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Mapping the kinetochore Delta

Kinetochores attach chromosomes to the 

mitotic spindle and, if a kinetochore fails to 

attach to spindle microtubules, it can delay 

mitotic exit via the spindle assembly check-

point. Some evidence suggests that kineto-

chores not only monitor whether or not they 

are bound to microtubules, but also whether 

these microtubules are pulling on them with 

an appropriate amount of force. When cells 

are treated with the microtubule-stabilizing 

drug taxol, for example, kinetochores are 

thought to activate the spindle checkpoint 

because these pulling forces are reduced. 

Now, however, Magidson et al. cast doubt 

on a technique used to measure tension 

levels inside the kinetochore and demon-

strate that taxol-treated cells only arrest 

if some of their kinetochores completely 

detach from the mitotic spindle (1).

Researchers have used a technique 

called single-molecule high-resolution 

colocalization (SHREC) to map the posi-

tion of kinetochore proteins and how their 

arrangement is altered upon microtubule 

attachment (2). As its name suggests, 

SHREC was originally developed to cal-

culate the distance between individual mol-

ecules by measuring the separation of fl uo-

rescent spots under a light microscope (3). 

However, because kinetochores are classi-

cally described as thin, trilaminar structures 

consisting of a central region sandwiched 

between inner, centromere-

associated, and outer, micro-

tubule-binding, plates (4), 

researchers thought that 

SHREC could accurately de-

termine the distance, or Delta, 

between kinetochore proteins 

in situ. Accordingly, SHREC 

suggested that spindle micro-

tubules pull outer kinetochore proteins 

away from the inner kinetochore, increasing 

Delta values, and that this “intrakinetochore 

tension” is reduced, leading to lower Delta 

values, in the presence of taxol (2).

However, when Alexey Khodjakov, Val-

entin Magidson, and colleagues at the Wad-

sworth Center in Albany, New York, exam-

ined kinetochore architecture in more detail, 

they realized that kinetochores are not just 

simple plates; they are much more complex 

structures that undergo various changes in 

response to microtubule attachment or taxol 

treatment (1). In metaphase cells, for ex-

ample, microtubule attachment distorts the 

outer kinetochore so that it forms a protu-

berance visible by electron tomography. 

Correlative light and electron microscopy, 

meanwhile, revealed that taxol treatment 

causes the outer kinetochore to expand and 

tilt with respect to the inner kinetochore. 

All of these changes would infl uence the 

Delta values obtained by SHREC.

“The model of kinetochores as thin, 

straight plates doesn’t hold,” Khodjakov 

explains. “Delta is therefore a multipara-

metric function that is affected not only by 

the distance between mole-

cules, but also by changes in 

the structure’s shape and ori-

entation. That makes inter-

preting Delta values very dif-

fi cult.” The decreased Delta 

values observed upon taxol 

treatment, for example, might 

suggest that kinetochores 

compact in response to this drug, decreasing 

the distance between inner and outer kineto-

chore proteins. In reality, however, kineto-

chores grow thicker in the presence of taxol, 

and, using correlative light/electron micros-

copy and structured illumination micros-

copy, Khodjakov and colleagues were able 

to visualize this structural reorganization.

It therefore remains unclear how taxol 

alters intrakinetochore tension levels. 

But Magidson et al. found that tension 

changes aren’t required to explain why 

taxol induces mitotic arrest. When the 

researchers added taxol during metaphase, 

most cells exited mitosis with minimal 

delay. Some cells arrested, however, and, 

in each of these cells, Magidson et al. saw 

that a small number of kinetochores had 

detached from the mitotic spindle and 

recruited spindle checkpoint proteins. 

“Unattached kinetochores are proven to 

impose mitotic arrest,” says Khodjakov. 

“So you can’t make any conclusions about 

signals from other kinetochores that re-

main attached but are under lower tension.”

Khodjakov says that future studies on 

the role of intrakinetochore tension should 

avoid using SHREC as a simple measure 

of intermolecular distances. As a fi nal note 

of caution, Magidson et al. also found that 

Delta values are affected by fi xation condi-

tions, which are an increasingly important 

concern now that superresolution tech-

niques are enabling light microscopists to 

break the diffraction barrier. “If you want 

to measure something with nanometer 

precision, you need to look at the native 

structure,” Khodjakov says. “Fixation pro-

tocols traditionally used in light microscopy 

aren’t designed to deal with this.”
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(Left to right) Valentin Magidson, Jie He, Haixin Sui, Alexey Khodjakov, and colleagues investigate 
how the structure of kinetochores is altered by the pulling forces of spindle microtubules. 
A technique called SHREC has been used to map the position of kinetochore proteins and 
measure intrakinetochore tension, but this approach assumes that kinetochores are always a 
simple, disc-shaped structure. Magidson et al. fi nd this isn’t the case; electron tomography, for 
example, shows that microtubule attachment can distort the shape of metaphase kinetochores 
(Kb, right), making SHREC measurements diffi cult to interpret. Furthermore, the researchers 
fi nd that microtubule detachment, rather than a loss of intrakinetochore tension, induces mitotic 
arrest in cells treated with the microtubule-stabilizing drug taxol.

“The model of 
kinetochores 

as thin, 
straight plates 
doesn’t hold.”

Researchers question the role of intrakinetochore tension in mitotic progression.
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