





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Geometric state-space of protein-induced spontaneous curvature on helicoidal ramps in organelle membranes
  
      Morgan Chabanon,  View ORCID ProfilePadmini Rangamani

  
      doi: https://doi.org/10.1101/635466 

  
  
  

Morgan Chabanon 
1Department of Mechanical and Aerospace Engineering, University of California San Diego, La Jolla, CA, USA

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


Padmini Rangamani 
1Department of Mechanical and Aerospace Engineering, University of California San Diego, La Jolla, CA, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Padmini Rangamani
	For correspondence: 
prangamani@eng.ucsd.edu




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Cellular membranes display an incredibly diverse range of shapes, both in the plasma membrane and at membrane bound organelles. These morphologies are intricately related to cellular functions, enabling and regulating fundamental membrane processes. However, the biophysical mechanisms at the origin of these complex geometries are not fully understood from the standpoint of membrane-protein distribution. In this work, we focused on a minimal model of helicoidal ramps representative of specialized endoplasmic reticulum compartments. Given a helicoidal membrane geometry, we asked what is the distribution of spontaneous curvature required to maintain this shape at mechanical equilibrium? Based on the Helfrich energy of elastic membranes with spontaneous curvature, we derived the shape equation for minimal surfaces, and applied it to helicoids as a minimal model for ER helicoidal ramps. We conducted simulations and showed the existence of switches in the sign of the spontaneous curvature associated with geometric variations of the membrane structures. These switches in sign correspond to barriers in bending energy. Furthermore, for a prescribed gradient of spontaneous curvature at the exterior boundaries, we identified configurations of the helicoidal ramps that are confined between two infinitely large energy barriers. These barriers vanish for distinct values of the boundary conditions in spontaneous curvature, providing a possible mechanism for geometric regulation of helicoidal ramps in membrane organelles.
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