







    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: 02 May 2007



                    Transcriptional coactivator PGC-1α integrates the mammalian clock and energy metabolism

                    	Chang Liu1, 
	Siming Li1, 
	Tiecheng Liu2, 
	Jimo Borjigin2 & 
	…
	Jiandie D. Lin1 

Show authors

                    

                    
                        
    Nature

                        volume 447, pages 477–481 (2007)Cite this article
                    

                    
        
            	
                        7434 Accesses

                    
	
                        498 Citations

                    
	
                            5 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The mammalian clock regulates major aspects of energy metabolism, including glucose and lipid homeostasis and mitochondrial oxidative metabolism1,2. The biochemical basis for coordinated control of the circadian clock and diverse metabolic pathways is not well understood. Here we show that PGC-1α (Ppargc1a), a transcriptional coactivator that regulates energy metabolism3,4,5,6,7,8,9, is rhythmically expressed in the liver and skeletal muscle of mice. PGC-1α stimulates the expression of clock genes, notably Bmal1 (Arntl) and Rev-erbα (Nr1d1), through coactivation of the ROR family of orphan nuclear receptors. Mice lacking PGC-1α show abnormal diurnal rhythms of activity, body temperature and metabolic rate. The disruption of physiological rhythms in these animals is correlated with aberrant expression of clock genes and those involved in energy metabolism. Analyses of PGC-1α-deficient fibroblasts and mice with liver-specific knockdown of PGC-1α indicate that it is required for cell-autonomous clock function. We have thus identified PGC-1α as a key component of the circadian oscillator that integrates the mammalian clock and energy metabolism.
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                    Figure 1: 
                        Regulation of clock genes by PGC-1α.
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Figure 2: 
                        Regulation of 
                        Bmal1
                         gene transcription by PGC-1α and ROR.
                      [image: ]


Figure 3: 
                        Disruption of clock function in 
                        PGC-1α
                         null mice.
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Figure 4: 
                        Cell-autonomous role of PGC-1α in clock regulation.
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        Editorial Summary
Clocking on
Many physiological parameters, such as body temperature, blood glucose and heart rate, undergo cyclic changes with the 24-hour rhythms of the circadian clock. It has been a mystery how the metabolic pathways are coupled to the clockwork, but now experiments in mice suggest that the metabolic transcriptional regulator PGC-1α is a key factor. Mice lacking PGC-1α display abnormal diurnal rhythms of activity, body temperature and metabolic rate. At the mechanistic level, PGC-1α regulates clock gene expression through coactivation of the ROR family of orphan nuclear receptors.
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