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            Abstract
The mechanistic Target of Rapamycin Complex 1 (mTORC1) is a major regulator of eukaryotic growth that coordinates anabolic and catabolic cellular processes with inputs such as growth factors and nutrients, including amino acids1,2,3. In mammals arginine is particularly important, promoting diverse physiological effects such as immune cell activation, insulin secretion, and muscle growth, largely mediated through activation of mTORC1 (refs 4, 5, 6, 7).Arginine activates mTORC1 upstream of the Rag family of GTPases8, through either the lysosomal amino acid transporter SLC38A9 or the GATOR2-interacting Cellular Arginine Sensor for mTORC1 (CASTOR1)9,10,11,12. However, the mechanism by which the mTORC1 pathway detects and transmits this arginine signal has been elusive. Here, we present the 1.8â€‰Ã… crystal structure of arginine-bound CASTOR1. Homodimeric CASTOR1 binds arginine at the interface of two Aspartate kinase, Chorismate mutase, TyrA (ACT) domains, enabling allosteric control of the adjacent GATOR2-binding site to trigger dissociation from GATOR2 and downstream activation of mTORC1. Our data reveal that CASTOR1 shares substantial structural homology with the lysine-binding regulatory domain of prokaryotic aspartate kinases, suggesting that the mTORC1 pathway exploited an ancient, amino-acid-dependent allosteric mechanism to acquire arginine sensitivity. Together, these results establish a structural basis for arginine sensing by the mTORC1 pathway and provide insights into the evolution of a mammalian nutrient sensor.
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                    Figure 1: Architecture of human CASTOR1.[image: ]


Figure 2: The arginine-binding pocket of CASTOR1.[image: ]


Figure 3: Arginine facilitates the intramolecular association of the ACT2 and ACT4 domains of CASTOR1.[image: ]


Figure 4: The GATOR2 binding site of CASTOR1 is at the ACT2â€“ACT4 interface and is required for signalling arginine deprivation to mTORC1.[image: ]


Figure 5: Insights into the evolution of arginine sensing by CASTOR1.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Multiple sequence alignment of CASTOR1 homologues.
a, Expanded Multiple Sequence Alignment of CASTOR1 homologues from various organisms. Positions are coloured white to blue according to increasing sequence identity. Secondary structure features are labelled and coloured by ACT domain as in Fig. 1a.


Extended Data Figure 2 Dimerization-deficient CASTOR1 mutants bind arginine but fail to inhibit mTORC1 in cells.
a, The dimerization-deficient CASTOR1 Y207S and I202E mutants bind arginine in vitro. FLAG-immunoprecipitates prepared from HEK-293T cells transiently expressing indicated FLAG-tagged proteins were used in binding assays with [3H]Arginine as described in the Methods. Unlabelled arginine was included as a competitor where indicated. Values are meanâ€‰Â±â€‰s.d. for three technical replicates from one representative experiment. b, Dimerization-deficient CASTOR1 Y207S and I202E mutants fail to inhibit mTORC1. HEK-293T cells transiently expressing FLAGâ€“S6K1 and HA-tagged wild-type, Y207S, or I202E CASTOR1 were starved of arginine for 50â€‰min and, where indicated, re-stimulated for 10â€‰min. FLAG- immunoprecipitates were prepared from lysates and analysed as in Fig. 1c. Phospho-S6K1 was used as an indicator of mTORC1 activity.


Extended Data Figure 3 Model of lysine-binding in CASTOR1.
a, Comparison of the arginine-bound pocket of human CASTOR1 with a model of the pocket with lysine in place of arginine. Arginine and lysine stick representations are shown in yellow and orange, respectively. The distances in the lysine-bound model, 3.8â€‰Ã… and 5.0â€‰Ã…, are beyond the range of standard hydrogen bonds and salt bridges, respectively. ACT domains are labelled as in Fig. 1a. b, Chemical structures of arginine analogues used in Fig. 2e. Differences relative to l-arginine are highlighted in oranges boxes.


Extended Data Figure 4 Differences in the arginine-binding capacities of CASTOR1 and CASTOR2.
a, Multiple sequence alignment of human CASTOR1 and CASTOR2, highlighting differences in amino acid sequence that are in close proximity to arginine-binding residues in CASTOR1. b, The CASTOR1 HHV108â€“110QNI mutant constitutively binds GATOR2 in cells. HEK-293T cells transiently expressing HAâ€“metap2 or the indicated HA-tagged CASTOR1 constructs were starved of arginine for 50â€‰min and, where indicated, re-stimulated for 10â€‰min. HA-immunoprecipitates were prepared and analysed as in Fig. 1c. c, The CASTOR1 HHV108â€“110QNI mutant displays reduced arginine-binding capacity in vitro. Binding assays were performed with the indicated CASTOR1 or CASTOR2 constructs and immunoprecipitates analysed as in Fig. 2c. Values are meanâ€‰Â±â€‰s.d. for three technical replicates from one representative experiment. d, Comparison of the CASTOR1 HHV108â€“110QNI mutant and wild-type CASTOR2. HEK-293T cells transiently expressing HAâ€“metap2 or the indicated HA-tagged CASTOR1 or CASTOR2 constructs were starved of arginine for 50â€‰min and, where indicated, re-stimulated for 10â€‰min. HA-immunoprecipitates were prepared and analysed as in Fig. 1c.


Extended Data Figure 5 GATOR2-binding-deficient CASTOR1 mutants still bind arginine and homodimerize.
a, The CASTOR1 YQ118â€“119AA, D121A, E261A and D292A mutants bind arginine in vitro. FLAG-immunoprecipitates prepared from HEK-293T cells transiently expressing indicated FLAG-tagged proteins were used in binding assays with [3H]arginine as described in the Methods. Unlabelled arginine was included as a competitor where indicated. Values are meanâ€‰Â±â€‰s.d. for three technical replicates from one representative experiment. b, The CASTOR1 YQ118â€“119AA, D121A, E261A and D292A mutants dimerize in cells. HA-immunoprecipitates prepared from HEK293T-cells transiently expressing CASTOR1â€“FLAG and HAâ€“metap2 or the indicated HA-tagged CASTOR1 constructs were analysed as in Fig. 1c.


Extended Data Figure 6 Similarities between human CASTOR1 and prokaryotic aspartate kinases.
a, Ribbon diagram views of human CASTOR1, AKeco (PDB ID: 2J0x) and AKsyn (PDB ID: 3L76), highlighting the different modes of dimerization. Aspartate kinases can dimerize through an interlocked-ACT domain conformation (as in AKeco) or through their kinase domains (AKsyn), both of which are distinct from the side-by-side ACT-domain dimerization in CASTOR1. b, View of AKeco depicting positions of residues R305, E346, and V347, which correspond to the positions of the GATOR2-interacting residues of CASTOR1.


Extended Data Table 1 Data collection and refinement statistics (SAD)Full size table
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        Editorial Summary
Structure of human CASTOR1 bound to arginine
The mTOR pathway is a major regulator of cell growth and is deregulated in numerous diseases. It is influenced by various environmental inputs such as amino acids and growth factors. Availability of arginine can be relayed to mTORC1 through the protein CASTOR1 that interacts with the regulator GATOR2. Here, David Sabatini and colleagues present a crystal structure of arginine bound to CASTOR1. The structure and accompanying biochemistry reveal how arginine is specifically sensed by CASTOR1 and disrupts the interaction of CASTOR1 with GATOR2, triggering activation of mTORC1. CASTOR1 is structurally homologous to the lysine-binding domain of prokaryotic aspartate kinases. These results therefore establish a structural basis for arginine sensing by the mTORC1 pathway and provide insights into the evolution of a mammalian nutrient sensor.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
