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            Abstract
Lenz-Majewski syndrome (LMS) is a syndrome of intellectual disability and multiple congenital anomalies that features generalized craniotubular hyperostosis. By using whole-exome sequencing and selecting variants consistent with the predicted dominant de novo etiology of LMS, we identified causative heterozygous missense mutations in PTDSS1, which encodes phosphatidylserine synthase 1 (PSS1). PSS1 is one of two enzymes involved in the production of phosphatidylserine. Phosphatidylserine synthesis was increased in intact fibroblasts from affected individuals, and end-product inhibition of PSS1 by phosphatidylserine was markedly reduced. Therefore, these mutations cause a gain-of-function effect associated with regulatory dysfunction of PSS1. We have identified LMS as the first human disease, to our knowledge, caused by disrupted phosphatidylserine metabolism. Our results point to an unexplored link between phosphatidylserine synthesis and bone metabolism.
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                    Figure 1: Clinical and radiological manifestations of individuals with LMS.[image: ]


Figure 2: Overview of phosphatidylserine metabolism and the PSS1 protein.[image: ]


Figure 3: Phosphatidylserine synthesis is increased in cultured fibroblasts from individuals with LMS compared to control fibroblasts.[image: ]


Figure 4: Phosphatidylserine synthase activity in fibroblasts from individuals with LMS is resistant to inhibition by phosphatidylserine, whereas PSS1 mRNA and protein expression, PSS2 mRNA expression and total cellular aminophospholipid content are normal.[image: ]


Figure 5: Overexpression of mutant PTDSS1 RNA in zebrafish embryos disrupts normal development.[image: ]
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