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Analysis of the fate-determining mechanism of oocyte membrane proteins : for

application to human embryos
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Abstract

Age-related oocyte aneuploidy is a major clinical problem; however, a substantial proportion of recurrent pregnancy loss
and infertility remains unexplained by chromosomal abnormalities. We aimed to comprehensively identify regulators of
clathrin-mediated endocytosis, which is essential for the selective degradation of maternal plasma membrane proteins
during maternal-to-zygotic transition, focusing on PKC and E3 ubiquitin ligases. mRNA encoding fluorescently tagged
GlyTla, a glycine transporter previously established as an endocytic marker, was microinjected into mouse 1-cell
embryos, and embryogenesis and endocytosis were assessed under multiple PKC inhibitors. PKC inhibitors induced
developmental arrest only at high concentrations, whereas no consistent effects on endocytosis or embryogenesis were
observed within physiological ranges, limiting the identification of PKC subtypes by pharmacology alone. We next
focused on E3 ligases. Proteomic analysis of mouse MII oocytes narrowed the candidates to 49 genes, which were
further prioritized and refined by integrating knockout phenotype databases, literature review, subcellular localization
data, and AlphaFold-based structural prediction. Whereas no clear candidates emerged from analyses using full-length
GlyT1a or its C-terminus, several candidates showed high interface confidence in the N-terminal analysis. Subsequent
siRNA knockdown screening of 36 genes identified 10 candidates associated with reduced progression to the 4-cell
stage. Although the precise stage of action could not be determined from the present study, these findings implicate E3
ligase—related pathways, including endocytosis-associated processes, in the regulation of early embryogenesis. Further
phenotypic characterization and rescue experiments may help elucidate the molecular basis of unexplained infertility
and improve embryo assessment in assisted reproductive technology.



