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Epigenetics of trophoblast and embryonic stem cells by a novel
histone-glycosylation
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We discovered O-linked-N-acetylglucosamine (O-GIcNAc) modification of
histone H2A at Serine 40 (H2AS40Gc). The H2AS40Gc site 1s in the L1 loop structure where two H2A
molecules interact in the nucleosome. The novel O-GlcNAcylation is specific to the Serine 40
isoforms, which emerged in Marsupialia and persisted thereafter in mammals. Targets of H2AS40Gc are
distributed genome-wide and are dramatically changed durin? the differentiation in mouse trophoblast

stem cells. The level of H2AS40Gc is also responsive to glucose level and DNA damage. Intriguingly,
hyper-H2AS40Gc induced by changing glucose level or the overexpression of the H2A3 Serine 40
isoform protected the genome from DNA damage in mouse embryonic stem cells. Thus the H2AS40Gc
functions DNA damage repair. Based on these data, the emergence of H2A Serine 40 and its
0-GIcNAcylation linked a genetic event to genome-wide epigenetic events that correlate with the
evolution of placental animals.
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