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Tension sensors:
centromere and kinetochore springs

How to measure
mechanical forces

within a cell?
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e Microtubule
attachment

e SACsignalling
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microtubule flux
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Fluorescent Speckle Imaging:

Microtubules in mitotic
spindles assembled in
vitro in Xenopus extracts.
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tension affects kinetochore signalling
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tension stabilises attachment
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The anaphase-wait signal (the spindle checkpoint) is
generated at the kinetochore
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chromosome segregation errors result
in aneuploidy
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model of a yeast point kinetochore

A) Daml ring Ndc80 (NdcB0, , Spc2d, Spc2s) COMA [Ctf19, Mcm21, Okpl, Amel)

Csed
nucleasome

MIND complex (Mibwl, Nnfl, . Dsnl) Mif2

Salmon ED, Bloom K. Bioassays 2017, 1600216



Mechanisms controlling
chromosome movements
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Centromere DNA size Kinetochore
m Ry separation in mitosis
S.cerevisiae 0.125 kb 0.04 pm .
C. albicans 3-4 kb 0.15 uM »
5. pombe 10 kb 0.23 pMm b
D. melanogaster 200-500 kb 1-1.65 pM @ ~1,000 nm
H.sapiens 500-1,500 kb 2.8 uM ~1,000 nm
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Bloom K., Annu. Rev. Genetics 2014, 48:457-584
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organisation of centromeric DNA
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rings avoid breakage
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Delay
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What is the function of the pulling forces
that cause interkintochore tension?

e Required for:
— chromosome movement (congression and oscillation)
— stabilisation of microtubule attachment (catch bond)
— SAC silencing

e Magnitude:

— estimates range from 1 to 700 pN (!) depending on
cell types, experimental set ups.....

— more experiments needed!



How big is the force
that acts on kinetochores?
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Intramolecular stretch sensor
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FRET: protein proximity assay

sensitized emission FRET
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TSMod FRET changes with tension
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TR force sensor increases signals
with tension
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How much force acts on a
kinetochore?

Ndc80 Mis12
Complex Complex CENP-C

A simple Drosophila kinetochore model: Linkages arranged as a set of parallel springs

FMT = FCENP-C X # CENP-C molecules per MT

Fki= FpmT X # Kinetochore-microtubules

# CENP-C
FCENP-C  perMT FMT  #kt-MTst Max Fyt




Conclusions

* From the paper:

— each CENP-C linker on average bears 1-2pN measured by
two tension sensors

— total of several 100s pN per kinetochore (although
probably < 10pN are required for chromosome movement)

— mechanisms not elaborated (motors, flux, etc.)

* My conclusions:

— elegant and rather easy to understand measurement of
forces acting on kinetochores

— clever use of existing reporters to address an old question
— drawback: doesn‘t fully replicate mammalian spindles
— would be nice to develop a force sensor for human cells



