


tions and the rest remained unmodified, Clr4 exclusively
methylated the ubiquitylated H3N-GST (Figure 2B). These
results suggest that the CLRC-mediated H3 ubiquitylation
promotes H3K9me by Clr4 and that H3 ubiquitylation is
intimately linked to the establishment and/or maintenance of
H3K9me. These findings also demonstrate a cross-talk mech-
anism between histone ubiquitylation and methylation that is
involved in heterochromatin assembly (Figure 2C).

CLRC
Rik1-TAP, \?“'
Ub-H3N-GST Autoradio- Rafl Raf2
H3N-GST (+H3N-GST) graphy
Wash out 4)
B »
9 14
Riki-TAP - + - + 1
His-ClIrd - + - + - + - + (kDa)

His-Clr4 |

75
50 ( 1 »
HaN-GST
e - @\Rﬂf Raf2
- e
. K
9

K
14

Figure 2. H3K 14 ubiquitylation promotes H3K9 methylation. (A)
Experimental scheme. (B) In vitro HMTase assays. Recombinant
H3N-GST pre-ubiquitylated by the CLRC was purified and used in the
HMTase assay with 6xHis-tagged recombinant Clr4 (His-Clr4). Proteins
were analyzed by SDS-PAGE and Coomassie Brilliant Blue (CBB)
staining (left) and autoradiography (right). (C) A cross-talk mechanism
between histone ubiquitylation and methylation involved in heterochro-
matin assembly.
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II.Roles of chromodomain proteins in
assembling higher-order chromatin
structure
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cycle-dependent chromatin binding

HP1 is an evolutionarily conserved chromosomal protein
that plays a crucial role in heterochromatin-mediated gene
silencing. We previously showed that mammalian HP1a
is constitutively phosphorylated at its N-terminal serine
residues by casein kinase II (CK2), and that this phosphory-
lation enhances HP1a’s binding specificity for nucleosomes
containing H3K9me3. Although the presence of additional
HP1ao phosphorylation during mitosis was reported more
than a decade ago, its biological significance remains largely
elusive. To examine the roles played by HP1 _’s mitotic
phosphorylation, we determined HP1 _’s mitotic phosphory-
lation sites and the cellular behavior of HP1 _ with mitotic
phosphorylation. We found that S92 in the hinge region is
the main mitotic phosphorylation site in human HP1a and
that HP1a’s S92 phosphorylation (S92ph) was regulated by
Aurora B kinase (AURKB) and two serine/threonine phos-
phatases. Immunoblotting analysis using cell cycle-synchro-
nized cells demonstrated that HP1o. S92ph precedes H3S10
phosphorylation; a major hallmark of mitotic chromatin
(Figure 3A). In addition, chromatin fractionation analyses
revealed that hinge region-phosphorylated HP1a was pref-
erentially dissociated from mitotic chromatin (Figure 3B).
Furthermore, EMSA assays demonstrated that AURKB-

mediated phosphorylation contributed to a decrease in
HP1la’s DNA-binding activity (Figure 3C). Although HP1a’s
mitotic behavior was previously linked to H3 serine 10
phosphorylation, which blocks the binding of HPla’s CD
to H3K9me, our findings suggest that mitotic phosphoryla-
tion in HP1a’s hinge region also contributes to changes in
HP1a’s association with mitotic chromatin.

Figure 3. Mitotic phosphorylation of HP1a regulates its cell cycle-depen-
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S10ph, and H3S10ph in synchronized PRE-1 cells. (B) Chromatin frac-
tionation assays were performed using synchronized RPE-1 cells. Whole
cell lysates (WCLs) and soluble (Sup) and insoluble chromatin-enriched
(Ppt) fractions were resolved by SDS-PAGE and analyzed by immunob-
lotting. (C) Representative results of EMSAs that were performed with
control or phosphorylated HP1a. Various concentrations of HPla were
incubated with 193-bp 601 DNA. The protein-DNA complexes were
analyzed by 5% native-PAGE and SYBR Gold staining.

2-2 Identification of Aurora Kkinase-mediated phos-
phorylation sites in Swi6/HP1 regulating mitotic
chromosome segregation

HP1 is a conserved chromosomal protein that plays impor-
tant roles in heterochromatin assembly. We previously
showed that Swi6, one of two HP1 isoforms in S. pombe, is
multiplicatively phosphorylated by casein kinase II (CK2)
and this phosphorylation is essential for its function in het-
erochromatin assembly. Several previous studies demon-
strated that HP1 is subjected to additional phosphorylation
during mitosis. However, the functional importance of HP1’s
mitotic phosphorylation remains unclear. We revealed that

Swi6 mitotic phosphorylation is involved in mitotic chro-

mosomal segregation. Using E. coli co-expression system,

we demonstrated that Swi6 is phosphorylated by Arkl,

a solo Aurora kinase in S. pombe, and mutation analyses

revealed that serine residues in the N-terminal region of
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Swib are efficient targets for Arkl. We confirmed that these
serine residues are phosphorylated during mitosis in vivo.
Interestingly, expression of mutant Swi6 containing ami-
no-acid substitutions at the serine residues differentially
modulates temperature-sensitive growth of the mutations for
Chromosome Passenger Complex (CPC) components. These
results suggested that Arkl-mediated Swi6 phosphorylation
regulates CPC’s function during mitosis.

III. Dynamic chromatin reorganization during
sexual reproduction of Tetrahymena

The ciliated protozoan Tetrahymena themophila has two
functionally distinct nuclei in a single cell: the transcription-
ally silent germline micronucleus (MIC) and the transcrip-
tionally active somatic macronucleus (MAC). When the
somatic MAC differentiates from the germline MIC during
sexual reproduction, approximately 12,000 transposable
element (TE)-related sequences are eliminated from the
MAC genome. In this process, TEs are heterochromatinized
by the pathway related to RNAi/piRNA silencing and the
heterochromatin acts as a mark for their elimination (Figure
4A). Although previous studies have identified more than 20
heterochromatin specific components, it remains unclear how
they orchestrate DNA elimination. Using a yeast two-hybrid
system, we analyzed the interactions between all known
heterochromatin components (Figure 4B) and found several
proteins that may act as ‘hubs’ to assemble heterochromatin
components into functionally relevant chromatin structure
for DNA elimination. Consequently, we are currently analyz-
ing the roles of these hub proteins both in vitro and in vivo
to understand spatiotemporal regulation of heterochromatin
formation and DNA elimination.
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Figure 4. Heterochromatin formation in Tetrahymena. (A) Tetrahymena
cell (at the late stage of sexual reproduction) expressing Pdd1p-mCherry
(red) and HPL4-EGFP (red) were counter stained with DAPI (blue).
The arrowheads indicate new MAC or MIC and the asterisk indicate old
MAC undergoing degradation. (B) Analyses of all possible one-to-one
interactions between heterochromatin proteins using yeast two hybrid
assay. The yeast strain expressing the Gal4 binding domain fused to a
heterochromatin protein (bait) were mated to strains expressing the Gal4
activation domain linked to a heterochromatin protein (prey). Diploid
cells were plated on a 48 x 48 matrix on control plates containing all of
the auxotrophic requirements (left: without threonine and leucine) and on
test plates without histidine (right).
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