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Kinetochores hang on for the ride

C
hromosomes are shunted around 

the cell during mitosis to align at 

the metaphase plate and then seg-

regate to the spindle poles. These move-

ments are driven by dynamic microtubules, 

which polymerize and disassemble to pull 

the chromosomes into position. Chromo-

somes grab microtubules via their kineto-

chores, but how do they maintain their grip 

as the microtubules turn over? “It’s pretty 

amazing,” says Trisha Davis from the Uni-

versity of Washington in Seattle. “Thou-

sands of subunits come off the microtubule, 

yet the kinetochore hangs on. And when 

subunits are added to the microtubule end, 

the kinetochore stays bound to the tip.” Two 

studies—one from Davis’, Chip Asbury’s, 

and Linda Wordeman’s groups in Seattle; 

the other from Stefan Westermann’s lab at 

the Institute of Molecular Pathology in 

Vienna—describe how two protein com-

plexes combine to keep yeast kinetochores 

attached to their moving target (1, 2).

Maintaining the link is particularly 

important for budding yeast, which only 

connect a single microtubule to each of their 

kinetochores. “The cell has to avoid losing 

this microtubule once it’s correctly attached, 

as it would be diffi cult to re-fi nd it,” Wester-

mann says. At least two microtubule-binding 

complexes attach yeast kinetochores to the 

spindle—Ndc80 and Dam1. Both are essen-

tial for chromosome segregation, indicating 

that each complex has its own 

unique function (3).

To fi nd out if either complex 

attaches kinetochores to dy-

namic microtubules, the two 

groups purifi ed Dam1 and 

Ndc80 proteins and used TIRF 

microscopy to visualize their 

interactions with microtubules 

in vitro (1, 2). The Dam1 complex continu-

ously tracked the growing and shrinking tips 

of microtubules, while the Ndc80 complex 

failed to accumulate at these dynamic sites 

on its own. Ndc80’s behavior changed in the 

presence of Dam1, however. “When we 

added Dam1, we saw a robust recruitment of 

Ndc80 to the assembling and disassembling 

ends,” Westermann explains.

Dam1 and Ndc80 associate weakly in so-

lution, but microtubules enhanced the com-

plexes’ interaction and co-localization at mi-

crotubule tips. In turn, Dam1 boosted Ndc80’s 

affi nity for microtubules, but Davis wondered 

whether this had any functional meaning: 

“Chromosomes are under force [as they’re 

moved about the cell]. Does Dam1 change 

the force that Ndc80 can withstand?”

Davis and colleagues loaded Ndc80 

onto beads—“It’s like a sim-

plifi ed chromosome,” she 

says—and measured the 

force required to pull the 

beads off microtubules in 

the presence or absence of 

the Dam1 complex. Dam1 

strengthened the beads’ at-

tachment to dynamic micro-

tubules, allowing the beads to resist forces 

similar to those thought to exist in cells.

Thus, Dam1 helps Ndc80 hold on to 

growing and shrinking microtubules and 

to transmit these forces to the rest of the 

kinetochore to drive chromosome move-

ment. “Dam1 is a specialized tip-tracking 

protein that is always at the plus end of 

microtubules, while Ndc80 is a bona fi de 

structural component of the kinetochore,” 

says Westermann. “Together, they estab-

lish a link that transmits the force.”

This link is regulated by the aurora B 

kinase, which promotes accurate chromo-

some segregation by eliminating incorrect 

microtubule–kinetochore attachments (4). 

Both groups found that the kinase phos-

phorylated Dam1 to abolish its interaction 

with the Ndc80 complex. “If there’s a mis-

attachment, the kinase dissociates these 

parts of the kinetochore, allowing the error 

to be corrected,” Davis proposes.

Davis wants to explore this regulation 

further, while Westermann is keen to investi-

gate how Dam1 tracks the microtubule ends. 

The ultimate goal for both groups, however, 

is to completely reconstitute the kinetochore 

in vitro. “How do different kinetochore com-

plexes interact,” wonders Westermann. “And 

how do they functionally cooperate to build 

this complicated molecular machine?”
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A Seattle-based group led by Trisha Davis and Chip Asbury (top, center), and a Viennese team led 
by Stefan Westermann (bottom, left) both describe how kinetochores cling to growing and shrinking 
microtubules during mitosis. The Dam1 complex (green) tracks the dynamic tip of a microtubule 
(red) and can recruit the kinetochore complex Ndc80 to follow along with it. Ndc80 alone has only 
a weak affi nity for microtubules and fails to track the polymerizing and depolymerizing end in 
Dam1’s absence. The aurora B kinase phosphorylates Dam1 to inhibit its association with Ndc80, 
which could help eliminate incorrect microtubule–kinetochore attachments.

“Thousands of 
subunits come 

off, yet the 
kinetochore 
hangs on.”

Two studies reveal how kinetochores stay attached to dynamic microtubules.
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