
    
      Skip to main content
    

    


  
      


    
      
    
  
    
  
    
  
                
    
      Advertisement



  



    

  


  


  


  
  
    
  
    
  
                
    
      
  
    
  
        Main menu

    
  
  
    
  
    
  
      
  
  
    
  	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit



  


  
  



  
      
  
  
    
  	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET





  


  
  



  



  


  
  


  
        User menu

    
  
  
    
  
    
  
      
  
  
    
  	My alerts
	Log in
	 My Cart



  


  
  



  
      
  
  
    
  


  
  



  



  


  
  


  
        Search

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    	Advanced search

  


  
  



  



  


  
  




  



    

  



  
                
    
      
  
    
  
      
  
  
    [image: Molecular Pharmacology]  


  
  



  



    

  


  


  


  
      
  	    
  
    
  
                
    
      	Other Publications	Drug Metabolism and Disposition
	Journal of Pharmacology and Experimental Therapeutics
	Molecular Pharmacology
	Pharmacological Reviews
	Pharmacology Research & Perspectives
	ASPET




    

  


  



  
    
  
                
    
      
  
    
  
      
  
  
    
  


  
  


  
      
  
  
    	My alerts
	Log in
	 My Cart

  


  
  



  



    

  


  


  


  
  
    
  
        
            
        [image: Molecular Pharmacology]      

                

          



  
    
  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search
  


  
  



  



    

  


  


  

  
  
    
  
        
  
                
    
      	Home
	Articles	Current Issue
	Fast Forward
	Latest Articles
	Special Sections
	Archive


	Information	Instructions to Authors
	Submit a Manuscript
	FAQs
	For Subscribers
	Terms & Conditions of Use
	Permissions


	Editorial Board
	Alerts	Alerts
	RSS Feeds


	[bookmark: Virtual Issues]Virtual Issues
	Feedback
	Submit


    

  



  
                
    
      	 Visit molpharm on Facebook
	 Follow molpharm on Twitter
	 Follow molpharm on LinkedIn

    

  


  



  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
		
		
			
			  
  
      
  
  
    
  
  
      Research ArticleArticle

  
      

  
      Metabotropic Glutamate Receptor 1 Internalization Induced by Muscarinic Acetylcholine Receptor Activation: Differential Dependency of Internalization of Splice Variants on Nonvisual Arrestins
  
    	 Stuart J. Mundell, Anne-Lise Matharu, Giordano Pula, David Holman, Peter J. Roberts and Eamonn Kelly


  
    	Molecular Pharmacology May 2002,  61 (5) 1114-1123; DOI: https://doi.org/10.1124/mol.61.5.1114 

  
  
  


Stuart J. Mundell 
Department of Pharmacology, School of Medical Sciences, University of Bristol, Bristol, United Kingdom

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Anne-Lise Matharu 
Department of Pharmacology, School of Medical Sciences, University of Bristol, Bristol, United Kingdom

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Giordano Pula 
Department of Pharmacology, School of Medical Sciences, University of Bristol, Bristol, United Kingdom

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


David Holman 
Department of Pharmacology, School of Medical Sciences, University of Bristol, Bristol, United Kingdom

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Peter J. Roberts 
Department of Pharmacology, School of Medical Sciences, University of Bristol, Bristol, United Kingdom

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Eamonn Kelly 
Department of Pharmacology, School of Medical Sciences, University of Bristol, Bristol, United Kingdom

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    	Article
	Figures & Data
	Info & Metrics
	eLetters
	 PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract

In this study, we characterized the glutamate- or second-messenger kinase-dependent internalization of the rat metabotropic glutamate receptor 1 (mGluR1) splice variants 1a, 1b, and 1c, and assessed the arrestin and dynamin dependence of these processes. To facilitate this we inserted a hemagglutinin epitope tag in the extracellular N-terminal domain of the splice variants. Quantification of glutamate-induced mGluR1 splice variant internalization provided by enzyme-linked immunosorbent assay and confirmed by immunofluorescent microscopy indicated that each splice variant underwent rapid internalization, which was strongly inhibited by coexpression of dominant-negative mutant (DNM) arrestin or dynamin. In addition glutamate-induced rapid translocation of arrestin-2-green fluorescent protein (GFP) or arrestin-3-GFP from cytosol to membrane was observed in cells expressing mGluR1 splice variants. Glutamate-induced internalization of mGluR1a and mGluR1c was partially blocked by a selective inhibitor of protein kinase C (PKC), 2-[1-(3-dimethylamino-propyl)indol-3-yl]-3-(1H-indol-3-yl)maleimide (GF 109203X), whereas mGluR1b internalization was not significantly affected by this inhibitor. Similarly, inositol phosphate production after glutamate-induced activation of mGluR1a and mGluR1c was increased after PKC inhibition, whereas glutamate-induced mGluR1b stimulation was unaffected. Activation by carbachol of endogenously expressed M1 muscarinic receptors in human embryonic kidney 293 cells, induced the internalization of mGluR1 splice variants, which was partially blocked by pretreatment with inhibitors of either PKC or Ca2+ calmodulin-dependent kinase II (CaMKII). Expression of DNM-arrestin with mGluR1a or 1c strongly inhibited carbachol-induced internalization. However, coexpression of DNM-arrestin with mGluR1b was less effective in reducing carbachol-induced receptor internalization. In addition, arrestin-2-GFP or arrestin-3-GFP underwent significant carbachol-induced translocation from cytosol to membrane in cells coexpressing mGluR1a or 1c but not in cells coexpressing mGluR1b. This study demonstrates that the internalization of mGluR1 splice variants is subject to PKC and CaMKII regulation. In addition, regulation by these kinases confers differential arrestin dependence.
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