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Ipl11p, an Aurora protein kinase (Biggins et al., 1999;Dam1 Is the Right One:
Tanaka et al., 2002). The kinetochores in ipl1 mutantPhosphoregulation of Kinetochore cells always attach to the old pole prior to chromosome
segregation. In Ipl1� cells, kinetochores attach to theBiorientation
new and old poles with equal frequency, presumably
after detaching from the old pole (Tanaka et al., 2002).
Thus, Ipl1p kinase may function to facilitate biorientation

Chromosomes have to establish the proper attach- by promoting the turnover of kinetochore-spindle pole
ment to the spindle before segregation—a process attachment. Its in vivo function may be counteracted by
that requires Ipl1p Aurora kinase. Recent work has the phosphatase, Glc7p (Sassoon et al., 1999). A recent
identified Dam1p, a member of the DASH complex, as paper in the October 18th issue of Cell (Cheeseman et
the key Ipl1p substrate responsible for kinetochore/ al., 2002) takes a significant step forward in understand-
microtubule interaction. ing the mechanism of biorientation by demonstrating

that Dam1p, a member of the kinetochore DASH com-
The process of mitosis is, in essence, about faithful plex, is a crucial physiological substrate of Ipl1p. This
segregation of sister chromatids. How do cells manage complex (also called the Dam1p complex or DDD com-
to push and pull their chromosomes, lining them up in plex) is an integral part of the kinetochore and is com-
such a way as to ensure that each daughter gets the posed of nine subunits, as reported in the current paper
identical set of chromosomes? Broadly speaking, this (see below). The whole DASH complex binds to MTs
process requires proper interactions between kineto- directly, and evidence suggests that it is delivered onto
chores—centromeric protein complexes—and spindle kinetochores via MTs. It has been shown that Ipl1p con-
microtubules (MT). More specifically, each sister kineto- trols Dam1p phosphorylation in vivo, possibly directly
chore must establish a connection with MTs from the (Kang et al., 2001; Li et al., 2002).
opposite pole—a state known as biorientation—prior to Through a series of experiments, identical in vivo and
chromosome segregation (see Figure). in vitro Ipl1p phosphorylation sites were found in three

Recent studies focusing on the budding yeast Sac- members of the DASH complex: Dam1p, Ask1p, and
charomyces cerevisiae have generated insight into the Spc34p. Systematic mutations (S to A) of all four Ipl1p
molecular mechanisms of biorientation. In budding phosphorylation sites of Dam1p, but not those in Ask1p
yeast, chromosomes almost always maintain attach- and Spc34p, caused cell lethality, indicating an essential
ment to the nuclear MTs emanating from the spindle role for Dam1p phosphorylation. These phosphorylation
pole(s) (except perhaps for a brief period of time during site mutations also phenocopied the inactivation of Ipl1p
centromeric DNA replication). Sister kinetochores may in terms of chromosome missegregation. In addition,
be monopolarly attached to the same spindle pole im- cells with alterations (S to D) designed to mimic constitu-
mediately after DNA replication, or monopolar attach- tive phosphorylation of Dam1p showed evidence of lag-
ment may accidentally occur while biorientation is being ging chromosomes. Since lagging chromosomes are
established (Janke et al., 2002; Tanaka et al., 2002). often indicative of weak kinetochore-MT attachments,
Either way, in order to convert from mono- to bioriented, this experiment lends support to the possibility that
the kinetochore-MT interaction has to be weakened/ Ipl1p phosphorylation relaxes the kinetochore-MT con-
abolished, so that one or both kinetochores are released nection. Finally, these same constitutive phosphoryla-
from the pole. Once free, the kinetochores reassociate tion mutants were able to partially suppress the defects
with the spindle MTs; presumably, such a “capture and of ipl1-2 but were synthetically lethal with the phospha-
release” cycle takes place until biorientation is achieved tase mutation glc7-10. Taken together, these data sug-
(Tanaka, 2002) (see Figure). gest that Dam1p is a key substrate of Ipl1p and that its

phosphorylation is essential for biorientation.One of the key players in establishing biorientation is
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Schematic Model of Biorientation Estab-
lishment

Monopolarly attached sister kinetochores
have to be released from the microtubules, so
that establishing new attachment is possible.
Ipl1p kinase facilitates the release of the
monopolarly attached kinetochores from the
microtubules. The “capture and release” cy-
cle continues until the correct biorientation is
established.

So, how does Dam1p phosphorylation promote turn- have ascribed two roles to the protein, one involving the
kinetochore and the other dealing with spindle integrityover of the kinetochore-spindle pole connection prior to

the establishment of biorientation? Although the Dam1 (Cheeseman et al., 2001; Jones et al., 2001). The current
paper demonstrates that mutation in the Ip1p sites onlycomplex is capable of binding to MTs directly, the cur-

rent paper points out that Dam1p phosphorylation does affects Dam1p’s role in the kinetochore, arguing for sep-
arately regulated functions of the protein. Finally, thenot reduce DASH complex binding to MTs in vitro or

change the complex’s composition. Instead, the authors current paper presents a consensus site for Ipl1p kinase.
Since Ipl1p is part of a large family of conserved Aurorasuggest that Dam1p phosphorylation weakens/abol-

ishes the association between the DASH complex and kinases, this information will prove helpful to future stud-
ies involving phosphoregulation by their activity.the rest of the kinetochore. Presumably, dephosphoryla-

tion by Glc7p enables reassociation, and the process
continues until biorientation is established. If this is the Andrew M. Courtwright and Xiangwei He
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and Ndc10p—a protein that directly participates in cen- Selected Reading
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ochore assembly after chromosome replication.
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