







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 27 April 2011



                    TLR signalling augments macrophage bactericidal activity through mitochondrial ROS

                    	A. Phillip West1, 
	Igor E. Brodsky1Â nAff7, 
	Christoph Rahner2, 
	Dong Kyun Woo3, 
	Hediye Erdjument-Bromage4, 
	Paul Tempst4, 
	Matthew C. Walsh5, 
	Yongwon Choi5, 
	Gerald S. Shadel3 & 
	â€¦
	Sankar Ghosh6Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 472,Â pages 476â€“480 (2011)Cite this article
                    

                    
        
            	
                        24k Accesses

                    
	
                        1121 Citations

                    
	
                            28 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Bacteria
	Mitochondria
	Signal transduction
	Toll-like receptors


    


                
    
    

    
    

                
            


        
            Abstract
Reactive oxygen species (ROS) are essential components of the innate immune response against intracellular bacteria and it is thought that professional phagocytes generate ROS primarily via the phagosomal NADPH oxidase machinery1. However, recent studies have suggested that mitochondrial ROS (mROS) also contribute to mouse macrophage bactericidal activity, although the mechanisms linking innate immune signalling to mitochondria for mROS generation remain unclear2,3,4. Here we demonstrate that engagement of a subset of Toll-like receptors (TLR1, TLR2 and TLR4) results in the recruitment of mitochondria to macrophage phagosomes and augments mROS production. This response involves translocation of a TLR signalling adaptor, tumour necrosis factor receptor-associated factor 6 (TRAF6), to mitochondria, where it engages the protein ECSIT (evolutionarily conserved signalling intermediate in Toll pathways), which is implicated in mitochondrial respiratory chain assembly5. Interaction with TRAF6 leads to ECSIT ubiquitination and enrichment at the mitochondrial periphery, resulting in increased mitochondrial and cellular ROS generation. ECSIT- and TRAF6-depleted macrophages have decreased levels of TLR-induced ROS and are significantly impaired in their ability to kill intracellular bacteria. Additionally, reducing macrophage mROS levels by expressing catalase in mitochondria results in defective bacterial killing, confirming the role of mROS in bactericidal activity. These results reveal a novel pathway linking innate immune signalling to mitochondria, implicate mROS as an important component of antibacterial responses and further establish mitochondria as hubs for innate immune signalling.
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                    Figure 1: 
                        TLR1/2/4 signalling induces mROS generation and mitochondrial recruitment to phagosomes.
                      [image: ]


Figure 2: 
                        TRAF6 is recruited to mitochondria upon TLR1/2/4, but not TLR3/9, signalling to engage ECSIT on the mitochondrial surface.
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Figure 3: 
                        TRAF6-ECSIT signalling regulates the generation of mitochondrial and cellular ROS, which requires TRAF6 E3-ubiquitin ligase activity.
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Figure 4: 
                        ECSIT-depleted and MCAT transgenic macrophages are less effective at clearing 
                        Salmonella
                         than wild-type macrophages.
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