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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.

Impact of nucleic acid and methylated H3K9 binding activities of Suv39h1l on its heterochromatin
assembly (Shirai and Shinkai)

Heterochromatin, a highly condensed chromatin structure, can be divided into two classes: invariably
constitutive heterochromatin (CH), and developmentally controlled facultative heterochromatin. CH
generally consists of repetitive DNA and is transcriptionally silent, and its higher-order chromatin
structure can spread, causing the heritable inactivation of genes adjacent to the CH. The establishment
of CH 1is tightly correlated with changes in posttranslational histone-tail modifications. The
trimethylation of histone H3 lysine 9 (H3K9me3), which is a hallmark of CH, creates specific binding
sites for H3K9me3 reader molecules such as HP1 proteins, and these epigenetic states are maintained
throughout replication. CH is critical for functional chromosomal domains such as the pericentromere,
and epigenetic pericentromere layers are important for accurate chromosome segregation in mitosis
and for genome stability. SUV39H (1 and 2), an H3K9me3 methyltransferase in mammals, targets CH
domains and intact transposons. H3K9me3 in the pericentric regions is mainly catalyzed by SUV39H.
Therefore, in Suv39h1/2 double-knockout (Suv39h dn) cells, the H3K9me3 levels over the
pericentromere are severely diminished and HP1 proteins do not accumulate.

The nature of CH and its epigenetic machineries are well conserved in various species, including
fission yeast and flies. In fission yeast Schizosaccharomyces pombe (S. pombe), the RNA interference
(RNAi)-dependent pathway is essential for pericentric heterochromatin formation and maintenance,
and the process of pericentric transcription is coupled with the targeting of the SUV39H homologue
Clr4 to chromatin. In the Drosophila ovary, a similar small-RNA-mediated process promotes
transcriptional silencing by H3K9me3 and by HP1A, an HP1-family protein in flies. However, it is not
clear whether the RNAi-dependent pathway (or another RNA-based mechanism) is involved in the
process of establishing and maintaining heterochromatin in mammals, such as in creating target
specificities for SUV39H and SUV39H-mediated H3K9me3 formation.

SUV39H recognizes H3K9me3 via its chromodomain (CD), and enriched H3K9me3 allows SUV39H
to target specific chromosomal regions. However, the detailed targeting mechanisms, especially for
nai've chromatin without preexisting H3K9me3, are poorly understood. Here we show that Suv39h1’s
CD (Suv39h1-CD) binds nucleic acids, and this binding is important for its function in heterochromatin
assembly. Suv39h1-CD had higher binding affinity for RNA than DNA, and its ability to bind nucleic
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acids was independent of its H3K9me3 recognition. Suv39h1 bound major satellite RNAs in vivo, and
knockdown of major satellite RNAs lowered Suv39hl retention on pericentromere. Suv39hl
mutational studies indicated that both the nucleic acid-binding and H3K9me-binding activities of
Suv39h1-CD were crucial for its pericentric heterochromatin assembly. These results suggest that
chromatin-bound RNAs contribute to creating SUV39H’s target specificity.
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