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		Abstract

		Traction forces are generated by cellular actin-myosin system and transmitted to the environment through adhesions. They are believed to drive cell motion, shape changes, and extracellular matrix remodeling. However, most of the traction force analysis has been performed on stationary cells, investigating forces at the level of individual focal adhesions or linking them to static cell parameters such as area and edge curvature. It is not well understood how traction forces are related to shape changes and motion, e.g. forces were reported to either increase or drop prior to cell retraction. Here, we analyze the dynamics of traction forces during the protrusion-retraction cycle of polarizing fish epidermal keratocytes and find that forces fluctuate in concert with the cycle, increasing during the protrusion phase and reaching maximum at the beginning of retraction. We relate force dynamics to the recently discovered phenomenological rule that governs cell edge behavior during keratocyte polarization: both traction forces and the probability of switch from protrusion to retraction increase with the distance from the cell center. Diminishing traction forces with cell contractility inhibitor leads to decreased edge fluctuations and abnormal polarization, while externally applied force can induce protrusion-retraction switch. These results suggest that forces mediate distance-sensitivity of the edge dynamics and ultimately organize cell-edge behavior leading to spontaneouspolarization. Actin flow rate did not exhibit the same distance-dependence as traction stress, arguing against its role in organizing edge dynamics. Finally, using a simple model of actin-myosin network, we show that force-distance relationship may be an emergent feature of such networks. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Cell motility, Cell polarization, Traction forces, Actin flow

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Messi,  Zeno and Bornert,  Alicia and Raynaud,  Franck and Verkhovsky,  Alexander B., Traction Forces Control Cell-Edge Dynamics and Mediate Distance-Sensitivity During Cell Polarization (August 22, 2019).  Available at SSRN: https://ssrn.com/abstract=3441418 or http://dx.doi.org/10.2139/ssrn.3441418 
		
	

	

	
	
		
			This version of the paper has not been formally peer reviewed.
		

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Zeno Messi (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ã‰cole Polytechnique FÃ©dÃ©rale de Lausanne - Lab of Physics of Living Matter  ( email )

			

			
			
				
				
				
					Lausanne
Switzerland

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Alicia Bornert

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Etablissement FranÃ§ais du Sang 

			

			
			
				
				
				
					CrÃ©teil
France

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Franck Raynaud

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				University of Geneva - Department of Computer Science 

			

			
			
				
				
				
					1211 Geneva 4 â€“ Suisse
Geneva
Switzerland

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Alexander B. Verkhovsky

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Ã‰cole Polytechnique FÃ©dÃ©rale de Lausanne - Lab of Physics of Living Matter  ( email )

			

			
			
				
				
				
					Lausanne
Switzerland

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to Cell.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to Cell.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       21

			

		
		
		
			Abstract Views

			      385

		

		
		
	


	

	
		
			
				       27 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9196)
										
											Cancer Cell (105)
										
											Cell (577)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (21)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (144)
										
											Cell Press Community (115)
										
											Cell Reports (2103)
										
											Cell Reports Medicine (226)
										
											Cell Reports Methods (166)
										
											Cell Reports Physical Science (210)
										
											Cell Reports Sustainability (0)
										
											Cell Stem Cell (155)
										
											Cell Systems (84)
										
											Chem (155)
										
											Chem Catalysis (0)
										
											Current Biology (652)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (242)
										
											iScience (2199)
										
											Joule (307)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (395)
										
											One Earth (84)
										
											Patterns (121)
										
											Structure (141)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Biochemistry eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Biochemistry eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               77

                                    

                                    
                                        PAPERS

                                            4,541

                                    

                                

                                
                            

                        

                    

                
	
                    Biochemical Mechanisms eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Biochemical Mechanisms eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               41

                                    

                                    
                                        PAPERS

                                            2,048

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,196

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l100 in   0.141 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
