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The difference a domain makes

January 28, 2008 — DNA methylation is an important form of epigenetic marking
that generally leads to the formation of heterochromatin, in which DNA is packed
securely away from the transcription machinery. The vertebrate genome is
stripped of nearly all of its methylation immediately following fertilization, after
which different cells re-acquire the distinct patterns of methyl residues
appropriate to their differentiated state. The establishment and maintenance of
DNA methylation is therefore a critical function in the regulation of gene
expression. Three DNA methyltransferases have been identified in mammals:
DNMT3A and -3B, which work in the establishment of DNA methylation patterns,
and DNMT1, which functions in their maintenance during replication. DNMT1 is
recruited to the site of DNA replication during the synthesis stage of cell division.
Interestingly, although mice carrying a null mutation for DNMT1 exhibit very early
embryonic lethality, indicating that this methyltransferase is required for
development to proceed, the protein’s large number of transcription factor-biding
domains suggests that it may have multiple functions, which have remained
unclear.

DAPI PCNA DNMTH1 Merge

o ...
e -.!

Nearly total loss of methylation of genomic DNA in nuclei Dnmt1P®* mutant cells, in which DNMT1 fails
to localize to replication sites. Immunofluorescence shows DNMT1 and PCNA (a replication foci
marker; scale bar 10 um) at E9.5.

Recent work by Shin-ichiro Takebayashi in the Laboratory for Mammalian
Epigenetic Studies (Masaki Okano; Team Leader) now brings an additional level of
detail to our understanding of just how the DNMT1l enzyme achieves its
developmentally-important maintenance function. His work, published in
Molecular and Cellular Biology, reveals an essential role for the DNMT1 catalytic
domain in mouse development, as well as the requirement for preexisting DNA
methylation for the localization of DNMT1 to replicating DNA.

Takebayashi began exploring the possibilities by making a subtle, single amino
acid substitution in the catalytic center of the protein encoded by the DNMT1
gene, and used this to generate mutant embryonic stem cells and mouse
embryos. He confirmed that in both the cells and the embryos DNA methylation
levels were greatly reduced, similar to the case in DNMT1 null mutants. Even
more tellingly, the catalytic domain mutant embryos were arrested shortly after
gastrulation, failing to form somites and to undergo closure of the neural tube,
phenotypes reminiscent of the null mutation. These findings point to a pivotal role
for the catalytic domain in enabling embryonic development.

The team examined the expression of multiple genes in their mutant mice and
discovered a range of defects in the regulation of multiple genes, including
imprinted genes and retrotransposons, as well as cell growth arrest. Looking at
the localization of heterochromatin marks, they found that these too were globally
affected; heterochromatin recruitment to pericentromeric regions was lower in all
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somatic cells. They also saw a small percentage of cells that exhibited
hyperacetylation (a marker of transcriptionally active chromatin), a phenomenon
that was never observed in wildtype cells. The picture that emerged was one of
chromatin structural and gene regulatory abnormalities on the loss of DNMT1
catalytic function, leading to early embryonic lethality.

Curious about how their mutant allele might affect DNMT1 recruitment to
replication foci (where it is found in wildtype), they used immunofluorescence to
track the mutated DNMT1 enzyme and discovered that it was instead diffusely
present throughout the nucleus, suggesting that this defect was specifically
attributable to the loss of the catalytic domain, rather than to some overarching
functional change to the protein’s structure.



