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            Abstract
A central challenge in expanding the genetic code of cells to incorporate noncanonical amino acids into proteins is the scalable discovery of aminoacyl-tRNA synthetase (aaRS)–tRNA pairs that are orthogonal in their aminoacylation specificity. Here we computationally identify candidate orthogonal tRNAs from millions of sequences and develop a rapid, scalable approach—named tRNA Extension (tREX)—to determine the in vivo aminoacylation status of tRNAs. Using tREX, we test 243 candidate tRNAs in Escherichia coli and identify 71 orthogonal tRNAs, covering 16 isoacceptor classes, and 23 functional orthogonal tRNA–cognate aaRS pairs. We discover five orthogonal pairs, including three highly active amber suppressors, and evolve new amino acid substrate specificities for two pairs. Finally, we use tREX to characterize a matrix of 64 orthogonal synthetase–orthogonal tRNA specificities. This work expands the number of orthogonal pairs available for genetic code expansion and provides a pipeline for the discovery of additional orthogonal pairs and a foundation for encoding the cellular synthesis of noncanonical biopolymers.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Pipeline for identifying orthogonal aaRS–tRNA pairs.[image: ]


Fig. 2: Developing and applying a computational filter to identify candidate orthogonal tRNAs.[image: ]


Fig. 3: tREX enables rapid determination of tRNA aminoacylation status.[image: ]


Fig. 4: In vitro aminoacylation assays.[image: ]


Fig. 5: Directed evolution creates active and orthogonal In-GlnRS–In-tRNAGln, Sc-AspRS–Sc-tRNAAsp and Af-TyrRS–Af-tRNATyr pairs for amber suppression and altered amino acid specificity.[image: ]


Fig. 6: Efficient incorporation of ncAAs via evolution of the Af-TyrRS(G5)–Af-tRNATyr(A01)CUA pair.[image: ]


Fig. 7: Mutual orthogonality of eight aaRS–tRNA pairs.[image: ]
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                Data availability


The tREX screening data used in this study are available in Supplementary Figs. 2–10, with tREX screening data for tRNA orthogonality in E. coli shown in Supplementary Figs. 2–7 and tREX screening data for aaRS activity on cognate tRNAs shown in Supplementary Figs. 8–10. Supplementary Table 4 has a complete list of the tRNAs generated by the filter described. Supplementary Table 5 lists tRNAs that were selected for experimental investigation, including tRNA accession numbers from tRNA-DB-CE and cognate synthetase accession numbers from NCBI Protein together with the sequences of the corresponding tREX probes. Source data for Figs. 3 and 7 are presented with the paper. All other datasets and material generated or analyzed in this study are available from the corresponding author upon reasonable request.
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