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Our research objective is to understand the molecular mechanisms that control chromatin function
and genome diversity & stability in mammals. To address this question, we are currently analyzing
functional molecules which are expressed in the nucleus.

1) Biochemical and Genetic Analysis of Euchromatic Histone H3 Lysine 9 Methyltransferases:
M. TACHIBANA, Y. MATSUMURA and Y. SHINKAI
a. Biochemical analysis of the G9a/GLP histone methyltransferase complex and a
transcriptional silencing mechanism

Histone H3 lysine 9 (H3K9) methylation is a repressive epigenetic mark for heterochromatin
formation and transcriptional silencing. Two related SET-domain containing lysine
methyltransferases, G9a/Ehmt2 and GLP/Ehmt1, share same substrate specificity for H3K9 in vitro.
Furthermore, G9a and GLP form a stoichiometric heteromeric complex and loss of either G9a or
GLP leads drastic reduction of H3K9me2, indicating that this complex is crucial for H3K9
methylation in vivo (Tachibana et al. 2005). To elucidate how lysine methyltransferase activity of
G9a and GLP are important for in vivo H3K9 methylation and transcriptional silencing, we
established G9a/GLP double KO ES ells expressing mutant G9a or/and GLP, which possess amino
acid replacement or deletion in their SET-domains.  Analysis for the complex formation and global
H3K9 methylation in vivo confirmed that G9a/GLP heteromeric-complex formation is essential for
global H3K9 methylation. While methyltransferase activity of GLP is dispensable for in vivo H3K9
methylation, G9a’s enzymatic activity seems to be important. Interestingly, G9a/GLP DKO ES
cells expressing inactive form of G9a (G9aM) and wt GLP still suppress expression of G9a negative
target gene, Mage-a. H3K9 mono-. di-methylation at the promoter region of Mage-a2 was
significantly reduced, but DNA of this region was still hypermethylated. DNA methyltransferase
inhibitor, 5-Aza-2"-Deoxycytidine (5-Aza-dC) treatment induced full Mage-a gene expression in
the ES cells complemented with G9aM, but not with wtgG9a. These data suggest that the G9a/GLP
complex deposits not only H3K9 methylation but also DNA methylation which is lysine
methyltransferase independent, to establish transcriptionally silencing status. (M. TACHIBANA and
Y. SHINKALI)

b. Characterization of H3K9 demethylase JHDMZ2A deficient mice and ES cells

Histone methylation can be reversibly regulated by methyltransferase and demethylase. We
have described that H3K9me1,2 were replication independently diminished in the male pachytene
spermatocytes during meiotic prophase progression. Since JHDM2A which is one of H3K9mel,2
demethylases, was reciprocally expressed in this male pachytene spermatocytes, we hypothesized



JHDM2A is responsible enzyme for this H3K9 demethylation. To examine this possibility, we
established JHDM2A deficient mice and ES cells. While JHDM2A deficient females are fertile,
JHDMZ2A deficiency induced male sterility and there were no germ-lineage cells after the elongated
spermatid stage. Currently, we are investigating whether JHDM2A deficiency impacts on the
pachytene stage specific H3K9mel,2 demethylation. Also, we are examining how JHDMZ2A is
critical for self-renewal of ES cells. (Y. MATSUMURA, M. TACHIBANA and Y. SHINKAI)

c. ChIP-chip analysis of H3K9 methyltransferase, ESET/SETDB1

Histone post-translational modification on chromatin and DNA methylation are involved in
transcription regulation. For example, acelylation of histone H3 and H4 and methylation of H3
lysine 4 (H3K4) correlate with active gene expression, while H3K9 and H3K27 methylation are
associated with gene repression. DNA methylation is required for mammalian development and has
important roles in the regulation of genome stability, X chromosome inactivation and allele-specific
expression of imprinted genes. ESET / SETDB1 is H3K9 methyltransferase, and represses
transcription. ESET is also associated with MBD1, which recognizes methylated DNA. Therefore,
ESET can be recruited to chromatin, depending on DNA methylation. It has been reported that
ESET knockout mice are embryonic lethal and knockdown in human cancer cell lines result in cell
death.

To investigate molecular function of ESET, we established conditional ESET knockout ES cells.
Consequently, we confirm that ESET deficient ES cells are lethal. Therefore, it is difficult to
analyze the ESET function. Thus, we tried to analyze localization of ESET over entire genome by
the ChlIP-on-chip analysis and succeeded in finding a few of ESET target genes. Among them, some
were categorized as mono-allelic expression genes, including U2afl-rsl, Gnas, PEG5 / Nnat, and
Pgkl. U2afl-rsl is an imprinted gene and paternal allele is only expressed. At U2af1-rs1 gene locus,
DNA of maternal allele is only methylated. Additionally, at paternal allele of this gene, histone H3
and H4 is acetylated and H3K4 is methylated. Conversely, at maternal allele, Histone H3 and H4
are hypoacelyated and H3K9 is methylated. Similarly, it is known that at Pgk1, which is mapped to
X chromosome, the active allele of H3K4 is methylated, but the inactive allele has methylated
H3K9.

Above results, we expect that ESET is involved in the regulation of mono-allelic repression, and
now trying to confirm whether or not ESET localizes mono-allele specifically, depending on DNA
methylation. In the future, we want to examine whether mono-allelic expression of these genes are
disrupted in ESET conditional KO mice. (T. MATSUI, H. MIYASHITA and Y. SHINKAI)

2) Histone H1-Deficient Vertebrate Cells Exhibit Proper Mitotic Chromatin Dynamics But Increased
Chromosomal Instability: H. HASHIMOTO and Y. SHINKAI
Linker histone H1 functions as a critical component for chromatin condensation and global transcriptional



repression in vitro. However, H1 (or H1-like protein) deletional studies in unicellular organisms showed that
histone H1 is mostly dispensable for these functions. Higher eukaryotes express multiple variants of histone H1,
with six H1 variants in chicken. However, a single histone H1 variant is sufficient for both cell growth and intact
@al chromatin structure in the chicken B lymphocyte line DT40. Here we generated and analyzed the
phenotype of histone H1 complete deficient DT40 cells. The H1 null cells show proper mitotic chromatin
dynamics, but chromosomal instabilities are elevated and a continuous growth defect accompanied with increased
cell death is observed. Furthermore, the chromatin exhibits increased micrococcal nuclease sensitivity and
decreased nucleosome repeat length. Array analysis reveals that the transcription of multiple genes is affected in
the histone H1 null cells, but most of these are downregulated. This report describes the first histone H1
complete knock-out cells in vertebrates, and suggests that linker histone H1 is dispensable for mitotic chromatin

condensation and as a global repressor component in higher eukaryotes, but is important for genome integrity.
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