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SUMMARY

Correction of faulty kinetochore-microtubule attachments is essential for faithful chromosome
segregation and dictated by the opposing activities of Aurora B kinase and PP1 and PP2A
phosphatases. How kinase and phosphatase activities are appropriately balanced is less clear.
Here, we show that a centromeric pool of PP2A-B56 counteracts Aurora B T-loop
phosphorylation and is recruited to centromeres through Shugoshin-1 (Sgol). In non-transformed
RPE-1 cells, Aurora B, Sgol, and PP2A-B56 are enriched on centromeres and levels diminish as
chromosomes establish bi-oriented attachments. Elevating Sgo1l levels at centromeres recruits
excess PP2A-B56, and this counteracts Aurora B kinase activity, undermining efficient correction
of kinetochore-microtubule attachment errors. Conversely, Sgol-depleted cells display reduced
centromeric localization of Aurora B, whereas the remaining kinase is hyperactive due to
concomitant reduction of centromeric PP2A-B56. Our data suggest that Sgol can tune the stability
of kinetochore-microtubule attachments through recruitment of PP2A-B56 that balances Aurora B
activity at the centromere.
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INTRODUCTION

Acquisition, correction, and stabilization of kinetochore-microtubule (k-MT) attachments
are dictated by a tight balance of kinase and phosphatase activities at the centromere and
kinetochore (Funabiki and Wynne, 2013). Aurora B kinase destabilizes k-MT attachments,
allowing the correction of erroneous k-MT attachments, thereby preventing chromosome
missegregations (van der Waal et al., 2012a). PP2A-B56 is thought to dampen Aurora B
activity to allow the establishment of initial k-MT attachments in early mitosis (Foley et al.,
2011), and the mitotic checkpoint protein BubR1 contributes to this inhibitory effect on
Aurora B by recruiting PP2A-B56 to kinetochores (Kruse et al., 2013; Suijkerbuijk et al.,
2012; Xu et al., 2013). Human cells express five different PP2A-B56 holoenzymes
discriminated by their B56 regulatory subunit (B56 a, 3, v, 8, and €; Bollen et al., 2009).
Expression of HA-tagged B56 isoforms in HeLa cells revealed that B56y and B565
preferentially localize to kinetochores, whereas B56c, B56f3, and B56¢ appeared to localize
to centromeres (Nijenhuis et al., 2014). Whether a centromere pool of PP2A-B56 can
regulate Aurora B-dependent k-MT attachment stability is unknown. The shugoshin proteins
(Sgol and Sgo2 in humans) are plausible recruiters of this centromeric pool of PP2A-B56
because they both interact with PP2A-B56 and localize to centromeres of unattached
chromosomes (Huang et al., 2007; Tanno et al., 2010; Xu et al., 2009). However, whereas
depletion of Sgo2 was shown to impair centromeric PP2A-B56 recruitment (Kitajima et al.,
2006; Tanno et al., 2010), the role of Sgol in recruiting PP2A to centromeres remains
unclear despite the evidence that Sgo1-PP2A is required to protect centromeric cohesin
(Kitajima et al., 2006; Liu et al., 2013; Riedel et al., 2006; Tang et al., 2006; Tanno et al.,
2010) and the recent observation in budding yeast where PP2A-Rts1 recruitment by Sgol is
required for chromosome bi-orientation (Eshleman and Morgan, 2014). Here, we
demonstrate that human Sgo1 recruits a pool of PP2A-B56 to centromeres that counteracts
Aurora B kinase activity to appropriately tune the stability of k-MT attachments.
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RESULTS

PP2A-B56 Colocalizes with Aurora B and Sgol at the Inner Centromere of Unattached
Chromosomes

When we analyzed non-transformed RPE-1 cells with both bi-oriented and unaligned
chromosomes (Figure 1A), we confirmed that the levels of Aurora B and endogenous PP2A-
B56a were much higher on unattached chromosomes compared to attached chromosomes
(Figures 1B, 1E, S1A, and S1B) (Foley et al., 2011; Salimian et al., 2011). In addition, we
found that also PP2A-B56¢ and Sgol were enriched on unattached chromosomes (Figures
1C and 1D). However, we failed to detect any B566 (Figure 2B; note: the available
antibodies only detect endogenous B56a, B568, and B56¢ by immunofluorescence [IF]). On
unattached chromosomes, Sgol colocalized with PP2A-B56 and Aurora B at the
(inner)centromere (Figures 1E-1G and S1B) (Kitajima et al., 2006).

Sgo1l Overexpression Recruits Extra PP2A-B56 to Centromeres

To test whether the high levels of Sgol at centromeres of unattached chromosomes could be
responsible for the high centromeric levels of PP2A-B56, we generated stable RPE-1 and
U20S cell lines with inducible expression of VSV-Sgol. Addition of doxycycline resulted
in an approximate 2- and 7-fold increase in centromeric Sgol levels in the RPE-1 and U20S
cell lines, respectively (Figures 2A and S2A). Strikingly, centromere levels of B56¢ in
RPE-1 cells and of B56a in U20S cells increased upon overexpression of Sgol (Figures
S2B and S2C). Moreover, endogenous B568, which was undetectable in non-induced RPE-1
cells, became clearly detectable at centromeres when Sgol levels were increased (Figures
2B and 2C). In fact, a linear relationship was found between the centromere levels of
overexpressed Sgol and the centromere levels of PP2A-B566 and PP2A-B56a, in RPE-1 and
U20S cells, respectively (Figures 2D and S2D). Of note, in contrast to U20S cells, the
centromere levels of B56a were already high in RPE-1 cells and they were not significantly
increased upon Sgol overexpression (Figures S2E, S3B, and S3L), most likely because of
limited availability of B56a. in these cells.

Excess Sgol Diminishes Aurora B Substrate Phosphorylation at Centromeres

Sgol is known to assist in the recruitment of Aurora B to centromeres by bridging Borealin
with phosphorylated histone 2A (Kawashima et al., 2007; Tsukahara et al., 2010). Despite
the increased centromeric levels of Sgol in RPE-1 cells, overexpression of Sgol did not
enhance the overall levels of Aurora B at the inner centromere (Figure 2E). In contrast,
phosphorylation of the Aurora B T-loop (T232; pAurora B; Yasui et al., 2004) and the
Aurora B substrates INCENP (S893 and S894; pINCENP; Salimian et al., 2011) and
CENPA (S7; pCENPA,; Zeitlin et al., 2001) was reduced by 35%, 41%, and 37%,
respectively, in nocodazole-treated RPE-1 cells (Figures 2F-2H). Total levels of INCENP
and CENPA at centromeres did not change dramatically (Figures S2F and S2G). The higher
Sgol overexpression levels in U20S cells (Figure S2A) led to a more pronounced decrease
in phosphorylation of CENPA (approx. 80% reduction; Figure S2H) compared to RPE-1
cells.
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To test whether the excessive PP2A recruitment was responsible for the reduction in Aurora
B substrate phosphorylation upon Sgol overexpression, we created a point mutant (N611) of
Sgol that perturbed its interaction with PP2A-B56 (Tang et al., 2006; Xu et al., 2009). As
expected, this mutant no longer bound PP2A-B56, but in accordance with Tang et al. (2006),
we also found that it localized less well to centromeres compared to wild-type Sgol (Figures
S21 and S2J). To obtain equal levels of both proteins at the centromere, we fused Sgo1WT
and Sgo1N6! to the centromere-targeting domain of CENPB (CB) (Liu et al., 2009; Ricke et
al., 2012). Importantly, only the fusion protein that interacted with PP2A-B56 increased the
quantity of B565 and B56¢ at centromeres (Figures 3A, S3A, and S3K). Similar to
overexpression of Sgo1, overexpression of CB-Sgo1WT in RPE-1 cells also decreased the
levels of pAurora B, pINCENP, and pCENPA; however, phosphorylation of these substrates
did not change upon CB-Sgo1N61! overexpression (Figures 3B-3D and S3D-S3F).
Expression of either fusion protein in RPE-1 cells slightly reduced total Aurora B levels at
centromeres and resulted in a marginal change in the overall centromeric levels of INCENP
and CENPA (Figures 3E, S3C, S3G, S3H, S3M, and S3N). The effect of CB-Sgo1WT
overexpression on Aurora B substrate phosphorylation was more dramatic than of Sgol
overexpression (a reduction of £70% versus +40%, respectively), most likely because,
similar to Sgol overexpression in U20S cells (Figures S2A, S2C, and S2D), we gained
higher overall and centromeric Sgol levels as well as centromeric PP2A levels. Together,
this shows that the decrease in Aurora B substrate phosphorylation due to overexpression of
Sgol is dependent on the capacity of Sgol to bind and recruit PP2A-B56 to centromeres.

Excessive Centromeric PP2A-B56 Recruitment by Sgol Impairs Aurora B Function

To examine whether the Sgol-PP2A-B56-dependent hypophosphorylation of Aurora B
substrates translated into impaired Aurora B kinetochore function, we investigated the
ability of cells to correct k-MT attachment errors induced after treatment with the Eg5
inhibitor monastrol. Upon wash-out of monastrol, incorrect kK-MT attachments are
destabilized by Aurora B, resulting in cells with fully aligned chromosomes in metaphase
(Lampson et al., 2004). In RPE-1 cells overexpressing CB-Sgo1WT chromosome alignment
was impaired, indicating that k-MT attachment error correction occurred less efficient
(Figure 3F). a-tubulin staining, after monastrol release and cold treatment to destabilize
non-k-MTs, revealed that the kinetochores of the remaining unaligned chromosomes were
unattached in both control and CB-Sgo1N61l-expressing cells. However, in CB-Sgo1WT-
expressing cells, the kinetochores of unaligned chromosomes were predominantly stably
connected to spindle microtubules (Figure 3G). This correlated with reduced
phosphorylation of the Aurora B kinetochore substrate Dsnl (pDsnl; S109; Welburn et al.,
2010) (Figures 3H and S3I), whereas the overall levels of Dsnl were not decreased (Figures
S3J and S30). In addition, when we compared k-MT dynamics in control cells versus CB-
Sgo1WT- and CB-Sgo1N61l-expressing U20S cells (Bakhoum et al., 2009), we found that
only overexpression of CB-Sgo1WT significantly increased the half-life of k-MTs at
prometaphase (Figures 31 and S3P). This indicated that k-MTs became more stable in CB-
Sgo1WT-overexpressing cells. Taken together, these data demonstrate that Sgol
overexpression counteracts Aurora B activity through excessive recruitment of PP2A-B56,
resulting in hyperstable k-MTs that disrupt efficient error correction.
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Sgo1l Co-recruits Aurora B and PP2A-B56 to Centromeres

Our findings with overexpressed Sgol infer that PP2A-B56 recruited by Sgol can
counteract Aurora B activity. To investigate whether the endogenous Sgol1-PP2A-B56 pool
regulates Aurora B activity, we depleted endogenous Sgol in RPE-1 cells. In concordance
with previous reports, Sgol depletion resulted in a reduction of centromere-localized Aurora
B (Figure 4A) (Tsukahara et al., 2010; van der Waal et al., 2012b; Wang et al., 2010). In
contrast to studies in HelLa cells (Kitajima et al., 2006; Tang et al., 2006), we observed a
reduction in centromeric PP2A-B56a and B56¢ upon knockdown of Sgol in RPE-1 cells
(Figures 4B and S4A). Importantly, Sgol depletion did not affect the centromeric levels of
Sgo2 (Figure S4B). Interestingly, we found that, in the Sgol-depleted cells, the remaining
PP2A-B56a and B56¢ became visible at kinetochores, colocalizing with BubR1 (Figures
4C, S4A, and S4C), in line with the observation that kinetochore levels of BubR1 as well as
Plk1-phosphorylated BubR1 (T680; pBubR1; Kruse et al., 2013; Suijkerbuijk et al., 2012;
Xu et al., 2013) did not change upon knockdown of Sgol (Figures S4D and S4E). To show
that this was not a consequence of loss of cohesion, we co-depleted Sgol with Wapl to
prevent premature separation of the sister chromatids (Gandhi et al., 2006; Kueng et al.,
2006) and observed a similar decrease in centromeric PP2A-B56a levels and detection of
kinetochore-localized PP2A-B56a (Figures S4F-S4H), suggesting Sgol itself is capable of
recruiting a pool of PP2A-B56 to centromeres. Remarkably, the reduction in total
centromeric levels of Aurora B did not result in a reduction of the levels of its
phosphorylated T-loop (Figures 4D, S41, and S4J), similar to findings in X. laevis (Rivera et
al., 2012). The consequential increase in pAurora B/Aurora B ratio at centromeres (Figures
4D and 4E) suggested that, in the absence of Sgol, the remaining centromeric pool of
Aurora B was more active, most likely due to the concomitant reduction in centromeric
PP2A. In line with this idea, depletion of PP2A-B56 using a sSiRNA pool targeting all B56
isoforms (Foley et al., 2011) resulted in enhanced Aurora B T232 phosphorylation without
affecting the overall levels of Aurora B at centromeres (Figures 4F-4l).

DISCUSSION

We here provide evidence that Sgol recruits a pool of PP2A-B56 to centromeres that
counteracts Aurora B kinase activity, given its negative effect on Aurora B T-loop
phosphorylation. Increased levels of Sgo1-PP2A at centromeres also diminished
phosphorylation of INCENP-S893, S894, CENPA-S7, and Dsn1-S109. Whether these sites
are direct substrates for Sgol1-PP2A or less well phosphorylated by Aurora B remains to be
determined. The high levels of Sgol, PP2A-B56, and Aurora B on centromeres of
unattached chromosomes places Sgol-PP2A-B56 in an excellent position to locally dampen
Aurora B activity to allow initial establishment of k-MT attachments in early mitosis (Foley
etal., 2011).

Sgol-dependent PP2A recruitment is thought to be required for protection of centromeric
cohesin during mitosis (Kitajima et al., 2006; Riedel et al., 2006), and a direct association
between Sgol and PP2A-B56 was demonstrated (Tang et al., 2006; Xu et al., 2009).
However, depletion of Sgol in HeLa cells did not impair centromeric PP2A-B56 levels
(Huang et al., 2007; Kitajima et al., 2006). This suggested that, during vertebrate mitosis,
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Sgol could have cohesin-protective activities independent of PP2A or that mammalian Sgol
might recruit a small subpopulation of PP2A-B56 specifically required for cohesin
regulation (Hara et al., 2014; Tang et al., 2006; Xu et al., 2009). In marked contrast,
depletion of Sgo2 results in a clear loss of PP2A from centromeres of HelLa cells (Huang et
al., 2007; Kitajima et al., 2006; Tanno et al., 2010). Yet, Sgo2 depletion does not cause overt
cohesin defects but instead gives rise to k-MT attachment errors and chromosome
congression defects, which are associated with the loss of MCAK rather than the loss of
PP2A from centromeres (Huang et al., 2007; Tanno et al., 2010). We here show that
depletion of Sgol in non-transformed RPE-1 cells results in an approximate 40% reduction
of centromeric PP2A-B56 levels and that elevating the levels of Sgol at centromeres
increases the centromeric levels of PP2A-B56 in these cells. At present, we have no
satisfactory explanation for this discrepancy with previous work in HeLa cells, other than
the obvious difference in cell type used and/or efficiency of Sgol knockdown. Our work
demonstrates that, in RPE-1 cells, Sgol plays a role in the recruitment of PP2A-B56 to
centromeres and that this pool of PP2A regulates k-MT attachment stability by balancing
Aurora B activity.

The function, regulation, and substrate specificity of the different PP2A-B56 holoenzymes is
not well understood. Expression of HA-tagged B56 isoforms in HeLa cells showed that
B56a, B56bp, and B56¢ localized to centromeres and B56gy and B568 to kinetochores
(Nijenhuis et al., 2014). Due to lack of good antibodies that detect all five B56 isoforms by
IF, it is presently unclear how this relates to the localization of the endogenous B56
isoforms. We found that endogenous B56a and B56¢ were present at centromeres of
unattached chromosomes in RPE-1 cells, similar to the HA-tagged variants in HeLa cells
(Nijenhuis et al., 2014). Yet, we could detect B56a and B56¢ at kinetochores of unattached
chromosomes, when Sgol was depleted. Whether a particular PP2A-B56 holoenzyme
localizes to the centromere or kinetochore might thus be explained by a higher binding
affinity of B56y and B566 for BuBR1 and of B56a, B563, and B56¢ for Sgol (or Sgo2).
However, despite the clear presence of BubR1 at kinetochores in RPE-1 cells, we were
unable to detect B565. Only upon overexpression of Sgol did we perceive B566 at
centromeres. This could mean that the different B56 isoforms can bind to both BubR1 and
Sgol and that the relative abundance of the B56 isoforms or of BubR1 and Sgol (or Sgo2)
in a particular cell type may in the end determine which PP2A-B56 holoenzyme ends up at
the centromere and which one at the kinetochore.

Ample evidence indicates that Sgo1l is needed to recruit the CPC to centromeres (Tsukahara
et al., 2010; van der Waal et al., 2012b; Wang et al., 2010), and this recruitment likely relies
on phosphorylation of histone 2A (Yamagishi et al., 2010). It was therefore remarkable that
we failed to detect an increase in Aurora B at centromeres in cells where Sgol
overexpression led to increases in the deposition of Sgol on centromeres. However, this
result is in line with data from Ricke et al. (2012), where expression of a CB-Sgo1l fusion
protein failed to restore centromere localization of Aurora B in mouse embryonic fibroblasts
of transgenic animals lacking phosphorylated H2A due to mutation of Bubl kinase.
Moreover, a similar pattern was observed for B56a in RPE-1 cells: centromere levels of
PP2A-B56a were reduced by Sgol depletion but unchanged by Sgol overexpression
(Figures 4B, S2B, and S3B). It suggests that the protein levels of certain components of the
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Aurora B centromere recruitment network may be limiting and that increasing the levels of
just one recruitment factor may therefore be insufficient.

Interestingly, certain tumors seem to overexpress Sgol (Iwaizumi et al., 2009; Liu et al.,
2012). We show that, when Sgol is overexpressed, excess PP2A is recruited to centromeres,
without the concomitant extra recruitment of Aurora B. This appears to tip the phosphatase-
kinase balance toward dephosphorylation, resulting in diminished Aurora B function and the
consequent premature hyperstabilization of k-MT attachments. Because hyperstable k-MTs
are associated with a high rate of chromosome missegregations (a.k.a. chromosomal
instability; Bakhoum et al., 2009), it may be that, in tumors expressing high levels of Sgo1,
Aurora B activity is imbalanced.

EXPERIMENTAL PROCEDURES

RPE-1 and U20S cells were cultured in DMEM-F12 (Gibco) with 10% FCS (Lonza) and
DMEM with 6% FCS, respectively. RPE-1 Trex/Flpin cells (gift from J. Pines) were co-
transfected with pOG44 (Invitrogen) and pcDNAS/FRT/TO plasmids (J. Pines), encoding
VSV-Sgol, VSV-CB-Sgo1WT, and VSV-CB-Sgo1N6! and selected with 800 mg/ml G418.
U20S cells stably expressing TetR were transfected with pcDNA4/TO vectors (Invitrogen),
encoding VSV-Sgo1WT and VSV-Sgo1N61l and selected with 350 pg/ml Zeocin
(Invitrogen). Protein expression was induced with 1 pg/ml doxycycline (Sigma-Aldrich).
Although all stable cell lines were derived from single clones, differences in expression
levels per cell were still observed. For IF experiments, only cells with equal VSV expression
levels were compared and analyzed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Sgo1l co-recruits Aurora B and PP2A to centromeres of unattached
chromosomes

Sgol overexpression recruits excess centromeric PP2A that counteracts Aurora
B

Sgol promotes chromosome bi-orientation by balancing Aurora B activity at
centromeres
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Figure 1. Sgol, Aurora B, and PP2A-B56 Colocalize at Centromeres of Unattached
Chromosomes

(A) IF of Mad1 and CENPC in RPE-1 cells, treated with a low dose (0.069 uM) of
nocodazole for 14 hr to increase the frequency of cells with both bi-oriented (Mad1-) and
unattached (Mad1+) chromosomes.

(B-D) Quantifications of centromeric fluorescence intensities (CFIs) of Aurora B, PP2A-
B56¢, and Sgol on attached and unattached chromosomes of RPE-1 cells treated as in (A).
CFIs were normalized for the unattached centromeres (nfi). Error bars are SEM between
cells from two independent experiments (10-15 cells/experiment).
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(E-G) IF of Aurora B and PP2A-B56¢, Sgol and Aurora B, or Sgol and PP2AB56e of cells
treated as in (A). Insets show kinetochore pairs of the boxed regions used for line plot
analysis. nfi, normalized fluorescence intensity; A.U., arbitrary units. The scale bars
represent 5 um; **p < 0.01; ****p < 0.0001 (unpaired t test). See also Figure S1.
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Figure 2. Sgol Overexpression Leads to Extra Recruitment of Centromeric PP2A-B56 and a
Reduction of Aurora B Substrate Phosphorylation

(A) IF and quantifications of VSV, Sgol, and CREST of RPE-1 cells stably expressing
inducible VSV-Sgo1, treated with a high dose (0.83 uM) of nocodazole and doxycycline
where indicated. Absolute CFIs were measured. Each dot represents the intensity measured
for all centromeres in one cell (n = 15-20 cells). Error bars represent SD.

(B) IF and quantification of VSV, PP2A-B5636, and CENPC of cells treated as in (A).
Absolute CFIs were measured. One representative experiment out of two is shown. Error
bars represent SD.
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(C) Enlargements of cells treated as in (A). A single z plane was chosen and indicated
kinetochore pairs were used for line plot analysis.

(D) Pearson correlation between absolute CFlIs of VSV and PP2A-B568 from (B).

(E-H) IF and quantifications of Aurora B, pAurora B, pINCENP, and pCENPA of cells,
treated as in (A). CFIs were measured on centromeres and normalized for the non-induced
condition (nfi). Error bars are SEM between cells from independent experiments (n = 5 for
Aurora B; n = 3 for pAurora B and pCENPA; n = 2 for pINCENP; 15-30 cells/experiment).
The scale bars represent 5 pm; *p < 0.05; ****p < 0.0001 (unpaired t test). See also Figure
S2.
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Figure 3. Excessive Centromeric PP2A-B56 Recruitment by Sgol Impairs Aurora B Function
(A) IF and quantifications of PP2A-B566 and VSV of RPE-1 cells stably expressing

inducible VSV-CB-Sgo1WT or VSV-CB-Sgo1N61! treated with 0.83 uM nocodazole and
doxycycline where indicated. Absolute CFIs were measured. One representative experiment
out of three is shown. Each dot represents a single cell (n = 15 cells). Error bars represent
SD.

(B-E) Quantifications of pAurora B, pINCENP, pCENPA, and Aurora B of cells treated as
in (A). Error bars represent the SEM between cells from independent experiments (n = 2 for
pAuroraB and pINCENP; n = 3 for pCENPA and Aurora B; 15-30 cells/experiment).

(F) RPE-1 cells or RPE-1 cells expressing VSV-CB-Sgo1WT or VSV-CB-Sgo1N6 were
released from a monastrol block into MG132 and fixed 60 min later. Percentage of cells
with all chromosomes correctly aligned in metaphase was determined (n > 200 cells; two
independent experiments). Error bars represent SD.

(G) IF of VSV, a-tubulin, and CENPC of cells treated as in (F) and subjected to cold-
induced microtubule depolymerization. Insets are enlargements of boxed regions.
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(H) Quantification of pDsn1 of cells treated as in (B)—(E). Error bars are SEM between cells
from two independent experiments (15 cells/experiment).

(1) k-MT half-life calculated from the exponential decay curve (Figure S3P) of
photoactivated fluorescence of GFP-tubulin (r2 > 0.99) in U20S cells transiently transfected
with the indicated plasmids (n = 10 cells). Error bars represent SD. The scale bars represent
5 um; ****p < 0.0001; *p < 0.05; ns, not significant (unpaired t test). See also Figures S2
and S3.
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Figure 4. Sgol Co-recruits Aurora B and PP2A-B56 to Centromeres

(A) IF and guantification of Sgol and Aurora B of RPE-1 cells transfected with siRNAs for
Luciferase or Sgol and treated with 0.83 UM nocodazole. CFls of Sgol were normalized for
siL.uc (nfi). Error bars are SEM between cells from three independent experiments (15 cells/
experiment).

(B) IF and quantification of PP2A-B56a, of cells treated as in (A).

(C) Enlargements of cells treated as in (B). A single z plane was chosen, and indicated
kinetochore pairs were used for line plot analysis. Of note, in the siSgol condition, levels of
PP2A-B56a were enhanced in order to visualize staining.

(D) IF for pAurora B, Aurora B, and CENPC of cells treated as in (A).

(E) Quantification of Aurora B and pAurora B belonging to (D). CFls of pAurora B and
Aurora B were measured, and the CFI ratio of pAurora B/Aurora B was calculated and
normalized for siLuc. Error bars are SEM between cells from two independent experiments
(10-15 cells/experiment).

(F and G) Quantification of PP2A-B56a and PP2A-B56¢ and Aurora B and pAurora B of
cells transfected with siRNAs for Luciferase or a pool of siRNAs targeting all five PP2A-
B56 isoforms (siB56) and treated with 0.83 UM nocodazole. Error bars are SEM between
cells from three independent experiments (10-15 cells/experiment).

(H and 1) Representative images belonging to (F) and (G). The scale bars represent 5 pm;
****pn < 0.0001. See also Figure S4.
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