The other actin-based trans-
port system of the cell does not involve myosin or other motor proteins. This system is based on a unidirectional actin poly-
merization, which depends on ATP hydrolysis in actin polymers and is initiated by proteins bound to the surface of trans-
ported particles. Obligatory components of the actin-based transport are proteins of the WASP/Scar family and a complex
of Arp2/3 proteins. Moreover, the actin-based systems often contain dynamin and cortactin. It is known that a system of
actin filaments formed on the surface of particles, the so-called “comet-like tail”, is responsible for intracellular movements
of pathogenic bacteria, micropinocytotic vesicles, clathrin-coated vesicles, and phagosomes. This movement is reproduced
in a cell-free system containing extract of Xenopus oocytes. The formation of a comet-like structure capable of transporting
vesicles from the plasma membrane into the cell depth has been studied in detail by high performance electron microscopy
combined with electron tomography. A similar mechanism provides the movement of vesicles containing membrane rafts
enriched with sphingolipids and cholesterol, changes in position of the nuclear spindle at meiosis, and other processes. This
review will consider current ideas about actin polymerization and its regulation by actin-binding proteins and show how

these mechanisms are realized in the intracellular actin-based vesicular transport system.

DOI: 10.1134/50006297914090089

Key words: cytoskeleton, actin, Arp2/3, dynamin, intracellular vesicles, “comet-like tails”

It is thought that the intracellular transport is, first of
all, associated with the movement of particles (cargo)
along microtubules. In addition, there are two intracellu-
lar actin-based transport systems. In the first, the acto-
myosin system, the transport is realized by myosin, which
interacts with actin microfilaments. Similarly to sliding of
muscle myosin along actin filaments, non-muscle myosin
isoforms are moved along the actin microfilaments due to
the ATP-dependent interaction of the myosin motor
domain (the head) with actin, hydrolysis of ATP bound in
the myosin motor domain, and conformational changes
in the neck part of the myosin molecule that are induced
by ATP hydrolysis. However, as differentiated from mus-
cle myosin, non-muscle myosins usually have short tail
domains which do not produce filaments but contain
structural motifs promoting the interaction of myosin
with other proteins and lipids, i.e. fastening of the cargo
[1-3]. Myosin V, the most studied motor protein of this
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transport system [3-6], is similar in structure and func-
tions to the tubulin transport system motor proteins,
kinesin and dynein [7, 8]. This similarity allows myosin V
to move not only along actin filaments but also along
microtubules [9-11]. It is supposed that, as differentiated
from the transport system consisting of microtubules and
kinesin/dynein moving the cargo over long distances, the
transport along the actin filaments should be local [6].
Another actin-based transport system is not associat-
ed with myosin and other motor proteins. This system is
based on moving a particle by means of a “comet-like tail”
produced on the surface of the particle as a result of actin
polymerization directed by ATP hydrolysis in the actin
polymers and initiated by proteins bound to the surface of
the transported particles. Proteins of the WASP/Scar fam-
ily and a complex of the Arp2/3 proteins and/or dynamin
and cortactin are obligatory components of the actin-
based transport [12, 13]. The “comet-like tail” was shown
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to be responsible for translocation of micropinocytotic
vesicles (pinosomes) [14, 15], clathrin-coated vesicles
[16], endosomes, and lysosomes in oocytes of the clawed
frog Xenopus and in the cell-free system containing an
extract from oocytes of this frog [17]. A similar mecha-
nism is involved in the movement of vesicles containing
membrane rafts enriched with sphingolipids and choles-
terol [18] and in changes in the nuclear spindle position at
meiosis [19-21]. This review will consider current ideas
about actin polymerization and its regulation by actin-
binding proteins and show the action of these mechanisms
in the intracellular actin-based transport system.

ACTIN POLYMERIZATION AND DYNAMICS
OF ACTIN FILAMENTS

The dynamics of actin structures of the cell are based
on the most important property of actin — its ability for
reversible polymerization. Actin in solution is a globular
protein (G-actin) with molecular weight of 42 kDa. The
actin molecule consists of two domains separated by a
deep cleft with a tightly bound cation, Ca?* or Mg?*, and
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a nucleotide, ATP or ADP [22] (Fig. la, inset). Thus,
actin is an ATP-binding protein, and nucleotide
exchange and ATP hydrolysis play a functional role in it.
Under physiological conditions, actin monomers associ-
ate with each other producing a double-helical polymer
(actin filament, microfilament, F-actin) [23]. The struc-
ture of this polymer is described either as two long-pitch
helixes noncovalently bound to each other, or as one
short-pitch helix [24] (Fig. 1, a and b). Because all actin
monomers are oriented in the same direction, actin fila-
ments are polar. The filament polarity can be easily deter-
mined morphologically on the interaction of F-actin with
myosin or its fragments, which results in so-called
“arrow-head structures” with the direction determined
by the barbed or (+)-end of the arrow and by the pointed
or (—)-end of the filament that corresponds, respectively,
to its rapid or slow elongation (Fig. 1c) [25].

The actin polymerization occurs as a polycondensa-
tion with nucleation as its first stage. The nucleation is an
interaction of monomers leading to appearance of poly-
merization nuclei. Stable polymerization nuclei consist of
actin trimers, which elongate up to establishment of bal-
ance (Fig. 2a). The elongation of actin filaments is

Fig. 1. Structure of actin and polarity of filaments. a) Ultrastructure of actin filaments by electron microscopy data [23]; the inset presents a
crystal structure of actin monomer [22]. b) Model of actin filament based on results of electron microscopy and data on the crystal structure
of the monomer [24]. ¢, d) Ultrastructure of actin filaments decorated by a fragment of myosin molecule by data of electron microscopy [25].
Explanations in detail are in the text. The figures are printed by courtesy of the relevant publishers.
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Schemes illustrating the growth of actin filaments decorated with a myosin fragment (to the left), the rate of association/dissociation of

monomers of the filament ends (center), and the dynamics of actin poly:

mers (to the right) [27]. d) Scheme illustrating the nucleation of the

actin polymerization by the N-WASP—Arp2/3 complex [44]. e) Ultrastructure of a submembrane network of actin filaments by data of immu-
noelectron microscopy with antibodies to Arp2/3 conjugated with colloidal gold; the insets show the network nodes containing Arp2/3 at dif-
ferent magnifications [32]. Detailed explanations are presented in the text. The figures are fragments of illustrations in the indicated papers

printed by courtesy of the relevant publishers.

accompanied by an irreversible hydrolysis of bound ATP
(Fig. 2b) and release of inorganic phosphate. The hydrol-
ysis of ATP leads to changes in the conformation of actin
subunits, and the bonds between them weaken [26].
Direct measurements of association and dissociation
rates of the monomers on the filament ends have shown
that ATP-G-actin is efficiently joined to the fast (+)-end
of the filament, whereas ADP-G-actin dissociates from
the slow (—)-end (Fig. 2¢). This is associated with a slow
“movement” of actin subunits from the fast to the slow
end of the filament, so-called treadmilling [27].

The intracellular polymerization of actin is actively
regulated by a multiplicity of actin-binding proteins,
which determine its localization and the length and life-
time of the filaments or interact with monomers main-
taining the pool of globular actin and the bound
nucleotide state [28-30]. For the actin-dependent trans-
port based on actin polymerization protein-nucleators, in
particular the complex Arp2/3 (actin-related proteins),
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are the most important. This complex consists of seven
proteins including Arp2 and Arp3 with structures similar
to that of actin and auxiliary proteins responsible for
binding with activators (Fig. 2d). Model experiments
revealed that the Arp2/3 complex should be activated for
interaction with actin. In the cell this function is realized
by proteins of the WASP/Scar family. The activated
Arp2/3 initiates actin polymerization or interacts with an
actin filament; and Arp2 and Arp3 are the first subunits of
the new filament. When the Arp2/3 complex is bound
with the actin filament, it acts as a nucleator of new fila-
ments and blocks their slow end. This produces a network
of actin filaments located with angle of 70° to one anoth-
er and bound by Y-like contacts [31]. Thus, the Arp2/3
complex geometry determines the formation of branched
(dendrite-like) structures, which occur to be like sub-
membrane structures detected in the cortical cytoskele-
ton on the front edge of moving cells (Fig. 2¢e) [32]. These
structures are also found to be able to provide for intra-
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cellular transport, which was for first shown on investiga-
tion of pathogenic bacteria moving in the cytoplasm of
eukaryotic cells using a bundle of actin filaments reminis-
cent of the tail of a comet.

INTRACELLULAR MOVEMENT OF BACTERIA
USING A “COMET-LIKE TAIL”

Invasion of eukaryotic cells by bacteria can be
observed using fluorescence or electron microscopy (Fig.
3). Adhering to the surface of a non-phagocytic eukaryot-
ic cell, the pathogenic bacteria Listeria monocytogenes
and Shigella flexneri induce massive rearrangements of
the cortical cytoskeleton and production of phagosomes
to penetrate within them into the cell. Then the bacteria
lyse the phagosomal membrane and enter the cytoplasm.

KHAITLINA

The next stage is the nucleation of actin filaments on the
surface of the bacteria and formation on the apical end of
the bacteria of a “comet-like tail” — a bundle of actin fil-
aments used by the bacteria for movement inside the cell
[33]. The rate of this movement is equal to the rate of
actin polymerization [34]. If this movement brings the
bacteria near the cell membrane, they initiate formation
of protrusions whose contacts with another cell results in
repeating the process [35-38].

The surface protein ActA is a bacterial factor initiat-
ing actin polymerization on the apical surface of L. mono-
cytogenes [39, 40]. In the bacterium Sh. flexneri the pro-
tein IcsA plays a similar role [41]. In cells transfected with
the protein ActA gene, the protein induced the assembly
of actin filaments on mitochondria [40]. The assembly of
actin filaments was also observed on granules of DEAE-
cellulose bound with ActA [41]. However, neither mito-
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Fig. 3. Actin “comet-like tails” providing for intracellular movement of pathogenic bacteria. a) Cultured PtK2 cells infected with the bacteri-
um Listeria monocytogenes. The bacteria are stained with FITC-antibodies (white “comet heads” in the figure), the “comet-like tails” are
stained with rhodamine—phalloidin (gray in the figure) [38]. b) Electron microphotograph of a “comet-like tail” of the bacterium Rickettsia
conorii. Actin filaments of the “tail” are decorated by S1 fragment of the myosin head [37]. ¢) Scheme illustrating the involvement of the bac-
terial protein ActA and actin-binding proteins in formation of the “comet-like tail” on the apical end of the bacterium L. monocytogenes.
Results are presented of the reconstruction of the bacterial movement in vifro in the presence of purified actin-binding proteins [48, 49].
Detailed explanations are given in the text. The figures are fragments of illustrations in the indicated papers and are printed by courtesy of the

relevant publishers.
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chondria nor cellulose granules were moved, because for
a directed movement an asymmetric distribution of the
protein on the particle surface is required [42, 43].

Although the presence of ActA and IcsA proteins is
necessary for the assembly of actin filaments, this process
is not observed in solution of F-actin because either ActA
or IcsA do not directly interact with actin. Model experi-
ments have shown that the nucleation of actin filaments
in solution can be successful in the presence of the pro-
tein complex Arp2/3 and proteins of the WASP family
[44-46]. Thus, on the surface of the bacterium Sh. flexneri
the polymerization of actin is initiated by interaction of
IcsA with the protein N-WASP and components of the
Arp2/3 complex. The interaction with IcsA activates N-
WASP due to opening the actin-binding domain of this
protein. After the nucleation the activating protein
(WASP or ActA) dissociates from the Arp2/3 complex
and can participate in a new cycle of nucleation. The
Arp2/3 complex activated by the WASP family protein
remains bound on the lateral side of actin filaments and
serves as a nucleator for production of a dendrite-like net-
work of filaments on the surface of the bacterium.

The existence of a firm network consisting of short
segments is fundamentally important for the ability of
actin filaments to push bacteria forward [47]. The model
explaining the movement based on actin polymerization
[47] considers actin filaments as elastic helical bands
bending because of thermal fluctuations. This results in
generation of a gap between the bacterial surface and the
filament end where an actin monomer can be inserted.
The backward movement of the elongated actin filament
creates a force that pushes the bacterium. The rate of
movement depends on the frequency of filament bending,
i.e. on the flexibility and elasticity of the filaments.

The concentration of globular actin is another very
important factor determining the rate of movement of
bacteria. For functioning of the movement mechanism
based on actin polymerization, the actin filament elonga-
tion due to addition of actin monomers on the fast end of
the filaments (facing the bacterium) has to be caused by
dissociation of actin monomers from the slow end. The in
vitro reconstruction of bacterial movement in the presence
of purified actin-binding proteins has shown [48, 49] that
this balance is maintained by the combined action of two
proteins, ADF/cofilin [50] and profilin [51]. The affinity
of cofilin for ADP-actin is higher than for ATP-actin, and
therefore cofilin significantly accelerates the dissociation
of actin monomers from the slow end [28]. Profilin effec-
tively binds actin monomers and thus prevents their
rejoining the slow end of the filaments, and it transfers
them to the fast end [28]. The effective depolymerization
of many slow ends of the filaments is responsible for rapid
elongation of the filaments on the opposite end and, con-
sequently, promotes efficient movement of the bacterium.

Thus, the intracellular movement of a bacterium is
maintained by a complex interaction of actin, the activat-
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ed Arp2/3 complex, the depolarizing protein ADF/cofil-
in, and a capping protein. The efficiency of L. monocyto-
genes movement increases in the presence of profilin,
VASP, and a-actinin (Fig. 3c). This movement is not
associated with the presence of myosin or other motor
proteins, i.e. it is a specific kind of motility based on the
energy of ATP hydrolysis with the directed polymeriza-
tion of actin. Note also that the majority of the compo-
nents of this system are multidomain proteins or protein
complexes, and their interactions leads to necessary con-
formational and structural rearrangements. Studies on
these interactions resulted in elucidation of mechanisms
of the movement based on actin polymerization in other
processes, in particular, on the generation of lamellipodia
and phyllopodia.

In the cell proteins of the WASP/Scar family are
associated with the membrane and in turn are activated
by proteins of signaling cascades. Enlargement of this
process results in the generation of a network of actin fil-
aments on the front edge of moving cells, and this
becomes a basis for the hypothesis that actin polymeriza-
tion should play a leading part in translocation of the
cytoplasmic membrane on the generation of lamellipodia
[52]. This hypothesis has been confirmed by subsequent
studies [12, 53]. Moreover, studies on the comet-like
movement of bacteria induced the question whether a
similar mechanism could be used for the movement of
intracellular organelles.

MOVEMENT OF CELLULAR VESICLES
USING THE “COMET-LIKE TAIL”

Pathogenic bacteria penetrating into the cells are
similar in shape and size to intracellular organelles (endo-
somes, lysosomes, mitochondria, and endoplasmic retic-
ulum and Golgi apparatus vesicles). This similarity sug-
gests that for the movement within the cell bacteria can
use mechanisms that are normally used by cellular
organelles for assembly of actin structures [17]. This was
confirmed by data on the existence in activated oocytes of
Xenopus of vesicles that moved in the cytoplasm using an
actin “comet-like tail” (Fig. 4). The ultrastructure and
ability of these vesicles to accumulate Acridine Orange (a
marker of endosomes) or Lamp 1 (a marker of late endo-
somes and lysosomes) indicated them to be endosomes
and lysosomes. These vesicles were enriched with protein
kinase C, their generation was stimulated by an activator
of protein kinase C, and the process could be recon-
structed in a cell-free system. On the surface of these vesi-
cles the protein N-WASP was found [17, 54].

The “comet-like tails” moved not only clathrin-con-
taining vesicles, but also pinocytotic vesicles and lyso-
somes in different cultured cells and cell extracts, includ-
ing 3T3 fibroblasts, mast cells, and extracts from Hela
cells [14-16, 55]. It was also shown that phagocytosis
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Fig. 4. Actin “comet-like tails” responsible for the intracellular movement of endosomes in the cytosol of activated oocytes of the clawed frog
Xenopus (a) or in the cell-free extract from the frog oocytes (b-d). a) Movement of endogenous endosomes containing GFP-protein kinase
using actin “comets” (arrow) in oocytes of Xenopus. Actin structures are stained with rhodamine—phalloidin. b) Movement of endosomes gen-
erated on the internalization of Texas-Red-transferrin in cell-free extract from Xenopus oocytes. The actin structures are stained with
Alexa(488)—phalloidin. c) Detection of N-WASP, an activator of “dendrite-like” actin polymerization, in the actin tail of the surface of the
endosome stained with antibodies to N-WASP conjugated with colloidal gold. d) Ultrastructure of the “comet-like tail” on the surface of a
vesicle. The figures are fragments of illustrations in the work of Taunton et al. [17] printed by courtesy of the relevant publishers.

induced by treatment of macrophages with zinc or lan-
thanum ions induced directed actin polymerization that
moved these particles in the cytoplasm [56, 57]. Although
the lifetime of actin “comets” moving different particles
varied, the movement rate of these different vesicles was
approximately the same and similar to the rate of the
intracellular movement of bacteria that was earlier shown
[34] to be equal to the rate of actin polymerization.

The transport of vesicles associated with the polymer-
ization of actin has been found not only in clathrin-
dependent endocytosis, but also in caveolin/raft-type
endocytosis. A local polymerization of actin was observed
on internalization of caveolae induced by SV40 virus [58].
Endogenous or exogenous vesicles containing phos-
phatidylinositol (PIP2) were moved in the cell-free system
due to generation of actin “comets”; excess expression in
the cells of the phosphatidylinositol-4-phosphate-5-kinase
(PIP5KI) gene induced the generation of “comets” that

could be inhibited by methyl-B-cyclodextrin selectively
binding cholesterol [18]. Actin “comet-like tails” are gen-
erated with involvement of activators of the WASP—Arp2/3
complex: small GTPases Cdc42 [54] and ARF6 [59], tyro-
sine kinase, phospholipase D, D3-phosphoinositides [60],
or phosphatidylinositol-4,5-bisphosphate (PIP2) [18] and
other components of signaling systems of the cell. A simi-
lar Arp2/3-dependent involvement of actin polymerization
is also suggested to contribute to the movement of mito-
chondria [60, 61]. Another nucleator of actin polymeriza-
tion, formin, participates in spindle displacement during
meiosis of mammalian oocytes: the actin polymerization
under the influence of formin leads to production of a
“cloud” of actin filaments around chromosomes that later
becomes asymmetric and pushes the chromosomes and
spindle to the oocyte cortex [19-21].

Specific features of the actin structures generated on
a vesicle seem to be determined by duration of the signal

BIOCHEMISTRY (Moscow) Vol. 79 No. 9 2014
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initiating the polymerization. A short-term signal induces
the generation of an actin “cloud” incapable of moving a
vesicle or capable of supporting the movement over only a
very small distance. Thus, the internalization of clathrin
vesicles is accompanied by an “explosive” polymerization
of actin and advancement only by 150-200 nm [16].
However, prolongation of the signal stimulating the poly-
merization of actin leads to generation of a “comet-like
tail”. Thus, the internalization of caveolae induced by the
SV40 virus is associated with a slow polymerization and
generation of “tails” (i.e. vesicle translocation) with
length up to 1300 nm [58]. Therefore, the actin polymer-
ization can be responsible for both the separation of the
vesicles from the plasma membrane and pushing away the
generated vesicle from the membrane over a small dis-
tance to make the vesicle available for moving by another
transport system [62].

Experiments to discriminate these processes revealed
that the inhibition of actin polymerization by latrunculin
B blocked many stages in the generation of clathrin vesi-
cles including the separation from the plasma membrane
and pushing away the produced vesicle. These observa-
tions suggested that actin should be involved in these
stages of the generation of endosomes and that actin fila-

Actn T NPF
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ments adjacent to the neck of the clathrin hole through
their “fast” ends should initially promote vesicles closing
and separation from the membrane and then produce a
“comet-like tail” on the separated vesicle [63]. This
model has been confirmed by data obtained by high-per-
formance electron microscopy combined with electron
tomography on the three-dimensional organization of the
actin cytoskeleton during clathrin-mediated endocytosis
[64]. This work showed that formation of the active
“comet-like tail” is a terminal stage of the actin assembly
on coated vesicles. The polymerization of actin induced
by proteins of the WASP family and the Arp2/3 complex
leads to formation of a network of filaments initially as
small lateral islets on the periphery of the vesicle. Then
the filaments encircle the partially invaginated vesicle and
transform to a polarized “tail” when the vesicle is ready
for separation or is separated from the plasma membrane.
And “fast” ends of actin filaments push away the endocy-
totic vesicles from the plasma membrane. This means the
conversion of the branched network of actin filaments
formed around the coated pit into a comet-like structure
capable of transporting the vesicle from the plasma mem-
brane into the depth of the cell (Fig. 5) [64]. It seems that
a similar mechanism can regulate the generation of

Fig. 5. Sequential stages of formation of a “comet-like tail” during clathrin-dependent endocytosis. a-d) Electron microphotographs of actin
structures produced on the surface of endosomes during clathrin-dependent endocytosis. The figure is composed of fragments of illustrations
presented in the work of Collins et al. [64]. e-h) Scheme illustrating the generation of actin “comet-like tails” on the surface of endosomes
during clathrin-dependent endocytosis [64]. ¢) Initial stage of assembly of a dendrite-like actin network initiated on the periphery of clathrin
structures by proteins stimulating the nucleation of actin (NPF, nucleation promoting factors). f) Enlargement of the actin network that
accompanies the generation of the clathrin hole. g) Dendrite-like actin network encircles a bridge between the membrane and clathrin bub-
ble squeezing and elongating it. h) Reorganization of the actin network into a “comet-like tail” terminating the closing of the clathrin-coat-
ed vesicle and its separation from the cytoplasmic membrane. Arrows in (f-h) indicate the direction of the pushing force. The figure is print-

ed by courtesy of the relevant publishers.
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“comet-like tails” and transport of other intracellular
vesicles.

Thus, the movement of intracellular vesicles and
organelles seems to be provided for by the same mecha-
nisms as the movement of the front end of the cell and of
intracellular pathogenic bacteria. These data indicate that
mobility based on actin polymerization is the same widely
distributed type of mobility as the myosin-dependent trans-
port along actin filaments. Necessary components of this
transport system first of all are proteins of the WASP/Scar
family and the Arp2/3 complex. Moreover, other proteins
of signaling systems and the cytoskeleton capable of initiat-
ing actin polymerization as a result of a subsequent activa-
tion reaction can also be involved in the generation of actin
“comets”. Dynamin is one such protein.

DYNAMIN REGULATES ASSEMBLY
OF A “COMET-LIKE TAIL”
ON INTRACELLULAR VESICLES

In addition to the proteins WASP/Scar and Arp2/3,
the multidomain large GTPase dynamin is an integral

KHAITLINA

component of all “comet-like tails” moving intracellular
vesicles. Dynamin is known as one of major proteins of
endocytosis involved in the separation of newly generated
vesicles from the cellular membrane and Golgi apparatus.
Moreover, dynamin participates in the production of
caveolae, remodeling the membrane during fusion of
vesicles and in other processes [13, 16, 65-67]. Dynamin
is also involved in rearrangements of the cytoskeleton
unassociated with membrane remodeling [13, 68, 69]. In
particular, dynamin co-localization with actin was shown
in the “comet-like tails” of moving vesicles, whereas
expression of mutant dynamin decreased the generation
of comets, their length, and the rate and regularity of their
movement [13, 15, 70]. And the influence of the mutant
dynamin was associated not with inhibition of the
clathrin-mediated endocytosis, but with disorders in the
interaction of dynamin with cortactin [70]. The multido-
main structure of dynamin allows it to immediately inter-
act with cortactin, profilin, syndapin, and the protein
Abpl, which regulate the active cytoskeleton. Studies in
vitro with purified proteins revealed that dynamin influ-
ences actin polymerization induced by Arp2/3 and cor-
tactin. Moreover, dynamin promoted the Arp2/3- and

Cistern

O Clathrin bubble

O Myosin

® Kinesin/Dynein
Actin

Fig. 6. Scheme illustrating the cooperation of the actin-based transport system with other transport systems of the cell. A) Formation of a den-
drite-like network of actin filaments as a result of sequential actions of inducers and nucleators (CDC42, WASP/Scar, Arp2/3, dynamin,
BAR-proteins, cortactin) (Al). Actin filaments promote the closing of the membrane and separation of the vesicle and its transfer over a small
distance using the myosin motor (A2). Concurrently with the vesicle separation or immediately upon its separation from the membrane, a
“comet-like tail” is generated on the vesicle surface that transfers the vesicle to the microtubule (B1). In the next stage, vesicles are delivered
along the microtubules to their localizations under the influence of kinesin or dynein. SR, sarcoplasmic reticulum; Endo/Lyso,
endosomes/lysosomes; PM, plasma membrane; MT, microtubule. The figure is modified from the work of Egea et al. [78] and printed by cour-

tesy of the relevant publishers.
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cortactin-dependent association of actin with lipid vesi-
cles containing PIP2 [70]. As cortactin binds Arp2/3 and
co-localizes with it in actin “comets” [58, 71], the influ-
ence of dynamin seems to be determined by the sequen-
tial interaction of dynamin— cortactin—Arp2/3—actin.

Moreover, dynamin can promote actin polymeriza-
tion through an indirect interaction with protein CIP4
from the BAR family that concurrently interacts with N-
WASP [72]. Dynamin was also shown to interact with
actin filaments, displacing the capping protein from the
ends of the filaments that promotes their elongation [73],
and it may be essential for the generation of actin
“comets”.

Thus, dynamin structurally bound with vesicles at all
stages of their generation can play a key role in the initia-
tion of the assembly of “comet-like tails” on these vesi-
cles. It is supposed that during early stages of vesicle gen-
eration dynamin should be involved in the formation and
narrowing of the bridge between the plasma membrane
and the vesicle [69, 74], and at a later stage of vesicle gen-
eration dynamin could promote the assembly of proteins
initiating actin polymerization and generation of the
“comet-like tail” [63, 69].

The movement of vesicles and organelles by means of
directed polymerization of actin seems to be a widely dis-
tributed transport system of the cell similar to systems of
intracellular transport along microtubules and microfila-
ments. It is known that the direction and rate of move-
ment of vesicles in this system are determined by proteins
of the Arp2/3 complex, which can be activated by pro-
teins of the WASP/Scar family and by the system of pro-
teins including dynamin and cortactin. Data now avail-
able describe the transformation stages of the symmetric
network of actin filaments into an asymmetric structure
more or less reminiscent of a “comet-like tail” and capa-
ble of moving vesicles and organelles in the cytoplasm.
However, it is obvious that in some cases this transporter
carries cargo over a small distance and works for a short
time. Therefore, it cannot always be detected, and actin-
based transport can appear to be myosin-based. These
processes coincide in the cell, and this makes them to
appear not as clear as in a cell-free system. Moreover, it is
important that myosin is not only a motor protein, but it
is also a nucleator of actin polymerization [75, 76]. Thus,
the presence of myosin 1E during endocytosis coincides
with active actin polymerization and is associated with
attraction of proteins of the WASP family [77]. Such
activity seems to be inherent also in other myosins 1,
which suggests a possible role of myosin not only in trans-
port but also in time and spatial regulation of the assem-
bly of actin structures.

On the other hand, the movement of a vesicle can
occur due to cooperation of different transport systems,
as it seems to occur in the transport of Golgi apparatus
vesicles (Fig. 6) [78]. It is reasonable to suppose that the
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movement of other vesicles should occur via a similar
mechanism. During the initial stages of movement, vesi-
cles are transported over a small distance by the actin-
dependent polymerization or myosin-based transport
along the actin filaments, whereas the movement over
long distances occurs along microtubules under the influ-
ence of kinesin or dynein [78, 79]. Regulatory aspects of
these interactions are insufficiently studied. For such
studies it seems very promising to combine optical and
molecular genetics methods, in particular, high-perform-
ance electron microscopy and electron tomography,
which allows researchers to see the localization of indi-
vidual proteins and their mutual positions.
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