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ARHGEF 17 sets the timer for retention of Mps]1

at kinetochores

Joseph R. Marquardt and Harold A. Fisk

Department of Molecular Genetics, The Ohio State University, Columbus, OH 43210

The kinetochore-associated kinase Mps1 controls the
spindle assembly checkpoint, but the regulation of its
kinetochore recruitment and activity is unclear. In this
issue, Isokane et al. (2016. J. Cell Biol. http://dx.doi.org
/10.1083/jcb.201408089) show that interaction with
and phosphorylation of its substrate, ARHGEF17,
regulates Mps1 kinetochore retention, suggesting an
autoregulated, timer-like mechanism.

To achieve mitotic fidelity, an elaborate mechanism called
the spindle assembly checkpoint (SAC) has evolved to ensure
proper chromosome—spindle attachment and alignment before
anaphase. Through the action of many proteins found on cen-
tromeres and kinetochores, the SAC inhibits the anaphase pro-
moting complex/cyclosome (APC/C) to prevent mitotic exit.
The SAC must be highly tunable to rapidly respond to even a
single misaligned chromosome, yet still allow mitosis to pro-
ceed in a timely manner once any alignment defects have been
corrected. Mps1, a dual specificity kinase, is a core SAC protein
that regulates kinetochore recruitment of other SAC proteins,
including the protein kinases Bubl and BubR1 and the APC/C
inhibitor Mad2 (Maciejowski et al., 2010). Previous studies
have implicated Mps1 dimerization and autoactivation (Hewitt
et al., 2010; Jelluma et al., 2010), as well as the kinetochore
component Ndc80/Hecl and the Aurora B protein kinase, in
targeting Mps1 to kinetochores (Saurin et al., 2011; Nijenhuis
et al., 2013). The regulation of this targeting is less well un-
derstood, as are the mechanisms that ensure Mpsl1 is removed
from kinetochores in a timely fashion. In this issue, Isokane et
al. add ARHGEF17 to the list of Mps1 targeting machinery and
propose that it mediates a timing mechanism that limits the du-
ration of Mps| activity at kinetochores.

Isokane et al. (2016) became interested in ARHGEF17 after
they uncovered this gene in the MitoCheck genome-wide RNAi
screen for mitotic regulators (Neumann et al., 2010), but Mito-
Check lacked the temporal resolution to determine the mitotic
function of ARHGEF17. Using high-resolution confocal live-cell
imaging, Isokane et al. (2016) showed that ARHGEF17-depleted
HeLa cells exhibited accelerated mitoses with chromosome con-
gression, biorientation, and segregation defects and performed
phenotypic rescue using a mouse ARHGEF17 transgene. Con-
sistent with a SAC function, Isokane et al. (2016) found that mi-
tosis in ARHGEF17-depleted cells was not arrested in response
to the microtubule poison nocodazole and that kinetochore lo-
calization of several core SAC proteins was deficient, including
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Bubl, BubR1, and Mad2 (Hewitt et al., 2010; Jelluma et al.,
2010; Maciejowski et al., 2010). These functions of ARHGEF17
are conferred by its central Rho GEF domain (Riimenapp et al.,
2002), which Isokane et al. (2016) found to be both necessary and
sufficient for SAC activity. However, the SAC functions of ARH
GEF17 are independent of its GEF activity, as the inactive mutant
ARHGEF17Y21A (Zheng, 2001; Riimenapp et al., 2002) fully
rescued the mitotic phenotypes.

Because ARHGEF17 depletion phenocopied Mps!1 inhi-
bition, Isokane et al. (2016) explored a connection between the
two and found that Mps1 interacts with the ARHGEF17 central
domain and phosphorylates ARHGEF17 at three sites. Fluores-
cence cross-correlation spectroscopy (Wachsmuth et al., 2015)
suggested that ARHGEF17 preferentially binds to inactive
Mpsl in the cytoplasm, forming a complex required for local-
ization of Mps1 and phosphorylation of its substrate, KNL1, at
kinetochores (Yamagishi et al., 2012). ARHGEF17 localized to
kinetochores independently of Mps1, but its only function in the
SAC appears to be delivering Mps1 to kinetochores, as a kine-
tochore-tethered Mps1-CENP-B fusion bypassed the require-
ment for ARHGEF17 in the SAC. Interestingly, retention of the
Mps1-ARHGEF17 complex at kinetochores is negatively reg-
ulated by Mpsl itself. The Mps1 inhibitor reversine increased
recovery times for both Mps1 and ARHGEF17 in fluorescence
recovery after photobleaching assays, indicating that Mps1 ac-
tivity promotes their release from kinetochores. Based on these
observations, Isokane et al. (2016) suggest an exciting model
in which ARHGEF17 binding acts as a timer for retention of
Mps1 at kinetochores: inactive Mps1 must form a complex with
ARHGEF17 to bind to unattached/unaligned kinetochores, but
once activated Mps1 limits its own retention at kinetochores by
breaking apart the Mpsl-ARHGEF17 complex (Fig. 1). Pre-
sumably, an individual molecule of Mpsl1 is retained at kineto-
chores for the time it takes it to phosphorylate the three sites on
ARHGEF17 identified by Isokane et al. (2016).

This model will be very intriguing to the SAC field be-
cause it suggests a mechanism by which kinetochores achieve
the proper amount of Mps!1 at individual kinetochores to prop-
erly respond to chromosome alignment defects in a timely
fashion. However, data presented in this study will have to
be put into the context of other studies showing requirements
for Ndc80/Hecl and Aurora B in recruiting Mpsl to the ki-
netochore (Martin-Lluesma et al., 2002; Saurin et al., 2011;
Nijenhuis et al., 2013; Zhu et al., 2013). Although Isokane et
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Figure 1. Proposed timer model for Mps1 retention at kinetochores. ARH
GEF17 (red) binds inactive Mps1 (light blue) in the cytoplasm, and the
complex binds to the outer kinetochore (gray) where Mps1 becomes ac-
tivated (blue). Mps1 phosphorylates ARHGEF17 (blue circles), causing
dissociation of both from kinetochores. It is still unknown where and how
Mps1 is activated upon ARHGEF 17 binding or where ARHGEF17 dissoci-
ates from Mps1 (blue question marks), and if and how Mps1 is inactivated
or ARHGEF 17 is dephosphorylated upon returning to the cytoplasm.

al. (2016) show that ARHGEF17 depletion has no effect on
Ndc80 or Aurora B and demonstrate that its effect on Mps1 tar-
geting is direct, how ARHGEF17 cooperates with Ndc80 and
Aurora B remains to be determined. Perhaps, like Mpsl, ARH
GEF17 binds to Ndc80 and/or is regulated by Aurora B or per-
haps Mps1 and ARHGEF17 cooperate by binding to different
kinetochore components. The proposed timer model raises sev-
eral exciting questions. The authors speculate that ARHGEF17
binding might activate Mps1, but this is not yet tested. It will
also be important to determine the fates of Mpsl and ARH
GEF17 once released from kinetochores. Does Mpsl remain
active to support functions in the cytoplasm, or is it inactivated
to participate in further cycles of kinetochore targeting and SAC
activity? Is ARHGEF17 dephosphorylated to participate in fur-
ther cycles and, if so, what is the phosphatase? The exciting
study by Isokane et al. (2016) is just the first step toward ad-
dressing how and where Mps1 activity is regulated to in turn
ensure timely activation and silencing of the SAC.
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