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Centromeres Poised En Pointe:
CDKs Put a Hold on CENP-A Assembly
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Eukaryotic centromeres are propagated by incorporation of the centromere-specific histone CENP-A
into centromeric chromatin. Silva et al. (2012) now show that cyclin-dependent kinases (CDKs) hold the
CENP-A assembly machinery in an inactive state until mitotic exit and entry into G1, at which time new
CENP-A is loaded.
Chromosome inheritance and genome
stability depend on proper assembly and
function of the centromere, an essential
chromosomal locus that is the site of
kinetochore formation and spindle microtubule attachment during cell division.
Centromeres contain a unique type of
chromatin containing interspersed nucleosomes composed of either the centromeric histone CENP-A or canonical H3
that is thought to mark the centromere
for maintenance and replenishment after
replication and cell division. During replication, CENP-A is semiconservatively
distributed to both DNA strands and
placeholder H3 or H3.3 fills the gaps left
by this distribution (Dunleavy et al.,
2011). Replication of centromeric DNA is
uncoupled from the synthesis and
assembly of CENP-A into centromeric
chromatin (Shelby et al., 2000). Only after
passage through mitosis and entry into
the next G1 phase is newly synthesized
CENP-A presented to chromatin by the
chaperone HJURP (Dunleavy et al.,
2009; Foltz et al., 2009; Jansen et al.,
2007). G1 incorporation of CENP-A at
centromeres depends on the presence
of both HJURP and the Mis18 complex
that collectively contains Mis18a, Mis18b,
and Mis18BP1HsKNL2 (Barnhart et al.,
2011; Foltz et al., 2009; Moree et al.,
2011). However, the molecular signal
that controls CENP-A assembly during
the cell cycle has been unclear. In this
issue of Developmental Cell, a new study
from Lars Jansen’s lab (Silva et al., 2012)
addresses how cell cycle factors molecularly control CENP-A assembly. They
show that the cyclin-dependent kinases
CDK1 and CDK2 (CDK1/2) hold the

CENP-A assembly machinery in an inactive state until completion of mitosis.
Cell cycle progression is tightly regulated by phosphorylation of various
substrates by multiple cyclin-CDK complexes. During G1, there is an increase
in the amount of cyclin E bound to
CKD2. When cyclin E is degraded, levels
of cyclin A-CDK1 activity rise so that
cells enter S phase for replication and
genome duplication. The cell moves into
G2/M when cyclin A is degraded and
mitotic cyclin B-CDK1 activity increases.
Finally, the anaphase-promoting complex
(APC) initiates mitotic exit by degrading
cyclin B and decreasing CDK2 activity
(Figure 1A).
Silva et al. first ask if CDKs controlled
loading of new CENP-A after mitosis.
They monitor nascent CENP-A using the
SNAP-tagging technology previously
employed to study CENP-A loading
in G1 (Jansen et al., 2007). To test if
CDKs control CENP-A assembly independently of cyclin activation, destruction
of APC/C targets, or other aspects of
mitosis, the authors block CDK activity
in several human cell lines using CDK
inhibitors Roscovitine and Purvalanol A.
In each case, cyclin B levels remain
high, indicating that the cells have not
completed mitosis, and SNAP-CENP-A
is loaded at centromeres in G2 (Figure 1B), suggesting that the assembly
machinery is capable of loading CENP-A
prior to mitosis, but is normally prevented
from doing so. Since the small molecule
inhibitors lack specificity, Silva et al.
genetically dissect the roles of Cdks in
CENP-A assembly in chicken DT40 cells
using specific mutations in Cdk1 and

Cdk2. In Cdk2 / cells, CENP-A assembly is unaffected, but in Cdk1 / and
Cdk1/Cdk2 double mutant cells, unscheduled CENP-A assembly occurs in
S and G2. Based on these studies, Cdk1
appears to suppress CENP-A assembly
prior to mitotic exit.
CENP-A assembly depends on the
canonical CENP-A assembly pathway,
specifically, the Mis18 complex (Hayashi
et al., 2004; Moree et al., 2011). Silva
et al. find that CDK inhibition causes
premature recruitment of Mis18a and
Mis18BP1HsKNL2 to centromeres. Importantly, G1 and G2 assembly of CENP-A
does not occur when CDK inhibition is
combined with Mis18a, Mis18BP1HsKNL2,
or HJURP depletion. In addition, partial
depletion of the Mis18 complex prevents
nascent CENP-A recruitment, suggesting
that these CENP-A assembly factors are
rate limiting.
These chemical and genetic studies
implicate Cdk activity in suspending
CENP-A loading machinery by holding
the Mis18 complex in an inactive
state until mitotic exit. Given that CDKs
control protein function or degradation
via phosphorylation, Silva et al. explore
the phosphorylation status of the
Mis18 complex. Each protein in the
complex has one or more amino acid
positions that are potential targets for
CDKs. Mutation of serine/threonine (S/T)
sites in Mis18a or Mis18b does not
affect CENP-A loading, but conversion
of all 24 S/T sites to alanine in
Mis18BP1HsKNL2 results in premature recruitment of Mis18BP1HsKNL2 to centromeres during G2 or M. Mis18BP1HsKNL2
is maximally phosphorylated in mitosis,
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