

            
            
        

    
    

        

                            
                    
      
        
          Skip to Content
        

        
          
            
            [image: eLife logo]
          
          eLife home page
        
      

  
    
        
          	
              
              
                  
                    Menu
                  
              
              
	
              
              
                  
                    Home
                  
              
              
	
              
              
                  
                    Magazine
                  
              
              
	
              
              
                  
                    Community
                  
              
              
	
              
              
                  
                    About
                  
              
              


        
    


      
        	
            
            
                
                  Search
                
            
            
	
            
            
                
                  Alerts
                
            
            
	
            
                      Submit your research
            
            
            


      

  


    
    
      
          
            
              
                Search by keyword or author
                
              
          
          
              Reset form
              Search
            

          

    
          
            Limit my search to Structural Biology and Molecular Biophysics
          
    
      

    




                

            
            
                                                            

    

      Read the most recent version of this article.


    





                            
                                        
            
            

                
            
    
        

  
    

        	
                Research Article
            




          	
                Structural Biology and Molecular Biophysics
              


    

    

      
        Revealing an outward-facing open conformational state in a CLC Cl-/H+ exchange transporter



      


        
          	Chandra M Khantwal
	Sherwin J Abraham
	Wei Han
	Tao Jiang
	Tanmay S Chavan
	Ricky C Cheng
	Shelley M Elvington
	Corey W Liu
	Irimpan I Mathews
	Richard A Stein
	Hassane S Mchaourab
	Emad Tajkhorshid
	Merritt Maduke 
                    
                    [image: Is a corresponding author]
                


        
            	
                  Stanford University School of Medicine, United States;
                  
                
	
                  University of Illinois at Urbana-Champaign, United States;
                  
                
	
                  Stanford University, United States;
                  
                
	
                  Vanderbilt University, United States;
                  
                


        

      


          
            
            
            
                
                 Jan 22, 2016
            
            

          


          
              
            https://doi.org/10.7554/eLife.11189
              
          

        	
            
                  Open access
            
          
	
            
              Copyright information
            
          




      

    

    
    


  





                    
  
    
        
          Author Accepted Manuscript


            PDF only version. The full online version will follow soon.


        


        	    Download

	    Cite

	    Share

	
    Comment Open annotations (there are currently 0 annotations on this page). 






        
        
            	2,389 views
	33 citations


        
        
        


    
   

    
        


        
          	Version of Record published
	February 18, 2016 (Go to version)
	Accepted Manuscript published
	January 22, 2016 (This version)
	Accepted
	January 14, 2016
	Received
	August 27, 2015


        

        


        
          
          
          
            	

    	Of interest



  


    
        The molecular basis of Abelson kinase regulation by its αI-helix
    


    
      Johannes Paladini, Annalena Maier ... Stephan Grzesiek
    


  


  

      
      
          Research Article
      
      
          
           Apr 8, 2024
      



  



	Further reading



          
          
          
        

      

  



        
                    
  
      
        Share this article

        
        
          

  
      
        Doi
      

  


  




    Copy to clipboard

	
    
      
          
              
              
          
      
    
  
	
    
      
        
            
            
        
      
    
  
	
    
      
          
              
                  
                  
              
          
      
    
  
	
    
      
        
            
                
                
            
        
    
    
  
	
    
      
          
              
                  
                  
              
          
      
    
  
	
    
      
          
              
                  
                  
              
          
      
    
  




        

      

  




                    
  
      
        Cite this article

        
        
          
    	
          Chandra M Khantwal
	
          Sherwin J Abraham
	
          Wei Han
	
          Tao Jiang
	
          Tanmay S Chavan
	
          Ricky C Cheng
	
          Shelley M Elvington
	
          Corey W Liu
	
          Irimpan I Mathews
	
          Richard A Stein
	
          Hassane S Mchaourab
	
          Emad Tajkhorshid
	
          Merritt Maduke


    (2016)



      Revealing an outward-facing open conformational state in a CLC Cl-/H+ exchange transporter




    eLife 5:e11189.


    
      https://doi.org/10.7554/eLife.11189
    





	    Copy to clipboard

	    Download BibTeX

	    Download .RIS




        

      

  




        
        
        
            
    

                
    

        
            
  	
        Full text
      
	
        Figures and data
      





            
            
                
  	
        Abstract
      
	
        Article and author information
      
	
        Metrics
      





        
        
        

                
            
            
                
                
                    

    
      Abstract

      
    

  
      CLC secondary active transporters exchange Cl- for H+. Crystal structures have suggested that the conformational change from occluded to outward-facing states is unusually simple, involving only the rotation of a conserved glutamate (Gluex) upon its protonation. Using 19F NMR, we show that as [H+] is increased to protonate Gluex and enrich the outward-facing state, a residue ~20 Å away from Gluex, near the subunit interface, moves from buried to solvent-exposed. Consistent with functional relevance of this motion, constriction via inter-subunit cross-linking reduces transport. Molecular dynamics simulations indicate that the cross-link dampens extracellular gate-opening motions. In support of this model, mutations that decrease steric contact between Helix N (part of the extracellular gate) and Helix P (at the subunit interface) remove the inhibitory effect of the cross-link. Together, these results demonstrate the formation of a previously uncharacterized 'outward-facing open' state, and highlight the relevance of global structural changes in CLC function.
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                Abelson tyrosine kinase (Abl) is regulated by the arrangement of its regulatory core, consisting sequentially of the SH3, SH2, and kinase (KD) domains, where an assembled or disassembled core corresponds to low or high kinase activity, respectively. It was recently established that binding of type II ATP site inhibitors, such as imatinib, generates a force from the KD N-lobe onto the SH3 domain and in consequence disassembles the core. Here, we demonstrate that the C-terminal αI-helix exerts an additional force toward the SH2 domain, which correlates both with kinase activity and type II inhibitor-induced disassembly. The αI-helix mutation E528K, which is responsible for the ABL1 malformation syndrome, strongly activates Abl by breaking a salt bridge with the KD C-lobe and thereby increasing the force onto the SH2 domain. In contrast, the allosteric inhibitor asciminib strongly reduces Abl’s activity by fixating the αI-helix and reducing the force onto the SH2 domain. These observations are explained by a simple mechanical model of Abl activation involving forces from the KD N-lobe and the αI-helix onto the KD/SH2SH3 interface.
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                P2X receptors are extracellular ATP-gated ion channels that form homo- or heterotrimers and consist of seven subtypes. They are expressed in various tissues, including neuronal and nonneuronal cells, and play critical roles in physiological processes such as neurotransmission, inflammation, pain, and cancer. As a result, P2X receptors have attracted considerable interest as drug targets, and various competitive inhibitors have been developed. However, although several P2X receptor structures from different subtypes have been reported, the limited structural information of P2X receptors in complex with competitive antagonists hampers the understanding of orthosteric inhibition, hindering the further design and optimization of those antagonists for drug discovery. We determined the cryogenic electron microscopy (cryo-EM) structures of the mammalian P2X7 receptor in complex with two classical competitive antagonists of pyridoxal-5'-phosphate derivatives, pyridoxal-5'-phosphate-6-(2'-naphthylazo-6'-nitro-4',8'-disulfonate) (PPNDS) and pyridoxal phosphate-6-azophenyl-2′,5′-disulfonic acid (PPADS), and performed structure-based mutational analysis by patch-clamp recording as well as molecular dynamics (MD) simulations. Our structures revealed the orthosteric site for PPADS/PPNDS, and structural comparison with the previously reported apo- and ATP-bound structures showed how PPADS/PPNDS binding inhibits the conformational changes associated with channel activation. In addition, structure-based mutational analysis identified key residues involved in the PPNDS sensitivity of P2X1 and P2X3, which are known to have higher affinity for PPADS/PPNDS than other P2X subtypes.
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                The differential signaling of multiple FGF ligands through a single fibroblast growth factor (FGF) receptor (FGFR) plays an important role in embryonic development. Here, we use quantitative biophysical tools to uncover the mechanism behind differences in FGFR1c signaling in response to FGF4, FGF8, and FGF9, a process which is relevant for limb bud outgrowth. We find that FGF8 preferentially induces FRS2 phosphorylation and extracellular matrix loss, while FGF4 and FGF9 preferentially induce FGFR1c phosphorylation and cell growth arrest. Thus, we demonstrate that FGF8 is a biased FGFR1c ligand, as compared to FGF4 and FGF9. Förster resonance energy transfer experiments reveal a correlation between biased signaling and the conformation of the FGFR1c transmembrane domain dimer. Our findings expand the mechanistic understanding of FGF signaling during development and bring the poorly understood concept of receptor tyrosine kinase ligand bias into the spotlight.
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