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Key Sentence :

1. Studies for epigenetic regulation of biological processes

2. Biology of protein lysine methylation

3. Elucidation of molecular mechanisms of human diseases by utilizing novel animal models
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Purpose of Research :

Our laboratory's principal objective is to understand the molecular mechanism of epigenetic gene
regulation and the role of epigenetics in health and disease. To address these topics, we take
multidisciplinary approaches, including molecular biology, biochemistry, cell biology, structural biology
and mouse molecular genetics.

Histone methyltransferase Suv39h and HP1 cooperatively organize epigenetically silent
heterochromatin structure (Muramatsu and Shinkai)

Chromatin exists in two forms: euchromatin and heterochromatin. Euchromatin is the loosely packed
form of chromatin that is rich in gene concentration and often undergoing active transcription. In
contrast, heterochromatin is tightly packed and is in the transcriptionally repressed state. The
pericentromere is a heterochromatic domain that provides a structural scaffold for centromere
formation and plays a crucial role in genome stability. In mice, pericentric heterochromatin consists of
AT-rich sequences of extremely long tandem arrays of major satellite repeats. Therefore, the
fluorochrome DAPI, which preferentially intercalates with A/T-rich repeat sequences, can show mouse
pericentromere heterochromatin as a DAPI-dense domain.

In addition to the repetitive sequences, the pericentric heterochromatin has a distinct combination of
epigenetic marks such as histone H3 lysine 9 tri-methylation (H3K9me3), H4K20me3, and DNA
methylation. Suv39h/KMT1A is the principal enzyme for the H3K9me3 of the pericentromere
heterochromatin in mammals, which is evolutionarily conserved. Since Suv39h also indirectly
regulates H4K20me3 and DNA methylation, these epigenetic marks are lost from or are in low
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concentration in the pericentromere in Suv39h-deficient cells. Thus, Suv39h is one of the master
regulators of epigenetically organized heterochromatin.

One of important roles of these epigenetic modifications is recruitment of different effector molecules to
the specific chromatin loci. Therefore, at heterochromatin, various transcriptionally silent effector
molecules are recruited by the heterochromatin-specific epigenetic marks. Heterochromatin Protein 1
(HP1) is such an effector molecule that was originally discovered in Drosophila as a dominant
suppressor of position-effect variegation. Similar to Suv39h, the HP1 family is evolutionarily conserved,
with members in fungi, plants, and animals, and has multiple isoforms within the same species. The
amino-terminal chromodomain (CD) shows a high affinity to methylated H3K9 (highest affinity for
H3K9me3), causing HP1 to be tethered to heterochromatin. This recruitment system is also highly
conserved in different species. Furthermore, this regulation is interdependent. For example, HP1
homolog Swi6 in fission yeast is also crucial for Suv39h homolog Clr4 accumulation and Clr4-mediated
H3K9 methylation to heterochromatin. HP1 homologs can physically interact with Suv39h homologs in
various different species, sequential cycles of Swi6 binding and Clr4 recruitment/deposition of H3K9me
have been proposed to explain the interdependent regulation of Clr4- and Swi6-mediated silent
heterochromatin formation. A similar functional concept has been proposed for the Suv39h- and
HP1-mediated heterochromatin formation in mammals. However, so far, it has not been validated
experimentally much if the Suv39h-HP1 interaction is crucial for Suv39h-mediated heterochromatin
formation. To address this question, we introduced HP1 binding-defective N-terminally truncated
mouse Suv39h1 (AN) into Suv39h-deficient embryonic stem (ES) cells. Interestingly, pericentric
accumulation of AN and AN-mediated H3K9me3 were observed to recover, but HP1 accumulation was
only marginally restored. AN also rescued DNA methyltransferase Dnmt3a and 3b accumulation and
DNA methylation of the pericentromere. In contrast, other pericentric heterochromatin features, such
as ATRX association and H4K20me3 were not recovered. Finally, derepressed major satellite repeats
were partially silenced by AN expression. These findings clearly showed that the Suv39h-HP1 binding
is dispensable for pericentric H3K9me3 and DNA methylation, but this interaction and HP1
recruitment/accumulation is crucial for complete formation of heterochromatin. Currently, we are
investigating the Suv39h recruitment/accumulation mechanism which is HP1-independent but H3K9me-dependent.
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