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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES 
LABORATORY OF MOUSE MODEL 

 
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) Establishment and phenotype analysis of mutant mice expressing enzymatically 

inactive G9a/GLP complex: M. TACHIBANA and Y. SHINKAI 
 

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 
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their SET-domains. We investigated in detail the effects of the mutant G9a/GLP complexes upon 
transcription and revealed two-novel facts, i.e., 1) enzymatic activity of the G9a subunit is 
important for in vivo H3K9 methylation and 2) the G9a/GLP complex deposits not only H3K9 
methylation but also DNA methylation which is lysine methyltransferase independent, to establish 
transcriptionally silencing status (Tachibana et al. Embo j. 2008). To examine the contribution of 
enzymatic activity of the G9a/GLP complex on mice development, we generated knock-in mice 
which express enzymatically inactive G9a/GLP complex (G9a-CA mice). We could not find 
G9a-CA homozygous pups which were delivered by crossing heterozygous females with males, 
suggesting that G9a-CA mice are embryonic lethal.  We further examined the lethality of the 
G9a-CA embryos and revealed that these embryos can survive until embryonic day 11.5 (E11.5). 
Since it was shown that simple G9a-KO mice die around E9.5, we concluded that enzymatically 
inactive G9a/GLP complex could rescue the lethal phenotype of G9a-KO mice in part. (M. 
TACHIBANA and Y. SHINKAI) 
 

2)  Cell lineage-specific transcriptional regulation by G9a/GLP complex: M. 
TACHIBANA and Y. SHINKAI 

 

We previously identified mage-a and wfdc15a as the target-genes of G9a/GLP complex, by 
searching the genes specifically up-regulated in G9a-KO ES cells. However, we did not know 
which genes were regulated by the complex in the other cell-types than ES cells. To gain insight 
into the transcriptional control of developmentally regulated genes by G9a/GLP complex in vivo, 
we isolated RNA from embryo proper and trophoblast of wild-type and G9a-KO litters. We then 
introduced them into microarray analysis to examine the differences of expression profiles between 
them.  Subsequently, it was revealed that specific Hox family genes (reproductive homeobox: 
Rhox) were ectopically reactivated in G9a-KO construct. Rhox genes, which were located on 
X-chromosome, were novel Hox-family genes characterized recently (Cell, 120 p369, 2005).  It 
was shown that Rhox genes were expressed predominantly in reproductive tissues (testis and ovary) 
and placenta. Rhox genes display temporal and quantitative co-linear pattern of expression, 
however, the molecular basis which contribute the establishment and maintenance of these unique 
expression. Interestingly, it was revealed that transcriptional suppression of some Rhox genes were 
achieved by DNA methylation. Furthermore, the DNA methylation-dependent silencing is occurred 
in a lineage-specific manner (specifically occurred in embryo proper-lineage) (Genes Dev., 20, 
p3382, 2006). Regarding this notion, we speculated that H3K9 methylation machinery and DNA 
methylation machinery may cooperatively regulate colinear expression of Rhox genes. We are now 
going to set up chromatin immunoprecipitation analysis on Rhox-loci using embryo proper and 
trophoblast. (M. TACHIBANA and Y. SHINKAI) 
 



3)   Distinct role for telomere structure and lengthening: K. OKAMOTO and Y. 
SHINKAI 

 
Telomere functions as maintenance of genomic integrity and stability by comprising 

nucleoprotein complex. Six proteins (TRF1, TRF2, TIN2, TPP1, POT1, RAP1) localizing at 
telomere and forming a shelterin complex are essential for such telomere functions which regulate 
telomere length and protect chromosomal ends from DNA damage and repair responses. We 
previously established mouse TRF1 conditional knockout (TRF1-condKO) ES cells to analyze its 
function. As a result, TRF1 deficient ES cells showed following four phenotypes: (1) reduction of 
cell growth rate, (2) accumulation of γH2AX at telomeres, (3) abnormal telomere signals of 
metaphase chromosome ends by FISH analysis and (4) disappearance or reduction of telomeric 
localization of other telomere proteins, TIN2, TRF2, TPP1 and POT1. To investigate the reason and 
relationship of other telomeric proteins for these phenotypes in details, we introduced various TRF1 
mutants in TRF1-condKO ES cells and analyzed those TRF1 deficient phenotypes. As a result, It 
was showed that reduction of cell growth rate and accumulation of γH2AX at telomere were derived 
from disappearance of POT1 telomeric localization whereas abnormal telomere signals in 
metaphase chromosomes by FISH analysis was dependent on defect of TRF1 itself. In addition, the 
analysis of function for telomere length regulation indicated that TRF1 had two pathways; one is 
mediated by the recruitment of the TIN2-TPP1-POT1 complex to telomeres and another is 
independent of their recruitment. These data suggest that TRF1 regulates telomere structure and 
function (telomere protection and length regulation) by at least two mechanisms; in one TRF1 acts 
through the recruiting/tethering of other shelterin components to telomeres, and in the other TRF1 
seems to play a more direct role. (K. OKAMOTO and Y. SHINKAI) 
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