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It is well established that the mi-
totic spindle, the organelle responsible
for chromosome segregation during
mitosis, is built from microtubules,
motor proteins, and associated struc-
tural and regulatory molecules. More
controversial is the existence and
identity of non-microtubule spindle
components, collectively referred to
as the matrix. What might be the role
of a nonmicrotubule matrix? A static
matrix could bind motor proteins, and
generate motion of microtubules. This
could be important for spindle assem-
bly and function, because unlike the
situation in interphase cells, where
microtubule motors move along rela-
tively static microtubule tracks, in the
spindle, microtubules themselves
move poleward, and move relative
to each other during spindle elonga-
tion. A matrix could also contribute
to the organization of spindle poles
and/or to the distribution of spindle
assembly factors [1, 2].

The existence of a non-microtubule
spindle matrix is supported by the ob-
servation that following microtubule
disassembly a fusiform structure, the
‘spindle remnant’ or ‘spindle matrix’,
can be identified. In particular, early
work showed that the microtubule mo-
tor protein kinesin [3] remained bound
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to the non-microtubule 'remnant' fol-
lowing calcium-induced microtubule
disassembly of sea urchin spindles,
consistent with the view that the ma-
trix binds motor proteins [3].

Additional support for the idea
that non-microtubule components
contribute to spindle assembly and
function is provided by ultrastructural
analysis of spindles from diverse cells,
which clearly shows that membrane
components, perhaps elements of the
endoplasmic reticulum or nuclear
envelope, surround and invade the
spindle. Membranes, and proteins
associated with membranes, could
provide an anchoring system for
molecular motors. In addition, mem-
branes could regulate ion fluxes in the
spindle, and the surrounding mem-
branes may form a diffusive boundary
between the spindle and the cytoplasm
[4]. In Drosophila, a spindle-shaped
structure associated with the nuclear
envelope is observed prior to spindle
formation. This structure, which is
composed of the proteins Skeletor,
Megator, and Chromator, apparently
assembles in the absence of microtu-
bules [2]. Furthermore, recent studies
in live Drosophila S2 cells showed
that this structure is highly dynamic,
adopting a morphology coalescent
with spindle microtubules throughout
mitosis [5].

Despite these observations, the
identity of the matrix, and its role(s)

in mitosis, have remained controver-
sial. Progress in defining the spindle
matrix was reported in 2006 by the
laboratory of Yixian Zheng, who
showed that a component of the
nuclear lamina, lamin B, is associated
with mitotic spindles in frog extracts
and human cells and is required for
spindle assembly and function [6].
Lamin B staining was retained fol-
lowing microtubule disassembly, and
this retained structure, which they
called the LB3 matrix, also contained
spindle assembly factors, including
XMAP215, Eg5 and NuMA, but not
TPX2, and was disrupted by the ad-
dition of detergent. The fact that the
lamin B matrix contained spindle
assembly factors and was composed
at least in part of membranes and
proteins associated with the nuclear
envelope was consistent with earlier
work, and suggested that it was the
long sought spindle matrix.

In anew paper published in Nature
Cell Biology, Ma et al. extend these
studies of the LB3 spindle matrix, and
now report that isolated matrix con-
tains cytoplasmic Dynein and Nudel
[7]. Nudel, also called NudE-like, has
emerged as a conserved key regula-
tor of cytoplasmic Dynein function.
Genetic interactions between Nudel
and Dynein were discovered in studies
of Nudel homologues in Aspergillus
nidulans (NudE) and Saccharomyces
cerevisiae (NdI1) [8, 9]. NUDE was



first identified as a multi-copy suppres-
sor of nudF, a conditional mutation of
LIS1, in A. nidulans [8]. Mammals
have two NudE homologues, Nudel
(described above) and NudE, both of
which interact with LIS1 and Dynein
to regulate a diverse array of Dynein-
dependent cellular processes [10, 11,
12, 13]. The new article by Ma et al.
showed that Nudel also interacts with
Lamin B to facilitate the assembly of
LB3 matrix in a Dynein-dependent
manner.

To examine the contribution of
Dynein and Nudel to the formation
of the LB3 matrix, Ma et al. assayed
spindle formation in Xenopus egg
extracts using Aurora A coated beads
to stimulate microtubule formation.
In control extracts, the beads generate
asters, with long microtubules; with
time the asters are replaced by ‘balls’,
with a high density of short microtu-
bules near the bead, and eventually
spindles, composed of two beads and
associated microtubules [7].

Addition of an N-terminal Nudel
construct, or depletion of Nudel from
the extract, blocks the formation of
balls and spindles, resulting in only
aster formation. This phenotype can
be rescued by adding back purified
Nudel. Interestingly, inhibition or
depletion of either Nudel or Dynein
reduces the intensity of LB3 along
astral microtubules and blocks the
formation of balls and spindles, sug-
gesting that Dynein and Nudel both
contribute to enrichment of LB3
on the microtubules and the proper
formation of spindle structures. Im-
munofluorescence shows that both
Nudel and Dynein co-localize with
the LB3. Similar results were obtained
using sperm to drive spindle formation
in the extracts.

Somewhat surprisingly, when LB3
was depleted from the extract, the Dy-
nein/Nudel matrix was still observed,
suggesting that in addition to contrib-
uting to the formation and existence
of an LB3 matrix, Dynein and Nudel

are also part of the matrix. However,
depletion of LB3 did not prevent ‘ball’
and spindle formation, but resulted in
spindles that were ~2-fold longer and
‘balls’ that were of greater diameter,
than observed in controls. These
results suggest that proper assembly
of the matrix regulates the size and
length of the microtubule structures
that form. Although the mechanism
by which LB3 regulates the size of
microtubule structures is not known,
it is consistent with previous work
showing that inhibition of Dynein
in Xenopus extracts results in a long
spindle phenotype [14].

The studies by Ma et al. provided
new insights into the assembly of
lamin B matrix (Figure 1). They show
that spindle assembly factors Dynein
and Nudel control the assembly of
the lamin matrix and demonstrate
that the lamin matrix also controls the
resulting microtubule structures in a

feedback loop. Dynein and Nudel are
apparent new members of the spindle
matrix. The field is now poised to
examine how known interactors of
Dynein and Nudel, such as dynactin
and LIS1, controls the feedback loop
of spindle matrix assembly.
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Figure 1 A model for Dynein and Nudel in the promoting assembly of lamin B

matrix during mitosis.
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