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DNA methylation plays diverse epigenetic roles, including regulation of gene expression, suppressio
n of transposable elements, and innate immunity. Changes in genomic DNA methylation profiles ar
e associated with aging and cancers, and nucleic acid analogues to inhibit DNA methylation have

been approved for cancer therapy. However, since their actions are not specific, more detailed me
chanistic understanding of DNA methylation regulations is needed for invention of better therapeutic
strategies. Our discovery that CDCA7, a poorly characterized protein with a unique zf-4CXXC_R1

zinc finger domain, is a critical activator for the Snf2-family ATPase HELLS to remodel the nucleos
ome offers novel insights into DNA methylation regulation; since DNA methyltransferases cannot m
ethylate DNA wrapped around the nucleosome, nucleosome remodeling by CDCA7-HELLS will help
expose DNA outside of the nucleosome to facilitate DNA methylation. However, since there are s
everal other Snf2-family ATPases that are known to have strong nucleosome remodeling activity, it
remains unclear why CDCA7-HELLS uniquely plays an important role in DNA methylation. Our gro
up, through collaboration with Drs. Nishiyama and Arita, showed that the zf-4CXXC_R1 domain of
CDCA7 is a novel sensor for hemimethylated DNA, offering a clue for this question. DNA replicatio|
n of fully methylated DNA transiently generates hemimethylated DNA, which is recognized by UHR
F1 and DNA methyltransferase 1 (DNMT1), which processes methylation on the newly synthesized

unmethylated CpG. Drs. Nishiyama, Nakanishi and Arita have shown that this “maintenance methyl
ation” is commonly coupled with DNA replication forks via PCNA-associated factor PAF15, which is
ubiquitylated by the E3 ubiquitin ligase UHRF1. Ubiquitylated PAF15 then activates DNMT1. Dr. N
ishiyama and his colleagues also demonstrated that in addition to this replication coupled maintena
nce DNA methylation, UHRF1-DNMT1 can promote replication uncoupled maintenance DNA methyl
ation through UHRF1-dependent replication uncoupled maintenance DNA methylation (RUMM). Thro
ugh our ongoing collaboration, we are currently testing the hypothesis that hemimethylated DNA re
cognition by CDCA7 promotes RUMM.

For this international collaboration proposal, we proposed to understand the structural basis for he
mimethylated DNA detection by the CDCA7-HELLS complex and to test if the complex assists UH
RF1-mediated histone H3 ubiquitylation. For this goal, we proposed to generate recombinant HELL
S and CDCA7 to assess how CDCA7 and HELLS associate with the nucleosome with hemimethyl
ated DNA and affect UHRF1-mediated H3 ubiquitylation in vitro. Just before this grant was funded,
Dr. Arita has obtained cryo-EM structures of CDCA7-bound hemimethylated nucleosome. Strikingly,
unlike the SRA domain of UHRF1, which binds hemimethylated CpG only when it is located outsi
de of the nucleosome core particle, Dr. Arita’s structure revealed that the unique zinc-finger domai
n of CDCA7, which we named HMZF or “hemimethylation-sensing zinc-finger”, binds to hemimethyl
ated CpG within the nucleosome core particle. This analysis offered structural basis of hemimethlati
on-sensing by CDCAY7, and revealed that one of the arginine residues mutated in ICF patients dire
ctly associates with the methyl-group of the methylated cytosine. This collaborative work was publis|
hed in Science Advances (Wassing et al 2024, Sci Adv, PMID 39178260).

Based on our findings, we hypothesized that CDCA7 senses hemimethylated CpG on the nucleoso
me and recruits and activates HELLS to remodel the nucleosome such that the hemimethylated Cp
G becomes accessible to UHRF1. However, since we and others have shown that CDCA7 can re
model nucleosome without hemimethylated CpG, it remains to be established if hemimethyalted Cp
G indeed facilitates nucleosome remodeling by HELLS. The structural mechanism by which CDCA7
activates HELLS is also not clear. We address this question by establishing in vitro biochemical a
ssay for nucleosome remodeling and DNA methylation as well as by obtaining cryo-EM structure of
CDCA7-HELLS bound to hemimethylated nucleosome.

During the first year of the grant period, we have been optimizing purification protocols for HELLS
and CDCA7 homologs. We have been also optimizing the nucleosome with hemimethylated DNA a
t various positions.




To facilitate the international collaboration, a postdoc in my lab and | have visited IMSUT on Nove
mber 14™, 2024, and gave an institutional seminar. During this visit, we had fruitful discussions wit
h Dr. Nishiyama and other members of Dr. Nakanishi's lab, as well as other researchers in the IM|
SUT. On November 15", Dr. Atsuya Nishiyama and | organized a mini-symposium on CDCA7 at U
niversity of Tokyo, where Dr. Arita and leading researchers studying CDCA7, HELLS and ICF synd
rome participated in and shared valuable information. These participants included Dr. Tetsuji Kakuf
ani (Professor, University of Tokyo), Dr. Akihisa Osakabe (Assistant Professor, University of Tokyo),
Dr. Eriko Sasaki (Associate Professor, Kyushu University), Dr. Hiroyuki Sasaki (Professor Emeritu
s, Kyushu University), Dr. Motoko Unoki (Associate Professor, University of Tokyo), Dr. Yoichi Shin
kai (Chief Scientist, RIKEN), Dr. Chikako Kamae (Pediatrician, Self-Defense forces Central Hospita
[), and Dr. Kosuke Imai (Professor, National Defense Medical College). Through this successful sy
mposium, the outstanding problems in the field have been clarified.




