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    ABSTRACT
This work reports a Markov state model of the conformational dynamics involved in regulating the inner and outer gates of the CLC-2 ion channel. This dynamical model, based on 600 microseconds of molecular dynamics simulation, produces findings in harmony with known properties of CLC-2 gating. The starting conformation of our CLC-2 model is highly similar to the template crystal structure (cmCLC) in the region of the chloride-permeation pathway, where there is a high degree of sequence conservation among all CLC channels and transporters. In this conformation, both outer and inner channel gates are closed. The first conformational change in our dataset involves rotation of the inner-gate backbone along residues S168-G169-I170. This change is strikingly similar to that observed in the recent cryo-EM structure of the bovine CLC-K channel, though the volume of the intracellular (inner) region of the ion conduction pathway is further expanded in our model. From this state (inner gate open and outer gate closed), two additional states are observed, each involving a unique rotameric flip of the outer-gate residue GLUex (E211). Both additional states involve conformational changes that orient GLUex away from the extracellular (outer) region of the ion conduction pathway. In the first additional state, the rotameric flip of GLUex results in an open, or near-open, channel pore. The equilibrium population of this state is low (∼1%), consistent with the low open probability of CLC-2 observed experimentally in the absence of a membrane potential stimulus (0 mV). In the second additional state, GLUex rotates to occlude the channel pore. This state, which has a low equilibrium population (∼1%), is only accessible when GLUex is protonated. Together, these pathways model the opening of both an inner and outer gate within the CLC-2 selectivity filter, as a function of GLUex protonation. Collectively, our findings are consistent with published experimental analyses of CLC-2 gating and provide a high-resolution structural model to guide future investigations.




  


  
  



  
      
  
  
    Copyright 
The copyright holder for this preprint is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. All rights reserved. No reuse allowed without permission.


  


  
  



  





  


  
  



  
      
  
  
    View the discussion thread.


  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
    Posted March 07, 2018.  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Download PDF  


  
  



  
      
  
  
    Supplementary Material 
  


  
  



          

        

        
        
          
            
  
      
  
  
     Email

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word about bioRxiv.
NOTE: Your email address is requested solely to identify you as the sender of this article.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Dynamical model of the CLC-2 ion channel exhibits a two-step gating mechanism



  Message Subject 
 (Your Name) has forwarded a page to you from bioRxiv



  Message Body 
 (Your Name) thought you would like to see this page from the bioRxiv website.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  



  
      
  
  
     Share  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    

      
      Dynamical model of the CLC-2 ion channel exhibits a two-step gating mechanism
    

  
      Keri A. McKiernan, Anna K. Koster, Merritt Maduke, Vijay S. Pande

  
      bioRxiv 228163; doi: https://doi.org/10.1101/228163 

  
  
  


  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
    [image: Reddit logo] [image: Twitter logo] [image: Facebook logo] [image: LinkedIn logo] [image: Mendeley logo]
  


  
  



	  

	


  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      

      
      Dynamical model of the CLC-2 ion channel exhibits a two-step gating mechanism
    

  
      Keri A. McKiernan, Anna K. Koster, Merritt Maduke, Vijay S. Pande

  
      bioRxiv 228163; doi: https://doi.org/10.1101/228163 

  
  
  


  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



  
        Subject Area

    
  
  
    	Biophysics




  


  
  



  
      
  
  
    


  

  
      
  
  
    
  
      
  
    Subject Areas  




  


  
  



  
      
  
  
    
  
      
  
    All Articles  




  


  
  



  
      
  
  
    	Animal Behavior and Cognition (5171)

	Biochemistry (11622)

	Bioengineering (8667)

	Bioinformatics (28978)

	Biophysics (14846)

	Cancer Biology (11987)

	Cell Biology (17243)

	Clinical Trials (138)

	Developmental Biology (9349)

	Ecology (14068)

	Epidemiology (2067)

	Evolutionary Biology (18183)

	Genetics (12172)

	Genomics (16684)

	Immunology (11775)

	Microbiology (27798)

	Molecular Biology (11455)

	Neuroscience (60380)

	Paleontology (449)

	Pathology (1855)

	Pharmacology and Toxicology (3205)

	Physiology (4905)

	Plant Biology (10315)

	Scientific Communication and Education (1677)

	Synthetic Biology (2860)

	Systems Biology (7312)

	Zoology (1628)


  


  
  

  







  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
  
    
  
      







  