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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, H. MIYASHITA, and Y. SHINKAI 
a. Biochemical analysis of G9a/GLP histone methyltransferase complex 

Histone H3 lysine 9 methylation (H3K9me) is a crucial epigenetic mark for transcriptional 
silencing. Targeted deletion of the G9a gene in mouse leads drastic loss of euchromatic dimethyl 
H3K9 (H3K9me2), suggesting that G9a is a dominant H3K9 methyltransferase.  However, there is 
a highly G9a-related protein, termed GLP/Eu-HMTase, in mammals.  The KO phenotype of GLP 
was quite similar to that of G9a-KO, in several points such as loss of H3K9me1/2, reactivation of 
the G9a targeted genes, and period of embryonic lethality. Moreover, our biochemical analysis 
indicated that G9a and GLP form a stoichiometric complex in many cell types in mouse and human. 
Taken collectively, the complex formation of G9a and GLP is essential for exerting enzymatic 
activity in vivo.   

To assess the enzymatic character of G9a/GLP complex more detail, we introduced amino acid 
point mutations in the catalytic SET-domain of G9a or GLP, which domain is also essential for 
dimerization. The mutant G9a or GLP molecules were introduced into G9a- or GLP-KO cells 
respectively, and analyzed their H3K9me status. We found that several G9a mutants could not 
revert H3K9me1,2, while the corresponding mutants of GLP could. The serial rescue experiments 
using these G9a/GLP mutants indicated that G9a catalytic activity is more responsible for in vivo 
H3K9 methylation than that of GLP. In addition, we unexpectedly found that the G9a/ GLP double 
mutant complex without enzymatic activities still suppressed their target gene expression. Now we 
are analyzing the silencing mechanism(s) of the enzymatically inactive form of G9a/GLP mutant 
complex. (M. TACHIBANA) 
 
b. Genetic analysis of G9a for germ cell development 

Genetic study in mice had shown that G9a or GLP is essential for proper embryogenesis, that is, 
each mutant embryo dies around E9.5. To address the potential roles of G9a HMTase in the 
post-term animals, we have established mice carrying mutated G9a-allele （Floxed G9a allele, 
G9aF/F）. Then, we crossed G9aF/F mice with TNAP-Cre mice which express Cre-recombinase in a 
germ cell specific manner. Adult male of germ cell specific G9a-KO mice were infertile, 
accompanied with the complete lack of mature sperm. Adult female of those were also mostly 



sterile, accompanied with drastic loss of mature eggs. 
To access further the cause of germ cell defect in germ cell specific G9a-KO mice, we dissected 

juvenile gonads of both sexes. We especially focused on meiosis, since some HMTases play 
important roles in meiotic progression. The development of G9a-KOgerm cells until the zygotene 
stage of meiosis seems to be intact in both sexes. However, spermatocytes at the pachytene stage 
onwards were missing and oogenesis was also impaired around the pachytene stage. We also found 
that H3K9me1/2 were severely reduced in the KO germ cells until zygotene and that multiple genes 
were reactivated in G9a-deficient testicular cells. These results emphasize a crucial function of 
G9a-mediated H3K9 methylation in controlling germ cell development, especially in 
meiotic-prophase progression. (M. TACHIBANA)  
 
c. Genetic analysis of G9a for T cell development and functions 

To investigate a role of G9a in T cell development and function, we crossed the G9aF/F mice with 
Lck-Cre mice which express Cre-recombinase in a T cell specific manner. G9a catalyzes mono- and 
di-methylation of H3K9me of euchromatin. In the T cell specific G9a-deficient mice, we observed 
~25% reduction of H3K9me1 and 2 in thymocytes and peripheral T cells, and ~50% reduction of 
them in the activated T cells. These results are consistent with the total amount of G9a protein in T 
cells (activated T cells possess higher amount of G9a than thymocytes or resting T cells). Although 
we confirmed that G9a contributes to H3K9 methylation in T-lineage cells, we could not see any 
defects of T cell development in thymus and CD3-mediated proliferation. Taken collectively, G9a 
and G9a-mediated H3K9 methylation is dispensable for T cell development and the CD3-mediated 
proliferation activity. (H. MIYASHITA AND M. TACHIBANA) 
 
d. Establishment of ESET/SETDB1 deficient mouse and ES cells 

H3K9 HMTase, SETDB1 is essential for peri-implantation development in mice. Therefore, it 
was impossible to investigate the function of mouse SETDB1 after implantation. To overcome this 
problem, we tried to establish SETDB1 conditional knockout mice and obtained the chimeric mice. 
Currently, we are crossing them with C57BL/6 mice for germline transmission. We are also trying 
to establish conditional SETDB1 knockout ES cells by a sequential gene targeting. We could not 
obtain SETDB1-deficient ES cells by an infection of Cre expressing Adenovirus to the ES cells 
carrying one floxed and one inactivated SETDB1-allele (SETDB1F/ ). This result suggests that 
SETDB1 is also essential for cell growth and/or survival of ES cells. Currently, we are establishing 
hormone-inducible SETDB1 knockout ES cells (MerCreMer+, SETDB1F/ ). (H. MIYASHITA 
AND Y. SHINKAI) 
 
2)  Functional analysis of Prdm8, a brain-specific PR domain-containing protein: T. KOMAI 
and Y. SHINKAI 



PR domain family proteins are attractive candidates for studying the epigenetic gene regulation. 
PR domain is related to SET domain, a highly conserved domain in histone lysine 
methyltransferases. Previous studies have shown that several members of PR domain family have 
histone methyltransferase activity. PR domain family proteins also have zinc finger motifs, 
suggesting their possibility to recognize specific genomic loci. Importantly, recent studies have 
demonstrated that some members are key regulators of tissue-specific gene regulations during 
development. We, therefore, thought that PR domain family proteins might be involved in histone 
modifications during development and cell differentiation. Expression analysis in various mouse 
tissues showed that one of the PR domain genes, Prdm8 is specifically expressed in the mouse brain. 
Further analysis revealed that Prdm8 expression is limited to neurons in the embryonic brain. We 
are now trying to generate Prdm8 deficient knock-out mice to analyze its impact on the neural 
development and brain functions. (T. KOMAI) 
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