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            Abstract
Gene expression is a multistep process that involves the transcription, translation and turnover of messenger RNAs and proteins. Although it is one of the most fundamental processes of life, the entire cascade has never been quantified on a genome-wide scale. Here we simultaneously measured absolute mRNA and protein abundance and turnover by parallel metabolic pulse labelling for more than 5,000 genes in mammalian cells. Whereas mRNA and protein levels correlated better than previously thought, corresponding half-lives showed no correlation. Using a quantitative model we have obtained the first genome-scale prediction of synthesis rates of mRNAs and proteins. We find that the cellular abundance of proteins is predominantly controlled at the level of translation. Genes with similar combinations of mRNA and protein stability shared functional properties, indicating that half-lives evolved under energetic and dynamic constraints. Quantitative information about all stages of gene expression provides a rich resource and helps to provide a greater understanding of the underlying design principles.
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                    Figure 1: Parallel quantification of mRNA and protein turnover and levels.
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Figure 2: mRNA and protein levels and half-lives.
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Figure 3: Quantitative model of gene expression in growing cells.
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Figure 4: Impact of different rates and rate constants on protein abundance.
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Figure 5: Functional characteristics of genes with different mRNA and protein half-lives.
[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        grandR: a comprehensive package for nucleotide conversion RNA-seq data analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 June 2023
                                    

                                

                                Teresa Rummel, Lygeri Sakellaridi & Florian Erhard

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        mRNAs, proteins and the emerging principles of gene expression control
                                        
                                    

                                    
                                        Article
                                        
                                         24 July 2020
                                    

                                

                                Christopher Buccitelli & Matthias Selbach

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        iCodon customizes gene expression based on the codon composition
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 July 2022
                                    

                                

                                Michay Diez, Santiago Gerardo Medina-Muñoz, … Ariel Alejandro Bazzini

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Primary accessions

                
                  Sequence Read Archive
	
                    
                        SRA030871
                      

                  


                
              
              
                Data deposits

                Sequences have been deposited in the Sequence Read Archive under accession code SRA030871.

              
            

Change history
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Nature 473, 337–342 (2011); doi:10.1038/nature10098 Mark Biggin of the Lawrence Berkeley National Laboratory contacted us, noting that our mass-spectrometry-based protein copy number estimates are lower than several literature-based values. We therefore re-analysed the scripts used for data processing, and found a scaling error that occurred during the conversion of normalized protein intensity values into absolute copy number estimates.
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Mammalian gene expression control quantified
Gene expression is a multistep process that involves transcription, translation and turnover of messenger RNAs (mRNAs) and proteins, but little is known about how the combined effect of these events shapes gene expression. Schwanhäusser et al. have now quantified gene expression in mammalian cells by simultaneously measuring protein and mRNA abundance and turnover by parallel metabolic pulse labelling for more than 5,000 genes. A model is used to predict synthesis rates of mRNAs and proteins. The cellular abundance of proteins seems to be predominantly controlled at the level of translation.
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