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ABSTRACT

Microtubule organizing centres (MTOCs), which include fungal spindle pole bodies
and centrosome in higher eukaryotes, are a structurally diverse group of organelles that
share a conserved role in microtubule nucleation and spindle formation. However, recent
studies propose that the function of MTOC components extends far beyond these estab-
lished roles. Numerous cell cycle regulators, checkpoint proteins and microtubule plus tip
binding proteins localize to MTOCs during the cell cycle, suggesting that these organelles
serve as cellular scaffolds. In addition, several MTOC components such as ~tubulin and
its associating proteins have been directly implicated in the control of cell cycle progres-
sion, activation of checkpoint responses and the regulation of microtubule organization
and dynamics. Collectively, these findings implicate MTOCs as cellular control centers
that coordinate events at both microtubule minus ends and plus ends with the cell cycle.
In this review, we discuss recent studies that support a role for MTOC components, in
particular ~tubulin, in cell cycle progression, checkpoint response and the coordination
of microtubule organization and dynamics.

CANONICAL FUNCTIONS OF ~-TUBULIN: MTOC-MEDIATED MICROTUBULE
NUCLEATION

Microtubule organizing center (MTOC) is a general term describing a class of special-
ized structures that direct the assembly, orientation and organization of microtubules
in eukaryotic cells. MTOC:s include fungal spindle pole bodies (SPBs), protozoan basal
bodies, and the higher eukaryotic centrosome. MTOCs provide the nucleation sites on
which the initiation of microtubule assembly occurs below the critical concentration of
tubulin heterodimers normally required for de novo assembly.1 In addition, MTOCs
also define the orientation and organization of microtubules within cells. Though the
morphologies of MTOCs such as the centrosome and SPBs are quite distinct, these
organelles are functionally conserved, especially in regard to their microtubule nucleation
function.

The role of MTOC: as a central organizer of the microtubule cytoskeleton has been
known for over a century,? yet the mechanism by which MTOCs accomplished this role
remained a mystery for some time. In recent years, a wealth of information has emerged
regarding the canonical role of MTOCs (microtubule assembly) as well as emerging
roles in post-nucleation microtubule organization, signaling and cell cycle control. This
is largely due to the landmark discovery of ~-tubulin, a new member of the tubulin
super-family and an evolutionarily conserved component of MTOCs that is required for
microtubule nucleation in vivo.3# Though ~-tubulin has been found to localize to other
microtubule-associated structures, it resides primarily at MTOCs.* Loss of functional
~-tubulin results in aberrant mitotic spindle structure, abnormal microtubule curvature
and the formation of microtubule bundles in eukaryotic cell types as divergent as yeast and
humans.8-12 These studies underlie the importance of ~-tubulin in microtubule assembly
and function, and provided a critical first step towards the mechanistic understanding
of MTOC function in cellular organization, and the identification of specific proteins
involved.

~-tubulin is not associated with MTOCs as a monomer, but rather is a component of a
highly conserved multi-protein complex. This complex was first identified in centrosomes
isolated from Drosophila embryos, and found to form a 25 nm open ring structure; the
same diameter as a typical 13-protofilament microtubule.>’ Reconstituted complexes
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