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            Abstract
Phosphorylation is a critical post-translational modification involved in the regulation of almost all cellular processes. However, fewer than 5% of thousands of recently discovered phosphosites have been functionally annotated. In this study, we devised a chemical genetic approach to study the functional relevance of phosphosites in Saccharomyces cerevisiae. We generated 474 yeast strains with mutations in specific phosphosites that were screened for fitness in 102 conditions, along with a gene deletion library. Of these phosphosites, 42% exhibited growth phenotypes, suggesting that these are more likely functional. We inferred their function based on the similarity of their growth profiles with that of gene deletions and validated a subset by thermal proteome profiling and lipidomics. A high fraction exhibited phenotypes not seen in the corresponding gene deletion, suggestive of a gain-of-function effect. For phosphosites conserved in humans, the severity of the yeast phenotypes is indicative of their human functional relevance. This high-throughput approach allows for functionally characterizing individual phosphosites at scale.
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                    Fig. 1: Phospho-mutant library construction, chemical genomics screen and quality control.[image: ]


Fig. 2: Chemical genomics screen functional analysis.[image: ]


Fig. 3: Molecular characterization of phospho-deficient mutants.[image: ]


Fig. 4: Molecular characterisation of Vma2 and Sit4 phospho-deficient mutants.[image: ]


Fig. 5: Yeast phospho-mutants with severe phenotypes can inform on the functional relevance of human phosphosites.[image: ]
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                Data availability

              
              The mass spectrometry proteomics data were deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD017929. Yeast mutant strain growth measurements are provided in the Supplementary Data.

            

Code availability

              
              Functional enrichment in the phosphorylation network was performed using SAFE (https://www.bioconductor.org/packages/release/bioc/html/safe.html). Image processing and S score calculations were performed using EMAP (https://www.bioconductor.org/packages/release/bioc/html/safe.html). GO enrichment analysis to assign annotations to yeast phosphosites was performed using the ClusterProfiler package (https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html).
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