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Heterochromatin protein 1 (HP1) is an evolutionarily conserved chromosomal protein
that maintains a transcriptionally inert chromatin structure. HP1 family proteins share
a basic structure consisting of an N-terminal disordered region, a chromodomain (CD),
a disordered middle region called the hinge, and a C-terminal chromo shadow domain
(CSD). The CD recognizes histone H3 lysine 9 methylation (H3K9me), a hallmark of
heterochromatin, to target heterochromatic loci, while the CSD forms a dimer to provide
an interacting surface for other chromosomal proteins. In some HP1 homologs, the CSD
is important for heterochromatin targeting or nucleosome binding. HP1 proteins are
therefore often referred to as crosslinker or adaptor proteins.

The fission yeast S. pombe is an excellent model organism to study the molecular
mechanisms underlying heterochromatin assembly because, like higher eukaryotes, its
heterochromatin is marked by di- or tri-methylation of histone H3K9 (H3K9me2/3) and
it expresses two HP1 proteins, Swi6, and Chp2. While Swi6 is abundantly expressed
and plays a dosage-dependent role in heterochromatin formation, Chp2 is expressed at
low levels but plays a distinct role in the heterochromatin assembly. Chp2 recognizes
H3K9me via the CD and recruits the Snf2/HDAC repressor complex (SHREC) via the
CSD. Among the SHREC components, Chp2 interacts with the chromatin remodeler
module protein, Mitl, and this interaction is thought to mediate the recruitment of the
entire SHREC. Chp2 also plays a critical role in maintaining the subnuclear localization
of the mating-type region. In addition, Chp2, but not Swi6, is tightly associated with a
chromatin-enriched nuclear fraction independently of Clr4, which is thought to be
related to their distinct roles. However, how the distinct function of Chp2 contributes
to the formation of a fully repressed chromatin state remains incompletely understood.
To gain insight into the distinct function of HP1 proteins, I focused on S. pombe Chp2
and investigated its biochemical properties, in particular its DNA binding ability, and
tried to identify Chp2-specific interacting partners by affinity purification.

To characterize the interaction between Chp2 and Mitl, I performed yeast two-



hybrid assay and found that the N-terminus of Mitl is critical for the interaction with
Chp2. This conclusion is also supported by a structural study by another group that
identified a CkIvV motif (residues 9-13) at the N-terminus of Mitl that interacts with
the dimerized Chp2-CSD and also showed that the Mitl I11R mutation (Mitl!!'®)
disrupts the interaction with Chp2. Using this knowledge, next, I generated S. pombe
cells expressing Mit1!''R and examined the chromatin association of Chp2 by chromatin
fractionation assay. Interestingly, I found that Chp2 in the chromatin-enriched fraction
was not affected by clr4A or mitl’'® mutation, suggesting that Chp2 is tightly
associated with a chromatin-enriched fraction independent of Clr4 and Mitl, and uses
a different mechanism(s) for this association.

HP1 proteins bind to DNA or RNA via the hinge region, and this activity is
thought to be involved in their stable chromatin binding. While a similar activity has
been demonstrated for Swi6, it has not been clear whether Chp2 has DNA-binding
ability and, if so, which domain contributes to the binding. To investigate the
relationship between the tight chromatin association of Chp2 and its DNA-binding
ability, I prepared recombinant proteins for each Chp2 and Swi6 domain and performed
electrophoretic mobility shift assays (EMSAs). I found that Swi6 binds DNA primarily
with its hinge, whereas the hinge and CSD of Chp2 exhibit robust DNA-binding
activities. Since DNA-binding activity associated with the CSD has not been so
described in other HP1 proteins so far, this activity involving the Chp2-CSD may
contribute to Chp2-specific function. To further characterize the DNA-binding activities
of Chp2, I introduced amino acid substitutions and found that a cluster of basic amino
acid residues KRRRSR (residues 271-276) in the hinge and QKK (residues 320-322) at
the N-terminus of the CSD cooperatively contribute to the DNA-binding activities of
Chp2.

To investigate the importance of DNA binding in Chp2 in vivo, I generated S.
pombe strains expressing mutant Chp2 defective in DNA binding and examined their
effect by monitoring the silencing state of a marker gene inserted into a heterochromatic
region in the mating type locus. Interestingly, I found that cells expressing mutant Chp2
containing combined mutations of the hinge and the mutations in the N-terminus of CSD
showed a silencing defect, suggesting that the DNA-binding activities of the hinge and
the N-terminus of CSD are important for the silencing at heterochromatic regions, and
that these activities cooperate to maintain the silencing function of Chp2 in vivo. To
further investigate the effect of the DNA-binding activities of Chp2 on its localization

to heterochromatic regions, I performed chromatin immunoprecipitation (ChIP) assays



and found that Chp2 mutants lacking DNA-binding activities exhibited reduced
association at heterochromatic regions, suggesting that the DNA-binding activities of
Chp2 are required for its stable association with heterochromatic regions.

Next, I tested whether the DNA-binding activities of Chp2 were involved in its
tight chromatin association. Interestingly, I found that mutants Chp2, which lack DNA-
binding activities, were still tightly associated with the chromatin-enriched fraction,
suggesting that Chp2 uses multiple modes in addition to the H3K9me2/3 recognition,
DNA-binding activities, and the interaction with Mitl to maintain stable association
with chromatin. While Mitl has been identified as a Chp2 interacting partner, it is
possible that other interacting partner(s) mediate the Chp2-chromatin association. To
identify novel interacting partner(s) of Chp2. I generated S. pombe strains expressing
Chp2 with a tandem affinity purification (TAP) tag and performed affinity purification.
Mass spectrometry analysis identified a number of novel Chp2 binding partners,
including importin/karyopherin family proteins, RNA polymerase II components,
factors involved in DNA replication/repair, and the H3K9 methyltransferase Clr4. This
mass spectrometry analysis also identified potential phosphorylation sites on Chp2.

Although the physical interaction between HP1 proteins and H3K9
methyltransferases has been identified in other organisms, it remains unclear whether
Chp2 or Swib6 interacts directly with Clr4. Since Clr4 has been identified as one of the
Chp2 binding partners, I decided to comprehensively investigate the relationship
between Chp2 and Clr4. I performed yeast two-hybrid assay and found that although
Chp2 only weakly interacts with Clr4, it robustly interacts with either the N-terminus
or C-terminus of Clr4, suggesting that intra- or intermolecular interaction of Clr4 itself
may be related to the interaction with Chp2. Interestingly, ChIP experiments revealed
that the levels of H3K9me2 at heterochromatic regions are reduced in cells expressing
mutant Chp2 defective in the DNA binding, suggesting that the physical interaction
between Chp2 and Clr4 contributes to the read-and-write mechanisms underlying
heterochromatin assembly.

Taken together, these results suggest that the cooperative DNA-binding activities
of Chp2 are critical for its function in heterochromatin assembly. Furthermore, this
study reveals the novel interacting partners of Chp2 and the functional link between
Chp2 and Clr4. Thus, these results have important implications for the distinct function
of HP1 proteins and the molecular mechanisms underlying higher-order chromatin

assembly.
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