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Since the initial discovery of cytoplasmic dynein, it has become
apparent that this microtubule-based motor is involved in
several cellular functions including cell division and intracellular
transport. Another multisubunit complex, dynactin, may be
required for most, if not all, cytoplasmic dynein-driven activities
and may provide clues to dynein’s functional diversity. Recent
genetic and biochemical findings have illuminated the cellular
roles of dynein and dynactin and provided insight into the
functional mechanism of this complex motor.
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Abbreviations
cDHC1 cytoplasmic dynactin heavy chain 1
GFP green fluorescent protein
HAP1 Huntingtin-associated protein 1

Introduction
The first decade of research on the cytoplasmic form of
dynein has produced some interesting surprises. Unlike
the functional specialization that is the hallmark of many
members of the kinesin superfamily [1], one major form of
dynein appears to function in many different cellular roles.
Although there is evidence that some of dynein’s function-
al diversity is achieved through the use of alternate
isoforms of dynein subunits, a single major form of dynein
appears to drive very diverse cellular processes such as the
transport of vesicles into the Golgi and the organization of
the mitotic spindle. Also unexpected is the apparent
requirement for dynactin as an activator or cofactor in most
‘if not all’ of these functions. As there have been a number
of recent and comprehensive reviews on the molecular
biology and biochemistry of dynein and dynactin [2,3] in
this review we focus on key new findings which provide
mechanistic insight into the adaptation of this single motor
to many functions.

Axonemal dynein was first discovered as an ATPase that
played an essential role in ciliary and flagellar beating [4].
A morphologically similar but distinct cytoplasmic form of
dynein was subsequently discovered that could translo-
cate organelles toward the minus ends of microtubules
[5–7]. Cytoplasmic dynein is a multisubunit protein
(1.2 MDa) consisting of two heavy chains of ~500 kDa
each of which fold to form the two heads of the motor, as

well as multiple intermediate chains (~70–74 kDa each),
light intermediate chains (~53–59 kDa; [6,8]), and light
chains (~8–22 kDa; [9,10]). 

Dynactin — initially identified as a co-purifying set of
polypeptides in dynein preparations from rat liver and
testis [11] — is also a large multisubunit complex consist-
ing of at least seven distinct polypeptides ranging in size
from 22–150 kDa (reviewed in [3]). Dynactin was first
demonstrated to be required for dynein-mediated trans-
port in vitro [12], and is now believed to be required for
most, or all, of dynein-mediated cellular activities. Genetic
studies in Saccharomyces cerevisiae, Neurospora crassa,
Aspergillus nidulans, and Drosophila melanogaster suggest
that there is a genetic interaction between dynein and dyn-
actin (reviewed in [3]); direct binding has been confirmed
by biochemical analyses [13,14].

Unlike the extensive kinesin superfamily (reviewed in [1]),
only a few isoforms of cytoplasmic dynein heavy chain fam-
ily have been described to date [15–19]. Therefore, in order
to carry out the diverse array of functions attributed to cyto-
plasmic dynein, the functional specialization as well as the
temporal and spatial regulation of this motor might be gov-
erned by several mechanisms: these include isoform
diversity of intermediate or light chains, the use of func-
tional adaptors like dynactin, and post-translational
modifications such as phosphorylation. Although we know
little about how cytoplasmic dynein is specifically targeted
to its presumptive sites of function or how its activity might
be regulated, studies in the past few years have significant-
ly clarified the role of dynein and dynactin in many
subcellular activities — for example, the organization and
orientation of the mitotic spindle, nuclear migration, vesicle
trafficking, and retrograde axonal transport.

Spindle orientation and nuclear migration
Whereas initial knockout studies in S. cerevisiae clearly
revealed a role for cytoplasmic dynein [20,21] and dynactin
[22,23] in mitosis, deletion mutations of these proteins are
not lethal. The replicative cycle apparently limps along in
yeast in the absence of dynein or dynactin producing a sig-
nificantly higher than normal proportion of binucleate or
anucleate daughter cells. This ‘partial’ phenotype was ini-
tially confusing, but can now be understood in light of
recent sophisticated studies from a number of laboratories.
A deficiency in dynein is overcome, in part, by a kinesin-
like motor, Kip3p, which also appears to participate in
correctly orienting the mitotic spindle between mother
and bud. Careful observations by DeZwaan et al. [24••],
however, suggest that Kip3p and dynein have predomi-
nantly distinct roles in this process — Kip3p acts to
correctly position the spindle near the mother–bud neck
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before anaphase, and dynein is involved in the insertion of
the spindle through the neck during anaphase (see
Figure 1). Mitosis can proceed without one motor function
or the other, but loss of both dynein and Kip3p in a double
deletion strain is lethal. Surprisingly, however, the deletion
of a third gene which encodes the kinesin-like protein
Kip2p was found to suppress the lethality of the double
mutant. This observation suggests that cell division in
yeast is a balancing act among several motors.

Further details on the specific role of dynein in yeast
emerged from studies using green fluorescent protein
(GFP)-labeled tubulin to monitor microtubule dynamics
in live cells. Yeast were demonstrated to undergo the type
of microtubule dynamics that have been well-character-
ized in amphibian and mammalian cells (reviewed by
Cassimeris in this issue [25]). Analysis of microtubule
dynamics in a yeast strain lacking dynein revealed that the
loss of this motor altered the parameters of the dynamic
behavior: both microtubule growth and shrinkage rates
were slowed in the absence of dynein. The frequency of
catastrophe was reduced in the dynein-deleted strain, and
many cells exhibited ‘nondynamic’ microtubules [26••].
The mechanism for this dynein-induced destabilization of

microtubules remains to be determined, but may resemble
the Kar3p destabilization of microtubule minus ends [27].
Further studies by Shaw et al. [28•] have emphasized the
key role of astral microtubule dynamics in the orientation
of the mitotic spindle. Astral microtubules were observed
to undergo a searching process followed by transient inter-
actions between microtubules and the bud cortex. These
interactions between the microtubule and the bud cortex
may be mediated by dynein and dynactin [28•]. The pro-
posed model suggests that the dynein–dynactin complex
may interact directly or indirectly with the polarized actin
cytoskeleton of yeast. 

Whereas the results of DeZwaan et al. [24••] suggest that,
in yeast, dynein does not move the nucleus to the moth-
er–bud neck, both dynein and dynactin have been found
to be required for nuclear migration in filamentous fungi.
In both Aspergillus nidulans and Neurospora crassa, muta-
tions in genes encoding dynein or dynactin subunits
result in nuclear clumping, and a significant inhibition of
the migration of nuclei out along the hyphae, the elon-
gating germ tubes of these filamentous fungi (reviewed
in [3]). Although immunocytochemical studies indicate
that dynein is located at the hyphal tip [29], a very plau-
sible model for the process of nuclear migration recently
proposed by Efimov and Morris [30••] suggests that it is
dynein bound at sites along the cell cortex of the hyphae
that exerts force on astral microtubules radiating outward
from spindle pole bodies. The pulling force generated by
the cortical dynein would then result in the spacing out of
nuclei along the hyphae (see Figure 2). This model
leaves the question of how dynein is localized to cortical
sites along the hyphae unanswered, but, as with the con-
sensus yeast model discussed above, the most likely
explanation is an association between dynactin and the
cortical actin cytoskeleton.

Several laboratories have taken advantage of the fact that
dynein is not required for cell viability in either yeast or
fungi, and have constructed screens for genes which are
synthetically lethal with dynein mutations — meaning that
in the absence of dynein these genes are essential. As
described above, the kinesin-like motor Kip3p was found
to be synthetically lethal with dynein, in that cells lacking
both these proteins cannot divide [24••,31•]. In yeast, the
deletion of another kinesin-like motor, Cin8p, is lethal in a
strain lacking dynein [32•]. In Aspergillus, six genes are
essential in the absence of either dynein or the Cin8p
homologue, bimC [30••]. Two of these genes have been
cloned and identified as homologues of the yeast spindle
assembly checkpoint genes BUB1 and BUB3. This obser-
vation is of particular interest given the recent work
identifying dynein’s role in spindle assembly in higher
eukaryotes (summarized below). In yeast, a synthetic
lethality screen also led to the identification of proposed
checkpoint genes. Muhua et al. [33•] examined the delay
in cytokinesis that occurs in yeast when the spindle is mis-
aligned as a result of a dynactin mutation, and found that
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Figure 1

A model for the role of dynein–dynactin during anaphase nuclear
migration in Saccharomyces cerevisiae. While the genes encoding
subunits of dynein or dynactin are not essential in yeast, the
dynein–dynactin complex has been shown to be involved in mitosis in a
function that partially overlaps with the kinesin-related protein Kip3p.
DeZwaan et al. [24••] propose that Kip3p and dynein are involved in
distinct phases of nuclear migration: Kip3p functions to orient and
position the nucleus near the bud neck before anaphase whereas
cytoplasmic dynein is involved in inserting the nucleus through the bud
neck during anaphase. DeZwaan et al. [24••] also propose that dynein
is responsible for the oscillatory movements of the nucleus observed
during nuclear insertion. This model is adapted from DeZwaan et al.
[24••] and Holleran et al. [3].
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this delay was over-ridden by a mutation in a gene encoding
the yeast homologue of EB1[91]. EB1 is a human protein
which has been shown to bind to the tumor suppressor pro-
tein APC [91] and associate with cellular microtubules
([92], and references therein). Muhua et al. [33•] hypothe-
size that EB1 is part of a checkpoint control mechanism
that acts just before cytokinesis and functions to prevent
aneuploidy under conditions in which the mitotic spindle
becomes misaligned, perhaps due to the depolymerization
of microtubules in a cold environment. Alternatively, if
dynein and dynactin have a direct role in cytokinesis [34•],
the analysis of this interaction may be more complex.

Spindle assembly
In higher eukaryotes, data from cellular and in vitro assays
have clearly identified a role for dynein and dynactin in the
assembly of the mitotic spindle. In initial studies, the
microinjection of anti-dynein antibodies was shown to
cause the disruption of mitotic spindle assembly in cul-
tured mammalian cells ([35]; also see [36]). Disruption of
the dynein–dynactin complex by overexpression of the
dynamitin subunit of dynactin was also shown to disrupt
the spindles of dividing cells [37]. In vitro studies using
Xenopus oocyte extracts [38,39] or HeLa cell extracts
[36,40] have provided insight into the process of spindle
assembly — dynein and dynactin are required to focus the
minus ends of microtubules at the spindle poles. Merdes et
al. [38] give evidence for a stable association of dynein and
dynactin with NuMA, a protein which was previously
shown to be required for spindle assembly. The mecha-
nism by which dynein and dynactin act to organize or focus
the spindle microtubules remains to be determined but
dynein–dynactin could presumably mediate the sliding of
spindle microtubules relative to each other. As each of
the heads of dynein can bind to microtubules — as can

dynactin [41], and NuMA [38] — a mechanism involving
the cross-linking and sliding of adjacent microtubules is
clearly plausible. 

The observation that the kinesin-like motor Eg5 may also
be required for correct spindle assembly [38,42,43] further
complicates the picture. The motor activity of Eg5, which
is directed toward the plus ends of microtubules, appears to
oppose the minus-end-directed motor cytoplasmic dynein.
This observation is of particular interest because it has
recently been demonstrated in yeast two-hybrid screens
that the human homologue of Eg5 binds to the p150Glued

subunit of dynactin [44], which was previously shown to
bind directly to dynein [13,14]. Although we are not yet at
a stage where we can be confident we understand the
mechanisms involved in mitotic spindle orientation or
assembly, it is encouraging to observe that in both yeast and
higher eukaryotes the balancing of oppositely-directed
forces appears to be a key piece of the puzzle.

Dynein and dynactin at the kinetochore:
anaphase in higher eukaryotes
While many studies have clearly shown that cytoplasmic
dynein and dynactin are located at the kinetochore
[34•,37,45,46,47••], the functional basis for this localization
of the motor has been more difficult to assess. The obser-
vations of Vaisberg et al. [35] of a collapsed spindle upon
microinjection of anti-dynein antibodies, and of Echeverri
et al. [37] of a disrupted spindle upon overexpression of a
dynactin subunit might both be explained by dynein’s pro-
posed role in the assembly of the mitotic spindle, described
above. The recent observation that dynactin binds specifi-
cally to ZW10, a conserved and essential component of the
kinetochore, however, may now allow more specific insight
into the role of kinetochore-bound dynein. Starr et al. [47••]
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Figure 2

A model for the role of dynein and dynactin in
nuclear migration in Aspergillus nidulans. A
notable feature of filamentous fungi is the
even distribution of nuclei along the fungal
hypha. A number of studies have
demonstrated that this process requires the
activities of dynein and dynactin (reviewed in
[3]). Efimov and Morris [30••] have recently
suggested a model describing a mechanism
that would allow the even distribution and
proper positioning of nuclei while the hyphal
tip is growing. According to this model,
cytoplasmic dynein — which is presumably
anchored to the cell cortex through dynactin —
is located at sites where the nuclei need to be
positioned. Although it is not yet clear how
dynein may be specifically localized along the
hyphae, this distribution of dynein would
ensure the correct positioning of daughter
nuclei. Dynein is known to localize to the tip of
the hyphae, presumably in association with
the cortex. This model is adapted from Efimov
and Morris [30••]. SPB, spindle pole body.
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observed a direct interaction between ZW10 and the dyna-
mitin subunit of dynactin in a two-hybrid screen. They also
found that in flies carrying mutations in ZW10, dynein was
no longer localized to the kinetochores (see Figure 3).
Although the observed correlation between the loss of
dynein–dynactin–ZW10 from the kinetochore and the phe-
notypic defects observed in chromosome segregation
during mitosis in cells with ZW10 mutations does not prove
a role for dynein in these processes, it raises interesting
questions. Careful analysis of the kinetochore localization
of these proteins throughout prophase, metaphase, and
anaphase has suggested that the dynein–dynactin–ZW10
complex may be involved in a tension-sensitive checkpoint
mechanism which acts to delay anaphase until all chromo-
somes have bipolar attachments, thus ensuring proper
chromosomal segregation during anaphase [47••].
Alternatively, dynein may be required for the proper move-
ment of chromosomes to the poles in anaphase. The latter
role would be consistent with observations of the role of
dynein and dynactin in anaphase in yeast [48,49].

The final stages of cell division: an additional
role for dynein and dynactin?
Two recent studies have now localized cytoplasmic dynein
to the developing cleavage furrow [34•,50•,51]. Dynactin

was also localized to the furrow during telophase, and later
to the midbody, the constricted remnant of the cleavage
furrow which contains tightly packed microtubules sur-
rounded by cell membrane [34•]. In some images, dynactin
appears to be specifically localized to the cortex surround-
ing the tightly packed microtubules of the intracellular
bridge [34•]. It is tempting to speculate that dynein and
dynactin may mediate communication between the mitot-
ic spindle and the actin cortex, participating in the correct
localization of the cleavage furrow at the metaphase plate
[52,53,54]. As dynactin can bind directly to microtubules
and can also associate with actin either directly [55], or
indirectly via actin-binding proteins [56], it is possible that
dynactin may play a critical role in this process. Potentially,
the dynein–dynactin complex might function actively as a
motor in cytokinesis; recent studies on Drosophila mutants
defective in cytokinesis have provided clear evidence that
other microtubule-based motors [57–59] are involved in
the mechanics of late stage cell division. 

It is also intriguing to note that Campbell et al. [50•] have
recently reported an in vitro binding interaction between
the dynein light chain Tctex-1 and the Src-related tryosine
kinase p59fyn. Although these two proteins were differen-
tially localized throughout most of the cell cycle, they
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Figure 3

A model for the role of dynein and dynactin at
the kinetochore. Both cytoplasmic dynein and
components of dynactin have been localized
to the kinetochore. Although many of the
interactions involved have yet to be identified
(indicated by a question mark in the figure), a
critical interaction between the p50
(dynamitin) subunit of dynactin and ZW10, a
conserved and essential component of the
kinetochore, was recently demonstrated by
Starr et al. [47••]. They propose that a
complex containing ZW10 and other
components which associates with the
kinetochore corona binds to dynactin via the
interaction between ZW10 and p50. The
interaction between dynactin and dynein
recruits the motor to the kinetochore. Both
dynein and dynactin can bind to microtubules,
and therefore may facilitate the capture of the
free plus-ends of spindle microtubules.
Dynein’s ability to ‘walk’ toward the minus
ends of microtubules may contribute to the
separation of sister chromatids. This model is
adapted from Starr et al. [47••].
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showed a strikingly coincident co-localization at the cleav-
age furrow during cytokinesis. This observation of a
transient association between dynein and a regulatory
kinase may be a first step in more clearly establishing the
spatial and temporal regulation of dynein within the cell.

Golgi dynamics
As the numerous studies summarized above indicate,
dynein is involved in one or more steps in mitosis in high-
er eukaryotes, suggesting that a null mutation would be
lethal. Harada et al. [60••] produced mice lacking dynein
heavy chain 1 (DHC1) by gene targeting, and found no
survival of embryos past 8.5 days postcoitum. Harada and
coworkers, however, went on to analyze DHC1–/– blasto-
cysts in culture and found that the Golgi complex in these
cells was clearly disrupted, with fragments dispersed
throughout the cytoplasm. 

This observation was completely consistent with the ele-
gant studies of Presley et al. [61••], in which Golgi
dynamics were monitored in live cells using GFP-labeled
vesicular stomatis virus glycoprotein as cargo.
Dynein–dynactin function was perturbed by overexpress-
ing the dynamitin subunit of dynactin, and this led to a
significant block in the transport of pre-Golgi carrier struc-
tures from the endoplasmic reticulum to the Golgi.
Holleran et al. [56] and Burkhardt et al. [62•] also observed
the perturbation of Golgi structure upon overexpression of
dynactin subunits.

The targeting of dynein to the Golgi remains to be clari-
fied, but the studies of Holleran et al. [56] have revealed an
interaction between dynactin and spectrin, which may
mediate the attachment of the dynein–dynactin motor
complex with the surface of organelles undergoing trans-
port to the Golgi (reviewed in [63]). This interaction is
presumably mediated by the Arp1 subunit of dynactin
(E Holleran, MC Stanekwich, J Morrow, E Holzbaur,
unpublished data), which forms an actin-like filament at
the base of the dynactin complex [55,64••]. It is interesting
to contrast this mechanism to the recently described role of
the p50 subunit of dynactin in linking dynein to ZW10 at
the kinetochore. In both cases, dynactin may serve as a
binding platform, but dynactin itself may be differentially
localized in the cell via specific interactions mediated by
different subunits. Further investigations of this hypothe-
sis are clearly warranted.

Neuronal transport
Cytoplasmic dynein was originally purified from neuronal
tissue and was first characterized as a retrograde micro-
tubule-based motor [65,66]. More recent studies have
examined dynactin’s role in neuronal transport, as well as
the possibility that dynein and dynactin may be involved
in the pathogenesis of neuronal disorders. Waterman-
Storer et al. [67••] demonstrated that an antibody to the
p150Glued subunit of dynactin that blocked the binding of
dynein to dynactin also inhibited the bi-directional motility

of vesicles along microtubules in extruded squid axoplasm.
This result showed that the dynein–dynactin interaction is
functionally significant in fast axonal transport. Waterman-
Storer et al. (67••) also demonstrated that in the presence
of the antibody dynein was blocked from its association
with vesicles. This observation is further evidence for the
model which suggests that dynactin acts as a binding plat-
form for dynein.

In addition to a role in fast axonal transport, dynein–dyn-
actin function is also likely to be important in the growth,
development, and organization of neurites. Ahmad et al.
[68••] microinjected the 50 kDa subunit of dynactin (dyna-
mitin) into mature neurons that had been depleted of
microtubules. They noted that, in contrast to control cells,
microtubules failed to translocate into the axon; further-
more, axonal outgrowth was inhibited by the presence of
excess p50 [68••]. 

The initial observation that the 150 kDa subunit of verte-
brate dynactin was homologous to the product of the
Drosophila gene Glued suggested an essential role for
dynein and dynactin in neuronal development [69,70] as
mutations in the Glued gene caused developmental defects
in the Drosophila compound eye and in the neurons of the
optic lobe [71]. Mutations in cytoplasmic dynein subunits
were subsequently shown to result in a similar rough eye
phenotype [72]. More recent, detailed studies on com-
pound eye development in flies carrying a mutation in
Glued have found that the product of this gene is involved
in multiple processes during development including mito-
sis, nuclear migration, cell fate determination, rhabdomere
morphogenesis, and cell death [73•]. In a separate study,
the Gl1 mutation was found to disrupt sensory path finding
during metamorphosis [74•]. Axonal growth rates did not
appear to be affected, and pathfinding was not disrupted at
a gross level, as axons did reach the appropriate domains;
however, axonal branching within a domain was disrupted
in both the strain with Glued mutations [74•] and in a
mutant strain lacking a cytoplasmic dynein light chain [75].
Disruption of axonal branching in the strain with Glued
mutations is apparently correlated with a disrupted reflex
response, suggesting that disruption of dynein and dyn-
actin has an effect on either synaptic connectivity or
synaptic transmission [74•].

These observations of neuronal disruptions linked to muta-
tions in either dynein or dynactin in Drosophila suggest that
there might be an involvement of dynein and dynactin in
human neuropathologies. Recent studies have identified a
potential link between dynactin and Huntington’s disease
(HD), a progressive neurodegenerative condition in adults.
This disease has been shown to be caused by the expansion
of a polyglutamine tract in the Huntingtin gene [76]. The
product of this gene, huntingtin, associates with a brain-spe-
cific protein, Huntingtin-associated protein 1 (HAP1), in a
glutamine repeat length-dependent manner suggesting
that this interaction may be pathologically relevant [77].
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Using the yeast two-hybrid system, affinity chromatogra-
phy and immunoprecipitations, Engelender et al. [78] and
Li et al. [79] have demonstrated that HAP1 also binds to the
p150Glued subunit of dynactin. The observed interaction
suggests that dynein–dynactin function may be essential
for the normal functioning, processing, or transport of
HAP1 and potentially of the huntingtin polypeptide. 

Possible links between dynein–dynactin and other neu-
rodegenerative diseases such as limb-girdle muscular
dystrophy type 2 B [80], and Alzheimer’s disease [81]
remain to be explored more fully. Perhaps better under-
stood at present is the role of cytoplasmic dynein in
mediating the infection and spread of viral pathogens.
Sodeik et al. [82•] looked at herpes simplex virus 1 trans-
port in cultured mammalian cells, and found that the
transport of the viral capsid to the nucleus was dependent
on intact microtubules. Cytoplasmic dynein was found in
proximity to the viral capsids being actively transported to
the nucleus [82•]. The dynein-mediated retrograde trans-
port of viral capsids from the site of fusion at the
presynaptic membrane along the axon to the nucleus may
be a critical part of viral infections of the nervous system,
and again warrants further research.

Conclusion
Dynein was first identified as a molecular motor in the
1960s, but significant questions about the mechanism of
dynein motor function remain. The function of multiple
nucleotide binding sites per heavy chain [83,84], and the
nature of the microtubule-binding domain [85••,86]
remain to be resolved. Perhaps one of the key mechanistic
questions is whether dynactin is always required to ‘acti-
vate’ dynein function and, if so, why? Genetic, functional,
and biochemical studies to date all suggest that dynactin is
required for all cellular functions in which cytoplasmic
dynein is involved (reviewed in [3]); however, dynein
alone is sufficient to drive microtubule gliding in vitro.
Dynein and dynactin can interact both in vitro and in vivo,
but in the cell, a large proportion of each of the two com-
plexes do not appear to be tightly associated. 

Although it remains possible that dynactin may activate
dynein through an enzymatic or allosteric interaction,
accumulating data suggest that dynactin actually functions
as a binding platform which mediates the association of
dynein with its cargo. For example, Waterman–Storer et al.
[67••] demonstrated that disruption of the dynein–dyn-
actin interaction disrupts the association of dynein with
vesicles, and therefore blocks the transport of these vesi-
cles along microtubules. The striking composition and
morphology of dynactin favors this hypothesis, as the most
notable feature of the complex is a filament formed from
the actin-related protein Arp1 [55,64••]. This Arp1 fila-
ment resembles the short actin filaments found in the
erythrocyte cell membrane. Perhaps not surprisingly
Holleran et al. [56] have detected an interaction between
dynactin and spectrin, which is presumably mediated by

Arp1 and thus may be analogous to the actin–spectrin
interaction in the red cell membrane. An association
between dynactin and spectrin may target dynactin to
intracellular vesicles; specific associations between Arp1
and other cellular proteins may target dynein and dynactin
to other intracellular sites of function. A similar mechanism
has been proposed for the interaction of dynein–dynactin
with the cell cortex which is a critical feature of the mod-
els for dynein function in spindle orientation and nuclear
migration discussed above. In contrast, it appears that
while dynactin may also mediate the association of dynein
with the kinetochore, in this case the targeting is due to a
direct interaction between the dynamitin subunit of dyn-
actin and the ZW10 component of the kinetochore. It is
interesting to note that dynamitin, found at a stoichiome-
try of ~5 per mole of dynactin [87], is also thought to
self-associate. As with centractin, this self-association may
allow each molecule of dynactin to make multiple binding
contacts with the cargo to be transported. 

Given the multiple microtubule-binding sites within the
dynein–dynactin complex, it is also easy to postulate that
the active motor complex may mediate microtubule cross-
linking or the sliding of adjacent microtubules, consistent
with a role in spindle assembly (see [3]). Alternatively,
dynein’s role in spindle assembly may hinge on its ability
to concentrate its cargo NuMA at the minus ends of spin-
dle, in which case this role would be more analogous to its
role in vesicle transport. It has also been hypothesized that
the role of the additional microtubule-binding sites found
on the p150Glued subunit of dynactin may be to make the
motor complex more processive; that is, to ensure that
dynein will transport its cargo a significant distance along
the microtubule per binding encounter [41]. This is cur-
rently an active area of research.

Future directions
At present, a major gap in our knowledge is the mecha-
nisms that allow temporal and spatial control of the dynein
motor complex within the cell. Regulation would appear to
be critical, given the numerous cellular functions attrib-
uted to this motor. Progress has been slow, but recent
approaches offer promise, such as the identification of
genes that interact with dynein, for example extragenic
suppressors, or genes that are synthetically lethal with
dynein mutations. Other approaches have focused on ana-
lyzing a potential role for phosphorylation in regulating
dynein and dynactin [50•,88–90]. The issue of whether
cytoplasmic dynein is processive in contrast to its axone-
mal counterpart and if not, whether the dynactin complex
confers such property is central to understanding the
seemingly obligatory role of dynactin in cytoplasmic
dynein-based activities. Another question which needs to
be addressed is the nature of the putative link between
dynactin and the actin-based cytoskeleton, which may
allow the specific targeting of dynein and dynactin to cor-
tical sites of function. Describing the molecular
mechanisms that allow the careful control of a single
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motor, which drives both vesicle trafficking and mitotic
dynamics, poses a significant challenge to stimulate further
research in this area.
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