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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.

SAM analog, ProSeAM-based screening of novel substrate candidates to lysine methyltransferases, G9a and
GLP, II (Tsusaka, Shimazu and Shinkai)

The modulation of protein-protein interaction is a key regulatory mechanism for various signaling
cascade pathways that control most biological processes. Modulation of intracellular localization or
conformational changes in target molecules is crucial for such regulation. In many cases,
post-translational modifications play an important role in the regulation of these pathways. For
example, phosphorylation can induce conformational changes in target molecules or create binding
sites for the interacting molecules.

Recently, many enzymes involved in protein lysine methylation have been discovered in the animal
kingdom. They are classified as SET-domain containing proteins and methylate-specific lysine
residue(s) of histone molecules. From the studies of SET-domain enzymes, histone lysine methylation
has been shown to play many important roles in chromatin-based biological processes, including gene
expression, DNA repair, replication, and chromatin condensation. Methylation of specific histone lysine
residue(s) activates unique biological process(es) by recruiting different functional molecule(s) to
chromatin loci containing different histone methyl mark(s). Thus, histone lysine methylation also
controls protein-protein interactions. A major reason for the dominated studies of lysine methylation in
chromatin function is that SET-domain molecules may have evolved as special enzymes for histone
molecules. However, it is not surprising that lysine methylation occurs on non-histone proteins and
those methylations also play crucial roles for their regulation since other posttranslational
modifications occur on various different protein molecules and regulate their functions. Additionally,
non-SET-domain lysine methyltransferases, known as seven beta-strand enzymes/’Class I”
methyltransferases, have recently been identified, and they target non-histone proteins.
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Two years ago, in collaboration with Sodeoka synthetic organic chemistry laboratory, we have
established and reported a novel detection system for protein lysine methylation by using
selenium-based SAM analog, propargylic Se-adenosyl-L-selenomethionine (ProSeAM)as a methyl
donor (Shimazu T et al., PLOS ONE 2014).

Last year, we challenged to identify novel non-histone protein substrates of lysine methyltransferases,
G9a and GLP both of which are known to methylate histone H3 lysine 9 (H3K9). By using wild type
and G9a/GLP-double knockout (DKO) cells as substrate sources, the ProSeAM-based labelling/MS
analysis in combination with the SILAC method identified 7 and 54 novel protein substrate candidates
for G9a and GLP, respectively. This year, we focused on one of those candidates, DNA ligase 1 (Ligl)
and investigated whether Ligl is really methylated by G9a and GLP in vitro and in vivo and examined
the biological role of this modification. Ligl is responsible for joining Okazaki fragments formed during
discontinuous DNA synthesis on the DNA’s lagging strand during DNA replication and the base
excision repair process. Among those G9a and GLP substrate candidates, some of them including Lig1
possess H3K9-like sequences, TARK (K9). In vitro methylation assay, Lig1K126 (human) in TARK was
methylated by G9a and GLP and this Ligl methylation was abolished by K126R substitution.
Furthermore, by using MS analysis, we found that K142 of mouse Ligl (mouse counterpart of human
K126) was mostly methylated (majority of them are di-methylated) and this methylation was lost in
G9a/GLP-DKO ES cells. G9a and GLP exist predominantly as a G9a—GLP heteromeric complex that
appears to be a functional H3K9 methyltransferase in vivo and H3K9mel and me2 are severely
diminished in both G9a-KO and GLP-KO cells. Interestingly, Ligl K142 methylation was also severely
affected in GLP-KO, but oppositely enhanced in G9a-KO ES cells, suggesting that regulation of
Lig1K142 and H3K9 methylation are different even though both K are methylated by the G9a-GLP
complex.

Then, we searched for a reader molecule of Lig1 K142 methylation and found that one molecule which
is involved in maintenance of DNA methylation binds to Ligl methylated at K142. Currently, we are
investigating the role of Lig1 K142 methylation in biological functions.
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