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Abstract

Segregation of chromosomes during meiosis I is triggered by separase cleavage of the cohesin's
Rec8 subunit along chromosome arms. Centromeric cohesin is protected from separase cleavage
during meiosis | by Sgo1/MEI-S332 proteins in complex with protein phosphatase 2A (PP2A).
This retention of centromeric sister chromatid cohesion is essential for faithful segregation of
chromatids during the second meiotic division. While Sgo1/PP2A complex is required for
protecting centromeric sister chromatid cohesion during meiosis I, it is not known what renders
the centromeric cohesion sensitive to separase cleavage during meiosis 1. Our data suggest that
the absence of Sgol and PP2A from meiosis Il centromeres is not sufficient to render centromeric
cohesion sensitive to cleavage by separase and additional factors are required to ensure the
removal of centromeric cohesion during meiosis I1.
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Introduction

Step-wise loss of sister chromatid cohesion, mediated by the cohesin protein complex, is
essential for proper segregation of chromosomes during meiosis.1-4 In meiosis |, cohesin
located on chromosome arms is cleaved by a protease called separase, thus allowing
segregation of homologous chromosomes. Centromeric cohesin is refractory to separase
cleavage during meiosis | and is only cleaved during meiosis II, hence allowing segregation
of sister chromatids. The protection of centromeric cohesion during meiosis | requires the
conserved Sgo1/MEI-S332 proteins that recruit the protein phosphatase 2A (PP2A) to
centromeric regions.5-11 Centromeric PP2A then blocks cohesin cleavage at centromeres,
possibly by dephosphorylating the cohesin subunit Rec8. In the absence of Sgol, the amount
of PP2A associated with centromeric regions is severely reduced and centromeric cohesin is
cleaved together with arm cohesin during meiosis 1.7 The fission yeast Sgol protein is
expressed specifically during meiosis | and is downregulated at the onset of anaphase 1.9,10
Although PP2A is present during both meiotic divisions, it is not associated with
centromeres during meiosis 1.7 In fission yeast, Sgol and PP2A are, therefore, associated
with centromeres during meiosis I but not during meiosis 1. While Sgol in complex with
PP2A is required to protect the cleavage of centromeric cohesin by separase during meiosis
I, it is not known what renders the centromeric cohesion sensitive to separase cleavage
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during meiosis Il. We asked whether the absence of Sgol and PP2A from meiosis |1
centromeres renders centromeric cohesin sensitive to separase cleavage. If the absence of
Sgol and PP2A from the centromeres were the sole reason for the dissolution of centromeric
cohesion, then artificially targeting Sgol and PP2A to meiosis 11 centromeres should inhibit
cleavage of cohesin at this location and, therby, hinder the second meiotic division.

Results and Discussion

We have recently shown that expressing S. pombe Sgol in meiosis Il is inhibited by sgoZ's
3’UTR.10 Nevertheless, we artificially expressed Sgo1-GFP in meiosis 11 cells by removing
its 3"UTR and analyzed progression through meiosis in patZ-synchronized cells. Similarly to
the wild-type situation, cells lacking sgoZ's 3"UTR underwent DNA replication and both
meiotic divisions without any significant delay (Fig. 1A and 1B). This is consistent with our
previous observation that spore viability is not significantly reduced when removal of sgoI's
3’UTR causes Sgo1-GFP to accumulate in meiosis 11.10 Our observation is also consistent
with data from other organisms where cohesion between sister chromatids can be released at
the metaphase Il/anaphase Il transition even if Sgo1/MEI-S332 remains localized at
centromeres.12-15

The fact that the Sgol expressed in meiosis 11 did not block the second meiotic division may
be due to Sgol mislocalization or the inability of Sgol to recruit PP2A to centromeres. We
therefore analyzed the centromeric localization of the Sgol-GFP and PP2A subunit Parl-
PK9 by chromatin immunoprecipitation (ChIP) followed by real-time PCR quantification.
Both Sgol-GFP and Parl-PK9 were enriched at centromeres during both meiosis | and Il
(Fig. 1C). Although we cannot exclude the possibility that the Sgol and PP2A levels at
meiosis Il centromeres are slightly different from those of meiosis | centromeres, it is likely
that the presence of Sgol and PP2A at centromeres during meiosis 11 does not interfere with
the dissolution of centromeric cohesion. While Sgol and PP2A are essential for the
protection of centromeric cohesion during meiosis I, our data suggest that they are not able
to perform this function during meiosis Il. Therefore, additional factors are required to
ensure the removal of centromeric cohesion during the second meiotic division.

What makes the centromeric cohesion resistant to separase cleavage during meiosis | but not
during meiosis 11? The difference is likely to be an intrinsic property of meiotic
chromosomes since chromosomes placed on spindles of a different meiotic division behave
as they would have done on their native spindle; i.e. meiosis | chromosomes moved to a
meiosis 11 spindle segregate sister chromatids to the same spindle pole and meiosis 11
chromosomes moved to a meiosis | spindle segregate sister chromatids to the opposite
spindle poles.16 The regulation of sister centromeric cohesion may be linked to differences
in the arrangement of kinetochores in the two meiotic divisions.14,16 It has been suggested
that the protection of centromeric cohesion does not operate when sister kinetochores attach
to opposite spindle poles.17 The generated tension may displace Sgol from cohesin-
enriched regions and de-protect cohesin molecules.18,19 It is possible that such a
mechanism prevents the protection of centromeric cohesion during meiosis Il. Alternatively,
phosphorylation of the cohesin subunit Rec8, required for its efficient cleavage by separase
during meiosis 1,20-22 may not be a prerequisite for its removal during meiosis 11.22 The
insensitivity of meiosis Il to Rec8's phosphorylation status may explain our observation that
the presence of Sgol and PP2A at meiosis Il centromeres does not interfere with the
segregation of chromosomes.
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Figure 1.

The presence of Sgol and Parl at centromeres during meiosis Il does not interfere with
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chromosome segregation. Schizosaccharomyces pombe pat1-114homozygous diploid cells
expressing Sgol-GFP from sgol-GFPand Parl-PK9 (JG14859) and cells expressing Sgol-
GFP from sgo1-GFP-3 UTR and Par1-PK9 (JG14857) were arrested by nitrogen starvation

and released into meiosis at 34°C by inactivation of patZ. Cells were harvested at the

indicated time points (hours) after meiosis induction. (A) Flow cytometry profiles showing
the DNA content at the indicated timepoints. (B) Cells were stained with DAPI and nuclei
were counted in 100 cells per time point. Shown are the fraction of cells that contained one
nucleus (diamonds), two nuclei (squares) or more than two nuclei (triangles) at the indicated
time points. (C) Chromatin binding (Dgll—outer centromere, topl—chromosome arm) of
epitope-tagged proteins was analyzed by chromatin immunoprecipitation (ChlP) followed

by quantitative real-time PCR.7
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