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研究成果の概要（和文）：ゲノムDNAのシトシン塩基のメチル化は遺伝子発現を抑制するエピジェネティックな機構で
ある。DNA複製直後の新生鎖上のシトシンは非メチル化状態であるヘミメチル化DNAとなっている。Dnmt1はヘミメチル
化DNAを認識し完全なメチル化状態へと修復する。我々はマウスDnmt1のＸ線結晶構造解析に成功し、その構造情報をも
とに基質複合体の結晶構造解析に取り組み、基質複合体の調製に成功した。また完全長Dnmt1の結晶構造解析にも取り
組み、約3.8Åでの結晶構造解析に成功した。

研究成果の概要（英文）：The methylated cytosine in genome is epigenetic regulation of gene expression. Aft
er the end of DNA replication, newly DNA double strand chain has become hemimethylated state, these cytosi
ne bases in daughter chain is undermodification. Dnmt1 modifies  hemimethylated DNA to complete methylated
 DNA, then Dnmt1 maintain methylated cytosine pattern in genome.  In the research project, we aimed to rev
eal the molecular mechanism of the maintenance methylation by Dnmt1. we succeeded to prepare Dnmt1 and sub
strate complex protein. Also, we succeeded to determine a full-length Dnmt1 at 3.8 angstrom.
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Among the N-terminal domains, the position of RFTS is
unique. It is apparently inserted deeply into the DNA-binding
pocket, where it forms several hydrogen bonds with the catalytic
domain (Fig. 2A). The electrostatic potential of the RFTS and
the catalytic domains at the interface is a negative and positive
net charge, respectively (Fig. S3). Because the RFTS domain in-
teracts via limited numbers of contacts with the next molecules in
the crystal structure, it is unlikely that the crystallization affected
the orientation of the RFTS domain. It has been reported that
the RFTS domain is required for recruitment of Dnmt1 to repli-
cation foci (23). Interestingly, however, based on our present
structure, DNA cannot bind to the catalytic pocket owing to steric
hindrance from RFTS, which sits in the pocket.

It is puzzling that, with the RFTS domain inserted deeply into
the DNA-binding pocket where hemimethylated DNA is ex-
pected to fit, Dnmt1(291–1620) still shows methylation activity
toward hemimethylated DNA (21). It is reasonable to speculate
that unless the inserted RFTS domain is released, DNA cannot
access the catalytic center. The linker connecting the RFTS
domain and CXXC motif is interacting with the PCQ loop at

the catalytic center by the hydrophobic interaction of the linker
amino acid residues (F631, F634, and F635) with the ones (Y1243
and F1246) following the PCQ loop (Fig. 2B and Fig. S4). The
interaction between the linker and the PCQ loop contributes
to narrowing the entrance of the DNA-binding pocket and to
anchoring the RFTS domain to the DNA-binding pocket, and
consequently the catalytic center is completely masked.

It is reasonable to expect that significant activation energy is
necessary to change the positions of the RFTS domain and the
CXXCmotif to allow DNA binding and subsequent DNAmethy-
lation activity. Recombinant Dnmt1(291–1620) demonstrates
higher DNA methylation activity toward hemimethylated DNA
than unmethylated ones (21). In addition, Dnmt1(602–1620), in
which the RFTS coding sequence is deleted, also showed a spe-
cificity toward hemimethylated DNA similar to that of Dnmt1
(291–1620) containing RFTS (Fig. S5). Intriguingly, the activa-
tion energy of Dnmt1(291–1620) for the DNA methylation reac-
tion was about threefold larger than that of Dnmt1(602–1621)
(Fig. 2C).

Recently, the crystal structure of a Dnmt1 fragment compris-
ing residues 650–1602 in complex with unmethylated DNA has
been reported (22). The reported Dnmt1 fragment lacks RFTS
domain. In our structure, different from the structure by Song
et al. (22), the CXXC motif sits where unmethylated DNA binds.
One of the two zinc ions and the interacting peptide chain in the
CXXC motif are not seen in our present structure. Superimposi-
tion of our structure and that by Song et al. is shown in Fig. 3. For
the binding of substrate DNA, the RFTS domain must change its
position. In addition, the CXXC motif is pushed toward the cat-
alytic center in the complex with unmethylated DNA, in which
position the CXXC motif cannot bind the hemimethylated form
of CpG (22). The sequence following the CXXC motif forms
an α-helix in our structure but forms a loop in Song’s (22).
The interaction of the CXXC motif with DNA may affect the lin-
ker between RFTS and CXXC and possibly induces a conforma-
tional change in Dnmt1. Because almost no significant structural
difference in the catalytic domain including PCQ loop is found
between our structure and that by Song’s (see Fig. 3), the binding
of unmethylated DNA may thereby affect exclusively the release
of the RFTS domain from the DNA-binding pocket. For DNA
methylation, displacement of RFTS from the catalytic center
and movement of the CXXC motif must require energy, which
suggests that there is a mechanism to regulate the insertion of
RFTS into the catalytic domain. The interaction with the target
DNA via the CXXC motif with its net positive charge (Fig. S6)
can be a crucial step for the initiation of the release of the RFTS
domain from the DNA-binding pocket for the DNA methylation
activity.

AdoMet Induces a Position Change of the Cysteine Residue in the PCQ
Loop at the Catalytic Center. The 10 motifs characteristic to DNA
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Fig. 1. Multidomain structure of mouse Dnmt1(291–1620). (A) Replication
foci targeting sequence (RFTS), zincfinger-like motif (CXXC), bromo-asso-
ciated homology domain 1 (BAH1) and 2 (BAH2), and catalytic domain are
schematically illustrated. The catalytic domain comprising 10 conserved mo-
tifs (I ∼ X), and target recognition domain (TRD) between the motifs VIII and
IX. The numbers of the amino acid residues are indicated. (B) Ribbonmodel of
mouse Dnmt1(291–1620). Around the C-terminal catalytic domain (blue), the
other domains including the RFTS (magenta), CXXC motif (cyan), and two
BAH domains BAH1 (green) and BAH2 (orange) are shown. Four zinc ions
are shown in red spheres. All of the zinc ions are in amotif similar to Zn-finger
motif (Fig. S10). The KG-repeat (1112–1124) linker connecting the N-terminal
region and the C-terminal catalytic domain is in a flexible structure as the
density map showed disorder.
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Fig. 2. The RFTS domain plugs into the DNA-binding pocket. (A) The RFTS domain is positioned in the DNA-binding pocket of Dnmt1 and stabilized by several
hydrogen bonds in the catalytic domain. (B) The linker (brown) between the RFTS domain (deep red) and the CXXCmotif (light blue) interacts with the catalytic
domain (dark blue) by hydrophobic forces to maintain the position of the PCQ loop (see Fig. S7). C. Fitting to Arrhenius equation of the DNA methylation
activity of Dnmt1(291–1620) (cyan diamonds) containing the RFTS domain and Dnmt1(602–1620) (magenta squares) lacking the RFTS domain. The activation
energies of Dnmt1(291–1620) and Dnmt1(602–1620) were calculated to be 110 and 30 kJ∕mol, respectively.
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