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Functional analysis of novel protein methylation in cilia and flagella
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Cilia and flagella are evolutionarily conserved organelles essential for eukaryotic cells, including multicellular
organisms. Cilia and flagella are composed of more than 500 proteins, however, the mechanisms underlying their assembly
and disassembly remain poorly understood. We previously reported that ciliary proteins in Chlamydomonas undergo
characteristic protein methylation (Mizuno and Sloboda, 2017), and that methylation is enhanced during ciliary resorption,
suggesting a functional role in ciliary dynamics. However, whether this phenomenon is conserved in mammals has
remained unclear. In this study, we investigated protein methylation in mammalian sperm and cilia, focusing on protein
arginine methyltransferases (PRMTs). Immunoblotting and immunostaining revealed that multiple PRMTs localize not
only to sperm flagella but also to the sperm head. Proteomic analysis using LC-MS/MS identified methylated proteins
associated with both flagellar and acrosomal structures, implicating methylation in cytoskeletal organization, motility, and
fertilization. Similar localization patterns were observed in ascidian sperm, suggesting evolutionary conservation. In
mammalian cells, methylated proteins and PRMTs showed distinct localization patterns depending on ciliary type,
including ciliary basal enrichment and punctate distribution along motile cilia. These findings indicate that protein
methylation plays diverse and conserved roles in ciliary structure and function, providing new insights into extranuclear

methylation and its relevance to development and disease.
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